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Abstract 
 
Social bonding, reproductive success and communication are important for social 

mammals, and enhance the multiple benefits of forming social groups. Usually social 

bonds are seen between close relatives but in some species, like equids, strong 

bonds form between un-related individuals. The adaptive value of social bonding has 

been shown in many species such as primates, elephants and wild horses but the 

proximate mechanisms which drive and maintain social groups are poorly 

understood, particularly in non-kin social relationships. Oxytocin is implicated as a 

hormonal link in social relationships and can have a physiological calming 

mechanism on mammals, but few studies have experimentally tested its role in the 

development of social bonds. I address this shortcoming in a highly social mammal, 

the horse. This thesis experimentally tests whether intra-nasal oxytocin mediates 

social bonding in a population of domestic horses, both in terms of dyadic horse-

horse relationships, and horse-human relationships. Results indicate that oxytocin 

changes a suite of affiliative and aggressive behaviours, and induces a physiological 

calming mechanism. I also test if social relationships generally benefit unrelated 

individuals in social groups in a wild population of horses, and show that the strength 

of social bonding between one preferred partner is more important for wild horse 

reproductive success than having multiple bonds. I discuss the implications of this 

work for understanding social bonding in wild and domestic mammals in terms of 

both evolutionary advantages and the underlying proximate mechanisms that drive 

these interactions in individuals. 
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1.1 INTRODUCTION 
 
Sociality can be advantageous when conditions are favourable (Silk, 2007). Groups form due to 

increased levels of interactions between individuals (Lim & Young, 2006; Dunbar & Shulz, 2010). 

Environmental and ecological conditions are often drivers bringing groups together (Eberhard, 1975; 

Emlen, 1994). Ecological conditions, such as predation pressures benefit social groups over solitary 

individuals, due to increasing chances of communal defense, collective detection and dilution effects 

(Kruuk, 1964). Environmental conditions can cause social groups to form due to restricted offspring 

dispersal (Emlen, 1994). Despite the benefits, there are costs involved to group living, including 

competition for mates and scarce food resources (Alexander, 1974). Social groups therefore, may 

only develop when the benefits outweigh the costs. 

 

Social relationships develop when individuals live in groups. Relationships are observed between 

related individuals (Krützen et al. 2003; Silk et al. 2003; Silk et al. 2010) and un-related individuals 

(Cameron et al. 2009; Mitani, 2009; Seyfarth & Cheney, 2012; Crockford et al. 2014). This is termed 

cooperation, and has been seen essential to the biological achievement of human kind (Wittig et al. 

2014). Social mammalian species frequently form these relationships and often show hierarchal 

structures. Adults carry out tasks such as food sharing, grooming and offspring care (Lim & Young, 

2006). These relationships have been observed in; for example, feral horses (Equus ferus caballus, 

Cameron et al. 2009), chimpanzees (Pan troglodytes, Mitani, 2009), baboons (Papio ursinus, Silk et 

al. 2003), African elephants (Loxodonta africana, Moss & Poole, 1983), dolphins (Tursiops spp., 

Krützen et al. 2003) and meerkats (Suricata suricatta, Madden & Clutton-Brock, 2011). 

 

When individuals maintain close relationships, a social bond may form. Social bonds are a strong 

relationship between individuals, also known as friendship (Silk, 2002; Cameron et al. 2009). These 

bonds can also be between kin or non-kin (Nelson, 2005). Kin bonds emerge between parent and 

infant, or among close relatives (Baumeister & Leary, 1995). Non-kin bonds usually occur between 

reproductive mates and less commonly, other individuals that have extended contact (e.g. when 

females cooperate to help rare offspring and are stable across time; see Dunbar & Shulz, 2010). 

Social bonds are based on both aggressive and affiliative interactions between individuals (Clutton-

Brock & Harvey, 1977; Curley & Keverne, 2005). Two distinct mechanisms are involved for the 

formation of strong bonds; an emotional attachment and a cognitive mechanism (Dunbar & Shulz, 

2010).  

 

Social bonds are underpinned by hormonal mechanisms (Bowler et al. 2002), where they regulate 

and control certain behavioural responses (Crockford et al. 2014). Proximate mechanisms driving and 

maintaining social bonds are poorly understood, particularly in non-kin social bonds (Romero et al. 

2014). Oxytocin, a neurohormone which has central functions in social behaviours may be an 

underlining driver of social bonding (Keverne & Curley, 2004; Lim & Young, 2006; Ross & Young, 

2009; Lieberwirth & Wang, 2014). However, to date, only few studies address oxytocin’s role in 

mediating social behaviours (Madden & Clutton-Brock, 2011; Romero et al. 2014; Zulkifly, 2015). 
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Previous studies have provided great knowledge concerning strategies such as reproductive success, 

social bonding and communication (Silk, 2007; Ross & Young, 2009; Briefer, 2018). Reproductive 

success is not only important for the mother and father, it is important for the ongoing survival of their 

offspring (Clutton-Brock, 2009a). Whilst, social bonds are complex and most likely rely on precise 

processes such as social recognition, approach, motivation, and afterwards the formation and the 

maintenance of the bond itself (Lim & Young, 2006). Therefore, these process rely on communication 

mechanisms. These differences in communication strategies can be difficult to interpret from the 

human eye (or ears) due to the small subtleties and variation within a range of species (Descovich et 

al. 2017; Briefer, 2018).  

 

In the following review I will focus primarily on highly social mammalian species. I will focus on 

reproductive strategies in females, the importance of a neuropeptide oxytocin in social bonding such 

as, parental care, pair bonds and cooperation. Lastly, I will finish with a brief outline of how mammals 

use and respond to emotional indicators, such as communication by vocalisations, and facial 

expressions, which may lead to emotional contagion. This review follows onto my research projects 

underlying how oxytocin influences behavioural interactions in cooperative groups, and if oxytocin 

could possibly be used as a natural calming mechanism. Lastly I look into how one close social bond, 

rather than being well integrated within a group, may influence reproductive success. 

 

1.2 REPRODUCTIVE SUCCESS IN MAMMALIAN FEMALES  
 
When sociality is favoured, mammalian species form social groups (Clutton-Brock, 2009a). The 

composition and size of social groups have diverse effects on behaviour and morphology, ranging 

from relative brain size (Dunbar, 1995), sexual dimorphism (Clutton-Brock et al. 1980) and prevention 

of infanticide (Hausfater & Hrdy, 1984). Therefore, behaviour and morphology seem to be correlated. 

Sociality is associated with fitness benefits and consequences for every individual (Clutton-Brock, 

2009a). Therefore, multiple strategies are employed by individuals (Silk, 2007; Clutton-Brock & 

Huchard, 2013). In females, social relationships can be based on competition or affiliation. When 

females form relationships based of affiliation, a social bond may form and benefits such as increased 

reproductive success may arise (Cameron et al. 2009). This section outlines how females can 

increase their reproductive success, via competition, group size and composition, finishing with the 

importance of female-female social bonds between preferred individuals.  

 
Competition Between Females 

Since Darwin’s time (Darwin 1871/1958), most research focused on the intense competition between 

males, and their secondary sexual characteristics, such as body size and weaponry (Anderson, 

1994). Stable social groups also create reproductive competition, and substantial individual 

differences among female reproductive success, which has been less considered in previous 

literature (Hauber & Lacey, 2005). This has widespread repercussions on the evolution of life 
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histories, reproductive strategies, the structure of societies and selection pressures within both sexes 

(Hauber & Lacey, 2005; Clutton-Brock, 2007, 2009b).  

 

As social societies reach resource limitation, female members will start to compete for resources 

(Holekamp et al. 1996). Interactions between the same individuals become frequent and dominance 

hierarchies can be formed (Clutton-Brock et al. 2006). The status of an individual is associated with 

significant differences in mating opportunities, rearing success and resource access (Silk, 2007). 

Among all social species, some females do not show noticeable hierarchal structures (Clutton-Brock, 

2009a). For example, there is little evidence of persistent differences in status among females in 

African lions (Panthera leo), where individual differences are small in reproductive success (Packer et 

al. 2001). Whilst in large female groups, dominant females show less tolerance to offspring produced 

by subordinate mothers, resulting in low rates of survival (Silk et al. 1981; Silk et al. 2004). In some 

species, such as macaques (Macaca fasicularis), dominant females will directly show aggression 

toward female offspring born by subordinate mothers, thereby, increasing the survival of the dominant 

mothers offspring in the future (van Noordwijk & van Schaik, 1999). 

In many mammalian societies, females regularly direct aggression toward other breeding females and 

interfere with their breeding attempts, or more extremely, kill a competitors’ juvenile (Digby, 2000; 

Clutton-Brock, 2009a). This is called infanticide (Feh & Munkhtuya, 2008). Many groups consist of 

matrilineal associations, so competitors are usually close relatives, but relatedness has little effect on 

infanticidal behaviour, which typically is directed at likely competition (Hoogland, 1995). Competition 

between females, in extreme cases can result in situations where there is only one breeding female 

per group, as seen in mole rats (Family: Bathyergidae), a eusocial mammal, where many females do 

not successfully breed at any stage within their life span (Faulkes & Bennett, 2007).  

Overall social groups can be costly (Clutton-Brock & Huchard, 2013). This arises due to competition 

for mating opportunities and access to resources (Holekamp et al. 1996). Therefore, groups will form 

when benefits outweigh the costs. Even though competition among groups can be tough on certain 

individuals, remaining in the social group is still beneficial, rather than solitary living (Clutton-Brock, 

2009a), for example, due to the increase of predator detection by more individuals acting vigilant 

(Pays et al. 2007).  

Group Size 

Group size reflects the costs and benefits of group living. Any particular species inhabiting any 

particular area, there will be a group size that will maximize the reproductive success of individuals 

within the group (Silk, 2007). Therefore, females living in groups larger or smaller than the optimal 

size will reproduce less successfully, compared to females living in intermediate sized social groups 

(Chapman & Chapman, 2000). If groups exceed optimal size, we may tend to find negative 

relationships between group size and reproductive success in some circumstances (Chapman & 

Chapman, 2000).  
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Yellow billed marmots (Marmota flaviventris) live in groups composed of several breeding females 

along with their offspring (Blumstein & Armitage, 1999). All females defend their territory from 

intruders (Allainé, 2000). Offspring remain in the group for their first year of life (Blumstein & Armitage, 

1999). Most juvenile males disperse, whilst approximately half of the juvenile females disperse, and 

half remain in the natal group (Blumstein & Armitage, 1999). Reproduction is more successful in 

groups that contain multiple females, compared to groups that consist of one female. However, in 

exceptionally large groups, reproductive success is lower, compared to intermediate sized groups, 

due to likely competition (Armitage & Schwartz, 2000). Large groups do not often occur, and when 

group size decreases, reproductive success increases. Moreover, if juvenile females are born in large 

or small groups, this reflects their reproductive performance in the future, with the outcome usually 

negative (Armitage & Schwartz, 2000).  

Analysis of cortisol levels in free ranging ring-tailed lemurs (Lemur catta) living in social groups of 

different sizes provides evidence that a females’ stress levels increase when group size deviates from 

the optimal size (Pride, 2005). Cortisol levels were lowest in groups that were close to optimal size, 

compared to small or large group size, where cortisol levels were highest (Pride, 2005). Higher stress 

levels could be associated with likely competition in large groups, or less helpers in small groups 

(Pride, 2005).  

Female African lions live in groups with closely related individuals (Packer & Pusey, 1995). Prides 

must contain at least three adult females to be beneficial, whilst smaller prides cannot defend their 

territories, or prevent infanticide toward juvenile cubs (Packer et al. 2001). Reproductive success is 

positively correlated to the number of other females who have cubs around the same time. Solitary 

females cannot raise large litters compared to females who live in prides (Pusey & Packer, 1994; 

Packer & Pusey, 1995). Cubs are also more likely to survive when many females give birth around 

the same time, and when cubs are raised alongside many other cubs (Packer & Pusey, 1995; Packer 

et al. 2001). This occurs due to an increase of communal defense against infanticide, which is 

common in lion species (Pusey & Packer, 1994).  

Banded Mongoose (Mungos mungo) live in considerably larger groups consisting of multiple adult 

males and females, along with their offspring (Cant, 2000; Gilchrist et al. 2004). Females synchronize 

breeding and give birth at the same time of year. However, as the number of breeding females 

increase, reproductive success increases (Cant, 2000). If only one or two females breed per season, 

they routinely fail, whilst larger litters are more likely to survive (Cant, 2000). Therefore, group size is 

likely species specific.  

Group size seems to have positive effects on a females’ reproductive success when groups are at 

optimal size (Pride, 2005), however, if group size is too small or large (Armitage & Schwartz, 2000), 

negative effects can occur. Optimal group size may enhance overall reproductive success, however, 

composition of a group may also benefit group living.  
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Group Composition  

Reproductive success for females may be influenced by other individuals in the group. Females will 

tend to stay in the group due to the benefits derived from living with other individuals (Silk, 2007). 

However, benefits derived from living in these groups can be influenced by certain characteristics of 

other group members (Charnov & Finerty, 1980). Among mammalian species there are strong biases 

toward the favour of female philopatry, generally attributed to the benefits gained from living with 

relatives (Boonstra & Hogg ,1988). Therefore, kin composition in social groups is expected to be 

correlated to a females’ reproductive success (Charnov & Finerty, 1980). Nonetheless, non-kin social 

groups can be just as successful (Cameron et al. 2009). 

 

Kin selection is an evolutionary strategy which favours kin, over non-kin, by close relatives, even if it 

comes at a cost to their own reproduction and survival. In 1980, Charnov & Finerty hypothesized that 

cycling population dynamics may be the product of kin selection. Kin selection therefore would allow 

higher tolerances toward kin, encouraging close associations among kin in the future (Charnov & 

Finerty, 1980). If mammals settle near related individuals, clusters of closely related individuals will 

form, increasing tolerance toward young, increasing overall reproductive success (Charnov & Finerty, 

1980). This hypothesis was tested on meadow voles (Microtus pennsylvanicus, Boonstra & Hogg, 

1988). Kin enclosures were 16 percent more likely to carry out pregnancy to full term and had larger 

sized offspring compared to un-related female enclosures (Boonstra & Hogg ,1988), indicating that 

cycling population dynamics may be the product of kin selection (Charnov & Finerty, 1980).  

 

Similar studies on voles (Microtus spp.) also suggest the presence of kin increases tolerance of young 

and enhances reproductive success. Voles in experimental enclosures settled nearer to close 

relatives compared to un-related individuals (Lambin & Krebs, 1993; Pusenius et al. 1998), and their 

home ranges overlapped with relatives compared to non-relatives (Mappes et al. 1995). Settling near 

kin, facilitates the establishment of individual home ranges and initiates earlier reproductive activity 

(Pusenius et al. 1998). Furthermore, females settling near kin reared higher numbers of offspring 

compared to kin that settled away from relatives, these offspring also had higher survival rates 

(Pusenius et al. 1988; Wolff et al. 2002). Mechanisms underlying these differences are still unclear, 

but living near kin reduces intensity of competition and increases reproductive success among 

conspecifics (Silk, 2007).  

 

Female African elephants live in fission-fusion societies. Male juveniles disperse from the group, 

whereas females form natal stable groups consisting between 1 to 20 adults along with their offspring 

(Moss, 1988). Groups can form smaller societies over time, or multiple groups can form large 

aggregations (Moss & Poole, 1983). Pairs or trios of females tend to have a consistent relationship 

within the aggregation, and form a close social bond (Moss & Poole, 1983). Genetic analysis indicates 

these core groups are mostly closely related, therefore, females who spend more time together are 

more likely to be first order relatives and related through matriarchs of the core group (Archie et al. 

2006). Stability of these groups have reproductive consequences long term (McComb et al. 2001). It 

was found that females who belong to core groups led by old matriarchs, tend to have higher 
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reproductive success compared to core groups led by younger matriarchs (McComb et al. 2001). This 

evidence suggests that stability of core groups may be an important factor underlining reproductive 

success.  

 

Although closely related groups are seen to be successful, groups consisting of un-related individuals 

have received less attention (Cameron et al. 2009). Nonetheless, un-related groups can be just as 

successful. Here, they form close bonds between individuals, without the influence of kin selection. To 

date, higher social integration scores are correlated with higher reproductive success (Cameron et al. 

2009), and higher maternal protectiveness toward their own, and group members offspring can 

influence reproductive survival (Cameron et al. 2003). These groups usually consist of many un-

related females, giving rise to the importance of same sex social bonds.  

 

Effect of Female-Female Social Bonds 

Originally, little was known about the relationship between the effect on a females’ lifetime fitness and 

the nature of a social bond between females. Over the last 20 years, there is more understanding of 

the function and structure of female-female relationships, and the outcomes of reproductive success, 

when these relationships are successful (van Schaik et al. 2003). Much information has come from 

several studies on baboons (Henzi & Barret, 2003; Swedell & Leigh, 2006). These observations 

provide valuable information involving distal and proximate associations between females and the 

consequences of variation among societies (Silk, 2007).  

 

Close social bonds between females can influence their reproductive success. Firstly, Dunbar & 

Sharman (1984) showed that baboons value time for socializing with other females and the baboons 

did not reduce time that they spent socializing, peacefully, with other group members even when 

resources are limited. They instead, cut back on resting time. Even under difficult conditions when 

environmental conditions are not favourable, females continue to socialize between group members 

because these relationships are valuable to them (Dunbar & Sharman, 1984).  

 

Secondly, sociality of female baboons centers around close associates (Silk et al. 1999). Females 

have preferences for close kin, such as sisters, mothers and daughters. They also prefer to show 

affiliation via grooming with un-related, but same age mates, and those similar in rank. Females tend 

to have at least one preferred partner (Silk et al. 2006a,b). Sometimes demographic factors can 

impose constraints on availability of preferred partners, however, these female-female bonds can last 

for many years (Silk et al. 2006a,b). The most enduring bonds are seen between close kin and same 

age mates, and have direct effects on their stability and strength (Silk, 2007).  

 

Thirdly, the sudden loss of companions has significant effects on individuals. After the disappearance 

of close relatives by predation, feacal glucocorticoids were elevated in females but not males (Engh et 

al. 2006). Females are then seen strengthening other relationships to compensate for the loss of their 

preferred partner. After losing a close female companion, baboons increased time spent grooming 

initiating closer bonds with another potential preferred partner (Engh et al. 2006).  
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Lastly, baboons who frequently engage in higher proportions of social interactions have higher 

reproductive success compared to females who don’t (Silk et al. 2003). Even when environmental 

conditions and group size were controlled for, the results remained the same (Silk et al. 2003). 

Female-female relationships are crucial in ongoing reproductive success and these social bonds have 

higher impacts on reproductive success than previous thought.  

 

Additionally, female-female relationships, have direct effects on preventing infanticide. Infanticide has 

been reported in over 100 mammalian species including carnivores (Packer & Pusey, 1983; Brenden 

& Hausfater, 1990; Swenson et al. 1997, Bellemain et al. 2006), primates (Goodall, 1977; Leland et 

al. 1984; Zipple et al. 2017), ungulates (Duncan, 1982; Pluhacek & Bartos, 2000; Feh & Munkhtuya, 

2008), and rodents (Coulan et al. 1995). Originally, infanticide was regarded as a pathological and a 

maladaptive behaviour, or a mechanism to regulate population growth (Calhoun, 1962; Agrell et al. 

