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Chapter 3 _____________________________________________________ 

3.1 Introduction  
 

Lactation is one of the distinguishing features of mammals (Pond, 

1984; Blackburn, 1993). As a multifaceted component of mammalian 

reproduction, the evolution of lactation has been undergoing numerous and 

complex selection pressures, resulting in biochemical, physiological, 

anatomical, behavioural, social, and ecological changes (see review by 

Hayssen, 1993; Blackburn, 1993). The selection on lactation has led to a 

diversity of reproductive strategies. During the period of lactation, mothers 

nutritionally support their infants’ growth, development, and daily activities 

(Lee, 1987; Rogowitz, 1996). Mothers also provide antibodies, which 

strengthen the immune system of offspring during and after lactation (Telemo 

& Hanson, 1996; Hanson, 1998, 1999). For mammal species living in cold 

climates, milk may also function as a form of thermal regulation (Tilden & 

Oftedal, 1997), while in arid climates, milk becomes a primary source of 

hydration for offspring (Macfarlane et al., 1969; Adams & Hayes, 2008).  

Lactation is also an energetically expensive period (Randolph et al., 

1977; Oftedal, 1984; Gittleman & Thompson, 1988) during which mothers 

need additional energy to meet their own and their offspring’s requirements. 

If lactation overlaps with a subsequent pregnancy, a mother would, in 

addition, need energy for her future offspring (Silk, 1987; Merchant et al., 

1990). Females cope with such high energetic needs by increasing their food 

intake (Randolph et al., 1977; Altmann, 1983; Dunbar & Dunbar, 1988; 

Sauther, 1994), using bodily reserves (Pond, 1984), or restricting energy 

expenditure by increasing the efficiency of energy use for activity and 

maintenance while reducing feeding (Roberts et al., 1985). 

In addition to energetic costs, lactation incorporates a reproductive 

cost for mammal species that do not return to oestrus with ovulation and 

corpus luteum production immediately after giving birth (postpartum oestrus). 

In most primates, suckling induces a prolonged interval of lactational 

amenorrhea, anovulation, and infertility (McNeilly, 1979; Gordon et al., 1992). 

Lactational anovulation is associated with a suppression of pulsatile 

luteinising hormone secretion (McNeilly, 1994) induced by an inhibition of the 
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gonadotropin-releasing hormone secretion (Koike et al., 1991; Milenkovic et 

al., 1994). The underlying physiological mechanisms that explain the 

inhibitory effect of suckling stimuli on the hypothalamo-pituitary-ovarian axis 

itself remain unknown. The level of prolactin in the serum may play a critical 

role in the induction of lactactional anovulation in some circumstances 

(Gordon et al., 1995; Ördög et al., 1998; Grattan et al., 2007). In addition, 

findings from various mammalian species, including human and nonhuman 

primates, propose that suckling frequency is critical for the anovulatory effect 

(Delvoye et al. 1977; Konner & Worthman, 1980; Lee, 1987; Nicolson, 1987; 

Stewart, 1988; Gomendio, 1989; Wyss & Maroni, 1993; McNeilly, 1994, 

1997; Stevenson et al., 1997) and thus, suckling is linked with future 

reproductive success in terms of future conception. 

Both reproduction and energy are thus important components of 

maternal investment. Mothers need to weigh the costs and benefits of both 

components in such a way as to maximise lifetime reproductive success, 

measured by the survival and reproduction of current dependent offspring, 

and the mother’s capacity to produce future offspring (Williams, 1966; 

Trivers, 1972; Fairbanks & McGuire, 1995). There are several models that 

predict the quality and extent of parental investment in offspring (see Chapter 

1; Trivers & Willard, 1973; Clark, 1978; Simpson & Simpson, 1982; Silk, 

1983; Johnson, 1988).  

Previous findings on IBIs in mountain gorillas support the TWH (1973), 

showing mothers in good condition have longer IBIs after rearing sons, 

relative to mothers in poorer condition who have longer IBIs after rearing 

daughters (Robbins et al., 2007a). If the IBI in mountain gorillas is directly 

linked to the duration of lactation (Stewart, 1988), then similar patterns 

should emerge in the age at weaning and suckling frequency. Mothers in 

good condition would be expected to wean sons later than daughters, while 

mothers in poorer condition should wean daughters earlier than sons. In 

terms of suckling frequency, sons of mothers in better condition would be 

expected to suckle more often than daughters, while the reverse should be 

found for offspring of mothers in poorer condition.  

Apart from a few exceptions (Rowell & Chism, 1986; Gomendio, 1990; 

Hinde, 2007a), there appears to be an overall lack of sex-differences in 
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suckling patterns among primates, which may be related to a general lack of 

differences between sexes in growth rate during infancy (Gomendio, 1990). 

This is despite the fact that a study that involved 23 primate species, 

including lowland gorillas, indicated that neonatal sexual dimorphism is 

evident in primates (Smith & Leigh, 1998). Although there is no evidence of 

diverging growth rate curves for female and male gorillas until the age of 6-7 

years (Leigh & Shea, 1996), males do tend to weigh more than females at 

birth (Meder, 1990; Leigh & Shea, 1996). This sex-difference appears to be 

consistent throughout ontogeny (Leigh & Shea, 1996). 

Dominance rank in female primates is assumed to be associated with 

access to resources, such as food and its quality (Harcourt, 1987). Findings 

from primate studies that investigated the effect of the mother’s dominance 

rank on suckling patterns vary widely, with some failing to show rank-related 

differences (Nicolson, 1982; Whitten, 1982), while others report higher 

suckling frequencies, more time in nipple contact and later weaned ages for 

offspring of low-ranking mothers (vervet monkeys, Cercopithecus aethiops, 

Whitten, 1982; gelada baboons, Theropithecus gelada, Dunbar, 1984). Only 

one study, on captive rhesus macaques (Macaca mulatta), has shown sex-

differences in suckling patterns for low-ranking mothers concurrent with the 

TWH (Gomendio, 1990); daughters of low-ranking rhesus macaque females 

suckled more frequently and made more nipple contacts per bout than sons, 

causing reproductive inhibition in their mothers. However, no sex-differences 

were found within high-ranking mothers for any of the investigated suckling 

variables. Clearly, more study is warranted before a full understanding of 

dominance rank and offspring sex in suckling patterns is achieved. 

Several aspects of suckling behaviour in mountain gorillas have 

already been studied, such as bout frequency and length, suckling duration 

per hour, weaned age and the timing of weaning in relation to subsequent 

conception (Stewart, 1988; Fletcher, 1994, 2001). However, effects of 

offspring sex and maternal condition on suckling patterns have not been 

investigated, due to a limited availability of data. Furthermore, long-term 

behavioural records have suggested that female mountain gorillas develop 

stronger dominance relationships (Robbins et al., 2005) than previously 

reported (Stewart & Harcourt, 1987; Watts, 1994c). This chapter aimed firstly 
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to address the currently unanswered question of whether suckling patterns 

are associated with offspring sex and maternal condition, using female 

dominance strength as an indicator of condition, and whether those patterns 

support the TWH.  

