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Annotation 

 

Social grooming is one of the most common forms of affiliative behaviour 
among socially living animals and has been in the centre of interest from the 
early beginnings of primatology. Social grooming is a behaviour in 
which social animals, clean or maintain one another's body and many studies 
focused on investigating the function of grooming behaviour. This thesis 
consists of general introduction and three studies that investigate social 
grooming in a population of semi-free ranging Barbary macaques from 
Gibraltar. The studies are based on original data and the results provide an 
interesting and new insight into the grooming behaviour in Barbary 
macaques. The first study focused on grooming patterns among females and 
we found that grooming was directed up the hierarchy, was affected by 
friendship and kinship. In the second study we tested the effect of maternal 
status on grooming among females and results showed that mothers gave 
less grooming but did not receive more grooming from other females. On the 
basis of these results we proposed that the observed patterns would be better 
explained by time constraints posed on mothers, rather than by grooming for 
infant handling exchange. In the last study we investigated the relationship 
between grooming and sexual activity between males and females. Our data 
showed that males as well as females preferred for mating activities those 
individuals that groom them most. 
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General Introduction 
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1. Description of grooming behaviour

Social grooming is a behaviour in which social animals 
(including humans), clean or maintain one another's body or appearance. It is 
one of the most common forms of affiliative behaviour among socially living 
animals and involves gentle touches as well as stroking, scratching or 
massaging with removing the ectoparasites or old skin. Grooming moves are 
very rhythmic, and the plucking often involves pinching and pulling of the 
skin that can at times be quite painful (Dunbar 2010). 

 Social grooming, or allo-grooming (the grooming of others), is a 
widespread activity throughout the animal kingdom, but especially in 
primates plays a particularly important role in social bonding which, in turn, 
has a major impact on an individual’s lifetime reproductive fitness (Dunbar 
2010). Strong social bonds among individuals can affect ability to survive 
via coalitionary support (Schino 2007, Borgeaud and Bshary 2015) or 
tolerance over limited sources (Ventura et al. 2006, Yu et al. 2013), can 
increase infant survival (Lazaro-Perea et al. 2004) or health outcomes (Silk 
et al. 2003a).  Grooming is a regularly performed behaviour in a variety of 
socially living species including rodents (Boles 1960, Ferkin and Leonard 
2004), felids (Eckstein and Hart 2000), primates (Schino 2001, Clutton-
Brock 2009, Molesti and Majolo 2017), ruminants (Hart et al. 1992, Hart and 
Hart 1992, Mooring et al. 2000), horses (Feh and de Mazières 1993) 
meerkats (Kutsukake and Clutton-Brock 2010), birds (Radford and Du 
Plessis 2008) or bats (Carter and Lauren 2015) which all form social bonds 
through grooming behaviour. Additionally, we can also observe inter-
specific grooming between taxonomically unrelated groups of vertebrates as 
in the case of capybaras (Hydrochoerus hydrochaeris) and wattled jacanas 
(Jacana jacana), horses (Equus caballus) and cattle egrets (Bubulcus ibis) 
(Sazima and Sazima 2010, Tomazzoni et al. 2005), or in sambars (Rusa 

unicolor) groomed by rhesus macaques (Macaca mulatta) (Vasava et al. 
2013).   

In different species, grooming is performed by a different manner. 
Birds use their beaks, felids groom by licking, whereas horses used mainly 
their teeth. In anthropoid primates precision grip (point finger – thumb grip) 
evolved which made grooming more precise and grooming movement 
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became more complex. At the beginning, infant monkeys and apes are worse 
groomers until their precision grip has developed properly. This is usually 
after a completed myelinisation at the age of 6–8 months (Altmann, 1980). 
Infants “experimental grooming movements” can more remind slapping than 
careful grooming movements. Moreover, according to Dunbar (2010) 
manual grooming characteristic to monkeys and apes is much less common 
even among the prosimian (Strepsirrhine) primates, whose precision grip is 
much less efficient. On the other hand, many prosimians possess a dental 
comb which is a specially adapted lower incisor row that is used like 
grooming tool in both self and social grooming.  

Grooming might sometimes serve a species-specific function. It can 
be a question of survival in some species compared to others. For vampire 
bats, for example, social grooming is crucial, since it is necessary for them to 
maintain food-sharing relationships in order to sustain their unique 
regurgitated food sharing behaviour. In primates, who mostly live in social 
groups, researchers observe intraspecific as well as interspecific social 
grooming interactions that can differ in its intensity and in its aim. 
Interspecific grooming behaviour can be observed in species who form 
mixed-species groups like tamarins (Heymann and Sicchar Valdez 1988, 
Bicca-Marques and Garber 2003, Peres 1993), Cercopithecus monkeys 
(Cords 1990), or in lemurs (Freed 2006) or in species who are forced to 

share the same enclosure in zoological gardens. It could be supposed that 
more social grooming interactions should be probably observed between 
individuals of the same species, inside the same troop or among kins due to 
currently expected functions of the social grooming. 

The literature review shows that the majority of the grooming studies 
are focused on primate taxa. Therefore, grooming has been labelled as the 
most commonly studied primate social behaviour at all (Schino 2001). It is 
one of the most common forms of affiliative behaviour mainly among 
primate species such as macaques, baboons, or chimpanzees. The fact that 
social grooming in some species may occupy up to 20% of the daily time 
budget and is conserved despite the other demands (that could be seemingly 
more important e.g. increased foraging requirements), suggests that it has a 
great biological importance for the involved individuals (Henzi and Barrett 
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1999). However, it is necessary to mention that there are numerous primate 
species that allogroom rarely or not at all (e.g. Tarsius or Daubentonia 

madagascarienis) (Sparks 1967, Dunbar 1991). In general, the social 
grooming seems to be less common in New World than in the Old-World 
monkeys. This pattern could be possibly caused by different socio-ecological 
adaptations among species (Old world monkeys form larger and more 
complex social groups). According to Dunbar (1991) there is a necessity in 
larger group to adopt behavioural strategies designed to support the cohesion 
of such groups (Dunbar 1991) and such a strategy can be the grooming. Life 
style (terrestrial or arboreal) or fur length were also proposed as other 
possible factors influencing the amount of grooming, however these factors 
did not explain the grooming patterns fully (Dunbar 1991). Therefore, other 
studies tried to reveal the factors affecting the amount and distribution of 
social grooming across the species and potentially shed light on the 
principles governing primate social structures (Schino 2001).  

Most of the studies, however, focuses on intraspecific grooming 
distribution. Within the group, grooming interactions are influenced by many 
factors such as kinship (Cords and Nikitopoulos 2015, Städele et al. 2016), 
dominance (Schino et al. 2007), affiliative behaviour (Koski et al. 2007), age 
(Kanngiesser et al. 2011) or sex of individuals involved (Kulik et al. 2015). 
These factors I will discuss later in a chapter: Grooming partner choice. 

2. Grooming function

Social grooming has been in the centre of interests from the early 
beginnings of primatology. Different studies suggested, grooming may have 
a different meaning for animals involved.  

2.1 Hygienic function 

The hygiene is accepted to be the evolutionary origin of allogrooming 
behaviour in primates (Barton 1985). In last years this function has received 
little interest from researchers compared to the lastly proposed social 
function (Dunbar 1991) that have been studied extensively (see below, 
chapter: Grooming function). The supposed aim of hygienic function is 
removing parasites, old skin, dust, or cleaning the wounds (Goosen 1987) 
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with possible benefits for thermoregulation (McFarland et al. 2016) when fur 
improved its thermoregulatory ability after the grooming session.  

Hygienic function of social grooming predicts, that the amount of the 
grooming should be positively correlated with the body size of the groomee 
(larger body means higher parasite load) and that the inaccessible body sites 
should be groomed more (Saunders 1987, Barton 1985, Perez and Vea 1999, 
Reichard and Sommer 1994). This was supported by Perez and Vea (1999) 
who confirmed that inaccessible sites received more social grooming than 
predicted by their actual surface area. Similarly, Tanaka and Takefushi 
(1993) found that most (98.9 %) of what Japanese macaques picked up and 
ate during grooming were the eggs of lice. Hence, social grooming is 
supposed to have a hygienic function and eliminate the load by the external 
parasites (Tanaka and Takefushi 1993).  

Although, previously mentioned studies suggest hygienic function, 
Dunbar (1991) found that frequencies of social grooming of free-living 
catarrhine primates correlate with group size rather than with body size. This 
was later interpreted as an evidence for the social function of grooming and 
against the purely hygienic function. According to Dunbar (1991) it is 
possible to found important differences between platyrrhine and catarrhine 
species where in platyrrhines body weight correlates better with grooming 
time than does group size (for catarrhines the reverse is true). These results 
seem to suggest that in platyrrhines the hygienic function of grooming is 
relatively more important than the social function. However, this conclusion 
seems to be inconsistent with that found by Perry (1996) and O'brien (1993) 
who claimed based on their results that grooming in capuchins has more than 
purely hygienic function. Also, Sanchez-Villagra et al. (1998) showed that in 
red Howler monkeys data collected for social grooming supported both: 
grooming for hygiene and for better social relationships. According to Perez 
and Vea (1999) or Reichard and Sommer (1994) the importance of hygienic 
function hypothesis should be easily verified by grooming preference for a 
particular body site. The sites that are inaccessible for self-grooming should 
receive more grooming than predicted by their actual surface area which is 
due to the fact that given individuals are not able to remove parasites from 
these places on their own. This has been supported in white-crowned 
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mangabeys (Cercocebus torquatus lunulatus) (Perez and Vea 1999) and 
gibbons (Hylobates lar) (Reichard and Sommer 1994).  

However, a potentially problematic factor that can influence 
distribution of social grooming over different body areas is the effect of 
social hierarchy when lower-ranking individuals tend to avoid a frontal eye 
contact (regarded as a threat) with higher-ranking individuals and 
preferentially groom dorsal and caudal parts of the body (Franz 1999, Boccia 
et al. 1982). This could bias the results in favour of the hygienic function 
hypothesis based on site preferences. Moreover, Dunbar (2011) pointed out 
to the fact that wild primates do not suffer from high external parasitic load 
as might be expected and that the amount of time devoted to social grooming 
in primates far exceeds that minimally required to keep the fur clean. 

Based on the current literature, at least old-world monkeys seem to 
use grooming mostly for social purposes. Otherwise, it does not mean that it 
still does not serve also the hygienic function and in some cases, it could 
even overweight the social function in some species. 

2.2 Calming effect 

The hypothesis of tension reduction predicts that affiliative social 
interactions such as grooming alleviate psychological stress. This was firstly 
proposed by Terry (1970). Tension was described as an animal's internal 
state derived from conflict situation (Schino et al. 1988) or from 
approach/presence of dominant or potentially dangerous individual (Aureli 
and Schaffner, 2002). The calming effect of positive social interactions was 
confirmed in humans as well as in other animal species (Thorsteinsson and 
James 1999 - humans, Rosal et al. 2004 - humans, Schino et al. 1988 – long-
tailed macaques, Aureli and Yates 2010 – crested black macaques, Feh and 
de Mazières 1993 – horses).  

The social grooming can be seen as a tool how to re-establish the 
previous state and reduce psychological tension (Aureli et al. 1999, Shutt et 
al. 2007). The tension reduction can be the important mechanisms that may 
contribute to the group cohesion and facilitate reconciliation or bond 
formation. Several studies have been looking on physiological reactions to 
grooming interactions among the groomer and groomee. According to 
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Keverne et al. (1989) being groomed results in the releasing of Beta-
endorphins that have calming effect on a given individual. Beta-endorphins 
are opioid agonists and acts on receptors to promote feelings of relaxation 
and pain reduction (Royston 2013, Stefano et al. 2000) and are very sensitive 
to persistent low level of muscular or emotional stress which also explain 
psychological release in humans during exercise (Howlett et al. 1984). In 
contrast, Aureli et al. (1999) or Feh and de Mazières (1993) found stress 
release due to grooming by showing a reduction in heart rate in groomed 
individuals with use of a stethoscope. Stress reduction can be also positively 
associated with immunity and improved recovery of T-helper and T-
suppressor cells (Gust et al. 1996). This was supported by Yee et al. (2008) 
who found in rat that social affiliation positively correlates with lower levels 
of mammary tumor development and longer lifespan. Similar evidence is 
further supported by studies using behavioural stress indicators such as self-
scratching and self-grooming (Aureli, 1997). Schino et al. (1988) found that 
after grooming, long-tailed macaques (Macaca fascicularis) display 
decreased level of aggressive interactions. The reduction of stress among 
individuals and the increase of tolerance can be taken as a support for the 
prediction that grooming others is more or less beneficial. Moreover, several 
studies also provided evidence that grooming is beneficial not only for 
groomer but also for groomee (Aureli and Yates 2010, Shutt et al. 2007). 
This could be tied with lower possibility to be attacked by the individuals 
who are groomed.  

In conclusion, physiological as well as behavioural data usually 
confirm that animals exhibit stress reduction and relaxation during and/or 
after the grooming session which probably have a great importance for 
wellbeing and group dynamics in socially living species.  

2.3 Social cohesion 

It is presumed that individuals have relationships with their social 
partners and that these relationships can exist outside of particular 
interactions. It seems that the social grooming plays a particularly important 
role in social bonding (Dunbar 2010) and increase group cohesion especially 
in primates (Sparks 1967, Kummer 1978).  

7



Intensive close social relationships among primates can be roughly 
analogous to human friendships (Silk 2002b). In human friend cohesions, it 
is possible to observe strong social bonds or stability and the same pattern 
can be found in non-human primate grooming networks (Guan et al. 2013). 
In primates, strong social bonds exist mainly between individuals inside one 
social group. Social bonds provide benefits such as higher reproductive 
success or higher inter group competition success (e.g. Xiang et al. 2014, Qi 
et al. 2017). Thus, grooming can be seen as an affiliative act which increases 
group cohesion (Guan et al. 2013). Moreover, it has been shown that the 
time primates invest in grooming increases with group size (Manson et al. 
2004). This can be probably explained by the fact that with increasing 
number of cooperative individuals it is necessary to increase the time 
individuals need to interact with each member to maintain the cohesion. 
However, because bonds between individuals need to be maintained, 
sociality will be limited by time constraints (Lehmann et al. 2007). Thus, 
when the group is too large, individuals do not have enough time to groom 
all possible social partners and group cohesion is expected to decrease. This 
was confirmed by Dunbar (2010) who found that grooming time was 
influenced by group size and that the group size has its maximal number to 
be stable. This number is species specific and is likely influenced by 
neocortex size (Lehmann et al. 2007) and the cognitive abilities of a given 
species.  

It is also known that the probability of support in aggressive 
interaction is positively correlated with the amount of time two individuals 
spend with grooming each other (Dunbar 1980, Datta 1983) and that 
grooming provides basis for inter-individual alliances. Social grooming is 
also used as a means for conflict resolution and reconciliation in some 
species (Henzi and Barrett 1999, Aureli et al. 1989, Cords 1997, Preuschoft 
and van Schaik 2000). There is strong positive correlation between quality of 
relationship (measured by grooming interactions) and the tendency to 
reconcile in several primate species (Aureli 1997, Das et al. 1998 or Palagi et 
al. 2008). Individuals which groom more have a stronger tendency to 
reconciliate. In some species this relationship has been found only for 
females and not for males (Cooper et al. 2005) or was not find at all 
(Matheson 1999). However, Matheson (1999) admit that the possible reason 
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why affiliation was not detected in his study of rhesus macaques (Macaca 

mulatta) is due to the used methodology. It has been shown that social 
cohesion and stability can play a vital role in females’ lives and their 
reproductive success (Silk et al. 2006a).  

In summary, previous studies have documented that positive social 
relationships among group living individuals can reach far behind the 
directly observable interactions and that the grooming is an indispensable 
social interaction serving important functions to maintenance of social 
group. 

3. The social market

Cooperation is crucial for survival and social success of many social 
animals including humans (Barclay 2016, Noë 2017). In biological markets, 
firstly proposed by Noë and Hammerstein (1994), two classes of traders 
cooperate and exchange commodities to fulfil their mutual benefits. In other 
words, one individual offers in exchange something that is demanded by the 
other and both of them benefit from this. Nevertheless, if a given individual 
wants to cooperate with another it must possess something which is 
demanded.  

In early times of biology, ability to exchange different commodities 
was attributed only to humans as was published by Smith (1776) who 
mentioned that exchanging is common to all men, and not to be found in 
animals, literally: “nobody ever saw a dog make a fair and deliberate 
exchange of one bone for another with another dog” (Smith 1776). 
Nevertheless, biologists could observe a different act of exchanging between 
individuals in animal kingdom. The authors who firstly described clear 
exchanging between animals and who on its base proposed the label 
“biological markets” were Noë and Hammerstein (1994, 1995). Scientists 
then started to describe biological markets in wide range of species e.g.: in 
primates (Wei et al. 2013, Fruteau et al. 2009, Löttker et al. 2007), bats 
(Carter and Wilkinson 2013), meerkats (Kutsukake and Clutton-Brock 2008, 
2010) or wrasses (Adam 2010) and in wide range of situations e.g.: in 
mating markets (Wincenciak et al. 2015, Massen et al. 2012, Metz et al. 
2007),  cleaner mutualism (Adam 2010), cooperative breeders (Kutsukake 
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and Clutton-Brock 2008), grooming in primates (Balasubramaniam 2011, 
Barrett et al. 1999), nutrient exchange (Werner and Kiers 2015), or plants 
animal mutualism (Song and Feldman 2013).  

As a biological market can be labelled interactions between 
organisms in which one can recognise different classes of “traders” that 
exchange commodities, such as goods (e.g. food, shelter, gametes) or 
services (e.g. warning calls, protection, pollination) (Noë and Hammerstein 
1995, Hammerstein and Noë 2016). One of these different classes of 
“traders” is the one that offers some kind of benefits - seller (food, shelter, 
gametes, infants, protection, grooming etc.) and the second that looks for 
these benefits - client. Biological market models are dynamic, where 
individuals’ decisions vary across time according to local circumstances 
(current availability of commodities). Biological markets also explain and 
make predictions about why individuals desire to associate with particular 
partners and how they attract them. Noë and Hammerstein (1994, 1995) 
proposed that biological market runs under few assumptions: 1) individuals 
control resources or can provide a service to others, these constitute 
commodities that can be exchanged but not taken by force (it cannot be 
stolen), 2) trading partners are chosen from a range of individuals by a 
system of outbidding competition, where the aim is a maximal profit (partner 
with the best offer is winner), 3) supply and demand determine the value of 
exchanged commodities among individuals - the value of commodities is 
variable depending on circumstances and its availability.  

In summary, the principles of biological markets can be found in 
context of e.g. mating systems, cooperation among conspecifics or 
mutualisms between members of different species. Otherwise, the ability to 
demonstrate biological markets depends on various factors such as 
availability of different traders or variable circumstances. 