1998). It is now known to benefit individual fitness as an adaptive sexually-selected strategy for males 

(Hausfater & Hardy, 1984). Therefore, maternal protective behaviour has been reported in groups 

consisting of more than one breeding male (Cameron et al. 2003), due to the uncertainty of the 

dominants paternal success. This may suggest that the increase of maternal protectiveness may also 

be protectiveness of another females offspring, as such, their preferred female partner. However, 

more studies will be necessary to confirm this theory. 

 

Same sex bonds are valuable toward a females ongoing reproductive success and also benefits the 

survival of offspring to their closely bonded affiliates. The formation of social bonds relies on 

recognition and thereafter the maintenance of the bond itself. Social bonds are driven internally by 

hormonal processes, and these processes are possibly what promotes same-sex bonds to occur in 

the first place. However, more research is needed to underpin these proximate mechanisms in un-

related individuals.   

 

 

1.3 SOCIAL BONDING & OXYTOCIN 
 

For decades, oxytocin has been linked to parturition, gestation and lactation (Fuchs & Satio, 1971). 

Early studies indicated that oxytocin directly impacts the mother by changing behaviours necessary 

for the survival of her offspring (for review see Ross & Young, 2009). Research has now confirmed 

that oxytocin is linked to the formation of social relationships such as pair bonding and cooperative 

groups (Gubernick et al. 1995; Crockford et al. 2014). Social bonds that form from cooperation are 

important due to bonded individuals helping with offspring care, access to food resources and 

protection from predation (Crockford et al. 2014). This section will take you through historical studies 

concerning oxytocins roles in labour and parental care, to its importance in more recent roles in pair 

bonding and cooperation. 
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OXYTOCIN 

Oxytocin is a neuropeptide, found naturally in all mammals (Curley & Keverne, 2005; Veening & 

Oliver, 2013). It consists of a nine amino acid structure, similar to that of vasopressin (Curley & 

Keverne, 2005). It is first synthesised at the brain, at the hypothalamus, then released by the posterior 

pituitary into the peripheral circuitry system, where multiple functions are performed in the peripheral 

reproductive system (Soares et al. 2010; Churchland & Winkielam, 2012). It plays a crucial role in 

labour, milk production and parturition during lactation in mammals (Ross & Young, 2009).  

 

Over time, it has become evident that oxytocin has multiple functions in the brain, associating with a 

variety of social functions within mammals (Insel, 2010; Churchland & Winkielam, 2012). It has roles 

assisting stress regulation (Olff et al. 2013), affiliation (Uvnäs-Moberg, 1998; Veening & Oliver, 2013), 

and social bonding such as pair-bonds and cooperation (Keverne & Curley, 2004; Crockford et al. 

2014; Lieberwirth & Wang, 2014). It has various effects in social bonding (Lim & Young, 2006), with 

both long-term and short-term effects in individuals (Winslow et al. 2003). 

 

Oxytocin has multiple classes of outcomes concerning behaviour and social interactions between 

mammals (Crockford et al. 2014). The association between social interactions and oxytocin is that it 

initiates a positive feedback loop in the neural circuitry system (Choleris et al. 2009; Soares et al. 

2010). Oxytocin is released by positive interactions, in turn, promoting strong bonds, which strengthen 

with frequent interactions (Keverne & Curley, 2004; Wittig et al. 2014). This positive feedback is 

crucial for social mammals who require the management and building of social relationships through 

recognition and retention (Bielsky & Young, 2004).  

PARENTAL CARE 
Mammalian offspring rely on parental care for survival (Nowak et al. 2000). Parental care, either by 

one or both parents, provides offspring with defence, nutrition and shelter (Lévy et al. 1995; 

Lieberwirth & Wang, 2014). Offspring rely on these for individual survival as a substantial part of 

mammalian fitness (de Jong et al. 2009). Strong, positive bonds between offspring and parent are 

essential for physiological, psychological and behavioural development. Positive bonding between 

offspring and parent is important, and considerable research has investigated the neurobiological 

mechanisms underpinning parental social bonds (for review see, Mann & Bridges, 2001). Here I will 

focus on oxytocins influence in maternal and paternal care.  

 

Maternal Care 

Oxytocin acts peripherally to encourage milk let-down and parturition, and centrally induces maternal 

care (Murphy et al. 2006). Oxytocin receptors are elevated in the brain and uterus during late 

pregnancy (Kendrick, 2000). During birth oxytocin is released into the brain, facilitating olfactory 

recognition of young, parturition and stimulates the onset of maternal care (Lévy et al. 1995; Broad et 

al. 2006). Oxytocin is involved in the need of offspring finding social contact with their maternal 

mother via reward circuits in the brain (Lévy et al. 1995; Lim & Young, 2006). For example, after 
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social contact the offspring may be fed or groomed, in turn, encouraging this behaviour to reoccur 

(Lim & Young, 2006).  

 

Maternal care behaviours include grooming, crouching over pups, and nest building in rodents (Insel 

& Harbaugh, 1989; Ahem & Young, 2009). Nurturing behaviour occurs simultaneously with parturition 

and labour (Ross & Young, 2009). Oxytocin developing from different areas in the brain have different 

outcomes concerning maternal care. Whilst disruptions of oxytocin in these regions can delay or 

completely remove maternal care behaviours (Table.1.1). Rodents such as rats (Rattus rattus), mice 

(Mus domesticus) and prairie voles (Microtus ochrogaster) were model animals in earlier research, 

therefore, multiple studies show the effect on maternal behaviours concerning experiments on 

manipulating the oxytocin system. A list of studies can be seen in Table.1.1 along with the treatment, 

and outcome concerning maternal behaviour. 

 

Table.1.1, Studies that manipulate the oxytocin system which have altered various maternal care 
behaviours in rodents. (MPOA) medial preoptic area; (VTA) ventral tegmental area; (ICV) 
Intracerebroventricularly; (PVN) paraventricular; (NAcc) nucleus accumbens; (OTKO) oxytocin knock-
out. 
Species Treatment Result Authors 
Rats PVN Lesions Substantial delays on 

maternal care in naive 
laboratory rats 
 

Insel & Harbaugh, 1989 

Rats PVN Lesions Almost complete loss of 
the oxytocin system 
 

De Vries & Buijs 1983 

Rats ICV injection of oxytocin Rapid onset of maternal 
behaviour 
 

Pedersen et al. 1982 

Mice ICV injection of oxytocin Increases maternal 
behaviour & decreases  
infanticidal behaviour 
 

McCarthy, 1990 

Mice MPOA & VTA injection of 
oxytocin inhibitor 

Decreases maternal 
behaviour 
 

Pedersen et al. 1994 

Mice OTKO  Impaired maternal 
behaviour 
 

Ragnauth et al. 2005 

Prairie voles Behavioural observation Display spontaneous 
maternal care 
 

Solomon, 1991 

Prairie voles NAcc injection of oxytocin 
antagonist 

Decreases of maternal 
care 
 

Olazabal & Young, 2006 

Prairie voles ICV Injection Decreases maternal 
aggression  

Witt et al. 1990 

 

Ungulates typically live in large groups, and so mothers need to discriminate between their own and 

foreign young (Kendrick et al. 1987). Evolved mechanisms such as vaginocervical stimulation helps to 

achieve the recognition of their own offspring (Kendrick et al. 1987). Vaginocervical stimulation in 

sheep (Ovis aries) during labour promotes a sequence of neurochemical events, leading to selective 

social bonds between mother and lamb (Keverne et al. 1983; Kendrick et al. 1986). Studies show that 
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cerebrospinal fluid concentrations of oxytocin are higher in both parturition and after vaginocervical 

stimulation (Kendrick et al. 1986). Furthermore, vaginocervical stimulation is a potent releaser of 

oxytocin in lambs resulting in selective attachment, and in estrogen-primed mothers it can promote 

adoption of foreign offspring (Keverne et al. 1983; Lim & Young, 2006). Lastly, oxytocin that is 

injected intracerebroventricularly in estrogen primed mothers that are not pregnant can promote full 

maternal care in less than one minute, resulting in successful adoption of foreign lambs, which can be 

used for future welfare situations (Kendrick et al. 1987). 

 
Paternal Care 

Across mammalian species, biparental care is common but paternal care is rare, although is more 

common in primates compared to other mammalian species (Storey & Ziegler, 2016). Paternal care is 

shown by less than 5% of monogamous species (Lieberwirth & Wang, 2014). Nonetheless, paternal 

care, such as protection and nest making is seen in mammals including rodents, and similarly to 

maternal care, the neurological underpinnings of these mechanisms is partly driven by oxytocin 

(Curley & Keverne, 2005).  

 

Early exposure to oxytocin in prairie voles can modulate paternal care (Bales et al. 2004). Male pups 

administered an oxytocin receptor antagonist were observed giving decreased levels of parental 

behaviour, coupled with increased aggression towards unfamiliar pups (Bales et al. 2004). Prairie vole 

fathers, compared to virgin voles, were found to have higher densities of oxytocin fibres in the nucleus 

ambiguous and had increased levels of oxytocin receptors in the paraventricular nucleus (Kenkel et 

al. 2014). However, another study concluded no differences between virgin and father oxytocin gene 

expressions in the paraventricular or supraoptic nucleus (Wang et al. 2000).  

 

Oxytocin concentrations in human (Homo sapiens) fathers are elevated compared to non-fathers 

(Mascaro et al. 2014). The increase in paternal care and parental responsiveness by the 

administration of intra-nasal oxytocin has now been demonstrated in several studies conducted on 

human fathers (Naber et al. 2010, 2013; Weisman et al. 2012). For example, during play-bouts for 15 

minutes, fathers that were administrated oxytocin had increased responsiveness with their child, 

compared to fathers administered controls (Naber et al. 2010, 2013). Oxytocin enhanced the ability of 

the father to provide more structure in activities and decreased the fathers’ hostility during certain 

situations (Naber et al. 2010, 2013). Intra-nasal oxytocin administered fathers, not only increased the 

fathers oxytocin levels, but significantly increased endogenous oxytocin concentrations in the infant, 

demonstrating that increases in oxytocin can have parallel effects on an infant without direct hormonal 

influence on the infant itself (Weisman et al. 2012).   

 
PAIR BONDING 
Connectivity between mates is a necessary element of pair bonding (Lieberwirth & Wang, 2014). This 

frequently precedes into the formation of enduring relationships between sexual partners (Gubernick 

et al. 1995). This is a complicated social behaviour which is characterised by copulation, affiliative 

behaviours and the exclusive choice toward one individual over others (Gubernick et al. 1995). Pair 
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bonds are only associated within 5% of mammalian species (Curley & Keverne, 2005). Strong pair 

bonds are essential for understanding psychological, behavioural and physiological well-being, 

therefore, substantial efforts have been implemented to underlie the neural processes of pair bond 

formations (Kleiman, 1997). In humans, strong stable marital relationships show positive correlations 

with longer life spans, compared to single individuals (Lillard & Waite, 1995; Holt-Lunstad et al. 2010). 

Whilst other mammalian models that display pair bond formation have been examined to understand 

the processes underlying these behaviours, for example, oxytocin (Carter et al. 1995; Insel & Hulihan, 

1995; Cho et al. 1999; Bales et al. 2007; de Jong et al. 2009).  

 

Neuropeptides, such as oxytocin, have played important roles in pair bond formation in behaviours 

such as social recognition, mate seeking and the formation of the pair bond itself (reviewed in Insel & 

Shapiro, 1992; Ferguson et al. 2002). Oxytocin is not only important for maternal care, but it also has 

a considerable role concerning non-maternal relationships. Here I focus on mammalian models, 

including humans.   

 

Mammalian Pair Bond Models 

Social recognition is essential for forming relationships. Recognition allows mammals to recognise the 

difference between their partner from an unfamiliar individual (Lim & Young, 2006). Manipulations of 

oxytocin suggest that it plays a crucial role in pair bond establishments across multiple mammalian 

species (Popik & van Ree, 1991; Witt et al. 1992; Carter et al. 1995; Cho et al. 1999; Ditzen et al. 

2009). For instance, the administration of oxytocin into site specific, central and peripheral parts of the 

brain in rats facilitates social recognition by accelerating memory time in a social discrimination study 

(Popik & van Ree 1991, 1992). However, when rats were administrated with an oxytocin receptor 

antagonist, it decreased short-term social recognition (Popik & van Ree 1991; Ferguson et al. 2000). 

Interestingly, when the oxytocin knock-out mice were administered with oxytocin, it reversed the 

effects of the knock-out, resulting in the formation of social memory of other conspecifics (Ferguson et 

al. 2000, 2001). Furthermore, chronic administration of oxytocin in male rats increases social 

interactions with females shown by the duration of contact between the mating pair (Witt et al. 1992). 

 

Partner preference between pair bonded species is important for the development of the pair bond 

itself. Monogamous rodents, such as prairie voles display biparental care and pair bond formation 

occurs in adults (Insel & Shapiro, 1992; Lim & Young, 2006). These species have become an 

important model for understanding pair bond formation among mating pairs and to date many 

neuropharmacological studies have been performed (Witt et al. 1990; Insel & Shapiro, 1992; Williams 

et al. 1992). Female voles typically display mate preference towards a male which she has previously 

mated with, however, longer cohabitations can lead toward the development of pair bonds without 

mating (Williams et al. 1992). There is compelling evidence that oxytocin may inhibit the evolution of 

partner preference in voles (Witt et al. 1990). For example, peripheral and central administration of 

oxytocin into female voles display higher levels of social behaviours and less aggression toward 

males (Witt et al. 1990). Similarly, central administration of oxytocin in contrast to a cerebrospinal fluid 

treatment results in the establishment of partner preferences in female prairie voles (Williams et al. 
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1992; Insel & Hulihan, 1995; Liu & Wang, 2003). Furthermore, an oxytocin antagonist administered 

centrally, post mating, or coupled with oxytocin can supresses partner preference in female prairie 

voles but does not affect mating rituals (Insel & Hulihan, 1995; Cho et al. 1999). The supressed 

formation of partner choice from the antagonist is said to be due to the oxytocin networking via an 

oxytocin mediated process (Lieberwirth & Wang, 2014).  

 

Neuropharmacological studies manipulating oxytocin suggests that it plays an important role in the 

regulation of affiliative and prosocial behaviours among mating partners (Lieberwirth & Wang, 2014). 

Monogamous marmosets (Callithrix penicillata) show strong pair bond formations through social 

behaviour, aggression and mutual attraction (Lieberwirth & Wang, 2014). Oxytocin administered 

marmosets increased contact behaviour and food sharing during the course of pairing and decreased 

the latency to approach a specific partner (Smith et al. 2010). During the latter study, an oxytocin 

antagonist decreased food sharing and contact behaviour, indicating that oxytocin may be a direct 

driver of affiliative behaviours between bonded partners (Smith et al. 2010). Smith et al. (2010) 

showed that an oxytocin antagonist seemed to have stronger impacts on their social behaviour than 

that of the oxytocin treatment and that sexual and aggressive behaviours did not vary in oxytocin 

treated marmosets, suggesting that pair bond formation may be influenced by the oxytocin neural 

circuits (Smith et al. 2010).  

 

Lastly, human longevity has been associated with strong enduring pair bonds, such as a healthy 

marital status (Holt-Lunstad et al. 2010; Feldman, 2012). Positive and stable marital relationships 

have been seen to increase longevity and even be associated with better immune systems than that 

of un-attached singles (Lillard & Waite, 1995; Holt-Lunstad et al. 2010; Drefahl, 2012). In contrast, 

disruption of close social bonds, for example, neglect, isolation or marital problems, can have a major 

damaging effects on the physical and mental health of an individual (Curtis, 1995). In particular, 

decreased levels of intimacy among partners and the perception of feeling lonely has been seen to 

decrease longevity and increase depression and anxiety (Holt-Lunstad et al. 2010; Kiecolt-Glaser et 

al. 2010). Even though the last few studies do not take in to account the individuals’ oxytocin levels, it 

is worth mentioning because it suggests how a strong pair bond can have various positive effects on 

individuals.  

 

COOPERATION 
Social relationships can occur within same-sex, and non-kin individuals (Cameron et al. 2009; Mitani, 

2009; Seyfarth & Cheney, 2012; Crockford et al. 2014). This is termed cooperation (Wittig et al. 

2014). Social mammalian species also form these relationships, usually showing hierarchal 

structures. Here, adults carry out tasks such as food sharing, grooming and offspring care (Campbell, 

2008; Lim & Young, 2006). There is evidence that socially bonded individuals have higher 

reproductive success (Cameron et al. 2009; Silk et al. 2009; Schülke et al. 2010). Furthermore, these 

strong consistent social relationships can increase longevity (Holt-Lunstad et al. 2010; Silk et al. 

2010). Even though the sustainment of these relationships are connected with certain fitness benefits, 
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it is still unclear how these relationships are driven and maintained over long periods of time 

(Crockford et al. 2014).  

 

During this section we have explored the role of oxytocin playing central roles in assisting parental 

care, and pair bonds within mammals. There is now evidence suggesting that oxytocin is involved in 

the endocrinological mechanisms driving social bonds between related and un-related individuals 

(Crockford et al. 2014; Wittig et al. 2014). Oxytocin can reduce anxiety and stress, and affect social 

cognition and memory (Lim & Young, 2006). Oxytocin is thought to activate positive feedback loops 

acting as a reward circuit in the brain (Churchland & Winkielman, 2012; De Dreu, 2012). Therefore, 

oxytocin may drive the motivation to approach conspecifics, and results in long lasting social bonds 

(Crockford et al. 2014). 

 

Mammalian Cooperative Models 

Primates live in groups between related and un-related individuals and have complex cooperative 

relationships (Wittig et al. 2014). Interactions such as grooming and food sharing are frequent 

between bonded individuals. Chimpanzees in the Budongo Forest had significantly higher 

endogenous oxytocin concentrations after grooming and food sharing, compared to non-cooperative 

behaviours such as resting or feeding without the presence of other individuals (Crockford et al. 2013; 

Wittig et al. 2014). Interestingly, chimpanzees who groomed with their bonded partner had higher 

oxytocin concentrations, compared with grooming neutral individuals (Crockford et al. 2013). 

However, during food sharing all oxytocin concentrations were high, and not dependent on status 

(Wittig et al. 2014). Oxytocin concentrations were also similar between the donor or recipient in both 

cooperative tasks observed (Crockford et al. 2013; Wittig et al. 2014). This suggests that cooperative 

tasks may promote stronger positive relationships, leading to the formation of a social bond. Further 

studies are necessary to specify if increased oxytocin levels can be an indication of increased 

subsequent social bonding or cooperative exchange than that of lower oxytocin levels (Crockford et 

al. 2013).  

 

Marmosets exhibit high levels of prosocial behaviours such as cooperation, food sharing, pair bonding 

and social tolerance (Cavanaugh et al. 2014; Mustoe et al. 2015). All these behaviours are sensitive 

to oxytocin manipulations. Oxytocin administration into the central nervous system of marmosets 

adjusted pair bond affiliative behaviours (Smith et al. 2010). Here on, oxytocin appeared to be specific 

to social behaviour, because interactions between aggressive and sexual behaviours were not altered 

(Smith et al. 2010). The same study then revealed marmosets initiating huddling behaviours with their 

preferred partner during oxytocin treatment, but not during oxytocin antagonist controls. Furthermore, 

an oxytocin antagonist treatment eliminated all food sharing behaviours between social partners 

(Smith et al. 2010), thereby suggesting that oxytocin may be one of the main drivers of cooperative 

behaviours in mammalian species.  

