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ABSTRACT  

In the past, several characteristics of female relationships have been used to categorize 

primate social organizations: coalitions, nepotism, formal submission, linear dominance 

hierarchies, affiliation, allomothering, and philopatry (Maestripieri 1994b, Sterck et al 

1997, Wrangham 1980). I have recorded affiliation, in Colobus vellerosus, with the aim 

of describing their social organization. I studied two groups (WW: N=32, B2: N=10) 

and collected 102 hours of focal data (July - November 2002). During focals, I recorded 

activity, social behaviour and proximity. Variation in affiliation occurred between the 

groups. In WW, most affiliation (grooming, events and proximity) occurred between 

females. In B2, no difference between sex dyad types arose. Reconciliation did not 

occur between females, but was high between the sexes. Allomothering occurred when 

new infants were present; females carrying infants received more affiliation than females 

without infants (though not significant). These results showed contrasting support for the 

categorization of C. vellerosus as resident-egalitarian or dispersal-egalitarian. 
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I 

CHAPTER I: INTRODUCTION 

I. LITERATURE REVIEW 

Part- 1: Female Social Relationships 

Most primate taxa live in gregarious multi-female groups (81%, van Schaik unpublished, 

as cited in Sterck et al 1997). Gregariousness has probably arisen from the risk of 

predation on solitary individuals; individuals living in groups have higher survival rates 

due to increased predator detection, dilution effect and occasional cooperative defense 

(Dunbar 1988). Group living also increases competition between individuals for food 

and other important resources (Janson 1988) and a balance must be maintained between 

these two factors for individuals in a group to reproduce successfully (Sterck et al 1997). 

Two types of food competition exist: contest and scramble. Contest competition 

involves the active, and often aggressive, exclusion of individuals from food resources, 

occurring when food is distributed in clumps (Janson and van Schaik 1988). Contest 

competition results in a hierarchy where dominant individuals can exclude subordinate 

ones from resources. Conversely, scramble competition (or low contest competition) 

occurs when resources are abundant and evenly distributed, and individuals compete 

simply by utilizing resources before other individuals; in this situation a weak or no 

hierarchy will arise. Competition for resources also occurs between adjacent groups, the 

level of which will be influenced by population density. Between-group contest 
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competition is also influenced by the distribution of food patches, and will result in the 

active defense of resources from other groups (Sterck et al 1997). 

The Wrang/zam (1980) and Sterck et a! (1997) Approach 

Social consequences arise from competition for food resources (Sterck et a! 1997; 

Wrangham 1980). Since females are limited by food availability, and males are limited 

by mates, the effects of ecological variables on female behaviour will strongly influence 

social systems (Trivers 1979; Wrangham 1979). For example, females may remain in 

their natal group or disperse depending on the availability of food resources. Wrangham 

(1980) labeled all gregarious species where females remained in their natal group, while 

males transferred, as 'female-bonded'. Species where females dispersed more often than 

males were labeled as 'non-female-bonded'. When it is not known which sex dispersed, 

Wrangham stated that the presence of dominance relationships, coalitions, grooming, 

aiding, and huddling between females could be used as evidence for female-bondedness. 

Conversely, non-female-bonded species will show low rates of grooming, aggression, 

and coalition formation as well as unstable dominance hierarchies between females. 

Wrangham suggested that his 'ecological model' may be tested by examining both the 

food distribution and social behaviors of female-bonded and non-female bonded species. 

If the model is correct, female-bonded groups will use high quality food patches during 

periods of abundance, but must be able to switch to low quality resources during periods 

of ecological scarcity. Conversely, females from non-female-bonded species will utilize 

evenly distributed resources of lower quality. Also, females of female-bonded species 

should be more involved in intergroup encounters than non-female-bonded species. In 
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1980, most documented species fit the model, but only four non-female-bonded species 

were understood well enough for analysis (Wrangham 1980). 

Wrangham noted four female-philopatric exceptions to the model. The first was 

Theropithecus gelada, because they did not utilize high quality food patches yet showed 

nepotistic female relationships. The second was Colobus guereza, who also used evenly 

distributed, low quality resources, but where females participated in inter-group 

aggression. The third and fourth exceptions were Macaca sylvanus and Papio 

cynocephalus because females displayed more peaceful interactions than other female-

bonded species. More exceptions have arisen from research done since Wrangham 

proposed the ecological model in 1980. Stanford (1990) specifically argued that the 

subfamily Colobinae did not fit into the model because they displayed wide varieties of 

in dispersal patterns and intra-group food competition, despite the fact that they all used 

relatively abundant and evenly distributed resources (mainly leaves). Thus, though the 

model is elegant, female relationships have shown greater variation than can be 

explained by the female-bonded, non-female-bonded dichotomy. The need for social 

categories resulting from different types of food distribution (contest or scramble), and 

competition (within group or between group) became evident. Also, there was a need 

for greater flexibility in the predicted social outcome of female philopatry, which was 

characterized by different levels of 'female-bondedness' (nepotistic or egalitarian). 

Sterck et al (1997) proposed a more detailed rendition of the ecological model, 

which attempted to include these variables. Four categories were suggested: resident-

nepotistic, resident-nepotistic-tolerant, resident-egalitarian and dispersal-egalitarian. 
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'Resident' referred to the propensity of females to remain in their natal group (versus 

'dispersal', where females transfer). 'Nepotistic' referred to kin biases in affiliative and 

aggressive behaviour and was characterized by a strict linear hierarchy where females 

inherited rank from their mother (versus 'egalitarian' where weak or no hierarchy is 

seen). 'Tolerant' referred to elevated tolerance in ultra-group competition and was 

characterized by a more relaxed matrilineal hierarchy where dominant females were 

more lenient with their subordinates and aggression could be bidirectional. Despotic 

hierarchies have formed in non-nepotistic situations as well. Individualistic or age-

graded hierarchies where females do not obtain rank from their mothers have formed in 

species that were predicted to have egalitarian relationships. These species were termed 

'despotic' by the authors and are exceptions to the model. 

Four categories of female relationships were predicted to arise in different 

competitive situations (Figure-1.1). Resident-nepotistic (RN) relationships will arise 

when within-group contest competition (WGC) and between-group scramble 

competition occurs (i.e. scramble competition is occurring) (BGS). Resident-nepotistic-

tolerant (RNT) relationships will arise when both within-group and between-group 

contest competition (BOC) occurs; dominant females will be tolerant towards their 

subordinates because cooperation is needed to defend resources from other groups. 

Resident-egalitarian (RE) relationships will arise with within-group scramble 

competition (BGS) and between-group contest competition occurs (which prevents 

females from leaving the group). Dispersal-egalitarian (DE) relationships will arise in 

situations where within-group and between-group scramble competition occurs; the 
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costs of dispersal and of entering a new group will be minimal, and females can disperse 

(Sterck et al 1997). Thus, if female-bonded species are equivalent to resident-nepotistic 

species, and non-female-bonded species are equivalent to dispersal-egalitarian species, 

the resident-egalitarian, and resident-nepotistic-tolerant categories should encompass 

those exceptions noted by Wrangham (1980). 

Figure - 1.1: Types of competition and the resulting social categories 

Type of Competition 

BGC BGS 

WGC RNT RN 

WGS RE DE 

Competition types: BGC = between-group contest, 
BGS = between-group scramble, WGC = within-
group contest, WGS = within-group scramble. 
Resulting social categories: RNT = resident-
nepotistic-tolerant, RN = resident-nepotistic, RE = 
resident-egalitarian, DE = dispersal-egalitarian. 

In order to evaluate this model, Sterck et al (1997) looked at whether females in 

27 taxa had frequent coalitions, formal submission, linear hierarchies, and female 

philopatry. If the model is correct, coalitions should co-occur with agonistic behaviour, 

dispersal should not co-occur with dominance relationships, and most species should be 

either resident-nepotistic or dispersal-egalitarian because of the stronger effects of 

within-group contest than of between-group contest competition. Most of these 

stipulations are seen: coalitions do co-occur with agonistic behaviour and most species 

are resident-nepotistic or dispersal-egalitarian but dispersal does co-occur with 
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dominance relationships in some species. Therefore the model is robust but not all 

species fit (Sterck et cii 1997). 

Limitations to the Model 

The model had several limitations, which were recognized by the authors. First, it did 

not account for situations of forced female eviction (e.g. Aiouatta seniculus and Lemur 

catta). Second, some species that experience within-group contest have shown despotic 

hierarchies rather than nepotistic hierarchies (e.g. Aiouatta pailiata and Presbytis 

enteilus). Third, some species have displayed formal dominance, but non-linear 

hierarchies (e.g. Lemur catta - though this is now debatable: L. Gould pers. comm.). 

Fourth, some species with female dispersal have shown more despotic than egalitarian 

relationships (e.g. Piliocolobus badius and Presbytis thomasi). Fifth, some females have 

tended to remain with males despite low risk of predation (e.g. Gorilla gorilla). 

The authors did mention two additional factors (besides predation and food 

availability) that may be affecting female primate social relationships: habitat saturation 

and male infanticide. In disequilibrium situations of increased habitat saturation, 

within-group contest may be elevated causing more despotic than egalitarian systems. If 

male infanticide is a threat, females may disperse in search of protective males rather 

than because of competition. Indeed, many exceptions to the model show male 

infanticide (Table-1.1). The lack of information is the main barrier in determining the 

strength of the model; studies are needed to determine the distribution of resources, type 
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of competition occurring and whether or not these factors directly affect social 

relationships (Sterck et al 1997). 

In a detailed review, Sterck (1999) examined the additional factor of 

disequilibrium, by comparing female competition and the dominance style of langurs 

(Presbytis entellus and Presbytis thomasi) in relation to female behavior. Human 

provisioning of Presbytis entellus populations has caused food sources to be more 

clumped; thus, intragroup contest for resources occurred, dominance relationships 

became more important, and despotic hierarchies arose. However, in non-provisioned 

populations of Presbytis entellus resources have also become clumped naturally, and 

despotic hierarchies have arisen in these situations as well (Koenig et al 1998). Thus 

human disturbance failed to fully explain why they deviated from the model. Sterck 

(1999) suggested a third additional factor: that Presbytis entellus was phylogeneticaly 

constrained and may have been unable to form nepotistic hierarchies. Since no 

colobines have displayed nepotistic female relationships, it is likely that they have 

evolved from an ancestor that also did not display this trait. Thus, developing it may be 

impossible or simply take more time than is allowed by fast ecological changes. 

In examining female social relationships in Presbytis entellus, Borries (1993) 

noted that they displayed typical female relationships caused by within-group scramble 

competition (individualistic hierarchies and low rates of coalition formation), as was 

predicted for folivores by van Schaik (1989). However, displacements and aggression 

occurred frequently over food, suggesting that within-group contest competition was 

present. Also, dominant females had higher feeding times and higher reproductive 
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success, which indicated within-group contest competition. Contest over food has been 

seen in both provisioned and natural populations suggesting that it is not a product of the 

provisioning. Furthermore leaves can be contested (Koenig et al 1998). Therefore, one 

possible reason that Presbytis entellus has not formed nepotistic hierarchies may be 

because of the energetic constraints that resulted from a largely folivorous diet (Borries 

1993). Highly folivorous diets are low in easily utilizable energy and thus activity is 

minimized and individuals rest for large proportions of the day. Thus, a fourth 

additional factor may be that female colobines do not have the extra energy to invest in 

the high-cost activities of nepotistic hierarchies such as unidirectional coalitions, high 

rates of agonism and formal submission (Borries 1993). 

It is interesting to note that most of the exceptions to the ecological model were 

folivores or folivore-frugivores (reasons for these exceptions vary: Table-1.1). This 

suggests that something about food competition for leaves is not well understood. 

Preliminary research has shown that some mature leaves are of higher quality than 

others, which can result in preferential feeding on certain leaves and contest over them 

(Koenig et al 1998). Also, many species that rely largely on leaves, will eat seeds or fruit 

when they are available (e.g. Colobus vellerosus, Saj unpublished). These items are 

high quality, and patchily distributed, thus should elicit some contest competition. 

However, they may only be available for short periods, and the rest of the time lower 

quality and evenly distributed resources are used, eliciting scramble competition. 

Species that experience this dichotomy in food availability may need to retain some non-

egalitarian traits, such as the capacity to form despotic dominance hierarchies, to deal 



9 

with these times when high quality food is available. Indeed the same thing has been 

predicted for nepotistic species: they should be able to switch to low quality food 

sources in times of scarcity, but still maintain their 'female-bonded' social relationships 

(Wrangham 1980). 

Table - 1.1: Folivorous exceptions to the socioecological model 

Species Category Reason for Exception Infanticide! 
Common 

Ref. 

Theropithecus gelada RN Display nepotism despite use of 
low-quality food sources 

Yes!? 1,14 

Presbytis entellus RE Despotic female hierarchies in 
some ecological conditions 

Yes/No 2,3 

Colobus guereza RE Females participate in inter-group 
aggression 

Yes/No 1,3,12, 
13 

Presbytis thomasi DE Females transfer despite evidence 
of food competition 

Yes/Yes 2,5,12 

Colobuspolykomos DE Despotic female hierarchies ? 6,7,12 
Piliocolobus badius DE Despotic female hierarchies Yes/Yes 8,12 
Alouatta palliata DE Despotic female hierarchies Yes/Yes 2,9,12 
Alouatta seniculus DE Female eviction of other females 

(i.e. forced dispersal) 
Yes/Yes 2,10, 

12 
Gorilla gorilla DE Females remain with males 

despite low predation 
Yes/Yes 2,11, 

12 
Infanticide/common = if infanticide occurs/ and if it is common. 1) Wrangham 1980, 2) 
Sterck et al 1997, 3) Steenbeek 2000, 4) Oates et al 1994, 5) Borries and Koenig 2000, 
6) Korstjens et al 2002, 7) Dunbar and Dunbar 1974, 8) Starin 1994, 9) Zucker and 
Clarke 1998, 10) Crockett 1984, 11) Harcourt et al 1976, 12) Review: Sterck and 
Korstjens 2000 13) Fashing 2001, 14) Dunbar 1984. 

Also, most of these highly folivorous exceptions are egalitarian species (except 

for Theropithecus gelada). For a species to be labeled egalitarian (or non-female-

bonded) they must show weak or no hierarchies (bidirectional aggression, no formal 

submission or coalitions), and low levels of nepotism between females (i.e. low levels of 
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aggression and affiliation) (Sterck et al 1997; Wrangham 1980). Not all species will 

display both of these criteria, and in the past, one or the other has been sufficient to 

determine that a species is egalitarian. Thus, species that show low levels of nepotism 

but linear hierarchies (of varying strength) will be termed egalitarian (e.g Erythrocebus 

patas, Nakamichi et al 1997; Presbytis entellus Borries 1993; Koenig et al 1998, P. 

johnii, Poirier 1970; Colobus polykomos, Korstjens et al 2002; Piliocolobus badius, 

Starin 1994, Nasalis larvatus, Yeager 1990) along with species that actually do show 

both (e.g. Colobus guereza, Dunbar and Dunbar 1976, Leskes and Acheson 1970) 

resulting in an inconsistent grouping. Egalitarian relationships usually arise in species 

with highly folivorous diets. Thus, the inconsistencies surrounding the egalitarian 

category are probably linked to the fact that the competition pressures of folivores and 

folivore-frugivore are not well understood. 

Part 2: Affiliation and the Sterck et a! (1997) Model 

In order to determine the social categories of different species, Sterck et al (1997) 

looked at the nature of dominance hierarchies, coalition frequency, the presence of 

formal submission signals and philopatry among females. In theory, affiliation could 

also have been used to predict female social categories because it tends to be associated 

with two variables: kinship and dominance (Gouzoules and Gouzoules 1987). Thus, 

nepotistic species should display higher rates of female-female affiliative behaviours 

because relationships are based on relatedness and dominance (as predicted for female-

bonded species by Wrangham 1980). Tolerant species should display higher rates of 
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female-female reconciliation after agonistic encounters than nepotistic species because 

of their increased need for cooperation from subordinates. Also, by looking at affiliation, 

species with despotic dominance hierarchies should show higher rates of female-female 

affiliation than egalitarian species in order to maintain dominance hierarchies, but lower 

rates of female-female affiliation than nepotistic species because these hierarchies are 

based on dominance alone. 

There are several ways of measuring affiliation: by recording grooming 

(frequency, rate and duration), proximity (time spent in proximity, maintenance of 

proximity) and by the frequency and context of affiliative event behaviors such as 

embracing, mounting, touching and mouth-to-mouth contact (e.g. Nakagawa 1992; 

Weber 1973). Affiliation also increases in two specific situations: post-conflict (e.g. de 

Waal 1989), and when young infants are present (e.g. Kohda 1985). In order to use 

affiliation as a predictor of female social category, data on female-female affiliation is 

needed. In the following sections I review the literature on these five areas of affiliation. 

Grooming 

Grooming is characterized by the searching through fur, or on skin, with the occasional 

act of putting found items to the mouth. Autogrooming is the act of grooming oneself 

and allogrooming occurs when one grooms another (Goosen 1979). Females are often 

responsible for the majority of grooming (Mitchell and Tokunaga 1976). Grooming 

between allies and kin can aid in increasing resource acquisition as well as decreasing 

stress levels and thus is an important behaviour for gregarious species (review: Henzi 
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and Barrett 1999). Grooming is also a vital behaviour for the maintenance of alliances 

(Chapais 1995; Seyfarth 1977). The type of competition that females experience will 

determine how essential these alliances are for resource defense and acquisition. If 

within-group contest competition exists, females may need alliances to increase resource 

acquisition, and if between-group contest competition exists, females may have to form 

at least weak alliances to defend their core area from other groups. If scramble 

competition is 'occurring, alliances will not be as necessary (Sterck et a! 1997). The 

greater the need for alliances, the more grooming should be displayed by a species. 

I have calculated the rate of grooming and percent of adult grooming bouts from 

several studies, for female-female, male-female and male-male dyads (Table-1.2). I 

grouped species by female social category as presented in Sterck et a! (1997), including 

species that were lumped into categories (e.g. Papio spp. and Macaca spp.) because 

sufficient data was not yet available. 

For the most part, egalitarian species have low grooming rates and the highest 

rates are seen among the resident-nepotistic (and probable resident-nepotistic) species. 

Exceptions are easily noted; for example, Presbytis entellus has a higher grooming rate 

than the other resident-egalitarian species, likely due to their linear dominance hierarchy 

(Borries et a! 1991). From the percent of total bouts, a rather clear and simple trend 

arises: female-female grooming among resident species is higher than male-female or 

male-male grooming. Intersexual grooming appears to be higher than female-female 

grooming in dispersal-egalitarian species. This demonstrates that in dispersing species, 

females have stronger relationships with males, and in resident species female-female 
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relationships are stronger, which reflects Wrangham's (1980) female-bonded, non-

female bonded dichotomy. 

