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5.1 Introduction  
 

The decision of how to distribute time and energy between major 

activities, such as feeding, moving, resting and social behaviour, is an 

important component of an individual’s survival strategy and future 

reproductive success (Post & Baulu, 1978; Watts, 1988). Time budgeting is 

generally constrained by the length of the (diurnal or nocturnal) activity cycle 

(Dunbar & Dunbar, 1988) and particular aspects of morphology, physiology, 

behaviour, and ecology (Garber, 1987; Watts, 1988). Sex, age-related 

development and body size result in physiological variation, leading to intra-

individual differences in energetic and/or nutritional requirements (Clutton-

Brock, 1977; Altmann, 1980; Mitani, 1989), which ultimately define how much 

time an individual must spend feeding. The resulting energy from food and 

remaining time are reserved for other behaviours, such as resting, moving, 

reproduction and social interactions.  

 

5.1.1 Variability in activity budgets, with particular reference to mothers  
 

Lactation entails additional energetic and nutritional costs to females 

(Oftedal 1984; Gittleman & Thompson, 1988), which are often met by 

increasing food intake (Randolph et al., 1977; Altmann, 1980, 1983; Watts, 

1988; Dunbar & Dunbar, 1988; Hamel & Côté, 2008). As offspring grow, their 

nutritional demand is expected to increase, which should be reflected in an 

increase in the time that mothers devote to feeding (Millar, 1977; Altmann, 

1980; Dunbar & Dunbar; 1988).  

A female’s social rank can also affect activity patterns. For example, 

high-ranking yellow baboon (Papio cynocephalus) females feed 

proportionately more than low-ranking females, outside the period of 

consortship when adult males are guarding females in oestrus (Rasmussen, 

1985). Parity is another source of variability in female activity budgets. During 

pregnancy, female baboons feed proportionately less and rest more with 

increasing parity (Silk, 1987). Equally, nulliparous and primiparous females 

tend to spend more time feeding than multiparous mothers (Rasmussen, 
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1985; Muruthi et al., 1991). This has been explained by higher nutritional 

needs of nulliparous and primiparous females who not yet have attained their 

full adult size before their first conception (Silk, 1987; Muruthi et al., 1991).  

Female activity budgets may also be influenced by offspring sex. Male 

primate neonates often weigh more than females at birth (rhesus macaques, 

Macaca mulatta, Digiacomo et al., 1978; western gorillas, Gorilla gorilla 

gorilla, Meder, 1990; Leigh & Shea, 1996) and thus may require more milk, 

resulting in adjustments of the mothers’ feeding time (Silk, 1987). However, 

one could equally argue that mothers with female neonates who are lower in 

birth weight than males increase their feeding time to compensate sex-

differences at birth. The prediction, derived from the TWH (1973), would be 

that mothers in good condition allocate more time to feeding, a indirect 

measure of maternal costs, when they have sons, while mothers in poorer 

condition should devote more time to feeding when they have daughters.  

In group-living species, another factor may contribute to the variation 

in time and energy allocation, which has been largely neglected. Group-living 

animals must coordinate their activities with other group members to remain 

a spatially coherent unit (King & Cowlishaw, in press). The level of synchrony 

in an individual’s main activities with the predominant group activity may 

reflect changes in the costs and benefits of synchronisation (Rands et al., 

2003), and thus reflect survival strategies. To maximise the benefits of living 

in a group, such as reduced time spent in predator vigilance without 

increasing predation risk (see review by Elgar, 1989) and the information 

transfer about the location and quality of food resources (King & Cowlishaw, 

2007), synchrony may be very important.  

Maintaining synchrony, however, may entail costs as optimal activity 

patterns differ between age-sex classes and depend on individuals’ 

physiological-morphological characteristics due to variation in nutritional 

demands (Conradt & Roper, 2000; Barrett et al., 2006; King & Cowlishaw, in 

press). In addition, foraging close to the majority of group members can 

increase feeding competition, involving higher rates of aggressive 

encounters, higher risk of kleptoparasitism and pseudo-inference (see 

Krause & Ruxton, 2002) and longer travel distances (Janson & Goldsmith, 

1995). 
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Furthermore, variation in food distribution and availability, and also in 

the ability to monitor behaviour of other individuals between habitat types 

may also limit group synchrony (Vahl et al., 2007; Kazahari & Agetsuma, 

2008). In a recent study on chacma baboons (P. ursinus, King & Cowlishaw, 

in press), variation in behavioural synchrony between individuals was linked 

to the reproductive cycle of females, time of day and habitat type. Sex-

specific reproductive strategies, varying levels of satiation among group 

members and the variation in food distribution and predator risks respectively 

were thought to explain these findings.  

Foraging success is often negatively associated with the density of 

foragers (Altmann, 1974; Janson & van Schaik, 1988; Vahl et al., 2007). An 

individual’s degree of synchrony during group feeding periods may reflect its 

competitive ability; competitively weaker individuals might not be able to gain 

sufficient energy during group feeding periods because of limited food access 

compared to dominant group members (see review by Harcourt, 1987). As a 

consequence, subordinates may need to either extend their feeding activity 

into group resting periods or shift their peak feeding activities into group 

resting periods when food competition is low. Both behavioural responses 

result in a reduction of synchronised resting time for subordinates, which may 

involve costs such as reduced time for socialisation, which is considered to 

be particularly important for species with complex social systems, such as 

primates (Harcourt, 1978b). For subordinate mothers, limited resting and 

social time may also affect maternal interaction with both dependent and 

older offspring, such as suckling and grooming. In yellow baboons, mothers 

condition their offspring to solicit access to the nipple only at convenient 

times, such as during resting (Altmann, 1980), and so an infant’s opportunity 

to suckle would be affected by the proportion of time that mothers spend 

resting. In addition, the mother’s allocation of resting time to coincide with the 

same group activity may influence the efficiency of maternal activities. 

Suckling during group feeding, when the majority of group members are 

moving, may lead to frequent interruptions. To obtain sufficient milk, an infant 

may therefore increase the suckling frequency, which has been shown to be 

critical in maintaining the anovulatory effect and consequently affects a 

female’s future reproductive success (Konner & Worthman, 1980; Lee, 1987; 
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Stewart, 1988; Gomendio, 1989; Wyss & Maroni, 1993; McNeilly, 1994; 

Stevenson et al., 1997).  

This chapter investigates variability in the synchrony of a mother’s 

main activities with the predominant group activity, and to what extent the 

variability depends on maternal condition, female reproductive status, the 

age and sex of the current offspring, the presence of maternal relatives or 

older siblings in the group, and group size. It was expected that pregnant 

females, who were still providing milk to their current offspring, would spend 

more time feeding than non-pregnant lactating females, who would in turn 

spend more time feeding than pregnant females who were not lactating, 

since lactation is energetically costly relative to gestation (Martin, 1984). 

Nulliparous and infertile adult females, who have been shown to spend 

slightly less time feeding than pregnant and lactating females (Watts, 1988), 

were not included in the current study. Furthermore, high dominance strength 

mothers were expected to show a higher degree of synchrony and to feed 

more efficiently due to their access to high quality food than low dominance 

strength mothers. For mothers in good condition, those with sons were 

predicted to spend more time on feeding-related activities than those with 

daughters, whilst the reverse was expected in mothers in poor condition. 

Predictions of synchrony, relating to the presence of maternal relatives and 

siblings in the group, are difficult to make. A positive relationship between the 

presence of maternal relatives/siblings and mothers’ resting time in 

synchrony with the group, when group members are usually closer together 

(Hall, 1962; Altmann & Altmann, 1970; Chivers, 1971), may occur if the 

maintenance of social bonds with maternal relatives and older offspring is 

more beneficial than additional food intake. Conversely, if maternal relatives 

and siblings are potential helpers in infant care with, for example, protection, 

vigilance and grooming, mothers with a high presence of relatives may 

extend their feeding times into group resting, without reducing the care of 

their infant (see Caine, 1993; Savage et al., 1996; Schaffner & Caine, 2000). 

Mountain gorilla time budgets, with respect to the proportion of feeding time, 

vary only a little during the year, but differ significantly between different 

vegetation zones (Watts, 1988). There is also a directly positive relationship 

between the amount of time spent feeding and group size in mountain 
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gorillas (Watts, 1988). Thus, this study accounted for variability in the time 

spent feeding due to vegetation and group size. 

 

5.1.2 Activity budgets of immature mountain gorillas  
 

After birth, primate infants are weak and completely dependent on 

their mothers for nutrition, transport, protection and warmth to ensure their 

survival and bodily growth (Fossey, 1979; Lee, 1995). During the period of 

maternal investment, young primates need to acquire important behaviours, 

such as independent locomotion, feeding and social skills, to successfully 

meet the demands of independent living and to increase their reproductive 

success (Watts, 1988; Watts & Pusey, 1993). They also have to learn how to 

allocate resources to certain behaviours, in ways that allow them to meet 

their energetic costs (Watts, 1988; Milton, 1993). Milk provision by the mother 

usually reduces gradually during the weaning process (Martin, 1984; see 

Chapter 3 and 4), and this reduction in nutritional support may constrain the 

immature’s ability to allocate resources to some activities (Price & White, 

1985; McAdams & Millar, 1999). To meet daily nutritional requirements, the 

offspring needs to compensate for the lack of milk with a gradual increase in 

the intake of solid food (Watts, 1985a; Weary et al., 2008) and, although 

infant and juvenile primates need less energy and nutrition than adult 

primates, their energetic requirements per body unit are greater than in larger 

individuals (Kleiber, 1987). Furthermore, juvenile primates spend more time 

feeding than older age-classes, which could reflect a trade-off between food 

access and protection against predators, and may be due to inexperience or 

physical limitations (Janson & van Schaik, 1993; Hanya, 2003). Young 

primates often choose to feed under intense competition, such as in the 

centre of the group, favouring greater protection (van Schaik & van 

Noordwijk, 1986; Janson, 1990). Immature individuals living in groups also 

have to learn how to coordinate their behaviour with the overall group 

behaviour (Agetsuma, 1995), which may entail costs, such as limited food 

access; these should be reflected in age-related food intake patterns (Hanya, 

2003). 
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Most immature mammals also differ from older age-classes in their 

high level of play activity (Bekoff & Byers, 1998), which is proposed to 

support the development of the neuromuscular system (Bekoff & Byers, 

1981; Byers & Walkers, 1995). Although play is crucial for normal 

behavioural development (Bekoff, 1972), it often entails high energetic costs 

(Martin & Caro, 1985; Pelligrini et al., 1998). Devoting high proportions of 

time to play may thus limit body fat reserves that could be most important to 

the early post-weaning survival when foraging efficiency may still be low 

(Birgersson & Ekall, 1997; Fisher et al., 2002). In many primate species, 

patterns of play and other behaviours, such as grooming and socio-sexual 

behaviour, show sex-based divergence at a very early age (Hanby & Brown, 

1974; Nakamichi, 1989; Nikolei & Borries, 1997; Brown & Dixson, 2000; 

Maestripieri & Ross, 2004; Hutchinson & Fletcher, 2010), which reflect future 

differences in reproductive strategy (Maestripieri & Ross, 2004).  