 

Most domestic mammals are highly social, which probably facilitated domestication. Canids, such as 

wolves (Canis lupus), show cooperative breeding in the wild (Paul & Bhadra, 2018). Grey wolves are 
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common ancestors of domestic dogs (Canis lupus familiaris, Skoglund et al. 2015), therefore, 

domestic dogs can display social behaviours similar to that of grey wolves driven by neurological 

mechanisms passed down through multiple lineages (Skoglund et al. 2015). Domestic dogs were 

observed with their owners and other dog partners during intra-nasal administration of oxytocin and 

saline (Romero et al. 2014). Oxytocin treatment increased social behaviours such as social 

orientation, social approach and affiliation toward other dogs, and their owners (Romero et al. 2014). 

Oxytocin promotes the motivation to approach close social partners, thereby constituting the basis of 

the formation of any close social bond, which will facilitate the maintenance of the bond over long 

periods of time. Due to stable social relationships having adaptive values, Romero and colleagues 

(2014) suggest that it is likely that natural selection has favoured neurological mechanisms, such as 

oxytocin, promoting their maintenance.  

 

Through grouping, social relationships can form (Clutton-Brock, 2009a). When individuals maintain 

close relationships, a social bond between individuals will usually form (Lim & Young, 2006). These 

process rely on hormonal underpinnings, such as oxytocin and communication mechanisms 

(Crockford et al. 2013). However, studies mentioned indicates how complex an individuals’ behaviour 

can be, therefore, more research is needed to underline the drivers of cooperation.  

 

 

1.4 COMMUNICATION  
 
Assessing emotions in a range of mammalian species can help indicate positive or negative situations 

for ongoing practices regarding animal welfare (Briefer, 2018). Emotions are relatively short lived, 

therefore, are difficult to measure (Briefer, 2018). Reliable indicators measuring positive and negative 

emotions in a range of species may be challenging. Positive indicators for emotion have been 

presented through certain behaviours in silver foxes (Vulpes vulpes, Moe et al. 2006), horses 

(Wathan et al. 2015) or acoustic signals in pigs (Landrace spp., Leliveld et al. 2016) and elephants 

(Soltis et al. 2011), when exposed to positive events.  

 

Non vocal indicators have been investigated in only a few studies, however, they suggest a link 

between internal state and acoustic production. For instance, purring in felines (Sissom et al. 1991) is 

considered a relaxed, friendly state. Other signals, such as snorting have been suggested as 

reflecting negative (Hunsaker & Hahn, 1965) and positive (Montenegro, 1998; Policht et al. 2008) 

emotional states, and is similar between a range of species (Stomp et al. 2018).  

 

Acoustic signals are important for highly social species, allowing them to communicate efficiently 

(Briefer, 2018). Whilst more subtle indicators, such as facial expressions can be observed to 

discriminate between positive and negative situations (Wathan et al. 2015). This section will underline 

differences concerning facial expressions and emotion valance and contagion between positive and 

negative situations in social mammals.  
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FACIAL EXPRESSIONS  
As a measure of emotional and psychological experience, human facial expressions have been 

extensively studied (Descovich et al. 2017). Until recently, research on animal facial expressions was 

relatively rare, except for pre-existing studies on pain indicators (Langford et al. 2010; Gleerup et al. 

2015). Across species, mammals have widespread facial expressions and movements (Waller & 

Micheletta, 2013). Facial expressions allow for individual variation, and can determine species 

specific patterns (Wathan et al. 2015). More importantly, they can indicate social and reproductive 

functions (Parr et al. 2005). Compared to humans, facial expressions in mammals have less voluntary 

control regarding motor behaviour (Hopkins et al. 2011). To an extent, humans have certain control 

over facial expressions, until a heightened emotional intensity, where facial expressions will change 

according to the situation (Porter et al. 2012). Facial expressions can be used as honest signals of 

current emotional or welfare states (Descovich et al. 2017). In the following section I briefly outline 

negative and positive facial expressions in a variety of mammalian species using the eye, jaw, mouth, 

and ear regions.  

 

Eye Region  

Negative facial expressions draw more attention to nearby observers compared to positive 

expressions (Eastwood et al. 2003). A common indicator is the eye region, by showing eye white 

visibility and increasing aperture (Descovich et al. 2017). Eyelid aperture, in humans increases anger, 

surprise and fear expressions (Waller et al. 2008a). Similarly, an increase in eye aperture has been 

observed when sheep are isolated from the herd (Reefmenn et al. 2010). Whilst increased eye 

aperture, along with excessive panting in domestic dogs shows anxiety during catheter placement, 

which was then reduced when dogs were administered a sedative (Light et al. 1993). Eye widening 

allows for increased visibility, which is frequently observed in humans (Whalen et al. 2004), horses 

(von Borstel et al. 2009) and cows (Bos taurus, Sandem et al. 2006) in stressful or fearful situations. 

Eyebrow raising can be seen in humans as responses to surprise and or fearfulness (Waller et al. 

2008b). However, dogs, primates and horses (Gleerup et al. 2015) have the capability for similar 

expressions. In response to pain, horses have been observed eyebrow raising and eye widening after 

pain indicators were induced, compare to relaxed eyes during control procedures (Gleerup et al. 

2015).  

 

Studies involving positive facial expressions have had less attention. Positive indicators are just as 

important for evaluating welfare states of mammals (Descovich et al. 2017). Though a reduction in 

eyelid aperture can indicate negative expressions in mammals, it can be observed during positive 

interactions as seen in humans (Ekman et al. 1990), cats (Felis catus, Ley, 2016) and canids (Fox, 

1970). This narrowing of the eye raises the infraorbital region during smiling, whilst contraction of the 

eye region can result from a content or relaxed state, leading to laxation (Waller at al. 2008a; 

Descovich et al. 2017).  
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Jaw and Mouth Region  

Mammalian species frequently use jaw and mouth movements for stereotypic, displacement and 

social communication behaviours (Descovich et al. 2017). Fearfulness expressions can be observed 

in chimpanzees by lip corner pulling, parting and funnelling (Parr et al. 2007), upper lip elongation in 

horses (Leiner & Fendt, 2011), and tongue extending and snout licking in dogs (Beerda et al. 1997). 

Oral stereotype behaviour can be frequently observed among many species, and help the control of 

welfare situations. Oral stereotype behaviours occur readily via mouth behaviours as seen in primates 

and horses (Descovich et al. 2017). Primates use repetitive mouth movements such as regurgitation, 

lip smacking and tongue thrusting (Bloomsmith et al. 2007; Hill, 2009), whilst horses use behaviours 

such as windsucking, lip snapping, and crib biting (Goodwin, 1999; Bergeron et al. 2006). These 

mouth stereotypies can be readily seen when observing welfare states, for example, animals in 

captivity (Mason, 2006).   

 

Mouth and jaw movements are seen as common positive, affiliative responses in humans, such as 

the lip corner retracting when laughing and smiling (Waller et al. 2008a). This can be seen in 

primates, with lip corner retraction, however the upper teeth are covered and lower lip is relaxed (de 

Waal, 2003). Mouth movements can also indicate how mammals respond to a stimulus, such as 

sweet and sour foods. Non-human primates may smack their lips, and protrude their tongue to sour 

food (Steiner et al. 2001), whilst rats can lick or show movements or the upper lip (Cabanac & 

LaFrance, 1990), in response to sweet foods. Important indicators of sexual motivation and 

monitoring estrous cycles among females, is that of flehmen. Flehmen has been seen in a variety of 

mammals, including equids (Weeks et al. 2002), primates (Charpentier et al. 2013), felids (Allen et al. 

2014) and the Arabian camel (Camelus dromedarius, Fatnassi et al. 2014). As an example, equids 

raise their head to the sky, with their upper lip puckered, along with their upper gums and teeth 

exposed (Moehlman, 1998). Observing flehmen can somewhat be difficult, due to some equids 

emitting this expression whilst in pain (Pritchett et al. 2003), and when they eat something foul tasting, 

therefore, more behavioural tools are suggested whilst using flehmen as an indicator of different 

welfare situations (Descovich et al. 2017). 

 

Ear Region  

Ear position in mammals that have mobile ears is an important indicator of stress and social 

communication (Wathan & McComb, 2014). The ears of a mammal are controlled by facial muscles, 

therefore, ear movements are considered as facial expressions (Descovich et al. 2017). A well-known 

example is the horse. Horses will flatten their ears back in social communication with conspecifics, 

mostly in aggressive behaviours (Waring, 2002; Briefer et al. 2014; Wathan & McComb, 2014). Sheep 

observed in negative situations will display ear flattening (Boissy et al. 2011), whilst chimpanzees 

(Parr et al. 2005) and mice (Defensor et al. 2012) display flattened ears during aggressive behaviour 

and/or anticipation. Lastly, canids, such as domestic dogs and foxes tend to hold their ears in a lower 

position, along with a lowered head position during fearfulness and anxious states (Fox, 1970). 
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Lastly, ear position is an important facial expression commonly used for affiliative behaviour. Sheep 

display relaxed ears to indicate neutral states (Schmied et al. 2008), whilst relaxed ears in cows 

indicate positive states (Boissy et al. 2011). Ear position in horses has been extensively studied. Ears 

forward amongst horses is a strong indicator of affiliative behaviours (Wathan et al. 2015). Whilst ears 

back on a horse is an aggressive expression, their neutral ear expression is a slight ear back 

movement, which can sometimes be hard to determine. However, horses’ ears in a neutral state can 

be easily observed whilst horses are relaxing in a paddock, or sleeping (Wathan et al. 2015). 

 

EMOTIONAL AROUSAL, VALENCE & CONTAGION 
Emotions are typically short-term, intense states, triggered in response to external or internal stimuli 

of importance to an individual (Briefer, 2018). Their main function is to guide behavioural decisions 

and elicit appropriate responses (Briefer, 2018). The last two decades have seen increases in studies 

concerning mammalian behaviour in response to emotional arousal and valence. They observe 

physiological and behavioural responses concerning changes in emotions from certain stimuli (Gygax 

et al. 2013; Briefer et al. 2015; Hintze et al. 2016). However, these studies are still very new and only 

few address these topics.  

 

These changes in emotions detected by conspecifics may lead to emotional contagion (Briefer, 2018). 

This occurs when a specific emotion is transmitted through a signal of certain sensory system (e.g. 

visual, vocal and olfactory) from the emitter, through to the receiver of the signal, which triggers a 

state matching between the two individuals (Briefer, 2018). This is stated to be an empathic process 

between individuals (Preston & de Waal, 2002). Contagion serves as an important behaviour among 

group living mammals (Briefer, 2018). Sharing emotions between individuals can regulate social 

interactions and thereon improving this transformation between group members, resulting in cohesion 

and coordination within social groups (de Waal, 2008). 

 

This section focuses on mammals that can discriminate between emotional arousal and valence, and 

briefly investigate emotional contagion among mammalian species. Evidence of discrimination is 

important because we need to know that species can detect signals from conspecifics in order to 

detect contagion (Briefer, 2018). Contagion is a relatively new subject, therefore, evidence is sparse. 

 

Discrimination of Emotion Arousal & Valence 

Direct methods to study discrimination of emotional arousal is to use play back vocalisations, which 

are associated with diverse arousal levels. Playback methods have shown chacma baboons (Papio 

cynocephalus ursinus) spending longer periods looking at the loudspeaker when alarm barks were 

produced in response to predators (high arousal; Fischer et al. 2001). Whilst intermediate alarm and 

typical contact barks showed baboons spending less time looking at the speaker (low arousal; Fischer 

et al. 2001). Similarly, wild chimpanzees looked at the speaker longer when screams in response to 

aggression were played, compared to screams emitted from intermediate aggression and screams of 

frustration (low arousal; Slocombe et al. 2009). These methods constitute great tools for observing 

vocal discrimination when associated with different states of arousal (Slocombe et al. 2009). In the 
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case where stronger responses have occurred, for example longer or faster response toward the 

speaker, may suggest that emotional contagion had occurred within an individual (Briefer, 2018). 

 

Discrimination of emotional valence is sparse, however Briefer et al. (2017) observed this ability within 

horses between positive and negative whinnies using play back methodology. Here they recorded 

behavioural (head position and movement), and physiological (skin temperature and heart rate), 

responses of whinnies from familiar and unfamiliar horses, in response to negative and positive 

contexts (Briefer et al. 2017). Behavioural and physiological responses of reunion (positive) and 

separation (negative) differed when these whinnies were produced from familiar horses. Moreover, 

there was no difference between whinnies from unfamiliar horses, thereby suggesting familiarity plays 

crucial roles in discrimination of vocal valence of emotions (Briefer et al. 2017). 

 

Contagion of Emotion Arousal & Valence  

Evidence for contagion of emotional arousal is retrieved from research on urgency-based alarm calls 

(Blumstein & Armitage, 1997). Mammals and birds use alarm calls to warn individuals about on 

coming predation, therefore, play back methods can indicate how an individual can react to these 

stimuli (Manser et al. 2001). Studies show higher urgency alarm calls can trigger faster or stronger 

reactions from the receiver (Leavesley & Magrath, 2005). These studies suggest conspecifics can 

discriminate between different alarm calls, encoding levels of negative and positive arousal 

transmitted to individuals, in turn, the receiver responding promptly to concerning calls (Leavesley & 

Magrath, 2005). 

 

The clearest evidence of emotional contagion, using a physiological indicator, stress, has been 

conducted using zebra finches (Taeniopygia guttata, Perez et al. 2015) and domestic dogs (Quervel-

Chaumette, 2016). Female zebra finches, had elevated levels of internal corticosterone 

concentrations when hearing distressed distance calls elicited from their paired mate, compared to 

regular distance calls (Perez et al. 2015). Dogs have been observed changing their behaviours to 

playbacks. Dogs elicited more stress related behaviours during familiar distressed companions, 

compared to distressed unfamiliar companion playbacks (Quervel-Chaumette, 2016). Furthermore, 

dogs then engaged in comfort offering behaviours toward a familiar companion, particularly after 

distressed vocalisations (Quervel-Chaumette, 2016). Indicating that emotional contagion may have 

occurred within these individuals.  

 

Contagion vocalisation of emotional valence, so far, has only been tested in a few species, such as 

rats (Brudzynski, 2013; Seffer et al. 2014), horses (Briefer et al. 2017), domestic dogs (Huber et al. 

2017), and kea (Nestor notabilis, Schwing et al. 2017). However, the most detailed of these studies 

comes from rats. During pharmacological, behavioural and brain stimulation studies on adult rats, it 

was found that they frequently produce two types of ultrasound vocalisations (Brudzynski, 2007). 

Vocalisations at 50kHz were common with appetitive associations, like anticipation for rewards, and 

social play, whilst 22kHz are common with aversive associations, such as social defeat and 

anticipation of punishment (Brudzynski, 2007). Rats have shown negative emotions (e.g. avoidance 
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behaviour) toward 22kHz, whilst showing positive emotions (e.g. approach behaviour) at 50kHz 

during playbacks of ultrasound vocalisations (Brudzynski, 2013; Seffer et al. 2014). Further studies 

found that playbacks of 22kHz of ultrasound vocalisations enhanced acoustic startle reflexes, 

suggesting that these vocalisations induce negative, stress related states in receivers (Ingaki & 

Ushida, 2017). Therefore, ultrasound vocalisations in rats engage in important functions of contagion 

of emotional valence.  

 

Information from these studies leads to evidence suggesting vocalisations can lead to contagion. 

These studies are relatively new, therefore, more studies are needed in positive contexts to 

completely confirm that contagion in mammal occurs within individuals (Briefer et al. 2017).  

 

 

1.5 CONCLUSION 
 

This literature review underlies the importance of communication, social bonding and reproductive 

strategies in a range of highly social mammals. Reproductive success is not only important for the 

mother but also the ongoing survival of her offspring and in social groups female-female associations 

may be more important than previously thought (Silk, 2007; Clutton-Brock, 2009a). Social bonding 

within social groups occurs between parent and infant, pair bonds or in social groups (Lim & Young, 

2006). Studies so far indicate that oxytocin could be an underlining driver for the formation of social 

bonds (Smith et al. 2010; Romero et al. 2014), however more research is needed to confirm this 

theory. Communication between individuals in social groups are important for group cohesion. These 

communication mechanisms may be more subtle than previously thought. For instance, a slight 

change in facial expression can indicate positive or negative situations between individuals (Wathan 

et al. 2015). Furthermore, communication methods may even lead to emotional contagion which is 

similar to an empathic emotion between individuals (Briefer, 2018). These communication 

mechanisms are hard to detect, however future studies will help improve our understanding of these 

processes.  

 
1.6 THESIS OVERVIEW  
 
Social interactions between mammals are very complex. Throughout this thesis, I have three chapters 

focusing on equids, as they are highly social mammals, therefore, are a model mammalian system to 

observe social interactions.  

 

Horses (Equus ferus caballus) live in social groups known as bands, which are composed of un-

related individuals (Feh, 1999). In the wild, bands contain one mature stallion (but sometimes 

multiple), several un-related mares, joined by their immature offspring (Linklater & Cameron, 2009). 

When offspring mature, they disperse from their natal band (Linklater, 2000), to avoid inbreeding 

(Monard et al. 1996). A typical band has stable membership, resulting in long term relationships, and 



 27 

once these relationships are formed, horses rarely disperse from the group (Cameron et al. 2009). 

Hierarchical ranking of horses in a band is important for social structure since top ranked individuals 

will get first access to food resources, compared to subordinate individuals (Houpt et al. 1978; Van 

Dierendonck et al. 1995). Thus they exhibit a complex social structure based on non-kin relationships.  

 

Social bonding is important for horses (Waring, 2002). The tendency to bond between horses is so 

strong that they accept sheep or cows for companions in absence of conspecifics (Goodwin, 1999). 

Domestic horses housed alone are prone to behavioural problems (Boyd, 1991). Social bonds 

between horses are shown by close proximity, with higher levels of associations (Wathan & McComb, 

2014), decreased levels of aggression, and are associated with different but subtle facial expressions 

(Sigurjonsdottir et al. 2003; Smith et al. 2016). Contact between socially bonded horses have 

physiological calming effects, thereby, decreasing stress (Feh & de Mazieres, 1993). Adaptive 

benefits arise from bonded individuals such as a reduction in harassment levels and increases in 

reproductive success (Cameron et al. 2009), possibly suggesting why these groups form in the first 

place.  

 

Chapter two tests the behavioural and physiological effects of oxytocin in two populations of domestic 

horses. Social bonds are complex in mammalian species, however, there is evidence that oxytocin, 

may be an underlying driver of cooperation and social bonding (Madden & Clutton-Brock, 2011; 

Romero et al. 2014). Horses in this study are randomly paired, administered intra-nasal oxytocin (or 

saline as the control) and video-taped for thirty minutes. All behavioural interactions are recorded, 

including facial expressions and physiological changes, such as heart rate. Here I aim to test if 

manually elevating oxytocin increases behavioural interactions between paired dyads. I hypothesise 

that increased endogenous levels of oxytocin will increase affiliative behaviours, decrease aggressive 

behaviours and decrease heart rate in horses.  

 

Chapter three tests if oxytocin can be used as a mechanism of relaxation and help with human-horse 

interactions. Horses are large dangerous animals, therefore, safe practical methods must be used in 

order to carry out simple procedures. Intra-nasal administration of oxytocin (or saline as the control) 

were given to domestic horses, and after acclimation, horses were put through a range of simple 

handling tasks, including novelty objects. Here I aim to investigate if oxytocin can be used as a 

calming mechanism, in turn, making it easier to handle horses during the tasks performed. I 

hypothesise that oxytocin administration will have a calming effect on horses, therefore, making them 

easier to handle. If this prediction is correct, this information may become beneficial in the future. 