Table - 1.2: Grooming distributions in group-living Old World primates 

Category Species Rate (houts/hr/indiv) % Total Bouts Ref. 
F-F F/M M-M F-F F/M M-M 

RN Cercopithecusaethiops 0.99 1 
Macaca mulatta 0.14* 0.04* 0,04* 770* 21.8* 1.1* 2 
M nemestrina 0.04 0.03 3 
Mfuscata 0.102 62.9 31.3 5.8 4 
M radiata 62.2 28.9 21.2 5 
Papiohamadryas 0.651* 6 
P. anubis 0.60* 0.52* 0.10* 44.0* 53.0* 3.0* 7 

RNT Macacatonkeana 0.07* 0.06* 0.006* 42.6* 557* 1.8* 8 
M arctoides 034* ØØ5* 777* 22.8% 9  

RE Erythrocebuspatas 0.02*, 0.004* 0.0* 80.0* 20.0* 0.0* 10 
Colobus guereza 0.03 0.004 0.0 87.3 12.7 0.0 11 
C. polykomos 0.11 0.01 12 
Presbytis entellus 0.32 84.9 15.0 0.0 13 
Nasalis larvatus 0.004 0.0 14 

DE Papio c. ursinus 0.20 0.58 0.0 15 
Piliocolobus badius 0.041 0.038 12 
P. temmnikii 0.017 0.001 16 
Pan troglodytes 0.03 0.01 0.004 4-58 31-40 5-58 17 
P. paniscus 0.30* 0.24* 0.04* 36.3* 58.5* 5.2* 18 

F-F = female-female, F/M = female/male M-M = male-male dyads. Category is 
determined mainly from Sterck et al 1997. Rate = #bouts/hr/indiv; % Total Bouts = % 
of total adult bouts; * captive, free-ranging. 

References: 1) Seyfarth 1980, 2) Matheson and Bernstein 2000, 3) Oi 1990, 4) Oi 1988, 
5) Sugiyama 1971, 6) Leinfelder et al 2001, 7) Rowell 1966, 8) Thierry et al 1990, 9) 
Butovskaya and Kozintsev 1996; Butovskaya et al 1994 10) Kaplan and Zucker 1980, 
11) Oates 1977, 12) Korstjens et al 2002, 13) Borries et al 1994; Sugiyama 1965, 14) 
Yeager 1990, 15) Byrne et al 1989, 16) Starin 1994, 17) Sugiyama 1988, 18) Vervaecke 
et al 2000. 
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Thus, affihiative behaviour is a promising determinant of female social category. 

However, few studies have published the necessary information in terms of hourly 

grooming per dyad type. Furthermore, because many studies were on captive or 

provisioned colonies, it is likely that affiliation levels were influenced by the 

environmental context. This is so especially if captive colonies had sex ratios and group 

compositions unlike those seen in the wild. Affiliation patterns would most certainly 

have been affected if, for example, a multi-male species was .housed in a uni-male 

situation, or a resident species was housed in a situation where no individuals were 

related. Therefore, more studies of affiliation in wild, non-provisioned populations are 

needed in order to provide baseline data that can be used in a comparative study. 

Proximity 

Inter-individual proximity can be used to determine group membership (e.g. Sailer and 

Gaulin 1984) as well as an indicator of the social relationships within a group. Proximity 

is a component of affiliation between individuals because an individual will stay nearer 

to those with whom it has closer relationships. Consequently, individuals are spaced 

non-randomly in the group spread (McBride 1971). It is possible to use spatial data to 

construct social relationships and group organization (e.g. Shaerman 1980). Proximity is 

especially useful in determining affiliative patterns between females that display little 

social behaviour towards one another (e.g. Alouatta palliatci Zucker and Clarke 1998; 

several colobines, Newton and Dunbar 1994). 
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In resident species, females tend to remain in closer proximity to other females 

than to males (e.g. Macaca maurus (RN?), Matsumura and Okamoto 1997; Macaca 

fuscata (RN), Nakamichi 1996; Erythrocebus patas (RE), Nakagawa 1992). While in 

dispersal species females remain in closer proximity to the male (Piliocolobus badius 

(DE), Korstjens 2001; Gorilla gorilla (DE), Harcourt 1978). How close they remain in 

proximity and amount of time spent touching could be used for comparison between 

social categories, but enough data does not yet exist. Presumably, females of nepotistic 

species would spend more time touching and in close proximity than egalitarian species. 

More consistent studies of proximity between adults are needed in order to compare 

proximity between species as a measure of affiliation. 

Events 

Events are defined as short behaviours that do not have duration (Paterson 2001); social 

event behaviours can be both aggressive and afffliative. Most species display an array of 

affihiative events such as touching, embracing, mouth-to-mouth contact, and non-sexual 

mounting (e.g. Presbytis entellus Weber 1973). Events are frequently measured in 

studies of reconciliation but are rarely used quantitatively to describe primate affiliation. 

Some studies describe only one particular event (e.g. non-sexual mounting and kissing: 

Oi 1990), while other studies describe several in a detailed behavioural description of a 

species (e.g. Oates 1977). One study detailed the events of Presbytis entellus in the 

context of tactile communication (Weber 1973) though this is a rarity. The frequency of 

affiliative events and who displays them could certainly be useful as a further measure 
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of affiliation, though it may be difficult to use measures comparatively between species 

because each will have their own set of events. 

Reconciliation 

Reconciliation is characterized by the increase in contact following a fight and the use of 

appeasing affiliative behaviours (proximity, grooming and events), termed post-conflict 

(PC) affiliation (de Waal 1993). These are o'ften highly elevated shortly after a conflict, 

usually within one to four minutes (one: e.g. Colobus guereza, Bjornsdotter et al 2000; 

four: e.g. .Papio anubis, Castles and Whitten 1998). Reconciliation can be initiated by 

either the aggressor or the recipient of a conflict and either or both may initiate most of 

the PC affiliation. 

In order to determine if reconciliation is occurring, de Waal and Yoshihara 

(1983) developed the post-conflict (PC) and matched control (MC) method of data 

collection. This method involves the focal sampling of one of the conflict individuals 

after a fight (PC), followed by an identical focal sample of the same individual on the 

next possible day (MC). When conflicts occur between individuals three possible 

outcomes exist: neutral, dispersal or attraction (reconciliation). In neutral pairs, there is 

no difference between PC and MC samples, in dispersed pairs more affiliation is seen in 

MC rather than PC periods. In attracted pairs, more affiliation is seen in PC periods than 

MC periods and in these instances, reconciliation is said to occur. If individuals cannot 

be recognized, as is often the case in wild populations, PC rates can be compared to 

baseline affiliation rates; if rates are higher in PC periods, reconciliation is said to occur 
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(e.g. Cheney and Seyfarth 1997; Judge 1991; McCormack and Fairbanks 1998; Silk et al 

1996). 

Reconciliation rates are measured by the conciliatory tendency. In the past, this 

was calculated by the percentage of pairs attracted after a conflict (de Waal and 

Yoshihara 1983). Veenema et al (1994) modified the conciliatory tendency to include 

the number of pairs that were dispersed as well (# attracted pairs - # of dispersed pairs I 

total # pairs), and this measure has been adopted by most researchers. Veenema et al's 

measure is usually a slightly lower percentage because it also takes into account the 

proportion of conflicts that are not reconciled. Though most species show much higher 

rates of attraction in PC periods (attracted pairs) than in MC periods (dispersed pairs), 

some do not. In Gorilla gorilla, for example, females had a conciliatory tendency of 

4%, but affiliation occurred in equal amounts in PC and MC periods (Watts 1995). This 

indicates that there were an equal number of attracted and dispersed pairs and therefore 

reconciliation was not truly occurring (and conciliatory tendency should be 0%). Thus, 

the conciliatory tendency can be misleading unless the Veenema et al's (1994) corrected 

measure is used. 

I have summarized the results from studies that have differentiated reconciliation 

for all sex dyads (Table-1.3). Both types of conciliatory tendency are displayed to 

maximize data for comparison (de Waal and Yoshihara 1983; Veenema et al 1994). 

Whether or not the recipient or aggressor is most likely to initiate contact prior to an 

aggression (i.e. in more than 60% of cases) is also displayed for the group as a whole 

(because information for separate dyads is rarely presented). 
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Resident-nepotistic-tolerant and resident-egalitarian species have the highest 

female-female conciliatory tendencies with the exception of Macaca maurus (Table-

1.3). If the use of reconciliation is valid as a predictor of female-female category, this 

suggests that Macaca maurus may not be a resident-nepotistic species, but rather a 

resident-nepotistic-tolerant species. However, it is not possible to reorganize species by 

way of their affiliative tendencies before it is determined that the different social 

categories are indeed characterized by different levels of affiliation. Also, the one 

dispersal-egalitarian species for which comparative data for all sex dyads is available 

(Gorilla gorilla), demonstrates a higher conciliatory tendency between males and 

females, which fits the prediction that males and females of this category will have 

higher affiliation than same sex dyads. However, with information for so few species, it 

is difficult to make conclusions, and more studies are needed where tendencies are 

calculated for all dyads. 

Low levels of conciliatory tendency in species with strict dominance hierarchies 

may be due to the fact that dominant individuals are responsible for most aggressive 

events. Subordinates are usually the recipients and are reluctant to approach dominants 

after a conflict (de Waal and Luttrell 1989; de Waal and Ren 1988). Thus, in species 

with strict dominance relationships, we could also expect reconciliation to be most often 

initiated by aggressors (e.g. Erythrocebus patas, York and Rowell 1988; and Macaca 

mulatta, de Waal and Ren 1988). Conversely, in species with less strict or no hierarchies 

the recipient will likely initiate more or equal numbers of reconciliations because they 

will not feel as threatened by dominants (e.g. Macaca arctoides, de Waal and Ren 1988; 
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Macaca tonkeana Demaria and Thierry 2001; and Colobus guereza, Bjornsdotter et al 

2000). A clear pattern does not yet arise from the studies listed in Table-1.3 because 

information is not available for the separate dyads. 

Table - 1.3: Reconciliation in group-living Old World primates 

Category Species . Conciliatory Tendency (%) % PC Attracted air Ref 
F-F F/M M-M F-F F/M M-M 

RN Cercopithecus aethiops 8 ? 1 
Macaca mulatta 13 21 29 a 2 
M fuscata a/r 3 
M fascicularis r 4 
M maurus 47 27 75 53 27 75 r 5 
M nemestrina 36 a 6 
Papiohamadryas 10* 24* 40* ? 7 
P. anubis 11 20 11 a 8 
Theropithecusgelada 38* 86* r 9 

RNT Macaca tonkeana 48* a/r 10 
M arctoides 57* 51* 47* r 11 

RE Erythrocebuspatas 52* 
Colobus guereza 

63* a 12 
r 13 

DE Papio c. ursinus 31.1 34.4 a 15 
Gorilla gorilla 0.0 4.0 37.0 0.0 16 
Pan paniscus a 17 
P. troglodytes 18 * a/r 18 

F-F = female-female, F/M = female/male M-M = male-male dyads. Category is 
determined mainly from Sterck et al 1997. Conciliatory Tendency (%) = attracted 
pairs - dispersed pairs / total pairs; % PC attracted = # attracted pairs / total pairs. a/r 

aggressor (a) or recipient (r) initiates reconciliation in over 60% of cases, a/r if both 
are equally likely to initiate reconciliation, - when no reconciliation occurs between 
females, ? unknown. * captive. 

References: 1) Cheney and Seyfarth 1989 2) de Waal 1993, 3) Aureli et al 1993, 4) 
Aureli et al 1989, 5) Matsumura 1996, 6) Judge 1991; Castles et al 1996, 7) Zaragoza 
and Colmenares 1997, 8) Castles and Whitten 1998, 9) Swedell 1996, 10) Demaria and 
Thierry 2001, 11) de Waal and Ren 1988, 12) York and Rowell 1988, 13) Björnsdotter 
et al 2000, 14) this study, 15) Silk et al 1996, 16) Watts 1995, 17) de Waal 1987, 18) de 
Waal 1989; de Waal and van Roosmalen 1979 
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Aiomothering 

Allomothering is characterized by individuals carrying infants that are not their own 

(Wilson 1975). Females are more commonly allomothers though males of some species 

carry infants (Nicholson 1987). Allomothering is often accompanied by affiliative 

behaviours directed towards infants like cuddling, grooming embracing and protecting, 

though physical abuse can also occur (Nicholson 1987). 

Infant Attractiveness 

Young infants of many primate species are very attractive to non-mothers. Several traits 

of infants such as natal coat colour, motor patterns and physical dependency on adults 

contribute to their attraction to females (Hrdy 1976). This attraction to new infants often 

results in females carrying the infants of another. In some species, very young infants 

are the most attractive and are held by allomothers only in the first months of life (e.g. 

several colobines and Cercopithecus aethiops) and other species experience a delay in 

allomothering but infants are attractive for much longer (e.g. Saimiri spp., Alouatta spp., 

and Macaca spp.). Rank, relatedness and parity will affect the amount of time a female 

will allomother: high-ranking (e.g. Papio h. ursinus, Cercopithecus aethiops and 

Macaca sylvanus), related (e.g. Papio spp., Macaca spp. and Pan troglodytes) and 

nulliparous females are usually responsible for most of the allomothering (Review: 

Nicholson 1987). 
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Female Attractiveness 

Females of many species are also more attractive to other females while they are 

carrying infants than when they are not. Females with infants often receive more 

grooming, affiliative events, friendly approaches and have more individuals touching 

and in close proximity (e.g. Cebus olivaceus, O'Brian 1993; Cebus capucinus, Manson 

et al 1999, Cercopithecus aethiops, Seyfarth 1980 and Struhsaker 1971; Macaca 

maurus, Matsumura 1997; M sylvanus, Small 1990; M mulatta, and M radiata, Small 

1982; M nemestrina, Maestripieri 1994a; Erythrocebus patas, Muroyama 1994; Papio 

spp., Rowell 1968; Presbytis entellus, Jay 1962). Two explanations for this phenomenon 

have been proposed. The first is that lactating females associate with one another more 

because of the similarity of their situation and needs (Altmann 1980), the second that 

females may groom females with infants in order to gain access to the infant (O'Brian 

1993; Seyfarth 1976). Interest in females with infants is most intense while infants are 

young, and wanes as they mature (Altmann 1980). This may be due to the fact that older 

infants can be approached while they are not on their mothers, but also the loss of their 

more conspicuous natal coat colour may mean that infants are less attractive (Hrdy 

1976). 

During their time of attraction, females receive more affiliation, and the presence 

of their infant often overrides the effects of dominance rank (e.g. Cercopithecus 

aethiops, Lee 1983; Papio c. ursinus, Seyfarth 1976;) and kinship (e.g.; Macaca 

mulatta, Martel et al 1994; Macaca fuscata, Ehardt 1988; Papio c. anubis, Altmann 

1980). This means that low ranking females can gain more affiliation while they carry 
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infants, however this will only occur if there are not many infants of high ranking 

females present at the same time (Seyfarth 1980). Females may use their increased 

attractiveness to their advantage, and solicit more grooming than they do when they do 

not have infants (Seyfarth 1980). However, they also avoid the attentions of specific 

females (Maestripieri 1994b). Both of these results show that females with infants are 

active in the social changes that they experience with the arrival of new infants. Thus, 

both the female with the infant and the female without are involved in the increased 

dyadic affiliation (Maestripieri 1994a). 

Allomothering and Female Social Category 

Colobines display high rates of allomothering in relation to other primates, and mothers 

of many species are more tolerant of other females caring for their infants than most 

cercopithecines. This may be a result of low contest competition for food resources, 

which gives rise to egalitarian relationships (McKenna 1979). Thus, the amount of 

allomothering that a species demonstrates may also be associated with the type of social 

relationships displayed by this species (Maestripieri 1994b). 

Maestripieri (1994b) proposed that species with high within-group-scramble 

competition (and egalitarian relationships) should show high maternal tolerance of 

allomothering, low amounts of abuse relative to affiliative care from allomothers and 

females of all ages should show high interest in infants. In species where within-group-

contest competition is high, and relationships are nepotistic, female interest in infants 

should still be high, but abuse relative to affihiative allocare should occur and tolerance 

of the mothers should be low. Maestripieri (1994b) compared literature on colobines 
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and cercopithecines to evaluate these hypotheses. Colobine mothers were more 

permissive of allomothering than cercopithecine mothers, as predicted. However, in 

both groups allomothers were affihiative and abusive towards infants. Abuse towards 

colobine infants was less intense and resulted mainly in rough handling (e.g. dragging or 

pulling) where cercopithecine allomothers more commonly directed aggression towards 

infants. Maestripieri (1994b) did point out that data was mainly qualitative and 

comparisons were indirect and, though data appeared to fit the model, more research was 

needed. 

Paul (1999) used Maestripieri's (1994b) theory and the Sterck et al model (1997) 

to compare the presence or absence of allomothering in several species. He concluded 

that the model was not useful in predicting whether or not infant handling will occur in a 

species. For example, many resident-nepotistic species have shown female infant 

handling (mainly Saimiri spp., Cebus spp., Cercopithecus aethiops and Macaca 

sylvanus) whereas many did not (Papio spp. and Macaca spp.). Resident-egalitarian 

species showed both infant handling (Colobus spp.) and none (Erythrocebus patas and 

Cercocebus torquatus); dispersal-egalitarian species showed both the presence of infant 

handling (Lemur catta, Alouatta spp. and Presbytis pileata) and its absence (Gorilla, 

Pan, Piliocolobus badius, Papio hamadryas, and Ateles geoffroyi). Of the four resident-

nepotistic-tolerant species reviewed, two showed infant handling (Macaca silenus and 

M tonkeana) and two did not (M maurus and M arctoides). Thus, Paul (1999) 

concluded that allomothering did not seem to be related to social category. 
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Both Paul (1999) and Maestripieri (1994b) looked at the presence or absence of 

infant handling across species. It would be more useful however, to compare 

quantitative values between species, to determine the amount of infant handling in 

species where it is present. With these types of comparisons, the model could be 

reassessed with the categories of high or low levels of allomothering. This more refined 

level of analysis may reveal some differences that the presence/absence strategy would 

miss. Also, infant handling has a very broad definition including all interactions of non-

mothers with infants. This includes situations where the infant is still being carried by 

the mother while it interacts with another individual (Maestripieri 1994b). 

Allomothering, in contrast, is defined mainly by the carrying of an infant by a non-

mother, including any care-giving behaviours that occur simultaneously (e.g. grooming) 

(Wilson 1975). Thus, some species may experience non-mother infant handling but not 

allomothering. It may then be more productive to compare the more intense care-giving 

behaviours of allomothering (such as infant transfer and percent time on allomothers) 

between species to identify any trends that may be occurring. Additionally, mothering 

style, the infant's age at attractiveness and the type of infant directed aggression (from 

Maestripieri's 1994b predictions) could be used in conjunction with these measures to 

further determine if social category can be predicted by allomothering. 

It is important that only female infant handling be included in the analysis. In 

most New World species, it is the males who carry infants, except in some Alouatta, 

Saimiri and Cebus (Review: Ross and McLarnon 2000). Also, infants in most New 

World species are responsible for initiating all or most transfers between caretakers, 
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which removes the effect of female motivation (Alouatta palliata: Clarke et al 1998; 

Saimiri scurius: Kohda 1985; Cebus spp.: Fedigan pers. comm., Fragaszy et al in press). 