Apart from maternal rank, other indicators of maternal condition have 

been used to investigate intra-specific variation in lactation, such as parity, 

body size, and parasite load. The latter has only recently been associated 

with fat concentration in milk in Japanese macaques (M. fuscata) for the first 

time (Hinde, 2007b). In general, primates are expected to show a minor 

effect of mother’s body size on milk production, because of their relatively 

dilute milk production (Oftedal, 1984); milk contains low levels of fat, protein, 

and gross energy. This is generally supported by studies on large-bodied 

anthropoid primates (captive baboons, Papio cynocephalus and P. anubis, 

Roberts et al., 1985; lories, Otolemur spp., and bushbabies, Nycticebus spp., 

Tilden & Oftedal, 1996). However, an effect of body size on milk production is 

evident in small-bodied primates, such as the common marmoset (Callithrix 

jacchus) (Tardif et al., 2001); twin offspring of large mothers showed higher 

relative growth rates than twin offspring of small mothers.  

Age- and parity-related patterns have been identified as factors in 

female reproductive success in mountain gorillas, with relatively low fertility 

for the youngest and oldest females (Robbins et al., 2006). Primiparous 

mountain gorilla mothers had 50% higher offspring mortality and 20% longer 

IBI following their first offspring than multiparous mothers. Examining 

suckling behaviour might provide an insight into the underlying causes of 

age- and parity-related patterns. Parity-related physiological differences in 

lactation have already been reported in primates. Milk secretion capability of 

primiparous mothers has been shown to be temporarily inferior to that of 

multiparous mothers after birth (Japanese macaques, Tanaka, 1997; 

humans, Amatayakul et al., 1999). An increase in quantity and quality of milk 

with increasing parity also occurs in other mammal species (cows, Bos 

taurus, Obara, 1992; sheep, Testa rossa, Sevi et al., 2000). However, 

differences occurring in nursing behaviour between primiparous and 

multiparous mothers are often difficult to attribute to either maternal 

experience and/or physiological capacity in milk production (see Schino et 
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al., 1995; Tanaka, 1997). In this chapter, indicators of the mother’s physical 

condition, in addition to female dominance strength, such as parity and 

maternal age, were used to test for the TWH in suckling patterns. For this 

purpose, suckling data from three different studies were combined.  

 
 

3.2 Aim 
 

• Using field data from over four decades, to investigate various aspects 

of suckling behaviour, including weaned age in mountain gorillas, for 

evidence of the TWH (1973), using several measures of maternal 

condition, including female dominance, parity, and maternal age.  

 

 

3.3 Methods 
 

For the data analyses, suckling behaviour recorded over four different 

field periods was combined. Suckling data, recorded by Alison Fletcher 

between 1990 and 1992 (see Appendix 2), were added to the most recent 

dataset collected in 2006-2007, leading to >1,660 hours of observation 

distributed over 47 mother-offspring pairs. In addition, data on the age at 

weaning of eight mother-offspring pairs, recorded by Kelly Stewart in 1974, 

1977 and from 1981-1983 (Stewart, 1988), were incorporated in the 

analyses.  

Nipple contact was recorded as an indicator of milk transfer, since 

direct measures of milk transfer are difficult to assess, particularly in the wild. 

Thus, the following assumptions had to be made: 1) nipple contact is a 

reliable indicator of milk transfer; 2) each offspring receives the same amount 

of milk per time unit; 3) milk quality does not differ between mothers. To aid 

with the first assumption, any sign that the offspring stopped suckling before 

breaking nipple contact were noted; e.g. newborns occasionally fell asleep 

whilst maintaining nipple contact. A recent study on the milk composition in 

wild mountain gorilla, using opportunistic samples collected during 
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unavoidable medical interventions involving the immobilisation of seven 

healthy lactating female gorillas, showed only slight variations in milk 

composition (Whittier et al., submitted). Nevertheless, the potential violation 

of the three assumptions has been widely recognised (see review by 

Cameron, 1998), and should be considered when interpreting results. Nipple 

contact will henceforth be termed ‘suckling’, with the understanding that this 

commonly used measure has some limitations. 

  

3.3.1 Suckling test variables  
 

The following suckling variables were examined in the present study: 

 

1. Suckling frequency by group activity: two data points were 

extracted per observation day and focal pair, representing the number of 

suckling bouts occurring during each of gR and gNR periods, which were 

corrected by the length of observation (see offset term Chapter 2). A new 

suckling bout was recorded when the offspring or the mother terminated the 

nipple contact for longer than one minute (Stewart, 1981; Lee, 1987; 

Gomendio, 1990) and whenever the offspring interrupted the nipple contact 

to engage in another activity, such as exploring or playing, before regaining 

nipple contact. Thus, short nipple contact breaks for changing nipple sides 

did not constitute the termination of a bout (see Table 2.7). Suckling during 

observation periods (gR or gNR) of one hour or less were excluded from the 

analysis.  

 

2. Suckling bout length (in minutes) data were also presented for 

each of the two predominant group activities within which the bout took place 

(gR or gNR).  

 

3. Responsibility for bout termination was examined using a 

dichotomous outcome variable (1 = mother; 0 = offspring). Bouts that were 

terminated by a third party were excluded from the analysis. Furthermore, if 

the responsibility for the bout termination could not be clearly assigned to 
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either the mother or the offspring, the bout was also not considered in the 

analysis.  

 

4. Weaned age was defined as the month during which an offspring 

became nutritionally independent from its mother. Whether an offspring had 

completed weaning was evaluated during focal samples that were 

conducted, if possible, once per age-month (usually in the middle of each 

age-month). For example, if an offspring was still suckling at the age of 35.5 

months, it was defined as ‘not weaned’ for its 36th age-month. Thus, the 

‘weaned age’ was judged as being between the last observed suckling event 

and the first focal sample without a suckling event, confirmed by subsequent 

focal samplings without suckling. The mean weaned age derived from the 

two dates was calculated and used for further analysis (see below). 

Occasionally, offspring could not be observed for two or more months due to 

logistical difficulties in the field, leading to less accurate weaned ages. 

 

5. Timing of weaning was considered in relation to the subsequent 

conception date measured in days (before/after conception = +/- days). The 

conception date was approximated by subtracting the median gestation 

length of 255 days in wild mountain gorillas (Harcourt et al., 1980) from the 

date of the mother’s subsequent parturition. The accuracy of the timing of 

weaning in relation to mother’s conception thus depended on both the 

accuracy of the measurement of weaned age and the actual length of 

gestation.   

 

3.3.2 Statistical analysis  
 
3.3.2.1 Suckling frequency, bout length and responsibility for terminating 

bouts 

 

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

occurring in suckling frequency, bout length and mother’s responsibility for 

terminating the suckling bout. Random-effects which were considered in the 

GLMMs for each suckling test variable are indicated in Table 3.1.  
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Table 3.1 – Total number of observations and number of levels of random-effects considered 
in each GLMM for the examination of the test suckling variables. ID = identity. 

Random-effects N Frequency 
 

N Bout length
 

N Bout termination
 

ID offspring 41 41 40 
ID mother 37 34 34 
ID group 9 9 9 
Time (month & year) 40 38 38 
Vegetation 4 - - 

 

 

The random-effect time was derived from the month and year of the 

observation point, to control for any major random changes within and across 

different field studies. For the examination of the suckling frequency, the 

vegetation zone where the mother-offspring pairs were observed was 

included as a random-effect, since the type of vegetation may have 

influenced the spread and visibility between group members (see 

Rasmussen, 1983). For example, visibility in the bamboo zone can be 

strongly limited by the dense growth and closed canopy, which may affect 

proximity patterns between mothers and offspring, and thus, an offspring’s 

opportunity for suckling.  