Although the time and activity budget of mountain gorillas has 

previously been studied (Watts, 1988), activity patterns of infant mountain 

gorillas and changes occurring during transition to independence remain 

largely unknown. This chapter aims to document changes in the activity 

budget throughout infancy and beyond, with particular focus on the impact of 

weaning on activity patterns, and early differences occurring between sexes. 

It was expected that a reduction in milk provision, along with increasing 

growth in body mass with age, would require an increase in the intake of 

solid food (see Nowell, 2005), which, in turn, would be reflected in an 

increase in feeding time. This implies adjustments in the allocation of other 

activities (Nowell, 2005) and these can also depend on the age at weaning 

and the condition under which weaning takes place (Weary et al., 2008). 

Thus, it was examined whether weaned age influenced weaning-induced 

effects on the activity budget of immature individuals. Additionally, changes in 

the allocation of individual activities in relation to the predominant group 

activities in immature gorillas were investigated, with an expectation that the 

level of synchrony would increase with increasing age.  
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5.2 Aims 
 

• To investigate the influence of maternal condition, female reproductive 

status, offspring age, sex, group size, and the presence of maternal 

relatives and older offspring on both the level of synchrony of the 

mother’s activities with group activity and on mother’s feeding 

efficiency; 

• To assess and discuss changes in maternal costs, measured as the 

proportion of total time spent feeding during transition of an offspring 

to independence;   

• To describe and discuss activity budgets of immature individuals, 

taking age, sex, group size and weaning status into account. 

 

 
 
5.3 Method 

 

Only mother-offspring pairs followed between 2006-2007 (see 

Appendix 2) were included in the analysis. Instantaneous sampling at 1-min 

interval on the activity of the focal and the group (see Chapter 2) were 

converted to proportions of time spent in each activity per group activity and 

observation day. The temporal independency of consecutive data points was 

controlled by implementing a temporal autocorrelation covariate as fixed-

effect into each GLMM (see Gomes et al., 2008). The autocorrelation 

covariate was calculated separately for each GLMM by using all data, except 

the residuals of the data point in focus and represented the weighted average 

of residuals derived from the GLMM excluding the autocorrelation term, with 

the weight being the inverse time lag between two scan points. Since 

temporal autocorrelation was not a problem in any of the GLMMs, the 

following result sections (5.4.1 – 5.4.7) do not address the issue any further.  
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5.3.1 Mother’s time allocation in accordance with group activity 
 

A simplified approach was chosen to represent a mother’s activity 

using two major categories: the mother was either involved with a non-

resting-related (mNR) or resting-related (mR) activity. The former included 

feeding and foraging, and also locomotion, since mountain gorillas mainly 

move during discrete feeding periods (see Watts, 1988). Resting-related 

activities were assumed to reflect a mother’s time available for socialising 

and maternal investment or care (e.g. nursing and grooming). Similarly, only 

two activity categories were applied to the group as a whole distinguishing 

gNR from gR (see ethogram in Chapter 2). A mother’s activity was 

synchronised with the group activity when she spent time in mR during gR or 

when she spent time in mNR during group gNR. Samples with the mother in 

view for less than 20 minutes were excluded from the analysis to elude data 

points that are not representative for synchronisation behaviour with the 

group. 

GLMMs were used (see Chapter 2) to examine the variability 

occurring in the proportion of time that mothers synchronised their activities 

with the group. All proportion values were normalised using an arcsine-

transformation. The mother’s identity and the vegetation zone where the 

group was ranging during the observation were treated as random-effects. 

Each model contained mother’s dominance strength divided either into two 

categories (DS2) or three categories (DS3) as indicators of maternal 

condition. Equivalent models were compared, using the AIC to select the 

model with best fit (smallest AIC). Only the parameter estimates of the best 

model were provided in the result section. To investigate the TWH (1973), 

the interaction between offspring sex and one of the two indicators of 

maternal condition was entered in the model. To examine whether any 

effects on mother’s synchronisation patterns depended on the developmental 

stage of the offspring, all two-way interactions, involving offspring age, were 

tested. In addition, the three-way interaction involving offspring sex and age 

and maternal condition was tested. Groups were collapsed into three group-

size categories (see Chapter 3). Further details about the model structure 

and techniques are provided in Table 5.1. 

 177



Chapter 5 _____________________________________________________ 

Table 5.1 – Structure of GLMMs for the examination of the mother’s level of synchrony with 
the group activity. 
Model structure  
and technique 

Description 

Response variable Arcsine-transformed proportion of mother’s level of 
synchrony with group activitya

Random-effects Mother, vegetation zone 
Fixed-effects Group size  (cat: large/medium/small) 
 DS2 (cat: high/low)b

 DS3 (cat: high/medium/low)b

 Offspring sex (cat: female/male) 
 # offspring present in the group (cont) 
 # maternal relatives present in the group (cont) 
 Offspring age (cont)c 

 RepStatus (cat: L/LP/P/N) 
Link function Gaussian 
Parameter estimation REML 
Collinearity No 

aeither group resting or group non-resting, bonly mother’s dominance strength two-division or 
three-division entered into the model, call two-way interactions involving offspring age were 
tested, RepStatus = reproductions status (L = lactating and not pregnant, LP = lactating and 
pregnant, P = pregnant and not lactating, N = neither pregnant nor lactating), cont = 
continuous variable, cat = categorical variable. 
 

 

5.3.2 Feeding efficiency of mothers 
 

After identifying how mothers allocated mNR over both group activities 

and which fixed-effects explained the distribution, mothers’ feeding efficiency 

during gNR and gR was investigated, developing two separate GLMMs. 

Feeding efficiency was defined as the proportion of total feeding time (mNR) 

that mothers spent ingesting food (food intake). Food ingestion also included 

chewing or ingesting food while travelling between food-patches (1.3% of 

feeding time during gR and 1.7% during gNR). The GLMM structure was 

identical to models described in Table 5.1, apart from the response variable, 

which was the arcsine-transformed proportion of total feeding time that 

mothers spent ingesting food. 
 

 

 

 

 178 



____________________________________________________ Chapter 5 

5.3.3 Activity budgets of immature mountain gorillas  
 

To investigate the activity budget of immature mountain gorillas, 

behaviours were divided into seven activity categories (Table 5.2). Nowell’s 

(2005) categorisation of immature western gorilla behaviour in a bai setting 

was used as a framework, with modifications to describe all behaviours 

observed in the present study. Feeding-related (italic in this section: Nowell, 

2005) behaviour was subdivided into stationary feeding and foraging (Table 

5.2). Locomotion was split into two categories, locomotion, and exploring, 

both of which included arboreal locomotion, in contrast to Nowell (2005).  

 

 
Table 5.2 – Behaviour categories and definitions based on Nowell (2005). Bold = 
modification of original definition.  
Behaviour Code Definition  Nowell 

(2005) 

Feeding-

related 

(stationary) 

 

FEE All feeding behaviours, including the 

ingestion, chewing and manipulation of 

food items (play-feed and processing) and 

suckling while being stationary or 
transported. 

Feeding-

related  

Foraging  FOR Moving, terrestrially or arboreally, between 

food patches and searching for food with 

or without ingestion, chewing and 

manipulation of food items (play-feed and 

processing).  

Locomotion / 

Feeding-

related 

Locomotion MOV Terrestrial and arboreal locomotion 

independent from the mother; not related 

to foraging.  

Locomotion 

Exploring EXP Slow locomotion, terrestrially or arboreally, 

while showing interest in objects, 

substrates and subjects around the 

individual; including clambering along 

mother’s body. It does not incorporate play 

or feeding. 

Locomotion 
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Resting RES The subject is inactive and no other 

behaviour is performed; includes resting 

while being transported. 

Resting 

Social SOC All active behaviours involving another 

individual, including affiliative and agonistic 

interactions, displays, social play and 

mounting. 

Social 

Solitary  SOL Self-directed behaviours, such as self-

groom, self-play, and vigilance.  

Solitary 

 

 

5.3.3.1 Influence of age, sex and group size 

 

To test whether the activity budget of immature gorillas depended on 

the predominant group activity, a series of GLMMs was conducted. Each 

model examined the impact of group activity on one out of the seven 

behavioural categories, which were standardised to reflect proportions of 

total gR and gNR time and ad hoc arcsine-transformed. To describe changes 

in the activity budget during transition to independence, offspring age was 

included as a fixed-effect in interaction with group activity (Table 5.3). A 

Gaussian error distribution was not applicable to the proportion of foraging. 

Instead, a Poisson distribution was used (Table 5.3). Focal observations 

where the focal was in view for less than 60 min were excluded from the 

analysis. Each offspring activity that was affected by the group activity was 

analysed separately, by group activity, in the following sections. 
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Table 5.3 – Structure of GLMMs for the examination of the impact of group activity on 
behaviour (Table 5.2) of immature gorillas. 
Model structure 
and technique 

Activity: 
FEE, MOV, EXP, RES, 

SOC, SOL 

Activity: 
FOR 

Response variable Arcsine-transformed 
proportion of activity per gR/ 
gNR 

# of scans in activity per 
gR/gNR 

Random-effects Identity of offspring  
Vegetation zone  

Identity of offspring 
Vegetation zone  

Fixed-effects Group activity (cat: gR/NR) Group activity (cat: gR/NR) 
 Agea (cont) Agea (cont) 
Offset term - # of scans per gR/NR 
Link function Gaussian Quasi-Poisson 
Parameter 
estimation 

REML Laplace approximation 

Collinearity No No 
atwo-way interactions were tested, gR/NR = group resting/non-resting, cont = continuous 
variable, cat = categorical variable. 
 
 

Another series of GLMMs was conducted to investigate the effect of 

age, sex and group size on the behaviour of immature gorillas. The structure 

of each model is summarised in Table 5.4. Two-way interactions involving 

offspring age were considered. 