All of these elements may explain why Maestripieri (1994b) found more support 

for his predictions than did Paul (1999). Two other considerations arise when comparing 

allomothering between species as a predictor of social category. First, it is necessary to 

control for the relatedness of allomothers to the infant. The increased fitness they may 

derive from caring for relatives may override the effect of female social relationships. 

Second, some species show dominance relationships even though they are categorized as 

egalitarian, and it is likely that this will cause unpredicted low levels of allomothering. 

Thus, we can expect some exceptions to the proposed predictions. 

I have compiled infant transfer rates and the percent time spent on allomothers as 

well as the mother tolerance, aggression type and age of attractive infants in Old World 

primates (Table-1.4). The most obvious trend is that dispersal-egalitarian species 

demonstrate no allomothering by females. When infant transfer rates and percent of 

time on allomothers are compared between the groups, rates are overall much higher in 

resident-egalitarian species (except for Nasalis larvatus) when compared to resident-

nepotistic species (except for Macacafascicularis and Papio cynocephalus). Not enough 

data for resident-nepotistic-tolerant species exists to evaluate the predicted trend in this 

group. All resident-egalitarian species show some allomothering, while several resident 

nepotistic species show none at all. Also, in no resident-egalitarian species do males 

carry infants in significant amounts, while this is seen in some species of the other three 

categories. Thus, despite a few exceptions, predictable trends in allomothering arise: 
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Table - 1.4: Female allomothering in group-living Old World primates 

Category Species 

RN Cercopithecus mona 
C. aethiops 
C. neglectus 
Macacafascicularis 
M mulatta 
M sylvanus 
M silenus 
M fuscata 
M radiata 
M nemestrina 
M cyclopsis 
Papio anubis 
P. cynocephalus 

Mandrillus leucophaeus 
Theropithecus gelada 

Transfer Rate 
0.31* 
0.38* 
0* 
1.43* 

0 
0 
0* 

0 
0* 
0.08* 

1.3 
0* 

0 

% Time 
10* 

19.6 
0 
4.1**i* 

2.2 
17**/* 

0 
0** 

0* 

0 
0* 
0.8* 

0* 

0 

Mother Agg. 
Tolerance Type 

P 
tip 

p 
d 

tip d 
d 

d 

Infant 
Age Ref.  

y 1,4 
o 1,2,3 
- 1 

1,3 
o 3,15,17 

y 8 
3 

3,2,14 
5,17 
6 

plo 
y 

1 
P 1,15,17 
Y/O 3,13 

1 
6 

RNT M arctoides 
M maurus 0 

** 

0 
d 0 3,15 

- 6 
RE Erythrocebuspatas 0.62* 10.3* p o 

Presbytispileata 33 t y 
P. entellus 40 d y 
P. cristasus 347* 24.9* t 
P.francoisi 2.88* 22.0* t 
Pygathrix nemaeus 
Nasal/s larvatus 0.1 * 0.3* p 
Colobus guereza 2.7 * 67* t n 
C. polykomos 70* t n 

DE Papiohamadiyas 
Piliocolobus bad/us 0 
Procolobus verus 0 
Gorilla gorilla 0** 0 6,16 
Pan paniscus 0 
P. troglodytes 0** 

y 
y 
y 
y  

6,16 

1,2,3 
12 
9 
1 
1 
2 

10 
10 

0 7 
0 11 

0 6 
0 - 6,16 

Transfer Rate = rate of transfer between females per infant. % Time = % of time spent on allomother. 
Mother Tolerance = reaction of the mother to infant transfer: (t) tolerant or (p) possessive. Main 
Aggression Type: (d) directed aggression or (n) neglect. Infant Age = age when infants are most 
attractive to allomothers: (o) infants of 3 weeks or older, or (y) young infants, starting at day 1 and up t 3 
weeks, (p) post-weaning transfer occurring after several months to a year. ** males carry infants * 
captive. 

References: 1) Khoda 1985, 2) Review: McKenna 1979, 3) Review: Ross and McLarnon 2000 4) 
Fairbanks 1990, 5) Silk 1999, 6) Review: Paul 1999, 7) Korstjens 2001, 8) Small 1990, 9) Hrdy 1977, 10) 
Horwich and Manski 1975, 11) Oates pers comm. As cited in Stanford 1992, 12) Stanford 1992, 13) 
Henzie and Barrett 2002, 14) Schino et al 2003, 15) Estrada and Estrada 1984, 16) Review: Spencer-
Booth 1970, 17) Review: Maestripieri 1994b. 
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resident-egalitarian species show high rates, resident-nepotistic species show lower rates 

or none and dispersal-egalitarians show no allomothering. 

Both of Maestripieri 's (1994b) predictions are also verified: resident-egalitarian 

mothers are usually tolerant of infant transfers (except for Erythrocebus patas and 

Nasalis larvatus who both have female dominance hierarchies), while females of all 

resident-nepotistic species are possessive at least some of the time. Furthermore, in 

resident-egalitarian species, young infants are always more attractive (except for 

Erythrocebus patas), while infants are more often attractive after their first month of life 

in resident-egalitarian species. 

Determinants ofAffiliation in Egalitarian Species 

Rank, relatedness and sex are the main factors that influence affihiative relationships 

(Nakagawa 1992). By using grooming as an example, four trends can be drawn for 

female primates: 1) high-ranking individuals receive more grooming; 2) individuals of 

adjacent rank groom at higher frequencies; 3) high-ranking individuals have more 

grooming partners, and 4) related individuals groom more than unrelated individuals 

(Nakagawa 1992). Thus, among females, rank and kinship will both be affecting 

affiliation patterns. These trends have been formulated from studies of resident-

nepotistic species (Macaca radiata, M fuscata, M mulatta, Papio hamadryas, 

Theropithecus gelada, Cercopithecus aethiops, Cebus apella) where females remain in 

their natal group and form dominance hierarchies (Nakagawa 1992; Seyfarth 1977; 

Sterck et al 1997). In these species, female offspring obtain the rank adjacent to their 



28 

mothers and thus the effect dominance and relatedness on female relationships cannot be 

evaluated separately (Silk et al 1981). 

In dispersal-egalitarian species, females are unrelated thus, the effects of age and 

sex on affiliation can be tested without the effects of relatedness. Some dispersal-

egalitarian species show uncharacteristic dominance hierarchies with bidirectional 

aggression and the lack of coalitions or ritualized submission (e.g. Piliocolobus badius, 

Starin 1994). These species further present the opportunity to study the effects of 

dominance on affiliation without the effects of relatedness. For example, Pan paniscus, 

a dispersal-egalitarian species (Sterek et al 1997), has shown affiliative relationships that 

were strongest between males and females. Female-female relationships were not based 

on kinship (Hohmann et al 1999) and rank had the greatest effect on grooming between 

females. High-ranking females received most of the grooming and support and most 

grooming occurred up the hierarchy (Vervaecke et al 2000). 

In theory, resident-egalitarian species offer the opportunity to determine the 

effects of relatedness on affiliation without the effect of rank (Chapais 2001), since 

females remain together but maintain weak or no dominance hierarchies. However, most 

of the well studied resident-egalitarian species show despotic dominance hierarchies 

(Erythrocebus patas, Goldman and Loy 1997, Kaplan and Zucker 1980; Presbytis 

entellus, Borries 1993, Koenig et al 1998; Lemur catta, Nakamichi et al 1997). Colobus 

guereza seems to be a more "exemplary" resident-egalitarian species, showing little 

evidence for linear hierarchies (Dunbar and Dunbar 1976; Leskes and Acheson 1970). 

However, of the few studies conducted on their social behaviour, none detail the effects 
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of relatedness. More long-term studies are needed on groups where individuals are 

known and matrilineal ties can be determined. 

Part —3: The Study Subject: Social Behavior in Colobus Monkeys 

In this section I have outlined the background information on the study species, Colobus 

vellerosus. This species was little studied prior to 2000 when research began at the 

Boabeng-Fiema Monkey Sanctuary in Ghana. Thus, in this section I have mainly 

summarized results on the social behaviour of other colobus species as models, but I 

have included information on C. vellerosus when it is known. 

Colobus vellerosus is part of the Old World monkey subfamily Colobinae. The 

Asian group includes seven genera: the langurs and leaf monkeys (Semnopithecus, 

Trachypithecus, Presbytis, Pygathrix, Simias), snub-nosed monkeys (Rhynopithecus) 

and proboscis monkey (Nasalis). The African group includes three genera: red colobus 

(Piliocolobus: 8 species), olive colobus (Procolobus: 1 species) and black and white 

colobus (Colobus: 5 species) (Groves 2001). The five species of Colobus have 

representatives in east, central and western Africa (Table-1. 5). 

Table - 1.5: Black and white colobus species and their distribution (Groves 2001) 

Common Name Scientific Name Distribution 
Angolan colobus C. angolensis Central Africa, Tanzania and Kenya 
Eastern colobus C. guereza Nigeria to Ethiopia, Uganda to Tanzania 
Western colobus C. polykomos Sierra Lione to Ivory Coast 
Ursine colobus C. vellerosus Ivory Coast to Nigeria 
Black colobus C. satanas Equatorial Guinea, Gabon, Cameroon 
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Colobus monkeys live in forested areas, are diurnal and arboreal but may came to 

the ground to travel between forest patches or to feed (Oates 1994; Teichroeb 2002). All 

species can live in wet and moist forests, and some species can extend into dry or 

riverine forests (Table-1.6). C. guereza and C. vellerosus have the most flexible habitat 

demands but still are not found in woodland areas (Chapman et al 1999). 

Table - 1.6: Habitat types occupied by Colobus species (Chapman et a! 1999) 

Species Wet 
Forest 

Moist 
Forest 

Dry 
Forest 

Wood- 
land 

Wooded 
grassland 

Riverine 

C. angolensis X X 
C.guereza X X X X 
C. polykomos X X 
C. vellerosus X X X X 
C. satanas X X 

The main component of the diet of C. vellerosus is mature and young leaves 

(78%). Also consumed are seeds and seed pods (8%), unripe fruit (8%), and flowers and 

buds (6%) (Saj and Sicotte 2002). They also consume small amounts of soil, bark, and 

pith (Teichroeb 2002). Diet composition changes during the year: the percent of leaves 

ranges from 97% in some months of the wet season to 0% in some months of the dry 

season. During times when seeds and unripe fruit are available (wet season) they are 

eaten in large quantities (Saj unpublished). In total, 55 plant species are consumed, 

including trees, shrubs and liannes (Teichroeb 2002). 
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Group Composition and Dispersal 

All colobus monkeys live in uni-male or multi-male, multi-female groups (Table-1.7). 

Groups are usually small, under 16 individuals (Oates 1994), but can range from 2 to 30 

(Table-1.7); groups of 300 individuals occur in C. angolensis in the Nyngwe Forest, 

Rwanda (Fimbel eta! 2001). All male groups are seen in C. vellerosus (Saj and Sicotte 

2002) but not in C. polykomos, C. guereza or C. satanas and it is not yet known for C. 

angolensis (Review: Newton and Dunbar 1994). 

Table - 1.7: Group size and composition of Colobus species 

Species Group Size # M # F AMG Solitaries Source 

C. angolensis 2-19 (+300) 1 - 5 5 1:2-4.7 1 

C. guereza 3-13 1-3 1-7 No 1:4-52 2 

C. polykomos 2-20 3* 4 * No - 3 

C. vellerosus 7-33 1 - 7 3- 11  Yes - 4 

C. satanas. 2-30 1 - 3 6.0 * No - 5 
Group size depicts the recorded range for the species. * represents a mean. M = male, F 
= female, AMG = all-male group. Solitaries = ratio of solitary individuals to non-
solitary individuals. 1) Fimbel et a! 2001; Groves 1973; Lowe and Sturrock 1998, 2) 
Clutton-Brock 1972 as cited in Groves 1973; Dunbar and Dunbar 1976; Kruger et a! 
1998; Marler 1969; Schenkel and Schenkel-Hullinger 1967, 3) Dasilva 1989; Korstjens 
et al 2002, 4) Teichroeb et al 2003, 5) Hanson pers. comm. as cited in Newton and 
Dunbar 1994; McKey and Waterman 1982; Oates 1994. 

Dispersal patterns are still largely undocumented for most colobus species. 

Successful immigrations are rarely witnessed and information on dispersal patterns is 

mainly based on the sightings of solitaries and the disappearance of group members. For 

example, the dispersal patterns of C. angolensis are not documented at all. In C. satanas 
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(McKey and Waterman 1982) both sexes disperse, but females probably do so more than 

males. In C. polykomos both sexes also disperse, but the bias is not yet documented 

(Korstjens 2001). In C. guereza (Fashing 2001) and C. vellerosus (Sicotte, pers comm.), 

it is possible that both sexes disperse though most solitaries are male and evidence for 

female dispersal is still circumstantial. The presence of all-male-groups also suggests 

that male dispersal is the norm in C. vellerosus (Saj et al in press). Thus, it is unclear 

how important female dispersal is in these species and what effect it will have on their 

social organization. 

Activity Budget 

Colobus monkeys are classified as folivore-frugivores, and they consume more leaves 

than most other Old World monkeys (Oates 1994). In order to conserve energy for the 

digestion of high cellulose diets, colobus rest for much of the day, and travel little 

(Dasilva 1992; Milton 1998). There is variation in activity budget within and between 

species (Table-1.8), which may be explained by the fact that activity budgets can change 

with season, group size, environment, and methodology (Dasilva 1992; Fashing 2001; 

Lowe and Sturrock 1998). Given these sources of variation, comparative results must be 

interpreted with caution between species and sites. However, C. vellerosus shows the 

lowest proportion of social behaviour (3%) and C. satanas the highest (13%). More 

importantly for my study, social behaviour does not occur at high frequencies overall. 

In all species for which information is known, grooming makes up the largest proportion 

of social behaviour, followed by play (Table-1.8). This is likely due to the fact that 
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grooming and play are state behaviours, where copulation and aggression are events, 

which are less likely to show up in scans. 

Table - 1.8: Activity budgets for Colobus species 

Feeding Traveling Resting Social (%) Ref 
Colobus sp. (%) (%) I (%) TOT GRM PLAY COP AGG I 
angolensis 22.4 12.2 27.7 12.5 10.1 - - 2.4 1 

12.0 10.0 72.0 6.0 - - - - 2 
guereza 19.9 5.4 57.4 10.8 6.2 4.6 - - . 3 

25.6 2.3 63.4 7.1 6.2 0.9 - - 4 
polykomos 28.0 9.0 61.0 1.0 - - - - 5 

45.7 15.1 33.9 5.3 - - - - 6 
vellerosus 23.7 14.6 59.1 2.6 1.5 1.3 0.09 .07 7 

24.0 11.0 54.0 10.0 6.0 - - - 8 
satanas 23.0 4.0 54.0 13.0 - - - - 9 

TOT = total social, GRM = grooming, COP = copulations, AGG = aggression. 1) Lowe and 
Sturrock 1998, 2) Lowe and Sturrock 1998, 3) Struhsaker and Leland 1979, 4) Fashing 
2001, 5) Dasilva 1992, 6) McGraw 1998, 7) Teichroeb et al 2003; Teichroeb 2002, 8) Fàrgey 
1991, 9) McKey and Waterman 1982. 

C. vellerosus has shown no difference in feeding, resting and moving between 

small and large groups. Some differences in social activity were seen between groups of 

different sizes: females in the larger group (N33) groomed more than in the smaller 

group (N=7-16). The activity budgets of males in the two groups did not differ in state 

or social behaviours. In intra-group comparisons between the sexes, females of the large 

group fed more than males and were more social, but no differences were seen between 

males and females of the small group (Teichroeb et al 2003). 
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Affihiative Behaviour 

C. guereza has been shown to engage in relatively few social interactions overall 

(8/hr/group) and the majority of these were affiliative (94%). Overall, females and 

infants pairticipated in most of the affiliative interactions, and adult males were rarely 

involved (Dunbar and Dunbar 1976; Leskes and Acheson 1970). As groups increased in 

size from small or medium sized uni-male groups to large multi-male groups, most of 

the affiliative interactions occurred between adult males and females (Dunbar and 

Dunbar 1976). The most commonly occurring social interaction was grooming with a 

rate of 3.4 incidences per hour in the wild. Adult females groomed more often than they 

were groomed (49% and 32% respectively), and adult males groomed less often than 

they were groomed: 2% and 10% respectively (Leskes and Acheson 1970). The 

grooming rates between adults were low overall, but highest between females (0.011 

bouts/hour/individual), then between females and males (0.001 bouts/hour/individual) 

(Oates 1977). In C. polykomos, female-female grooming was also the most frequent ( 

0.97 interactions/hi) followed by male-female grooming (0.10 interactions/hour) 

(Korstjens et al 2002). Male-male grooming has been rarely recorded in bisexual groups 

of C. vellerosus, C. guereza and C. polykomos (Korstjens et al 2002; Oates 1977; Saj 

pers. comm.), though in all male groups of C. vellerosus it has occurred more often (Saj 

pers. comm.). Certain individuals have not been shown to groom one another 

preferentially in C. polykomos (Korstjens et al 2002). 

No study has reported the inter-individual spacing (proximity) of C. guereza, but in C. 

polykomos females were in proximity (within 2 meters) to one another in 27% of scans, 
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and females were in proximity to males in 7% of scans. Males were never seen within 2 

meters of one another but in 18% of scans they were in proximity to females. Females 

were therefore closest to other females, as were males. When activity was taken into 

account, both males and females had less individuals within 2 meters while feeding than 

while resting. Females, when resting had an individual in proximity in 31.9% of scans 

compared to 5.6% when feeding. Males had an individual in proximity in 21% of 

resting scans versus 0% of feeding scans. This indicated that individuals were more 

spaced out while feeding than resting, suggesting that some within-group food 

competition was occurring (Korstj ens 2001). 

Although agonistic interactions are rare, one study has been conducted on 

reconciliation in C. guereza in captivity though sex dyads were not analyzed separately 

(Björnsdotter et al 2000). The post-conflict (PC) and matched-control (MC) method 

was used on two captive groups of nine and five individuals each. Affihiative behaviour 

was seen in significantly more PC than MC periods. The mean conciliatory tendency for 

all affiliation was 60.3 ± 5.5%. When PC interactions that only involved proximity were 

excluded, the conciliatory tendency was 45.7 ± 8.0% and when no proximity was 

included it was 29.6 ± 6.1%. Thus, the authors concluded that individuals sought one 

another out after aggressive conflicts, and reconciliation occurred. Most encounters that 

were reconciled were so within one minute but all were reconciled within two minutes 

of the aggressive act. The main affiliative behaviors seen in PC periods were proximity, 

grooming, mouth-opening and embrace. 
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In 75% of cases, the recipient initiated reconciliation, which may be 

characteristic of egalitarian relationships (de Waal and Ren 1988). The authors also 

noted that, though remaining in proximity after a fight is not usually considered 

reconciliation, C. guereza did this in one third of all aggressive incidences suggesting 

that it is an important response to aggression that deserves future study (Björnsdotter et 

cii 2000). Perhaps this is also an indication of their egalitarian relationships. Since 

aggression occurred at low frequency and intensity, and dominance hierarchies were not 

present, individuals were less threatened by one another and did not need to escape after 

a conflict in order to dispel aggression or prevent it from escalating. 