Many horses (or large animals) are quick to be sedated by veterinarians. If we can utilize a natural 

occurring hormone to relax an individual, these techniques may become helpful for nervous animals, 

in turn, allowing the animal to act normally, not sedated.  

 

Lastly, chapter four investigates a feral population of horses, which were observed for over three 

years (Cameron et al. 2009). Data from this study focuses on un-related female-female relationships. 

I aim to test if strong female-female partnerships help increase reproductive success in an individual. I 
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hypothesise that the more time a female horse spends with her preferred female partner, the higher 

her reproductive success. Female-female bonds in un-related individuals have been rarely studied or 

more overlooked than any other social bond, therefore, this information may be important in building 

our knowledge of how important these relationships can be. Therefore, female-female social bonds, 

may have more of an impact on reproductive success as previously thought.  
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Chapter Two 

 
Linking Social Bonding & Oxytocin in the Domestic 

Horse, Equus ferus caballus 
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2.1 Introduction 
Social groups develop due to increased levels of interactions among individuals (Dunbar & Shulz, 

2010; Ferriere & Michod, 2011). Social groups form between related or un-related individuals (Lim & 

Young, 2006). Ecological conditions are often drivers bringing individuals together from factors such 

as predation pressure and food resources (Eberhard, 1975). Predation pressure decreases through 

grouping by increasing the chances of communal defense (Kruuk, 1964), reduced risk of predation 

(Hamilton, 1971), and increased foraging time because more individuals are acting vigilant (Pays et 

al. 2007). Environmental conditions also cause groups to aggregate due to restricted offspring 

dispersal (Eberhard, 1975; Emlen, 1994). Despite the benefits, there are also costs to group living, 

including competition for mates and scarce food resources (Alexander, 1974). Therefore, groups may 

only develop when the benefits outweigh the costs.  

 

Group stability can also show significant variation (Underwood, 1982; Wilson, 2000; Silk, 2007). Some 

groups form demographic societies, where enduring, strong relationships build between individuals, 

whilst others form casual societies, where stabilised relationships are missing (Wilson, 2000). In 

casual societies, group members will connect and depart based on environmental conditions (Dunbar 

& Shulz, 2010). For instance, some African ungulates change group structure in response to 

environmental pressures, such as food shortages, or for mating purposes (Underwood, 1982). 

Demographic societies live in stable and permanent social groups, where staying in the group is more 

beneficial than solitarily living (Van Schaik & Kappeler, 1997). For example, pair bond associations 

can decrease rates of infanticide (Silk, 2007; Lieberwirth & Wang, 2014). Through these sociological 

groups, social relationships can develop between individuals (Keverne & Curley, 2004).  

 

Social groups often involve individuals interacting with each other forming cooperative groups 

(Dunbar & Shulz, 2010). Group compositions and structures show significant variation, ranging from 

large aggregations using common resources, to pair bonds between mating partners (Alexander, 

1974; Kappeler & van Schaik, 2002). The proximate mechanisms driving and maintaining these 

cooperative groups are still under debate (Nowak et al. 2010; Boomsma et al. 2011; Herre & Wcislo, 

2011; Nowak et al. 2011). For example, some people focus on Hamilton’s (1964) inclusive fitness 

theory as an explanation of social evolution (Boomsma et al. 2011; Herre & Wcislo, 2011), whilst 

others focus on evolutionary game theory or population genetics (Nowak et al. 2011). Therefore, we 

need to expand our understanding about what drives the formation of these relationships and 

behaviours.  

 

When individuals maintain close relationships, a social bond may form. Social bonds are formed for 

direct benefits, such as mating and feeding, or for other benefits such as social learning and grooming 

(Lim & Young, 2006). These bonds can be between kin or non-kin (Nelson, 2005). Kin bonds are 

more common and occur between parent and infant, or among close relatives (Baumeister & Leary, 

1995). Non-kin bonds occur between reproductive mates and or other individuals’ that have extended 

contact (e.g. when females cooperate to help each other rare offspring; Dunbar & Shulz, 2010). 

These bonds also tend to have hierarchical structures, which are commonly seen in large groups, for 
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instance in meerkats, where there is a clear distinction between dominant and subordinate group 

members (Clutton-Brock, 2009a; Madden & Clutton-Brock, 2011).  

 

Social bonds are nascent properties of kin and non-kin based associations (Cameron et al. 2009; Silk 

et al. 2003). Two distinct mechanisms are involved for the formation of enduring social bonds; an 

emotional attachment and a cognitive mechanism (Dunbar, 2010). Kin groups gain individual fitness 

benefits by helping family affiliates (Eberle & Kappeler, 2006; Madden & Clutton Brock, 2011). Non-

kin groups form when the quality and nature of bonds effect life history traits, and when there are 

adaptive benefits to the formation of close relationships between group members (Curley & Keverne, 

2005; Silk et al. 2009). For example, when feral horses reach maturity, they disperse from their natal 

group to avoid inbreeding, but thereafter live long term in a social group, where they form close social 

bonds which can increase fecundity (Cameron et al. 2009). However, proximate mechanisms driving 

and maintaining social bonds are poorly understood, particularly in non-kin social relationships 

(Romero et al. 2014).  

 

Social bonds are based on both aggressive and affiliative interactions (Curley & Keverne, 2005). 

These behaviours are underpinned by hormonal mechanisms (Bowler et al. 2002), where they 

regulate and control certain behavioural responses (Crockford et al. 2014). A well-known model is 

testosterone which effects the formulation of aggression (Albert et al. 1986). For example, male rats, 

without testosterone show a decline in aggressive behaviours (Albert et al. 1986; Crockford et al. 

2014). Two other hormones with central functions in social behaviours are oxytocin and arginine 

vasopressin, which are particularly related to affiliation (Churchland & Winkielam, 2012). These are 

neurohormones consisting of nine-amino-acid neuropeptides, belonging to a family of nonapetides 

(Carter et al. 2008). Both hormones are associated with sociality and could possibly be an underlining 

driver of social bonding (Keverne & Curley, 2004; Lim & Young, 2006; Ross & Young, 2009; 

Lieberwirth & Wang, 2014).  

 

Oxytocin mediates at least some affiliative behaviours (Lim & Young, 2006; Ross & Young, 2009; 

Madden & Clutton-Brock, 2011). It naturally occurs in all mammals, moderating social and 

reproductive behaviours (Curley & Keverne, 2005; Carter et al. 2008; Veening & Oliver, 2013). 

Oxytocin is first synthesised in the brain, at the hypothalamus, then released from the posterior 

pituitary gland into the peripheral system, where multiple operations are performed in the reproductive 

circuitry system (Meyer-Lindenberg et al. 2011; Churchland & Winkielman, 2012; Veening & Oliver, 

2013). It is associated with maternal care (Pederson & Prange, 1979), inducing a suite of behavioural 

changes (Pederson et al. 1982; Ross & Young, 2009), and plays vital roles for the evolution of mate 

choice (Witt et al. 1990; Insel & Hulihan, 1995; Liu & Wang, 2003). 

 

Oxytocin can reduce physiological stress levels, and high basal levels of oxytocin are associated with 

low blood pressure and heart rate (Olff et al. 2013). During stress responses, oxytocin decreases in 

the hypothalamic-pituitary-adrenal axis, whereas cortisol levels will rise (Handlin et al. 2011). Prairie 

voles show stress through increased heart rate whilst isolated from their communities, however, after 
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subcutaneous administration of oxytocin these symptoms are reversed (Grippo et al. 2009). Recent 

studies tested if intra-nasal administration of oxytocin altered heart rate in domestic dogs and found 

that straight after administration heart rate was decreased, compared to controls (Romero et al. 

2014). Therefore, oxytocin can induce a physiological calming mechanism in mammals during stress 

responses (Olff et al. 2013).  

 

Recent studies show that oxytocin is associated with complex social behaviours (Kumsta & Heinrichs, 

2013) such as, grooming (Crockford et al. 2013) and food sharing (Wittig et al. 2014). Oxytocin 

injected intra-muscularly into meerkats increases multiple cooperative behaviours (Madden & Clutton-

Brock, 2011). The effects of oxytocin also extended to non-kin bonds, for example between mating 

partners (Wittig et al. 2014). Furthermore, oxytocin appears to regulate social bonds between non-kin 

and non-reproductive partners (Madden & Clutton-Brock, 2011). In 2014, Romero et al. administered 

oxytocin to multiple domestic dogs and observed that administrated dogs displayed higher levels of 

affiliative behaviours toward both their owners and dog companions. Suggesting that oxytocin is 

primarily coupled with various social behaviours, irrespective of the social relationship between any 

individuals (Romero et al. 2014).  

 

Oxytocin initiates a positive feedback loop within the neural circuitry system (Choleris et al. 2009; 

Soares et al. 2010). It is released by positive interactions, promoting enduring strong bonds, which 

strengthen with frequent interactions (Keverne & Curley, 2004; Wittig et al. 2014). Positive feedback is 

crucial for social mammals who need management and building of social relationships through 

recognition and retention (Bielsky & Young, 2004). For example, in oxytocin knock-out mice, despite 

repeated exposure to individuals, social memories did not form (Ferguson et al. 2000; Ferguson et al. 

2001). This indicates that oxytocin is a necessary hormone to build and develop social relationships 

(Bielsky & Young, 2004). Oxytocin has now been seen to play pivotal roles in re-wiring the brain by 

increasing an individuals’ trust (Kosfeld et al. 2005), and reducing fear (Viviani & Stoop, 2008). The 

effect of oxytocin is therefore important for maintaining social relationships, however, the effect of 

oxytocin on group interactions has been rarely explored (Madden & Clutton-Brock, 2011; Romero et 

al. 2014; Zulkifly, 2015). 

 

Domestic horses (Equus ferus caballus) live in social groups known as bands, which are composed of 

un-related individuals (Feh, 1999). In the wild, bands contain one mature stallion (but sometimes 

several) and several un-related mares, joined by their immature offspring (Linklater & Cameron, 

2009). When offspring mature, they disperse from their natal band (Linklater, 2000), avoiding 

inbreeding (Monard et al. 1996). A typical band has stable membership, resulting in long term 

relationships, and once these relationships are formed, horses rarely disperse from the group 

(Cameron et al. 2009). Hierarchical ranking of horses in a band is important for social structure since 

top ranked individuals will get first access to food resources, compared to subordinate horses (Houpt 

et al. 1978; Van Dierendonck et al. 1995; Waring, 2002). Thus horses exhibit a complex social 

structure based on non-kin relationships.  
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The tendency to bond between horses is so strong that they accept sheep or cows for companions in 

absence of conspecifics (Goodwin, 1999). Horses have elevated levels of visual acuity and largely 

interact with visual cues (Timney & Keil, 1992; Feist & McCullough, 1976). Social relationships 

between horses are shown by close proximity, with higher levels of associations (Wathan & McComb, 

2014), decreased levels of aggression, and these are associated with different facial expressions 

(Sigurjonsdottir et al. 2003; Smith et al. 2016). Facial expressions are very subtle, where one slight 

difference in the distance or angle of the horse’s ears are determined as different expressions 

(Wathan et al. 2015).  

 

Contact between socially bonded horses have physiological calming effects (Feh & de Mazieres, 

1993). Adaptive benefits arise from bonded individuals such as reduced harassment levels and an 

increase in reproductive success (Cameron et al. 2009), possibly suggesting why these groups form 

in the first place. Proximate mechanisms driving these relationships have been rarely explored. In a 

preliminary study, Zulkifly (2015) tested if oxytocin intra-nasal administration had an effect on social 

behaviours in domestic horses. Results were more varied than expected, although oxytocin did affect 

certain behaviours that are associated with mediating social bonds, such as affiliative and aggressive 

interactions (Zulkifly, 2015).  

 

This study tests if oxytocin mediates social bonding in dyadic associations within domestic horses. I 

am testing if an intra-nasal administration of oxytocin, compared to a saline control, enhances 

affiliative behaviours between paired horses. I hypothesise that elevated oxytocin will lead to an 

increase of affiliative behaviours, a decline in heart rate and decreased levels of aggressive 

interactions. Each pair will experience four different treatments, and behavioural observations will 

include facial expressions, affiliative and aggressive interactions. Physiological mechanisms will be 

tested, such as heart rate. If I observe changes in physiological and behavioural mechanisms readily, 

oxytocin may be an underlining driver of social bonding in the wild. 

 
2.2. Methods  
Study Animals 

Sixteen Standardbreds and one Thoroughbred horse (Table.2.1), from the Massey University’s Large 

Animal Teaching Unit, located in Palmerston North, New Zealand, were utilised for this study. They 

were housed in two separate paddocks. The first paddock consisted of nine mares and the second 

paddock had eight geldings and one mare. Mares and geldings were analysed separately in pairwise 

relationships. All horses are identified by freeze brands, colour of coat, facial and leg markings. These 

horses have stable social structures and relationships due to living together for at least three years. 

Horses were conditioned to human handling, so the experiment could be conducted without inducing 

stress. 
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Table.2.1, Description of each horse tested in the study, showing name, age, rank (nominated rank 
after paired observations), weight, and sex (mares = females; geldings = males).  
Name Age Rank Weight (kg) Sex 
Molly 7 S 510 Mare 
Frankie 14 D 510 Mare 
Out of My Way 13 S 560 Mare 
Chonty 18 D 524 Mare 
Helen 8 S 440 Mare 
Pixie Fae 22 D 468 Mare 
Daisy 24 S 464 Mare 
Lady 12 D 520 Mare 
Ray 15 D 658 Gelding 
Sam 15 D 622 Gelding 
Klink 9 S 608 Gelding 
Fatty 20 S 564 Gelding 
Crofter 9 D 598 Gelding 
Shane 15 S 570 Gelding 

 

 
Oxytocin Dosage Validation 

The appropriate dosage administered to each horse was calculated from a previous study (Romero, 

et al. 2014), who used intra-muscular injection administration of oxytocin on dogs. The intra-muscular 

injection dosage was scaled up to match the average size of a horse. Based on Romero et al. (2014), 

on average a 500 kg horse will require 150 IU of oxytocin. Zulkifly (2015), validated the oxytocin 

dosage by measuring endogenous oxytocin concentrations in two horses, before and after intra-nasal 

administration of oxytocin. Administration of oxytocin for my experiment will follow these guidelines, 

therefore, on average, a 500 kg horse will be administered an intra-nasal spray of approximately 150 

IU of oxytocin (equivalent to 15mls), or 15mls of saline solution as the control.  

 

Experimental Protocol 

This was a double blind design, so neither the observer nor treatment administrator know the 

treatment type, allowing for non-biased behavioural observations. Horses were not ranked according 

to hierarchal structure of the band before the experiment, as I wanted to take the hierarchal structure 

away from the band and observe their behaviour in random dyads. Mares and geldings were only 

tested against their own sex. Starting time for each sampling period was approximately the same time 

for all treatments, removing the effect of time of day on behaviour. Before the experiment commenced 

I randomly paired eight mares and six geldings together. Each pair stayed the same until they went 

through all of the following treatments, here, producing a four-way experimental design (see Table.2.2 

for descriptions of treatments). All treatments were randomized, for each paired dyad.  
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Table.2.2, Description of treatments per paired dyad, each pair will get tested four times, and was 
randomised throughout the testing period. 
Day Treatment Description 
Day One Oxytocin vs Oxytocin Horses (A & B) both 

administered with intra-nasal 
oxytocin  
 

Day Two Saline vs Saline Horses (A & B) both 
administered with intra-nasal 
saline solution 
 

Day Three Oxytocin vs Saline One horse (A) administrated 
with intra-nasal oxytocin, one 
horse (B) administered intra-
nasal saline solution 
 

Day Four Saline vs Oxytocin One horse (A) administrated 
with intra-nasal saline, one 
horse (B) administered intra-
nasal oxytocin 

 

 
One pair at a time were haltered and led into a holding pen, where intra-nasal administration took 

place, then horses were let of their lead ropes and allowed to acclimate to the treatment for 10 

minutes. This acclimation period was recorded by GoPro Hero Sessions to observe certain 

behaviours. After 10 minutes, horses were led into the observation yard (5x8 meters in size) where the 

behavioural observations took place, this observation process went for 30 minutes, and were recorded 

by GoPro Hero Sessions. 

 

Because intra-nasal administration of oxytocin can cause endogenous oxytocin levels to rise for up to 

7 hours (Van IJzendoorn et al. 2012), horses that were treated with oxytocin were not treated for at 

least 24 hours, ensuring that the oxytocin treatment is completely out of their internal system.  

 

To make the results consistent, we did not use all horses in each band. One mare was not tested 

because she was ovariectomised (no ovaries) and had heart issues. Having no ovaries may decrease 

normal mare behaviour, and in turn, make our results inconsistent. One mare was living in the gelding 

band at the time of the experiment and also had a heart condition and was a pony, therefore, she was 

not tested in our experiment. One gelding was not tested in our experiment, he had a tumour in his 

nose, therefore, we did not want to upset his condition by using intra-nasal administration of any 

treatment. 

 

Heart Rate 

Heart rate was taken before and after treatments to investigate whether an oxytocin treatment 

decreased heart rate. A stethoscope was held just under the belly, near the front leg, for 15 seconds. 

After the 15 second count, this number was multiplied by four to derive beats per minute.  
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Behavioural Observations 

All behaviour was recorded by GoPro Hero Sessions, allowing to collect every behavioural interaction 

that took place during the observation period. Horse behaviour was analysed using focal sampling 

methods (Altmann, 1974) for thirty-minutes. This involved observing treated horses and noting down 

all relevant interactions and behaviours for the whole observation time.   

 

All data was collected via the videos after the experiment was complete. These include all affiliative 

interactions (close proximity, grooming and licking), aggressive interactions (kicks, bites and threats), 

how long horses moved and stood still for, and facial expressions via ear movement, including the 

time (min and or sec) each interaction lasted for. Table.2.3 has a description of the behaviours scored 

on horses. Each horse was assigned a rank (dominant or subordinate), this was decided after analysis 

of each thirty-minute session by scoring horses as the dominant rank if they won over 75% of the 

aggressive interactions.  

 

 

Table.2.3, Description of behaviours that were observed for each thirty-minute observational period. 
All behaviours, except facial expressions were described in Waring, 2002. 
Behaviour Aggressive/Affiliative Description 
Playing Affiliative Nips, bites, rearing, chasing with ears 

forward.  
 

Grooming Affiliative Individual nibbles another, or is nibbled by 
another at any part of the body, usually 
mutual. An individual touching or smelling 
any part of another individuals’ body. 
 

Friendly/Social 
Contact 

Affiliative Includes rubbing, nose-to-body contact, 
small bites or nips, licking or chewing, 
ears forward. Standing in close proximity. 
 

Facial Expressions Affiliative/Aggressive All ear movements were recorded 
(forward, back & middle) (see Wathan et 
al. 2014 for review). Forward ears indicate 
a happy/friendly state, while ears back 
indicates unhappy states.   
 

Kick Threat Aggressive Squealing, ears laid back, rump towards 
another individual, rump may be risen, 
hind legs may be lifted or kicked out to 
another individual, with or without making 
contact. 
 

Head Threat Aggressive Squealing, ears laid back, head extended 
toward another individual.  
 

Bite Aggressive Teeth grabbing onto another individual, 
head extended, ears laid back. Squealing 
may occur 
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Statistical Analysis 

Statistical analysis was conducted using RStudio v. 1.0.153 (www.r-project.org). Assumptions for 

normality, equal variances and independence were met for all models, using residual analysis and 

appropriate models were then performed. The significance was set to P=0.05, and no transformations 

were necessary. All graphs presented are averages of each behaviour (either in minutes or seconds), 

and all bars shown are standard errors. All graphs were made on Microsoft Excel.  