 
Table 5.4 – Structure of GLMMs to examine the impact of age, sex and group size on 
behaviours (Table 5.2) of immature gorillas. 
Model structure 
and technique 

Activity: 
FEE, FORb, MOV, EXP,RES, 

SOC, SOL 

Activity:  
FORc

Response variable Arcsine-transformed proportion 
of activity per gR/gNR 

# of scans per gR 

Random-effects Identity of offspring  
Vegetation zone  

Identity of offspring 
Vegetation zone  

Fixed-effects Sex (cat: female/male) 
Agea  (cont) 
Group size (cat: L/M/S) 

Sex (cat: female/male) 
Agea  (cont) 
Group (cat: L/M/S) 

Link function Gaussian Quasi-Poisson 
Offset term -  # of scans per gR 
Parameter 
estimation 

REML Laplace approximation 

Collinearity No No 
atwo-way interactions involving offspring age were tested, bonly during group-non-resting, 
conly during group resting, L = large, M = medium, S = small. 
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5.3.3.2 Suckling as a proportion of total feeding time 

 

The ingestion time of young gorillas was derived from the sum of 

foraging and feeding-related behaviour with food ingestion, by group activity. 

Changes in the proportion of food ingestion time that was spent suckling 

were investigated in a separate GLMM (see Table 5.5). DS2 and DS3 were 

fixed-effects but entered into separate models, to test whether maternal 

condition influenced the relative proportion of suckling (nipple contact 

assumed milk transfer; see Chapter 3) on total feeding time. This approach 

provides information about the time spent suckling and ingesting solid food, 

rather than information about the total energy intake gained from milk and 

solid food. 

 
 
Table 5.5 – Structure of GLMM to examine suckling time as a proportion of total feeding 
time. 
Model structure 
and technique 

 

Response variable Arcsine-transformed proportion of suckling on total time 
spent ingesting food. 

Random-effects Identity of offspring  
Vegetation zone  

Fixed-effects Sex (cat: female/male) 
 Agea (cont) 
 DS2 b, c (cat: high/low) 
 DS3 b, c (cat: high/medium/low) 
 Group size (cat: large/medium/small) 
Link function Gaussian 
Parameter estimation REML 
Collinearity No 

atwo-way interactions involving offspring age were tested, beither mother’s dominance 
strength two-division or three-division (DS2/3) entered into the model, ctwo-way interaction 
with offspring sex considered, cont = continuous, cat = categorical. 
 
 

5.3.3.3 Influence of weaning status 

 

To investigate the impact of weaning on the activity budget of 

immature gorillas, weaned and non-weaned individuals aged from 31-48 

months were summarised in 3-month age-blocks and compared within each 
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age-block (Table 5.6). Sample sizes could differ between group activities due 

to some focal samples during which the group spent its time exclusively in 

only one of the group activities. Since sample sizes were small in each age-

block (<13), two-sample Kolmogorov-Smirnov Z tests were preferred to the 

Mann-Whitney U tests (Field, 2005). Equally, the theoretical frequency 

distribution of the test statistic was estimated using exact-testing (Siegel, & 

Castellan, 1988; Mundry & Fischer, 1998). If the group activity had an 

influence on main activities (see above), the dataset was divided and 

analysed separately by group activity.  

 
Table 5.6 – Sample size of non-weaned/weaned offspring within each 3-month age-block 
divided by non-resting and group resting for the examination of changes in main activities. 

Age-block 
(months) 

Group non-resting 
N (not weaned/ weaned) 

Group resting 
N (not weaned/ weaned) 

31-33 5  /  2 5  /  2 
34-36 6  /  3 5  /  3 
37-39 6  /  4 6  /  1 
40-42 7  /  5 7  /  5 
43-45 6  /  3 5  /  2 
46-48 4  /  3 4  /  3 

 

 

5.3.3.4 Influence of weaning status on play behaviour 

 
To examine the impact of weaning on play behaviour of immature 

gorillas, data from six individuals, observed by Fletcher (1994) between 1990 

and 1992 using similar methodology, were added to the most recent dataset 

collected in 2006-2007. If the predominant group activity had an influence on 

social behaviour of these offspring aged 31-54 months, the dataset was 

divided and analysed separately by group activity.  

Two different approaches were chosen to examine changes in play 

behaviour as a function of weaning. Firstly, social behaviour of weaned 

gorillas was compared with play behaviour of non-weaned gorillas of the 

same age (3-month age-blocks; Table 5.7), using two-sample Kolmogorov-

Smirnov Z tests and exact-testing (see above). In the second approach, 

social behaviour during weaning periods was compared with social behaviour 

during post-weaning periods, using Wilcoxon signed-ranks tests and exact 
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testing procedures. For this purpose, medians of play behaviour observed 

over a 4-month period before and after the approximate weaned age were 

calculated and compared. The 4-month period decision was based on 

maternal rejection behaviour; mothers (N = 8) intensified preventing nipple 

access, on average, four months before the approximate weaned age. Field 

observations also suggest that a change in social behaviour often occurred 

during or before the final weaning month, when mothers were more assertive 

in preventing nipple access and offspring received only a few suckling bouts. 

Therefore, the 4-month period during the pre-weaned period covered months 

2-6 before the weaned age, and not the month directly preceding the one in 

which the last suckling bout was recorded.  

 
Table 5.7 – Sample size of non-weaned/weaned offspring within each 3-month age-block for 
the examination of changes in play. 

Age-block (months) N (not weaned) N (weaned) 
31-33 5 4 
34-36 6 5 
37-39 7 5 
40-42 11 5 
43-45 7 3 
46-48 5 5 
49-51 4 4 
52-54 3 3 

 
 
 

5.4 Results 
 

5.4.1 Synchronisation of mother’s activity with group resting 
  

5.4.1.1 Model comparisons  

 

GLMMs were fitted to determine which factors explained the variability 

occurring in the synchronisation of mother’s resting activity with group resting 

(gR). Models containing mother’s DS3 had better model fits than 

corresponding models with mother’s DS2 (Table, 5.8; AICDS2 = 81.2, AICDS3 = 

72.7, d.f. = 1, Χ2 = 10.53, p = 0.001). Furthermore, the interaction between 
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DS3 and offspring sex did not improve the model fit (AICMain effects = 72.7, 

AICInteraction = 77.2, d.f. = 2, Χ2 < 0.001, p = 1). 

 

 
Table 5.8 - Goodness of fit measures (AIC = Akaike information criterion) of GLMMs on 
mother’s level of synchrony with group resting. 

Indicator for mother’s 
physical condition Model d.f. AIC 

Main effects 14 140.0 DS2 & Offspring sex 
Interaction 15 143.8 

Main effects 15 138.7 DS3 & Offspring sex 
Interaction 17 149.6 

DS2 /DS3 = mother’s dominance strength two/three-division. 

 

 

5.4.1.2 Model parameter estimates 

 

The parameter estimates showed that the level of synchrony during 

gR was significantly lower in MDS3 mothers than in HDS3 mothers (b ± SE = 

-0.076 ± 0.028, t = -2.68, p = 0.007, see also Figure 5.1). No difference 

occurred between LDS3 mothers and HDS3 mothers (b ± SE = -0.007 ± 

0.039, t = -0.20, p = 0.844). Figure 5.2 suggests a quadratic relationship 

between offspring age and mothers’ synchronised resting, indicating highest 

synchrony during early infancy and at a later stage of MI. The drop in mR 

during gR between 18 to 28 months suggests an overall increase in time 

spent feeding during this period. This pattern could be confirmed by the 

inclusion of the quadratic term of age which improved the model fit (AICAge = 

72.7, AICAge2 = 69.1, X2 = 5.66, p = 0.017) and was significant (b ± SE = 

0.027 ± 0.005, t = 2.09, p = 0.037).  
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Figure 5.1 – Mothers’ proportions of synchronised resting with the group presented by 
mothers’ dominance strength three-division (H = high, M = medium, L = low). Vertical lines = 
75th and 25th percentile. 
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Figure 5.2 – Changes in mothers’ median proportion of time spent synchronised with the 
group by offspring age and group activity. 
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5.4.2 Synchronisation of mother’s activity with group non-resting 
periods 
 

5.4.2.1 Model comparison 

 

When analysing the mother’s level of synchrony during group gNR, 

GLMMs using DS2 reached superior model fits compared to corresponding 

models using DS3 (Table 5.9). The interaction term including DS2 and 

offspring sex did not lead to an inferior model fit compared to the model with 

only main effects (AICMain effects = -78.145, AICInteraction = -76.426, d.f. = 2, Χ2 = 

0.281, p = 0.596).  
 
 
Table 5.9 - Goodness of fit measures (AIC = Akaike information criterion) of GLMMs on 
mother’s level of synchrony with group non-resting. 

Indicator of mother’s 
physical condition Model d.f. AIC 

Main effects 14 -10.55 DS2 & Offspring sex 
Interaction 15   -5.29 

Main effects 15   -2.39 DS3 & Offspring sex 
Interaction 17    8.85 

 DS2 /DS3 = mother’s dominance strength two/three division. 

 

 

5.4.2.2 Parameter estimates 

 

The interaction between offspring sex and DS2 was not significant (b ± 

SE = -0.031 ± 0.071, t = -0.44, p = 0.66), suggesting that no Trivers and 

Willard effect was evident during gNR. The significant interaction including 

offspring age and maternal relatives and their main effects, can be 

interpreted as follows (Table 5.10): mothers with an average number of 

maternal relatives in the group (centred value; mean = 4) increased their 

level of synchrony during gNR with increasing offspring age. This age effect 

increased with each additional maternal relative in the group, but shrank with 

fewer maternal relatives present. Estimates indicated that mothers with two 

maternal relatives kept their level of synchrony constant, while mothers with 

one or no maternal relative increased their resting time during gNR with 
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increasing offspring age. Equally, the synchrony during gNR in mothers with 

an average aged offspring (mean = 25 months) declined with increasing 

number of maternal relatives. This maternal-relative effect shrank with 

increasing offspring age (>25 months), but increased with declining offspring 

age (<25 months). The effect of maternal relatives became positive at the 

age of 36 months, indicating that before the age of 36 months mothers 

synchronised less during gNR as the number of maternal relatives increased, 

while beyond that age mothers synchronised more as the number of 

maternal relatives increased. In addition, as predicted, mothers living in 

medium-sized groups tended to synchronise their behaviour more than 

mothers living in large groups, although no difference emerged between 

small and large groups.  

 

 
Table 5.10 - GLMM showing estimate parameters of fixed-effects on mothers’ level of 
synchrony with group non-resting. N = 261. 