Agonistic Behaviour 

Very little agonistic behaviour has been shown by Colobus, with an occurrence of about 

once every two hours per group (C. polykomos, Korstjens 2001; wild C. guereza, Leskes 

and Acheson 1970). Agonistic interactions have made up from 9.7 - 17.3% of all social 

interactions, with the number increasing markedly in larger groups (C. guereza, Dunbar 

and Dunbar 1976). More aggressive incidences have occurred in the context of feeding 

(0.18/hour/individual) than during non-feeding (0.026/hour/individual) (C. polykomos, 

Korstjens et al 2002). Male-male aggression has been shown to be the most common 

followed by female-female aggression; conflicts between the sexes have rarely occurred 

(C. polykomos, Korstjens et cii 2002; C. guereza Dunbar and Dunbar 1976; Schenkel and 

Schenkel-Hullinger 1967). Events were low in intensity and short in duration (Leskes 

and Acheson 1970); triadic interactions and coalitions have not been recorded (Dunbar 

and Dunbar 1976; Korstjens et al 2002). The types of agonistic encounters described for 
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C. guereza are displacements (over position or food), directed thrats, contact 

behaviours, and agonistic vocalizations (Dunbar and Dunbar 1976; Leskes and Acheson 

1970). 

Dominance Style 

C. guereza does not display enough agonistic relationships to confidently construct male 

or female dominance hierarchies (Dunbar and Dunbar 1976; Leskes and Acheson 1970). 

In multi-male groups, one male is dominant over other males but evidence for linear 

hierarchies among males is lacking (Dunbar and Dunbar 1976). 

In a captive study of C. guereza, female aggression rarely escalated, was 

bidirectional and initialized, did not include coalitions, preferential access to food or 

grooming. The presence of these elements points to egalitarian social relationships. In 

that study, the aggressive interactions were used to construct a dominance hierarchy that 

appeared to be linear. However, only three females were present in the group (Grunau 

and Kuester 2000). Most other evidence points to the lack of linear hierarchies between 

females in C. guereza (Dunbar and Dunbar 1976; Leskes and Acheson 1970). In C. 

polykomos, Korstj ens et al (2002) were able to obtain enough aggressive and submissive 

interactions to construct a linear hierarchy in one group consisting of nine females. The 

hierarchy displayed traits characteristic of despotic rather than nepotistic hierarchies: 

female coalitions were not seen and only 13% of submissive actions were directed up 

the hierarchy (little bidirectionality). Also, the hierarchy was not correlated to age, or 

maternal rank suggesting that it was dependent on other factors (Korstjens et al 2002). 
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Natal Coat Colour Development 

Black and white colobus infants are born completely white, and thus are very 

conspicuous when compared to adults (Oates 1977). C. guereza infants obtain adult 

colouration usually after 3 to 4 months (Horwich and Manski 1975; Oates 1977). 

Infants turn from white to black and white with varying shades of gray inbetween. 

Infant C. guereza and C. polykomos are usually white for about a month and are gray 

for one to three months, increasing in darkness until they are black and white. 

Allomothering 

Allomothering of very young infants is a common trend among the Colobinae 

(McKenna 1979) occurring in C. guereza both in captivity (Horwich and Manski 1975), 

and the wild (Dunbar and Dunbar 1976; Leskes and Acheson 1970; Oates 1977). In the 

two species of colobus where allomothering has been studied (C. guereza and C. 

polykomos), infants initially spent more time with non-mothers (wild: Korstjens 2001; 

Oates 1977; captive: Horwich and Manski 1975). For C. guereza and C. polykomos in 

captivity, time spent on the mother was only 18-20 minutes per hour in the first two 

weeks of life (captive: Horwich and Manski 1975). Allomothering by females and males 

(adult, subadult and juvenile) have been recorded in C. guereza (Leskes and Acheson 

1970; Oates 1977). Adult, subadult and juvenile females and adult males have shown 

allomothering in C. polykomos (Hill 1964). However in general, males pay very little 

attention to infants (Horwich and Manski 1975; Korstjens 2001; Oates 1977). 

Infant transfer in C. guereza is characterized by one female reaching for an infant 

from close proximity and pulling it from another female; one or neither of the females 
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may be the infant's mother. Infants, if handled roughly or in an inexperienced manner 

would signal their distress by loud and often prolonged squealing (Oates 1977). Infant 

transfers in C. guereza occurred mostly in the first month of life, when infants were 

completely white. In most cases (89%), females with the infant displayed no reluctance 

for the transfer, but when they did transfers were accompanied by open-mouthing, light 

hitting or the pulling back of the infant. Infants, after one month of age, were more 

capable of resisting being taken and have occasionally shown reluctance for transfers by 

clinging more tightly; however, they also began to transfer on their own at this time 

(captive: Horwich and Manski 1975; wild: Oates 1977). Any particular female in the 

group has not been shown to preferentially handle infants (Oates 1977) suggesting that 

relatedness is not a factor in their allomothering. 

The mean rate of infant transfer was 2.6 transfers per hour per infant in three 

captive groupswith an overall success rate of 78% (transfers/transfers+attempts) 

(Horwich and Manski 1975). Transfer rates may be higher than what would occur in the 

wild due to the closer confinement of captivity. No study has been conducted on the 

attractiveness of females with infants in colobus; however, females and their infants 

receive most of the grooming (58%) within the group (Leskes and Acheson 1970). 

Part —4: Predicting the Female Social Category of Colobus vellerosus 

It is unknown whether the majority of female C. vellerosus are philopatric or not. If 

affiliation is indeed a useful predictor of Sterck et al (1997) social categories, then 

comparing affiliative patterns between resident and dispersal species should offer some 

clues. There are both resident-egalitarian and dispersal-egalitarian species among the 
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African colobines. In red colobus (Piliocolobus spp.), females disperse, and in black 

and white colobus (Colobus spp.) both sexes, or mainly male dispersal occurs. Species 

where at least some females remain in the group should show higher rates of female-

female affiliation relative to male-female affiliation. In species where females disperse 

the opposite should occur because no females are related (Wrangham 1980). Thus, by 

comparing species in these two closely related taxa, I will be able to better predict the 

social category of C. vellerosus. Two studies have compared these behaviours between 

sympatric species of red, and black and white colobus: one in Ivory Coast (Korstjens 

2001) and one in Uganda (Struhsaker and Leland 1979). Different measures were 

compared thus both studies will be reviewed separately. 

Korstjens (2001) compared the affihiative behaviour of P. badius and C. 

polykomos in Ivory Coast. Female-female grooming rates were similar in both species 

(1.18/hour and 0.97/hour, respectively) but female-male interactions were markedly 

higher in P. badius when compared to C. polykomos (1 .45/hour and 0.1/hour, 

respectively). Proximity followed the same trend: female-female proximity was similar 

in both species (28% and 27% of scans, respectively) but P. badius females were in 

proximity to males much more often than were female C. polykomos (28% and 7% of 

scans, respectively). Female P. badius aided males in conflicts, but not females, while 

female C. polykomos did not show coalition formation at all. This further points to 

stronger male-female relationships in P. badius. Also C. polykomos females were active 

in more inter-group encounters (77% of aggressive encounters) than P. badius females 
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(38%) supporting the notion that less female dispersal will coincide with higher 

between-group contest competition. 

Struhsaker and Leland (1979) compared affiliative behaviour between P. 

tephroceles (Groves 2001; foiiiierly C. badius) and C. guereza in Uganda. Female-

female grooming occurred in higher amounts in C. guereza (192 bouts: 46.2 % of total) 

when compared to P. tephroceles (59.2 bouts: 13.1% of total). Females groomed males 

less in C. guereza (17 bouts: 4.9% of total) than in P. tephroceles (151 bouts: 33.4 % of 

total). Similar results to the Korstj ens (200 1) study arose in this interspecies comparison. 

Affiliation was higher between females than between the sexes in the resident-

egalitarian species (C. guereza), while the opposite occurred in the dispersal-egalitarian 

species (P. tephroceles) However, unlike Korstj ens' (2001) study, female-female 

affiliation was higher in the resident species when compared to the dispersal species. 

From these two comparative studies a trend arises. In species where all or most 

females disperse (e.g. Piliocolobus spp.), female-female affiliation will be lower or 

equal to inter-sexual levels. In species where all or several females are resident, the 

opposite trend arises: female-female affiliation will be markedly higher than it is 

between the sexes. Interestingly, levels of affiliation between females are similar 

between dispersal and partly resident species (P. badius versus C. polykomos) while 

fully resident species show more affiliation between females than dispersal ones (P. 

tephroceles versus C. guereza). 

Thus, the main predictor of residency in colobus is the difference in affiliative 

behaviour between inter-sexual dyads and female-female dyads as is predicted for 
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primates overall (Wrangham 1980, and see Table-1.2). Affiliation should be higher in 

female dispersal species in comparison to resident ones. Also, female-female affiliation 

should be higher in species where all, or most, females are resident than females who are 

partially and completely dispersal. Since it is not yet known which sex is the main 

disperser in C. vellerosus, looking at their affiliative behaviours in same sex and 

opposite sex dyads will offer insight into their social category depending on which 

pattern arises. 

II. THESIS QUESTIONS AND PREDICTIONS 

Questions 

1) How much affiliation occurs among adult female C. vellerosus (grooming, events, 

proximity)? 

2) Does reconciliation occur at high rates in C. vellerosus? 

3) Do C. vellerosus demonstrate high rates of allomothering? 

4) What is the likely social category for C. vellerosus, resident-egalitarian or dispersal-

egalitarian (i.e. which sex dyad types experience more affiliation)? 

Predictions 

All predictions are based on the information presented in the literature review. Some of 

them are based on the socioecological theories, and others are based on the behaviours 

of the other black and white colobus species. 
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1) Female-female affiliation will occur at lower levels in C. vellerosus than most Old 

World primates. 

i) Grooming will occur at low frequencies. 

2) Female-female aggression will occur at low levels in C. vellerosus but reconciliation 

will follow at least some conflicts. 

i) All types of aggression will occur at low rates; coalition formation and 
formal submission will occur at low frequencies or not at all. 

ii) Some conflicts will be followed by post-conflict affiliation (grooming, 
events or proximity). 

iii) A good proportion of conflicts that are reconciled will be initiated by the 
victim. 

3) Allomothering will occur at high rates in C. vellerosus. 

i) Younger infants will be the most attractive. 

ii) Infant transfer between females will occur at high rates; females of all ages 
will be interested in infants. 

iii) Abuse by allomothers towards infants will below relative to affiliation. 

iv) Females with infants will receive more affiliation (grooming, events and 
proximity) from other females than females without infants. 

4) C. vellerosus will show female relationships characteristic of resident- or dispersal-

egalitarian species. 

i) Aggression and affiliation will occur at low rates between females; coalition 
formation and ritualized submission will occur rarely or not at all 
(egalitarian) 

ii) If C. vellerosus is resident-egalitarian, more affiliation will be between 
females than between the sexes. 

iii) Conversely, if C. vellerosus is dispersal-egalitarian, more (or equal) 
affiliation will occur between the sexes than between females. 
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CHAPTER H: METHODS 

I. THE STUDY SITE  

This study was conducted at the Boabeng-Fiema Monkey Sanctuary (BFMS), located in 

Central Ghana, West Africa (Figure-2.1). The sanctuary is made up of 1.9 km2 of forest-

savanna transition zone and borders two villages, Boabeng and Fiema (Figure-2.2). The 

villages are surrounded by patches of forest that are inhabited by two species of 

monkeys, Colobus vellerosus and Cercopithecus campbelli, which are protected from 

hunting (Fargey 1992). The sanctuary is located 350 meters above sea level and is made 

up of generally flat terrain. The mean annual rainfall is 1250 mL; the main rainy season 

occurs from March to October and the dry season occurs from November until February 

(Fargey 1992). The temperature and rainfall was collected every day during the study 

period (Table-2. 1). 

Table - 2.1 : Temperature and rainfall data collected during the study period 

July August September October November 

Total Rainfall (mL) 166.85 185.73 143.85 194 ? 
High Temperature (°C) 40 36.5 39 37 . 37 

Low Temperature (°C) 18 18 16.5 17 17 



(Saj et al in press) 
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Figure - 2.1: Location of the study site, BFMS, in Ghana 
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(UNDP Survey 1996, modified by Saj et al in press) 
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Figure - 2.2: Map of the study site: BFMS 
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The forest in this area is dry semi-deciduous and is part of the fire zone subtype 

(Hall and Swaine 1976). One quarter of the trees are over 40 meters high, and the 

canopy is large and well developed in most areas, however large gaps exist that may 

inhibit the arboreal movements of the monkeys. Sections of the forest are regenerating 
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farmlands, do not have large trees and are characterized by early successional plants. 

These areas are dominated by the thick and invasive weed Cromolaena odorata (Siam 

weed), and forest regrowth is inhibited by its presence because light cannot reach 

seedlings. The parts of the forest that are located at the forest-village ecotone are 

degraded with a perforated canopy due to human interferences. Disturbed savanna, 

caused by burning and farming, surrounds the forests with a woodland transition zone 

made up of a closed canopy of savanna trees; there are 2.0 km2 of woodland surrounding 

the village of Fiema, though none surrounds Boabeng (Fargey 1992). In 1997, there 

were an estimated 3500 people living in both villages (Kankam 1997). 

Primate Population at BFMS 

In 2000, the population of C. vellerosus at BFMS was approximately 200 individuals 

living in 14 groups (Saj et al in press). In 1997, Kankam estimated the population of C. 

campbelli at 213 individuals living in 8 groups. About one third of this population 

consisted of immature individuals suggesting that the population was reproducing 

successfully. Interspecies interactions are rare but I have seen adult colobus threaten C. 

campbelli (by hitting at), and C. campbelli displace immatures and even entire groups of 

colobus if a food source is contested between them. Not all interactions are agonistic, 

play between immatures occurs infrequently and the colobus are seen to occasionally 

react to C. campbelli alarm calls. Groups of both species go into the villages; C. 

campbelli feeds on garbage heaps and raids homes, while C. vellerosus feed on leaves of 

some crops (e.g. watermelon) but mainly lick the mud walls of the houses, presumably 

to obtain mineral salts (Fargey 1992). Religious taboos of the people living in the 
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villages inhibit hunting of the monkeys at BFMS. Also, local and national laws prevent 

the hunting of wildlife as well as burning and logging in the sanctuary (Fargey 1991). 

There are currently four wildlife officers (from the Ghana Wildlife Division) stationed at 

BFMS who are there to enforce the protective laws and Fargey in 1991 determined that 

there were no immediate threats to the monkeys in the sanctuary. Saj et al (in press) 

reinforced this notion in 2000 by noting the monkeys' lack of response to gunshots. 

The Study Groups 

Since 2000, two groups of C. vellerosus, one large and one small, have been studied at 

BFMS, under the direction of Pascale Sicotte from the University of Calgary; the same 

two groups were used in this study. During the study period the large group, WW, 

consisted of 32 individuals, and the small group, B2, consisted of 10 individuals (Table-

2.2). Four white infants were born during the study period in WW but none were born in 

B2. The groups ranged separately with a small geographical overlap in one border area 

(five 50m2 quadrats), thus they were seen occasionally to interact in intergroup 

encounters. 

Table - 2.2: Group compositions (WW and B2) for the 2002 study period 

Total Females Males Infants 

adult/subadult juvenile adult/subadult juvenile B&W white 
WW 32 16 2 6 6 2 4 
B2 10 3 1 3 2 1 0 
Total does not include white infants. B&W = black and white infants 
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III. DEFINITIONS 

Affihiative Behaviours 

• Allogrooming: when one individual searched or brushed through the fur of another. 

With lips, tongue or hands, occasionally putting found items to the mouth. (Goosen 

1979). 

• Autogrooming: the act of grooming oneself (Goosen 1979). 

• Grooming episode: any incidence of grooming with no breaks (Hohmann et al 

1999). 

• Grooming bout #1 (&hino et al 1988): an event of continuous grooming between the 

same two individuals with breaks of less than 30 seconds. When partner switching 

occurred with breaks of less than 30 seconds, the bout was counted twice for the 

focal individual, once as groomed and once as grooming. When polyadic grooming 

occurred, a bout was counted for each dyad involved (Borries et al 1994; Schino et 

al 1988; Triosi et al 1989; Vervaecke et al 2000). 

• Grooming bout #2: an event of continuous grooming between the same two 

individuals with breaks of less than 3 minutes. When partner switching occurred 

with breaks of less than 3 minutes, the bout was counted twice for the focal 

individual, once as groomed and once as grooming. When polyadic grooming 

occurred, a bout was counted for each dyad involved (Korstjens et al 2002). This 

second bout definition was used to enable a comparison with Colobus polykomos. 

No other papers use this definition thus it is only useful to compare with this one 

species. 



50 

AfJuliative event: any event behaviour occurring between two individuals that was 

affihiative in nature. All affiliative events that were seen between adults (groom-

present, gentle-hand-touch, tail-or-leg-hold, pen-mouth) are defined in the 

ethogram (Table-5.1, Appendix-A) 

Allomothering 

• Infant transfer: when an infant (either all white or any shade of gray) was taken from 

an individual, by another individual (almost always between females). One or neither 

of the individuals may have been the mother. 

• Infant initiated transfer: when an infant moved from one individual to another of its 

own accord (usually between females). 

• Allomothering: when an individual that was not the mother cared for an infant by 

carrying it (possibly in conjunction with other care-giving behaviours such as 

grooming), usually performed by adult females (Nicholson 1987). 

Aggressive Behaviours 

N Aggressive event: any antagonistic encounter or conflict between two individuals, 

usually involving an aggressor and a recipient that may be accompanied by 

vocalizations. All aggressive events that were seen between adults (open-mouth, 

stiff-legs, hit-at, jump-towards, chase, hit, bite, grab) are defined in the ethogram 

(Table-5.1, Appendix-A) 

• Levels of aggression: in order of increasing intensity: 1) agonistic approach: when 

one individual approached another who left or retreated (displacement). 2) Non-
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contact aggression: aggressive threat behaviours that did not involve bodily contact 

(open-mouth, stiff-leg, vocalization, hitting-at, lunging-at and chase-without-

contact). 3) Contact aggression: aggressive behaviours that involved body contact 

(hit, push, grab, bite, chase-with-contact and grappling). 

Retreat: the rapid (within 10 seconds) and/or distant departure of an individual in 

response to an approach or directed aggression. 

Miscellaneous 

• Non-agonistic approach: one individual approached another to within four arms 

reach (2m) without the accompaniment of any affihiative or aggressive interactions 

or events. 

• Leave: when one individual left the close proximity (2m) of another individual 

without the accompaniment of any affihiative or aggressive interactions or events. 

Often occurred after an approach. 

• Dyad types: four dyad types between adult individuals were used: female-female (F-

F), male-male (M-M), male-female (M-F) and female-male (F-M). In male-female 

dyads, the action (e.g. grooming) was performed by the male towards the female 

(and vice versa for female-male). Female/male (F/M) dyads were used occasionally, 

where direction was not included (i.e. M-F + F-M). 