4. Grooming as a commodity on biological market

In primate biological market one of the most studied traded 
commodities is grooming. Grooming is considered as an important exchange 
commodity and can be traded for the same-kind service – for reciprocal 
grooming (Schino and Aureli 2008, Muroyama 1991), or for different-kind 
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services or commodities including: infant handling (Muroyama 1994, 
Gumert 2007, Yu et al. 2013, Wei et al. 2013, Tiddi et al. 2010), mating 
opportunity (Gumert 2007, Sonnweber et al. 2015), coalitionary support 
(Henzi and Barrett 1999, Ventura et al. 2006), or tolerance over food 
resources (de Waal 1997, Borgeaud and Bshary 2015).  

4.1 Reciprocal grooming 

When no other services are available for the exchange, grooming is 
predicted to be approximately reciprocated within a dyad (Wei et al. 2012). 
In principle, individuals then reciprocate grooming solely for the benefits 
that grooming itself offers (parasite removal, release of β-
endorphins/reduction of tension, coalition formation, see chapter: Grooming 
function).  

Barrett et al. (1999) proposed that grooming is a tradable commodity 
and individuals within a primate group are traders who compete with each 
other in the marketplace exchanging grooming for itself (reciprocal traders) 
or for other goods (interchange traders). It is proposed that duration of 
grooming bouts offered and returned is usually asymmetrical within dyads 
which is probably caused by a different market power of participating 
individuals (Katsu et al. 2013). Such a power can be differentiated by 
individual’s dominance status, by mutual kinship or relationship quality. 
However, Schino et al. (2003) mentioned that primate interindividual 
relationships seem more likely to be characterized by a variable mixture of 
reciprocation and interchange, and disentangling such complex web is not a 
trivial task. This means that the amount of received grooming can be 
reciprocated by the different ration of grooming and other type of benefits or 
solely by e.g. tolerance over the food source. The question is if we are able 
to fully capture all interchanges between a given individuals. Several studies 
reported that individuals groomed preferentially those individuals that 
groomed them the most but that the grooming relationship was rather 
asymmetrical (Schino and Aureli 2008, Xia et al. 2012).  

The reciprocation can also partly depend on cognitive abilities of a 
given individuals to remember their counterparts and amount of interactions 
with them (Barrett et al. 2003). There is ongoing debate over whether 
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primates keep track of previous interactions and, if so, whether they can do it 
over extended periods of time, or whether they are constrained to exchange 
grooming within a single encounter. The time lag between giving and 
receiving of services and resources is one of the crucial aspects of reciprocity 
(Gomes et al. 2009). Several authors suggested that non-human primates do 
not have cognitive abilities that would enable them to reciprocate acts on a 
long-term basis (Barret et al. 1999, Barrett and Henzi 2002, Payne et al. 
2003, Stevens and Hauser 2004). This could be a case of chacma baboons 
(Papio cynocephalus ursinus) or blue monkeys (Cercopithecus mitis), which 
reciprocated grooming rather on short term basis (Barrett et al. 2002, Pazol 
and Cords 2005). In contrast, other studies suggested that reciprocation can 
be observed rather in a longer time frame (Manson et al. 2004 - data for 
white-faced capuchins, Cebus capucinus, and bonnet macaques, Macaca 

radiata, Schino et al. 2007 - Japanese macaques, Macaca fuscata, Gomes et 
al. 2009 – chimpanzees, Pan troglodytes verus). Gomes et al. (2009) also 
suggested that grooming was reciprocated more symmetrically when 
measured on a long-term, rather than on an immediate or short-term basis. 
These authors also noted that it is unknown, whether different results of 
studies were caused due to exploring only limited time frames for 
reciprocation which then could lead to false conclusions on the time lag 
between giving and receiving, or if these results are due to the real species 
differences. Also, Sánchez-Amaro and Amici (2015) claimed that 
determining the real time frame over which exchanges take place is clearly a 
hard task, especially in primates, where species significantly differ in terms 
of ecology, demography and social structure. 

In summary, grooming reciprocation is frequently observed 
behaviour among primates with more or less species-specific differences. 
We can usually find that it has an asymmetrical distribution between 
individuals involved and that it is influenced by animal cognitive abilities. It 
will probably need other studies to fully understand underlying principles of 
reciprocation. 
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4.2 Exchange for infant handling 

In the most of primate species the mother is the main handler and 
caretaker of her infant (Nicolson 1987). However, in some species, other 
group members participate often in infant care (Barrett et al 1999, Kümmerli 
and Martin 2008, Silk 1999). It has been frequently observed that mothers 
with infants are very attractive social partners, suggesting that individuals 
exchange grooming for the access to an infant (Barrett et al. 1999). 
Exchange between grooming and infant handling has been observed in many 
primate species: e.g. in chacma baboons (Henzi and Barrett, 2002), long-
tailed macaques (Gumert 2007), spider monkeys (Slater et al. 2007) sooty 
mangabeys (Fruteau et al. 2011), or golden-snub nosed monkeys (Wei et al. 
2013).  

Many authors claim that especially new-born infants are extremely 
attractive to other group members, particularly to adult and 
adolescent/subadult female primates (Silk et al. 2003b, Silk 1999, Manson 
1999) or juveniles (Cords et al. 2010), who usually approach a mother, 
groom her and then touch, hold or groom her infant.  It is not only females 
who are interested to infants. Males can also carry and interact with infants 
and in some species this behaviour is typical in the context of male-male 
social bonding processes (Kümmerli and Martin 2008, Bauer et al. 2014, 
Kalbitz et al. 2017). According to mating effort hypothesis (Seyfarth 1978) 
males who spent the highest percentage of the time with infants achieved the 
highest mating frequencies compared to other males (Zhao 1996; Menard et 
al. 2001) and they increase their future mating success with the infants’ 
mothers. Some authors can also see male-infant interaction as a paternal 
investment (Ostner et al. 2013).  

Females’ interest in new-borns is well known but there is still a 
debate about the exact explanation of infant handling by females. Firstly, 
from observation of some species it is assumed that alloparental care may 
have been favoured by kin selection, where alloparents typically care for 
closely related infants (Owens and Owens 1984, Johnson et al. 1980, Silk 
1999) to help their mothers with infant raising when alloparents would 
simultaneously increase their own inclusive fitness (e.g. Rabenold 1985, 
Curry 1988). This could be seen in marmosets and tamarins where high 
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dispersal costs and saturated habitats create poor breeding chances and 
therefore older offspring often remain in their natal groups and care for their 
younger siblings (Lazaro-Perea et al. 2004). Moreover, Kümmerli and 
Martin (2008) found that female Barbary macaques preferred to interact with 
related mothers and their infants. Secondly, alloparental care may be a 
means to obtain the alloparent’s own parenting skills and increase their own 
future reproductive success by gaining experience with infant care (Paul et 
al. 1996). This was supported by Fairbanks (1990) who found that females 
who had more experience in caretaking and carrying infants as juveniles 
were more likely to rear their first live-born infant successfully. In contrast, 
Silk (1999) found that older experienced females were as interested in 
infants as were subadult females without any infant raising experience which 
provide only little support for the learning to mother hypothesis. Lastly, it is 
possible to find cases when alloparents harm entrusted infants thus the 
alloparenting may be seen as a form of reproductive competition (Silk 1980, 
Maestripieri 1994). Mothers can also benefit from alloparental care for their 
infants as they can increase their foraging efficiency and self-carrying 
possibilities (Silk et al. 2003b, Vogel 1984).  

The amount of time when other females can approach, and touch 
infants depends on restrictiveness of maternal style. In some species, such as 
Asian colobines, infants are frequently held and carried by other group 
members (Stanford 1992). In contrast, in some macaques, baboons, vervets, 
or mangabeys, mothers are much more restrictive of their infants (Tiddi et al. 
2010, Gumert 2007). Mostly in these species, where mothers tend prevent 
other females to access their infants, the allomothers can exchange grooming 
for infant handling. This was also probably the reason why most of “infant-
handling for grooming studies” were made on species with restrictive 
maternal style which was supported by Gumert (2007) in long-tailed 
macaques, Henzi and Barrett (2002) in chacma baboons, or Fruteau et al. 
(2011) in vervet monkeys and mangabeys. However, we can find evidence 
that biological trade of grooming and infant handling exists also in primates 
with more permissive maternal style (Muroyama 1994, Yu et al. 2013, Wei 
et al. 2013). 
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In summary, infants are very attractive to most of the group 
members. Handlers as well as mothers can profit from infant handling in a 
various way. The amount of infant handling time usually depends on 
restrictiveness of its mother which can differ among the species.  

4.3 Exchange for mating opportunities 

Grooming can be also exchange for mating opportunities. 
Specifically, in species in which males cannot coerce females to mate, males 
may attempt to interchange grooming for mating opportunity, particularly 
when females are receptive and mating opportunities are more likely to arise 
(Barelli et al. 2011).  

The value of mating can differ between both sexes and males and 
females may often have different sexual interests (Johnstone et al. 1996, 
Baldwin and Baldwin 1997). Therefore, it is expected that males and females 
express more or less different behavioural strategies in mating context. In 
humans as well as in other primates, various behavioural patterns have been 
reported between sexual partners before or after mating (Hughes and Kruger 
2011, Nishida 1997). In primates, mating is often associated with other social 
behaviours, such as grooming (Sonnweber et al. 2015), and these behaviours 
can be species or sex specific. 

Grooming in mating context can occur before or after sexual 
interaction. The majority of studies has been focused on grooming before 

the sexual interaction. For males, social grooming interaction was proposed 
as a male’s strategy to gain tolerance from a female and increase his 
probability to engage in sexual activity with her (Barrett and Henzi 2001). 
Gumert (2007) claimed that male must invest some level of effort to gain 
sexual access to a female whose will to cooperate in mating is largely based 
on the male’s ability to perform or show something that will attract her. 
Grooming can have this effect and it can increase the likelihood that female 
would prefer to mate with her male groomer over other males (Gumert 
2007). For females, we know very little about function of grooming before 
mating. Females may groom males to maintain long-term social 
relationships. These bonds could be profitable for females and their 
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offsprings because males could later protect their offspring and though 
reduce the risks of infanticide and infant mortality (Palombit 2000).  

In case of the grooming after the sexual interaction, Sonnweber et 
al. (2015) mentioned that females may benefit from grooming males to 
increase protection or to gain additional mating. Whereas males may profit 
from grooming females after ejaculatory copulation by keeping them from 
mating with another male (form of male mate-guarding) and thus potentially 
decreasing sperm competition. Li and Zhao (2007) proposed that female’s 
grooming after copulation can be also a form of female mate-guarding when 
female try to prevent other females from conception (so reduce the number 
of competitors for their own offsprings) or try to gain own offspring 
protection by males (although they do not have to be necessarily their fathers 
in some cases) (Palombit et al. 1997).  For example, male and female in 
snub-nosed monkeys (Rhinopithecus roxellana) tend to groom after 
copulations, where females initiate more post-mating grooming bouts than 
males (Li and Zhao 2007). Sonnweber et al. (2015) found that males and 
females in Barbary macaques adjust grooming initiations depending on 
copulation type, with males initiating grooming after copulations with 
ejaculation and females after non-ejaculatory mating.  

In general, many circumstances can influence grooming for mating 
strategies and female interest can extremely differ from those of males. 
Grooming partner choice can be also skewed by other factors such as 
dominance status of given individuals, age, or accessibility of demanded 
grooming partners. As one can notice grooming can be exchanged for the 
wide variety of commodities or benefits and the value of mentioned 
commodities or benefits differ in dependence on the current state of social 
market.  

4.4 Exchange for coalitionary support and tolerance over food resources 

Grooming can be profitable in many ways and if two animals 
experienced a reduction in anxiety after they groomed one another, they 
might be more likely to groom each other again in the future, tolerate each 
other near food resources or form coalitions (Molesti et al. 2015). 
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At first, exchange of grooming and support in fights among primates 
was seen only as a side-effect of correlations with other variables (Hemelrijk 
1994). Soon, it was found that grooming is often directed up the hierarchy 
and that the dominant individuals can possess some valuable commodities. 
These findings support Seyfarth’s (1977) hypothesis that grooming can be 
exchanged for different benefits and that these benefits can be rank related. 
In such a case, higher ranking animals may be preferential grooming 
partners, because they provide more efficient agonistic support, and also 
tolerance from them is more important than the one from subordinate 
animals. Lately, Seyfarth and Cheney (1984) tried to support the assumption 
with the finding that vervet monkeys attend to a vocal solicitation for aid 
longer if they had recently engaged in grooming with the solicitor. Hemelrijk 
(1994) studied interchange of support for being groomed by giving 
individuals an opportunity to support others under three conditions: 1) after 
being groomed by the other, 2) after grooming the other and 3) without prior 
grooming. She found that females provided agonistic support to other 
females significantly more often if they had received grooming from them 
than if they had not groomed each other.  

Nowadays, it is widely accepted that grooming-coalitionary support 
reciprocation truly exists (Schino 2007, Koyama et al. 2006, Schino et al. 
2007). Nevertheless, given a low rate of coalitionary support occurrence it 
can hardly be considered as an ideal candidate behaviour for investigating 

reciprocity (Tiddi et al. 2011). As emphasized by other authors, grooming 
could be more simply exchanged for tolerance over food resources than for 
coalitionary support (Sánchez-Amaro and Amici 2015, Mitani 2006, Ventura 
et al. 2006) and tolerance may represent an important (though often 
overlooked) currency that primates routinely exchange and may also have 
important fitness consequences (Tiddi et al. 2011). It is also possible that 
when the food resources are more abundant and scattered the competition 
over the food will be smaller though the grooming amount will decrease, or 
grooming will be exchanged for other commodities. 
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5. Grooming partner choice

Social grooming can be exchanged for different commodities 
dependent on their availability and momentary demand. Some commodities 
can be acquired from almost every individual such as grooming, but some 
can be gained only from specific group members e.g. mothers, individuals of 
opposite sex or dominant individuals. What individual wants or is able to 
get/give in exchange for grooming thus guides his/her choice of grooming 
partners. 

Traditionally, grooming has been considered to be an altruistic 
behaviour that is costly to the groomer (e.g. lost time and energy) and 
beneficial to the recipient - groomee (e.g. parasite removal or stress 
reduction) (Henzi and Barrett, 1999). The time and energy spend with 
grooming could be devoted to foraging, vigilance or finding a mate. 
Therefore, individuals are expected to select a groomee who will be worth 
investing in, who may reciprocate the service and/or provide alternative 
benefits. The literature offers several theories explaining observed patterns 
of grooming partner choice in primates and explaining, how the partner 
choice enhances individual fitness in both female (Silk et al. 2003a, Silk et 
al. 2010) and male primates (Schülke et al. 2010). 

5.1 Kinship 

Nowadays, we can find lots of studies were kins are preferred over 
the non-relative individuals during the grooming or other interactions (Silk 
2002a, Schino and Aureli 2008, Johnson et al. 2013). In early times of 
ethology, however, such a behaviour wreaked havoc during the 
interpretation of mutualistic relationships. There was no expectation that 
among animals can be found behaviour that is costly to actors and beneficial 
to recipients and that such a behaviour can be differently distributed among 
individuals.  

The first explanation has been suggested by Hamilton (1964). He set 
the Hamilton’s rule (rB > C, where r is coefficient of relatedness, B is benefit 
of recipient, C is cost of actor) providing an explanation for the evolution of 
altruism via kin selection. Kin selection may influence social interactions in 
a way that acts to increase an individual’s inclusive fitness. Moreover, it can 
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shape the evolution of social organization, reproductive strategies, or social 
behaviour. 

The support for this theory has been provided by Schino and Aureli 
(2008) who in their meta-analysis found that in 22 different primate species 
grooming is directed preferentially to related individuals and are more 
frequent among the maternal relatives. The ability to distinguish relatives 
probably shapes altruistic behaviour in primates. There was a general 
assumption that primates could better recognize their maternal kin over their 
paternal kin (Silk 2002a). This was explained by the fact that subadult 
animals usually stayed around their mothers even some time after the 
weaning, so they could meet and coexist with her new infant, their sibling.  

Early association may also provide an efficient mechanism to learn to 
recognize maternal kin, but not for identifying paternal kin (Schino 2001). 
Paternal kins even do not have to meet each other on regular basis as 
mothers can be from a different hierarchical level or even from neighbouring 
groups. Moreover, there may be considerable uncertainty about paternity in 
the most of primate species. Many species are polygynandrous - females 
mate with multiple males, but even in monogamous species (gibbons, titis) 
or one-male groups (patas, blue monkeys) females can mate with non-
resident/outgroup males (Palombit 1994, Reichard 1995). Nevertheless, there 
is necessity to avoid inbreeding to maximize reproductive success and 
therefore it is desirable to distinguish close relatives (Alberts 1999). More 
recent studies reported the ability of primates to recognize also paternal 
siblings (Widdig et al. 2001, Silk et al. 2006b, Charpentier et al. 2006) and 
several possible mechanisms have been proposed how primates can 
distinguish paternal relatives, such as via olfactory (Smith and Abbott 1998 – 
scent marks, Wedekind and Furi 1997 - MHC), visual (Parr et al. 2010) or 
even behavioural cues (Widdig et al. 2001). According to some studies 
(Widdig et al. 2006), females support and groom maternal half-sisters 
significantly more often than paternal half-sisters or non-kin regardless of 
the costs associated with such interventions. Widdig et al. (2006) also found 
clear evidence for paternal kin discrimination in their study but admitted that 
patterns of social activity among paternal kins were quite complex and other 
studies were necessary to fully understand this subject. 
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In summary, kinship seems to have a broad impact on primate’s 
social life and discrimination over the close relatives can play an important 
role in life success of a given individuals. Maternal relatives seem to be 
better recognized and preferred over the paternal relatives. 

5.2 Dominance hierarchy 

Another factor affecting distribution of grooming is dominance 
hierarchy. In social living animals, competition over resources inevitably 
exists and to avoid potentially dangerous encounters and injuries the social 
hierarchy evolved in many species. Dominant-subordinate relationship is 
then possible to define as a dyadic relationship that is characterized by an 
asymmetric distribution of power (Preuschoft and van Schaik 2000).  

Grooming of high-ranking individuals can lead to acquiring benefits 
such as tolerance over food sources (Ventura et al. 2006, Borgeaud and 
Bshary, 2015) or agonistic support during conflict between individuals 
(Schino et al. 2007, Scihno 2007). Given that grooming with high ranking 
individuals is thus more profitable that grooming with low ranking partner. 
Moreover, dominant individuals can become a valuable “commodity” on 
itself. Individuals then can compete for access to the dominant partner by 
raising the price they are willing to pay (Frank and Silk 2009). Tiddi et al. 
(2012) proposed that high ranking females experience the least competition 
for preferred partners. On the other hand, middle-ranking females have fewer 
opportunities to access higher-ranking grooming partners because they are 
out-competed by higher-ranking females. Thus, it can be predicted that 
middle-ranking females would direct most of their grooming to other 
middle-ranking females. For the same reason, low-ranking females are 
limited to direct most of the grooming to other low-ranking females. The 
result of this mechanism is that females direct their grooming up the 
dominance hierarchy and that most grooming occurs between females of 
adjacent ranks (Singh et al. 2006, Tiddi et al. 2012), exactly as hypothesized 
by Seyfarth (1977) in his model for social grooming.   