Data points collected while the group was ranging in the ‘brush ridge’ 

zone (McNeilage, 1995; see Chapter 2, Table 2.1) were excluded from 

suckling frequency analysis, since the sample size was extremely small (N = 

2). Also, data points extracted from observation periods, during which the 

group was travelling between vegetation zones, were excluded from the 

analysis unless one vegetation zone accounted for at least 75% of the total 

observation time. The social group that the mother-offspring pair belonged to 

was also treated as a random-effect, rather than as a fixed-effect, since the 

primary interest in this investigation was the influence of other variables (e.g. 

dominance strength and sex of offspring) across random groups sampled in 

the entire population. Furthermore, factors critical for various suckling 

aspects, but also those which might have an influence on suckling pattern, 

were incorporated into the GLMM as fixed- effects (see Table 3.2).  
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Table 3.2 – Fixed-effects included in the GLMMs for the examination of suckling variables.  
Fixed-effects  
 

Code Data type Categories 

Mother’s dominance 
strength  
(two-division) 

DS2 categorical high (R)  
low 

Mother’s dominance 
strength 
(three-division) 

DS3 categorical high (R)  
medium  
low 

Condition profile CP continuous - 

Offspring sex 
 

Sex categorical female  (R)  
male 

Offspring age Off_Age continuous  - 

Group activity  
 

GrpAct categorical non-rest (R) 
rest  

Party responsible for bout 
termination 

Term categorical offspring (R)  
mother 

Temporal autocorrelation  Ac_term continuous - 

Offset term Offset continuous - 
R = reference category in model, shaded = only one of the three predictor variables was 
entered in a model at a time. 
 

 

To investigate the TWH on suckling behaviour, two different 

approaches were employed. First, the mother’s dominance strength was 

used as indicator of the mother’s condition. This approach was chosen for 

comparison with previous primate studies on the TWH, which usually 

assessed mother’s condition by social rank (see review by Brown, 2001; 

Robbins et al., 2007a). For this purpose, mothers were divided into 

dominance strength categories (see Chapter 2), using two-divisions (DS2) 

and three-divisions (DS3), resulting in two different fixed-effects whereby only 

one of them was entered into the model at a time. Both dominance strength 

variables were firstly entered as main effects, and then in a separate model 

in interaction with the sex of offspring (TWE1-models). The goodness of fit of 

TWE1-models was compared. 

In the second approach (TWE2-models), a broader measure of the 

mother’s condition was applied, which included DS3, information about 

maternal age and the number of offspring reared by the mother (parity). For 

this purpose, a principle component analysis (PCA) was conducted to 
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transform the three into one newly compiled predictor variable, the mother’s 

condition profile (CP). Factor scores for each mother were calculated, using a 

factor analysis with a varimax rotation. CP, ranging from -1.394 to 2.495, was 

entered into the TWE2-model first only as main effect and in a second model 

in interaction with offspring sex. The goodness of fit of both TWE2-models 

was compared.  

Simultaneously, other potentially confounding predictor variables were 

entered into each of the described models as fixed-effects (TWE1-models, 

TWE2-models), such as the predominant group activity (gR and gNR) during 

suckling events. Previous studies indicate that the pattern and frequency of 

social interaction can be influenced by the predominant activity of a group 

(Harcourt 1978a; Fletcher 1994). Moreover, primate offspring learn to access 

nipple contact only when it is convenient to the mother (gelada baboons, 

Barrett et al., 1995; bonobos, Pan paniscus, Lathouwers & Van Elsacker, 

2004). In order to document developmental changes in suckling behaviour, 

offspring age was entered into each model as a covariate. Equally, two-way 

interactions involving offspring age and other fixed effects were investigated, 

to capture any effect that depended on offspring age; e.g. there might be an 

inverse age effect between sexes, even if there are nearly identical means 

and variances for each sex.  

The relationship between suckling bout length and mother’s 

responsibility for bout termination was of additional interest and was 

established by treating the bout termination as a fixed-effect in the model for 

the examination of suckling bout length (Table 3.3). A temporal 

autocorrelation covariate was also inserted into the model, which controlled 

for potential time dependency between consecutive suckling bouts (Gomes 

et al., 2008). If no temporal autocorrelation could be detected, the covariate 

was excluded from the model. The structure of GLMMs for the examination of 

each suckling variable is specified in Table 3.3.  
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Table 3.3 – Structure of GLMMs for the examination of suckling frequency, bout length and 
bout termination (for details of fixed-effects see Table 3.2). 

Model structure Frequency Bout length Bout termination 
Random effect  Offspring Mother Offspring, time  
Fixed effect DS2/DS3/PCa 

Sex 
Off_Age 
GrpAct 

Offset term 

DS2/DS3/PCa

Sex 
Off_Age 
GrpAct 

Ac_term 
Term 

DS2/DS3/PCa

Sex 
Off_Age 
GrpAct 

Ac_term 

Link function  Poisson Gaussian Binary 
Estimation 
method 

Laplace 
approximation 

REML Laplace 
approximation 

Overdispersion No - No 
Collinearity No No No 

aonly one measure of mother’s condition at a time, Off_Age = offspring age, GrpAct = group 
activity, Ac_term = autocorrelation term, Term = party responsible for bout termination. 
 

 

3.3.2.2 Weaned age 

 

A Cox proportional-hazards regression for survival data (Cox, 1972) 

was used to model the age at which offspring were weaned, and to examine 

the relationship between weaned age and other predictor variables. To test 

whether weaned age provided evidence for the TWH, offspring sex was 

entered in the regression model in interaction with one of the two indicators 

for mother’s condition, DS2 or mother’s CP, at a time. DS3 was not used as 

indicator in this analysis, due to missing quantitative data on the dominance 

strength of mothers studied in the early `70s and early `80s and due to small 

sample sizes within each category. The dataset included right-censored 

observations (also known as suspended data), due to offspring who were not 

fully weaned at the end of the observation period or who died during the 

observation period. Only offspring who were at least 21 months old at the 

end of the observation period were involved in the analysis, since weaning by 

the mother has never been observed earlier than this in mountain gorillas. 

The youngest known age at which an offspring was observed to be naturally 

weaned (excluding weaning by death of the mother or separation from the 

mother) was 22 months (Stewart, 1981). The weaning stage of offspring (0 = 

not weaned, 1 = weaned) was defined as the status variable and the mean 
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weaned age, measured in months, was set as the time variable. The weaned 

age per individual was derived from the mean of the two dates that defined 

the weaned age period (see above). In addition, the group size was entered 

in the survival analysis as a predictor variable, since the size of the group can 

influence FRS (Robinson, 1988; van Noordwijk & van Schaik, 1999). For this 

purpose, group size was divided into three categories, with small-sized 

groups containing 2-15 individuals, medium-sized groups 16-30 individuals 

and large-sized groups 31-65 individuals.  