 

Eleven behavioural response variables were observed, explained in Table.2.4. 

 

Table.2.4, Description of each response variables tested over the thirty-minute observational period. 
Includes heart rate, affiliative and aggressive interaction, movement, and facial expressions.  
Behaviour Description 
Heart Rate 
 

Beats per minute before and after both saline 
and oxytocin treatments. 
 

Moving 
 

Time spent moving within thirty-minutes. 
 

Standing 
 

Time spent standing within thirty-minutes. 

 
Facial Expressions 

 
Time with ears forward (alert/happy), middle 
(indifferent/relaxed) and back (unhappy) within 
thirty-minutes.  
 

Total Interactions 
 
 

Average of all affiliative and aggressive 
behaviour recorded within thirty-minutes 
(excluding facial expressions). 
 

Cumulative Affiliative Interactions 
 

Average of all affiliative behaviours recorded and 
analysed over the time period, this includes 
close proximity, licking and chewing. 

  
Close Proximity 
 

Time the dyad stood half a body length away 
from each other, divided by the total length of 
this interaction to derive an average per thirty-
minutes. 
 

Licking & Chewing  
 

Time that licking and/or chewing occurred in 
each horse, divided by the total length of these 
interactions to derive and average per thirty-
minutes.  
 

Cumulative Aggressive Interactions 
 
 
 
 

Length (time s/min) of all aggressive behaviours 
recorded, divided by the counts of aggressive 
interactions to derive an average time being 
aggressive per thirty-minutes. 

Head Threats Total number of head threats given toward their 
paired dyad within thirty-minutes. 
 

Kick Threats Total number of kick threats given toward their 
paired dyad within thirty-minutes. 
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Heart rate values were calculated for average beats per minutes before and after treatments. Heart 

rate analysis consisted of paired t tests between heart rate before and after administration of saline 

and oxytocin treatments. Assumptions for normality and equal variances were met.  

 

Repeated measures ANOVA was conducted to test if the response, total interactions, changed 

between the four treatments over time (treatments in Table.2.2). Total interactions included all 

aggressive and affiliative behaviours within the thirty-minute observation period. Treatment and sex 

were factors and horse identification was the error term. I found that treatments did differ over time, 

therefore, a post-hoc test (Tukey) was performed to find what treatments differed from one another. 

This revealed that the two treatments, oxytocin vs oxytocin, and saline vs saline, differed significantly. 

Therefore, the latter two treatments were analysed separately using linear or generalised mixed 

models. The oxytocin vs saline, and saline vs oxytocin treatments were not significantly different, 

however, the data was still used to show the differences among behaviour in the results section 2.3. 

 

Linear mixed models were utilised for the responses moving, standing still, facial expressions (ears), 

cumulative aggressive interactions, cumulative affiliative interactions, close proximity, and 

licking/chewing. The “lme4” package was used for mixed modelling (Bates et al. 2015). The 

assumption of normality was met for all linear mixed models. Generalised linear mixed models were 

utilised using the family Poisson for the responses head threats and kick threats, due to the data 

being that of counts and assumptions not being met for normality. The normality violation may have 

arisen because not every horse head or kick threated during the observation period, therefore, had 

many zeros in the dataset giving myself little to work with in the models. Fixed factors in all models 

are treatment (oxytocin or saline), rank (dominant or subordinate), and sex (mare or gelding), with the 

identification of each horse acting as a random variable. 

 

Mixed modelling was performed because I took multiple responses from the same subjects (horses), 

therefore, cannot regard these as independent from one another, giving rise to the random effect for 

subject (horse identification). Having a random effect resolves the issue of non-independence by 

assuming a different baseline for each individual. Furthermore, a random effect gives structure to the 

error term, accounting for variation that arises to individual differences. All of the models in the results 

are random intercept mixed models (Faraway, 2006).  

 

All models underwent model selection. The first model for every behavioural response started with all 

interaction terms between every fixed factor. If there was no significant interaction terms present, they 

were dropped out of the model one by one. There were no significant interaction terms in the data, 

therefore, none will be displayed.  
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2.3. Results 
Descriptive Statistics/Behavioural Observations 

Over the observational period, I saw no grooming interactions between horses. However, one pair of 

mares did attempt to groom each other by nibbling at each other’s shoulders, but failed to carry out 

the interaction to completion, as they both hesitated. Furthermore, this pair was observed grooming 

each other during the acclimation period after both having an oxytocin treatment. Affiliative 

interactions were carried out by standing in close proximity (average of 12.1 minutes), or 

licking/chewing (average of 4.6 minutes) near their paired dyad. Licking and/or chewing could be a 

behaviour associated with grooming, because if they were wary of their partner, they instead licked 

and chewed imitating the grooming method instead.  Aggressive interactions were initiated by 

dominate horses 90% of the time, with subordinate horses acting appropriately to the response, by 

moving out of the way 80% of the time. Most aggressive interactions were head or kick threats, none 

of these interactions caused injury or stress to the horses.  

 

Heart Rate 

There was no difference in heart rate between horses before treatment (𝑡 = 1.573, 𝑃 = 0.13). There 

was a significant difference in beats per minute between saline and oxytocin treated horses after 

treatments (𝑡 = 2.338, 𝑃 = 0.028, 𝐹𝑖𝑔𝑢𝑟𝑒. 1). Oxytocin treated horses had an average heart rate of 

31.3𝑏𝑝𝑚	 ± 0.61	(𝑆𝐸) compared to saline treated horses 34.3	±	1.4	(𝑆𝐸) after treatment. Oxytocin 

treated horses, on average, decreased their heart rate by 3.04bpm after treatment.  

 

Figure.2.1, Average heart rate of all horses combined after saline and oxytocin administration. Bars 
shown are standard errors.   
 
Motion  

Average time spent moving, was 3.7 minutes per thirty-minute observation period (Table.2.5a, i). The 

effect of treatment was significant (𝑃 = 0.04, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.2), with horses moving 0.9 minutes more when 

administered with oxytocin, compared to saline. There was a significant difference between sex (𝑡 =

−2.17, 𝑃 = 0.03, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.3), with mares moving on average 1.7 minutes more than geldings. There 

was no effect between the rank of horses (𝑡 = 0.90, 𝑃 = 0.3, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.4). No interactions were 

present.  
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Figure.2.2, Average time spent moving between oxytocin and saline administration. Bars shown are 
standard errors. 
 
 

  
Figure.2.3, Average time spent moving 
comparing mares and geldings with oxytocin and 
saline administration. Bars shown are standard 
errors. 
 
 
 
 

Figure.2.4, Average time spent moving 
comparing dominant and subordinate ranked 
horses with oxytocin and saline administration. 
Bars shown are standard errors. 
 

Average time spent standing still was 25.9 minutes per the thirty-minute observation period 

(Table.2.5a, ii). The effect of treatment was significant (𝑡 = 2.14, 𝑃 = 0.03, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.5). There was a 

significant effect between sex (𝑡 = 2.14, 𝑃 = 0.03, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.6), with geldings standing on average 1.7 

minutes more than mares. There was no effect between the rank of horses on time spent standing still 

(𝑡 = −0.91, 𝑃 = 0.36, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.7), nor were there any interactions present. 
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Figure.2.5, Average time spent standing still between oxytocin and saline administration. Bars shown 
are standard errors. 
 
 

  
Figure.2.6, Average time spent standing still 
comparing mares and geldings, with oxytocin and 
saline administration. Bars shown are standard 
errors. 
 

Figure.2.7, Average time spent standing still 
comparing dominant and subordinate ranked 
horses, with oxytocin and saline administration. 
Bars shown are standard errors. 
 

 

 

Facial Expressions 

On average horses had their ears forward for 7.42 minutes per the thirty-minute observation period 

(Table.2.5b, i). The effect of treatment was significantly different (𝑡 = −3.27, 𝑃 = 0.006, 𝐹𝑖𝑔𝑢𝑟𝑒, 2.8) 

with horses treated with oxytocin having their ears forward for 1.18 minutes more than horses treated 

with saline. The effect of sex was significant (𝑡 = −3.13, 𝑃 = 0.009, 𝐹𝑖𝑔𝑢𝑟𝑒, 2. 9), with mares having 

their ears forward for 2.5 minutes more than geldings. There was no difference between the rank of 

horses (𝑡 = 0.997, 𝑃 = 0.34, 𝐹𝑖𝑔𝑢𝑟𝑒, 2. 10). 
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Figure.2.8, Average time spent with ears forward between saline and oxytocin administration. Bars 
shown are standard errors.  
 
 
 
 

  
Figure.2.9, Average time spent with ears forward 
comparing mares and geldings, with oxytocin and 
saline administration. Bars shown are standard 
errors. 

Figure.2.10, Average time spent with ears 
forward comparing dominant and subordinate 
ranked horses with oxytocin and saline 
administration. Bars shown are standard 
errors.  

 

 

 

On average horses had their ears back for 1.28 minutes per the thirty-minute observation period 

(Table.2.5b, ii). The effect of treatment showed no differences (𝑡 = −1.34, 𝑃 = 0.2, 𝐹𝑖𝑔𝑢𝑟𝑒, 2. 11). The 

effect of sex showed no differences (𝑡 = 0.14, 𝑃 = 0.9, 𝐹𝑖𝑔𝑢𝑟𝑒, 2.12). The effect of rank was significant 

(𝑡 = −2.26, 𝑃 = 0.04, 𝐹𝑖𝑔𝑢𝑟𝑒, 2.13) with dominant horses having their ears back more than 

subordinates. 
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Figure.2.11, Average time spent with ears back between saline and oxytocin administration per thirty-
minute period. Bars shown are standard errors.  
 
 

  
Figure.2.12, Average time spent with ears back 
comparing mares and geldings, with oxytocin and 
saline administration. Bars shown are standard 
errors. 
 
 
 

Figure.2.13, Average time spent with ears back 
comparing dominant and subordinate horses 
with oxytocin and saline solution. Bars shown 
are standard errors.  
 

Horses had their ears relaxed in the middle for 21.29 minutes per thirty-minute observation period 

(Table.2.5b, iii). The effect of treatment was significant (𝑡 = 4.34, 𝑃 =	< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒, 2. 14), with 

horses treated with saline having their ears in relaxed for 1.37 minutes more than an oxytocin 

treatment. The effect of sex was significant 𝑡 = 3.68, 𝑃 = 0.003, 𝐹𝑖𝑔𝑢𝑟𝑒, 2. 15 ,	with mares having their 

ears relaxed more than geldings. There was no effect on rank (𝑡 = −0.21, 𝑃 = 0.84, 𝐹𝑖𝑔𝑢𝑟𝑒, 2. 16).  
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Figure.2.14, Average time spent with ears in middle between saline and oxytocin administration. Bars 
shown are standard errors.  
 
 

  
Figure.2.15, Average time spent with ears in 
middle comparing mares and geldings, with 
oxytocin and saline administration. Bars shown 
are standard errors. 

Figure.2.16, Average time spent with ears in 
middle, comparing dominant and subordinate 
horses with oxytocin and saline solution. Bars 
shown are standard errors.  

 

 

 

Repeated Measures for All Aggressive and Affiliative Interactions 

There was a significant difference in total affiliative and aggressive interactions between the four 

treatments over time (𝐹A,AB = 3.4, 𝑃 = 0.03, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.17). Post hoc analysis using the TukeyHSD 

method showed there was significant differences in total interactions between the saline vs saline 

groups and the oxytocin vs oxytocin groups (𝑃 = 0.02). There was no difference in total interactions 

between the other two groups (𝑃 =	> 0.05, 𝐹𝑖𝑔𝑢𝑟𝑒, 2. 18).  
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Figure.2.17, The average of total interactions between oxytocin vs oxytocin and saline vs saline 
administration groups. Bars shown are standard errors.  
 
 
 

 
Figure.2.18, The average of total interactions between oxytocin vs saline and saline vs oxytocin 
administration. Bars shown are standard errors.  
 
 

Affiliative Interactions 

Cumulative affiliative interactions on average was 51.08 seconds per the thirty-minute observation 

period (Table.2.5c). The effect of treatment on cumulative affiliative interactions was significantly 

different (𝑡 = 3.797, 𝑃 =< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.19), with saline administered horses more affiliative by 62.8 

seconds, compared to the oxytocin administration. There was no effect on sex (𝑡 = 0.41, 𝑃 =

0.68, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.20), however, geldings on average acted more affiliative. There was no effect on rank 

(𝑡 = −0.029, 𝑃 = 0.976, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.21). 

 

 

0

20

40

60

80

100

120

140

160

Saline Oxytocin

Av
er

ag
e 

To
ta

l I
nt

er
ac

tio
ns

 
(S

ec
on

ds
)

0

10

20

30

40

50

60

70

80

90

100

Saline Oxytocin

Av
er

ag
e 

To
ta

l I
nt

er
ac

tio
ns

 
(S

ec
on

ds
)



 46 

 
Figure.2.19, Average cumulative affiliative interactions (includes close proximity, licking & chewing). 
Bars shown are standard errors.  
 
 

  
Figure.2.20, Average cumulative affiliative 
interactions comparing mares and geldings 
(includes close proximity, licking & chewing). 
Bars shown are standard errors. 
 

Figure.2.21, Average cumulative affiliative 
interactions comparing dominate and 
subordinate horses (includes close proximity, 
licking & chewing). Bars shown are standard 
errors. 

 
 
Horses on average spent 40.9 seconds in close proximity to their paired dyad per the thirty-minute 

observation period (Table.2.5c, i). The effect of treatment was significantly different (𝑡 = 3.73, 𝑃 =

0.0001, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.22), with saline administered horses spending on average 60.9 seconds more time 

in close proximity to their partner, compared to oxytocin administration. The effect of sex was not 

significant 𝑡 = 0.35, 𝑃 = 0.68 , nor was the effect of rank 𝑡 = 0.00, 𝑃 = 0.97 . On average horses 

licked and/or chewed for 11.1 seconds (Table.2.5c, ii). There was no effect of treatment (𝑡 = 0.69, 𝑃 =

0.48, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.23), sex (𝑡 = 0.75, 𝑃 = 0.45), and rank (𝑡 = −0.77, 𝑃 = 0.44). In other words, all horses 

chewed and licked at the same rate, regardless of other factors in the model. 

 

 

0

20

40

60

80

100

120

140

Saline Oxytocin

C
um

ul
at

iv
e 

Af
fil

ia
tiv

e 
In

te
ra

ct
io

ns
 (S

ec
on

ds
)

0

20

40

60

80

100

120

140

160

Saline Oxytocin

C
um

ul
at

iv
e 

Af
fil

ia
tiv

e 
In

te
ra

ct
io

ns
 (S

ec
on

ds
)

Mare Gelding

0

20

40

60

80

100

120

140

160

Saline Oxytocin

C
um

ul
at

iv
e 

Af
fil

ia
tiv

e 
In

te
ra

ct
io

ns
 (S

ec
on

ds
)

Dominant Subordinate



 47 

 
Figure.2.22, Average time spent in close proximity between saline and oxytocin administration. Bars 
shown are standard errors.  
 
 
 

 
Figure.2.23, Average time spent licking & chewing between saline and oxytocin administration. Bars 
shown are standard errors.  
 
 

Aggressive Interactions 

On average, the mean rate of aggression rate was 3.85 minutes per the thirty-minute observation 

period (Table.2.5d). The effect of treatment on aggressive interactions was not significant 

𝑡 = 	−0.39, 𝑃 = 0.69, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.24 . The effect of sex was significantly different 𝑡 = 3.21, 𝑃 =

0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.25 , with geldings having a higher aggression rate compared to mares. The effect of 

rank was significant 𝑡 = 	−3.93, 𝑃 =	< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.26 , with dominant horses eliciting more 

aggressive interactions compared to subordinate horses.  
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Figure.2.24, Average aggression between oxytocin and saline administration. Bars shown are 
standard errors.  
 

  
Figure.2.25, Average aggression comparing 
mares and geldings, with oxytocin and saline 
administration. Bars shown are standard errors. 
 

Figure.2.26, Average aggression comparing 
dominant and subordinate horses between 
oxytocin and saline solution. Bars shown are 
standard errors.  

 
 

 

Head and kick threats were the most common form of aggressive interactions. On average horses 

elicited 2.71 head threats per the thirty-minute observation period (Table.2.5d, i). There was a 

significant difference of head threats between treatments (𝑧 = 	−4.79, 𝑃 =< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.27). 

There was no difference of head threats between the rank 𝑧 = −0.52, 𝑃 = 0.60 ,	nor the sex of 

horses (𝑧 = 	−0.41, 𝑃 = 0.67). 

 

0

1

2

3

4

5

Saline Oxytocin

To
ta

l A
ve

ra
ge

 A
gr

es
si

on
 

(M
in

ut
es

)

0

1

2

3

4

5

6

Saline Oxytocin

Av
er

ag
e 

Ag
gr

es
si

on
(M

in
ut

es
)

Mare Gelding

0

1

2

3

4

5

6

Saline Oxytocin

Av
er

ag
e 

Ag
gr

es
si

on
 

(M
in

ut
es

)

Dominant Subordinate



 49 

 
Figure.2.27, Average head threats (counts) between oxytocin and saline administration. Bars shown 
are standard errors.  
 
 
Horses on average elicited 0.64 kick threats per the thirty-minute observation period (Table.2.5d, ii). 

There was a significant difference of kick threats between treatments (𝑧 = 	−3.07, 𝑃 =

0.002, 𝐹𝑖𝑔𝑢𝑟𝑒. 2.28). There was a significant difference of kick threats between the rank of the horses 

𝑧 = −3.28, 𝑃 = 0.001 ,	with dominant horses emitting more kick threats compared to subordinate 

horses. There was no difference in kick threats between the sex (𝑧 = 	1.40, 𝑃 = 0.16). 

 

 

 
Figure.2.28, Average kick threats (counts) between oxytocin and saline administration. Bars shown 
are standard errors.  
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Table.2.5, All estimates, standard errors (SE), t values (t), p values (p) and AIC values for each linear 
mixed model (a, b, c, d), except d(i) & d(ii), which are generalised linear mixed models (displaying z 
score values (z)). 