It was found that in socially living cercopithecoid primates, grooming 
distribution is in general greatly influenced by dominance status (Gumert 
2007, Schino 2007, Ventura et al. 2006). Grooming is usually directed up the 
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hierarchy (Schino 2001, Schino 2007, Nakamichi and Shazawa 2003, 
Gumert and Ho 2008). In contrast, recent reviews suggested that grooming 
asymmetries could change with social system and ecological conditions and 
should reflect asymmetries in services provided by different group members 
(Lazaro-Perea et al. 2004). For example, an absolutely opposite trend in 
grooming distribution (more grooming directed down the social hierarchy) 
was found in many studies of New world monkeys (Lazaro-Perea et al. 2004, 
Parr et al. 1997). Lazaro-Perea et al. (2004) suggested that, in cooperatively 
breeding systems, breeding females may use grooming as a payment for 
helper females to stay in the group. Such a situation could be better 
explained by the model proposed by Henzi and Barrett (1999) who 
suggested that grooming is a currency that is exchanged between group 
members. They predicted that grooming should be reciprocated within a 
dyad when no other services are being exchanged. However, when different 
partners within the dyad offer different services, the amount of grooming 
given should decrease as the other services offered increase. When dominant 
individuals have less to offer to subordinate ones (when there is a low level 
of resource competition), grooming asymmetry between dominant and 
subordinate decreases.  

In summary, dominance status is an important factor for socially 
living animals and influences the choice of social partners. However, 
grooming distribution is also influenced by the social system, ecological 
conditions, relatedness, friendship etc. which make the situation more 
complex and sometimes it is very difficult to distinguish the power of 
individual factors. 

5.3 Relationship quality 

Quality of social relationship between group members can broadly 
influenced distribution of grooming. Good social relationship between group 
members may provide fitness benefits such as better access to food, 
protection from enemies or predators, reduced risk of infanticide, or better 
access to mating opportunities (van Schaik and Horstermann 1994, van 
Schaik and Janson 2000, Silk et al. 2003b, Shülke et al. 2010). Health 
consequences and reproductive advantages suggest that quality of social 
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relationship has adaptive benefits (Brent et al. 2014). Despite these facts, 
relationship quality seems to be still underestimated and understudied factor. 

The first who identified relationship quality as an important factor 
influencing the life of socially living animals was Kummer (1978) and soon 
after also Hinde (1979). Later, the relationship quality was considered 
analogous to human friendship (Silk 2002b). Kummer (1978) and Hinde 
(1979) measured the power of the relationship by frequency of observed 
behaviour (e.g. grooming, reconciliation). In a similar manner, the 
relationship quality was described in many other studies (Palombit et al. 
1997, Silk et al. 2010, Moscovice et al. 2010). In some authors, the most 
popular method for measuring relationship quality is grooming between 
individuals (e.g. Silk et al. 2006a, McFarland and Majolo 2011). 
Nevertheless, in studies where grooming is one of the observed variables 
different measures as coalitionary support (Silk et al. 2004), approach 
(Cooper et al., 2005), mutual contact (Call et al. 1999), mutual contact and 
proximity (Cords 1997) or the combination of these behaviours (Palombit et 
al. 1997, Koski et al. 2007, Majolo et al. 2010, McFarland and Majolo 2011) 
were used to measure the quality of social relationship. 

Cords and Aureli (2000) suggested that social relationships are likely 
to be asymmetrical in a dyad, because two partners are not equally valuable 
to a given individual and that a social relationship is very likely to be 
asymmetrical in a dyad. They also described relationship quality by three 
main components: value, security and compatibility. Where value is what 
the subject gains from her or his relationship with a partner, which depends 
on what the partner can offer (grooming, tolerance around food etc.); 
security is the probability that the relationship with the partner will not 
change over time; and compatibility is the general tenor of social 
interactions in a dyad. Cords and Aureli (2000) demonstrated their “three-
component concept” on reconciliation tendencies between dyads. The 
reconciliation tendency with more valuable partner is higher than with less 
valuable partner. When social partners are valuable, unsecure relationships 
are in greater need for repair after aggressive conflict because their stability 
is more endangered. Moreover, the reconciliation between individuals who 
more often interact in non-antagonistic ways, may be easier because, they 
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usually interact in affiliative manner, and so it is familiar to both of them. 
Assessment of relationship quality between individuals suggested by Cords 
and Aureli (2000) is very complex and due to its quite difficult evaluation 
and necessity for a complex dataset this framework was followed only by 
few authors (McFarland and Majolo 2011, Rebecchini et al. 2011, Majolo et 
al. 2010, Fraser and Bugnyar 2010, Fraser et al. 2008). 

In summary, quality of social relationship is not equally distributed, 
that is why some dyads interact in affiliative way more often than others 
(Cords 1997). Strong relationships (friendship, bonds) are advantageous in 
several ways: e.g. male allies can improve their competitive ability and 
reproductive success, females with the strongest and most enduring bonds 
experience less stress, higher infant survival, or live longer. Good social 
relationship obviously has an important influence on individual’s fitness.  

6. Barbary macaques

Macaques are medium-sized primates belong to the family 
Cercopithecidae. They are the most geographically widespread primate 
genus (Thierry et al. 2000) and inhabit the wide variety of habitats that 
spread from west Morocco to Japan.   

Barbary macaques is the only primate species that can be found north 
of the Sahara Desert in Africa and the only species of the genus “Macaca” 
that lives outside of Asia (Butynski et al. 2008). There is also population of 
Barbary macaques living in Gibraltar that is, however, supposed to be non-
native (Fooden 2007). The Barbary macaques inhabit places between 400 
and 2300 meters above the sea level and they can be found in a mixed cedar-
oak (Cedrus atlantica, Quercus ilex) and oak only forests (Quercus faginea, 

Quercus afores), shrubs, grassland and rocky places (Fooden 2007). This 
species inhabits the Rif, the Middle and High Atlas Mountains in Morocco 
and parts of the Tellian Atlas in Algeria (Menard and Vallet 1993; 
Scheffrahn et al. 1993). Barbary macaques are categorized as a granivorous 
and folivorous species with occasional eating of lichens, mushrooms, or 
insects (Thierry 2000; Menard 2002). Like other macaques, they typically 
form multimale/multifemale troops with a strong matrilineal hierarchy where 
the sex ration is skewed in favour of females. Females stay in their natal 
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group and form matrilineal sub-groups with their relatives (Thierry 2000, 
2007). The troop typically consist of 40 individuals on average. Macaques 
have a promiscuous mating system, breed once per year and usually have 
one infant (Thierry, 2007). The mating season starts in November (Rowe, 
1996) and lasts for the next few months.   

It was found, that macaque’s species differ in a degree of 
aggressive/affiliative interactions. These differences were broadly described 
by Thierry (1990, 2000, 2007) who divided macaques into a 4-grade scale. 
The grade 1 was described as the most despotic (e.g. M. fuscata, M. 

mulatta), the less despotic species can be found in grade 2 (M. fascicularis, 

M. nemestrina) and the most tolerant species are in grade 3 (e.g. M. sylvanus,

silenus) and grade 4 (e.g. M. nigra, M. maura). Through the grades the
power of aggressive interactions decreases and the amount of affiliative
behaviours increase (from grade 1 to grade 4). The steepest dominance
gradient and the most asymmetrical interactions can be found in species
from grade 1 where grooming is directed mainly up the hierarchy and
individuals tend to interact mainly with kins. On the other hand, in
egalitarian macaque species Thierry (1990) found that dominance has a less
influence on the distribution of grooming and that individuals interact in a
more relaxed manner.

Barbary macaques are geographically and phylogenetically separated 
from the other macaque species (Liedigk et al. 2014). They are classified as 
a relatively egalitarian species and it is supposed that social interactions 
between individuals should be more symmetrical than in the species from 
grade one who are the most studied species. They are known for intensive 
infant handling by other group members (especially males), females are 
more permissive to infant handling in comparison to species from despotic 
groups (Maestripieri 1995). 

The most of previously published studies focused on grooming in 
macaque species were done on species from grade 1 (e.g. M. fuscata, M. 

mulatta). However, less studies observed species from grade 2 (M. 

fascicularis, M. nemestrina) and the most tolerant species from grade 4 (e.g. 
M. nigra, M. maura). Researches focused on behaviour of the species from
grade 3 (e.g. M. sylvanus, silenus) are very scarce. Barbary macaques (from
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grade 3), in comparison with some other macaque species, are quite unique 
in some traits (e.g. very sexually active females, intensive infant handling by 
other group members, strictly seasonal breeding). That make them very 
attractive species for testing hypotheses focused on grooming functions or 
grooming preferences and their general validity through the genus Macaca. 
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ABSTRACT 

Grooming in primates is often explained as a “currency” that can be 
exchanged for other “services” or “commodities”, such as reciprocal 
grooming, coalitionary support, infant handling, tolerance around food 
sources, active food sharing, or mating opportunities. Previous studies in 
primate grooming-for-sex exchange tend to view the males as the demanding 
class, while females supply mating opportunities. In this study, we have 
examined the broad context of the grooming-for-mating interchange in 
Barbary macaques in Gibraltar. Our data show that Barbary macaque males 
groom females with whom they were mating more frequently and for longer 
periods of time, and the relationship between grooming and mating remains 
significant regardless of the context, either sexual or non-sexual. In addition, 
the females also groomed males with whom they were mating more 
frequently and for longer periods of time. In both sexes, grooming was 
observed to be far more frequent and longer in the sexual, compared to the 
non-sexual context. We did not find any difference between grooming 
behavior in the presexual and postsexual context. The simple model, which 
would describe Barbary macaque males as the sex that uses grooming as 
payment for mating, cannot fully explain the observed behavioral patterns. It 
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rather appears that the significant correlation between grooming and mating 
in this species is mediated through longer-lasting behavioral bonds between 
two individuals, and that both sexes benefit from, and invest in, this social 
bond. 

Keywords: grooming, sexual activity, mating, male-female relationship, 
exchange 

RESEARCH HIGHLIGHTS 

Grooming and mating are exchanged over long and short timescales in 
Barbary macaques; long-term relationships between sexes underlie the 
patterns. 

Female and male grooming behaviors are similar; ‘payment for sex’ 
hypothesis cannot explain the former. 

Tweetable Summary 

Both sexes initiate grooming before and after sexual activity in Barbary 
macaques. 

INTRODUCTION 

Social grooming is one of the most common forms of affiliative 
behavior among various animals, and one which has been particularly 
frequently observed and studied in primates (Sparks, 1967; Dunbar, 1991; 
Schino, 2001). There is a widely accepted view that grooming in many, if 
not most primates serves a dual function of being both hygienic and social 
(Dunbar, 1991). The hygienic function lies in removal of dirt, dead skin and 
ectoparasites, and maintaining the pelage in good condition and in a 
functional state (Sparks, 1967; McFarland et al., 2016). However, there is 
less consensus among authors as to the social function of grooming (Cooper 
& Bernstein, 2000; Lehmann, Korstjens, & Dunbar, 2007; Dunbar, 2010; 
Guan et al., 2013). 

One hypothesis to explain the social function of grooming is the 
model of the biological market (Noë & Hammerstein, 1994). This model 
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considers grooming as a “currency” that can be exchanged for other 
“services” or “commodities”. The hypothesis of behavioral exchange is 
consistent with the idea of the dual function of grooming, which is valuable 
per se due its hygienic function, yet can be also used as a social tool to 
obtain other benefits. In primates, these commodities may include reciprocal 
grooming (Schino & Aureli, 2008), coalitionary support (Ventura, Majolo, 
Koyama, Hardie, & Schino, 2006; Schino, di Sorrentino, & Tiddi 2007), 
infant handling (Muroyama, 1994; Gumert 2007a; Yu, Xiang, Yao, Grueter 
& Li, 2013), tolerance around food sources (Borgeaud & Bshary 2015), 
active food sharing (de Waal, 1997), or mating opportunities (Gumert, 
2007b). 

While the idea of such behavioral exchange dates back several 
decades, the model of the biological market makes it much more specific by 
introducing the concept of market forces, based on supply and demand laws, 
as an underlying principle of the exchange. Besides applying the key concept 
of supply and demand, the biological market model also clarifies the role of 
dominance rank in shaping the patterns of the exchange. While the previous 
model proposed by Seyfarth (1977) stressed the role of competition for 
grooming partners as an important mechanism leading to patterns of 
hierarchical and adjacent rank-based grooming (Schino, 2001), the biological 
market model considered grooming as a free market commodity (Noë & 
Hammerstein, 1994). Instead of by coercion, competition is resolved by 
outbidding, i.e. by offering a higher price. The higher-ranking partners, who 
offer more valuable services, such as tolerance or possibly coalitionary 
support, receive more grooming. Furthermore, they also pay less when 
trading grooming for other benefits, such as mating or infant handling, as 
demonstrated by Gumert (2007a; 2007b) in long-tailed macaques (Macaca 

fascicularis). 
While studies that simply considered behavioral exchange of 

grooming for other benefits showed relatively consistent results, the more 
specific concept of market forces highlighted numerous inconsistencies 
among them. These discrepancies have been hotly debated in a series of 
papers (Sánchez-Amaro & Amici, 2015; Dunayer & Berman, 2016; Kaburu 
& Newton-Fischer, 2016; Sánchez-Amaro & Amici, 2016). It is becoming 
apparent that broad patterns showing exchange of grooming for other 
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benefits may actually combine several different behavioral mechanisms, 
which operate on different time scales and are underlain by different 
behavioral and cognitive mechanisms. For example, grooming-for-grooming 
exchange (reciprocity) in chacma baboons (Papio ursinus) has been 
documented on the level of single interactions (grooming bouts), which 
suggests existence of cognitive mechanisms that “calculate” both partners’ 
contributions (Barrett, Henzi, Weingrill, Lycett, & Hill, 1999). In contrast, 
Massen et al. (2012) argue for a different underlying mechanism of 
grooming-for-mating exchange in rhesus macaques (Macaca mulata), which 
instead operates on relatively long time scales, and is based in formation of 
longer-term social relationships or bonds.  

The relationship between grooming and sexual behavior has been 
demonstrated by several studies in primates. In chimpanzees (Pan 

troglodytes, Hemelrijk, van Laere, & Van Hooff, 1992) and Hamadryas 
baboons (Papio hamadryas, Colmenares, Zaragoza, & Hernández-Lloreda, 
2002), females’ sexual swellings reflect the higher chance of conception 
(Nunn, 1999), and in these species the males groom the swollen females 
more than non-swollen females. In contrast, there is no such correlation in 
long-tailed macaques, where sexual swelling in females does not seem to 
reflect their fertility (Gumert, 2007b). In chimpanzees (Hemelrijk et al., 
1992), bonnet macaques (Macaca radiata, Kurup, 1988) and long-tailed 
macaques (Gumert, 2007b), grooming is often followed by copulation, and 
males more frequently groom females they then mount. In addition to 
showing the relationship between grooming and mating, the study by 
Gumert (2007b) on long-tailed macaques also provided clear evidence that 
market forces are involved in observed patterns. He showed that the amount 
of grooming given by the male to the female in the mating context depended 
on the number of fertile females available; in other words, it reflected the 
supply of the commodity grooming was being traded for. 

Several studies on other macaque species have found results that may 
be seen as contradictory with Gumert’s (2007b) findings on long-tailed 
macaques. For example, although Massen et al. (2012) found a correlation 
between grooming and mating in captive rhesus macaques, even for 
grooming interactions that preceded and followed the mating season, there 
was no such correlation for grooming during the female’s fertile days. In 
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fact, the authors did not observe any grooming in mating contexts in this 
study. Similarly, Cooper and Bernstein (2000) did not observe any clear 
grooming-for-mating interchange in their study on grooming in Assamese 
macaques (Macaca assamensis). 

Previous studies in primate grooming-for-sex exchange tend to view 
the males as the demanding class, while females supply mating opportunities 
(Massen et al., 2012; Gumert, 2007b). This reflects the long-recognized 
(since Darwin, 1871) fact that the typical male reproductive strategy is to 
maximize mating opportunities, while the typical female reproductive 
strategy is to choose the best sire for her offspring. However, this may be an 
oversimplification; studies have found that there can also be value in 
multiple copulations for females, especially when mating opportunities are 
limited (Sommer, 1989) or in cases where mating serves to confuse paternity 
of the future offspring (Nunn, 1999). Barbary macaque females, for example, 
have been described as highly sexually assertive, taking an active role in 
initiation of sexual contact with multiple males and mating ca. every 30 
minutes during their fertile days (Kuester & Paul, 1992). In addition, more 
than two commodities of value to females may be traded during the 
grooming-for-mating exchange, such as tolerance, protection, and 
paternalistic behavior toward the female’s future offspring (Sonnweber, 
Massen, & Fitch, 2015). Together, these findings make it difficult to assign 
the two sexes to simple roles of a supplying and demanding class. 
Furthermore, both being groomed as well as being a groomer may be 
intrinsically rewarding; studies have found animals to actively seek the 
opportunity to groom, sometimes even engaging individuals of a different 
species or inanimate objects. Positive short-term physiological impacts of 
being a groomer have also been demonstrated (Falk, 1958; Aureli & Yates, 
2010; Russel & Phelps, 2013). 

Finally, and perhaps most importantly, previous studies of the 
grooming-for-mating interchange have often strictly focused on predictions 
of the grooming-for-mating market model, ignoring broader aspects of 
behavior which are less easily explained. For example, observations show 
that grooming occurs not only before, but also after mating (Barbary 
macaques, Sonnweber et al., 2015); that the grooming preferences of mating 
partners are observed even outside the mating context, and even after 
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cessation of the mating season (rhesus macaques, Massen et al., 2012); and 
that both sexes may be actively involved in grooming within the context of 
mating (Barbary macaques, Sonnweber et al., 2015). Together, these 
observations suggest that the biological market model, which is based on the 
narrow assumption that males are the demanding sex that instigate the 
grooming for mating exchange, provides a rather incomplete description and 
interpretation of the behavioral mechanisms involved in grooming and 
mating interactions. 

In this study, we have examined the broad context of the grooming-
for-mating interchange in free ranging Barbary macaques. We tested the 
relationship between grooming and mating during the mating season in both 
immediate (sexual) and non-immediate (non-sexual) context. Within the 
immediate sexual context we considered trends in both pre-sexual and post-
sexual grooming. We analyzed grooming behavior, as well as effect of rank 
on this behavior, in both sexes. Based on a simple grooming-for-mating 
hypothesis, where males employ grooming as a currency to pay females for 
mating opportunities, we expected the grooming-for-mating interchange to 
be detectable only in mating contexts and, more specifically, before sexual 
activity. Based on this hypothesis, we also expected that this pattern would 
be shown only for grooming interactions initiated by males, not for those 
instigated by females.  Similarly, the effect of dominance on grooming 
behavior should differ between sexes and should be more apparent in males 
as they are the sex that initiates grooming trades. Deviations from this basic 
pattern would suggest that there is a more complex mechanism involved in 
the grooming-for-mating behavioral interchange. 
 