 

3.3.2.3 Timing of weaning 

 

To investigate whether the sex of the current and/or subsequent 

offspring and mother’s condition influenced the timing of weaning, two 

measures were used: the weaned age (in days) relative to the subsequent 

conception; and the proportion of the lactation-pregnancy overlap on the total 

gestation period. Spearman’s rank correlations were conducted to establish 

whether these two measures of the timing of weaning were associated with 

weaned age. For comparison between two independent groups, such as 

between offspring of high and low dominance mothers and between offspring 

sexes, two-sample Kolmogorov-Smirnov Z tests were applied rather than 

Mann-Whitney U tests, due to small sample sizes (Field, 2005). The Kruskal-

Wallis test was used when the weaned age between groups of different size 

were compared. The decision of whether to estimate the theoretical 

frequency distribution of the test statistic by using asymptotic- or exact-

testing was made following the guidance provided by Mundry and Fischer 

(1998).   

 

3.3.3 Distribution of samples  
 

The availability of mother-offspring pairs for the examination of each 

suckling test variable and the number of female and male offspring within 

each mothers’ dominance strength categories are shown in Tables 3.4a-b.  
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Table 3.4 – Number of mother-offspring pairs available for the examination of each suckling 
test variable, using mother dominance strength (a) two-division and (b) three-division. 
 
a) 

Mother’s 
dominance 

strength 

 
Offspring 

sex 
Suckling 

frequency 

Bout length 
& 

Bout 
termination 

Weaned 
age  

Timing of 
weaning 

High        ♀ 10 8 8 3 
High        ♂ 13 12 9 5 
Low         ♀ 6 6 6 5 
Low         ♂ 14 11 12 7 

 
b) 

Mother’s 
dominance 

strength 
Offspring 

sex 
Suckling 

frequency 

Bout length  
& 

Bout 
termination 

Weaned  
age 

Timing of 
weaning 

High        ♀ 8 7 N/A N/A 
High        ♂ 6 5 N/A N/A 

Medium   ♀ 3  3  N/A N/A 
Medium  ♂ 15 15 N/A N/A 

Low         ♀ 5 6 N/A N/A 
Low         ♂ 6 6 N/A N/A 

N/A = not applicable.  
 
 
 
3.4 Results 
 
3.4.1 Suckling frequency 
 

3.4.1.1 Model comparison 

 

Notwithstanding which indicator of the mother’s condition was used, 

the models with the interaction term involving offspring sex and the indicator 

showed superior fits to the models, which only considered the main effects of 

both fixed-effects (see Table 3.5). The best model fit emerged when using 

mother’s dominance strength divided in two categories (DS2) as an indicator 

of maternal condition (used as an indicator in the interaction model), 

indicated by the smallest AIC (Table 3.5).  
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Table 3.5 –Goodness of fit measures (AIC = Akaike information criterion) of TWE1-models 
and TWE2-model. Bold indicates best model fit. 

Indicator for mother’s 
condition Model df AIC 

Main effects 5 692.6 TWE1-model DS2
Interaction 6 688.4 

Main effects 6 992.6 TWE1-model DS3
Interaction 8 691.2 

Main effects 5 691.2 TWE2-model CP 
Interaction 6 688.9 

DS2/DS3 = mother’s dominance strength two-/three-division, CP = mother’s condition profile. 
 

 

3.4.1.2 Parameter estimates 

 

In main effects models (Table 3.6a-c), neither offspring sex nor any of 

the indicators of maternal condition showed a significant effect on suckling 

frequency. However, their interaction terms were significant (Table 3.6a-c), 

indicating that sex-differences in the suckling frequency varied with mother’s 

dominance strength categories and with changes in mother’s CP. When 

mother’s dominance strength was used (DS2 or DS3) and interacted with 

offspring sex, sons of mothers with high dominance strength (HDS2/3) 

suckled more frequently than daughters of HDS2/3 mothers (Table 3.6a-b; 

Figure 3.1a). Reversed patterns were found for offspring with low dominance 

strength mothers (LDS2/3) (Table 3.6a-b; Figure 3.1b) consistent with the 

TWH. When using DS3, the sex effect within medium dominance strength 

mothers (MDS3) did not quite reach statistical significance (Table 3.6b). The 

interaction term involving CP revealed an advantage for sons over daughters 

with increasing CP scores, showing a positive relationship between CP and 

sons and a negative relationship between CP and daughters (Table 3.6c).  

Furthermore, suckling frequency was higher during gR, compared to 

gNR. Offspring were seen to suckle less with increasing age during gNR, 

whereas suckling frequency increased with age during gR. The slope of the 

decline during gNR was steeper than the slope of the increase during gR, 

indicating an overall decline in the occurrence of suckling bouts with offspring 

age.  
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Table 3.6 – GLMM showing estimate parameters of fixed-effects on suckling frequency (N = 
678) using different measure of mother’s condition (a-c).  
 
a) TWE1-model including DS2 = mother’s dominance strength two-division. 

 Fixed-effects b SE z statistic p value  
Intercept   -5.088 0.068    -74.35 <0.001 *** 
DS2-low   0.018 0.085   0.81   0.835  
Sex-♂   0.073 0.090   0.21   0.418  
cOff_Age -0.039 0.005 -8.29 <0.001 *** 
GrpAct-rest  0.869 0.074 11.69 <0.001 *** M

ai
n 

ef
fe

ct
s 

GrpAct-rest~cOff_Age  0.045 0.005   8.18 <0.001 *** 
Intercept -5.189 0.066     -75.98 <0.001 *** 
DS2-low  0.298 0.133        2.23   0.025 * 
Sex-♂  0.251 0.108        2.33   0.020 * 
cOff_Age   -0.039 0.005 -8.46 <0.001 *** 
GrpAct-rest  0.867 0.074 11.68 <0.001 *** 
Sex-♂~DS2-low -0.425 0.164  -2.60   0.009 ** In

te
ra

ct
io

n 
te

rm
 

GrpAct-rest~cOff_Age  0.045 0.005   8.20 <0.001 *** 
 
b) TWE1-model including DS3 = mother’s dominance strength three-division. 

 Fixed-effects B SE z statistic p value  
Intercept -5.080 0.068     -51.96 <0.001 *** 
DS3-medium  -0.095 0.103       -0.92   0.358  
DS3-low  0.047 0.116    0.41   0.684  
Sex-♂   0.123 0.098       -1.26   0.209  
cOff_Age -0.039 0.005       -8.32 <0.001 *** 
GrpAct-rest   0.871 0.074       11.72 <0.001 *** 

M
ai

n 
ef

fe
ct

s 

GrpAct-rest~cOff_Age    0.044 0.005         8.13 <0.001 *** 
Intercept -4.990 0.066 -75.20 <0.001 *** 
DS3-medium   0.120 0.188     0.64   0.523  
DS3-low  0.295 0.153    1.93   0.054 . 
Sex-♂   0.352 0.133    2.65   0.008 ** 
cOff_Age -0.038 0.005   -8.31 <0.001 *** 
GrpAct-rest   0.867 0.074   11.69 <0.001 *** 
Sex-♂~ DS3-medium  -0.353 0.220       -1.61   0.107  
Sex-♂~ DS3-low -0.495 0.215    -2.30   0.022 * 

In
te

ra
ct

io
n 

ef
fe

ct
 

GrpAct-rest~cOff_Age 0.044 0.005        8.12 <0.001 *** 
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c) TWE2-model including CP = mother’s condition profile. 