I have used the ethogram developed for C. guereza (Oates 1977), which has previously 

been used for C. vellerosus (Saj and Teichroeb; BFMS long-term data); all behaviours 

are listed with definitions (Table-5.1, Appendix-A). I have added some behaviours seen 
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in at BFMS that have not been described for C. guereza (indicated by **), and the 

behaviours that I did not see during my study period are also marked (*). 

IV. DATA COLLECTION  

The study spanned 16 weeks from July to November 2002. Two blocks of four days per 

month were conducted on each of the focal groups, alternating between them. 

Approximately 10 focal sessions were collected per day for 16 days (four blocks) a 

month. A total of 101.17 hours of baseline data was obtained after four months; 40 

hours on females and 19.5 hours on males were collected in -WW; 21.5 hours on females 

and 20.17 hours on males were collected in B2. With the help of another student at the 

site, alternating shifts of 3 hours were completed throughout the day between 6:00 and 

18:00. Shifts were alternated every day so that each of us obtained equal focal data for 

all hours of the day. After the other student departed (August 30, 2002), I continued to 

follow this schedule of alternating shifts to continue obtaining data from all hours of the 

day. It was possible to find the group easily on most days because the monkeys do not 

travel far in three hours and usually have predictable patterns of movement. 

The day before the commencement of a four-day-follow, the focal group in 

question was located in the evening and followed until 18:00. Since they did not move 

between 18:00 and 6:00, this allowed me to locate them at daybreak without difficulty. 

The time in between the four-day blocks allowed for these find days (four days/month), 

collecting data on phenology (two days/month), and a pilot study on marking individuals 

(four days/month). 
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Affihiative and Aggressive Behaviour 

Event behaviours are difficult to observe during scan sampling, thus the probability of 

events, or even rare state behaviours such as grooming, occurring at the moment of a 

scan are low. Thus, to avoid underestimating their frequency, I only used focal samples. 

Focal sessions were conducted on males and females, both adult and subadult, with the 

help of a hand-held tape recorder and binoculars (8X40); information obtained in the 

field was transcribed to focal sheets at the end of the day. Focal sessions were 10 

minutes in length, and consisted of continuous sampling on randomly chosen individuals 

as has been done by previous students (Saj and Teichroeb; BFMS long-term data). In 

order to insure independence, I did not sample the same individual twice in one hour. 

During focals, I noted the time of state activity change of the focal individual (feeding, 

resting, traveling, grooming, playing, etc.) (Altmann 1974); all other activities of the 

focal were also recorded with special emphasis on aggressive and affiliative event 

behaviours, and with whom the focal animal, was interacting (age/sex class: Table-2.3). 

All approaches and leaves within 4 arms reach of the focal were recorded. 

At two-minute intervals during the focal sessions, scans of the proximity of the 

focal to each individual within 2 meters were recorded and identified by their age/sex 

class (Table 2.3). Distances were recorded on the following scale: touching, within 1 

arm's reach (ar), from 1-2 ar, from 2-3 ar and 3-4 ar; (one monkey ar measures 

approximately 0.5 meters). I also recorded in each scan the canopy height (either high, 

mid or low), food item (mature or young leaf, fruit, seed or flower) and food cover (as 

either 0, 1 or 2, where two is complete coverage) and the tree that the focal was in. All 
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the large trees of above 40 cm in diameter at breast height (DBH) are marked on a map 

and have a code that is made up of their quadrat number, species and unique within-

quadrat number. 

Table —2.3: Age classes of C. vellerosus, as developed for C. guereza (Oates 1977) 

Class Estimated Age 
(years) 

Description 

Infant 0-0.8/1.0 Small, all white until 14-17 weeks, clings to mother during 
movement and is dependent on her. As approaches 0.8-1.0 
gradual darkening of the pelage is visible. Plays often. 

Juvenile 1 - 2 Still small, approximately half the size of an adult female, but 
is independent of the mother. Pelage is fluffy and in black and 
white adult pattern. Plays often. 

Subadult 2- 4  Larger than half the size of an adult female. Still plays often. 
Large 
Subadult 

4 - 6 Males only. Approximately the size of an adult female, but 
still smaller than adult male, with a smaller penis. Rarely 
plays. 

Adult F 4+ 
M 6+ 

Large and sexually mature, with a sleeker pelage. Adult male 
is larger than the female, and commonly has scars from 
previous fights. White rump patch is continuous on males but 
is broken on females. Male can often be distinguished by 
jump-display. 

F = females M = males 

Post-Conflict Behaviour 

It was not possible to perform the post-conflict and matched-control study of 

reconciliation developed by de Waal and Yoshihara (1983), because individuals could 

not be recognized, which is imperative for the matched-control portion of the sample. 

Thus the post-conflict (PC) affihiative focal data was compared to baseline focal data, 

which was determined by compiling information from all focal samples, with the 



55 

exclusion of the PC periods (e.g. Cheney and Seyfarth 1997; Judge 1991; McCormack 

and Fairbanks 1998; Silk et al 1996). 

When an aggressive event was heard I attempted to locate the two individuals 

involved, describe the conflict and note their age and sex class. If a focal was already 

being conducted it was abandoned, as aggression was a rare occurrence and difficult to 

see since the monkeys were often blocked by foliage. I commenced a PC focal for ten 

minutes on individuals involved directly after an aggressive interaction; in half of all PC 

focals I followed aggressors, and in the other half, recipients of aggression. The 

aggressor or recipient was chosen mainly based on their visibility, but I tried to alternate 

between them for each PC focal. By obtaining an equal number of focals on each, any 

biases that may result can be avoided. I followed the same procedure described above 

for regular focals so that PC focal data would be comparable to baseline focal data to 

determine if there was a difference in affiliation rates before and after aggression. In 

102 hours of focal data and in total contact time of over 300 hours, only 34 conflicts 

between adults were seen clearly enough to conduct PC focals (19 male-male, 6 female-

female, 4 male-female and 5 female-male). Eighteen of these focals were on aggressors, 

and 16 were on recipients. 

Infant Development and Allomothering 

I was also interested in looking at allomothering in C. vellerosus, as it is a behavioural 

trait of many colobine species (McKenna 1979) and may influence the patterns of 

female affiliation (Maestripieri 1994b). Only four white infants were born in the latter 

half of my study period however since infants were transferred between females the 
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sample is not limited to four female focals. I took extra focals on females with white 

infants, when the opportunity arose. These focals were not randomly chosen, but will 

increase my sample size for allomothering and will not be included in baseline analyses 

of affiliation (in case they receive biased amounts of affiliation as predicted). To insure 

independence, the same female was not sampled twice in one hour. In total, I obtained 

70 focals (48 non-random and 22 baseline) on females with white infants. 

During these focals I noted all behaviours as regular focals but I also noted any 

behaviours related specifically to the white infant. These included reactions of the white 

infant (movements and vocalizations), behaviours directed towards white infants by 

others as well as the interactions between the allomother and other individuals. I also 

noted the pelage changes of the white infants in order to determine the timeline of their 

development, as well as the reaction of others towards them as they changed in 

colouration. 

Phenology 

In order to determine food availability for each of the groups I recorded the phenology 

of their ranges twice monthly. I used the same phenology route and procedure that has 

been used in the past with the help of Senior Wildlife Officer, Tony N'Dassah. The 

route included 159 trees of 30 species in the ranges of WW and B2. All trees were 

chosen randomly, and the route included trees used for both feeding and locomotion. For 

each tree the phenological state and quantity of food parts (flowers, fruit, seed and 

leaves) was recorded. For each reproductive food type (flower, fruit, seeds) the portion 

of ripe and unripe parts were recorded on a ratio scale of 0 to 4 (0, 1-25%, 26-50%, 51-
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75%, 76-100%), where the total of both equals four (i.e. 100%). The overall quantity of 

each food part was also noted, as either many or few. For leaves, the ratio was recorded 

in the same manner, between young and mature leaves, and the tree was recorded overall 

as full, mid-full, or bare (of leaves). 

V. DATA ANALYSIS  

Only data on adult (including subadult) individuals were analyzed; groups were always 

analyzed separately except for reconciliation (due to small sample size). Data sets were 

small, and normalcy could not be assumed, thus I used only nonparametric statistics 

(Siegel and Castellan 1988; Zar 1999). The alpha level in all instances was 0.05 as is 

customary in behavioural research; all tests were conducted using SPSS 11.0. 

Grooming 

I have converted grooming episodes into bouts (definitions #1 and #2), and analyzed 

both with the use of total grooming durations (from episodes) and bout frequencies 

(once for each definition). Not all bouts recorded were complete, because some were cut 

off by either the beginning or the end of a focal session. In order to use both full and 

partial bouts in the analysis, I had first to determine if there were differences between 

their durations; if full bouts were not longer than partial bouts then all the recorded bouts 

could be used. I conducted a Mann-Whitney-U test between full and partial bout 

duration to determine this. Also, a two-tailed Spearman rank-order correlation test 

was done on grooming duration and frequency (definition #1) for each dyad using mean 

rates per day (see below). 
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I converted grooming data into the mean daily rates of grooming 

(bouts/hr/individual and seconds/hr/indiv). Thus for each day, a grooming rate was 

calculated for all four dyad types (even if the rate was zero). This produced equal sets of 

data for each dyad and all four were analyzed using a Friedman test. The number of 

focals per sex per day varied from 0 to 18, however, only days where at least one male 

and one female focal was obtained were used because the denominator could not be 

zero. With these restrictions, 31 days were obtained for WW, and 27 for B2. With these 

data Friedman tests were performed for both the mean bout rate and total duration rate 

per day for each dyad type. This allowed me to determine the differences in mean daily 

rates between the dyad types. Multiple comparisons were performed when significant 

results were obtained. Mann-Whitney-U tests between the groups were completed for 

each dyad type to test if they had different mean grooming rates per day. 

I also combined rates for inter-sexual dyads (M-F + F-M). For these rates I used 

the total number of bouts between the sexes, divided by the number of focal hours on 

both further divided by the number of females, and compared them to female-female 

rates with a Wilcoxon test. With this comparison, I was able to determine if females 

have more grooming with males or other females. 

Events 

I have calculated descriptive statistics for event frequencies: overall rates of both 

aggression and affiliation have been calculated per dyad type by dividing the total 

number of events (aggressive or affiliative) by the total focal hours further divided by 

the number of individuals (pertaining to that dyad). Groom-presents were analyzed 
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separately from grooming within the events data set because the individual who presents 

does not also perform the grooming (they are separate actions). Also, not all presents 

were followed by grooming (75%) and most grooming bouts were not preceded by a 

groom-present (84%). Events that were sexual in nature (mount, reach-towards, sexual-

present, genital-inspect and affiliative-grab) were not be included in the analysis because 

they did not occur between all dyads and were not considered as part of general 

affiliation. Infant transfers were not used as part of general affiliation either because 

their significance and effects in this species were not well understood. 

Event data was analyzed statistically in the same manner as grooming for each 

group separately. Friedman tests were performed on affihiative and aggressive event 

rates (events/hr/indiv) per day and for each dyad type (four categories). Wilcoxon tests 

were performed between female-female and female/male dyads. Mann-Whitney-U tests 

between the groups were completed for each dyad type to test if they had different mean 

event rates per day. 

Proximity 

One scan per focal, the last scan, was used in the analysis of proximity because in scans 

that were spaced two minutes apart could be auto-correlated since individuals move 

infrequently. Scan data was converted from body contact (BC), 1 arms reach (ar), 1-2 ar, 

2-3 ar, 3-4 ar, as I collected it in the field, into BC, and up-to-2m. The 2 meter category 

was cumulative (i.e. up-to-2 in includes BC). Scans where the focal was engaged in 

grooming were not included in the body-contact category since I wanted to describe time 

spent in body contact independently from other social activity. 
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Scans on males and females were analyzed separately and were further divided by 

whether the focal was feeding or resting at the time of the scan to determine if activity 

had an effect on proximity (and thus affiliation). Four sets of data emerged per group: 

males feeding, males resting, females feeding and females resting. For analysis, I have 

converted the data into the average number of individuals in a proximity category per 

day; only scans where the sex of all adult individuals was known were used (Table-2.4). 

Table - 2.4: The number of scans and observation days per focal sex and activity 

WW B2 
F 

feeding 
F 

resting 
M 

feeding 
M 

resting 
F 

feeding 
F 

resting 
M 

feeding 
M 

resting 
#scans 86 83 82 27 29 93 44 82 
#days 31 31 16 31 15 27 22 26 

Since most scans had no individuals within 2m (ranging from 60% for females in 

WW to 100% for males in WW), eliminating scans where unknown adults were present 

may underestimate the number of adults in proximity. Since my main goal was to 

determine proximity differences between males and females, scans with unsexed 

individuals could not be included in the analysis, because they may skew results in the 

wrong direction if, for example, most unsexed individuals were female. Thus, the 

percentages were slightly underestimated. 

I began by calculating descriptive statistics for the proximity between 

individuals. First, I calculated the mean number of individuals within 2m per scan for 

each dyad type. Second, I calculated the percentage of scans in which two individuals of 



61 

a dyad type were within proximity of at least one other individual (Formula-2. 1: 

Matsumura and Okamoto 1997). 

(2.1) FA(B) + FB(A) 

F(A)+F(B) 

Where FA(B) was the number of scans on A where B was in proximity, FB(A) was the 

number of scans on B where A was in proximity, F(A) was the total number of scans on 

A and F(B) was the total number of scans on B (Matsumura and Okamoto 1997). I used 

the categories of female-female, male-male and female/male. I calculated the percentage 

for feeding and resting individuals, as well as overall (both combined. I was only able to 

use the number of scans with at least one individual in proximity because the calculation 

was a percentage of scans and not a percentage of individuals. This should not alter the 

results greatly since it was rare for more than one individual of the same sex to be within 

proximity (only six scans). 

I performed two sets of statistical tests on proximity scans (average individuals in 

proximity per day). The first level of analysis was to test if there was a difference in the 

proximity of males and females to other adults during feeding versus, resting to 

determine if the focal's activity affected the number of individuals in proximity. I have 

conducted a series of Wilcoxon Signed Ranks tests (eight per group) for each proximity 

category (BC and 2m) between feeding versus resting males and feeding versus resting 
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females (test #1: Table-2.5). This tested for differences in the number of males or 

females in proximity between the feeding versus resting individuals. 

I also wanted to know if there was a difference between males and females in the 

number of individuals in proximity. I wanted to test if, overall, female focals had more 

females than males in proximity and if male focals had more females than males in 

proximity. I have used Wilcoxon tests between the mean number of males versus 

females in each distance category for each sex in each group, which resulted in four 

comparisons per group (test 2: Table-2.5). This determined if females were in closer 

proximity to males or other females, and if males were in closer proximity to females or 

other males. I conducted these tests on feeding and then resting individuals as well, to 

determine if activity affected this level of proximity. 

Table —2.5: Summary of Wilcoxon proximity tests 

# Purpose Comparisons ** 

1 to test for differences in number 
of males/females in proximity to 
focals (males and females) 

1) 
2) 
3) 
4) 

# F in BC/2M of fFF vs. # F in BC/2M of fRF 
# M in BC/2M of fFF vs. # M in BC/2M of fRF 
# F in BC/2M of fFM vs. # F in BC/2M of fRM 
# M in BC/2M of fPM vs. # M in BC/2M of fRM 

2 a) to test if focal females * are 
closer to males or other 
females 

b) to test if focal males * are 
closer to females or other 
males 

1) 
2) 
# M in BC/2M of if vs. # F in BC/2M of fF 
#MinBC/2Mof fM vs. #FinBC/2MoffM 

* (feeding focals, then resting focals, and then both combined). ** Comparisons are 
done once for each group. f = focal individual. F= female, FF = feeding female, RF = 
resting female; M = male, FM = feeding male, RM = resting male; BC/2M = body 
contact and then within 2 meters. 
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I also wanted to look at the phenological state of the ranges for each group, in 

conjunction with feeding scans, to determine if food availability was affecting inter-

individual distances between feeding females. This could bring further understanding to 

their level of food competition, and its direct effect on affiliative behaviour and female 

social relationships. Ideally, this would be determined by comparing the proximity 

between scans from periods of high food availability to periods of low availability. Both 

mature and young leaves were in high abundance consistently throughout my study 

period. Seeds and flower buds from major food species began to appear at the end of 

my study, signifying a period of higher availability, however, I was not in the field for 

the complete duration of this phenological stage. I missed most of the major changes of 

the forest that occurred at the junctions as well as between the wet and dry seasons. 

Food availability will thus be considered as relatively constant throughout the study, and 

so all feeding scans can be used as one set of data, and comparisons between high and 

low periods cannot be made. 

Responsibility for Proximity 

The individuals who were responsible for the maintenance of proximity was established 

between males and females by using all non-agonistic approaches that were followed by 

leaves between two individuals. To obtain a valid approach and leave, an individual 

must have approached another into 2 meters (4 arms reach), and one of these two 

individuals must have left the 2 meter proximity during the focal period. Hinde's 

proximity index (Hinde and Atkinson 1970) was used (Formula-2.2). 



64 

(2.2) Api Li 
  -  x100 
APm +APi Lm +Li 

Where Api was the number of approaches by individual I towards individual M, Li was 

the number of leaves by individual I from individual M, Apm was the number of 

approaches by individual M towards individual I, and Lm was the number of leaves by 

individual M from individual I. The equation was multiplied by 100 to form a 

percentage. If the percentage was positive then individual I is more responsible than M 

for maintaining proximity between the two and vice versa if the result were negative. 

The higher the magnitude of a positive percentage, the more approaches in compared to 

leaves the individual was responsible for (Hinde and Atkinson 1970). 

Since individuals were not known, this index could only be used to test the 

maintenance of proximity between males and females. The index was initially designed 

to be calculated for each individual dyad, but I have modified it to include all 

approaches by females towards males, and all leaves by females from males (and vice 

versa). Thus, I did not use the measure to explore the difference in all four dyad types, 

only as a preliminary analysis of pooled data between males and females. I calculated 

the index in each group for females (i.e. females were in the place of individual I) as per 

convention (Smuts 1985). All periods (i.e. four-day follows) where at least one female is 

in estrus (marked by copulations or attempts) was not included in the analysis to avoid 

biases in the approach motivation. In WW, I obtained 26 approaches and leaves between 

the sexes, and in B2 I obtained 20. 
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Post-conflict Behaviour 

Three types of post-conflict (PC) affiliation occurred with increasing intensity: 

remaining-in-proximity (RIP), returning-to-proximity (RTP) and direct affiliation (DA) 

(Björnsdotter et al 2000). Remaining-in-proximity was characterized by the opponents 

remaining within four arm's reach of one another directly after a fight. Returning-to-

proximity was characterized by the return into four arm's reach of an opponent, which 

occurred when the opponents left proximity immediately after a conflict. Direct 

affiliation also occurred post-conflict and was characterized by grooming or affihiative 

events (see ethogram: Table-5.1, Appendix-A). Some PC periods contained more than 

one of these types of affiliation; if either remaining-in-proximity or returning-to-

proximity was followed by direct affiliation then they were counted as one event. For a 

conflict to be considered "reconciled" only one event was needed. 