Fixed-effects b SE t-value p  
Intercept  1.076 0.064    16.789 <0.001 *** 
DS2-low -0.016 0.035 -0.463   0.644  
Sex-♂   0.038 0.035  1.075   0.282  
GrpSize-medium  0.042 0.023  1.881   0.060 . 
GrpSize-small -0.039 0.031 -1.232   0.218  
cOff_Age   0.002 0.001  2.312   0.021 * 
N_Off  0.014 0.015  0.946   0.344  
cMatRel  -0.010 0.005     -0.810   0.070 . 
RepStatus-LP -0.075 0.087 -0.589   0.391  
RepStatus-P  0.022 0.064  0.338   0.735  
RepStatus-N  0.039 0.155  0.252   0.801  
cMatRel~cOff_Age  0.001 3e-04 2.059   0.040 * 

DS2 = mother’s dominance strength two-division, N_Off = number of offspring in the group, 
MatRel = number of maternal relatives in the group, RepStatus = reproductive status (LP = 
lactation-pregnancy overlap, P = pregnancy, N = neither lactating nor pregnant), Off_Age = 
offspring age, c = centred.  
 

 

When summarising findings on changes in maternal feeding time 

during gR and gNR with increasing offspring age, feeding time increased in 

mothers with two and more maternal relatives during the initial two years of 

infancy. Such a clear increase was not evident in mothers with fewer than 
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two relatives in the group since they temporarily increased mNR during gR as 

all mothers did, but declined their feeding times during gNR with offspring 

age.  

 
5.4.3 Mother’s feeding efficiency during group resting 
 

Previous sections have provided information about the mother’s level 

of synchrony during gR and gNR, which also indicates how much time 

mothers allocated to feeding-related activities during both group activities. 

The focus of the following sections is to investigate feeding efficiency during 

gR and gNR and whether feeding efficiency can help to explain findings on 

synchronisation patterns. Feeding time is measured as the proportion of total 

feeding time (mNR), including foraging, that a mother spent ingesting food 

(food intake). 

 

5.4.3.1 Model comparison 

 

The variability occurring in the proportion of feeding time that mothers 

ingested food during gR could be explained best when using DS2 (Table 

5.11). When offspring sex and DS2 were entered in the model in interaction, 

the overall model fit did not improve compared to models with main effects 

(DS2: AICMain effects = 74.857, AICinteraction = 76.734, d.f. = 1, Χ2 = 0.123, p = 

0.726).  

 
Table 5.11 - Goodness of fit measures (AIC = Akaike information criterion) of GLMMs on 
mother’s feeding efficiency during group resting. 

Indicator for mother’s 
physical condition Model d.f. AIC 

Main effects 13 126.8 DS2 & Offspring sex 
Interaction 14 131.2 

Main effects 14  130.5 DS3 & Offspring sex 
Interaction 16  139.8 

DS2 /DS3 = mother’s dominance strength two/three-division. 
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5.4.3.2 Parameter estimates 

 

None of the parameter estimates (main effects and interaction effects) 

of the model (N = 151, NMother = 28, NVegetation = 4) revealed a significant effect 

on mother’s feeding efficiency. This indicates that the feeding efficiency 

during gR did not differ among mothers during the period of maternal 

investment, although the possibility cannot be excluded that other factors, 

which were not captured by the model, influenced mother’s feeding 

efficiency. 

 
5.4.4 Mother’s feeding efficiency during group non-resting 
 

5.4.4.1 Model comparison 

 

GLMMs which contained DS2 had superior fits compared to those 

containing DS3 (Table 5.12).  Furthermore, the model including DS2 and 

offspring sex in interaction did not improve the model fit (AICMain effects = -

214.36, AICInteraction = -212.19, d.f. = 1, Χ2 = 0, p = 1).  

 
Table 5.12 - Goodness of fit measures (AIC = Akaike information criterion) of GLMMs on 
mother’s feeding efficiency during group non-resting. 

Indicator for mother’s 
physical condition Model d.f. AIC 

Main effects 14 -140.7 DS2 & Offspring sex 
Interaction 15 -134.4 

Main effects 15 -133.2 DS3 & Offspring sex 
Interaction 17 -124.5 

DS2 /DS3 = mother’s dominance strength two/three division. 

 
 

5.4.4.2 Parameter estimates 

 

Similar to gR, none of the parameter estimates (main effects and 

interaction terms) of the models containing DS2 (N = 271, NMother = 27, 

NVegetation = 4) could explain mother’s feeding efficiency. However, although 

models with DS3 revealed inferior fits (Table 5.12), there was a minor effect 
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on the proportion of feeding time during which mothers ingested food (Table 

5.13, Figure 5.3), indicating that low DS3 mothers with daughters fed more 

efficiently than low DS3 mothers with sons. The opposite sex effect was 

found within medium DS3 mothers, although not significantly. This trend must 

be interpreted with caution, since the sample size was strongly biased 

towards sons within medium dominance strength mothers. There was no sex 

effect on the feeding efficiency of high DS3 mothers.  
 
 
 
Table 5.13 – GLMM showing estimate parameters of fixed-effects on the proportion of total 
feeding time which mothers spent ingesting food during group non-resting. N = 271, NMother = 
27, NVegetation = 4. 

Fixed-effects b SE t-value p  
Intercept  1.143 0.060    19.000 <0.001 *** 
DS3-medium -0.020 0.025 -0.873   0.383  
DS3-low   0.058 0.032  1.796   0.073 . 
Sex-♂   -4e-05 0.023     -0.002   0.998  
GrpSize-medium   0.008 0.018  0.423   0.672  
GrpSize-small   0.017 0.024 -0.735   0.463  
Off_Age   -3e-05 0.001 -0.033   0.974  
N_Off   0.005 0.011  0.483   0.629  
MatRel    0.002 0.003      0.664   0.507  
RepStatus-LP -0.087 0.064 -1.361   0.173  
RepStatus-P  0.034 0.048 -0.709   0.479  
RepStatus-N  0.179 0.120  1.483   0.138  
DS3-medium~Sex-♂ 0.055 0.029 1.922   0.055 . 
DS3-low~Sex-♂    -0.072 0.035 -2.041   0.041 * 

DS3 = mother’s dominance strength three-division, N_Off = number of offspring in the group, 
MatRel = number of maternal relatives in the group, RepStatus = reproductive status (LP = 
lactation-pregnancy overlap, P = pregnancy, N = neither lactating nor pregnant), Off_Age = 
offspring age, c = centred.  
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Figure 5.3 – Mother’s feeding efficiency (proportions of food intake on total feeding time) 
during group non-resting presented by mothers’ dominance strength three-division (H = 
high, M = medium, L = low) in combination with offspring sex (F = female, M = male). Circle 
= outlier. Vertical lines = 75th and 25th percentile. 
 

 

5.4.5. Summary of results on maternal feeding time and efficiency 
 
 To aid interpretation of complex results presented in the previous 

sections on mothers’ feeding efficiency, depending on the group activity and 

level of mothers’ synchronisation, which also provides information about 

mother’s allocation of time to feeding, a summary of the main findings is 

provided (Figure 5.4). The green bars symbolise the proportion of time that 

mothers spent feeding (mNR) during gR and gNR. Below those bars the 

significant effects on maternal feeding time and efficiency are given for both 

group activities with the effects on mNR during gR being derived from the 

effects on the level of synchronised resting (section 5.4.1.2). For example, it 

was assumed that if MDS3 mothers spent less time resting than HDS3 
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mothers during gR, they also spent more time feeding compared to HDS3 

mothers during gR.   

 
 

 
Figure 5.4 – Summary of results on mother’s level of synchrony with the group, proportion of 
time spent feeding (green) and mother’s feeding efficiency. gR/gNR = group resting/non-
resting period, mR/mNR = maternal resting/non-resting, HDS2 = high dominance strength 
two-division, MDS3/LDS3 = medium/low dominance strength three-division, S = small, M = 
medium-sized, L = large.  
 
 
5.4.6. Activity budgets of immature mountain gorillas  
 

The amount of time that immature gorillas spent engaging in each 

activity was affected by the predominant group activity (Table 5.14, Figures 

5.5a-g), with the exception of explorative behaviour. During the initial three 

months, newborns were still very weak and spent most of their time resting 

and sleeping (Figure 5.5e) in contact with the mother (see Chapter 4). 

Beyond that age, the proportion of time spent resting declined dramatically, 
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being predominantly devoted to explorative behaviour. Initially, young 

offspring began exploring the mother’s body and their close environment, 

without breaking contact with the mother, and later by breaking that contact. 

At 27 months, resting patterns began to synchronise more clearly with the 

group activity. Immatures’ feeding-related behaviour was influenced by the 

group activity beyond eight months, showing increasing synchrony. Immature 

gorillas spent only a small proportion of their total time foraging or in 

locomotion overall, although this increased during gNR beyond 17 and 18 

months respectively (Figures 5.5b and c). Social behaviour occurred more 

frequently during gR throughout the initial two years in life, showing a peak at 

17 months, but rather equalised between the two major group activities 

beyond 27 months (Figure 5.5f). The proportion of social time that offspring 

spent playing clearly dominated over other social behaviour categories, such 

as grooming, agonistic interactions, and mounting, throughout nearly the 

entire infancy and the juvenile periods for both group activities (Figure 5.6a-

b). Overall, immature gorillas devoted a relatively small proportion of time to 

solitary behaviour (Figure 5.5g), with a higher occurrence at older ages and 

during gR, but rarely exceeding 10% of total time. Due to the evident impact 

of the group activity on the main activities of immature gorillas (Table 5.15), 

data were divided into two subsets and analysed separately by group activity 

in the following sections, unless indicated otherwise (e.g. explorative 

behaviour). 
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Table 5.14 - GLMM showing estimate parameters of fixed-effects on the activity budget of 
immature gorillas. N = 269. 