 Fixed-effects B SE z statistic p value  
Intercept   -5.089 0.090    -56.21 <0.001 ***
CP   -0.054 0.045  -1.21   0.227  
Sex-♂    0.040 0.093   0.43   0.664  
cOff_Age -0.039 0.005 -8.22 <0.001 ***
GrpAct-rest  0.868 0.074 11.68 <0.001 ***M

ai
n 

ef
fe

ct
s 

GrpAct-rest~cOff_Age  0.045 0.005   8.22 <0.001 ***
Intercept  -5.026 0.087     -58.09 <0.001 ***
Sex-♂   0.031 0.085    0.37   0.712  
cCP -0.138 0.057       -2.41   0.016 * 
GrpAct-rest   0.868 0.074      11.70 <0.001 ***
cOff_Age -0.038 0.005       -8.29 <0.001 ***
Sex-♂~cCP  0.171 0.081        2.18   0.029 * In

te
ra

ct
io

n 
te

rm
 

GrpAct-rest~cOff_Age    0.045 0.005        8.27 <0.001 ***
GrpAct = group activity, Off_Age = offspring age, c = centred variable. 
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a) Offspring with high dominance strength mothers  
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b) Offspring with low dominance strength mothers  
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Figure 3.1 – Median suckling frequencies per hour observation time of male and female 
offspring with (a) high dominance strength mothers and (b) low dominance strength mothers. 

ertical lines = IQR. V
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3.4.2 Suckling bout length 
 

year) infants (Figure 3.2).  

 

Bout lengths ranged from a few seconds up to 18 minutes (mean = 

3.49 min, median = 3.25 min). Very long suckling bouts were mainly 

observed during late infancy (>36 months) and were often associated with 

the weaning peak (a couple of months before nutritional independence), but 

were sometimes seen in young (<1 
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Figure 3.2 – Median suckling bout lengths per offspring age-month and group activity. 

ertical lines = IQR. 

parison 

 

contained DS2 showed the best fit (Table 3.7). 

V
 

 

3.4.2.1 Model com

In contrast to findings on suckling frequency, GLMMs that considered 

only the main effect of offspring sex and the indicator of the mother’s 

condition, fitted suckling bout length data equally well or better than models 

with their interaction term, indicated by smaller and equal AICs respectively 

(Table 3.7). Similar to findings on suckling frequency, the model that 
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Table 3.7 –Goodness of fit measures (AIC = Akaike information criterion) of GLMMs on 
suckling bout length. Bold = best model fit. 

Indicator of mother’s 
condition 

Model d.f. AIC 

Main effects 5 3849 TWE1-model DS2
Interaction effects 6 3851 

Main effects 6 3851 TWE1-model DS3
Interaction effects 8 3851 

Main effects 5 3850 TWE2-model CP 
Interaction effects 6 3855 

DS2/DS3 = mother’s dominance strength two-/three-division, CP = condition profile. 
 

 

3.4.2.2 Parameter estimates 

 

None of the interaction terms involving offspring sex and an indicator 

of mother’s condition revealed a significant effect (Table 3.8a-c). Equally, 

neither the main effect of offspring sex nor any of the indicators could 

significantly predict suckling bout length (Table 3.8a-c). The temporal 

autocorrelation parameter was excluded from all models (Table 3.8a-c), since 

there was no obvious temporal autocorrelation between the lengths of 

consecutive suckling bouts in any of the models. Contrary to suckling 

frequency, suckling bout length increased significantly with offspring age 

(Table 3.8a-c). Within 22 months, offspring suckled approximately one 

minute longer per bout, calculated on the base of the b-value (0.046) for 

offspring age (Table 3.8a). However, this age effect was mainly caused by 

the increase observed beyond 34 months, rather than a steady increase 

throughout the period of MI. Furthermore, consistent through all models and 

similar to suckling frequency, the predominant group activity during which the 

bout took place had a significant effect on bout length, with bouts during gR 

lasting about 0.32-0.34 min (~20s) longer, compared to bouts during gNR. 

There was no evidence that bouts terminated by the mother differed in length 

from bouts terminated by the offspring (Table 3.8a-c). In addition, none of the 

interaction terms involving offspring age and any of the remaining fixed 

effects in each of the models had a significant effect on bout length.  
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Table 3.8 – GLMM showing estimate parameters of fixed-effects on suckling bout length (N 
= 874) using different measure of mother’s condition (a-c).  
 
a) TWE1-model including DS2 = mother’s dominance strength two-division. 

 Fixed-effects B SE t-value p  
Intercept  3.428 0.248      13.85 <0.001 ***
DS2-low   0.092 0.231   0.40   0.692  
Sex-♂     -0.102 0.237 -0.43   0.667  
Off_Age  0.046 0.008  5.82 <0.001 ***
GrpAct-rest   0.331 0.157  2.11   0.035 * M

ai
n 

ef
fe

ct
s 

Term-mother -0.141 0.181 -0.78   0.438  
Intercept  3.402 0.274     12.40 <0.001 ***
DS2-low      0.166 0.390  0.42   0.607  
Sex-♂  -0.052 0.305 -0.17   0.865  
Off_Age  0.045 0.008   5.76 <0.001 ***
GrpAct-rest  0.328 0.157   2.09   0.037 * 
Term-mother     -0.145 0.182  -0.80   0.424  In

te
ra

ct
io

n 
ef

fe
ct

s 

Sex-♂~ DS2-low -0.118 0.476 -0.25   0.805  
 
b) TWE1-model including DS3 = mother’s dominance strength three-division. 

 Fixed-effects B SE t-value p  
Intercept  3.524 0.333       12.74 <0.001 *** 
DS3-medium   -0.188 0.297 -0.63   0.527  
DS3-low  -0.073 0.333        -0.22   0.827  
Sex-♂  -0.032 0.257        -0.12   0.901  
Off_Age  0.044 0.008         5.47 <0.001 *** 
GrpAct-rest   0.338 0.157  2.15   0.031 * 

M
ai

n 
ef

fe
ct

s 

Term-mother  -0.140 0.182 -0.77   0.443  
Intercept  3.341 0.309       19.67 <0.001 *** 
DS3-medium   0.190 0.544  0.34   0.747  
DS3-low  0.451 0.468         1.96   0.291  
Sex-♂   0.423 0.378  1.12   0.272  
Off_Age  0.044 0.008   5.27 <0.001 *** 
GrpAct-rest   0.317 0.158   2.01   0.034 * 
Term-mother  -0.164 0.182        -0.90   0.537  
Sex-♂~DS3-medium -1.027 0.609        -1.69   0.092 . 

In
te

ra
ct

io
n 

ef
fe

ct
s 

Sex-♂~DS3-low -0.657 0.598        -1.10   0.273  
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c) TWE2-model including CP = mother’s condition profile. 
 Fixed-effects b SE z statistic p value  

Intercept  3.456 0.233      14.95 <0.001 *** 
Sex-♂ -0.076 0.244       -0.31   0.755  
CP  0.043 0.126        0.34   0.743  
GrpAct-rest   0.331 0.157        2.11   0.035 * 
Off_Age  0.047 0.008    5.71 <0.001 *** M

ai
n 

ef
fe

ct
s 

Term-mother   -0.143 0.181   -0.79   0.429  
Intercept  -3.522 0.248     -14.22 <0.001 *** 
Sex-♂ -0.119 0.253   -0.47   0.638  
cCP -0.064 0.185       -0.35   0.728  
GrpAct-rest   0.322 0.157        2.05   0.041 *** 
Off_Age  0.045 0.008        5.71 <0.001 *** 
Term-mother   -0.160 0.182       -0.88   0.380  In

te
ra

ct
io

n 
te

rm
 

Sex-♂~cCP    0.211 0.259        0.82   0.414  
GrpAct = group activity, Off_Age = offspring age, Term = responsibility for bout termination, c 
= centred variable. 
 