METHODS 

Ethical statement 

This study was fully observational, non-invasive, and adhered to the 
legal requirements of Gibraltar. Approval to conduct the study was granted 
by the Animal Care Appointee of the Gibraltar Ornithological and Natural 
History Society (GONHS). All applicable international, national, and/or 
institutional guidelines for the care and use of animals were followed. 
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Study subjects 
The study was conducted in the Apes’ Den troop of Barbary 

macaques (Macaca sylvanus) living in Upper Rock Natural Reserve, 
Gibraltar. This group is provisioned daily by the Gibraltar Ornithological 
and Natural History Society (GONHS) and visited by tourists. At the 
beginning of the study the group included 17 adult females (age from 3 to 26 
years; mean = 11.2) and 6 adult males (age from 7 to 18 years; mean 
= 10.5) (age data provided by GONHS) and up to 15 juveniles and infants. 
During the second season, 3 new males (2 sub adult and 1 young adult male; 
age data not available) immigrated into the troop and 7 infants were born. 
All adult macaques were individually recognized and well-habituated to the 
presence of human observers (for more details on the study site and subjects 
see Konečná, Weiss, Lhota, & Wallner, 2012). 

Behavioral data collection 

Behavioral observations were collected during two study periods 
(season 1: November 2007 to February 2008; season 2: October 2008 to 
February 2009) that corresponded with two mating seasons. All focal 
animals (17 females and 9 males) were observed using two methods of data 
collection at the same time: focal individual continuous sampling (30 
minutes focal period) and focal instantaneous sampling (in 2 minutes 
intervals) (Altmann, 1974). Data collection was equally distributed among 
individuals within each day (from 8:00 to 18:00) and across the entire 
season. Behaviors were recorded according to an ethogram, which 
included over 50 items selected from previous studies (Dolhinow, 1978; 
Berman, Ionica, Dorner, & Li, 2004). Two observers (MK and VR), 
experienced in the using of the behavioral ethogram, collected all data used 
in this analysis. Before beginning data collection, the two observers reached 
93% reliability in simultaneous observations of a given individual. All 
behaviors analyzed in this study are listed in Table 1. While focal animal 
sampling leads to fewer observed interactions, it provides a less biased 
representation of interactions than other techniques (such as ad libitum or all 
occurrence sampling), which could bias the data toward more visible, central 
or dominant individuals (Altmann, 1974). Avoiding this bias is especially 
important when observing sexual activity. 
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Grooming behavior 

Observers recorded the start and end time of grooming behavior, 
direction of the interaction, and identity of the social partner. The grooming 
interaction was considered terminated if it stopped for 20 seconds or more. If 
grooming was reciprocated (the previous groomer became the groomee or 
vice versa) this new grooming interaction was not included in the data 
analysis. Interactions terminated by a third party (another animal, tourist, 
etc.) were also excluded. 
Sexual behavior 

Following previous studies (Gumert, 2007b), three types of 
sexual behavior were recorded and analyzed in this study: copulation, genital 
inspection and present (for definitions see Table 1). Hereafter, we refer to 
these behaviors broadly as sexual activity. 

Table 1: List of behaviors and their definitions used for analyses. 
Grooming An animal grooms the hair of the other, watching the 

groomed place on the other’s body and using its fingers 
or mouth. It may or not pick up particles.  

Displacement One animal in any way (threat, attack or target 
approach) drives away another individual from a 
location or resource (place, shade, food, partner). 

Copulation An animal mounts the other with sexual intention; 
activity is quite long and complete and is not only 
indicative (as in mount behavior).  

Genital 

inspection 
Olfactory/visual/manual examination of another 
individual's genital area.  

Present Body is stretched, hindquarters are elevated toward the 
partner, and the upper part of the body is crouched. 
May or may not be connected with other gestures.   

Dominance hierarchy 

The separate dominance hierarchy among 17 females and 9 males was 
assessed on the basis of dyadic displacement interactions between pairs of 
observed individuals. Sociometric matrices were assembled using the 
displacement interactions to compute the dominance hierarchy during each 
season. This approach is based on a documented pattern of acceptance of 
subordinate positions by displaced individuals (Hinde, 1978). A linearity 
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index, h´(computed in MatMan 1.1.4; Noldus 2003) (de Vries, Netto, & 
Hanegraaf, 1993), was used to assess linearity of the dominance hierarchy. 
All hierarchies were linear, and outcomes of interactions were highly 
consistent with the existing hierarchies (for details see Konečná et al. 2012). 
Individuals were then ranked based on their normalized David’s score (NDS) 
(Gammell, de Vries, Jennings, Carlin, & Hayden, 2003). 

Data analysis 
Preparation of datasets 

We aggregated all grooming and sexual interactions recorded over 
the study period to ask whether the frequency of sexual activity within a 
particular dyad could predict grooming behavior over the long term, and if 
this depends on the sex of the groomer. In this model we did not consider if 
and how grooming was related to sexual interactions in a given observation. 

Second, we explored the data in more detail to ask if grooming is 
exchanged in a more immediate, or short-term time frame. We only included 
grooming interactions with information on which behaviors occurred during 
3 instantaneous samples before and after that particular grooming interaction 
(approx. 6 min before/after).  This method results in a 12-minute total sexual 
time frame of observation and is within ranges used in previous studies 
(15min: Colmenares et al., 2002; 10 min: Gumert, 2007b; 5 min: Tiddi, 
Aureli, Schino & Voelkl, 2011). We differentiated grooming interactions as 
non-sexual (no sexual activity occurred before or after the grooming) and as 
two types of sexual grooming: pre-sexual (grooming occurred before sexual 
interaction) and post-sexual (grooming occurred after sexual interaction). If 
the grooming occurred before and continued after a sexual interaction, we 
classified it as both pre- and post-sexual. We asked if non-sexual, as well 
as sexual grooming behavior is related to the sexual interactions of a given 
dyad. We also explored whether patterns of grooming interaction differ in 
relation to sexual context and asked if grooming activity is higher before 
(pre-sexual), after (post-sexual) or outside of (non-sexual) 
sexual interactions. 

Statistical analysis 

We analyzed the data using linear mixed effect models (LMMs) 
using the package nlme (Pinheiro, Bates, DebRoy, & Sarkar, 2018) in R 
3.3.1. Grooming as a response variable was represented either as grooming 
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rate (the sum of grooming acts when X grooms Y divided by the total time 
of observation of the two individuals) or grooming time (the sum of 
grooming time when X grooms Y divided by the total time of observation of 
the two individuals). All grooming data were log transformed to increase 
homogeneity. In models based on time-sequenced interactions, the number 
of grooming interactions in sexual (pre- or post-sexual) and non-sexual 
contexts were divided by the amount of time the individuals spent in a given 
context (defined by 6 minutes before or after sexual activity).  The identity 
of individual male and female macaques was always included as a random 
factor.  

First, we ran models based on our complete dataset (for the list of 
models see Table 2). Next, we split each dataset into two subsets on the basis 
of groomer sex, resulting in datasets that included either grooming initiated 
by males or grooming initiated by females. We followed this approach 
despite having sex as one of the fixed factors in the complete models for two 
reasons: our relatively small sample size (especially number of males), and 
to enable direct comparison with previous studies that generally only include 
grooming interactions initiated by one sex (e.g. Gumert, 2007b). 

With all datasets, we first fit the full model with grooming rate or 
grooming time as a response, sexual activity rate, sex of the groomer (for 
models including grooming initiated by both sexes), season, male and female 
ranks as fixed variables, and macaque identity as a random factor. The final 
model selection was performed using the drop1 function, and variables were 
included in the final model on the basis of their LRT and p-value (to be able 
to evaluate possible trends, variables with p < 0.1 were included). The 
significance of individual variables in the final model was then tested using 
the confint function. 
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Table 2. List of questions and characteristics of the corresponding models 
based on complete datasets: 

Main question Dataset  Responses  Fixed variables  

Is grooming predicted 
by sexual activity over 
the long term?  

all 
interactions  

Grooming 
rate or time  

sexual activity rate, sex 
of the groomer, season, 
male rank, female rank  

Is grooming in sexual 
contexts predicted by 
sexual activity?  

time-
sequenced 
interactions 

Grooming 
rate or time 
in sexual 
contexts  

sexual activity rate, sex 
of the groomer, season, 
male rank, female rank  

Is grooming in non-
sexual contexts 
predicted by sexual 
activity?  

time-
sequenced 
interactions 

Grooming 
rate or time 
in non-
sexual 
contexts  

sexual activity rate, sex 
of the groomer, season, 
male rank, female rank  

Does grooming occur 
more before-, after-, 
or outside sexual 
interactions? 

time-
sequenced 
interactions 

Grooming 
rate or time  

context of interaction 
(pre-, post- or non- 
sexual), sex of the 
groomer, season, male 
rank, female rank  

Note: Male and female identity was always included as a random factor. 
 
RESULTS 

Descriptive results 

Grooming. We collected ca. 900 hours of focal observation data, 
with a mean of 15.42 (±0.38 SD) hours/individual in season 1 and a mean of 
13.42 (±1.12 SD) hours/ individual in season 2. We recorded 954 grooming 
interactions among males and females (461 in season 1 and 493 in season 
2) from which 435 (45.6%) of grooming interactions were initiated by 
females (180 in season 1 and 255 in season 2) and 519 (54.4%) 
were initiated by males (281 in season 1 and 238 in season 2). When the 
groomer was female, the number of grooming interactions/female ranged 
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from 12 to 73, with an average of 25.59 interactions. When the groomer was 
male, the number of grooming interactions ranged from 4 to 111, with an 
average of 57.67 interactions. 

The total number of grooming interactions that could be classified 
according to context (pre- and post-sexual; non-sexual) was 
359. The total number of sexual grooming interactions was 242, while 117 
occurred in non-sexual contexts. Within sexual grooming interactions, the 
number of pre-sexual grooming interactions initiated by females ranged from 
1 to 7, with an average 2.41 interactions/female. The number of pre-
sexual grooming interactions initiated by males ranged from 1 to 16, with an 
average of 5.11 interactions/male. The number of post-sexual grooming 
interactions initiated by females ranged from 1 to 12, with an average 
5.53 interactions/female. The number of post-sexual grooming 
interactions initiated by males ranged from 1 to 22, with an average of 
12.56 interactions/male. 

Sexual activity. We recorded 1295 sexual interactions among males 
and females (564 in season 1 and 731 in season 2) from which 386 were 
copulations (171 in season 1 and 215 in season 2). The number of sexual 
interactions/female in season 1 ranged from 2 to 71, with an 
average 33.2/female, and in season 2 ranged from 13 to 111 with an 
average 43 interactions/female. The number of sexual interactions/male in 
season 1 ranged from 49 to 128, with an average 94 interactions/male, and in 
season 2 ranged from 46 to 153 with an average 81.2 interactions/male. 
 
Results of LMMs 

The results of the LMMs were very similar with either grooming rate 
or grooming time as response variables. Thus, we present only results of 
models based on grooming rate (for results based on grooming time see 
Supplementary material S1). 

 
Is grooming predicted by sexual activity over the long term? 

The only predictor of grooming rate selected for in the final model 
was sexual activity. The more sexual activity that occurred within a given 
dyad, the more often that pair groomed each other. This was the case in both 
a model based on the complete dataset, as well as in models with interactions 
initiated by a male or a female only (Table 3). 
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Table 3.  Results of LMMs testing the effect of selected variables on 
grooming rate. 

Model Selected predictors  Estimate SE 95% CI 

Complete sexual activity 6.614  0.496  5.615  7.588  

Male initiated sexual activity 5.833  0.675  4.476 7.157 

Female initiated   sexual activity 7.460  0.660  6.151  8.745 

Variables with values in bold had significant effects on grooming rate, based 
on their 95% CI. 

Is grooming in non-sexual contexts predicted by sexual activity? 
Sexual activity was the only predictor selected for in the final models 

of grooming rate in nonsexual contexts. Higher sexual activity in a given 
dyad predicted a higher rate of grooming interactions between those 
individuals outside of the sexual context, and this effect was independent of 
the sex of the groomer (Table 4). 

Table 4. Results of LMMs testing the effect of selected variables on 
grooming rate in non-sexual context.

Model Selected predictors Estimate  SE 95% CI 

Complete sexual activity 1.566 0.350 0.871 2.255 

Male initiated sexual activity 2.074 0.493 1.066 3.059 

Female initiated sexual activity 1.159 0.467 0.241 2.075 

Variables with values in bold had significant effects on grooming rate based 
on their 95% CI. 

Is grooming in sexual contexts predicted by sexual activity within a 

particular dyad? 
Sexual activity was selected as a predictor for grooming rate in 

sexual context. Higher rates of sexual activity in a given dyad was related to 
higher rates of grooming interactions in sexual contexts. Moreover, in 
models of grooming interactions initiated by females, high-ranking females 
groomed less often in sexual contexts than low-ranking females (Table 5).  
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Table 5. Results of LMMs testing the effect of selected variables on 
grooming rate in sexual context. 

Model  Selected predictors  Estimate  SE  95% CI  

Complete sexual activity  7.716   0.756   6.228   9.191   

Male initiated  sexual activity  8.819   1.038   6.782   10.853   

Female initiated  sexual activity  7.248   1.121   5.047   9.428   

female rank  -0.479  0.239  -0.951  -0.008  

Variables with values in bold had a significant effect on grooming rate based 
on their 95% CI. 
 
Does grooming occur more often before, after, or outside of sexual 

interactions? 

Context, rank of groomer, and season were selected as predictors of 
grooming rate. Individuals groomed each other more often in pre- as well as 
post- sexual contexts as compared to non-sexual contexts. High-ranking 
individuals groomed others less often then subordinates. There was a trend 
for grooming interactions to be slightly more frequent in season 2. The same 
three predictors were selected in a model based on female-initiated 
interactions, but only context was selected in a model based on male-
initiated interactions. In sum, both males and females groomed more often in 
pre- and post- sexual contexts as compared to non-sexual context. 
Additionally, high-ranking females groomed less than lower-ranking 
females, and females generally groomed more often in season 2 than season 
1 (Table 6).  
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Table 6. Results of LMMs testing the effect of selected variables on 
grooming rate. 

Model Selected predictors Estimate  SE 95% CI 

Complete context (post) 4.447  0.076  4.297  4.594  

context (pre) 4.261  0.091  4.082  4.438  

groomer rank -0.102 0.046  -0.192 -0.013

season (2) 0.135  0.074  -0.010 0.282  

Male initiated context (post) 4.404  0.109  4.186  4.617  

context (pre) 4.184 0.109  3.922 4.440  

Female initiated context (post) 4.463  0.104  4.263  4.672  

context (pre) 4.308  0.124  4.069 4.554  

female rank -0.150 0.060  -0.266 -0.023

season (2) 0.268 0.106  0.052  0.471 

Variables with values in bold had significant effects on grooming rate based 
on their 95% CI. 

DISCUSSION 

In accordance with the hypothesis of grooming-for-mating exchange, 
our data show that free-ranging Barbary macaque males groom their mating 
partners more frequently and for longer periods of time than other females 
with whom they are not mating. The same result was shown in previous 
studies on long-tailed macaques (Gumert, 2007b), bonnett macaques (Kurup, 
1988), rhesus macaques (Massen et al., 2012), and common chimpanzees 
(Hemelrijk et al., 1992). In contrast, Cooper and Bernstein (2000) did not 
find such a pattern in their study on the Assamese macaques. Gumert 
(2007b) argued that Cooper and Bernstein (2000) did not consider the 
specific context of grooming, which may have obscured the pattern of 
behavioral exchange; however, in our study the relationship between 
grooming and mating remains significant regardless of context. Interestingly, 
we found the same pattern for the opposite sex; females also groomed males 
with whom they had longer-term sexual activity more frequently and for 
longer periods of time. This cannot easily be explained by a simple 
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hypothesis that consider only males, and not females, as the sex that pays for 
mating. 

Although the relationship between grooming and mating in our study 
remained significant regardless of context, grooming was far more frequent 
and longer in the sexual, compared to the non-sexual context. This 
corresponds to the result of Gumert (2007b), who found that males groomed 
females for significantly longer periods of time in sexual contexts. In our 
case, however, the same relationship also applied to females grooming 
males. In a study of captive rhesus macaques, the relationship between 
grooming and mating was documented in relation to a dyad’s mating history, 
but not during the specific days when females were sexually active; 
furthermore, grooming did not occur in the immediate context of mating 
(Massen et al., 2012). Therefore, some studies (including our own) highlight 
the importance of temporal associations between grooming and mating and 
suggest that grooming-for-mating exchanges do not follow a universal 
pattern among the primates and can vary even within macaque genera. 

Cooper and Bernstein (2000) explain their finding that grooming 
does not relate to mating in Assamese macaques by the fact that the species 
is a single-mount ejaculator; this means that males cannot shorten the 
interval between consecutive mounts by grooming the female. Furthermore, 
the Assamese macaque males in their study could use coercion to gain 
matings. However, studies that failed to find the immediate exchange of 
grooming for mating have focused predominantly on multiple-mount-
ejaculating species (rhesus macaque, Massen et al., 2012) as well as a 
predominantly single-mount-ejaculating species (Barbary macaque, this 
study), while the study that proved the exchange (long-tailed macaque, 
Gumert, 2007b) referred to a species in which both single-mount-ejaculation 
and multiple-mount-ejaculation regularly occur (Shively, Clarke, Schapiro & 
Mitchell, 1982). Moreover, in rhesus and Barbary macaques, the coercive 
tactics on the part of the males occur exceptionally or not at all (Kuester & 
Paul, 1992; Massen et al., 2012), yet the grooming-for-mating exchanged 
was not demonstrated. However, one of the differences between the species 
that have been studied is the fact that only the long-tailed macaques can 
reproduce year-round (Kavanagh & Laursen, 1984). Therefore, there may be 
fewer female simultaneously in estrus in this species as compared to rhesus 
or Barbary macaques, which can strengthen the grooming-for-mating market 
forces. Finally, all of the cited studies used different methods of collecting 
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and analyzing the data, which can influence the results. Although this has 
been perceived as a weakness of current studies examining the biological 
market in primates (Sánchez-Amaro & Amici, 2015), it can also be argued 
that the leading behavioral principles should be highly robust and should be 
detectable using various experimental and analytical approaches. 

The effect of the dominance rank on the observed grooming patterns 
was found to be similar for both sexes. In several analyses, the higher-
ranking individuals invested less in grooming as compared to lower-ranking 
animals. The effect of dominance was detected more often in tests that 
involved females, as compared to those that involved males. The effect of 
rank is predicted to occur in the sex that uses grooming as a “currency” in 
biological market; therefore, our study counters the idea that it is specifically 
males who are paying females for sex by grooming them. Rather, it seems 
that both sexes invest similarly in grooming and mating interactions. In 
previous studies, female Barbary macaques have been described as sexually 
assertive; they mate frequently and indiscriminately with a large number of 
males, often initiate mating interactions (Taub, 1980; Small, 1990), and 
rarely reject a male (Kuester & Paul, 1992). A model in which males use 
grooming as a “currency” to pay females for mating may therefore not apply 
for this species. 