 Fixed-effects b SE t-value P  
FEE Intercept  0.668 0.023 29.42 <0.001 *** 
 GrpAct -0.199 0.021  -9.35 <0.001 *** 
 Age  0.010 0.001   8.89 <0.001 *** 
 GrpAct~cAge -0.007 0.001 -4.77 <0.001 *** 
FOR Intercept -4.396 0.173  -25.48 <0.001 *** 
 GrpAct -1.667 0.143  -11.66 <0.001 *** 
 Age  0.061 0.005   12.16 <0.001 *** 
 GrpAct~cAge -0.057 0.010    -5.46 <0.001 *** 
MOV Intercept  0.222 0.014 16.39 <0.001 *** 
 GrpAct -0.110 0.013  -8.30 <0.001 *** 
 Age  0.006 0.001   7.13 <0.001 *** 
 GrpAct~cAge  0.003 0.001  -3.30   0.001 *** 
EXP Intercept  0.176 0.020   9.00 <0.001 *** 
 GrpAct  0.001 0.016   0.07   0.947  
 Age -0.005 0.001 -4.67 <0.001 *** 
 GrpAct~cAge -0.002 0.001 -1.74  0.082 . 
RES Intercept  0.588 0.030   19.70 <0.001 *** 
 GrpAct  0.151 0.028  5.47 <0.001 *** 
 Age -0.013 0.002    -7.62 <0.001 *** 
 GrpAct~cAge  0.014 0.002  7.57 <0.001 *** 
SOC Intercept  0.130 0.039  3.38 <0.001 *** 
 GrpAct  0.163 0.026  6.27 <0.001 *** 
 Age  0.003 0.001  2.15  0.032 * 
 GrpAct~cAge -0.003 0.002 -1.94  0.052 . 
SOL Intercept  0.088 0.015  5.66 <0.001 *** 
 GrpAct  0.065 0.014  4.71 <0.001 *** 
 Age  0.001 0.001  1.88  0.060  
 GrpAct~cAge  0.002 0.001  3.15    0.002  
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                  a) Feeding-related behaviour 
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                  b) Foraging 
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                  c) Locomotion 
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                d) Explorative behaviour 
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                  e) Resting 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Offspring age (in month)

M
ed

ia
n 

pr
op

or
tio

n 
of

 ti
m

e

Group non-resting
Group resting

 
                  f) Social behaviour 
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                 g) Solitary behaviour 
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Figure 5.5– Median proportions of total time spent engaging in (a-g) main activities, in 
immature gorillas, by age and group activity. 
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a) Group non-resting 

 
 

b) Group resting 

 
Figure 5.6 – Median proportion of social time spent in play and other social behaviour during 
transition to independence during a) group non-resting and b) resting. 
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5.4.6.1 The influence of age, sex and group size during group non-resting  

 

The activity budget of immature gorillas varied strongly with offspring 

age. During gNR, feeding-related behaviour, foraging, locomotion, and 

solitary behaviour increased with age, while resting behaviour declined 

(Table 5.15a-g). The strongest increase was found in feeding-related 

behaviour. Changes in the time spent on feeding-related behaviour, foraging 

and locomotion indicate that young gorillas gradually adjusted their 

behaviours from predominantly resting to adult activity patterns, and thus 

synchronised to the group behaviour, but also preserved some gNR time for 

social and solitary behaviour. The concave curve shapes in Figure 5.5d and 

5.6f suggest that changes in social and explorative behaviour followed a 

quadratic rather than a linear relationship. This could be confirmed by 

superior model fits after adding the quadratic term of offspring age to both 

models (Table 5.15d; explorative behaviour: AICAge = -178. 4, AICAge+Age2 = -

206.1, d.f. = 1, X2 = 29.7, p < 0.001; Table 5.16f; social behaviour: AICAge  = -

101. 6, AICAge+Age2 = -112.0, d.f. = 1, X2 = 12.36, p < 0.001). Since play 

encompassed the highest proportion of total social time, it was not surprising 

that the model fitting play behaviour also improved when adding the 

quadratic term of offspring age (Table 5.15f: AICAge = -107.7, AICAge+Age2 = -

117.5, d.f. = 1, X2 = 11.8, p < 0.001). Explorative behaviour may function as a 

precursor to foraging, which than gradually converts to foraging. This also 

concurred with field observations: with growing age, it became more difficult 

to distinguish explorative behaviour from foraging.  

During gNR, sex differences in activity budgets of immature gorillas 

only emerged in social behaviour and play (subcategory of social behaviour) 

(Figure 5.7). Overall, males spent significantly more time on social behaviour 

than females throughout infancy and beyond (Table 5.15f).  

The size of the group in which the immature gorillas grew up also 

influenced activity patterns during gNR (Table 5.16a, b, and e). Immature 

gorillas in medium-sized groups tended to spend more time in feeding-related 

behaviour than those in large groups. When comparing small and large 

groups, however, immature gorillas in small groups spent less time in 

feeding-related behaviour than those living in large groups. Furthermore, 
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young gorillas devoted less time to foraging as a proportion of total time if 

living in medium-sized groups, compared to those living in large groups. A 

non-significant reversal of patterns emerged when comparing foraging 

behaviour between small and large groups (Table 5.15b). In addition, resting 

time declined less strongly with offspring age in small groups than in large 

groups. Again, opposite patterns were found between young gorillas in 

medium and large groups (Table 5.15e).  

 

 
Table 5.15 – GLMM showing parameter estimates of fixed-effects on behaviour of immature 
gorillas (age of 1-54 months) during group non-resting. N = 155. 
 
a) Feeding-related 

Fixed-effects b SE t-value p  
Intercept  0.648 0.041    15.689 <0.001 *** 
Sex-♂ -0.036 0.041 -0.881   0.378  
Age  0.011 0.001  9.961 <0.001 *** 
GrpSize-medium  0.036 0.022  1.666   0.096 . 
GrpSize-small -0.063 0.028 -2.257   0.024 * 

 
b) Foraging 

Fixed-effects b SE t-value p  
Intercept  0.236 0.017    12.969 <0.001 *** 
Sex-♂  0.013 0.019  0.690   0.490  
Age  0.009 0.001    15.713 <0.001 *** 
GrpSize-medium -0.029 0.013 -2.203   0.028 * 
GrpSize-small  0.038 0.019  2.047   0.041 * 

 
c) Locomotion 

Fixed-effects b SE t-value p  
Intercept  0.197 0.025      7.853 <0.001 *** 
Sex-♂  0.020 0.030  0.680   0.496  
Age  0.006 0.001  6.711 <0.001 *** 
GrpSize-medium -0.026 0.016 -1.599   0.110  
GrpSize-small  0.015 0.021  0.746   0.456  
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d) Exploring (group non-resting and group resting) 
Fixed-effects b SE t-value p  

Intercept  0.176 0.030      5.949 <0.001 *** 
Sex-♂  0.021 0.035  0.601   0.548  
cAge2   -0.046 0.008 -5.622 <0.001 *** 
cAge   -0.013 0.003  4.279 <0.001 *** 
GrpSize-medium  0.026 0.018  1.396   0.163  
GrpSize-small -0.015 0.024 -0.642   0.521  

 
e) Resting 

Fixed-effects b SE t-value p  
Intercept  0.618 0.043    14.390 <0.001 *** 
Sex-♂ -0.050 0.052 -0.958   0.338  
Age -0.012 0.002 -7.771 <0.001 *** 
GrpSize-medium  0.039 0.027  1.425   0.154  
GrpSize-small -0.074 0.037 -2.019   0.044 * 
cAge~GrpSize-medium -0.004 0.002 -2.357   0.018 * 
cAge~GrpSize-small  0.007 0.002  3.467 <0.001 *** 

f) Social (shaded: only play) 
Fixed-effects b SE t-value p  

Intercept  0.096 0.041      2.365   0.018 * 
Sex-♂  0.081 0.036  2.230   0.026 * 
cAge2 -0.035 0.010 -3.493 <0.001 *** 
cAge  0.016 0.003  4.320 <0.001 *** 
GrpSize-medium -0.016 0.021 -0.746   0.456  
GrpSize-small  0.010 0.029  0.349   0.727  
Intercept  0.085 0.044  1.954   0.051 . 
Sex-♂  0.080 0.036  2.239   0.025 * 
cAge2 -0.034 0.010 -3.407 <0.001 *** 
cAge  0.015 0.004  4.132 <0.001 *** 
GrpSize-medium -0.017 0.021 -0.829   0.407  
GrpSize-small  0.014 0.029  0.473   0.636  

 
g) Solitary 

Fixed-effects b SE t-value p  
Intercept  0.054 0.028      1.965   0.049 * 
Sex-♂  0.040 0.028  1.434   0.151  
Age  0.002 0.001  2.087   0.037 * 
GrpSize-medium  0.004 0.014  0.278   0.781  
GrpSize-small -0.020 0.018 -1.102   0.270  
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Figure 5.7 – Sex-differences occurring in social and play behaviour of immature gorillas as 
median proportion of the total time per group non-resting and by age. Vertical line = IQR. 
 
 

5.4.6.2 The influence of age, sex and group size during group resting  

 

During gR, the proportion of time allocated to major activities also 

showed strong changes with offspring age. There was an increase in 

feeding-related behaviours, foraging, locomotion, and solitary behaviour with 

increasing offspring age (Table 5.16c, e, f and g), resulting in reduced levels 

of synchrony during gR. According to the convex and concave curve shape 

for resting and social behaviour respectively (Figures 5.6e and f), the 

quadratic term of age was added to models fitting social behaviour, play and 

resting, leading to superior fits (social behaviour: AICAge = 29.0, AIC Age+Age2 = 

8.6, d.f. = 1, X2 = 22.4, p<0.001; play: AICAge = 39.2, AICAge+Age2 = 22.0, d.f.= 

1, X2 = 19.17, p<0.001; resting: AICAge = 39.4, AIC Age+Age2 =32.3, d.f. = 1, X2 = 

9.1, p = 0.003).  

The proportion of gR spent engaged in social behaviour peaked during 

the second year of life, beyond which it started declining again, whereas 

immature resting initially declined strongly until 17-19 months, after which it 

started increasing again at around 29 months, when offspring usually entered 

the critical weaning period. Sex-differences were observed in the time spent 

on feeding-related activities during gR, with males spending less time feeding 
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than females (Table 5.16a, Figure 5.8). Males did not increase their time 

spent foraging and moving with age as much as females. Since explorative 

behaviour was not affected by group activity, it was only analysed within the 

previous result section (see section 5.4.6.1). 

Group size also affected activity patterns of immature gorillas during 

gR, showing lower proportions of time spent foraging and moving in medium-

sized groups, compared to large groups (Table 5.16b, c). Somewhat 

surprisingly, young gorillas living in small groups spent more time foraging 

and moving during gR, but less time resting, than those living in large groups 

(Table 5.16b, c and d).  