The total number of aggressive events as well as the three possible affihiative 

outcomes (1 - remaining-in-proximity, 2 - return-to-proximity, and 3 - affiliative event 

or allogrooming) was tabulated for each dyad type. The percent of conflicts "reconciled" 

was calculated for each level of affiliation. These percentages were then compared 

between the dyad types. Researchers have argued that remaining-in-proximity is not 

sufficient affiliation to consider the conflict reconciled because if individuals did not 

flee, they were by default remaining-in-proximity (Björnsdotter et al 2000). Thus I have 

also calculated the percent of conflicts reconciled without including remaining-in-

proximity. Similarly, some researchers have argued that proximity is not functionally 

sufficient for reconciliation at all (Cheney et al 1995) thus, I have also calculated percent 
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of PC periods where only direct affiliation occurred. Also, the overall rate of affiliation 

(events+bouts/hr/indiv) during the PC focals was compared to the baseline rate of 

affiliation, to determine if affiliation occurred more often in PC versus baseline 

conditions. 

All affiliative events were seen within the first four minutes following a conflict 

and no changes occurred in the latter half of ten-minute focals. Since no difference was 

seen between full PC focal periods (ten minutes) and the first five minutes, five-minute 

PC focals were used in all analysis. This allowed me to increase my sample size because 

I had some PC focals where the full ten minutes could not be obtained for several 

reasons (e.g. individual went out of sight). Also, several lower intensity conflicts 

occurred during baseline focals for which I did not collect a PC focal. For eight of these 

baseline aggressions five minutes followed each event, but in none did I have a full ten 

minutes after the aggression. By using five-minute focals, I was able to increase the 

sample size from 23 to 34 to include these focals that would otherwise be incomplete 

and not included. 

Infant Development and Allomothering 

I described allomothering events by using focals on females with young infants (48 non-

random and 22 baseline). Infants were born only in WW during my study therefore this 

section only included data from this group. First, I described the development of infant 

colouration and the time frame for changes. I identified four discernable stages: 1) white, 

2) light gray, 3) dark gray, and 4) black and white. I calculated the time spent on the 

female (time infant is on the female divided by total time the focal is associated to the 
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infant) for each stage to determine their level of independence. All calculations involved 

only females with infants that were not yet black and white (stages 1-3). 

I have calculated overall frequencies of infant transfer, infant-initiated-transfer 

and attempted transfer (for all stages of coloration). In order to determine rates of infant 

transfer (adult-initiated), I separated the focals into three periods depending on the 

number of infants present in the group and when I had focals. This was necessary 

because there were different numbers of infants (and at different stages) at different 

times, which would affect the overall rate. The first period had two white infants (Sept 

20 - Oct 2), the second period had three white infants and one gray infant (Oct 3 - Oct 

19), and the third period had one white infant and three gray infants (Oct 20 - Nov 3). 

Transfer rates were calculated by the number of infant transfers divided by the number 

of focal hours on females with infants further divided by the number of infants present 

during that period. This allowed me to determine if there were different transfer rates 

when infants were all, or mostly white (periods 1 and 2), versus mostly gray (period 3). 

I also calculated the success rates for infant transfers (transfers/transfers+attempts: 

Ilorwich and Manski 1975). 

I also wanted to determine if females with infants had different levels of 

affiliation with other females, than did females without infants. I calculated affiliative 

rates for focals with infants and compared them to the rates of females without infants. 

The rate was calculated by dividing the number of affiliative events plus grooming bouts 

by the number of focal hours further divided by the number of possible females. For 

females with infants, the number of possible females was the same number as infants 
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because only one female at a time can hold an infant (i.e. N=2 for period 1, and N4 for 

period 2 and 3). For females without infants, it was the total number of females (N=16) 

minus the number of females with infants (i.e. N=14 for period 1, and N12 for period 2 

and 3). I presented the mean rate from all three periods to avoid the normal variation 

between them, and I used a Wilcoxon test on mean daily rates of affiliation to determine 

if they were different. I also determined if females with infants gave or received more 

grooming from females without infants by calculating the percentage of time that they 

were groomed. Finally, I calculated the proximity index between females with infants 

and females without infants, to see who was maintaining proximity. Also, the percent of 

scans with females in proximity was calculated between them to determine if females 

with infants had the same number of females in two meters as did females without 

infants. 
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CHAPTER III: RESULTS 

I. GROOMING  

In WW, female-female and female-male grooming bout frequencies (definition #1) were 

correlated to bout duration (Spearman N30: F-F: r2 0.97, p<O.000; F-M: r20.1O 

p<O.000). In B2, bout duration and frequency (definition #1) were correlated for all 

dyad types (Spearman N=26: F-F: r2=i.O; M-M: r21.O; M-F: r21.O; F-M: r2=O.iO, 

p<O.Ol). I have done all statistical tests for grooming three times, once for each 

grooming definition and once with grooming duration. The results were the same for all 

three and, since duration and frequency were correlated only bout rate, with grooming 

definition #1 is presented here. 

I recorded 35 full bouts and 21 partial bouts between adults in both groups 

combined. The partial bouts were significantly longer than full bouts (Mann-Whitney: 

z= -2.31, N=56, p=O.02) therefore I used all recorded bouts (N=56) in the analysis. The 

duration of grooming bouts between adults ranged from 4 to 157 seconds with a median 

of 46 seconds. Each bout consisted of ito 5 episodes with a mean of 1.8 episodes. In 8 

bouts, switching between partners occurred (6.5% of all cases). I saw no instances of 

polyadic grooming though it has been recorded occasionally in the past (Saj pers. 

comm.). 

In WW, I recorded 43 female-female grooming bouts and 2 female-male 

grooming bouts; none involved male-male or male-female dyads (Table-3.1; Figure-

3.1). When I converted the data into the mean rate per day, differences existed between 
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the dyad types over 31 days (Friedman: F39.6, k=4, N3 1, p<O.000). Multiple 

comparisons showed that female-female grooming was higher than any other dyad type 

but that no significant difference existed between the three other categories. The same 

result occurred when female/male dyads were compared to female-female ones 

(Wilcoxon: z= -3.42, N31, p=O.O0l). In B2, 3 female-female, 2 male-male, 4 male-

female and 2 female-male bouts were recorded (Table-3.1; Figure-3.1); no difference 

existed between categories for mean rate per individual per day (Friedman: F=0.54, k=4, 

N26, pO.91). No difference was also seen between female/male and female-female 

dyads (Wilcoxon: z-1.60, N28, pO.35). In between-group comparisons, females in 

WW had a higher median rate of grooming per day than females in B2 (Mann-Whitney: 

z= -3.64, n1=26, n2=31, p0.000), but no differences existed for the other three dyad 

types (M-M: z -1.03, ni=26, fl231, pO.302; F-F: z -1.47, n1 26, n231, pO.14.; F-

M: z -0.07, ni26, n2=3 1, pO.95). 

Table —3.1: Overall frequency, duration and rate of grooming 

F-F M-M M-F F-M FIM 
WW Frequency (bouts) 43 0 0 2 2 

Duration (sec) 1345 0 0 17 17 
Rate (bouts/hr/indiv) 0.050 0 0 0.002 0.0018 

B2 Frequency (bouts) 3 2 4 2 6 
Duration (see) 239 162 124 122 246 
Rate (bouts/hr/indiv) 0.049 0.030 0.012 0.008 0.047 

F/M = M-F and F-M combined 



71 

Figure - 3.1: Percentages of grooming bouts for each dyad type 
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II. EVENTS 

Affiliative events 

I saw four different types of affiliative events during the study period (Table-3.2). The 

events seen in the highest frequencies were groom-present (GP) and open-mouth (OM). 

In WW, female-female events made up 79% of the total and in B2 the largest proportion 

of events (29%) were male-female (Figure-3.2). Event rates were highest between 

females followed by male-male, male-female and then female-male in both groups 

(Table-3.2). While overall frequency was higher for all dyads in WW, B2 had higher 

rates of affiliation per individual than WW for all dyads (likely because of their lower 

number of possible partners). 
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Table - 3.2: Total affiliative event frequencies for each event type 

Event Frequency 
WW B2 

F-F M-M M-F F-M F-F M-M M-F F-M 

GHT 1 1 1 
GP 20 3 4 4 1 2 
OM 11 1 1 4 2 
TLH 2 
Total 31 2 6 0 5 4 6 4 

Rate 0.048 0.021 0.005 0 0.081 0.061 0.024 0.016 
Rate = event/hr/indiv. GilT = gentle-hand-touch, GP = groom-present, OM = open-
mouth, TLH = tail/leg hold: for descriptions see ethogram (Table-5.1, Appendix-A). 

Figure-3.2: Percentages of affiliative events for each dyad type 

In WW, when the mean number of events/hour/individual per day was tested, 

affiliation showed a difference between the types of dyads (Friedman: F=21.99, k=4, 

N=31, pO.000). Multiple comparisons showed no significant differences between all 

dyad combinations however the largest differences existed between female-female and 

all three of the other dyad types. No difference was also seen between female/male and 
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female-female dyads (Wilcoxon: z= -2.42, N=3 1, p=O.Ol6). In B2, the mean number of 

events per day per individual showed no difference for affiliative events between the 

dyads (Friedman: F=1.74, k4, N=26, pO.63). or between female/male and female-

female dyads (Wilcoxon: z= -.73, N=26, p=OA.6). When the groups were compared, 

females in WW had a higher median rate of affihiative events per day than females in B2 

(Mann-Whitney: z= -3.27, n26, fl2=31, p=0.00l), but no differences existed for the 

other three dyad types (M-M: z -1.39, ni26, fl2 31, p0.'70; M-F: z -1.50, n1 26, 

n2 31, pO.13; F-M: z-0.86, n1=26, fl2=31, p=O.86). 

Aggressive events 

All three levels of aggression occurred: agonistic approach, aggression-without-contact 

and aggression-with-contact. All dyads showed each type of aggression at least once, 

though, males were never seen to direct contact aggression towards females in either 

group. Coalition formation and formal submission never occurred. In WW, female-

female (60%) aggression and in B2, male-male (72%) aggression occurred in the highest 

proportion. In B2, no female-female aggression occurred and in both groups aggression 

between males and females occurred at low frequencies (Table-3.3; Figure-3.3). 
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Table - 3.3: Total aggressive event frequencies for each event type 

Event Frequency 
WW B2 

F-F M-M M-F F-M F-F M-M M-F F-M 
APP 3 1 2 1 
APPNC 5 1 1 18 1 
APPC 1 1 2 1 
Total 9 2 1 3 0 20 1 2 

Rate 0.014 0.017 0.00076 0.0023 0 0.032 0.0039 0.0078 
Rate = events/hr/indiv. APP = approach, AGGNC = aggression with no contact, 
AGGC = aggression with contact. 

Figure - 3.3: Percentages of aggressive events for each dvad tvpe 

In WW, when the mean number of aggressive events/hr/indiv per day was tested 

there was no difference between the dyads (Friedman: F4.41, k=4, N=3 1, pO.22). 

No difference was also seen when female/male dyads were compared to female-

female ones (Wilcoxon: z=-1.02, N31, pO.31). In B2, aggressive event rates 

differed between the dyads (Friedman: F=9.22, N=26, p=O.026). Multiple 
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comparisons for aggression in B2 showed no significant differences between all 

dyad combinations but the largest differences existed between male-male and all 

three other dyad types. No difference also resulted when female/male dyads were 

compared to female-female ones (Wilcoxon: z= -1.60, N=28, p=O.11). When the 

groups were compared, females in WW had a higher median rate of aggressive 

events per day than females in B2 (Mann-Whitney: z= -2A2, n1=26, n2=31, 

p=O.034). No differences existed between the groups for the other three dyad types, 

though male-male aggression showed a trend to be higher in B2 than WW (Mann-

Whitney: M-M: z= -L75, n1=26, n2=31, p=O.O8O; M-F: z -0.10, n1=26, n2=31, 

p0.90; F-M: z -0.74, n1=26, n2=31, p=O.46). 

Overall, affiliation was higher between females in WW (for both grooming and 

events) while no difference was seen in aggressive events between the dyads. In B2, 

no difference in affiliation or aggression occurred between the dyads, but a trend 

towards higher aggression between males occurred (Figure-3.4). 

Figure - 3.4: Rates of aggression and affiliation for all dyad types 
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III. PROXIMITY 

The percentage of scans where individuals were in proximity has been calculated for all 

sex dyads, at all proximity levels, and for feeding and resting individuals (Figure-3 .5). 

For all dyads the percentage of scans with at least one individual in proximity increased 

with the distance from the focal (i.e. BC<lm<2m). All percentages were higher in WW 

than B2 (except for male-male dyads). Overall, females had a higher percentage of 

individuals in body contact than female-male or male-male dyads; males were never 

recorded in body contact with one another outside of grooming. Female-female 

proximity was highest for the im and 2m categories as well, reaching as high as 29% for 

WW and 19.6% in B2. Conversely, male-male proximity was the lowest, with 3.7% for 

WW and 6.4% for B2. Also, percentages were higher for resting versus feeding 

individuals in all cases (except cases where values were zero). Especially noteworthy is 

that individuals were never in BC during feeding, but were so at low levels during 

resting (Figure-3 .5). The mean number of individuals in 2m for each scan showed 

similar trends (Table-3.4) 

Table - 3.4: Mean number of individuals within 2M 

Activity Dyad Type Mean 
WW B2 

Feeding F-F 0.25 0.17 
F/M 0.16 0.05 
M-M 0.03 0.02 

Resting F-F 0.43 0.21 
F/M 0.18 0.17 
M-M 0.04 0.1 

Mean = mean number of individuals (per scan) within 2m 
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Figure - 3.5: Percent of scans where at least one individual is in proximity 
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Wilcoxon tests (six for each group) on feeding versus resting males and feeding 

versus resting females showed that there was no difference in the number of males or 

females in proximity to the focal individual at any level (BC, 2m), for most 

combinations. Thus, females had an equal number of females in proximity during 

feeding and resting as well as an equal number of males in proximity during feeding and 

resting. Similarly, males had an equal number of females in proximity during feeding 

and resting and an equal number of males in proximity during feeding and resting. This 

is the case for both WW and B2, however one exception arose. Females in B2 were 

within 2 meters of more females during resting than during feeding (Wilcoxon: z -1.98, 

N=22, p=O.048). 

Wilcoxon tests on proximity between males and females showed variation 

between the groups. In WW, no differences occurred at the BC level per day (Wilcoxon: 

female focals: z -1.09, N=33, p=O.28; male focals: z -3.38, N=32, p1.0) however at 

2m, both male and female focals were seen to be in proximity to more females than 

males (Wilcoxon: female focals: z -3.38, N=33, P.001; male focals: z= -2.11, N32, 

p=O.035). Resting individuals showed the same pattern (Wilcoxon: resting females: z= 

-2.82, N=32, pO.005; resting males: z -2.06, N=31, p0.04.) however, no significant 

differences were seen when individuals were feeding (Wilcoxon: feeding females: z - 

1.82, N=31, pO.068; feeding males: z -0.944, N= 16, p=O.35). Therefore, during 

resting, both males and females were in proximity to more females, but feeding 

individuals had an equal number of males and females in proximity. Since there were 

many more females than males in WW, this may be an indication that all individuals 
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were more spaced out during feeding. In B2, no differences occurred. This indicates that 

females were in proximity to an equal number of females and males and that males were 

also in proximity to an equal number of females and males in BC or 2m (Wilcoxon: z= - 

0.45 to -0.34, N=28, p= 0.66 to 1.0). Similarly, no differences were seen in feeding or 

resting individuals per day (Wilcoxon: z -1.33 to 0.0, N=15 to 27, p= 0.17 to 0.98). 

Proximity Index 

The maintenance of proximity between males and females, calculated by the Hinde's 

index (Formula-2.2), was -19% for WW and -5% for B2. These percentages indicate that 

males were responsible for more of the approaches with respect to leaves than were 

females, and thus males were more responsible for the maintenance of proximity 

between the sexes. However, the value for B2 was low, suggesting that males and 

females are almost equally responsible for the maintenance of proximity in this group. 

IV. Reconciliation  

I recorded a total of 34 conflicts between adults; both groups were analyzed together for 

conciliatory tendencies because the sample size was small. Male-male aggressions 

accounted for 55% of all post-conflict (PC) focals, female-female for 18%, female-male 

for 15%, and male-female for 12%. PC periods were taken from conflicts of all three 

levels: approach, aggression-without-contact, and aggression-with-contact. Most 

conflicts (79%) resulted in the retreat of one or both individuals but occasionally they 

remained in proximity. Two examples of higher intensity (1 and 2) and two examples of 

lower intensity (3 and 4) conflicts are described below: 
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1) The focal individual was a subadult male who was being groomed by 
an adult female. Another subadult male approached the focal to one 
arms reach, he hit the focal's head (grooming stopped). The subadult 
male then open-mouthed and hit the focal again, grabbed him 
grunted, open-mouthed and left to two arms reach. 

2) Focal was an adult female with a dark gray infant. A subadult male 
approached her and she attacked him by hitting at him and they 
grappled and bounced about. The focal then growled at him and he 
ran away to about five arms reach. 

3) The focal individual was an adult male. He threatened another adult 
male by approaching him to three arms reach, open-mouthing and 
grunting. The other male jumped away to about five arms reach. 

4) The focal individual was an adult male who approached a subadult 
male to one arms reach. The subadult male moved from one arms 
reach to far. 

In one conflict between two adult females, an adult male was seen to intervene. Since 

very few conflicts were seen overall, it is difficult to assess the importance of this event. 

The conflict is described in detail below: 

The focal individual was an adult female with a white infant. The 
focal was approached by another adult female to two arms reach, 
she was open-mouthing. One minute later the focal ran towards her 
to jump at her and attack. The two females grappled and an adult 
male, who was resting four arms reach away, ran towards the two 
females and loud called (two short calls). The focal left to two arms 
reach from him and the recipient ran away to five arms reach. 

The percentage of PC focals containing at least one type of affiliation was 33.3% 

for female-female, 10.5% for male-male, 100% for male-female and 20% for female-

male conflicts (26.5% overall: Table-3 .5). When remaining-in-proximity was not 

included percentages decreased and when no proximity was included, percentages were 
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even lower (Table-3.6). Male-female dyads had the highest level of reconciliation at all 

levels while female-female, male-male and male-female dyads experienced very low 

levels of PC affiliation. When only direct affiliation was taken into account, female 

initiated conflicts showed no affiliation, where male-female conflicts still showed a high 

percentage (25%) of PC affihiative events (Table-3.6). When male-female and female-

male dyads were pooled, the percent of conflicts reconciled was 11% (with direct 

affiliation only). 

Table - 3.5: Post-conflict affiliation summary (both groups  

Age Sex 
Class 

Total # of 
Conflicts 

PC Periods 
with RIP 

PC Periods 
with RTP 

PC Periods 
with DA 

Total Conflicts WI PC 
Affiliation 

# % 
F-F 6 2 1 0 2 33.33 
M-M 19 2 0 1 2 10.53 
M-F 4 2 3 1 4 100 
F-M 5 1 0 0 1 20 
TOTAL 34 7 4 2 9 26.47 
RIP = remaining-in-proximity, RTP = returning-to-proximity, DA = direct affiliation. 
PC = post-conflict, TOTAL = all dyads combined 

Table - 3.6: Comparative percents of conflicts with PC affiliation per dyad 

Type of affiliation included 
in percentage of PC periods 
with affiliation (%): 

F-i? 