 Estimate SE t p AIC 
a)  Movement      

i)  Moving      
Intercept 3.71 0.66 5.59 <0.001 108.94 
Treatment (Saline) -0.87 0.42 -2.03 0.06  
Sex (Male) -1.75 0.81 -2.17 0.05  
Rank (Subordinate) 0.62 0.68 0.91 0.37  

ii)  Still      
Intercept 25.89 0.66 38.87 <0.001 109.24 
Treatment (Saline) 0.91 0.43 2.14 0.05  
Sex (Male) 1.73 0.81 2.15 0.05  
Rank (Subordinate) -0.63 0.69 -0.91 0.37  

      
b)  Facial Expressions      

i)  Forward      
Intercept 7.42 0.68 10.93 <0.001 104.39 
Treatment (Saline) -1.19 0.36 -3.27 0.006  
Sex (Male) -2.49 0.79 -3.13 0.009  
Rank (Subordinate) 0.79 0.78 0.99 0.34  

ii)  Back      
Intercept 1.28 0.23 5.45 <0.001 55.51 
Treatment (Saline) -0.18 0.14 -1.34 0.20  
Sex (Male) -0.04 0.27 -0.14 0.89  
Rank (Subordinate) -0.64 0.27 -2.37 0.04  

iii) Middle      
Intercept 21.29 0.59 36.24 <0.001 97.54 
Treatment (Saline) 1.37 0.31 4.34 <0.001  
Sex (Male) 2.54 0.69 3.68 0.004  
Rank (Subordinate) -0.14 0.68 -0.21 0.84  

      
c)  Cumulative Affiliative Interactions      

Intercept 51.08 28.21 1.81 0.09 287.30 
Treatment (Saline) 62.81 16.54 3.79 0.002  
Sex (Male) 14.49 35.01 0.41 0.68  
Rank (Subordinate) -0.83 28.44 -0.03 0.98  

i) Close Proximity      
Intercept 40.91 26.97 1.52 0.15 285.78 
Treatment (Saline) 60.91 16.34 3.73 0.002  
Sex (Male) 11.79 33.21 0.35 0.73  
Rank (Subordinate) -38.42 27.43 0.00 1.00  

ii) Chewing & Licking      
Intercept 11.06 3.19 3.46 0.003 189.89 
Treatment (Saline) 1.89 2.71 0.69 0.49  
Sex (Male) 2.70 3.59 0.75 0.47  
Rank (Subordinate) -2.62 3.38 -0.77 0.45  

      
d)   Cumulative Aggressive Interactions      

Intercept 3.85 0.41 9.39 <0.001 93.56 
Treatment (Saline) -0.155 0.39 -0.39 0.70  
Sex (Male) 1.41 0.44 3.21 0.008  
Rank (Subordinate) -1.69 0.43 -3.94 0.001  

 Estimate SE z p AIC 
i)   Head Threats      

Intercept 2.71 0.23 11.78 <0.001 192.15 
Treatment (Saline) -0.54 0.11 -4.80 <0.001  
Sex (Male) -0.12 0.29 -0.42 0.68  
Rank (Subordinate) -0.13 0.25 -0.52 0.60  

ii)   Kick Threats      
Intercept 0.64 0.59 1.07 0.28 81.07 
Treatment (Saline) -1.00 0.33 -3.07 0.002  
Sex (Male) 1.10 0.78 1.40 0.16  
Rank (Subordinate) -2.81 0.86 -3.28 0.001  
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2.4 Discussion 
Heart rate decreased after oxytocin treatment, indicating that, a) the treatment was effective, and b) 

oxytocin had a physiological calming effect on treated horses. Oxytocin treated horses had their ears 

forward more than controls, indicating more positive facial expressions. There was no difference 

between treatments regarding ears being back. Affiliative and aggressive interactions varied more 

than expected. Cumulative affiliative interactions decreased in oxytocin treated horses, whilst 

cumulative aggressive interactions did not differ between treatments. Since heart rate decreased and 

horses had their ears forward longer in oxytocin treated horses, I suggest that horses administered 

with oxytocin were relaxed, and that they did not want to be disturbed from their relaxed state. 

Moreover, these horses already had established relationships, and at the time, they possibly didn’t 

choose to interact with one another.  

 

One of the most important aspects in this study was measuring heart rate between treatments. Heart 

rate is a physiological mechanism, therefore, oxytocin had a physiological effect on study animals.  

Results are consistent with previous studies (Handlin et al. 2011; Romero et al. 2014). Therefore, 

since oxytocin can reduce physiological stress levels, and is associated with low heart rate and blood 

pressure (Olff et al. 2013), a physiological calming mechanism may have occurred in treated horses. 

This would explain the lack of interactions between paired dyads. Furthermore, there was an increase 

in affiliative interactions between saline treated horses. Saline treated horses would not have had this 

physiological calming mechanism during the observation period, therefore, this may have enhanced 

their interactions.  

 

Horses have elevated levels of visual acuity and interact with visual cues (Feist & McCullough, 1976; 

Timney & Keil, 1992). This gives rise to facial expressions (Wathan et al. 2015). These can be hard to 

determine from the naked eye, because one slight difference in the distance or angle of the horse’s 

ears are determined as different expressions (Wathan et al. 2015). My study did not have a 360 

degree visual on observed horses, therefore, full facial expressions could not be observed, however, 

ear movement could. Horses had their ears forward more whilst administered with oxytocin. Affiliative 

behaviours in horses are often rare (Kimura, 1998), explaining varied results in this study. 

Nonetheless, facial expressions display high expressive gestures of affiliation (Kimura, 1998). More 

interestingly, mares were found to have more time with their ears forward compared to geldings. In 

feral bands, you will not find geldings (castrated male horse), indicating that these slight differences 

that are hard to detect, may contribute significantly to communication in horses than previously 

thought, especially in mares. Facial expressions may drive long term relationships in feral cooperative 

groups, especially in populations with a high skew of females. Moreover, these slight differences 

support my hypothesise that more affiliative behaviours were shown whilst administered with oxytocin. 

 

Important aspects for maintaining social bonds are that of affiliative interactions, especially positive 

contact or grooming in horses (Sigurjónsdóttir et al. 2003). My research project did find differences in 

cumulative affiliative interactions between treated horses, but affiliative behaviours were rare. 

However, affiliative interactions were seen more readily whilst horses were treated with saline. Saline 
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treated horses seeking more affiliative contact may have occurred because they were not in a relaxed 

state compared to oxytocin treated horses. Therefore, oxytocin treated horses did not care to interact 

at the time of the experiment. Recent studies have identified increases in affiliative behaviours when 

other species were administered oxytocin (Campbell, 2008; Romero et al. 2014). However, we 

obtained similar results to that of Wells & von Goldschmidt-Rothschild (1979) in that, when horses 

were in close proximity, they rarely displayed affiliative contact between one another. We did not see 

any grooming during the observation period, except one paired dyad attempting to groom but this 

attempt failed. The same paired dyads participated in grooming sessions during the acclimation 

period whilst they were treated with oxytocin. Intra-nasal administration contacts the blood brain 

barrier instantly, therefore the acclimation period should possibly be interpreted into the results in 

future studies.  

 

In horses, a measure of close proximity is an important measure of affiliation (Sigurjónsdóttir et al. 

2003). Horses that are less than two body lengths apart are within the individual’s personal space as 

they are close enough to receive an aggressive reaction (Cameron et al. 2009). In this study, oxytocin 

administration drove dyads to spend less time in close proximity. My results are not consistent with 

current literature, in that oxytocin increases rates of social engagement and motivates individuals to 

seek contact (Lim & Young, 2006; Ross & Young, 2009). For instance, increased levels of 

endogenous oxytocin enhanced food sharing between chimpanzees (Wittig et al. 2014). These 

horses may had altered aspects of affiliation while treated with oxytocin, for example, affiliation 

through facial expressions. Here, I suggest that oxytocin did have an effect due to the decrease in 

heart rate and more time spent with their ears forward. However, it drove dyads to spend less time in 

close proximity, because they were relaxed rather than motivated to interact. This confirms just how 

complex equid social groups are and they could be driven by subtle facial expressions. 

 

Aggressive interactions in a band of horses are used to reinforce and establish an individual’s rank in 

the group, and are commonly initiated by dominant horses which are directed at subordinates (Feh, 

1988). I found a significant effect of oxytocin on aggressive interactions in kick and head threats, 

however, the oxytocin treatment increased aggressive interactions such as kick and head-threats, and 

these interactions were dependent on sex and rank. Dominant ranked individuals’ initiated more 

aggressive interactions compared to subordinate horses. The most common form of aggressive 

interactions observed were head-threats, and were more frequently carried out by horses 

administered with oxytocin. Head-threats are a common form of aggressive behaviours, which are 

mostly elicited during a group of grazing horses, which are used to maintain distance from an 

individual (Wells & von Goldschmidt-Rothschild, 1979). This is where the rank of an individual is 

important in a band of horses, because dominant individuals get first access to food resources (Houpt 

et al. 1978; Van Dierendonck et al. 1995). Therefore, an increase in head and kick-threats by 

dominant individuals is warranted, due to these individuals reinforcing their rank in the group, but in 

this case, between paired dyads. 
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Rank of an individual is important in a band of horses (Van Dierendonck et al. 1995). Through the 

results we can see fairly consistent differences in the response variables concerning rank. 

Subordinate horses elicited significantly less aggressive and affiliative interactions, compared to 

dominant horses. There was an interesting observation, in that when a subordinate and dominant 

horse were paired together, that their rank switched in the next observation period and the 

subordinate horse became dominant over the other. This occurred in at least three pairs. We may 

have dealt with a band of horses that consist of triadic relationships, where one dominant is not 

necessarily dominant over all band members below them or submissive to all individuals above them 

(Anderson & Mason, 1974). This would allow this shift in dominance over the study period. 

Furthermore, this puts a large emphasis of how complex cooperative groups can be within their social 

organising of the group.  

 

An increase in aggressive interactions may have also occurred due to the experimental design of this 

study, since randomly paired dyads break up the hierarchical structure of each band. Therefore, when 

individuals are separated from their band, they may have had to inforce their dominance slightly more 

to obtain the original hierarchical structure. An alternative suggestion could also be that subordinate 

horses may have tried to become dominant, allowing this behaviour to occur more readily. Oxytocin, 

itself, may have not directly caused aggression to occur during the observation period, but the 

separation of horses from the band itself drove these interactions instead.  

 

Emotions detected by conspecifics may lead to emotional contagion, the empathetic process between 

individuals (Preston & de Waal, 2002; Briefer, 2018) and this may have occurred in these horses. This 

occurs when a specific emotion is transmitted through signals of a certain sensory system (e.g. visual, 

vocal and olfactory) from the emitter, through to the receiver of the signal, which triggers a state 

matching between the two individuals (Briefer, 2018). Horses may have communicated through facial 

expressions (visual communication). Therefore, horses could have expressed that they were in a 

relaxed state to their paired dyad, explaining the lack of interactions between horses treated with 

oxytocin, and explaining the increase of interactions in saline treated horses. Contagion serves as an 

important behaviour among group living mammals (Briefer, 2018). Sharing emotions between 

individuals can regulate social interactions and thereon improving this transformation between group 

members, resulting in cohesion and coordination with social groups (de Waal, 2008). 

 

Understanding the proximate mechanisms facilitating the formation of social relationships increases 

our knowledge of why cooperative groups form (Clutton-Brock, 2009a). Multiple functions are carried 

out by the single oxytocin receptor which allows for the coordination of both physiology and behaviour 

(Carter et al. 2008; Lieberwirth & Wang, 2014). This evolutionary pathway is thought to have given 

rise to the evolution of social relationships between other kin group members, through maternal care 

for the survival of offspring (Ross & Young, 2009). These relationships are commonly seen in species 

which have elongated maternal care, for instance in horses (Cameron et al. 2009), and primates (Silk 

et al. 2003). Oxytocin could have contributed to the complex evolution of enduring social bonds 

between un-related individuals (Romero et al. 2014). Over recent years, with either measuring 
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oxytocin levels, or administering oxytocin, there has been multiple studies showing individual 

variability seen in social skills observed over many social species (Madden & Clutton-Brock, 2011; 

Wittig et al. 2014; Romero et al. 2014). Oxytocins’ effects have been seen in this study by inducing 

physiological effects and altering a suite of aggressive and affiliative behaviours. In turn, these 

behaviours drive the formation of strong social bonds, which are a necessity in non-kin cooperative 

groups. 
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Chapter Three 

 
Relaxation, Instead of Sedation? Oxytocin & 

Handling Horses 
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3.1 Introduction 
Most domestic mammals are social, and seek human interactions on a daily basis. Horses are highly 

social, with natural social structure similar to social primates (Linklater et al. 2000; Silk, 2007). Feral 

horses live in social breeding groups, resulting in long term relationships (Feh, 1999; Cameron et al. 

2009). However, domestic horses rely on daily human care. Their emotional and behavioural 

reactions are important during handling and usage (Jezierski et al. 1999). Highly reactive horses can 

impede general human-horse interactions, in turn, making it dangerous and difficult to carry out 

simple tasks such as handling or simple veterinary procedures (Kozak et al. 2018).  

 

New situations or obstacles, such as isolation or novelty tests can induce fear and stress in horses 

(Kozak et al. 2018). Therefore, effective relationships between horse and human are important for 

equestrian activities such as riding, sport, and veterinary care (Calviello et al. 2016). For example, 

during many equestrian activities, horses must be removed from their home, transported to an event, 

where they may have to stay in unfamiliar territories for many days. This, in turn, effects horses 

differently, but highly reactive horses generally struggle due to isolation from familiar grounds and 

being exposed to new obstacles (Waring, 2002). Therefore, handling horses safely is paramount to 

the horse, and the handler, during any task needed (Waring, 2002). Furthermore, during veterinary 

procedures, veterinarians may need to administer sedation, which may have long-term impacts on 

horse health.  

 

Oxytocin occurs naturally in all mammals, moderating social, affiliative and reproductive behaviours 

(Curley & Keverne, 2005; Veening & Oliver, 2013). Multiple studies have investigated the role of 

oxytocin in various mammalian species (Lim & Young, 2006; Insel, 2010; Ishak et al. 2011). Oxytocin 

is linked to social bonding such as cooperative behaviours, pair bonding, and enduring social bonds 

(Keverne & Curley, 2004; Lieberwirth & Wang, 2014). It plays pivotal roles in modulating anxiety 

(Uvnäs-Moberg, 1998), increasing trust (Kosfeld et al. 2005), and reducing fear (Viviani & Stoop, 

2008). Oxytocin is first synthesised in the brain, at the hypothalamus, released from the posterior 

pituitary gland into the peripheral, where multiple operations are performed in the reproductive 

circuitry system (Churchland & Winkielman, 2012; Veening & Oliver, 2013). Furthermore, it is 

associated with maternal care (Pederson & Prange, 1979), inducing a suite of behavioural changes 

(Pederson et al. 1982; Ross & Young, 2009), and plays vital roles for the evolution of mate choice 

(Witt et al. 1990; Insel & Hulihan, 1995; Liu & Wang, 2003).  

 

Oxytocin can act as a neurotransmitter, interacting with the brain, at the amygdala, which is involved 

with stress and anxiety regulation (Tracy et al. 2015). To date, research indicates that oxytocin 

reduces physiological stress levels, and that high basal levels of oxytocin are associated with low 

blood pressure and heart rate (Olff et al. 2013). During stress responses, oxytocin decreases in the 

hypothalamic-pituitary-adrenal axis, whereas cortisol levels will rise (Handlin et al. 2011). Recent 

studies showed that experimental intra-nasal administration of oxytocin lowered heart rate in domestic 

dogs (Handlin et al. 2011) and domestic horses (see chapter two, section 2.3). Oxytocin may be able 
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to induce a physiological calming mechanism, reducing internal cortisol levels during stress 

responses (Olff et al. 2013).  

 

Oxytocin initiates positive feedback loops within the neural circuitry system (Choleris et al. 2009; 

Soares et al. 2010; Romero et al. 2014). Positive feedback is crucial for social mammals who demand 

the maintenance of social relationships through recognition and retention (Bielsky & Young, 2004; 

Crockford et al. 2014). If oxytocin initiates a positive feedback loop during positive interactions, it may 

aid in the human-horse relationship. Therefore, because we know oxytocin decreases heart rate when 

manually induced, this physiological calming effect may alter the horse’s emotional reactivity. This 

could calm nervous horses, making it a safe environment during human-horse activities, such as 

veterinary procedures. 

Research on horse temperament focuses on learning abilities, emotional reactivity and reactivity to 

humans or novel objects, which are the most relevant traits to observe (see Hausberger et al. 2008 

for review). Here, we ask whether an oxytocin treatment alters horse behaviour when exposed to a 

variety of simple handling tasks and novelty objects. To my knowledge, this is the first test of whether 

intra-nasal administration of oxytocin effects horse temperament during multiple handling tasks. I 

hypothesise that oxytocin administration will evoke less emotional reactivity to simple handling tasks 

and novel objects. Furthermore, if horses are less reactive, this aid could be utilised in the future to 

calm highly reactive horses naturally.  

 
3.2 Methods 
Study Animals 

Fifteen horses were used as the study animals (Table.3.1), from the Massey University’s Large 

Animal Teaching Unit, located in Palmerston North, New Zealand. All horses were Standardbreds, 

except one mare who was a Thoroughbred. The horses were held in two separate paddocks. The first 

consisting of nine mares and the second with eight geldings and one mare. The mare with the 

geldings was taken out of the analysis due to her being a pony, therefore much smaller. One gelding 

was also not used due to a tumour in his nose, making him unsuitable for intra-nasal administration.  

 

All horses are identified by freeze brands, colour of coat, facial and leg markings. All horses are part 

of the Massey University Veterinary Teaching programme, therefore, administration of treatments was 

conducted with ease, since the horses are conditioned to human handling. However, the horses had 

not been handled previously by the experimenter (handler), until this experiment, and have not been 

exposed to novelty objects used.  

 

Oxytocin Dosage Validation 

Oxytocin dose was validated as described in chapter two, section 2.2. 
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Table.3.1, Description of each horse, showing age, weight and sex. 
Name Age (Years) Weight (kg) Sex 
Molly 7 510 Mare 
Frankie 14 510 Mare 
Out of My Way 13 560 Mare 
Chonty 18 524 Mare 
Helen 8 440 Mare 
Pixie Fae 22 468 Mare 
Daisy 24 464 Mare 
Lady 12 520 Mare 
Daytona 13 515 Mare 
Ray 15 658 Gelding 
Sam 15 622 Gelding 
Klink 9 608 Gelding 
Fatty 20 564 Gelding 
Crofter 9 598 Gelding 
Shane 15 570 Gelding 

 

Experimental Protocol  

I followed a double blind design, so neither the handler nor treatment administrator knew the treatment type, 

reducing bias in behavioural observations. Horses were removed from their paddocks and held in yards 

individually during treatment and behavioural tests. Horses received the oxytocin (150 IU) intra-nasal 

treatment or a saline solution (15mls). Each horse was tested at approximately the same time each day, so 

variability of time was not affected, in a randomised order. Each horse was tested twice, experiencing both 

oxytocin and saline administrations.  

 

Because intranasal administration of oxytocin can cause endogenous oxytocin levels to rise for up to 7 

hours (Van IJzendoorn et al. 2012), all treatments of oxytocin or saline were separated at least 24 

hours after dosage.  

 

Horses were held in a holding lane (10m x 4m), situated near the yards for the handling tasks. Each horse 

was haltered, taken into a yard, where treatment took place. The horse was un-haltered and left in the yard 

individually for 15 minutes for the treatment to take effect. Horses were then tested by the handling tasks in 

Table 3.2. Handling tasks stayed the same order for each horse, and the same person conducted all 

handling scores to allow for consistency of handling. After handling tasks were complete horses were 

returned to the holding lane. 
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Table.3.2, Each handling task description with references to other studies that experimented with the 
same tasks, or similar tasks. 
Handling Task Protocol 
Forced Approach Handler enters yard, stops and looks at horse, then walks up to horse. If 

the horse moves away, handler stops until the horse stops moving, then 
the handler walks up to horse again. Repeat above if necessary 
(Jezierski et al. 1999; Pereira-Figueiredo et al. 2017; Kozak et al. 2018). 
 

Haltering Handler puts halter on horse, starting with putting nose piece over nose, 
then tightening check piece (Lansade et al. 2008a, same technique, but 
only used halter instead of a bridle). 
 

Leading Horse is led around the experimental yard once, clockwise (Jezierski et 
al. 1999). 
 

Brushing Handler brushes the horse. Curry comb used to remove mud, then body 
brush used over whole body, starting from neck, up to back end 
(Jezierski et al. 1999; Kozak et al. 2018). 
 