 
 

Table 5.16 – Parameter estimates of GLMM for examining changes and the variability in 
activity budgets of immature gorillas (age of 1-54 months) during group resting. N = 113. 
 
a) Feeding-related 

Fixed-effects b SE t-value p  
Intercept  0.502 0.030    16.499 <0.001 *** 
Sex-♂ -0.080 0.033 -2.408   0.016 * 
Age  0.003 0.001  2.684   0.007 ** 
GrpSize-medium -0.012 0.027 -0.455   0.649  
GrpSize-small -0.021 0.031     -0.679   0.497  

 
b) Foraging 

Fixed-effects b SE t-value p  
Intercept -4.954 0.350   -14.151 <0.001 *** 
Sex-♂  0.061 0.407  0.150   0.881  
Age  0.099 0.017  5.980 <0.001 *** 
GrpSize-medium -1.116 0.237 -4.701 <0.001 *** 
GrpSize-small  0.954 0.190  5.009 <0.001 *** 
cAge~ Sex-♂   -0.081 0.021 -3.821 <0.001 *** 

 
c) Locomotion 

Fixed-effects b SE t-value p  
Intercept  0.118 0.017      6.868 <0.001 *** 
Sex-♂ -0.006 0.020 -0.296   0.767  
Age  0.004 0.001  4.336 <0.001 *** 
GrpSize-medium -0.037 0.016     -2.243   0.025 * 
GrpSize-small  0.032 0.017  1.850   0.064 . 
cAge~ Sex-♂ -0.004 0.001 -2.693   0.007 ** 
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d) Resting 
Fixed-effects b SE t-value p  

Intercept  0.706 0.058    12.123 <0.001 *** 
Sex-♂ -0.022 0.070 -0.322   0.747  
cAge2  0.054 0.018  3.004   0.003 ** 
cAge -0.019 0.007 -2.681   0.007 ** 
GrpSize-medium   0.051 0.045  1.143   0.253  
GrpSize-small -0.154 0.048 -3.197   0.001 ** 

 
e) Social (shaded: only play) 

Fixed-effects b SE t-value p  
Intercept  0.264 0.068      3.907 <0.001 *** 
Sex-♂  0.093 0.069  1.344   0.179  
cAge2 -0.080 0.016 -4.880 <0.001 *** 
cAge  0.029 0.006  4.450 <0.001 *** 
GrpSize-medium 0.027 0.044      0.617   0.537  
GrpSize-small  0.044 0.045  0.967   0.334  
Intercept  0.225 0.068 3.325 <0.001 *** 
Sex-♂  0.104 0.068 1.533   0.125  
cAge2 -0.076 0.017 -4.476 <0.001 *** 
cAge  0.026 0.007 3.913 <0.001 *** 
GrpSize-medium  0.017 0.045 0.393   0.694  
GrpSize-small  0.048 0.046 1.037   0.300  

 
f) Solitary 

Fixed-effects b SE t-value p  
Intercept  0.155 0.028      5.610 <0.001 *** 
Sex-♂ -0.001 0.033 -0.026   0.980  
Age  0.005 0.001  4.722 <0.001 *** 
GrpSize-medium  0.025 0.022  1.121   0.262  
GrpSize-small -0.005 0.024 -0.221   0.825  
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Figure 5.8 – Sex-differences occurring in the feeding time of immature gorillas as a median 
proportion of the total time spent in group resting. Vertical line = IQR. 
 
 
5.4.7 Proportion of food ingestion time spent suckling 
 

Changes in the proportion of food ingestion time that was spent 

suckling were investigated to document the relative role of milk and solid food 

in the transition to nutritional independence in terms of time spent ingesting 

milk and solid food, rather than total energy intake gained from both food 

sources. In this study, young gorillas began play-feeding and chewing on 

solid food items between 4-5 months, grabbing food items in reach. However, 

the ingestion of solid food was rare at this stage, but clearly increased 

beyond 6 months (Figure 5.9).  
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Figure 5.9 – Changes in median proportion of feeding time spent suckling (including and 
excluding play-feed) during infancy and beyond. Vertical line = IQR. 
 

 

 5.4.7.1 Model comparison 

 

When using DS2 the model fits were superior to the corresponding 

models including DS3 (Table 5.17).  
 
Table 5.17 - Goodness of fit measures (AIC = Akaike information criterion) of GLMMs on 
proportions of suckling on total ingestion time. 

Indicator for mother’s 
physical condition Model df AIC 

Main effects 14 109.9 DS2 & Offspring sex 
Interaction 15 114.2 

Main effects 15 116.2 DS3 & Offspring sex 
Interaction 17 124.0 

DS2 /DS3 = mother’s dominance strength two/three-division. 

 

 

5.4.7.2 Parameter estimates 

 

As expected, the proportion of food ingestion time spent suckling 

declined with age (Table 5.18, Figure 5.9), indicating that solid food became 

 207



Chapter 5 _____________________________________________________ 

more important and complemented milk provision by the mother. The major 

drop occurred at a surprisingly young age, and rather abruptly, after the 

fourth month of life. Immature gorillas living in small groups reduced their 

suckling time with age more quickly than did those living in large groups, 

whereas immature gorillas living in medium-sized groups showed a slower 

decline in suckling time with age than did those living in large groups.  

Neither the main effects nor the interaction of DS2 and offspring sex could 

predict the proportion of time spent suckling.  
 
 
 
Table 5.18 – GLMM output for examination of suckling as a proportion of time spent 
ingesting food. N = 242. 

Fixed-effects b SE t-value       p  
Intercept  0.314 0.065     4.802 <0.001 *** 
Sex-♂  0.029 0.069   0.426   0.700  
DS2-low -0.056 0.058  -0.964 0.335  
Age -0.014 0.002  -6.890 <0.001 *** 
GrpSize-medium  0.011 0.035   0.310   0.756  
GrpSize-small -0.013 0.039 -0.329   0.742  
cAge~GrpSize-medium  0.005 0.002   2.191 0.029 * 
cAge~GrpSize-small -0.008 0.002 -3.296 0.001 *** 

 

 

5.4.8 The influence of weaning status 
 

Activity budgets of weaned and non-weaned immature gorillas of the 

same age (3-month age-blocks) were compared to determine the impact of 

weaning status. Although there was evidence indicating that the time that 

immature gorillas allocated to main activities depended on their weaning 

status, results were not consistent across age-blocks (Table 5.19). In 

general, the allocation of time to main activities during gR remained relatively 

unaffected by the weaning status, compared to the allocation of time to main 

activities during gNR. 

Nutritionally-independent gorillas aged between 40-45 months spent 

significantly more time on feeding-related behaviours during gNR than non-

weaned gorillas of the same age (Table 5.19, Figure 5.10a). Explorative 
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behaviour was significantly reduced in weaned offspring, compared to non-

weaned offspring during gNR between 37-39 months. Weaned offspring 

between 40-42 months spent less time in independent locomotion during 

gNR than non-weaned offspring (Figure 5.10b). Resting time during gNR was 

reduced in weaned offspring between 43-45 months. Solitary behaviour did 

not change in response to weaning across age-blocks during either group 

activity (Table 5.19).  

 

 
Table 5.19 – Statistically significant (bold) outcomes and non-significant trends of 
Kolmogorov-Smirnov tests for comparing behaviour of weaned (W) and non-weaned (NW) 
immature gorillas as a proportion of group resting (R) and non-resting (NR) period. 
Activity Group 

activity 
Age-block 

(mo) 
Test statistic 

Z             p 
 

Feeding-related NR 31-33        1.195         0.095   .   NW < W 
Feeding-related NR 40-42        1.366         0.030   *   NW < W 
Feeding-related NR 43-45       -2.324         0.012   *   NW < W 
Foraging NR 37-39        1.162         0.095   . NW < W 
Exploring NR 34-36        1.179         0.095   .   NW > W 
Exploring NR 37-39        1.549         0.010   *   NW > W 
Exploring R 46-48        0.991         0.086   .   NW > W 
Locomotion NR 37-39        1.162         0.095   . NW < W 
Locomotion NR 40-42        1.464         0.015   *    NW > W 
Locomotion NR 43-45        1.179         0.095   .     NW > W 
Locomotion NR 46-48        1.309         0.057   .   NW > W 
Resting NR 43-45        1.414         0.024   *    NW > W 
Resting R 43-45        1.195         0.095   . NW < W 
Social NR 31-33        1.195         0.095   .    NW > W 
Social NR 37-39        1.179         0.095   .    NW > W 
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a) Feeding-related behaviour 

 
 
b) Locomotion  

 
 
Figure 5.10 – Median proportions of (a) feeding-related behaviour and (b) locomotion in 
weaned and non-weaned immature gorillas of different ages during group non-resting. 
Sample size for each age-block given in Table 5.6. 
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5.4.9 Influence of weaning status on play behaviour 
 

Since group activity had no significant influence on the occurrence of 

play between 30-54 months (b ± SE = 0.054 ± 0.034, t = 1.581, p = 0.114), 

play data were combined and analysed together.  

 

5.4.9.1 Play behaviour: Between-subject comparison 

 

Weaned offspring showed significantly reduced play proportions 

compared to non-weaned offspring within the first three youngest age-blocks 

(Figure 5.11; 31-33: Z = 1.491, p = 0.016; 34-36: 1.651, p = 0.004; 37-39: Z = 

0.015). This weaning effect on play behaviour gradually reduced with 

increasing offspring age.  

 

 

Figure 5.11 – Median proportions of playing time in weaned and non-weaned immature 
gorillas of different ages.  

* 

**  * 
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5.4.9.2 Play behaviour: Within-subject comparison 

 

When all offspring who were weaned between 31-60 months were 

included, no significant difference was found between the proportion of time 

spent playing during pre- and post-weaning periods (Z = -1.475, N = 15, p = 

0.153). However, when the dataset was divided into relatively early-weaned 

(<38 months old, Figure 5.12a) and relatively late-weaned (>43 months old, 

Figure 5.12b) offspring (see also Chapter 3), a significant difference occurred 

in early-weaned offspring, showing reduced proportions of play after weaning 

was complete (Z = -2.197, N = 7, p = 0.031), whereas no such difference was 

found in late-weaned offspring (Z = -0.507, N = 8, p = 0.688). Early-weaned 

offspring were observed playing only on very rare occasions, while most of 

them ceased play for extended periods (>6 months).   

 



Figure 5.12 – Proportions of play during the pre- and post-weaning period (negative and positive numbers respectively; red line symbolises approximate last 
suckling event) of a) relatively early- and b) relatively late-weaned offspring (on the right-hand side: offspring identity in 3-letter code, offspring age and sex; F 
= female, M = male). 
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5.5 Discussion 
 
5.5.1 Maternal time and activity budget 
 

In mammals, mother’s feeding time is expected to increase during 

infancy and thus to support higher milk provision to ensure growth and 

survival of the growing offspring (Millar, 1977; Altmann, 1980; Dunbar & 

Dunbar, 1988; Lee et al., 1991). In the current study, the time that gorilla 

mothers spent feeding increased with offspring age, as has been shown in 

other primates (Altmann, 1980; Dunbar & Dunbar, 1988). Results also 

showed that the increase in mother’s feeding time was dependent on the 

presence of maternal relatives and the group activity. Mothers with less than 

three maternal relatives in the group did not increase synchronised feeding, 

although they spent overall less time feeding synchronised with the group 

than mothers with more maternal relatives throughout nearly the whole 

infancy. Desynchronised feeding temporarily increased in all mothers 

independent of the presence of maternal relatives. Mothers with fewer than 

two maternal relatives reduced synchronised feeding with the group as the 

age of their offspring increased, which may be a strategy to reduce costs 

associated with higher feeding competition during group feeding (Janson & 

van Schaik, 1988; Janson & Goldsmith, 1995; Krause & Ruxton, 2002). 