(%) 

M-M 

(%) 

M-F 

(%) 

F-M 

(%) 

Total 

(%) 
RIP,RTP,DA 33.33 10.53 100 20 26.47 
RTP, DA 16.67 5.26 75 0 14.7 
DA 0 5.26 25 0 5.9 
F-F= female aggressor directs aggression towards female recipient, M-M = male directs 
aggression towards male, M-F = male directs aggression towards female, and vice versa 
for F-M. RIP = remaining-in-proximity, RTP = returning-to-proximity, DA = direct 
affiliation. PC = post-conflict. Infant transfer is not included in F-F percentages. 
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Post-conflict affiliation was initiated about equally by recipients and aggressors. 

In three out of four cases where individuals returned-to-proximity, the recipients was 

responsible for the initiation (F-M fights). In one out of two conflicts where direct 

affiliation occurred, one was initiated by the recipients (M-M) and one by the aggressor 

(M-F). In one fight, where individuals both returned-to-proximity and had direct 

affiliation, the return was initiated by the recipients but the direct affiliation was initiated 

by the aggressor (M-F). Interestingly, in all male-female conflicts the female recipient 

was the initiator of the return-to-proximity (three out of four conflicts), but not for the 

direct affiliation. 

In male-induced conflicts (M-M, M-F) PC affiliation rates were higher than 

baseline conditions (Table-3.7). This indicated that affiliation was higher after a conflict 

than it was in regular conditions for these dyad types. However, such a small sample 

size of PC periods means that rates may be inflated due to sampling biases. In both 

male-male and male-female dyads, only one affihiative event occurred during PC 

periods, and in female-male PC periods, no direct affiliation occurred. Thus definitive 

affiliation rates can not yet be determined. 

Table - 3.7: Affiliation rates during baseline and post-conflict periods 

Rate of affiliation in: F-F M-M M-F F-M 
PC periods 0 0.51 12.01 0 
Baseline 0.072 0.011 0.0054 0.0022 
Rate = #affihiative events/total hours. PC period rates include only events of direct 
affiliation. Baseline rates include events and grooming (as an event). 
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V. INFANT DEVELOPMENT AND ALLOMOTHERING  

Four white infants were born in the latter half of my study period, one in August, one in 

September and two in October. I saw them going through all four stages of pelage 

change previously described for other colobus (Horwich and Manski 1975) turning from 

white to gray and finally black and white (Table-3.8). By mid-November when I left, the 

first infant (born in August) was basically black and white, though it was still slightly 

lighter in coloration; adult coloration was likely achieved after about four months. 

White infants were completely reliant on adults and did not locomote on their 

own but become more mobile in stages two and three. Light gray infants started to 

move around near the female and dark gray infants occasionally transferred between 

females of their own accord. The percent of time they spent on females decreased 10% 

with each colour stage (Table-3.8). Play with older infants began at stage two, and stage 

three infants played together or with older infants. Infant parking was seen only once (ad 

lib) during the whole study, and is not likely an important behaviour in this species. 

Females and immatures showed the most interest in white infants; occasionally 

subadult males also showed some interest, but adult males ignored them. Females 

carrying infants usually tolerated the attentions of females and immatures but often 

reacted aggressively to interested subadult males. Infants were carried mainly by adult 

females, but in three of 70 focals, subadult females carried infants. During my study 

period, subadult males did not allomother, though this has been recorded rarely in the 

past (Teichroeb pers. comm.). 
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Table - 3.8: Stages of colour development in infant Colobus vellerosus 

Colour Stage Time Frame 
(weeks) 

% Time on 
Female 

Description 

1) White 7-8 99% Infant is white, hair is very short, pink skin 
is visible underneath the hair. 

2) Light gray 9-11 89% Infant is beginning to gray, colour changes 
first on arms, legs and back. 

3) Dark gray 11-13 79% Infant is dark gray all over except where 
adults are also white (eyebrows, head, tail, 
leg patches) 

4) Black and 
white 

14-16 - Infant has the same black and white pattern 
as adults. Discernable from older infants by 
uncoordinated movements and shorter hair. 

% Time on Female = time spent on female / total focal time 

I saw 17 adult-initiated infant transfers between females, 4 attempted (adult-

initiated) transfers and 5 infant-initiated transfers. Few attempted transfers were seen, 

showing that females are usually successful at taking infants from one another (79% 

success rate). However, in six cases, the female who lost the infant took it back after 

less than one minute (8-42 seconds) after the transfer or attempted transfer (one case). 

Once a female took an infant, she either remained in proximity (57%) or one of the two 

females left (43%). In 75% of cases where females remained in proximity, the initial 

receiving female took the infant back. In cases where one female left, 67% of the time it 

was the female who took the infant. 

Infant transfers occurred with infants of all three colour stages before they are 

black and white, though more occurred with white infants (Table-3.9). Overall, 12 

transfers occurred at stage one, 4 at stage two, and 1 at stage three. All infant-initiated 

transfers occurred at stage three; no adult-initiated transfers were ever seen in stage four, 
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though stage four infants were also seen to transfer between females on their own. Of 

the four attempted transfers (all by adult females), one was with a stage one infant and 

three with stage three infants; transfers were unsuccessful due both to female and infant 

resistance (two attempts each). Period one had an hourly infant transfer rate of 1.0, 

period two 0.75 and period three 0.05, showing a decrease in infant transfer as there are 

less white infants and more gray ones (Table-3.9). Especially noteworthy is the 

difference in periods one and two, where all or most infants were white, with period 

three, where most infants were gray. 

Table - 3.9: Number of infants and transfers per observation period 

Period Number of Infants Transfers 
# 

Rate 
(transfers/hr/infant) White Light gray Dark gray 

1 2 0 0 6 1.06 
2 3 1 0 10 0.75 
3 1 2 1 1 0.05 

Transfers include only adult-initiated transfers. 

A total of 11 bouts (7.4 minutes) of grooming were directed towards infants by 

their female carriers. Direct events of aggression (bite, hit, drag) by females towards 

infants were never seen. Neglect towards infants was rare, and occurred in only two 

focals, and it was only seen in the form of inappropriate and insecure handling such as 

dorsal carrying. In 20% of focals, infants were recorded to squeal at least once, though 

in many they squealed during most of the focal. While I cannot be certain of the 

meaning of the vocalization, it definitely translated some form of distress on the part of 

the infant. 
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Female-female affiliation rates (events + grooming bouts/hr/indiv) for focals 

with infants (stage one to three) were higher than affiliation rates between females 

without infants in each period. The mean rates (for the three periods) were 0.75 

events/hr/indiv for focal females with infants and 0.15 events/hr/indiv for focal females 

without infants. When mean daily rates were compared, no significant difference existed 

between females with infants and females without infants between days (Wilcoxon: z= - 

1.599, N14, pO.11O). It is still likely that females received more affiliation when they 

were carrying an infant because their mean affiliation rate was five times higher than it 

was for females without infants. A significant result may not have been found in the 

Wilcoxon test because there are few days of data collection (N14), several of which 

had rates of zero. Females with infants received more grooming from females without 

infants than they gave them; of the 13.35 minutes they groomed one another, 88% was 

received by females with infants. 

Though focal females with infants had more affiliation with other females, they 

had fewer females in proximity (within 2m) than females without infants. Focals with 

infants had another adult female in proximity in 15.4% of scans and females without 

infants had another female in proximity in 24.6% of scans. The proximity index (for 

females with infants) was -58.3% indicating that females without infants were mainly 

responsible for the maintenance of proximity with females carrying infants. 
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CHAPTER IV: DISCUSSION 

I will begin this chapter with a summary of the results on affiliative behaviour in C. 

vellerosus with a specific emphasis on females. I will then compare these results to 

known information on other black and white colobus species. Finally I will address each 

of the four predictions outlined in the introduction in light of these findings. 

I. FEMALE AFFILIATION IN COLOBUS VELLEROSUS 

Affiliation andAggression 

Variation was seen between the groups in the rates of affiliation and aggression. In the 

larger group (WW: N=32) affiliation (grooming and events) between females occurred 

significantly more than any other dyad type. Male grooming was never observed and 

female-male grooming occurred at low levels. Conversely, all dyad types experienced 

the same levels of aggression, and at least some aggression was seen in each dyad type 

(Figure-4.l). In the smaller group (132: N=10) males and females affiliated at equal 

levels. Males in B2 showed higher rates of aggression than any other dyad type (though 

not significant) and female-female aggression was never seen (Figure-4. 1). When female 

affiliation was compared between groups, WW has significantly more female-female 

affiliation (grooming and events) and aggression than B2 but inter-sexual affiliation and 

aggression did not differ. Coalitions and formal submission did not occur. 
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The possible explanations for the contrasting results between the groups lie in the 

differences in their group compositions and social dynamics. Firstly, WW had many 

more females (N16) than B2 (N=3), that increased the possible number of partners, 

which likely increased the daily rates of interaction between them. Secondly, during the 

time of my study, no infants were born In B2, which may explain why female-female 

aggression was not seen since some conflicts between females in WW occurred in this 

context. Similarly, affiliation rates between females may have been lower for the same 

reason: the lack of white infants. Male-male affiliation occurred only in B2, which may 

have been due to the fact that all male-male affiliation involved a small subadult 

individual, though differences between the groups were not significant. The inclusion of 

this individual in the data set did not alter inter-sexual rates because the subadult rarely 

interacted with adult females. 

The higher levels of male-male aggression in B2 (though not quite significant: 

PO.O8) may have been due to the fact that the two males appeared to be attempting to 

evict one another from the group. Many of the conflicts were simply threats, but several 

long and distant chases between them occurred (ad lib). Also, one or the other was often 

excluded from sleeping with the rest of the group. Both males were responsible for the 

initiation of aggression between them and neither was clearly dominant. This contest 

began at the end of August, and 95% of fights between the males (and sleeping 

exclusion) occurred after this time. In 2001, an all-male-group took over this group, and 

7 males had joined (Saj pers. comm.). When my study began, one year later, only one of 

these new males was left, along with the prior male. Thus, it is possible that they 
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succeeded in evicting the other males, and were down to the final competition. Indeed, 

one year after my study (July 2003), the final new male is no longer in the group 

(Teichroeb pers. comm.). 

Proximity 

Inter-individual spacing (proximity) also showed different trends between the groups. 

Females in WW had more females within 2m than they did males, while females in B2 

had an equal number of males and females in proximity. Again, this is likely a reflection 

of the differing sex ratios between the groups. WW had many more females than males 

(16 versus 6) while B2 had an equal sex ratio (3 each). Thus, females in WW had much 

greater chances of being in proximity to other females, while females in B2 had slightly 

greater chance of being in proximity to males. Males were more responsible for the 

maintenance of proximity with females in WW (-19%), as compared to B2 where males 

• and females are almost equally responsible (-5%). 

Feeding and resting individuals did not have different proximity for most dyads. 

All dyads in WW showed no difference, and only female-female dyads in B2 showed a 

difference: they had more females in proximity during resting than during feeding. 

Females in both groups had females within 2m in a higher percentage of resting scans 

(WW: 42.17%, 132: 22.83%) than feeding scans (WW: 18.6%, B2: 13.79%). Thus, 

females had more distance between one another while they fed, and though results were 

not significant for WW, this may be an indication of scramble competition occurring 

between females. 
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Reconciliation 

The percent of conflicts reconciled between females was 16.67% (return-to-proximity + 

direct affiliation) and 0% when only direct affiliation was included. Percents of 

conflicts reconciled were zero in female-male fights, but were highest in male induced 

fights between the sexes (75% and 25%, respectively). When inter-sexual fights were 

combined, the percent of conflicts reconciled was 11%. Female-initiated fights were 

never reconciled, whether they were with males or females but when males initiated 

conflicts with females, affiliation may have functioned as conciliatory. PC affiliation 

rates also reflected the lack of affiliation following female-initiated conflicts. PC rates 

were lower than baseline conditions for female-female and female-male dyads, but were 

higher than baseline conditions in male-female dyads. Few fights were seen to have any 

PC affiliation (return-to-proximity, direct affiliation), however three out of four female 

directed inter-sexual fights were followed by the return-to-proximity of the female 

victim. These results suggest that PC affiliation, when it occurred, may have been more 

important between males and females than between females. 

Female Attractiveness andAiomothering 

Allomothering occurrpd in C. vellerosus, and young infants (under 11 weeks) were 

transferred at a mean rate of 0.88 times per hour. Females of all ages showed interest in 

infants, and both subadult and adult females were seen to carry infants, though for 

subadults this was rare. Females were tolerant towards the transfer of infants. Maternal 

tolerance cannot be evaluated because mothers were not known but the success rate for 

transfer was high (79%) and aggression was rarely associated with transfers (5%). Direct 
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aggression towards infants was not recorded. Abuse towards infants was seen only in 

the form of neglect, which was rare, occurring in only 3% of focals, and infant distress 

(roughly measured by the presence of infant vocalization) was only seen in 20% of 

focals. 

Females became more attractive as affiliation partners to other females when 

they were carrying young infants. Females with infants received five times more 

grooming and affiliative events (0.751hr/indiv) than females without infants 

(0. 15/hr/indiv), though this was not significant. Females with infants also received more 

grooming (88% of total) from females than they groomed them. Females without 

infants were responsible for the maintenance of proximity with females carrying infants 

(Hinde's proximity index). Also, females with infants had fewer females in proximity 

than females without infants. This may explain why, despite the increase in affiliation, 

females with infants were not in proximity to more females: they may have been 

avoiding them to maintain access to the infant. 

II. COMPARISONS WITH OTHER COLOBUS SPECIES 

Affiliation 

Like in C. guereza and C. polykomos, social behaviour in C. vellerosus was seen at low 

frequencies. Grooming rates between females for the three species have varied from 

0.011 bouts/hr/indiv in C. guereza to 0.102 in C. polykomos (Table-4.1). More 

affiliation occurred between females than between the sexes than in the larger group of 

C. vellerosus, like in C. polykomos (Korstj ens 2001) and C. guereza (Struhsaker and 
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Leland 1979). In the smaller group there was no statistical difference indicating that a 

greater variation of social behaviour within the black and white colobus may exist 

(Figure-4. 1). C. vellerosus displayed most of the same affihiative events described for C. 

guereza (Table-5.1, Appendix A: Oates 1977). 

Figure - 4.1: Female-female vs. female-male grooming rates in colobus species 

Rate by definition #2 (Korstjens et al 2002). 

In both C. vellerosus and C. polykomos, females were found in proximity to 

more females than males. C. polykomos females had another female within 2m in 27% 

of scans (Korstjens 2001), which is similar to my findings for C. vellerosus: 29% in 

WW, and 19.62% in B2 (Table 4.1). Female C. polykomos were seen to have males 

within 2m of one another in about 12.5% of scans (Korstjens 2001). Similarly in my 

study C. vellerosus males and females were in proximity in 14.41% (WW) and 12.9 % 
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(B2) of scans. However, when I compared them statistically, females were in proximity 

to one another more than males only in WW, while in B2 they were equal. Thus, again, 

WW reflected proximity patterns of other black and white colobus (C. polykomos: 

Korstjens 2001; C. guereza: Struhsaker and Leland 1979), while B2 did not, indicating 

that greater variation in Colobus behaviour can occur. 

Aggression 

Aggression between females is seen to occur rarely in all three species, and rates 

have ranged from 0.007 events/hour/individual in C. vellerosus to 0.087 

events/hour/individual in C. polykomos (Korstjens 2001) (Table-4.1). In C. polykomos, 

most aggression was between adult males (Korstj ens 2001), which was seen in the small 

group of C. vellerosus. Results for both groups showed no difference in aggression 

between female-female and male/female dyads. In C. guereza, overall aggression rates 

were seen to increase with group size (Dunbar and Dunbar 1976), but this was not seen 

in C. vellerosus. C. guereza and C. vellerosus have not displayed formal or ritualized 

submission (Oates 1977). 

I saw one incidence of male intervention in a female-female fight where the 

initial aggressor was a female with a white infant. This has been recorded for C. guereza 

as well; males were seen to intervene in infant transfers when aggression between the 

females resulted (Horwich and Manski 1975). However, the frequency was not reported, 

thus the importance of this behaviour in colobus can not yet be evaluated. 
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Reconciliation 

In C. guereza, conciliatory tendencies for whole groups were found to be: 60.3 ± 5.5% 

when all affiliation is included, 45.7 ± 8.0% with only return-to-proximity and direct 

affiliation and 29.6 ± 6.1% with only direct affiliation (Björnsdotter et al 2000). 

Comparatively, the overall rates in C. vellerosus were 26.47%, 14.7% and 5.9% in my 

study respectively. Rates were lower in C. vellerosus, which may reflect a species 

difference, though results for C. guereza were from captivity and may be elevated due to 

the close confinement of the subjects. In C. guereza most conflicts were reconciled by 

victims (Björnsdotter et al 2000), but in C. vellerosus victims and aggressors were about 

equally likely to initiate post-conflict affiliation. 

Table - 4.1: Comparative social behaviour between female colobus 

Measure C. vellerosus C. guereza C. polykomos P. badius P. tephroceles 
WW B2 

Grooming rate 0.05 0.049 0.011 0.107 0.041 

% Females in 2m 20 24.00 29.00 28.00 ? 

Aggression rate 0.014 0 <0.052 * 0.087 0.008 ? 

Allomothering Yes Yes Yes No No 

Hierarchy ? No Yes Yes Yes 

Active in BGE yes No Yes Yes No 

Philopatry Some Yes Some No No 
Grooming rate = bouts/hr/individual with definition #2 for comparison with Korstj ens 
et al 2002. * = Data from captive studies. % Females in 2m = percent of scans on 
female focals where another female was within 2m. Aggression rate = # 
events/hr/individual. Hierarchy = the presence of a dominance hierarchy. BGE = 
between group encounter. References: C. guereza: Bjömsdotter et al 2000, Dunbar and 
Dunbar 1976, Struhsaker and Leland 1979, Oates 1977. C. polykomos and P. badius: 
Korstj ens 2001, Korstj ens et al 2002. P. tephroceles: Struhsaker and Leland 1979. 
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Infant Development and Aiomothering 

Infant colour development and time-frame is similar in all three species, though in my 

study, all stages took slightly longer (Table-4.2). Also, allomothering is seen C. 

polykomos and C. guereza (Korstjens 2001; Oates 1977), as well as C. vellerosus, but 

not in P. badius (Korstj ens 2001). Infant C. guereza has shown a transfer rate of 2.6 in 

captivity (Horwich and Manski 1975), which is higher than I found for C. vellerosus 

(0.88 transfers/hr/infant), which may be a reflection of living conditions. Studies on 

female attractiveness of females with infants have not been conducted on colobus, 

though C. polykomos females are seen to receive more affiliation when they are carrying 

infants as did C. vellerosus (Korstj ens 2001). 

Table - 4.2: Weekly time-frame for infant development in Colobus 

Colour Stage C. vellerosus C. guereza C. polykomos 

White 7-8 4-5 4 
Light gray 9-11 6 6-7 
Dark gray 11-13 9 - 

Black and white 14-16 13 9.5 
Numbers indicate the weeks when infants obtain colouration. Information 
for C. guereza and C. polykomos is from Horwich and Manski 1975 (on 5 
captive infants). 