Hoof Raising Handler lifts the two front feet for cleaning (Dalla Costaa et al. 2015; 
Pereira-Figueiredoa et al. 2017; Henry et al. 2005). 
 

Walk up to Pole Handler walks horse over a wooden pole on the ground. Horse has three 
attempts only (Lansade et al. 2008b, similar to rubber mat, however 
replaced with a wooden pole). 
 

Walk up to Tarpaulin Handler leads horse up to 4x4 metre blue tarpaulin. Horse is not asked 
to walk on it. Sniffing the tarpaulin is allowed (Lansade et al. 2008b, 
except not walking over object). 
 

Isolation Handler leads the horse away from the experimental yard and 
conspecifics. (Lansade et al. 2008b). 

 

The eight handling tasks can be seen in Table.3.2, two of these tasks are novelty objects. This study 

was a preliminary study, therefore, we only graded horses from poor (1), to excellent (3), please see 

Table.3.3 for behavioural tendencies that horses show when scared/nervous/frightened (poor) or 

responsive/alert/affiliative (excellent).  

 

Table.3.3, Behavioural tendencies that most horses show when acting poorly (aggressiveness/ 
nervous /frightened/scared) or excellent (affiliative/happy/responsive/alert). Common behavioural 
tendencies are described in detail in Waring, 2002. 
Grade Behavioural Observations 
Poor (1) Whites of eyes showing. Ears back. Snorting. Calling out to 

conspecifics. Moving around looking for conspecifics. Does not 
approach novelty objects. Lifting back legs to kick. 

   
Average (2) Indifferent. Ignoring handler but cooperates. Approaches novelty 

objects with concern, but carries out task. 
  
Excellent (3) Ears forward. Licking & chewing. Standing still. Calm relaxed state. 

Responsive to tasks, or approaches novelty objects with no concern. 
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Statistical Analysis 

Data analysis was carried out in Rstudio (v.1.0.153). Assumptions were met for all models, such as 

equality and normality, appropriate tests were then carried out. The significance was set to P=0.05, 

and no transformations were necessary for any variable in any model.  

First the average score over all tasks was calculated for each horse. This average score was used in 

a repeated measures ANOVA model, with treatment and sex as the predictors, along with horse 

identification as the error term. Due to a significant difference between treatments, more in depth 

models were conducted between each handling score separately.  

Models were conducted using the “polr” function in the MASS package to estimate ordinal logit 

regression models (Venables & Ripley, 2002). The function “polr” uses standard formula interface for 

specifying a regression model with outcomes followed by predictors (Agresti, 2002). I specified 

Hess=TRUE to allow the model to return the observed information matrix from optimization (called the 

Hessian) which can retrieve standard errors. Eight models were tested for each response variable 

(each handling task). Each response is an ordered factor with three levels (1-3). All models have the 

treatment type and sex as predictor variables. P-values were then extracted for the coefficients, and 

the difference between the three ordered scores. The estimates in the output were given in units of 

ordered logits, or ordered log odds. These are difficult to interpret because they are scaled in terms of 

logs. Therefore, by converting the coefficients into odds ratios allows for easier interpretation. To 

retrieve odds ratios and confidence intervals, we exponentiate the estimates and confidence intervals. 

Next, confidence intervals for the parameter estimates were retrieved. Lastly, I ran this model through 

the R package “brant”, this function works specifically with models generated with the function “polr” 

from the MASS package (Brant, 1990). This function was made to test the proportional odds 

assumption, or in other words, the parallel regression assumption. This is to test that the relationship 

between each pair of outcome groups is the same (i.e. the regression lines will be parallel, only 

differing in their intercepts in each model). The model was run through the brant process and the 

results were that the parallel regression assumption holds for all models used in this study. 

 
3.3 Results 
Oxytocin treated horses had significantly higher average handling scores (2.62	 ± 0.14	 𝑆𝐸 ), 

compared to saline treated horses (2.02	 ± 0.09	 𝑆𝐸 ), indicating that they were easier to handle. 

There was a significant difference between saline and oxytocin treated horses over time (repeated 

measures ANOVA, 𝐹 = 48.4E,EF, 𝑃 =	< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 3.1). There was no difference between sex 

(repeated measures ANOVA, 𝐹 = 2.73E,EG, 𝑃 = 0.12). 
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Figure.3.1, Average score of all saline and oxytocin treated horses. Includes all handling 
tasks combined. Bars shown are standard error bars. 
 

 

There was a significant difference between oxytocin and saline treated horses under all handling 

tasks and novelty objects (Figure.3.2, Figure.3.3). Sex influenced scores under certain handling tasks. 

All proportional odds models can be seen in Table.3.3.  

 

 

 
Figure.3.2, Average handling score for forced approach, haltering, leading and brushing between 
each treatment. Bars shown are standard error bars.  
 
 
 

 
Figure.3.3, Average handling score for hoof raising, pole, tarpaulin and isolation between each 
treatment. Bars shown are standard error bars. 
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Table.3.4, Coefficients, standard errors, t-value, p-value for the proportional odds models run for each 
handling task. Odds ratio (OR), 2.5% & 97.5% confidence intervals (C.I) are shown for each predictor 
(treatment and sex). Intercept cut off points indicate the differences between handling scores 1 to 3.  
 Value SE t p 2.5% C.I 97.5% C.I OR 
e) Forced Approach          

Treatment (Oxytocin) 2.23 0.84 2.65 0.008 1.98 57.90 9.32 
Sex (Male) 1.49 0.82 1.83 0.07 0.97 25.73 4.45 
Intercept 1|2 -1.15 0.69 -1.65 0.10    
Intercept 2|3 2.09 0.78 2.69 0.007    

        
f) Haltering        

Treatment (Oxytocin) 2.26 0.81 2.80 0.005 2.16 53.85 9.62 
Sex (Male) 1.24 0.79 1.56 0.12 0.79 18.18 3.44 
Intercept 1|2 -0.53 0.61 -0.87 0.38    
Intercept 2|3 1.86 0.72 2.60 0.009    

        
g) Leading        

Treatment (Oxytocin) 2.06 0.91 2.26 0.02 1.53 61.74 7.82 
Sex (Male) 2.08 0.92 2.25 0.02 1.52 65.19 8.02 
Intercept 1|2 -2.34 1.06 -2.20 0.03    
Intercept 2|3 1.95 0.83 2.34 0.02    

        
h) Brushing        

Treatment (Oxytocin) 2.59 0.86 3.00 0.002 2.75 85.49 13.29 
Sex (Male) 0.05 0.84 0.06 0.95 0.19 5.71 1.05 
Intercept 1|2 -2.77 1.07 -2.57 0.01    
Intercept 2|3 1.14 0.67 1.70 0.09    

        
i) Hoof Raising        

Treatment (Oxytocin) 2.07 0.83 2.49 0.01 1.71 47.62 7.89 
Sex (Male) 1.53 0.81 1.88 0.06 1.02 26.71 4.63 
Intercept 1|2 -1.13 0.70 -1.63 0.10    
Intercept 2|3 2.09 0.79 2.65 0.008    

        
j)   Walking Over Pole        

Treatment (Oxytocin) 2.31 0.81 2.84 0.004 2.26 58.94 10.11 
Sex (Male) 0.66 0.74 0.89 0.37 0.47 8.71 1.93 
Intercept 1|2 -0.68 0.61 -1.11 0.27    
Intercept 2|3 2.01 0.75 2.69 0.007    

        
k) Walking up to Tarp        

Treatment (Oxytocin) 1.86 0.79 2.25 0.02 1.49 35.73 6.45 
Sex (Male) 0.76 0.71 1.07 0.28 0.54 8.98 2.13 
Intercept 1|2 -0.45 0.62 -0.73 0.47    
Intercept 2|3 2.45 0.80 3.05 0.002    

        
l)  Isolation        

Treatment (Oxytocin) 2.54 0.90 2.80 0.005 2.52 99.35 12.64 
Sex (Male) 0.99 0.74 1.33 0.18 0.65 12.26 2.68 
Intercept 1|2 -0.46 0.64 -0.71 0.48    
Intercept 2|3 2.88 0.91 3.17 0.002    
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3.4 Discussion 
Here, for this first time, I showed that oxytocin treated horses were significantly and consistently 

easier to handle over multiple handing tasks. Horses were exposed to simple every-day handling 

tasks, novelty objects which were completely new to them, and isolation which can be extremely 

stressful. Oxytocin could possibly be used for equids as a tool in decreasing stress in certain 

situations or as a natural calming mechanism in the future. For example, helping to train veterinarians. 

Many horses are quick to be sedated whist performing simple veterinarian procedures, therefore, 

oxytocin may help induce a calming effect, thereby allowing the horse to behave naturally.  

 

Grooming in horses is a positive experience since they groom each other in preferred spots (Feh & 

Mazieres, 1993). During the study, horses were easier to groom under oxytocin administration, 

possibly, indicating that high levels of endogenous oxytocin induced a calmer state. We know that 

heart rate decreases whilst horses are groomed in preferred spots (Feh & Mazieres, 1993), and 

during oxytocin treatment (Chapter two 2.3), showing physiological calming effects. If oxytocin was 

higher internally, cortisol levels would have been reduced, motivating horses to seek human contact 

by being easier to handle. Therefore, explaining such differences during the forced approach method. 

Findings are somewhat similar to previous studies, although different methods are utilized, all horses 

follow similar behavioural tendencies whist groomed (Feh & Mazieres, 1993; but see Lansade et al. 

2018). 

 

Horses used in this study are conditioned to human handling, however, the novel objects were 

completely new, and varied results were anticipated. There was a clear difference between oxytocin 

and saline treated horses during novelty tasks. Moreover, horses would have had to trust the handler 

to approach these tasks. Oxytocin is seen to reduce physiological stress, lowering the heart rate 

(Chapter two 2.3), inducing a physiological calming mechanism (Olff et al. 2013). Administration of 

oxytocin before approaching novel objects may have decreased internal cortisol levels (Handlin et al. 

2011), which increase during stress responses, allowing the horse to be less fearful, in turn, 

motivating their approach to the novel objects. In contrast, instead of a physiological calming effect, 

internal cortisol may have risen, eliciting higher reactivity to novel objects in saline treated horses.  

 

Tendency to bond in horses is extremely strong (Goodwin, 1999; Waring, 2002). Isolation from their 

band can cause stress within horses, and reactions from isolation vary from whining to pacing 

(Waring, 2002). The results show that horses are more likely to score in a higher category whilst 

administrated with oxytocin during the isolation test. Isolation tests conducted on Prairie voles, which 

also live in cooperative communities, show that heart rate increased following isolation from their 

communities, however, after subcutaneous administration of oxytocin, heart rate decreased after 

isolation (Grippo et al. 2009). Therefore, oxytocin administration could have initiated the positive 

feedback loop within the neural circuitry system (Choleris et al. 2009; Soares et al. 2010), and re-

wiring the brain by increasing trust, decreasing anxiety and reducing fear (Kosfeld et al. 2005). Here, 

oxytocin may have induced a physiological calming mechanism as seen in Prairie voles, allowing 

horses to be more relaxed during the isolation task compared to saline treated horses. 
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This study shows differences in horse temperament over a range of handling tasks between intra-

nasal oxytocin and saline administration. Future studies are recommended to investigate oxytocin’s 

role in reducing reactivity, stress and fearfulness in horses. Cortisol tests may help investigate 

whether horses have physiological decreased stress levels after an oxytocin administration when 

exposed to handling tasks and novel objects. This would confirm that oxytocin reduced stress and 

may have induced a physiological calming state, in turn, motivating the horses to approach novel 

objects less fearfully. Since oxytocin has now been seen to decrease heart rate in prairie voles (Yee 

et al. cited in Olff et al. 2013), dogs (Handlin et al. 2011), humans (Uvnäs-Moberg, 1998) and horses 

(Chapter two 2.3), this could cross over to other mammals such as cattle, sheep, cats and rabbits, 

that are regularly used for veterinary purposes and could help in relaxation, instead of sedation.  
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Chapter Four 

 
 

The Importance of Female Social Bonds on 
Reproductive Success in Cooperative Groups 
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4.1 Introduction 
When individuals maintain social relationships, a social bond can form. They are based on aggressive 

and affiliative behaviours, and are also known as friendships (Dunbar & Shultz, 2010). Social bonds 

can be advantageous when conditions are favourable (Silk, 2007). 

 

In mammalian societies, females may form groups consisting of matrilineal relatives, or, consisting 

primarily of un-related individuals’ (Clutton-Brock, 1989). In stable groups, members cooperate, 

defending breeding and feeding territories (Dunbar & Shulz, 2010). Benefits of aggregation within 

females tend to vary between species, however it includes benefits in foraging, detection of predators 

and advantages in competition between neighbouring groups (Clutton-Brock & Harvey, 1978; Van 

Schaik, 1983). Therefore, in stable social groups, it makes sense that females form close social 

bonds with other females and cooperate to help rare offspring, in turn, increasing their reproductive 

success.  

 

Originally, little was known about the effect on a female’s lifetime fitness and the nature of social 

bonds between females. However, over the last 20 years, there is more understanding of the function 

and structure of female-female relationships, and the outcomes of reproductive success, when these 

social bonds are successful (Silk, 2007). For instance, increasing females ongoing fitness (de Waal & 

Tyack, 2003). The benefits of social bonds can be hard to interpret compared to the cost of 

harassment and are also more difficult to measure (Cheney et al. 1986). Social bonds have been 

extensively studied in primate species (Cords, 2002; Silk, 2002; Silk, 2003), and rarely in other 

mammalian species, except one study in a group of non-related horses (Cameron et al. 2009). Bonds 

between females are subtle, but may have large impacts on their fitness. Recent studies have 

suggested that these bonds have been overlooked, but may be more important than previously 

thought (Swedell, 2002; Lehmann & Boesch, 2008). 

 

Earlier evidence in primates suggest close social bonds between females can influence their 

reproductive success. Baboons have been seen preserving time for socializing with other females, 

even when food sources were scarce, they instead cut back on resting time (Dunbar & Sharman, 

1984). Sociality of female baboons tend to center around close-fitting associates (Silk, 1999), and can 

actually increase infant survival (Silk et al. 2003). Females are seen to have preferences for close kin, 

such as sisters, mothers and daughters and prefer to show affiliation via grooming with un-related, but 

same age mates (Silk et al. 2006a). The sudden loss of companions has significant effects on an 

individual and has been reflected through hormone analysis, leading to females strengthening other 

relationships to compensate for the loss of their preferred partner (Engh et al. 2006).  

 

Reproductive benefits are often demonstrated between matrilineal relatives, but recent research 

indicates that this is the same in un-related individuals (Cameron et al. 2009). Females that have 

higher social integration scores have higher reproductive success compared to females with low 

integration (Cameron et al. 2009). High social integration decreases harassment levels, in turn, 

increasing reproductive success, and also probably reduces stress coupled with an increase of social 
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contact, which is seen to have physiological calming effects (Cameron et al. 2009). These studies 

indicate that female-female relationships may be crucial for ongoing fitness and same sex bonds 

could have high impacts within individuals. 

 

Feral horses have unusual social structures for ungulates (Cameron et al. 2009), and are somewhat 

similar to that of primates, such as baboons (Silk, 2007). They live in stable, all year round, social 

breeding groups, termed bands. Bands usually consist of one stallion, although sometimes several 

(Feh, 1999; Linklater & Cameron, 2000), and one or more un-related mares, along with immature 

offspring (Linklater, 2000). Offspring, once matured, disperse from their natal band (Monard & 

Duncan, 1996, Linklater & Cameron, 2009), to avoid inbreeding. Apart from offspring dispersal, group 

membership remains stable (Cameron et al. 2009), and females rarely leave the group. Horses are 

highly social mammals, therefore, have abilities to recognise certain individuals (Linklater et al. 2000). 

Social bonds that form from these social relationships are based on affiliative and aggressive 

interactions (Waring, 2002). Horses therefore can be model species to investigate female-female 

relationships, because the confounding influence of kinship can be removed.  

 

To date, we know that close female-female relationships between relatives have important benefits for 

reproductive success (Silk, 2007; Cameron et al. 2009). High social integration in feral horses are a 

good predictor of female reproductive success, which is stated due to possible decreases in 

harassment rates (Cameron et al. 2009). Here, I expand the analysis of a previous study that 

investigated whether high social integration scores affected female reproductive success in feral 

horses (Cameron et al. 2009). I specifically test if the benefit is due to one or two strong social bonds 

with another female (termed preferred partners), rather than being well integrated within the group. 

These relationships are indexed on close proximity and allogrooming between preferred same sex 

partners, in a population of feral horses. 

 
4.2 Methods 
We studied the social relationships of feral horses in the south western Kaimanawa ranges in the 

North Island of New Zealand, as part of a detailed study of social structure and parental care 

(Cameron et al. 2000; Cameron & Linklater, 2007; Linklater & Cameron, 2009). Horses had been feral 

and largely unmanaged in this area since the mid 1800s. Kaimanawa horse bands contained usually 

1 stallion (but up to 4) and 1 to 11 mares with their immature predispersal offspring. A more detailed 

description of the Kaimanawa population can be found elsewhere (Proops et al. 2009).  

Behavioral data were derived from 55 individually identifiable adult mares in several different bands, 

but which belonged to the same band over the study (August 1994 to March 1997). We restricted the 

study population in this way, because changing bands lowers reproductive success and confounds 

the friendship-fitness relationship (Linklater et al. 1999; Cameron et al. 2003), and these mares are 

likely to still be in the process of dispersing from their natal band (Monard et al. 1996; Linklater & 

Cameron, 2009). All individuals in the study population (400) were individually identified by either 

uniquely coded freeze brands on their rumps or by variation in their coat color and, particularly, facial 
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and leg markings. Mares were aged by tooth wear and eruption patterns (Tutt, 1968, Richardson et al. 

1995), because mare age can influence reproductive success in horses (Heitor, 2006). Aging by tooth 

wear decreases in accuracy with increasing age (Tutt, 1968), and therefore, we classified mares into 

the following age categories: young (3–5 years, before reaching their full reproductive potential) 

(Cameron & Linklater, 2000), mid-aged (6 – 8 years), and old (at least 9 years) (Berger, 1986; 

Cameron et al. 2000). Teeth were examined after horses had been gathered into purpose-built yards 

and restrained in a hydraulic crush. Mares were also classified into band type on the basis of whether 

there were 1 or more stallions in a band (single vs. multi-stallion band). Band type has previously 

been shown to influence foaling success (Linklater et al. 1999; Cameron et al. 2003).  

Bands were located regularly, and mares sampled in focal animal samples (Altmann, 1974). Focal 

sample lasted for at least 1 hour, or until a mare moved irretrievably out of view. For mothers, 

samples could be longer, because they were not terminated until at least three suckle bouts had 

occurred (or the female moved irretrievably out of view). Samples were evenly distributed throughout 

day-light hours in all seasons and weather conditions. A total of 2,115 h of focal sample data were 

collected, averaging 38 h per female. During a focal sample, instantaneous samples (Altmann, 1974) 

were taken every 4 min to record the number and identity of individuals within two body lengths of the 

focal mare, which we considered to be close (Cameron et al. 2003; Cameron & Linklater, 2007). 