Being surrounded by maternal relatives during foraging may be 

advantageous. Mountain gorilla relatives exchange fewer aggressive 

interactions, are more tolerant of each other (Harcourt, 1979a; Watts, 1994b) 

and occasionally support each other in within-group contests (Harcourt & 

Stewart, 1989; Watts, 1991a). Therefore, mothers with relatively high 

numbers of maternal relatives may be less frequently interrupted during 

feeding and may meet their nutritional requirements within shorter periods, 

allowing more resting time compared to mothers who lack maternal relatives. 

However, findings on mother’s feeding efficiency provided no link to maternal 

relatives, although the current study did not distinguish between the quality 

and amount of ingested food (Zinner, 1999), which needs to be addressed in 

future studies.  
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If mothers increase their feeding time in order to provide more milk to 

the growing offspring, an increase in suckling time may have been expected. 

However, suckling frequency declines throughout infancy in mountain gorillas 

(Stewart, 1988; Fletcher, 1994, Chapter 3), as in other primates 

(chimpanzees, P. troglodytes, Clark, 1977; olive baboons, P. anubis, 

Nicolson, 1982, 1987; vervet monkeys, Cercopithecus aethiops,   Lee, 1987; 

rhesus macaques, Gomendio, 1990; western gorillas, Nowell, 2005). 

Suckling bout lengths, on the other hand, increase in mountain gorillas 

(Chapter 3), although they remain relatively constant until weaning (Fletcher, 

1994, 2001). Overall, the suckling duration per hour declines during infancy 

(Fletcher, 1994, 2001). Thus, growing energy requirements of offspring with 

age may not primarily explain the increase in maternal feeding. Nevertheless, 

it cannot be excluded the milk quality improves with increased maternal 

feeding, albeit that variation in food availability does not strongly affect milk 

synthesis (Oftedal, 1984). Importantly, higher milk intake may not necessarily 

be linked with increasing suckling times, if suction power increases when 

offspring mature (Lau et al., 2000), resulting in higher milk intake per time 

unit.  

An alternative explanation for findings on maternal feeding patterns 

may be that the mother’s allocation of time to feeding is limited after birth by 

other factors linked to offspring developmental stages. A mother may have to 

adjust her activity budget according to offspring needs and abilities during 

early infancy in a way that is not optimal for her (Hrdy, 1994), which could 

lead to a temporary depletion of bodily reserves (Pond, 1984). Neonate 

gorillas are entirely dependent on their mothers (Fletcher, 1994; Hrdy, 1994; 

Doran, 1997), requiring high levels of maternal effort, not only in the form of 

energy, but also in time (Maestripieri, 1993). Mothers often reposition their 

newborn during feeding and sometimes interrupt their current activity to 

enable suckling (personal observation). Neonates are allowed to suckle at 

any time initially after birth (see Chapter 4), but often have difficulties 

maintaining nipple contact without maternal support, in particular during 

maternal feeding or travelling. In addition, when infants start breaking contact 

and exploring their close environment, mothers have to devote additional 

time to monitor and retrieve their offspring to prevent potential risks 
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(Lancaster, 1971; Altmann, 1980; Simpson, 1988; Maestripieri, 1993; Savage 

et al., 1996). Overall, mothers may temporarily adopt time and activity 

budgets that can be relatively costly (see Elgar, 1989; King & Cowlishaw, 

2007), but that ensure offspring survival. This is supported by the temporary 

increase in levels of desynchronised feeding in all mothers. Such a 

temporary decline in potential social time and maternal resting alongside 

rescheduling of suckling events to maternal resting times (see Chapter 4) 

may gradually reduce offsprings’ opportunities for suckling, which may aid or 

even induce the weaning process.  

When offspring grow older and achieve the skills necessary for 

independent living (Watts, 1988; Watts & Pusey. 1993), mothers can actively 

promote independence (see review by Maestripieri, 2002a; Krishna et al., 

2008), allowing readjustment of activity budgets and levels of synchronisation 

towards their optimum and restoring bodily reserves and ideal nutritional 

intake. For example, as in baboons (Altmann, 1980), mountain gorilla 

mothers began restricting nipple access during their feeding time when 

growing infants became a hindrance, leading to a rescheduling of suckling 

events from gNR to gR (see Chapter 3 and 4). The increase in feeding time 

in mothers with more than two relatives in the group occurred alongside 

increasing levels of synchrony with group feeding patterns, which may reflect 

a reorganisation of offspring activities and adjustments in behavioural 

coordination between mother and offspring. Synchronisation of the mother’s 

feeding time with the group’s can provide important benefits, including the 

location of food sources through monitoring of conspecifics (King & 

Cowlishaw, 2007) and a higher efficiency in detecting potential risks, allowing 

more time for feeding (van Schaik et al., 1983b; Elgar, 1989).  

Maternal feeding patterns may also be shaped by the association 

patterns between mother and offspring, a factor that has been widely ignored 

when studying maternal time and activity budgets. Apart from nutritional 

support, mothers need to protect their offspring against risks such as 

infanticide or harassment and abuse by other group members (Hrdy, 1994; 

Maestripieri, 1994a; Fairbanks, 2000). Foraging on the group periphery may 

entail high infanticide risk for mothers with dependent infants (Steenbeek et 

al., 1999). Instead, gorilla mothers with young infants stay close to 
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silverbacks in the group centre for protection (Schaller, 1963; Harcourt, 

1979a; Stewart, 2001), where the high density of foragers may limit the 

mother’s foraging success (Altmann, 1974; Harcourt, 1979a; Janson & 

Schaik, 1988; Vahl et al., 2007). However, as motor and cognitive skills 

develop, the spatial association between mother and offspring reduces, and 

offspring establish a strong association with silverbacks (Fletcher, 1994; 

Stewart, 2001). This gradual shift in association patterns may enable mothers 

to stay away from their offspring for extended periods without reducing infant 

protection, and thus to adopt more flexible foraging tactics. Therefore, to 

understand maternal time budgeting, spatial relationships between mother, 

offspring and other potential protectors, such as silverbacks or relatives 

(Harcourt & Stewart, 1989; Watts, 1991a; Stewart, 2001), should be 

considered in future studies alongside time budgets. 

In contrast to maternal feeding time, which was devoted to gNR, the 

extent to which mothers expanded feeding times into gR depended on their 

dominance strength. Social dominance has been linked to competitive 

abilities, feeding time and reproductive success in mammals (vervet 

monkeys, Cheney et al., 1981; yellow baboons, Rasmussen, 1985; American 

bison, Bison bison, Robitaille & Prescott, 2005). Dominance strength also 

affected the feeding time in female mountain gorillas, with MDS3 mothers 

spending more time feeding than HDS3 mothers during gR. Competitively 

weaker mothers may not consume sufficient food during gNR and thus may 

have to expand their feeding time to gR. This finding is consistent with a 

study on female reproductive success in mountain gorillas (Robbins et al., 

2007b), which suggests that female reproductive success is linked to within-

group contest feeding competition. However, the lack of differences in 

feeding time and efficiency between LDS3 mothers and HDS3 mothers does 

not strengthen the link between social dominance and feeding competition. 

Higher level of desynchronised feeding in MDS3 mothers may also reflect a 

specific investment strategy in middle-ranking females (see pig-tail 

macaques, M. nemestrina leonina, Maestripieri, 2002b) rather than rank-

related disadvantage in food acquisition.  
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Corresponding to suckling frequency patterns in mountain gorillas (see 

Chapter 3), sex-differences were expected in maternal feeding time 

depending on mother’s dominance strength and consistent with the TWH 

(1973). However, matching patterns were not found in maternal feeding time. 

Time spent feeding may not be a reliable indicator of food intake (Zinner, 

1999) and may explain the lack of evidence for the TWH in maternal feeding 

time. Indeed, sex-differences in the feeding efficiency occurred with MDS3 

and LDS3 mothers. In support of the TWH, LDS3 mothers fed more efficiently 

when they had daughters than when they had sons, which was slightly 

reversed in MDS3 mothers. In summary, findings on maternal feeding time 

and feeding efficiency propose that LDS3 mothers had a higher food intake 

with daughters, whereas MDS3 had a higher food intake with sons, which can 

affect milk yield and quality accordingly (Loudon, 1983). The lack of sex-

difference within HDS3 could be explained with the terminal investment 

hypothesis (see Caro et al. 1995, Chapter 3). Aging mothers that are 

included in this dominance category should increase their reproductive effort 

in the current offspring irrespective of the offspring sex and thus may have 

cancelled out the sex effect within high-ranking mothers. Future studies will 

have to confirm whether this correspondence between suckling and maternal 

feeding patterns remain when taking food quality into account and 

incorporating a more accurate measure for the total amount of food ingested 

(Zinner, 1999).  

The impact of group size and reproductive status of mothers on 

maternal feeding time and level of synchrony were also investigated. 

Foraging in large groups can entail several costs, such as higher feeding 

competition, including higher rates of aggressive interactions, higher risk of 

kleptoparasitism and pseudo-inference (Krause & Ruxton, 2002), and longer 

travel distances (Janson & Goldsmith, 1995), which may lead to higher 

energetic requirements and a reduction in female reproductive success 

(Srivastava & Dunbar, 1996). Although mountain gorilla groups have become 

very large over the recent decades, no clear evidence of a reduction in 

female reproductive success has emerged from inter-birth intervals, infant 

mortality or surviving birth rates (Robbins et al., 2007b). Large-sized groups 

may keep foraging costs relatively low by larger group spreads (Dias & Strier, 
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2003; Smith et al., 2005). The present findings on adult female mountain 

gorillas do not support that additional foraging costs in large mountain gorilla 

groups are avoided by reducing levels of synchrony in feeding behaviour with 

the group (see also Agetsuma, 1995; King et al., 2007, in press). A broader 

study that considers all age-sex classes is needed to investigate the 

relationship between group size and synchronised feeding in mountain 

gorillas more comprehensively. 

Pregnant and lactating mountain gorilla females increase feeding time 

slightly compared to young and infertile females (Watts, 1988). Since the 

present dataset included no nulliparous females, and only one mother who 

was neither pregnant nor lactating, it is not surprising that previous findings 

could not be replicated. However, no differences were found in feeding times 

between mothers who were pregnant, lactating or both; suggesting that the 

energetic costs of lactation and gestation did not vary strongly enough to be 

reflected in the mother’s feeding time, which contrasts with previous findings 

(Martin, 1984). Nevertheless, a lack of differences in feeding patterns could 

also be due to inaccurate estimations of pregnancies (although this is 

unlikely) and/or measures of the amount of ingested food. Thus, future 

studies should implement pregnancy tests and use more reliable measures 

of food intake. 