III. EVALUATION OF THE PREDICTIONS 

Prediction 1: Female-female affiliation will occur at lower levels in C. vellerosus than 

most Old World primates. 

i) Grooming will occur at low frequencies. 
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Proximity and events between females are not well or consistently documented in the 

literature. Thus, grooming will be used in order to compare affiliation levels between 

females of several species. In comparing the rates for several Old World primates, C. 

vellerosus does fall at the lower end of the spectrum (Figure-4.2); rates vary from 0.986 

bouts/hr/indiv in Cercopithecus aethiops (Seyfarth 1980) to 0.004 in Nasalis larvatus 

(Yeager 1990). Overall, egalitarian species including C. vellerosus, show lower rates of 

grooming and colobines have lower rates than cercopithecines. Thus, the first part of 

prediction one is verified: affiliation in C. vellerosus occurs at low frequencies in this 

species as compared to other Old World primates. 

Figure - 4.2: Comparative female-female grooming in Old World primates 
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Grooming is quantified by rate: bouts/hour/individual. For references see Table-1.2. 
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Prediction 2: Female-female aggression will occur at low levels in C. vellerosus but 

reconciliation will follow at least some conflicts 

i) All types of aggression will occur at low rates; coalitions an formal 
submission will occur at low frequencies or not at all. 

ii) Some conflicts will be followed by post-conflict affiliation (grooming, 
events or proximity). 

iii) A good proportion of conflicts that are reconciled will be initiated by the 
victim. 

Overall, aggression did occur at low rates between females (0.007 

events/hr/individual) in C. vellerosus. These rates are comparable to other egalitarian 

colobines but are much lower than cercopithecines (Figure-4.3). All types of aggression 

were seen (in WW) and all occurred at low frequencies (approaches: three, non-contact: 

five, and contact aggression: one). Coalitions were not seen between females, (or in any 

other dyad type) in my study or in any previous study. Thus, the first part (i) of 

prediction two is verified. 

Female-female conflicts (though rare) were never reconciled by post-conflict 

affiliation in C. vellerosus. In comparison to other species, this is a very low number 

since conciliatory tendencies (and percent of conflicts reconciled) range from 57.4% in 

Macaca arctoides to 4% in Gorilla gorilla (Figure-4.4). Thus, the second and third part 

of prediction two is not verified. The fact that reconciliation (return-to-proximity, direct 

affiliation) followed some male-female conflicts may indicate that it is more important 

for females to maintain and/or repair relationships with males than with females. 

Furthermore, females initiated contact following conflicts where males direct aggression 

towards them. 
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Figure - 4.3: Comparative female-female aggression in Old World primates 

Aggression rate = events/hr/individual. Rates are from: 
wild Colobus polykomos and P. badius: Korstjens et al 
2002; captive C. guereza Bjornsdotter ci a! 2000; wild 
Presbytis entellus Borries et a! 1991; wild Macaca 
assamensis Cooper and Bernstein 2002; captive Macaca 
niulatta, Judge and de Waal 1997; captive Papio anubis 
Rowell 1966. 
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Figure - 4.4: Comparative female-female reconciliation in Old World primates 

Conciliatory tendency is either conciliatory tendency or percent 
of conflicts reconciled. For references see Table-1.3. 

The fact that reconciliation did not occur between females may be proof that 

despotic dominance hierarchies are not occurring in C. vellerosus. Relationships 

between females are not in need of repair after conflicts, which might actually further 

support the notion of their egalitarianism. Indeed, reconciliation is high in resident-

egalitarian species who do display despotic hierarchies (Erythrocebus patas, York and 

Rowell 1988). If this is so then perhaps I was wrong to predict that it should co-occur 

with egalitarian relationships. I had based this prediction on the results for captive C. 

guereza (Björnsdotter et a! 2000) thus the results could have been misleading with 
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elevated conciliatory tendencies resulting from the close confinement of the subjects. 

Many conflicts that I witnessed in the field resulted in the distant fleeing of the 

individuals involved, further supporting this notion. Also, conciliatory tendencies for all 

dyads in C. guereza are unavailable (Björnsdotter et al 2000) and it is possible that the 

same differential conciliatory tendencies would arise in this species. 

Prediction 3: Allomothering will occur at high rates in C. vellerosus. 

i) Younger infants will be the most attractive. 

ii) Infant transfer between females will occur at high rates; females of all ages 
will be interested in infants. 

iii) Abuse by allomothers towards infants will be low relative to affiliation. 

iv) Females with infants will receive more affiliation (grooming, events and 
proximity) from other females than females without infants. 

As predicted younger infants were more attractive to allomothers in C. vellerosus. 

White infants (under 8 weeks) were the most attractive, accounting for 70% of transfers 

between females. After infants lost their conspicuous natal coat colour they were no 

longer transferred between females. This is consistent with the trend of high infant 

attractiveness in earlier stages in colobines as oppose to later stages in Saimiri, Alouatta 

and Macaca (Review: Nicholson 1987). 

Infants were transferred between females in C. vellerosus at a mean rate of 0.88 

times per hour in the first 11 weeks of life. This rate is high compared to most resident-

nepotistic cercopithecines (except for Macaca fascicularis) and is similar to resident-

egalitarian colobines (Figure-4.5). However, it is still lower than some other colobine 

species (Figure-4.5). Most studies that present transfer rates have collected data on 
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captive colonies, thus rates are probably elevated. Since for most cercopithecine and ape 

species in this comparison, the transfer rate is low or zero, this still displays the 

phenomenon of high infant transfer in resident-egalitarian species. Also, as predicted, 

females of all ages in C. vellerosus were interested in infants, thus part two of prediction 

three is correct. 

Females with infants received more overall affiliation (grooming and events) 

from other females. They were groomed more often than they groomed, and were 

approached more than they approached other females. This is consistent with the trend 

that females become more attractive as partners of affiliation when they carry young 

infants as is seen in many other species (e.g. Macaca maurus, Matsumura 1997; M 

sylvanus, Small 1990; M mulatta, M radiata, Small 1982; M nemestrina, Maestripieri 

1994a; Erythrocebus patas, Muroyama 1994; Cercopithecus aethiops, Seyfarth 1980, 

Struhsaker 1971; Paplo spp., Rowell 1968; Presbytis entellus, Jay 1962; Cebus 

olivaceus, O'Brian 1993; Cebus capucinus, Manson et al 1999). However, they were in 

proximity to fewer females than females without infants. This is not consistent with the 

trend and may be because females with infants avoid other females in attempt to evade 

infant transfers. Despite this finding, overall female-female affiliation rates are higher 

which is consistent with prediction three. 
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Figure - 4.5: Infant transfer rates in Old World primates 
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Prediction 4: C'. vellerosiis will show female relationships characteristic of resident- or 

dispersal-egalitarian species. 

i) Aggression and affiliation will occur at low rates between females; coalition 
formation and formal submission will occur rarely or not at all (egalitarian). 

ii) If C. vellerosus is resident-egalitarian, more affiliation will be between 
females than between the sexes. 

iii) Conversely, if C. vellerosus is dispersal-egalitarian, more (or equal) 
affiliation will occur between the sexes than between females. 
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Evidence for Egalitarianism 

Female C. vellerosus displayed egalitarian social relationships. They had low levels of 

affiliation (grooming) as well as aggression, and coalition formation and formal 

submission were not seen. It is difficult to evaluate the criteria for egalitarianism of 

Sterck et al (1997) because many of these could not be measured at this site (linear 

hierarchies, nepotism). However, low incidence of aggression and the lack of coalition 

formation and formal submission between females points towards egalitarianism. Some 

of Wrangham's (1980) criteria for non-female-bondedness were met including low 

affiliation between females. In his model, these were used to predict non-female-

bondedness, but in conjunction with the updated model (Sterck et al 1997), they can be 

used as an indicator of egalitarianism. Furthermore, the characteristics of allomothering 

followed the predicted trend for egalitarian females (Maestripieri 1994b): females of all 

ages were interested in infants, females showed high maternal tolerance and allomothers 

showed low amounts of infant abuse. 

Since it is not yet known if female dispersal is the norm, it is difficult to evaluate 

whether C. vellerosus females are resident- or dispersal-egalitarians. The use of 

affiliation in conjunction with the Sterck et al (1997) model may offer some insight into 

this question. I have predicted that, if females are resident, then the majority of adult 

affiliation in the group will be between females because they are related and they remain 

together for most of their lives. They should be more strongly bonded to one another 

than to less familiar males and affiliation should confirm this notion. If females disperse, 
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on the other hand, more or equal affiliation should occur between the sexes, than 

between females. Females will not be related and may not be together for as long as 

females in philopatric groups. Thus, their closest ties will be with the male(s) 

(Wrangham 1980). 

Evidence for Female Residency 

I saw variation in affihiative patterns between the two study groups. In the larger group 

(WW), female-female affiliation occurred at higher rates than it did between the sexes 

for grooming and events. Females were also closer to other females than to males, 

which is reflective of other black and white colobus (Korstj ens 2001; Struhsaker and 

Leland 1979). This trend was not seen in B2, but several social constraints that were 

occurring in this group may account for the differing results (equal sex ratio, no white 

infants, dominance struggle between males). Group size could also have been affecting 

female-female relationships within the groups. The life history may be very different for 

each group, which will affect the demographic outcome, and hence inter-individual 

relationships (Altmann 1980). In a species where most females are resident, larger 

groups may contain larger matrilines. Thus, females will be living with more female 

relatives and higher rates of affiliation between them could be expected (in contrast to 

groups with very few females). This may further explain the differing levels of 

affiliation between the groups. 

When females experience some contest competition between groups they are 

expected to be philopatric (Sterck et al 1997). Females are active in some between-

group encounters (though rarely: 10% of encounters: McIntosh 2002). This may 
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indicate that some between-group-contest competition is occurring between females. 

This may further point to female residency in C. vellerosus. However, it does occur in 

low rates compared to C. guereza (up to 33%: Fashing 2001) and high rates of female 

involvement in between-group encounters also occur in species where some or most 

females disperse (38% in Piliocolobus badius and 57% in C. polykomos: Korstjens et al 

2002). Therefore, this may not be a useful predictor of residency. Also, female 

involvement may be very context specific and researchers may not have used the same 

definition for female participation. 

Apart from the results on female-female and female/male affiliation in C. 

vellerosus, evidence from past studies points to a greater amount of male dispersal than 

female dispersal. To begin with, there is the presence of all-male-groups (Saj et al in 

press), which suggests a surplus of dispersing males who cannot yet join established, 

bisexual groups. Also, since 2000, many solitary males have been recorded at the site ad 

libitum (Saj and Teichroeb pers. comm.), and during my study, I saw five solitary males 

(possibly the males that were evicted from 132) but no solitary females. 

Evidence for Female Dispersal 

Less evidence exists in support of female dispersal in C. vellerosus. In the small group 

(132) there was no difference in affiliation (grooming, events and proximity) between the 

dyad types. These results are not entirely conclusive for either hypothesis because, 

though they are equal, they point to a greater than expected bias towards female-female 

affiliation (grooming, events and proximity) because less females are available as 

partners for each female (two females vs. three males). 
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Female-male conflicts were more likely to be reconciled than female-female 

conflicts. This may indicate that it is more important to maintain relationships between 

the sexes than between females if reconciliation serves to repair important relationships 

(de Waal 1993). This is seen in Gorilla gorilla, a dispersal-egalitarian species (Watts 

1995), thus, this may also point towards female dispersal. 

Some evidence for female dispersal is available from past researchers. Two 

solitary females have been seen since 2000 and one female transferred into B2 and 

remained in the group for at least 2 months (Saj and Sicotte 2002). However, fewer 

solitary females have been seen than males, suggesting that dispersal is male-biased. 

Also, it is possible that either the solitary females seen were alone for other reasons 

besides transfer, or that female dispersal simply occurs at low levels overall. Indeed, an 

extra-group copulation was seen in 2003 (Teichroeb pers. comm.), therefore these 

solitary females may have briefly left their groups in order to mate with extra-group 

males. 

IV. CONCLUSIONS  

Several of my predictions were verified in this study (Table-4.3). First, I conclude that 

C. vellerosus displays egalitarian social relationships, which is demonstrated by their 

low levels of affiliation, aggression and reconciliation. Second, allomothering is 

occurring and follows the predicted pattern for females experiencing within-group-

scramble competition and egalitarian relationships (Maestripieri 1994b). I obtained 

conflicting results on whether or not females show affiliation patterns consistent with 
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resident- or dispersal-egalitarians. The large group showed the same trends as resident 

(and partially resident) colobus species (C. guereza, C. polykomos), while the small 

group did not. In species where some females disperse, more intermediate trends are 

seen (C. polykomos: Korstjens 2001) and this may also be occurring in C. vellerosus. 

This combined with a few sightings of solitary females strongly points to male biased, 

bisexual dispersal in C. vellerosus. Thus, if Colobus vellerosus must be lumped into a 

category, they are most likely to fit in amongst the resident-egalitarian species. 

Table - 4.3: Summary of predictions and their verification 

Prediction Verified? 

1 Affiliation occurs at low 
levels between females 

1. Grooming occurs at low frequencies Yes 

2 Aggression occurs at low 
levels; reconciliation 
follows some conflicts 

1. Aggression occurs at low rates Yes 

2. Coalitions occur at low frequencies Yes 

3. Some conflicts are followed by affiliation No 

4. Victim initiates PC affiliation No 

3 Allomothering occurs at 
high rates 

1. Infant transfer occurs at high rates Yes 

2. Younger infants are more attractive Yes 

3. Direct aggression towards infants is rare Yes 

3. Females w/ infants receive more affiliation Yes* 

4 Female relationships are 
characteristic of RE or DE 
species 

1. Females show egalitarian relationships Yes 

2. More affiliation between females than 
between the sexes (RE) 

WW 

3. More/equal affiliation between sexes than 
between females (DE) 

B2 

In verification: Bold indicates predictions that were tested statistically, vs. non bold 
which indicates predictions that were verified by between species comparisons. 
* depicts only trends (i.e. non-statistically significant results). RE = resident-egalitarian, 
DE = dispersal-egalitarian. 
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APPENDIX-A 

Table - 5.1: Ethogram for C. vellerosus (adapted from C. Huereza: Oates 1977) 

BEHAVIOR DESCRIPTION AND CONTEXT 

State behaviors 

Feeding Included both feeding and foraging, when accompanied by sitting 
postures or traveling movements. 

Resting Inactivity in either sitting, standing or lying postures 
Traveling Included all walking, running or jumping movements that were 

not occurring in conjunction with social or feeding behavior. 
Social Behaviors 

Non-agonistic 

Low intensity 
mouth-opening 

Half of a full gape, with teeth only partially bared. Occurs 
commonly and can be repeated in a series of 2-4. (ad,sa,j) 

Present Turing the back or rump towards another animal. Can occur in 
sexual and non sexual contexts. (adf,sam) 

Groom-present One individual solicits grooming from another by displaying a 
part of their body to it. Is often conducted by flopping or 
sprawling with this part (e.g. side or back) readily available to the 
individual for grooming. (all) 

Gentle-hand-touch Touching of another animal with hand. Often used to solicit 
grooming. (all) 

Body-touch When individuals sit such that some part of their body is touching 
another. (all) 

Face-to-face 
touch* * 

One individual touches another's face with its face. Usually an 
adult or subadult directs this behaviour at an infant. (ad,sa) 

Reach-towards * * One individual reaches towards another with its arms. Usually 
occurs in a sexual context, when a male reaches for a female. 
(adm) 

Affiliative-grab * * One individual lightly grabs another. Usually occurs in a sexual 
context, when a male grabs a female. (adm) 

Hair-pull Pulling of hair of another individual with hand to solicit grooming 
or play. (sa,j) 

Embrace * One animal clasps another dorsally or ventrally, while both are in 
sitting postures. Often followed by grooming. (ad,sa,j,) 

Holding One individual holds another, usually an infant. (adf, saf) 

Tail or leg hold * * When one individual holds the tail or leg of another for a period of 
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Table - 2.1: Ethojiram for C. vellerosus (Cont. 
time. (all) 

Non-sexual mount Mounting occurring in a non sexual context, approached from 
behind. (ad,sa,j,) 

Sexual Mount Mounting (as described above) between males and females 
occurring in a sexual context. (adm) 

Over-the-head 
mount 

One individual mounts the shoulders or back of another in the 
opposite direction of a regular mount. Usually performed by 
subadult males towards adult males. (sam) 

Mouthing * Holding open mouth to the back of another individual. Uncommon 
between females, usually accompanied by embrace. Females also 
direct this towards infants. (adf) 

Groom Searching through fur with hands, mouth and tongue with the 
occasional insertion of found particles into the groomers mouth. 
(ad,sa,j,) 

Play face Teeth are bared, in a full unpuckered gape. Uncommon. 
(adf,sam,j) 

Play Includes chasing, wrestling and other adult behaviours in non 
agonistic, play context. Often accompanied by play face. (sa,j) 

Agonistic 

High intensity 
mouth-opening 

Similar to the low intensity mouth-opening but with a wider gape. 
Often accompanied by stiff-leg gesture. (adm,sam) 

Aggressive 
handling 

Aggressive acts towards another individual such as slap, pulling, 
pushing with hands. Usually performed by a larger individual 
towards a smaller one at food or restihg sites. (sam,jm,adf) 

Displacement Approach of one individual followed by the departure of the other 
within 10 seconds of the approach. (adm,sam,adf) 

Chase Similar to displacement but also involves pursuit and occurs at a 
faster pace. (adm,sam,adf, i & j in play) 

Branch shaking * The shaking of support branch with both hands and legs. 
(adm,sam) 

Jump-about Large jumps throughout the canopy, usually causing allot of noise. 
Often accompanied by loud call; directed towards predators. (adm) 

Penis erection Partial erection of penis, usually directed towards other groups. 
(adm,sam) 

Loud-call Loud and repeated roaring vocalizations . (adm) 
Stare Staring intently with head lowered. (adm) 
Stiff legs Back straight with legs flexed stiffly without being supported by 

any branches and are directed downwards; held for 1-30s. May be 
accompanied by yawn, mouth-opening, or penile erection. Often 
directed towards other groups. (ad,sa,j,) 

Yawn * Mouth open wide with partial tooth exposure. Often directed 
towards approaching members of same group. May be 
accompanied by stare. (adm,sam,adf) 
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Table - 2.1: Etho,aram for C. vellerosus (Cont. 
Gape * Mouth open wide with partial tooth exposure, often occurring in 

series of 2-4. May be a threat or a sign of tension. (adm,sam) 
Submissive 

Avoidance Moving away from an approaching an individual. 
Grimace * Open mouth for at least is, with fully exposed teeth and a 

puckered face. Is accompanied by squealing or snuffling 
vocalizations. (adf,sam,j ,i) 

(Performed by: ad = adult, sa = subadult, j juvenile, i = infant, f = female, m = male, all 
= all individuals in group). * = behaviours described by Oates (1977) than I did not see, 
** = behaviours of C. vellerosus that have not been described for C. guereza (Oates 