We did not find any difference in grooming behavior between the 
pre-sexual and post-sexual contexts, which contradicts the hypothesis of 
direct grooming-for-mating exchange. If grooming serves as a payment for 
sex, the post-sex payment tactic would be prone to cheating and therefore 
evolutionary unstable. The fact that pre-grooming behavior resembles post-
grooming interactions strongly suggests that the mechanism that is 
responsible for the correlation between grooming and mating is a longer-
lasting social bond between males and females. The sexual context can be 
viewed as an opportunity to strengthen this social bond, which can in turn 
result in more mating and/or other benefit over the longer term. Grooming in 
sexual contexts can help to solidify this social bond. The females (or both 
partners) are then more likely to choose their mating partner based on the 
previous history of their interaction, rather than on the behavior immediately 
preceding the mating. This has also been found in rhesus monkey colonies: 
long-term relationships between males and females are good predictors of 
mating frequency, and the only significant predictor of paternity success. 
These relationships are already formed at the beginning of the mating 
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season, and they persist even after the mating season ends (Massen et al., 
2012). 

According to Sonnweber et al. (2015), the function of grooming in 
the post-sexual context could differ between the two sexes. For the male, it 
can represent a mate-guarding strategy. This is in accordance with findings 
by Kuester and Paul (1992), in which female Barbary macaques tended to 
initiate interactions with other males soon after mating. On the other hand, 
for the female, the post-mating grooming can help to establish a bond that 
could discourage future harassment of the female and her offspring, and/or 
promote paternal behaviors. Therefore, both sexes may be motivated to 
groom their partner after sexual interaction. As the magnitude of these 
benefits cannot be quantified, there is no specific prediction as to which of 
the sexes should invest more or less into the post-mating grooming. In our 
case, there were no pronounced differences between the sexes except that 
females spent more time grooming males in general contexts than vice versa. 

As the specific motivations of each sex during the grooming and 
mating interactions probably differ, it is likely that we would find more 
differences between males and females if we observe their behavior in more 
detail and/or if we take into account additional variables. For example, 
Sonnweber et al. (2015) reported that males were more likely to groom 
females after copulations with ejaculation, while females did so more often 
after copulations without ejaculation. Furthermore, lactating females started 
post-copulatory grooming more readily than males. 

In the Kuester and Paul’s (1992) study, Barbary macaque males 
actually groomed females 3 times more often than females groomed males. 
Likewise, it was mainly males who stayed close to females after mating, 
followed them during locomotion, and tried to mate with them repeatedly. 
The authors of this study, however, only observed females during the last 
seven days of their conceptual estrus, when copulations likely to be most 
valuable to males. During this limited time frame, males probably invest 
more into interactions with females as compared to the rest of the mating 
season, during which females remain sexually active but chances of 
conception are much lower. 

In conclusion, the simple model of the biological market, which 
would describe Barbary macaque males as the sex that uses grooming as 
payment for mating, cannot fully explain the observed behavioral patterns. 
Rather, it appears that the significant correlation between grooming and 
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mating in this species is mediated through longer-lasting behavioral bonds 
between individuals, and that both sexes benefit from and invest in this 
social bond. 
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Supplementary material S1. Results of LMMs based on grooming time 

as a response. 

 Is grooming predicted by sexual activity?  
The only predictor of grooming time selected for in the final model 

was sexual activity. The more sexual activity that occurred within a given 
dyad, the longer they groomed each other. This was true for a model based 
on the complete dataset, a dataset that included male-initiated interactions 
only, and a dataset with female-initiated interactions only. Sex of the 
groomer was also selected as a predictor of grooming time, with females 
generally grooming males longer than vice versa. Rank of the female was 
selected as a predictor in a model based on male-initiated interactions only, 
subsequently showing a nonsignificant trend that males groomed longer 
higher ranking females compared to low ranking ones in final model (Table 
S1).  
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 Table S1. Results of LMMs testing the effect of selected variables on 
grooming time.

Model Selected predictors Estimate SE 95% CI 

Complete sexual activity 7.741  0.628  6.482  8.970  

groomer sex (M) -0.419 0.213 -0.836  -0.002

Male inic. only sexual activity 8.334  0.837  6.662  9.957 

female rank 0.396 0.225 -0.046  0.843

Female inic. only sexual activity 6.860  0.874  5.095  8.574 

Variables with values in bold had significant effects on grooming time based 
on their 95% CI. 

Is grooming in non-sexual contexts predicted by sexual activity?

Sexual activity was the only predictor selected for in the final models 
of grooming time in non-sexual contexts. Higher sexual activity in a given 
dyad predicted longer durations of grooming interactions outside of sexual 
contexts, independent of sex of the groomer (Table S2). 

Table S2. Results of LMMs testing the effect of selected variables on 
grooming time in non-sexual contexts.

Model Selected predictors  Estimate  SE 95% CI 

Complete sexual activity 1.796 0.409 0.986 2.601 

Male initiated sexual activity 2.419 0.578 1.241 3.568 

Female initiated sexual activity 1.302 0.538 0.245 2.360 

Variables with values in bold had significant effects on grooming time based 
on their 95% CI.  

Is grooming in sexual contexts predicted by sexual activity? 

Sexual activity was selected as a predictor for grooming time in 
sexual contexts. Higher rates of sexual activity in a given dyad was related to 
longer durations of grooming interactions in sexual contexts. Additionally, 
rank was selected as a predictor in a model based on grooming initiated by 
males, with high-ranking males grooming for longer periods of time than 
low ranking ones. (Table S3).  
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Table S3. Results of LMMs testing the effect of selected variables on 
grooming time in sexual contexts.
Model Selected predictors Estimate  SE 95% CI 
Complete sexual activity 8.368 0.818 6.756 9.964 
Male initiated sexual activity 9.714 1.125 7.495 11.898 

male rank 0.629 0.278 0.093 1.172 
Female initiated sexual activity 7.009 1.157 4.697 9.288 
Variables with values in bold had significant effects on grooming time based 
on their 95% CI.

Does grooming occur more often before-, after-, or outside of sexual 

interactions?

Context, rank of groomee, and season were selected as predictors of 
grooming time in a model based on the complete dataset. Individuals 
groomed each other for longer in pre- as well as post- sexual contexts as 
compared to non-sexual contexts. High-ranking individuals were groomed 
by others for longer durations than low-ranking individuals. In a model 
based on male-initiated grooming interactions, males groomed for longer in 
pre- as well as post- sexual contexts compared to non-sexual ones. 
Moreover, high-ranking males groomed for longer than low-ranking males. 
For interactions initiated by females, only context was selected as a 
predictor: females groomed longer in pre- as well as post- sexual contexts 
(Table S4).  
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 Table S4. Results of LMMs testing the effect of selected variables on 
grooming time. 

Model Selected predictors Estimate  SE 95% CI 

Complete context (post) 4.529  0.170  4.192  4.860  

context (pre) 4.512  0.204  4.112  4.910  

groomee rank 0.215  0.095  0.027  0.407  

season (2) 0.284  0.161  -0.042   0.597

Male initiated context (post) 4.592  0.239  4.111  5.054  

context (pre) 4.582 0.287  4.010  5.136  

male rank 0.353  0.147  0.068  0.636  

Female initiated context (post) 4.473 0.233 4.018 4.933 

context (pre) 4.399 0.278 3.855 4.946 

Variables with values in bold had significant effects on grooming time based 
on their 95% CI. 
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Abstract 

Grooming and infant handling could be considered exchangeable 
commodities in the biological market model. In species with strict 
allomothering, where mothers often resist the attempts of other females to 
inspect or take away their infants, allomothers may exchange grooming for 
infant handling. The grooming-infant-handling exchange is less understood 
in primates with less restrictive allomothering, such as Barbary macaques. 
We have examined data on 17 semi-free ranging Barbary macaque females. 
The ‘infant attractivity’ hypothesis posits that grooming should be more 
evenly distributed between pairs of non-mothers than between mothers and 
non-mothers. Moreover, we expected that mothers would receive more and 
give less grooming to other females as compared to non-mothers, and that 
non-mothers who groom mothers would spend more time with infant 
handling. Using matrix correlations and linear mixed effect models (LMM), 
we found that mothers gave less grooming but did not receive more 
grooming from other females. We propose that the observed patterns can be 
better explained by time constraints posed on mothers, rather than by 
grooming for infant handling exchange. Biological market forces may not be 
fully applicable to behaviour in species with permissive allomothering styles 
and/or high seasonality of births. 

Key words: grooming, exchange, reciprocity, mother-infant interactions, 
Macaca sylvanus, allomothering 
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Introduction 

Many primates spend considerable amounts of time carefully inspecting 
and cleaning the fur of other individuals. This behaviour, termed 
allogrooming (Schino 2006) (hereafter ‘grooming’), is one of the most 
common forms of affiliative behaviour among many primates including 
macaques, baboons, and chimpanzees, while some other primate species 
groom rarely or not at all (Sparks 1967; Dunbar 1991; Schino 2001). 
Grooming in some species may occupy up to 20% of the daily time budget, 
and is consistently performed even when other demands, such as foraging, 
require increased effort. This suggests that grooming is of great significance 
for the animals involved (Henzi and Barrett 1999; Dunbar and Sharman 
1984). 

Grooming probably arose to keep fur in good hygienic condition by 
removing parasites, old skin, or dust (Goosen 1987), as well as to increase 
possible benefits to thermoregulation (McFarland et al. 2015). However, it 
also serves important fundamental social functions such as appeasing other 
individuals, maintaining relationships and increasing group cohesion (Sparks 
1967; Kummer 1968). Currently, this array of social functions served by 
grooming is often modelled as an exchange between “commodities” or 
“services” on a biological market (Noë and Hammerstein 1994). This 
economic approach focuses on the ultimate fitness-related outcome of social 
grooming, rather than on its proximate behavioural and physiological 
benefits. In a biological market, grooming can be traded for same-kind 
service, for reciprocal grooming (Schino and Aureli 2008), or for different-
kind services or commodities that may include sex (Gumert 2007), 
coalitionary support (Henzi and Barrett 1999), and sharing of food resources 
(de Waal 1997). 

Another commodity thought to be exchanged for grooming in the 
biological market model is infant handling (Henzi and Barrtett 2002; Frank 
and Silk 2009; Fruteau et al. 2011; Scheid and Noë 2005; Muroyama 1994; 
Gumert 2007; Yu et al. 2013; Wei et al. 2013; Tiddi et al. 2010). Primate 
females are strongly attracted to other females’ infants, especially new-
borns, which makes mothers more attractive social partners than females 
without offspring (Hrdy 1976). This tendency for non-mothers to interact 
with other females’ infants varies in intensity across primate species. For 
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example, non-mother group members are regularly involved in carrying 
infants and provisioning them with resources in marmosets (da Silva Mota et 
al. 2006); similarly, langur mothers will allow other individuals to hold 
infants for long periods of time (Stanford 1992). However, the communal 
breeding system in marmosets and other species represents a rather special 
case and will not be further considered here; for a study on grooming 
exchange in this type of social system, see Lazaro-Perea et al. (2004). 

Various functional hypotheses have been proposed to explain why 
infants are attractive to non-mothers (Silk et al. 2003). Infant-non-mother 
interactions may help establish and maintain social contact with the infant 
and/or its mother (Small 1990). These interactions may also serve to improve 
the caretaker’s (non-mother’s) parenting skills (Riedman 1982; Fairbanks 
1990; Paul and Kuester 1996), thus increasing the survival of caretakers’ 
own future offspring (Mann and Smuts 1998). Mothers might also benefit 
from alloparental care for their infants as they can maximize their foraging 
efficiency and self-care (Vogel 1984), and all parties can benefit if efforts to 
provision and protect the young increase the size and competitive power of 
the group (Kokko et al. 2001; Silk et al. 2003). 

However, infant handling by allomothers is not without risk. The 
allomother usually provides lower-quality care to the infant; for example, 
they may physically harm the infant, avoid/be unable to breastfeed, and 
refuse to return the infant to their mother (Hrdy 1976). In general, it seems 
that allomothers are often the party that gains most benefit, while mothers 
and infants bear most risk from infant handling. Perhaps because of these 
risks, mothers often resist the attempts of other females to inspect or take 
away their infants. For example, female chacma baboons are only permitted 
to interact with the others’ infants when they are with their own mothers 
(Henzi and Barrtett 2002). However, allomothers may be able to increase 
access to infant handling if they provide an additional service, such as 
grooming, as an exchange commodity to other females. 

Several studies have provided support to the idea of grooming-for-
infant-handling exchange in primates. Henzi and Barrett (2002) found that 
non-mother chacma baboons are more likely to initiate interactions with 
mothers than vice versa; grooming is generally unidirectional from non-
mothers to mothers; and mothers are more tolerant of other females’ efforts 
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to handle their infants if they are groomed first. Moreover, the proportion of 
grooming provided by a female was greater if their partner had an infant than 
if they did not. In long-tailed macaques, grooming tended to promote an 
exchange with infant handling (Gumert 2007). In addition, for both 
macaques and baboons, the supply of available infants is positively related to 
the duration of grooming by allomothers (Henzi and Barrett 2002; Gumert 
2007). 

The value of infant handling in the biological market can be influenced 
by differences in maternal style across species. If the mother allows other 
females easy access to infants, investment in grooming may become 
superfluous. Most previous studies focused on the possible exchange of 
grooming for infant handling have been conducted on species characterized 
by restrictive maternal styles, in which mothers do not easily allow other 
females access to their infants. These include baboons, vervets, mangabeys, 
capuchin monkeys and long-tailed macaques (Henzi and Barrtett 2002; 
Frank and Silk 2009; Fruteau et al. 2011; Scheid and Noë 2005; Tiddi et al. 
2010; Gumert 2007). Our understanding of exchange of grooming for infant 
handling in primates with less restrictive maternal styles remains less 
understood, although studies on patas monkey (Muroyama 1994) and golden 
snub-nosed monkeys (Yu et al. 2013; Wei et al. 2013) found evidence for the 
exchange even in these allomothering-permissive species. 

In this study, we examined the grooming interactions of mother – non-
mother dyads in a population of semi-free ranging Barbary macaques, a 
species with both allomothering-permissive maternal style and high 
seasonality of births. Barbary macaques have been classified as a tolerant 
macaque species with a high degree of affiliative interactions among group 
members (Thierry 1990), including very frequent interactions with infants 
(Small 1990). Both males and females are allowed to handle infants from a 
very young age (Kuběnová et al. 2017). If, in spite of this more permissive 
allomothering and high birth seasonality, the grooming-for-infant-handling 
exchange occurs and brings benefits to Barbary macaque females, we 
expected that mothers would receive more grooming from other females and 
give less grooming to other females relative to non-mothers. In other words, 
we predicted that grooming between mothers and non-mothers would be less 
balanced/reciprocal than grooming between non-mothers. 
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We also expected that non-mothers who engaged in more grooming 
behaviour with mothers would spend more time with infant handling. Such 
relationships would demonstrate that the trade occurs, and that it brings 
benefit to both parties by increasing time being groomed or increasing time 
with infants. 

Materials and methods 

Study subjects 

Subjects of this study were 17 semi free-ranging adult (aged 3–26 years; 
mean age 11.2 years) female Barbary macaques living in Gibraltar. Over two 
seasons of data collection, 6 and 7 females, respectively, had infants that 
aged 0-6 months during the study period. The group also consisted of up to 
nine adult males and up to 15 juveniles (Konečná et al. 2012). The study 
group was regularly provisioned and visited by the public. 

Behavioural data collection and analysis 

Behavioural observations were made between November 2007 and 
February 2008 (season 1, hereafter referred to as “S1”) and between October 
2008 and February 2009 (season 2, hereafter referred to as “S2”). Focal 
continuous and focal instantaneous sampling methods were used for data 
collection, with adult females being the focal subjects (Altmann 1974). 
Behaviours were recorded according to an ethogram that was prepared based 
on previous studies (Dolhinow 1978; Berman et al. 2004); for details see 
Konečná et al. (2012). Behaviours used in this study are listed in Table 1. 
We collected an average of 14.6 (±0.46 SD) hours of observation per female 
per season; data collection per female was equally distributed within each 
day and season. In total we observed 1,514 grooming episodes. For each 
episode, the following details of the grooming behaviour were recorded: start 
and end time of the episode (to the nearest second), direction of the 
interaction, and identity of the social partner. The grooming episode was 
considered terminated if it stopped for at least 20 seconds. 

The data collection was designed mainly to study individual variation in 
behaviour (Konečná et al. 2012) and thus focal individual observation was 
used rather than ad libitum sampling of grooming and infant handling 
sequences. Focal observations of individuals are less prone to sampling bias 
of particular (more visible, dominant) individuals (Altmann 1974). However, 
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we do not possess data on full grooming-infant handling sequences, as we 
always followed one focal individual (adult female) who could be either 
groomer or the groomee, mother or allomother. We thus cannot test 
predictions of the biological market model that are based on studying 
behavioural sequences (Henzi and Barrtett 2002; Frank and Silk 2009; 
Fruteau et al. 2011; Gumert 2007). We have, however, been able to use our 
data to ask if an exchange of grooming for infant handling exists and 
translates to the time the females spend grooming and handling infants. 

Social dominance hierarchy among females was computed using dyadic 
displacement interactions between pairs of females. Linearity of the 
dominance hierarchy was evaluated by the linearity index h′ in MatMan 
1.1.4 (Noldus 2003) (de Vries et al. 1993). Subjects were ranked based on 
their normalized David’s score (NDS) (de Vries et al. 2006; Gammell et al. 
2003) computed on the basis of the Dyadic Dominance Index corrected for 
chance Dij (de Vries 1998). Dominance hierarchy characteristics are 
described in Roubová et al. (2015). We assessed friendship based on the 
amount of time females spent in mutual body contact (see Table 1 for 
definition), as this metric has also been used in other studies (Call et al. 
1999; Cords 2002). Maternal kinship information was based on local 
management records. Females were categorized as mothers (M) if they gave 
birth to an infant during the preceding birth season, and as non-mothers 
(NM) if they did not give birth that year. No infants died over the course of 
our study. 
 

Statistical analyses 

To test reciprocity of grooming behaviour among mothers and non-
mothers, we computed correlations of matrices using MatMan 1.1.4 (Noldus 
2003) (de Vries et al. 1993). We created 8 matrices for each of two response 
variables, grooming rate and total grooming time, for a total of 16 matrices. 
For each response variable, we first separated datasets by season (S1, S2), 
and within these created matrices of interactions among non-mothers only 
and among non-mother – mother pairs. To assess reciprocity, we used the Kr 

test, and to compare the strength of the reciprocity we used Spearman's  
(Hemelrijk 1990; de Vries et al. 1993). 

We tested the effect of maternal status on grooming episodes (rate and 
time) using linear mixed effect models (LMM) with identity of the groomer 
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and groomee as random factors. We also included all dependent variables 
that had a significant effect on grooming episodes in our previous study as 
dependent fixed factors to control for their effect (Konečná et al. 2012). 
These included maternal kinship, relative rank, friendship, grooming 
received, aggression received, and season (see Table 1 for definitions). All 
grooming data were log transformed, and the estimated effect sizes 
(regression coefficient estimates) of predictor variables were deemed 
significant if the 95% CI of the estimate did not overlap zero. The 
interpretations of the estimated effect sizes (bi) and the upper and lower 
confidence limits are based on an exponential function (given that the 
response variables were log-transformed): an increase in a continuous 
predictor value of one unit predicts that the response will change exp(bi) 
times; in the case of categorical predictors (which all had only two states in 
our data set), exp(bi) shows how many times larger the mean response value 
for the particular predictor state is than the mean of observations for the 
other state; for more details see (Konečná et al. 2012).  LMMs were 
implemented in the lme4 package (Bates et al. 2014) in R 3.0.2 (R Core 
Team 2013). 