 

5.4.2 Activity budget of immature gorillas  
 

Activity budgets of immature mountain gorillas were affected by age, 

sex, group size, group activity, and weaning status. In transition to 

independence, young gorillas increased their activity levels concurrently with 

the acquisition of skills important for survival (see Watts, 1988; Milton, 1993; 

Watts & Pusey, 1993). Higher activity levels in general require more energy 

(Altmann, 1980) and the lack of an increase in suckling time (Fletcher, 1994, 

2001) suggests that infants met increasing energy demands to a large extent 

by supplementing milk with solid food, supported by the steadily-rising 

feeding and foraging times that were recorded.  

The acquisition of new behavioural patterns, such as independent 

travelling and foraging, also requires that the immature learns how to 
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distribute time and energy resources to that behaviour in order to meet 

energetic costs (Watts, 1988). Changes in the level of synchrony in an 

individual’s main activities can indicate costs and benefits (Rands et al., 

2003), and major changes in synchronisation for immature gorillas occurred 

beyond the age of 27 months. At this age, their activity budget started to 

adopt a similar pattern to that of adults, showing higher synchronisation with 

the group activity, with resting and feeding clearly dominating all other 

behaviours (see Schaller, 1963; Harcourt & Stewart, 1984; Watts, 1988). This 

period of immaturity which is clearly linked with the critical weaning period, 

leads to the suggestion that the weaning process may induce adjustments in 

an infant’s activity budget that are important to meet the energetic demands 

of independent living (Watts, 1988). 

Adjustments in the weaning-related activity budgets of immature 

gorillas varied with actual weaned age, involving higher synchrony of feeding 

with the group, play depression and a reduction in locomotion and explorative 

behaviour during gNR. The combination of such changes suggests that 

offspring cope with the loss of nutritional support by reducing high-energy 

activities, such as exploration, locomotion, and play and by increasing their 

energy intake, reflected in their increased feeding activities (Randolph et al., 

1977; Altmann, 1983; Dunbar & Dunbar, 1988; Sauther, 1994). Play 

depression, which sometimes lasted for an extended period, was only 

evident in early-weaned offspring (<38 months old). Such a reduction in play 

behaviour after weaning also occurs in piglets (Sus scrofa f. domesticus) 

(Donaldson et al., 2002). Since play can be extremely costly energetically 

(Martin & Caro, 1985; Pelligrini et al., 1998), play distribution during infancy 

may be strongly constrained by the available milk supply (Price & White, 

1985; McAdams & Millar, 1999). The lack of a weaning effect on play in later-

weaned offspring may be associated either with a general decline in play 

during late infancy, or, alternatively, could be due to greater body fat reserves 

and lower overall energetic requirements per body unit with increasing body 

size (Kleiber, 1987), or to increased feeding efficiency on solid food, 

providing adequate energy supply.  

   One intuitive explanation for play depression as a response to 

weaning in younger individuals may be that offspring have to devote more 
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time to feeding to meet energetic requirements for body growth, fat storage 

and general behaviour. However, changes in the time allocated to feeding in 

early-weaned infants did not strongly support this explanation. An increase in 

feeding time was only found in offspring older than 40 months, when play 

depression as an effect of weaning was absent. However, sample sizes were 

relatively small for investigating the weaning effect, and thus results need to 

be interpreted with caution. Alternatively, the basis for the observed play 

depression may be of a psychological nature. Infants often respond to 

weaning with distress (Maestripieri, 2002a), which can depend on the age 

and condition under which weaning takes place (Weary et al., 2008). All 

early-weaned offspring, in particular those with very traumatic weaning 

experiences, such as a sudden separation from the mother, appeared 

withdrawn and depressed, while weaning in older offspring was less obvious. 

Stress has been linked previously with play reduction (Palagi et al, 2006) and 

can affect food intake (Martí et al., 1994). Early-weaned offspring may adjust 

their feeding behaviour more slowly until the post-weaning stress declines. 

The POC theory (Trivers, 1974) explains weaning stress as a conflict 

between parent and offspring over the termination of milk provision, but the 

level of play depression may indicate the level of disparity between mother’s 

and offspring optima at weaned age.  

It remains an open question as to whether weaning-induced play 

depression during early ontogeny can have potential long-term impacts on 

offspring development and future reproductive success. Play is thought to be 

crucial for normal development (Bekoff, 1972; Fagen, 1981), including social 

competence and bonding (Baldwin & Baldwin, 1974; Lee, 1983; Thompson, 

1996), neuromuscular development (see Byers & Walters, 1995; Gordon & 

Pattullo, 1993), and flexible kinematic and emotional responses to cognitively 

demanding situations (Spinka et al., 2001). Considering the different social 

roles of male and female gorillas, play depression during early ontogeny 

could conceivably have a more profound impact on male development and 

future reproductive success. Male gorillas compete over access to mating 

partners (Watts, 1994a; Robbins, 1995), and require leadership skills to 

protect their group from external threats (Schaller, 1963), as well as to control 

within-group conflicts (Watts, 1996). Thus, competitive abilities, such as 
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fighting and cognitive skills, may influence their reproductive success more 

than it would for females (Trivers & Willard, 1973). Female gorillas are 

primarily responsible for infant care, as are females of most mammals (see 

Bercovitch, 2002). For immature females, it may therefore be more important 

to develop good feeding skills and adaptable foraging strategies to improve 

future maternal condition (see Glucksmann, 1974; Clutton-Brock, 1988; Post 

et al., 1999). From this perspective, early weaning may even be 

advantageous to young females; as such, females have to meet energetic 

and nutritional requirements without maternal support from a very young age, 

encouraging the early development of competitive feeding skills. 

Furthermore, for the acquisition of maternal skills, it may be beneficial for 

young females if their mothers give birth to their subsequent offspring after a 

short interval. Spending more time with their mother and younger sibling, 

instead of playing with peers, may provide opportunities for learning maternal 

skills (see review by McKennar, 1979; Mitani & Watts, 1997). Strikingly, the 

earliest weaned offspring in this current study and in the mountain gorilla 

long-term records were all females (Chapter 3). Cleo, with the earliest dated 

weaned age (21-22 month) is to date one of the most successful mothers in 

terms of surviving offspring. The relatively high number of early weaned 

females is also likely to be responsible for the only sex-difference in the 

activity budgets of immature gorillas: females spent less time playing, but 

more time on feeding-related behaviours, compared to males.  

Furthermore, in mountain gorillas both sexes generally disperse, but 

they may stay in their natal group for a lifetime (Harcourt, 1978b; Robbins, 

2005). If social play supports the formation of social bonds between peers, 

which can last into adulthood (Carpenter, 1934; Fagen, 1981), the quality, 

quantity or even lack of social relationships between playmates may 

influence the future decision to stay in or leave the natal group. Play and 

weaning data from early life stages need to be linked to social behaviour and 

emigration patterns in adulthood, through linking behavioural studies within 

long-term demographic records.   

The high number of early-weaned females in the dataset could explain 

the apparent sex-differences in the activity budget of immature gorillas. 

Females fed more and played less than males. They also allocated more 
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time to foraging and moving at an early age than males. The fact that sex-

differences in such activities emerged during gR may reflect the costs of 

synchronising feeding activities with the rest of the group that were 

necessary for this age-class (see Conradt & Roper, 2000, Barrett et al., 

2006), such as high feeding competition and lower feeding efficiency (Janson 

& Goldsmith, 1995, Krause & Ruxton, 2002). Immature gorillas are lowest in 

the social hierarchy and, although they may have an advantage over adults 

in monopolising arboreal food sources due to their body size (pers. obs.), 

they are usually at a disadvantage in food competition. Shifting feeding 

activities to the group resting period may be an efficient strategy to avoid 

food competition and to increase feeding efficiency.   

The level of synchronised feeding is also likely to be related to group 

size, as this can influence feeding competition (Sterck et al., 1997). Immature 

gorillas in large groups were expected to be confronted with higher energetic 

costs than those in smaller groups, since larger groups often have to travel 

longer distances (Watts, 1991b). However, the effect of group size on the 

activity budget of immature gorillas was not clear, although differences 

between large and medium-sized groups were consistent with predictions of 

higher costs for foraging in large groups (Janson & Goldsmith, 1995; Krause 

& Ruxton, 2002). Young gorillas living in large groups desynchronised their 

activities related to food acquisition with the group at higher levels than those 

living in medium-sized groups, which further supports the evidence that 

immature gorillas reduce synchrony to reduce the level of food competition. 

However, comparison between large and small groups suggests that the 

overall costs of living in small groups are higher than in large groups, due to 

lower levels of synchrony during group resting in immature gorillas, which 

contradicts the predictions. With a relatively small sample size for small 

groups compared to large groups, comparisons between these group 

categories have to be interpreted cautiously. In addition, all small groups 

included in the analysis were historically very young. Impressions from the 

field suggest that such groups were less coherent units and showed relatively 

unstable and unpredictable behavioural patterns, which may have been 

caused by instabilities in dominance relationships between individuals after a 

group split or when a group was newly formed (Robbins et al., 2005). It 
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remains possible that this may have partly influenced the activity patterns of 

immature group members in those groups. 

 

 

5.6 Summary 
 

• Mountain gorilla mothers spent increasingly more time feeding when 

offspring grew older, which may be primarily due to behavioural and 

spatial changes in mother-offspring relationships;  

• The increase in maternal feeding was directly related to the number of 

maternal relatives and group activity; only mothers with more than two 

maternal relatives in the group increased synchronised feeding time; 

• Increasing amount of maternal feeding time with offspring age was 

accompanied by higher levels of synchrony with gNR and lower levels 

of synchrony with gR. Declining levels of synchrony with gNR only 

emerged in mothers with one or no maternal relative;  

• Mother’s dominance strength had an impact on feeding patterns 

during gR with MDS3 mother spending more time feeding 

desynchronised with the group than HDS3, which may indicate contest 

feeding competition in female mountain gorillas or a specific MI 

strategy in MDS3; 

• The lack of a clear group effect on the levels of synchrony in mothers 

suggests that mountain gorillas are not engaged in scramble feeding 

competition or do not use adjustments in levels of synchronisation with 

the group to reduce feeding competition; 

• Costs of living in large groups were evident in increased foraging of 

immature gorillas during gR and gNR; 

• There was no evidence for different energetic costs related to mother’s 

reproductive status in maternal feeding patterns; 

• In transition to independence, immature gorillas attained activity and 

time budget patterns comparable to adults between 2-2.5 years; 
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• Weaning can affect activity budget patterns of immature gorillas, 

indicated here by play depression, a reduction in locomotion and 

exploratory behaviour and an increase in feeding-related behaviours;  

• Play depression in early-weaned offspring did not occur alongside 

higher feeding activities, but may be of a psychological nature; 

• Immature males played more than immature females did, throughout 

infancy and beyond, which may be linked to later weaning ages in 

males than in females. 
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