During the sample, the following behaviors were recorded on an all-occurrence basis: mutual 

grooming events between the focal female and any other mares, and all aggressive interactions 

between the mare and any other adults. The initiator of each event was recorded, and, in the case of 

aggressive interactions, we also recorded the winner. Also, we recorded every time that a mare was 

approached by another mare, or approached another mare, to within two body lengths (close) 

(Cameron & Linklater, 2007). We used these behavioral measures to calculate: (i) the rate of 

harassment received, calculated as the hourly rate of aggressive events directed at the focal mare; (ii) 

dominance score, dominance ranks were not comparable across social groups, and so we used a 

dominance score (interactions won per total interactions) to assign relative ranks; (iii) proportion of 

time the focal mare spent close to other mares and stallions; (iv) proportion of all allogrooming events 

that were  initiated by the focal mare (initiated per initiated plus received); and (v) approaches, the 

relative contribution of the focal mare to maintaining contact (to within two body lengths) with other 

mares (focal mare approached another mare per focal mare approached plus focal mare was 

approached).  

The latter scores were highly intercorrelated, and so we combined these measures into a composite 

social integration score based on a similar measure previously used in primates (Sapolsky et al. 1997; 

Silk et al. 2003) and horses (Cameron et al. 2009). Then a calculation for each individual dyad 

relationship was performed, to calculated a preferred partner index. The preferred partner index has 

three levels; number one preferred partner, second preferred partner, and third preferred partner. The 

latter three scores were also totaled together to get derive a cumulative top three preferred partner 

score. The score for the time spent with preferred male partner was also calculated. Because social 

bonds are indicated by spatial proximity and participation in mutual grooming (Kimura, 1998; 
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Sigurjónsdóttir et al, 2003; Heitor et al. 2006), we used two measures of the spatial relationship: 

proportion of time a mare spent close (less than two body lengths) to other mares, and proportion of 

approaches between the focal mare and other mares that were due to the focal mare, and the 

proportion of allogrooming events initiated by the focal mare (initiated per initiated plus received). For 

each measure, we calculated the mare’s score, and divided this by the median score for all mares. 

These scores were summed and divided by 3. Consequently, each measure contributed equally to 

the data eliminating the possibility that only one of these measures was driving any observed 

relationships.  

Mare reproductive success was measured by birth success, and the death rate of foals from birth to 1 

year. Individual birth success was determined as the proportion of foals born divided by maximum 

number of births possible for that mare during the study period, given a constraint of one foal per 

year. For most mares, four foals were possible, but a few mares were only available to foal in fewer 

years, either because they died before the completion of the study, or had foals killed by illegal 

hunting, such that foal survival could not be measured.  

Statistical analysis was conducted using RStudio v.1.1.153 (www.r-project.org). Multiple or simple 

linear regression models were used for all models shown. Assumptions for normality, equal variances 

and independence were met for all models, using residual analysis and appropriate tests were then 

performed. The significance was set to P=0.05, and no transformations were necessary. If multiple 

regression models didn’t retrieve any significance, simple regression models were tested, if 

significance was shown, simple linear models will be used for certain response variables in results 

sections. All graphs were made using Microsoft Excel. 

All procedures were approved by the Massey University Animal Ethics Committee. 
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4.3 Results 
Cumulative time spent with top three individuals was a significant predictor of percentage of foals born 

(multiple regression, 𝐹H,FA = 9.25, 𝑅H = 0.23, 𝑃 =	< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 4.1), and of percentage of foal 

survival (multiple regression, 𝐹H,FA = 7.38, 𝑅H = 0.19, 𝑃 =< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 4.2). Age was not a 

significant predictor of foals born or survival in both models. Every one unit increase of time spent with 

preferred females the percentage of foals born increases by 10.6% (Table.4.1a) and survival of foals 

increase by 10% (Table.4.1b). 

 

  
Figure.4.1, Time spent with top three female 
partners versus percentage of foals born. Higher 
preferred partner scores indicate female dyads 
that spend more time in close proximity to their 
preferred female partners. 

 

Figure.4.2, Time spent with top three female 
partners versus percentage of foal survival. 
Higher preferred partner scores indicate female 
dyads that spend more time in close proximity to 
their preferred female partners. 

 
 

Time spent with preferred female partner was a significant predictor of percentage of foals born 

(multiple regression, 𝐹H,FA = 14.95, 𝑅H = 0.34, 𝑃 =	< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 4.3), and of percentage of foal 

survival (multiple regression, 𝐹H,FA = 10.45, 𝑅H = 0.25, 𝑃 =< 0.001, 𝐹𝑖𝑔𝑢𝑟𝑒. 4.4). Age was not a 

significant predictor of foals born or survival in both models. Every one unit increase of time spent with 

preferred partner the percentage of foals born increase by 10.8% (Table.4.1c) and survival of foals 

increase by 9.9% (Table.4.1c).  

 

 

  
Figure.4.3, Time spent with preferred partner 
versus percentage of foals born. Higher preferred 
partner scores indicate female dyads that spend 
more time in close proximity. 
 

 

Figure.4.4, Time spent with preferred partner 
versus percentage of foal survival. Higher 
preferred partner scores indicate female dyads 
that spend more time in close proximity. 
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Time spent with preferred female partner is not a significant predictor of average parasite load 

harassment level or age (multiple regression, 𝐹A,FH = 1.21, 𝑅H = 0.011, 𝑃 = 0.3). On average, parasite 

load remained the same no matter how long a dyad pair spent together (Figure.4.5), however, the 

model suggests that the proportion of harassment levels decrease by 6.5 the more time dyads will 

spend together (Figure.4.6, Table.4.1e). 

 

 

  
Figure.4.5, Average parasite load versus time 
spent with preferred dyad. Higher preferred partner 
scores indicate female dyads that spend more time 
in close proximity. 
 

Figure.4.6, Time spent with preferred female partner 
versus the proportion of harassment rate. Higher 
preferred partner scores indicate female dyads that 
spend more time in close proximity. 
 
 

 

Time spent with preferred male partner was not a significant predictor of percentage of foals born and 

foal survival (multiple regression, 𝐹A,FH = 0.77, 𝑅H = 0.01, 𝑃 = 0.5). However, the more time a mare 

spends with her male preferred partner, the percentage of foals born decreases by 0.9% (Figure.4.7) 

and survival rate (Figure.4.8) also decreases by 0.4% (Table.4.1f).  

 

 

  
Figure.4.7, Time spent with male preferred 
partner versus percentage of foal born. Higher 
preferred partner scores indicate female dyads 
that spend more time in close proximity to their 
preferred male partner. 
 

Figure.4.8, Time spent with male preferred partner 
versus percentage of foal survival. Higher preferred 
partner scores indicate female dyads that spend 
more time in close proximity to their preferred male 
partner. 
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Time spent with second preferred female partner was not a significant predictor of percentage of foals 

born and foal survival (multiple regression, 𝐹A.,FH = 1.37, 𝑅H = 0.02, 𝑃 = 0.3). Age of mares was not a 

significant predictor. Nonetheless, foals born increases by 4.3% (Figure.4.9) and foal survival 

decreases by 2.3% (Figure.4.10, Table.4.1g).  

 

  
Figure.4.9, Time spent with next closest preferred 
partner versus percentage of foals born. Higher 
preferred partner scores indicate female dyads 
that spend more time in close proximity to their 
preferred male partner. 
 

Figure.4.10, Time spent with next closest preferred 
partner versus percentage of foal survival. Higher 
preferred partner scores indicate female dyads that 
spend more time in close proximity to their 
preferred male partner. 
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Table.4.1, Relationship between foals born (a) and foal survival (b) between time spent with top three 
preferred female partners. Relationship between time spent with preferred female partner on 
percentage of foals born (c), survival (d), parasite load (e), proportion of harassment (e) and mares 
age (all). Relationship between time spent with preferred male partner on foals born, survival and age 
of mare (f). Relationship between time spent with next preferred female partner on foals born, survival 
and age of mare (g). 
 Estimate Std. Error t p 

a) Cumulative Time Spent with Top Three 
Female Preferred Partners on Foals 
Born 

    

Intercept 6.60 2.08 3.18 0.003 
Percent Born 10.57 2.46 4.29 <0.001 
Age -0.85 0.77 -1.11 0.27 

     
b) Cumulative Time Spent with Top Three 

Female Preferred Partners on Foal 
Survival 

    

Intercept 7.32 2.09 3.50 <0.001 
Percent Survived 10.05 2.62 3.83 <0.001 
Age -0.79 0.79 -0.99 0.32 

     
c) Time Spent with Preferred Partner on 

Foals Born  
    

Intercept 2.19 1.67 1.31 0.2 
Percentage Born 10.79 1.98 1.98 <0.001 
Age -0.75 0.62 -1.21 0.23 

     
d) Time Spent with Preferred Partner on 

Foal Survival 
    

Intercept 3.1 1.74 1.78 0.08 
Percent Survived 9.89 2.18 4.54 <0.001 
Age -0.65 0.66 -0.99 0.32 

     
e) Time Spent with Preferred Partner on 

Harassment & Parasite levels 
    

Intercept 6.72 2.22 3.02 0.004 
Average Parasite Rate 0.001 0.0009 1.10 0.28 
Average Harassment Rate -6.489 4.03 -1.61 0.11 
Age 0.51 0.73 0.7 0.49 

     
f) Time Spent with Preferred Male Partner 

on Foals Born & Survival 
    

Intercept 4.20 0.71 5.94 <0.001 
Percent Born -0.87 1.73 -0.50 0.61 
Percent Survived -0.38 1.79 -0.21 0.83 
Age 0.0003 0.26 -0.001 1 

     
g) Time Spent for Next Preferred Partner 

on Foals Born & Foal Survival 
    

Intercept 3.48 1.21 2.89 <0.006 
Percent Born 4.34 2.96 1.47 0.15 
Percent Survived -2.34 3.06 -0.76 0.45 
Age 0.58 0.45 -1.29 0.20 
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4.4 Discussion 
Mares that spent more time with their preferred partner had higher reproductive success, suggesting 

that even one strong female-female bond was beneficial for the survival of offspring. This may arise 

due to less harassment, via their preferred partner helping to defend offspring (Cameron et al. 2009). 

Though harassment was not a significant predictor of foal birth or survival, harassment did decrease 

the more time that females spent with their preferred partner. Time spent with their second preferred 

partner was not a significant predictor of birth or survival rate of offspring. This confirms that the 

strong bonds between their preferred partner are stronger than that of any other bond formed 

between other females, defining their importance in ongoing fitness benefits. Time spent with their 

male preferred partner was not a significant predictor of birth or survival rates, in fact both birth and 

survival rate decreased. In large groups females compete for resources, including mates, therefore, if 

a mare spends more time with a particular male, harassment may increase from other females in the 

group or the mare could be substituting a male for a female friend (i.e. the lowest ranking female), 

thereby reducing reproductive success, as seen in the models.  

 

Data show that female-female social bonds increases reproductive success between un-related, non-

primate mammals. These results are consistent regarding findings in related primates (Silk et al. 

2003, 2006a, 2009), and un-related horses (Cameron et al. 2009). However, studies mentioned used 

total social integration scores, whilst this study only used scores between the time spent with the 

closest preferred female-female bond, next closest female-female bond, cumulative top three female 

partners, and closest male-female bond, in un-related same sex individuals. Therefore, becoming the 

first study to underline how beneficial social bonds between un-related females are on their 

reproductive success, in cooperative groups.  

 

Reproductive success in females benefit directly through reduction in harassment, whilst high 

harassment reduces reproductive success in horses (Linklater et al. 1999), and other mammalian 

species (Nefdt, 1995; Réale et al. 1996; Galimberti et al. 2000). Other benefits such as reduced stress 

levels could arise (DeVries et al. 2003), due to high harassment rates, increasing stress levels, 

resulting in decreased body condition (Linklater et al. 2000). More time spent with a preferred 

individual may increase social contact via grooming, which induces a physiological calming effect 

(Feh & Mazières, 1993). Strong female-female bonds may also reduce infanticidal attacks within feral 

bands. Although, to date, only one infanticidal attack in horses has been witnessed in a feral 

population (Gray, 2009). Data suggest that having a strong bond with a certain individual, may deter, 

or help fend male harassment, in multi stallion bands.   

 

Direct benefits that form through cooperative relationships have been highlighted in recent studies 

(Clutton-Brock, 2001; Langergraber et al. 2008; Crockford et al. 2013; Wittig et al. 2014), and the 

results support these conclusions, whilst controlling for the influence of kinship. Strong friendships 

between non kin in humans have shown to be beneficial via long term indicators, such as increased 

longevity, immune system, and reproductive success (House et al. 1988; Holt-Lunstad et al. 2010). 
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Moreover, short term benefits, such as reduced stress levels are shown when humans have social 

contact with other mammalian species (House et al. 1988), and human stress levels have also shown 

to decrease via contact with domesticated mammals (Cole et al. 2007). 

 

Although social bonding between un-related individuals is difficult to measure, horses are a model 

species to study un-related same sex bonds, due to relatives dispersing from their natal group. In the 

past, same sex relationships between un-related individuals have been overlooked, however, here I 

have evidence that these relationships benefit individuals, therefore, may be an underlying driver of 

cooperation. More studies are suggested to investigate un-related female-female social bonds and 

their ongoing impact on their lifetime reproductive success in mammalian species.  
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Chapter Five 

 
General Discussion 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 77 

5.1 Discussion  
Mammalian social bonds are complex and rely on mechanisms such as recognition, motivation, and 

approach behaviour (Lim & Young, 2006). Social bonds are based on affiliative and aggressive 

interactions between individuals and these behaviours are underpinned by hormonal mechanisms, 

such as oxytocin (Crockford et al. 2014). The benefits of group living can be seen through increases 

in reproductive success via closely bonded individuals (Silk et al. 2003).  

 

Chapter two aimed to test if oxytocin effects behavioural and physiological mechanisms associated 

with social bonding. My hypothesise were supported in that oxytocin altered physiological 

mechanisms such as heat rate, and some affiliative behaviours such as facial expressions. It did not 

support the hypothesis that oxytocin decreased aggression, it had more effects between the 

hierarchal rank of a horse instead. Oxytocin altered a suite of affiliative and aggressive behaviours in 

paired dyadic horses, which are necessary for the formation of non-kin groups. This gives rise to two 

important conclusions. Firstly, is that we know intra-nasal administration of oxytocin was effective. 

Secondly, this study shows how complex mammalian societies are, due to subtle changes in horse 

behaviour, such as facial expressions. Thus, I have determined that oxytocin had effects on social 

behaviours which mediate social bonds, between un-related individuals. I have shown that oxytocin’s 

role is complex and further studies may be warranted.  

 

My third chapter aimed to test if oxytocin can be used as a mechanism of relaxation to help during 

human-horse interactions. Horses are large dangerous mammals, therefore, safe practical methods 

need to be used. My hypothesis was supported in that intra-nasal administrated horses were 

significantly and consistently easier to handle over multiple tasks. Oxytocin administration had 

physiological calming effects on horses in chapter two, therefore, could possibly explain why horses 

were easier to handle compared to controls. Oxytocin possibly reduced stress levels by decreasing 

cortisol levels during stress responses (Handlin et al. 2011). Oxytocin activates the positive feedback 

loop in the brain, motivating approach behaviours (Lim & Young, 2006), allowing horses to be less 

fearful toward our handling tasks and novel objects. Oxytocin administration could be used in the 

future as a natural calming aid, instead of sedation techniques. Nonetheless, this treatment could 

cross over to other mammals such as cattle, sheep, goats, cats and rabbits.  

 

Chapter four aimed to test if female-female relationships are beneficial to their reproductive success 

in a population of un-related feral horses. My hypothesis was supported in that by having one close 

social bond with a preferred partner is more beneficial than having multiple bonds. This indicates that 

close female-female relationships between un-related individuals are beneficial to female reproductive 

success (Silk, 2007; Cameron et al. 2009). This study was an extension of a previous study which 

found that high social integration scores are correlated with higher reproductive success (Cameron et 

al. 2009). However, until now, we didn’t know which bonds were beneficial. This underlines how 

important one close social bond may be in social groups. Higher reproductive success may arise due 

to less harassment, via their preferred partner helping to defend offspring (Cameron et al. 2009). This 
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confirms that female-female relationships are beneficial, defining their importance in ongoing fitness 

benefits and maybe another reason why social groups form. 

 
5.2 Future Directions 
This thesis will contribute greatly to previous literature, however, future studies are always 

recommended.  

 

Future studies concerning oxytocin and its role in mediating social bonds may include similar studies.  

For example, in chapter two, instead of the same paired dyads for all treatments, a rotation of paired 

dyads could be beneficial. A rotation of partners may increase interactions between paired dyads 

because horses may have acclimated to their partner over time, which possibly decreased 

interactions between paired dyads in my study.  

 

Oxytocin had physiological calming effects via decreased heart rate in chapter two. Cortisol tests 

could confirm this further. If the same experiment took place, saliva swabs could be derived from the 

study animals and tested for cortisol levels. If cortisol levels were lower in oxytocin treated horses 

compared to controls, we could conclude that oxytocin definitely reduces stress, inducing a 

physiological calming state, which will motivate approach behaviours (Lim & Young, 2006).  

 

We found a significant effect on positive facial expressions in oxytocin administrated horses. This 

study did not have a 360 degree video view on study animals, which limited facial expression data to 

ear movement. Future studies could involve 360 degree views. This would retrieve more facial 

expression data, especially concerning eye, mouth and jaw movements. Facial expression studies are 

relatively new (Wathan et al. 2015; Ley, 2016; Descovich et al. 2017), and more studies on 

expressions would contribute to the previously small, but informative literature. Furthermore, studies 

on facial expressions will help future welfare assessments.  

 

Oxytocin treated horses were consistently easier to handle in chapter three. This was a preliminary 

study and handling tasks and scoring methods were simple. If this experiment was to be repeated, I 

would recommend more difficult handling tasks such as; sound stimuli (loud versus quiet; familiar 

versus unfamiliar), opening umbrellas in front of the horse, or loading a horse onto a float trailer. 

These tasks should induce more stress, therefore, cortisol tests can also be retrieved and tested for 

stress levels before and after tasks.  

 

Lastly, all experiments can cross over to different mammalian species that are regularly used for 

veterinarian purposes (cats, dogs, rabbits, sheep and cattle), or exhibit the same social structures as 

horses (cattle, sheep and deer). 
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5.3 Conclusion 
Mechanisms that facilitate the formation and maintenance of the social bond increases our 

understanding of the evolution of sociality (Romero et al. 2014). Benefits from forming social bonds 

such as higher reproductive success and reduced harassment levels may indicate why these bonds 

form in the first place (Cameron et al. 2009). However, there is an underlining cognitive mechanism, 

driving interactions such as affiliative behaviour between bonded individuals.  

 

Oxytocin has multiple functions, allowing for the coordination of both physiology and behaviour (Lim & 

Young, 2006). Oxytocin’s evolutionary pathway is thought to be a driver of social relationships with kin 

group members, through maternal care strategies necessary for the survival of offspring (Crockford et 

al. 2014). This explains why social bonds are commonly seen within species that have prolonged 

maternal care, such as horses (Cameron et al. 2009) and primates (Silk et al. 2003). By extending 

this knowledge, oxytocin possibly has contributed largely to the evolution of social bonding between 

un-related individuals. Through these studies we have seen how oxytocin effects physiological 

mechanisms such as heart rate, and behavioural interactions.  

 

Through this thesis we have seen oxytocins effect on individuals by changing a suite of affiliative and 

aggressive behaviours. Thus, I have determined that oxytocin had effects on social behaviours which 

mediate social bonds, between un-related individuals and has physiological impacts. I have shown 

that oxytocin’s role is complex and further studies may be warranted. I have also shown that same 

sex social bonds are important an individuals’ reproductive success. Overall, this thesis allows us to 

have a broader understanding of sociality, and increases our understanding of the biological bases of 

social grouping.   
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