We ran two linear models (LMs) to test if time spent with infant 
handling by non-mothers was predicted by rate and/or time of grooming the 
infant's mother. Our response variable for both models was time spent with 
infant handling, and the predictors were either the initiated grooming rate or 
the initiated grooming time. We created separate models because grooming 
rate and grooming time among females were strongly collinear (S1 r = 0.89, 
p<0.001, N = 17; S2 r = 0.83, p<0.001, N = 17 (Roubová et al. 2015)), and 
we wanted to explore potential effects of both variables. We also included 
season and rank of the groomer (=non-mother) as covariates in each LM. 
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Table 1: Variables used in LMM and their definitions 

Variable Type Definition 
Grooming initiated R, C grooming rate and time initiated by 

the groomer with a given groomee 
Maternal status of groomer P, D mothers and non-mothers 
Maternal status of groomee P, D mothers and non-mothers 

Kinship P, D kinship category between groomer 
and groomee: kin, non-kin 

Relative rank P, D relative rank of groomer to 
groomee: dominant, subordinate 

Friendship P, C measured as the ratio of time spent 
in contact by a given pair of 
individuals divided by the average 
time the focal individual spent in 
contact with other group members 

Grooming received P, C grooming rate or time received by 
the groomer from a given groomee 

Aggression received P, C rate of aggression received by a 
groomer from a given groomee 

Season P, D season 1, season 2 
P – predictor, R – response, C – continuous, D – discrete variable 

Results 

Summary of grooming behaviour 

We recorded 1,514 grooming interactions among females (S1 N = 911; 
S2 N = 603). The number of grooming interactions per female ranged from 
69 to 298, with an average of 160.2 interactions per female. We observed 
101 grooming interactions between mothers, 597 grooming interactions 
between non-mothers, and 816 grooming interactions between non-mothers 
and mothers. 

Table 2 shows the average grooming rate and duration when grooming 
was initiated by mothers vs. non-mothers in a given season. The data 
illustrate that mothers groom other females (non-mothers as well as other 
mothers, and also males) less frequently and for shorter durations than non-
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mothers. Mothers and non-mothers did not differ in grooming interactions 
with juveniles. However, mothers handle infants far more often and for 
longer periods of time compared to non-mothers. 

We further compared females who had an infant in only one of the two 
seasons (N=5). Rate of grooming initiated by these females was almost 4 
times higher in seasons when they were classified as non-mothers (N = 365) 
relative to seasons in which they had their own infant (N = 95). However, 
females received almost equal numbers of grooming interactions, 
irrespective of their status as mothers or non-mothers (N = 279 and N = 223, 
respectively). 
 
Table 2. Average grooming rate and grooming time (per hour of observation) 
non-mothers and mothers initiated with different categories of group 
members in given season. 

 
groomer 

season 1 
non-mothers mothers 

grooming rate time rate time 
groomee mothers 1.96 4.96 0.74 1.53 

non-mothers 2.52 6.77 0.87 2.40 
males 0.29 0.89 0.15 0.29 

juveniles 1.59 2.88 1.60 2.99 
infants 0.16 0.13 3.89 7.38 

 
 
groomer 

season 2 
non-mothers mothers 

grooming rate time rate time 
groomee mothers 1.14 3.38 0.34 1.43 

non-mothers 1.33 5.54 0.93 2.96 
males 0.60 1.51 0.52 1.06 
juveniles 1.09 2.63 1.10 1.70 

infants 0.06 0.05 3.19 8.54 
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Grooming reciprocity  

The matrix correlations of grooming rate revealed that grooming was 

significantly reciprocal among non-mothers (S1: Kr test, Kr=176, rw=0.55, 

p<0.001; S2: Kr test, Kr=108, rw=0.57, p<0.001) as well as among mother – 

non-mother dyads (S1: Kr test, Kr=276, rw=0.37, p<0.001; S2: Kr test, 

Kr=534, rw=0.52, p<0.001). However, the strength of the correlation was 
weaker for the mother – non-mother dyads as compared to non-mother dyads 

only (S1: M-NM =0.39, NM-NM =0.63; S2: M-NM =0.58, NM-NM 

=0.64). 
The results for grooming time followed a similar pattern to those of 

grooming rate. Grooming was significantly reciprocated in terms of duration 

between non-mother dyads (S1: Kr test, Kr=121, rw=0.43, p<0.001; S2: Kr 

test, Kr=93, rw=0.48, p<0.001) as well as mother – non-mother dyads (S1: 

Kr test, Kr=378, rw=0.30, p<0.001; S2: Kr test, Kr=635, rw=0.64, p<0.001). 
The strength of the relationship was again weaker among mother – non-

mother dyads, but only in the first season (S1: M-NM =0.36, NM-NM 

=0.50; S2: M-NM =0.69, NM-NM =0.54). 
 

Grooming distribution among females 

We found a significant influence of groomer maternal status on 
grooming rate and duration. Non-mothers groomed other females more 
frequently and for longer time than mothers. On average the rate of 
grooming initiated by non-mothers was 62 % higher than that of mothers. On 
the other hand, groomee maternal status did not affect grooming behaviour. 
As in our previous study (Roubová et al. 2015), grooming rates were 
significantly related to kinship, relative rank, friendship, grooming received, 
aggression received, and season (Table 3; Table 4). 
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Table 3: Results of LMMs testing the relationships between grooming rate 
and the following variables: groomer and groomee maternal status, kinship, 
relative rank, friendship, grooming received, aggression received and season. 
Fixed effects Estimate SE 95% CI 
Kinship (no) -0.720 0.295 -1.306 -0.144

Relative rank (s) 0.578 0.197 0.184 1.005 

Friendship 0.411 0.044 0.324 0.498 

Grooming received 1.418 0.368 0.697 2.131 

Aggression received 2.394 0.464 1.503 3.314 

Groomer status (NM) 0.487 0.178 0.135 0.831 

Groomee status (NM) -0.289 0.201 -0.677 0.102 
Season (2) -0.303 0.151 -0.597 -0.008

Variables with values in bold had a significant effect on the grooming rate 
based on 95% CI. 

 Table 4: Results of LMMs testing the relationships between grooming time 
and the following variables: groomer and groomee maternal status, kinship, 
relative rank, friendship, grooming received, aggression received and season. 
Fixed effects Estimate SE 95% conf. int. 
Kinship (no) -0.828 0.388 -1.602 -0.068

Relative rank (s) 0.923 0.276 0.365 1.526 

Friendship 0.546 0.055 0.437 0.653 

Grooming received 0.222 0.113 0.001 0.443 

Aggression received 3.057 0.619 1.858 4.272 

Groomer status (NM) 0.571 0.252 0.063 1.065 

Groomee status (NM) -0.312 0.273 -0.840 0.219 

Season (2) -0.593 0.201 -0.984 -0.201

Variables with values in bold had a significant effect on the grooming rate 
based on 95% CI. 

Grooming by non-mothers and time spent with infant handling 

We found a significant effect of the initiated grooming rate, but not of the 
initiated grooming time, on duration of infant handling by non-mothers. 
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Non-mothers who groomed mothers often, but not necessarily for longer, 
spent more time with the infant handling. Season and non-mother rank were 
not significant predictors of this relationship. 

Table 5. Results of LMs testing the effect of grooming rate and time initiated 
by non-mothers on their time spent in contact with infants.  

Estimate SE p 

season (2) 0.054 0.551 0.923 
rank 0.374 0.249 0.152 
grooming rate 0.897 0.334 0.016 

season (2) -0.472 0.632 0.465 

rank 0.368 0.290 0.221 

grooming time 0.053 0.053 0.333 

Discussion 

The results of this study indicate that infant attractivity cannot fully 
explain the observed patterns of grooming in Barbary macaques. This 
suggests that grooming is not necessarily traded for infant handling in this 
species, contrary to conclusions of other studies focusing on different 
monkey species (Henzi and Barrtett 2002; Frank and Silk 2009; Fruteau et 
al. 2011; Scheid and Noe 2005; Muroyama 1994; Gumert 2007; Yu et al. 
2013; Wei et al. 2013; Tiddi et al. 2010). 

We found that grooming between non-mothers is more balanced, or 
reciprocated, than grooming between mothers and non-mothers, although the 
results were less clear in the second season. Such a pattern could have 
emerged for multiple reasons. For example, non-mothers may preferentially 
invest their time grooming mothers (which would be indicative of grooming-
for-infant-handling exchange). Alternatively, they may groom all females 
equally, but receive unequal grooming in return from mothers, as compared 
to other non-mothers. As we detail in the following paragraphs, results of the 
LMM suggest that the latter explanation is more likely the case. 
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Barbary macaque mothers do not receive more grooming 

According to the results of our LMM, Barbary macaque mothers and 
non-mothers are equally likely to be groomed by other females. This 
contrasts with the findings of other studies. For example, the proportion of 
olive baboon, tufted capuchin monkey, and golden snub-nosed monkey 
mothers groomed by other adult females was higher than expected from their 
availability (Frank and Silk 2009; Tiddi et al. 2010; Wei et al. 2013). Wei et 
al. (2013) also found that mothers were groomed by non-mothers for longer 
durations during the 6-month period after giving birth compared to the 6-
month period before giving birth, and that non-mothers groomed mothers for 
longer than mothers groomed non-mothers. A similar pattern was also found 
for sooty mangabey and vervet mothers (Fruteau et al. 2011) or for tufted 
capuchin monkeys (Tiddi et al. 2010). 

Our findings, however, suggest that in Barbary macaques maternal 
status may not significantly impact the amount of social attention 
(exemplified by grooming) received from other females. The effect of being 
a mother on receiving more grooming may differ among species, and 
possibly even among populations, and could be altered by factors such as 
species-specific maternal styles, population-specific reproductive parameters 
that influence availability of infants in the group (such as average birth 
interval or birth seasonality), and also the age of infants considered in the 
study. 

Primate species differ in their maternal styles, from very restrictive to 
very tolerant or permissive mothers. Restrictive mothers allow very limited 
infant handling on the other hand permissive mothers allow alloparenting by 
other group members to various degrees (Maestripieri 1994).  Such 
differences in maternal style, and thus variation in access to infants, may 
have species-specific consequences to the grooming for infant handling 
trade. 

For example, in golden snub-nosed monkeys (a species permissive to 
allomothering), mothers may receive more grooming from other females 
while separated from their infant, which means that infant handling is not 
directly involved in the interaction (Xi et al. 2008). In contrast, Moor 
macaque mothers (a species with relaxed dominance relations among 
females but not high levels of allomothering) received more grooming when 
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accompanied by their infants (Matsumura 1997). Both of these studies 
included groups with comparable numbers of infants per female (about half 
of the females were accompanied by infants) and included infants of similar 
age (0-12 months by Xi et al. (2008) and 0-18 months by Matsumura 
(1997)). Therefore, differences in maternal style remain the most likely 
explanation for differences between these two studies. Also, Fruteau et al. 
(2011) found that grooming episodes preceding infant handling were longer 
than episodes of grooming without infant handling. This result was found in 
both sooty mangabeys and vervet monkeys, two species with more 
restrictive behaviours in relation to infant handling by allomothers. These 
results further support the hypothesis that allomothering-restrictive species 
may use grooming as a social tool to access infants. 

The number of infants available at a given time in a group, and the ratio 
of infants to allomothers have been considered important predictors of 
infant-handling value on the exchange market. Several studies have 
documented that, with increasing numbers of infants, their value decreases 
and females stop trading grooming for infant handling (Henzi and Barret 
2002). 

Moreover, the relative value of grooming and infant handling in the 
primate biological market is usually not specified. Frank and Silk (2009) 
noted that in olive baboons, access to infants may not be such a valuable 
commodity compared to grooming. Females thus do not compete for infant 
handling with increased grooming effort, and do not groom mothers longer 
than non-mothers. The idea that low demand for infant handling may impose 
a limited “carrying capacity” for a group’s infant handling is illustrated by 
vervet monkeys (Fruteau et al. 2011): in this species, females groomed 
mothers and non-mothers for equal durations after a second infant was born 
into their group, possibly due to the larger number of infants per female and 
therefore lower competition among females for infant handling (Fruteau et 
al. 2011). 

Such a scenario may be even more applicable to species with less 
restrictive mothers, such as Barbary macaques, in which access to infants is 
relatively easy to obtain not only from mothers, but also from other 
allomothers. Barbary macaques are also seasonal breeders, and most infants 
are born within a few months of each other. The number of concurrently-
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available infants at one time can be relatively high – for example, 0.4 infants 
were available per adult female in our study. However, it is also important to 
note that males and juveniles act as allomothers in Barbary macaques. 
Kümmerli and Martin (2008) reported that males actually spent more time in 
dyadic handling of infants then non-mother females. Thus, for Barbary 
macaques and other permissive species, the infant-female ratio might not be 
the best indicator of difficulty to access infants; competition with all 
potential alloparents still leaves some potential for scramble competition for 
infant handling in Barbary macaques. 

The age range of infants included in this study was rather broad. In 
general, younger infants tend to be more attractive to other females, and their 
value in the biological market decreases with age (Tiddi et al. 2010; Frutau 
et al. 2011). Focusing only on infants in the most attractive age category 
might lead to more conclusive results; however, previous studies found 
evidence for grooming in exchange for infant handling across infants of 
various ages (up to 3 –3.5 months (Henzi and Barrett 2002; Frank and Silk 
2009; Fruteau et al. 2011); up to 6 months (Slater et al. 2007; Wei et al. 
2013); up to 12 months (Gumert 2007; Xi et al. 2008; Matsumura 1997)). 
Thus, the age limit of 6 months in our study is not exceptional compared to 
previous studies. Additionally, infant handling by Barbary macaque males 
has been observed even after infants reach 6 months of age, although at a 
decreased rate (Deag 1980). Detailed study on attractiveness of infants of 
various ages to allomothers in Barbary macaques is still lacking, and 
therefore the impact of infant age on their “market value” in relation to 
exchange for grooming remains untested. 
 

Non-mothers, who spend more time in contact with infants, did not 

groom mothers for longer durations, but did so more frequently. 

One finding in our study suggests that a subtle trade of grooming for 
infant handling may indeed occur in Barbary macaque females. We find that 
non-mothers who groom mothers more often also spend more time with 
infant handling. However, this result is only supported when we consider 
rate of grooming, and not significant in relation to grooming duration. Such a 
result was previously reported for tufted capuchin monkeys, another species 
with relatively permissive allomothering (Tiddi et al. 2010). 
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Given that, overall, mothers do not receive more grooming than non-
mothers, such a result may suggest that some non-mothers are more social in 
general, interacting with both other non-mothers as well as mothers, rather 
than biasing their grooming investment only toward mothers with infants. 
Also, given that a statistically significant association was found only in 
relation to grooming rate and not grooming time, it is possible that the non-
mothers who aim to interact with infants groom mothers only as long as is 
necessary to obtain access to infants. Therefore, mothers may not benefit by 
receiving more grooming time compared to non-mothers. 

This result can be expected only when mothers are not highly restrictive, 
when infant availability is high, and/or when infant attractiveness is low, as 
might have been the case in our study. In contrast, Fruteau et al. (2011) 
found that grooming episodes preceding infant handling were longer than 
episodes of grooming reciprocation without infant handling in sooty 
mangabeys and vervet monkeys, two species where mothers are more 
restrictive to allomothering. These results were found when infants were 
studied during the first 2 months of life, when they are most attractive to 
allomothers. 

It has been argued that grooming time, rather than grooming rate, may 
be a better measure of benefit to mothers. Frequent but short grooming may 
just be a signal showing benign interest of an allomother in a mother’s infant 
(Tiddi et al. 2010). On the other hand, a study on embracing in spider 
monkeys found that even brief interactions that serve a signal rather than 
service function may still be subjected to effects of the biological market 
(Slater et al. 2007). 

Overall, our data suggest that biological market forces may not explain 
grooming behaviour of Barbary macaque mothers, although we cannot 
conclude if this is due to permissive maternal style, seasonality of births (and 
therefore high infant availability), or the wide age range of infants in our 
study. However, our next result – that Barbary macaque mothers give less 
grooming to other females compared to non-mothers – might offer an 
alternative explanation of what drives patterns of grooming interactions. 
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Barbary macaque mothers give less grooming 

Barbary macaque females were 4 times less likely to groom other 
females when they were mothers, as compared to seasons in which they did 
not have their own infant. This result qualitatively agrees with most previous 
studies showing that mothers are much less likely to initiate grooming 
episodes, and less likely to reciprocate grooming, than non-mothers. 
However, given that our previous results do not support grooming for infant 
handling exchange, we need to look for an explanation outside of the 
concept of the biological market. 

Mothers can be occupied with caring for their infants and therefore have 
less time to interact actively with other females. In our study group, mothers 

spent on average 7.02.64 and 8.52.28 minutes per hour (meanSD) 
grooming infants in seasons 1 and 2, respectively. This was much longer 

than the time non-mothers spent grooming infants (S1: 0.120.17 minutes 

per hour, S2: 0.050.10 minutes per hour). At the same time, the mothers 
spent less time grooming all categories of adult macaques, including other 
mothers, non-mothers and males, which suggests that there is a time 
constraint imposed on the total time that mothers spend grooming other 
animals. 

On the other hand, passive receipt of grooming by other females 
interferes less with maternal behaviour, because infants can still be cradled 
or nursed by the mother while she is being groomed. Therefore, the time 
females spend being groomed may not be affected by their maternal status. 

This ‘time constraint’ hypothesis may be complementary, rather than 
contradictory to the hypothesis of ‘infant attractivity’. Indeed, this 
framework has been applied to describe findings from other systems, such as 
those discussed previously in olive baboons; Frank and Silk (2009) 
considered that time constraints may explain differences in the duration of 
grooming bouts in this species, with baboon mothers, on average, grooming 
for shorter periods of time, while non-mothers did not groom for longer 
durations. This time constraint on mothers may also explain why there was 
less grooming-for-infant-handling exchange in mother-mother dyads in 
chacma baboons that was not compensated for by reciprocal infant handling 
(Henzi and Barrett 2002); mothers may have been preoccupied with handling 
their own infants during this complex four-party interaction. 
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The time constraint hypothesis also yields additional predictions for 
grooming behaviour among females during the birth season, including more 
grooming bouts between females without infants (even when infants are 
present in the group) compared to mother – non-mother grooming dyads, and 
even less frequent bouts in mother – mother grooming dyads. Indeed, in our 
study we observed only 101 grooming interactions among mothers, 597 
grooming interactions among non-mothers, and 816 grooming interactions 
among non-mothers and mothers, which suggests that grooming among 
mothers happens least frequently. 

An interesting question is why other females continue grooming 
mothers at the same rate, even when they receive less grooming in return. 
Our result suggests that the grooming pattern among Barbary macaque 
females cannot be fully explained by grooming reciprocity. Additional 
mechanisms are likely involved, which may include trading of commodities 
or maintaining group cohesion. We cannot, however, distinguish between 
these explanations with our data. 