 

 

3.4.3 Responsibility for bout termination 
 

The mother’s responsibility for bout termination during gR was 

relatively low during the first two years and increased with offspring age 

(Figure 3.3a-b), whereas mothers terminated bouts during gNR at relatively 

high proportions from a very young age, which remained throughout the 

period of lactation.  
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a) Group resting 
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b) Group non-resting 
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Figure 3.3 – Percentage of bouts terminated by mothers and offspring during (a) group 
resting and (b) group non-resting. 
 

 

3.4.3.1 Model comparison 

 

The fit of models on bout termination, which exclusively contained the 

main effects of offspring sex and indicators of mother’s condition, did not 

differ strongly from those models that included both fixed-effects as an 
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interaction term (Table 3.9). When using DS2 and CP as indicators, the 

interaction models showed a slightly better model fit compared to the main 

effects models. In contrast, when using DS3 as an indicator, the main effects 

model revealed a superior fit to the interaction model and the best fit of all 

GLMMs testing mother’s responsibility for terminating bouts.   
 
 
Table 3.9 – Goodness of fit measures (AIC = Akaike Information Criterion) of GLMMs on 
mother’s responsibility for bout termination. Bold = best model fit. 

Indicator for mother’s 
condition 

Model d.f. AIC 

Main effects 8 859.7 TWE1-model DS2
Interaction effects 8 859.5 

Main effects 9 856.2 TWE1-model DS3
Interaction effects 9 857.6 

Main effects 6 858.8 TWE2-model CP 
Interaction effects 6 858.6 

DS2/DS3 = mother’s dominance strength two-/three-division, CP = condition profile. 
 

 

3.4.3.2 Parameter estimates 

 

As in GLMMs on suckling bout lengths, there was no evidence for a 

temporal autocorrelation between consecutively recorded suckling bouts, 

indicating that the party (mother or offspring) that terminated a bout was 

independent from the party that terminated the previous suckling bout. 

Therefore, the temporal autocorrelation covariate could be excluded from all 

models. No significant effect emerged from interaction terms involving 

offspring sex and the indicators of mother’s condition (Table 3.10a-c). 

Furthermore, neither offspring sex nor the indicators in the main effects 

models could significantly predict the mother’s responsibility in terminating 

suckling bouts, except from DS3 in the TWE1-model (Table 3.10b), which 

was identified as having the best model fit. MDS3 and LDS3 mothers were 

significantly more likely to terminate suckling bouts than HDS3 (Table 3.10b). 

Consistent with findings on suckling frequency and bout length, the group 

activity during which the suckling bout was observed influenced the bout 

termination pattern. Mothers were, overall, more likely to terminate a suckling 

bout during gNR than during gR (Table 3.10a-c; Figure 3.3a-b). The 
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interaction term involving the group activity and offspring age was significant, 

indicating that the mother’s responsibility in terminating suckling bouts during 

gNR remained rather constant with increasing offspring age (e.g. see TWE1-

model/main effects: b = -0.006), with a slight tendency to decline, while her 

responsibility in terminating suckling bouts during gR increased when 

offspring matured (Table 3.10a-c).  

 

 
Table 3.10 – GLMM showing estimate parameters of fixed-effects on mother’s responsibility 
for bout termination (N = 872), using different measure of mother’s condition (a-c).  
 
a) TWE1-model including DS2 = mother’s dominance strength two-division. 

 Fixed-effects B SE Z statistic P  
Intercept -1.131 0.337    -3.36 <0.001 *** 
DS2-low   0.168 0.305      0.55   0.582  
Sex-♂   0.096 0.340      0.28   0.778  
cOff_Age -0.006 0.014     -0.41   0.681  
GrpAct-rest -0.857 0.201     -4.26 <0.001 *** M

ai
n 

ef
fe

ct
s 

GrpAct-rest~cOff_Age   0.032 0.014      2.30   0.022 * 
Intercept -1.376 0.366     -3.76 <0.001 *** 
DS2-low   0.750 0.486      1.54   0.123  
Sex-♂      0.510 0.422      1.21   0.227  
cOff_Age    -0.006 0.013     -0.44   0.662  
GrpAct-rest  -0.866 0.201     -4.30 <0.001 *** 
GrpAct-rest~cOff_Age  0.032 0.014      2.80   0.022 * In

te
ra

ct
io

n 
ef

fe
ct

s 

Sex-♂~ DS2-low -0.921 0.602     -1.53   0.126  
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b) TWE1-model including DS3 = mother’s dominance strength three-division. 
 Fixed-effects b SE Z statistic P  

Intercept -1.488 0.355     -4.19 <0.001 *** 
DS3-medium  0.736 0.363      2.03   0.043 * 
DS3-low   0.912 0.408      2.23   0.026 * 
Sex-♂  -0.060 0.357     -0.17   0.867  
cOff_Age -0.001 0.014     -0.05   0.960  
GrpAct-rest  -0.879 0.202     -4.34 <0.001 *** 

M
ai

n 
ef

fe
ct

s 

GrpAct-rest~cOff_Age  0.031 0.014      2.18   0.029 * 
Intercept   -1.796 0.396     -4.53 <0.001 *** 
DS3-medium 1.517 0.660      2.30   0.022 * 
DS3-low      1.427 0.556      2.57   0.010 * 
Sex-♂      0.628 0.529      1.19   0.235  
cOff_Age     0.001 0.013      0.06   0.955  
GrpAct-rest     -0.897 0.202     -4.43 <0.001 *** 
GrpAct-rest~cOff_Age  0.031 0.014      2.22   0.027 * 
Sex-♂~DS3-medium    -1.194 0.776     -1.54   0.124  In

te
ra

ct
io

n 
ef

fe
ct

s 

Sex-♂~DS3-low -1.082 0.763     -1.42   0.156  
 
c) TWE2-model including CP = mother’s condition profile. 

 Fixed-effects b SE z statistic p value  
Intercept -0.975 0.314    -3.11   0.002 *** 
Sex-♂ -0.013 0.355    -0.04   0.970  
cCP  -0.194 0.179    -1.08   0.279  
GrpAct-rest  -0.858 0.201    -4.26 <0.001 *** 
cOff_Age -0.005 0.013    -0.38   0.707  M

ai
n 

ef
fe

ct
s 

GrpAct-rest~cOff_Age  0.032 0.014     2.24   0.025 * 
Intercept -0.877 0.310    -2.83   0.005 ** 
Sex-♂ -0.045 0.340    -0.13   0.894  
cCP  -0.428 0.236    -1.81   0.070 . 
GrpAct-rest  -0.868 0.201    -4.32 <0.001 *** 
cOff_Age -0.004 0.013    -0.29   0.773  
GrpAct-rest~cOff_Age  0.032 0.014     2.24   0.025 * In

te
ra

ct
io

n 
te

rm
 

Sex-♂~cCP     0.527 0.345     1.52   0.127  
GrpAct = group activity, Off_Age = offspring age, c = centred variable. 
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3.4.4 Weaned age 
 