Overall, our data suggest that mothers groom less than non-mothers, but 
probably not for reasons related to attractiveness of the grooming partner. 
Instead, they are likely more occupied by infant care. More studies of other 
species, and using comparable methodology, will help to shed more light on 
this issue. In particular, we call for future studies that simultaneously 
investigate grooming among group members, infant interactions, and activity 
budgets of mothers across a wide range of species to fully understand how 
motherhood constrains social interactions in primate females. 
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Abstract

Grooming is one of the most conspicuous social interactions among nonhuman primates.

The selection of grooming partners can provide important clues about factors relevant for

the distribution of grooming within a social group. We analyzed grooming behavior among

17 semi-free ranging female Barbary macaques (Macaca sylvanus). We tested whether

grooming is related to kinship, rank and friendship. Furthermore, we tested whether groom-

ing is reciprocated or exchanged for rank related benefits (i.e. lower aggression and in-

creased tolerance whilst feeding). We found that in general grooming was reciprocally

exchanged, directed up the hierarchy and at the same time affected by friendship and kin-

ship. Grooming was more frequent among individuals with higher friendship values as well

as amongst related individuals. We also divided our data set on the basis of rank difference

and tested if different power asymmetries between individuals affected the tendency to ex-

change grooming for rank related benefits and grooming reciprocation. In support of our ini-

tial hypothesis our results show that the reciprocation of grooming was a significant

predictor of grooming interactions between individuals of similar rank, but not between

those individuals more distantly separated in the social hierarchy. However, we did not find

any evidence for grooming being exchanged for rank related benefits in either data set. Our

results, together with previously published studies, illustrate the behavioral flexibility of ma-

caques. It is clear that multiple studies of the same species are necessary to gather the data

required for the solid comparative studies needed to shed light on patterns of grooming be-

havior in primates.

Introduction

Grooming behavior involves the careful inspection and subsequent cleaning of other individu-

als’ fur and may occupy up to 20% of the daily time budget in non-human primates [1]. More-

over grooming is not compromised in the face of other demands that may appear more
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important (e.g. increased foraging) [1], which suggests that it is of significant importance for

the individuals involved. Unsurprisingly, grooming has been recognized as a fundamental as-

pect of primate sociality.

Traditionally grooming has been considered to be an altruistic behavior that is costly to the

groomer (e.g. lost time and energy) and beneficial to the recipient (e.g. parasite removal or

stress reduction) [1]. The time and energy devoted to grooming could otherwise be devoted to

foraging, vigilance or finding a mate. Therefore individuals are expected to select a groomee

who will be worth investing in, who may reciprocate the service and/or provide alternative ben-

efits. Several theories have been suggested to explain the observed patterns of grooming in pri-

mates. For example, an explanation based on kin selection theory [2] would predict that there

is selection for individuals to groom their own kin in preference to non-relatives in order to in-

crease their own indirect fitness. Relatives benefit from reciprocal grooming exchange or the

exchange of other benefits as well as non-relatives. However, the potential cost of non-recipro-

cation is lower to the groomer when the recipient is related. Although it has been shown that

kinship has an effect on the grooming distribution within groups of primates, it is obviously

not the only factor determining this behavior [3]. An alternative explanation is based on recip-

rocal altruism [4] and predicts that a groomer will favor a partner who is likely to reciprocate

the investment. Reciprocal altruism is predicted to result in patterns of grooming reciprocation

among individuals, with grooming being exchanged reciprocally. The concept of exchange has

been broadened by biological market theory [5], which allows individuals to trade grooming

not only reciprocally but also for other benefits. Some of these benefits can be provided mainly

by high ranking individuals (e.g., tolerance around food or lower aggression) and thus ex-

change for these rank related benefits may explain the common pattern of grooming up the so-

cial hierarchy [1,6].

Strong positive social relationships (sometimes referred to as “friendship” or “high relation-

ship quality” [7,8]) have been discussed as an important factor in explaining patterns of inter-

actions in primate social groups [8–12]. Cords and Aureli [12] introduced a complex approach

designed to measure social relationships. These authors defined three components relating to

the quality of the relationship between individuals: value, security and compatibility. Only re-

cently has this theoretical proposal been tested empirically, although it remains for such tests

to be carried out using a standardized approach. In this study we adopted the concept of friend-

ship defined as a way how to differentiate the strength of social interactions based on positive

interactions [8]. Although the two terms (friendship and relationship quality) are related, and

have sometimes been used interchangeably, friendship is defined more loosely and its measure-

ment is usually based on one or a few behaviors [7,8].

Silk et al. [11] suggested that social bonds play a vital role in females’ lives, and the ability to

establish and maintain strong social bonds (e.g., through grooming) may have important fit-

ness consequences for baboon females. Despite recognizing the importance of grooming only a

limited number of studies have tested the effect of social bonds on other behaviors empirically.

One exception to this is the field of reconciliation, where a number of studies have reported a

positive correlation between friendship or relationship quality and the probability of post con-

flict reconciliation (see e.g., [7,12,13]). However, it is obvious that primates living in social

groups do not interact in the same way with all group-mates. Furthermore, the probability of a

given behavioral interaction (e.g., grooming) occurring between two individuals is strongly

influenced by the characteristics of each partner and the quality of their mutual relationship

[8,11,13,14]. For example, individuals spend more time grooming their favorite partner in

comparison to less favored ones (for review see [1]). It is also predicted that a generally high

level of social tolerance in a particular group or species may decrease the need for subordinate

females to achieve tolerant relationships via grooming-tolerance exchanges with dominant
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females [1]. As such the grooming partners chosen by females may be selected according to

friendship rather than social rank. The tendency for individuals to select grooming partners

with which they had good social relationships has been found in several macaque species

(Macaca assamensis [13],M. arctoides [7]). This trend is expected to be more common in spe-

cies with a more tolerant social style (see below) [15]. Barbary macaques are considered to be

tolerant and as such we expect that friendship will play an important role in partner selection

for grooming interactions.

Patterns of grooming interactions and their driving factors are not expected to be the same

across different species of primates. Several characteristics of social hierarchy, particularly

dominance steepness, vary among species and may have important consequences for grooming

interactions [1]. Dominance steepness represents a measure of power difference between adja-

cently ranked individuals and it has been used to characterize species of macaques along a des-

potic-tolerant gradient [16]. In groups of despotic species (e.g. rhesus macaques) with steeper

dominance hierarchies individuals are expected to exchange grooming for rank related benefits

more often than individuals in groups of tolerant species (e.g., Barbary macaques) [1]. In toler-

ant species it is possible that the power differential among individuals is so low that grooming

reciprocation among individuals will prevail over the exchange of other commodities. Interac-

tions among individuals from despotic species should also be more dependent on rank and kin-

ship than those of more tolerant species, where friendship among group mates may be more

than or equally as important as rank and kinship [16]. Moreover, even within a single species,

the exchange of grooming for rank related benefits is expected to be more frequent between in-

dividuals with higher rank difference than between individuals closer in rank, who will be

more likely to groom reciprocally [1]. A number of problems make testing this prediction diffi-

cult, resulting in a paucity of relevant studies. Firstly, we still do not have relevant data for all

species of interest, although the number of species on which data is available is slowly increas-

ing. Second, for most species we have to rely on data from a single group. This is especially

troubling for primates as this order is known for its wide behavioral flexibility, often related to

ecological and social conditions [17]. These conditions may results in different levels of compe-

tition, which in turn influence the steepness of dominance hierarchies and therefore grooming

Table 1. List of behaviors and their definitions used for analyses.

Behaviors recorded using focal continuous sampling

Approach An animal comes into proximity of one or more individuals, stays in proximity for at least 5
sec. and the approach is not motivated by another obvious reason such as food.

Displacement One animal in any way drives away another from some kind of resource (place, shadow,
food, partner) and then stays in place, the displacing individual may or may not use the
resource.

Groom An animal grooms the hair of another; it watches the groomed spot on the other’s body. It
may, use its fingers or mouth to pick up some particles. The identity of groomer and
groomee as well as the duration of the grooming episode was recorded.

Aggression This category included all aggressive interactions between given individuals e.g., silent
threat, hand threat, chase, attack and bite.

Behaviors recorded using instantaneous sampling

Contact Two or more animals are touching with any part of the body. Not engaged in any other
defined behavior such as an embrace or grooming etc.

Proximity Two or more animals are within a stretched arm’s length of each other but are not in
physical contact.

Co-
provisioning

Two animals simultaneously use one food source. They may be in physical contact or
proximity.

doi:10.1371/journal.pone.0117298.t001
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patterns, similarly group size and adult sex ratio have also been shown to affect grooming pat-

terns [17,18].

Macaques are a suitable group for testing the predictions of inter- and intra-species varia-

tion in grooming patterns. The number of species studied has been growing and for some spe-

cies (e.g., Japanese macaques,Macaca fuscata) data from different groups and populations are

available. This well-studied species is highly variable with regards to social behavior, and serves

as a reminder that data from several groups per species is important for detailed comparative

studies (Table 1 in [17,19]). Despite the importance of replication for behavioral studies, the

data used in most meta-analyses [3,17,20,21] are derived from only one or two groups per spe-

cies. This is even more conspicuous when considering socially tolerant species which are less

well studied in comparison to their despotic relatives. Therefore, from a comparative perspec-

tive it is important not only when studying different species but also different populations

within each species. Only a rich and diverse database of studies enables robust tests of the

proposed hypotheses.

Grooming in Barbary macaques has been studied from various perspectives [22–25]. In this

study we investigated the pattern of grooming in semi-free-ranging female Barbary macaques

living in one social group. We investigated the main predictors of grooming interactions on the

level of dyads, including: i) characteristics of the pair (kinship, relative rank, friendship), ii) pre-

viously proposed exchange commodities such as grooming received and, iii) potential rank-re-

lated benefits (lower aggression received and higher tolerance during co-feeding). Moreover,

we tested whether grooming interactions among females close in rank showed a different pat-

tern and relationship with the proposed predictors than grooming interactions among females

more distant in rank. This study is the first to test the hypothesis that pair based characteristics

and exchange commodities in Barbary macaques may have different effect on grooming inter-

actions according to the difference in rank between grooming partners.

Methods

Ethical statement

This study was fully observational and non-invasive and adhered to the legal requirements of

Gibraltar. Approval to conduct the study was granted by the Animal Care Appointee of the Gi-

braltar Ornithological and Natural History Society (GOHNS) (no permission IDs were given).

Study subjects

The study was conducted in the Apes’Den troop of Barbary macaques living in the Apes’ Den

in the Upper Rock Natural Reserve, Gibraltar. This group is semi-free ranging, provisioned

daily by the Gibraltar Ornithological and Natural History Society (GONHS), and visited by

tourists. The study included all 17 adult females (age! 3 years) present in the troop at the be-

ginning of the study (age of females ranged from 3 to 26 years; mean 11.2 years, age data pro-

vided by GONHS). The troop also included six adult males and up to 15 juveniles and infants.

Three new immigrant males (two sub-adult and one young adult male) joined the troop in the

second part of the study. All adult subjects were individually recognized and well-habituated to

the presence of human observers (for more details on study site and subjects see [26]). Mater-

nal kin relationships were obtained from the GONHS database. The kinship data were included

in the analyses as kin (mother-daughter and sister-sister dyads) and non-kin.
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Behavioral data collection

Behavioral observations were collected during two study periods that overlapped with two mat-

ing seasons: between November 2007 and February 2008 referred to hereafter as season 1 and

between October 2008 and February 2009, referred to hereafter as season 2. Females were ob-

served using two methods of data collection at the same time: focal continuous sampling

(30min focal period) and focal instantaneous sampling [27] (focusing on the same individual

at 2 min intervals). Behaviors were recorded according to an ethogram that consisted over 50

items, this ethogram was prepared on the basis of previous studies in non-human primates

[28,29]. Behaviors analyzed in this study are listed in Table 1 together with the data collection

methods. Data collection was distributed equally for each individual both throughout the day

(from 8:00 to 18:00) as well as throughout the entire study. Females were observed once in a

given day at most (and on average 2.1 (SD ±0.05) and 1.6 (SD ±0.08) times per week in season

1 and season 2 respectively). Behavioral observations were made by two observers (MK and

VR) who were trained in data collection and the use of the behavioral ethogram in advance of

data collection. The reliability of simultaneous observations of a given individual by the two ob-

servers reached 93% before the beginning of the data collection. For all of the following analy-

ses only interactions among females were analyzed. For the grooming behavior the start and

end time, direction of the interaction and identity of the social partner were recorded. The

grooming act was considered terminated if it stopped for!20s.

Dominance hierarchy

The social dominance hierarchy among 17 females was assessed on the basis of dyadic displace-

ment interactions between pairs of observed individuals. Displacement interactions have been

used to assess dominance hierarchy in wide range of species (elephants [30]; fowl [31]; ma-

caques [32]) and are based on the clear observed acceptance of a subordinate position by the

displaced individual (which is not always the case in aggressive interactions) [33]. The displace-

ment interactions were entered into two sociometric matrices, separated by season. The lineari-

ty of the dominance hierarchy was assessed by the linearity index h0 in MatMan 1.1.4 (Noldus

2003) [34]. Subjects were subsequently ranked based on their normalized David’s score (NDS)

[35,36] computed on the basis of the Dyadic Dominance Index corrected for chance (Dij) [37].

The NDS is a method of ranking individuals that also takes the relative strengths of the oppo-

nents into account and serves as a basis for computing the hierarchical steepness measured as

the absolute values of regression slopes in plots between NDS and the order of individuals [35].

Friendship measurement

Several measures of social relationship strength or friendship based on different behavioral

characteristics and spatial proximity measures have been used in previous studies including

grooming [11], approach interactions [13], mutual contact [7], or mutual contact and proximi-

ty [8]. Given that grooming was our behavior of interest we cannot use the measurement of

friendship based on grooming data for our analysis. First we computed 4 different friendship

measurements for each dyad based on four behaviors: time spent in body contact, time spent

in proximity (within 2m), approaches and grooming. All 4 were positively correlated (see

Table S5 Table and S6 Table). Body contact represents more intimate spatial relationship then

proximity and is less time dependent on grooming behavior then approach (in other words an

approach always has to occur before grooming can be performed but the two individuals do

not have to be in body contact before and/or after grooming). We therefore chose to assess the

friendship on the basis of the time females spent in mutual body contact (see Table 1 for defini-

tion) as it was also used in previous studies [7,8]. The friendship that individual A has with
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individual B was computed as the amount of time individual A spends in contact with individ-

ual B divided by the average amount of time individual A spends in contact with all other fe-

males. This resulted in an asymmetrical description of the relationship within a given dyad as

the relationship that A has with B does not have to be equal to that of B to A. We favor this

friendship assessment because it has been shown that asymmetry is an important predictor in

social interactions [9]. The matrix of friendship values is provided in S8 Table and S9 Table.

Data analysis

Linear mixed effect models (LMM) were used to test the effect of kinship, rank and friendship

on grooming interactions. Grooming was represented by two measurements: grooming rate

(the sum of grooming acts when A grooms B divided by the total time of observation of the

two individuals) and grooming time (the sum of grooming time when A grooms B divided by

the total time of observation of the two individuals). These two variables were positively corre-

lated in our study (Spearman, season1 r = 0.89, p<0.001, season2 r = 0.83, p<0.001, N = 17),

however some previous studies have shown different results for grooming rate and time, thus

we computed models for both. The grooming data were log transformed to increase the homo-

geneity of their variances. The dataset for each model comprised two lines per dyad (i.e., A-B

and B-A) and in total included 272 lines for each season. All the LMMs analyses were run in R

3.0.2 (R Core Team, 2013) using the lme4 package [38]. When presenting model results, we

show the estimated effect sizes (regression coefficient estimates) and their 95% confidence in-

tervals. In this way, we can falsify null hypotheses (typically rejecting them at α = 0.05 when a

confidence interval does not cover a zero value), and we also obtain biologically more interest-

ing information about the size of each effect, finally we can also quantify the reliability of such

an effect size estimate [39]. Given the fact that the response variables were log-transformed, we

can quantitatively interpret the estimated effect sizes (bi) by saying that the expected response

variable value increases exp(bi)-times (if the resulting value is< 1, then the change represents

decrease) when the predictor value increases by one unit. In the case of categorical predictors

(which all had only two states in our data set), exp(bi) shows how many times larger the mean

response value for the particular predictor state is than the mean of observations for the other

(reference) state. This interpretation using the exponential function can also be applied to the

end points of the estimated confidence intervals.

The models tested the effects of the following variables on initiated grooming rate or groom-

ing time. Rank—represented the dominance relationship of the groomer relative to the groo-

mee coded as two states: dominant and subordinate. Rank distance—represented by the

absolute value of the rank distance between the groomer and groomee (based on the David`s

score). Kinship—represented the maternal kin relationship between the groomer and groomee

coded as two states: kin and non-kin. Friendship—measured as the time spent in contact by a

given pair of individuals relative to average time spent in contact with other group members,

entered as a continuous variable. Co-provisioning—measured as the percentage of time spent

by individuals in a given dyad using one food source. Grooming received—grooming rate or

time received by the groomer from a given groomee. Aggression received—rate of aggression

received by a groomer from a given groomee. Season—coded as two states: season 1 and season

2, corresponding to the two study periods. Age difference—the absolute value of age difference

between the groomer and the groomee. This last variable was added to control for dyad similar-

ity based on age. The identities of the groomer and groomee were used as crossed random fac-

tors in the models.

In order to assess the differences in grooming patterns of individuals closer in rank com-

pared to those of individuals that were distant in rank, we divided our data into two subsets
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based on rank distance: a) a dataset with grooming interactions among females who have

higher rank distance than the total sample average rank distance and b) a dataset with groom-

ing interaction among females who have smaller than average rank distance. Again we tested

the effect of the same variables on grooming rate and grooming time. This yielded four addi-

tional models. For each model we checked homoscedasticity and distribution of residuals using

regression diagnostic plots. The significance of all our models was assessed by comparison with

corresponding null models.

Results

Grooming behavior

We collected a mean of 15.5 (±0.27 SD) hours of focal observation data per female in season 1

and 13.6 (±0.65 SD) hours per female in season 2. We recorded 1,362 grooming interactions

among females (842 in season 1 and 520 in season 2). Females were involved in an average of

0.17 (±0.48 SD) grooming interactions per hour and for an average of 0.79 (±1.74 SD) minutes

per hour. The number of grooming interactions per female ranged from 69 to 298 with an aver-

age of 160.2 interactions. Data provided in S1, S2, S3 and S4 Tables.

Dominance hierarchy

The resulting dominance hierarchies were based on 495 (with 21 unknown dyads) and 395

(with 35 unknown dyads) interactions in season 1 and season 2 respectively. The dominance

hierarchies were significantly linear (season 1: h' = 0.78, p< 0.001; season 2: h' = 0.63, p< 0.001)

and the direction of interactions was highly consistent with the resulting rank order (direction-

al consistency index [40] in season 1 DCI = 0.97; in season 2 DCI = 0.99). No rank changes

were identified within each season, but there were several changes in rank order of particular

individuals (by up to three positions) between the two seasons. The values of the hierarchical

steepness gradient were 0.50 in season 1 and 0.40 in season 2. Both linearity and steepness val-

ues are comparable with a previous study of a different group of Barbary macaques; h' = 0.60,

steepness = 0.48 [22].