The earliest observed weaned offspring in the combined dataset was 

confirmed at approximately 22 months and was a female (CLO, Table 3.11) 

of a high dominance strength mother (FLO). Interestingly, the next three 

earliest weaned ages were also recorded for female offspring (UMC, MAK, 

TBA) of high dominance strength mothers (TUC, PUC, MAG), which supports 

the TWH. It is notable that those females had the same mother (EFF). In 

comparison, the weaned age of three male offspring (JOA, BIL, CUM) with 

high dominance strength mothers (FUD, FUD, MAH) was later, but still at an 

earlier stage than two other female offspring (NDW, FAT) with high 

dominance strength mothers (PUC, KWR). It is striking that the mothers of 

the latter two female offspring with later weaned ages were also the oldest 

females (30 and 38 years) of all available high dominance strength mothers 

in Table 3.11, suggesting that the weaned age increased again for older 

mothers. PUC’s health was in a critical condition when she died from cancer 

at the age of 38.4 years, leaving behind her youngest female offspring, NDW, 

who was still suckling at the age of 50 months. Equally, in accordance with 

the TWH, the latest weaning age across the studies was recorded between 

58-61 months, for a female (KRN) with a low dominance strength mother 

(NAH).  
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Table 3.11 – Weaned age (period) of offspring sorted by offspring age at weaning, including 
details of mother and offspring.  

GS Offspring Parity 

Mean 
age: 

mothe
r 

Se
x 

DS2 DS3

Earliest 
possible 

age 
(month) 

Oldest 
possible 

age 
(month) 

1 NOH Multi ~21.7 ♂ L M-L unk 42 

2 KUN Multi ~14.9 ♀ H M unk 36 

1 TBA Multi ~24.7 ♀ H H unk 33 

3 CLO Multi   24.8 ♀ H unk 21 22 

3 QUI Multi   21.0 ♀ L unk 28 29 

3 UMC Multi   18.9 ♀ H H 30 31 

2 MAK Multi   20.0 ♀ H H 31 32 

1 ISU Multi   ~22.1 ♀ H-L M 32 35 
1 CUM Multi   22.0 ♂ H H-M 35 39 

3 BIL Primi   11.3 ♂ H unk 36 37 

3 DAR Multi   21.3 ♂ L unk 37 38 

1 TOB Multi   22.4 ♂ H-L M 37 38 

3 TUC Multi   22.2 ♀ H H 37 38 

3 SAN Primi   13.3 ♂ L unk 38 39 

2 INS Multi   22.0 ♂ L M 41 46 

3 AUG Primi   12.7 ♀ L unk 42 43 

2 GWI Multi   38.8 ♂ L M 45 46 

2 JOA Multi   22.1 ♂ H M 45 49 

2 UGE Multi   20.1 ♂ L M 45 49 

2 TET Primi   11.9 ♂ L L 46 47 

1 TMS Primi   15.4 ♀ L M-L 47 47 

2 IGZ Primi   12.7 ♂ H-L H-M 47 50 

2 FAT Multi   28.0 ♀ H H 47 48 

3 ZIZ Multi   30.7 ♂ L unk 48 49 

1 NDW Multi   36.9 ♀ H H 49 50 

2 KRN Primi   12.9 ♀ L L 58 61 

GS = group size (1 = large, 2 = medium, 3 = small), Primi = primiparous, Multi = multiparous; 
DS2 = mother’s dominance strength two-division (H = high, L = low); DS3 = mother’s 
dominance strength three-division (H = high, M = medium, L = low, unk – unknown). 
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The accuracy of the weaned age ranged from one day (weaning 

through emigration or death of mother) up to five months (Table 3.11 and 

Figure 3.4). When considering only offspring with a weaned age accuracy of 

two months or less, the mean age of weaning was 39.2 months (N = 16). The 

mean weaned age increased to the age of approximately 41 months (N = 

23), when including all offspring with a known earliest possible weaned age 

and latest possible weaned age (Table 3.11). Weaned ages clustered (Figure 

3.4) at a relatively early age (35-40 months) and a relatively late age (45-50 

months), suggesting that the mean weaned age is not biologically meaningful 

in the mountain gorilla. In the following sections and chapters, the term 

‘critical weaning period’ refers to a developmental stage at which offspring 

were usually weaned. Since this occurred beyond the age of two years in 

most cases, the beginning of the critical weaning period was defined at two 

years, while the end of this period referred to the latest observed suckling 

bout in the dataset (58 months). 
 
 
 

 
Figure 3.4 – Weaned age period of male (blue line) and female (red line) offspring   
presented by mother’s dominance strength (‘2’ = two-division, ‘3’ = three-division); bold 
dashed lines = possible weaned age period of offspring who were already weaned at first 
field observation; *maternal age >28 years. 
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To investigate whether there was a main effect of offspring sex and 

DS2 on weaned age, both predictors were entered in a survival analysis 

(Table 3.12). The probability of being weaned per age-month did not differ 

between offspring sexes and levels of DS2. Only group size was related to 

weaned age. Offspring living in small groups were significantly more likely to 

be weaned, on average ~2.3 times more likely, compared to offspring in large 

groups, indicated by a positive coefficient and an earlier dropping survival 

curve (Figure 3.5). The small number of mother-offspring pairs may have 

contributed to large standard errors of the estimates (b-values) and wide 

confidence intervals.  

 
Table 3.12 - Cox proportional-hazard regression model showing estimate parameter of 
predictors on weaned age (N = 35), using mother’s dominance strength two-division (DS2).  

Variable b SE z P Exp(b)            95% CI 
                   Lower/Upper 

DS2–low  0.103 0.492  0.044 0.834 1.109          0.423 /   2.908 
Sex–♂  -0.310 0.450  0.476 0.490 0.733          0.304 /   1.770 
GrpSize   6.300 0.043  
GrpSize-medium -0.478 0.311  2.363 0.124 0.620          0.337 /   1.141 
GrpSize-small  0.844 0.346  5.936 0.015 2.325          1.179 /   4.582 

GrpSize = group size  
 
 
 

 
 
Figure 3.5 – Cox regression plot of the weaning curve for offspring presented by group size.  
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The interaction effect of offspring sex and DS2 was not significant (b ± 

SE = -0.140 ± 0.931, z = 0.023, p = 0.880). Nevertheless, it is noticeable that 

the survival curve for males with low dominance strength mothers dropped at 

slightly earlier ages (Figure 3.6a), indicating that males were more likely to be 

weaned during the critical weaning period, as predicted by the TWH. The 

survival curves of male and female offspring with high dominance strength 

mothers were nearly identical (b ± SE = 0.209 ± 0.669, z = 0.098, p = 0.755), 

although the females’ curve declined slightly earlier, showing that females 

were more likely to be weaned, which also agreed with the TWH (Figure 

3.6b). These non-statistical sex-differences might become more obvious and 

statistically significant with increasing sample size. 

 

 

 
a) Low dominance strength mothers                           b) High dominance strength mothers 

 
Figure 3.6 – Cox regression plot of the weaning curve for offspring with (a) low and (b) high 
dominance strength mothers presented by offspring sex.  
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Similar findings emerged when using CP as an indicator of mother’s 

condition (Table 3.13): neither the main effects of offspring sex and mother’s 

CP scores, nor their interaction term, significantly predicted weaned age (b ± 

SE = 0.197 ± 0.277, z = 0.002, p = 0.741). The most important variable in 

predicting weaned age was group size, showing a significant difference 

between small and large groups, as found in the previous models.  