Grooming pattern (results of LMMs)

Grooming distribution among all females. Grooming rates were significantly related to kin-

ship, relative rank, friendship, grooming received and aggression received (Table 2).

Females groomed their kin more often than non-kin. The model predicted that in the ab-

sence of maternal kinship between the grooming partners the grooming rate is 1% to 71%

lower when compared to grooming among maternal kin dyads. Females directed grooming up

the hierarchy (i.e., most often the groomers were of lower dominance rank than groomees).

The model predicted that when a groomer is subordinate to a groomee the rate of grooming is

16% to 184% higher than when the groomer is dominant to the groomee. Friendship was also a

significant predictor of grooming and females groomed their higher quality partners more

often than low quality social partners. The model predicted that an increase of 1 in the friend-

ship value will lead to an increase in grooming rate of 37% to 64%.

The results also show that females exchange grooming for grooming with their partners as

they more often groom females who groomed them back. The model predicted that an increase

of 0.1 in grooming rate received is related to an increase of 5% to 22% in grooming rate initiat-

ed. Aggression received was also related to grooming rate although, contradictory to our hy-

potheses, this was in a positive direction, in other words those groomers who initiated more
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grooming received more aggression from that given partner. The model predicted that an in-

crease of 0.1 in aggression is related to an increase from 13% up to 37% in grooming rate.

The season had also a significant effect on grooming, with females grooming less often dur-

ing the second season. Neither relative rank distance among grooming partners nor time spent

co-provisioning were related to grooming distribution in this or any of the following models.

The results were slightly different for the model based on grooming time (Table 2). Kinship

was not a significant predictor and females did not groom their relatives for a longer time than

their non-relatives. The amount of grooming received was also not a significant predictor in

this model suggesting that the exchange of grooming among females is mainly based on fre-

quency and not time. Relative rank, friendship and aggression received were significant predic-

tors of the grooming time pattern. Thus females groom longer a) partners dominant to

Table 2. Results of LMMs testing grooming rate and grooming time and their relationship to kinship, rank distance, relative rank, friendship,
grooming received, co-provisioning, aggression received and season.

Grooming rate Grooming time

Fixed effects Estimate SE 95% confidence
interval

Estimate SE 95% confidence
interval

Age difference 0.002 0.014 -0.026 0.030 0.004 0.019 -0.034 0.040

Kinship (no) -0.608 0.306 -1.222 -0.012 -0.645 0.402 -1.451 0.140

Rank distance -0.073 0.048 -0.167 0.026 -0.102 0.064 -0.226 0.028

Relative rank (s) 0.587 0.214 0.148 1.045 0.929 0.292 0.330 1.554

Friendship 0.405 0.045 0.317 0.493 0.531 0.056 0.421 0.640

Groom received 1.229 0.038 0.496 1.959 0.159 0.115 -0.063 0.383

Co-provisioning 0.140 0.141 -0.134 0.415 0.213 0.187 -0.149 0.577

Aggression received 2.156 0.488 1.210 3.117 2.775 0.644 1.520 4.041

Season (2) -0.363 0.152 -0.658 -0.063 -0.686 0.203 -1.079 -0.289

Variables with values in bold had significant effect on grooming rate or grooming time based on CI.

doi:10.1371/journal.pone.0117298.t002

Table 3. Results of LMMs testing grooming rate and grooming time and their relationship to kinship, rank distance, relative rank, friendship,
grooming received, co-provisioning, aggression received and season among females with low rank distance.

Grooming rate Grooming time

Fixed effects Estimate SE 95% confidence
interval

Estimate SE 95% confidence
interval

Age difference -0.002 0.020 -0.040 0.035 -0.003 0.025 -0.052 0.046

Kinship (no) -0.446 0.350 -1.159 0.227 -0.532 0.452 -1.453 0.343

Rank distance -0.031 0.146 -0.318 0.252 -0.042 0.188 -0.413 0.322

Relative rank (s) 0.423 0.243 -0.043 0.892 0.766 0.317 0.159 1.381

Friendship 0.397 0.055 0.291 0.503 0.503 0.066 0.374 0.631

Groom received 1.243 0.417 0.429 2.052 0.211 0.136 -0.052 0.478

Co-provisioning 0.094 0.163 -0.220 0.408 0.158 0.212 -0.253 0.567

Aggression received 2.283 0.576 1.161 3.450 2.888 0.744 1.426 4.410

Season (2) -0.233 0.219 -0.655 0.194 -0.504 0.286 -1.058 0.053

Variables with values in bold had significant effect on grooming rate or grooming time based on CI.

doi:10.1371/journal.pone.0117298.t003
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themselves, b) partners with which they have a better relationship and c) partners who target

them with aggression.

Comparison of grooming distribution among females close in rank and distant in rank.

Results of the LMMs based on the two separate data sets showed that grooming received was a

significant predictor in grooming among females close in rank but not in grooming among fe-

males distant in rank. Females close in rank thus exchanged grooming reciprocally and females

distant in rank did not (Table 3, Table 4). This was the case for grooming rate models but not

for grooming time models (Table 3, Table 4). Moreover the aggression received by an individu-

al was related to grooming distribution (both rate and time) among females close in rank but

not among females distant in rank. Kinship was a significant predictor in grooming interac-

tions among females distant in rank but not among females close in rank, although the direc-

tion of the relationship was similar. Relative rank was also a significant predictor in most of the

models, thus females close as well distant in rank usually groomed females dominant to them-

selves more often and for longer periods of time. Finally friendship was also a significant pre-

dictor of grooming rate and grooming time in both datasets. Thus females close as well as

distant in rank groomed more often and for longer time their friends. Our results thus suggest

that grooming interactions among females close in rank and females distant in rank are not al-

ways affected by our predictor variables in the same way.

Discussion

Our study determines the effects of three main factors on grooming interactions in female Bar-

bary macaques, namely kinship, relative rank, and friendship. It also shows that the main re-

ward for grooming is reciprocation, but no evidence was found for exchange of rank-related

benefits (i.e. lower aggression and higher tolerance while feeding). In addition to these general

patterns, we detected differences between pairs of individuals that were particularly close or

distant in rank.

Of the factors studied here the effect of kinship and rank on grooming behavior has already

been demonstrated (for reviews see [3,10,20,21]). However, the significance of kinship and

rank in respect to other factors and social structure is not clear. For example, in their recent

meta-analysis, Schino & Aureli [3] conclude that although kinship plays some role in grooming

interactions among primates its importance is much lower than previously thought, particular-

ly in relation to grooming reciprocation. Our data are compatible with this conclusion: the ef-

fect sizes suggested that although kinship is a significant predictor of grooming in some cases it

was not an overriding factor in our models. A more complex scenario for rank-dependent ef-

fect has been suggested by Thierry [15]. This scenario suggests that the effect of dominance

rank and kinship on social interactions should be of limited importance, perhaps negligible, in

species with a tolerant social style (e.g. Sulawesi macaques), compared to those with a more

despotic style (e.g. rhesus macaques). However, our results, as well as several previous studies,

demonstrate that the effects of kinship (M. sylvanus, [22]) and/or rank (M. thibetana, [41]) is

nevertheless recognizable and significant even in tolerant macaque species. This suggests that

the behavioral patterns along the tolerance-despotism species range should indeed be seen as a

continuum with inter-species overlaps rather than entirely distinct modes [15].

The third factor, friendship, was previously demonstrated to influence positive social inter-

actions e.g. reconciliation [13] and this was confirmed by our analyses. Under this scheme fe-

males groom other females with whom they had a better relationship more frequently and for

longer time periods. Although well-known and acknowledged, this factor has rarely been tested

in one model together with the other factors, such as kinship and rank, to show its effect on
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grooming patterns. Our design proves that even after including the effect of rank and kinship,

friendship remains a significant behavioral factor affecting the grooming distribution.

Absence of rank related benefits

As mentioned above the significant relationship between grooming and rank was not surpris-

ing. The tendency of females to prefer a dominant grooming partner is usually explained by so-

cial market theory, where low ranking females have more to gain from high ranking

individuals than vice versa [1,6]. As has been previously proposed and tested, subordinate fe-

males may exchange grooming for agonistic support from dominant individuals [21], their tol-

erance [1], or for access to desirable or scarce resources [42]. We did not find any potentially

rank related benefits included in our models (decreased aggression received and higher toler-

ance during co-provisioning) to be related to grooming patterns. While slightly surprising,

these results correspond to several studies reporting a lower tendency to exchange grooming

for rank related benefits in other macaque species [42–45]. A possible theoretical background

for such an observation may be provided by the prediction of Henzi and Barret [1]. They pro-

posed that the pattern of grooming interactions is affected by the power differential between in-

dividuals, where a lower steepness of dominance hierarchy may lead to a lower demand for

rank related benefits. In such a case, grooming would be exchanged for grooming, rather than

for any other benefits. Based on their recent study of Assamesse macaques (Macaca assamen-

sis), Macdonald and colleagues [45] also suggested that in the absence of competition there is

no need to exchange rank related benefits among females. However, this explanation does not

seem to fit our observations. The group under study was provisioned by local management

with food in a single small patch that could be monopolized by several individuals. We thus ex-

pect the motivation of subordinates to exchange their grooming for tolerance while using this

food resource to be high. Considering the condition of our study group, (i.e., high levels of

stress due to tourism and unavoidable contact with human visitors), stress factors may provide

an alternative explanation for the lack of exchange for rank related benefits. Balasubramaniam

et al. [46] showed that stressful conditions may lead to a more intensive demand for grooming

per se than to agonistic support or other potential rank related benefits. This view is based on

the perception of grooming as a stress-reducing and relaxing mechanism [47,48]. We therefore

Table 4. Results of LMMs testing grooming rate and grooming time and their relationship to kinship, rank distance, relative rank, friendship,
grooming received, co-provisioning, aggression received and season among females with high rank distance.

Grooming rate Grooming time

Fixed effects Estimate SE 95% confidence
interval

Estimate SE 95% confidence
interval

Age difference -0.023 0.018 -0.058 0.013 -0.023 0.026 -0.072 0.027

Kinship (no) -2.105 0.790 -3.614 -0.571 -2.824 1.002 -4.743 -0.885

Rank distance -0.067 0.096 -0.251 0.117 -0.136 0.136 -0.394 0.122

Relative rank (s) 1.485 0.352 0.807 2.155 2.097 0.519 1.107 3.077

Friendship 0.359 0.092 0.183 0.543 0.549 0.118 0.314 0.781

Groom received 3.567 1.864 -0.049 7.159 0.099 0.233 -0.353 0.546

Co-provisioning 0.544 0.334 -0.106 1.186 0.819 0.443 -0.045 1.668

Aggression received 1.800 1.093 -0.290 3.921 2.342 1.498 -0.516 5.309

Season (2) -0.454 0.212 -0.865 -0.044 -0.858 0.289 -1.416 -0.301

Variables with values in bold had significant effect on grooming rate or grooming time based on CI.

doi:10.1371/journal.pone.0117298.t004
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suppose that stress factors (including the clumped provisioning of food) may have led to a

higher demand for grooming interactions as a positive stress-reducing behavior.

Environmental conditions together with the more tolerant social system of Barbary ma-

caques might explain the absence of exchange for potential rank related benefits. If this was the

case we would also expect infrequent grooming up the hierarchy, but this remains present

among females in our focal group. Moreover, exchange for rank related benefits has recently

been documented in another study of Barbary macaques [22], although surprisingly this study

did not find an effect of rank on grooming interactions. One possible explanation is that there

are other rank related benefits that were not included in our model. One of such benefit is ago-

nistic support. The incidence of agonistic support was very rare in our study group and thus

impossible to analyze (only 29 instances in two seasons, and 52% of them were among the

members of the largest matriline). However the significant relationship between grooming and

agonistic support in general has been hard to find in previous studies [1] and as concluded by

Shino [21] the relationship is rather weak, and given publication bias, probably overestimated.

We suggest that another relevant rank related benefit may be access to mates. Although

competition among females for mates has been usually overlooked [49] it can represent a po-

tentially important factor in a) Barbary macaques in general, as they breed seasonally and have

partly synchronized ovulatory cycles [50], and in b) our study group in particular where adult

sex ratio was skewed (1M:2.8F). Thus females may compete for access to males to gain mates.

This can be motivated by the possibility of sperm depletion or by limitation of future resource

competition, both factors previously reported for primates (reviewed in [49]). However, toler-

ance during mating was not tested in our models. Further studies comparing data from mating

and non-mating seasons in the same group may shed more light on the role of mating competi-

tion on grooming interactions among females, and help to investigate the role of tolerance

while mating as another potential rank related benefit for females.

Relationship between aggression and grooming

An interesting and contradictory result of our study is the positive relationship between aggres-

sion received and grooming given. While lower aggression has been considered as one of the

potential benefits to be gained via grooming interactions [51], in our study group females re-

ceived more aggression from females whom they groomed more. For Barbary macaques this

phenomenon is not atypical since it has been recently reported elsewhere [22,25]. The explana-

tions suggested by these studies include grooming being used to appease aggressive individuals

and its use in post-conflict reconciliation. Such situations might represent an opportunity for a

former aggressor to coerce a victim by demanding grooming, with subordinates being more

prone to succumb to such behavior when the power difference is high [25]. However our data

did not provide much support for either of these views. In our focal group aggression was posi-

tively related to grooming only in dyads close in rank, but not in the dyads distant in rank. This

observation is difficult to reconcile with the suggestion that higher rank distance should actual-

ly result in a situation where subordinates are highly motivated to appease or succumb to coer-

cion, a pattern contradictory to our observations. It has also been suggested that the levels of

aggression will be even higher without grooming and that individuals do in fact exchange

grooming for reduced aggression [22]. However, this idea can only be tested using detailed be-

havioral time-sequence analysis or an experimental setup. Moreover our result showing that

grooming is generally reciprocated also, in our opinion, does not fit with these explanations, e.g.,

if there is a motivation on the side of the aggressor to coerce a subordinate individual via ag-

gression to grooming, we would not expect that he/she would also reciprocally groom the for-

mer victim. While these causal relationships are difficult to test we suggest an alternative and

Patterns of Grooming in Barbary Macaques

PLOS ONE | DOI:10.1371/journal.pone.0117298 February 10, 2015 11 / 15

108



simpler hypothesis. We suppose that the higher incidence of grooming and aggression might

be explained simply by the spatial and temporal associations of individuals, which determines

the probability of interactions among individuals. In other words, this conclusion is based on

the observation that individuals spending more time together grooming each other also have a

higher probability of getting into a conflict. Furthermore, spending more time in close associa-

tion is more typical for individuals close in rank compared to those distant in rank. Thus our

results for the two data sets fit this explanation well.

Grooming rate vs. grooming time

In our data we found several differences in models based on grooming rate compared to those

based on grooming time. These differences suggest that individuals reciprocate grooming more

on the basis of rate rather than time. In other words, individuals in a given dyad groom each

other at the same rate but not necessarily for the same duration of time. This finding is unfortu-

nately difficult to compare to other studies, as they usually use either time or rate as an exclu-

sive parameter in their analyses (but see [41]) or do not discuss the differences. We may

hypothesize that individuals can control or track the rate of interactions (make decisions on

whether to approach a given individual or not) better than the duration of interaction. More-

over, the duration can also be influenced by other factors such as the decision by the groomee

or actions of other individuals (e.g., fights, alarm calls etc.). We also assume that tracking time

investment is more cognitively demanding then keeping track of frequency. However, regard-

less of the real causes for these differences, the usage of either frequencies or time of grooming

may be another source of variation between studies, and measurements should therefore be

well defined in such behavioral studies.

Finally it should be noted that statistical analysis of grooming data involves several limita-

tions and potential issues of the reliability of the fitted models. First, the grooming interactions

are not evenly distributed across all group members and thus the resulting dataset includes

many zeroes. This is a natural consequence of the fact that individuals groom others selectively

and thus some dyads groom each other more often than others and some do not engage in

grooming at all. Second, some combinations of predictors included in our model are rare or

even non-existent e.g., females distant in rank are more often unrelated than related. This

again is an inevitable consequence of the nepotistic hierarchies and matriline system of ma-

caques. These data characteristics may limit the power and possibly even the reliability of the

tests but are also impossible to avoid.

Conclusions

Our study tested the hypothesis that grooming is exchanged for different commodities in rela-

tion to rank difference among tolerant Barbary macaque females. We found that individuals in

general, and specifically those close in rank, mainly exchange grooming reciprocally. Our re-

sults thus support the hypothesis that in tolerant species reciprocal grooming will prevail over

exchange of grooming for rank related benefits. However, females still directed grooming up

the hierarchy and thus further studies are needed to reveal if other rank-related benefits can ex-

plain this pattern. We also suggest that the relationship between aggression and grooming is

more complex than previously thought. The prediction that grooming serves to reduce the ag-

gression received from ones grooming partner has not been supported in Barbary macaques.
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CHAPTER V. 

Summary of the results 
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Summary of the results 

This thesis is focused on grooming interactions between individuals of 
Barbary macaques in Gibraltar. The findings are based on three studies and 
can be summarized as follows: 

I. In our first study we examined the context of grooming for mating
interchange. We found that males groomed females with whom they
were mating more frequently and for longer periods of time. Our
results also showed that the relationship between grooming and
mating was significant in all context – sexual and non-sexual. The
same was found for females – they groomed males with whom they
were mating more frequently and for longer periods of time. In both
sexes grooming was more frequent and longer in the sexual in
contrast to non-sexual context. We did not find any differences
between presexual and postsexual grooming interactions. We
summarised that significant correlation between grooming and
mating was mediated through long-lasting bonds between
individuals, and that both sexes could benefit from these social
bonds.

II. In our second study we focused on grooming and infant handling
interchange. The most of similar studies were done on primates with
restrictive allomothering where mothers often resist the attempts of
other females to inspect or take away their infants. In contrast,
Barbary macaques belong to the species characterized with less
restrictive allomothering where grooming – infant handling exchange
is less understood. We expected that mothers would receive more and
give less grooming to other females than non-mothers, and that non-
mothers who groom mothers would spend more time with infant
handling. Our data showed that mothers gave less grooming but did
not receive more grooming from other females. We proposed that
this could be explained by time constraint posed on mothers rather
than by grooming for infant handling exchange.
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III. In our third study we focused on the mechanism of the grooming
partner selection. We tested whether grooming is related to kinship,
rank and friendship. Furthermore, we also tested whether grooming is
reciprocated or exchanged for rank related benefits (i.e. lower
aggression and increased tolerance during feeding). In general, we
could say that grooming was reciprocally exchanged and directed up
the hierarchy. Moreover, grooming was more frequent among
individuals with higher friendship values as well as among relatives.
Our results also showed that the reciprocation of grooming was a
significant predictor of grooming interactions between individuals of
similar rank. However, we did not find any evidence for grooming
being exchanged for rank related benefits.
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