 

 

Table 3.13 - Statistical summary of covariates examined in a Cox proportional-hazard 
regression model on weaned age (N = 35), using mother’s condition profile. 

Predictor b SE Wald p-
value 

Exp(b)          95% CI          
                Lower/Upper 

Sex-♂ -0.315 0.455 0.479 0.489 0.730        0.299 /   1.780 
CP  0.023 0.254 0.008 0.928 1.023        0.622 /   1.684 
GrpSize    6.751 0.034    
GrpSize-medium -0.468 0.309 2.301 0.129 0.626        0.342 /   1.147 
GrpSize-small  0.822 0.328 6.278 0.012 2.274        1.196 /   4.324 

CP = mother’s condition profile, GrpSize = group size,  
 

 

When fitting regression lines to data on weaned age of sons and 

daughters (including only offspring who were weaned by the end of the 

observation period) plotted by CP scores (Figure 3.7), using a least squares 

fitting technique (Ledvij, 2003), quadratic regression curves gave a superior 

fit to linear regression lines. This was indicated by higher goodness of fit 

values (R2, Figure 3.7). There was an extreme variation in weaned age of 

daughters across maternal conditions. This contrasted strongly to the 

weaned age of sons, which did not vary strongly across maternal conditions. 

Mothers with low and high CP had the longest lactation periods with 

daughters, indicating a high maternal investment. Mothers whose condition 

was close to the curve optimum at a CP score of approximately 0.4 (~21-year 

old, high to medium dominance strength, three surviving offspring) weaned 

their daughters at a very young age, indicating a low maternal investment. 
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Figure 3.7 – Linear and quadratic curve fit of data on weaned age and mother’s mean 
condition during lactation period. 

 

 

When adding the quadratic term of CP scores to the regression model, 

the interaction between offspring sex and the quadratic term of CP2 was 

significant (b ± SE = -1.373 ± 0.598, z = 5.277, p = 0.022), indicating that the 

relationship between CP and the weaned age differed between sexes, as 

suggested in Figure 3.7.  

When substituting the quadratic term of CP with the quadratic term of 

maternal age, neither the main effect of maternal age2 nor the interaction 

term involving offspring sex and maternal age2 could explain weaned age 

(main effect: b ± SE = -0.004 ± 0.004, z = 0.994, p = 0.319; interaction term: 

b ± SE = 0.001 ± 0.002, z = 0.451, p = 0.502). This demonstrates that 

maternal age alone cannot explain weaned-age patterns, but CP which is 

composed of parity, maternal age and the number of surviving offspring.  

 95



Chapter 3 _____________________________________________________ 

Each survival analysis was repeated without offspring whose weaned-

age period potentially covered more than two months (KRN, IGZ, CUM, ISU, 

JOA, INS, and UGE), and hence, which might have led to unreliable results.  

 
3.4.5 The timing of weaning 

 

Continued suckling throughout a subsequent pregnancy and until the 

mother gave birth to another infant was not observed. However, a mother 

(MUK) provided milk to her daughter (ISU) 6-9 months after weaning was 

completed (weaned age = 33.5 months), following the death of her one-day-

old newborn. Weaned age relative to subsequent conception could be 

calculated for 20 mother-offspring pairs (Figure 3.8; Table 3.14). Assuming 

that the gestation lasts 255 days (8.5 months), ten out of 20 (50%) offspring 

continued suckling beyond the mother’s subsequent conception. Five 

mothers weaned their offspring (four females and one male) before 

subsequent conception, although it cannot be excluded that those mothers 

suffered any miscarriages that were not recorded. The subsequent 

conception date of the five remaining mothers could not be clearly placed 

before or after the weaning age of their current offspring. However, even if 

the weaned age could not be estimated accurately for most of offspring, data 

show a large variability in the occurrence of the weaning peak relative to the 

subsequent conception, in particular in female offspring. The proportional 

overlap of the lactation period with the subsequent pregnancy over the 

gestation period (lactation-pregnancy overlap) ranged from zero to 67.8%. 
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Figure 3.8 – Timing of weaned age period of male (blue line) and female (red line) offspring 
in relation to the calculated date of mother’s subsequent conception presented by mother’s 
dominance strength (‘2’ = two-division; ‘3’ = two-division); negative time = number of days 
before conception, positive time = number of days after conception; *offspring with youngest 
weaning age (22 months).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 97



Chapter 3 _____________________________________________________ 

Table 3.14 – Timing of weaned age period (in days) relative to the calculated date of 
mother’s subsequent conception, including details of offspring and mother; positive numbers  
indicate ‘lactation-pregnancy overlap’ = number of days after conception; negative numbers 
indicate ‘weaned-conception periods’ = number of days before conception; ‘0’ = day of 
conception. 

Offsprin
g 

Parity Sex Dom2 Dom3 

Earliest 
possible 
weaning time 
point (day) 

Latest 
possible time 
point (day) 

QUI M F L unk -322 -292 
AUG P F L unk -247 -217 
CLO M F H unk -164 -134 
KRN P F L L -143 -61 
INS M M L M -62 89 
ZIZ M M L unk -32 -5 

CUM M M H H-M -18 102 
JOA M M H M -12 110 
IGZ P M H-L H-M 0 83 
TET P M L L 4 33 
TUC M F H H 10 40 
UGE M M L M 14 134 
FAT M F H H 23 51 
ISU M F H-L M 23 114 
BIL P M H unk 37 67 

MAK M F H H 42 75 
TOB M M H-L M 61 72 
SAN P M L unk 65 95 
UMC M F H H 68 102 
DAR M M L unk 158 188 

F = female, M = male; P = primiparous, M = multiparous; DS2 = mother’s dominance strength 
two-division (H = high, L = low); DS3 = mother’s dominance strength three–division (H = high, 
M = medium, L = low; unk = unknown). 
 
 
 

For further analysis, the mean distance of weaned age (in days) to the 

subsequent conception was calculated. The independent variables 

influenced neither the length of the lactation-pregnancy overlap nor how 

many days before or after subsequent conception an offspring was weaned 

(Table 3.15). Only daughters of low LDS2 mothers tended to be weaned 

before the subsequent conception, which contrasted to sons of LDS2 

mothers, who, on average, were weaned after subsequent conception 

 98 



_____________________________________________________Chapter 3 

(Figure 3.9). All analyses were repeated without offspring whose possible 

weaned age period covered more than two months (KRN, IGZ, CUM, ISU, 

JOA, INS, and UGE), and hence, who might have led to unreliable results, 

but no significant changes occurred in the outcome of the models. 

 

 
Table 3.15 – Influence of independent variables on the distance (in days) between weaned 
age and subsequent conception and the lactation-pregnancy overlap.  
Independent 
variable 

N Weaned age to conception 
distance (in days) 

Lactation-Pregnancy 
overlap (%) 

Weaned age 20 rS = -0.149    p = 0.531 rS = -0.149   p = 0.531  

Sex-current 20 Z = 0.989     p = 0.282  Z = 0.876     p = 0.317  

Sex-subsequent 14 Z = 0.617     p = 0.784  Z = 0.617     p = 0.753  

DS2 17 Z = 0.822     p = 0.509  Z = 0.822     p = 0.509  

HDS2~Sex 8 Z = 0.822     p = 0.464  Z = 0.822     p = 0.464  

LDS2~ Sex 8 Z = 1.225     p = 0.085  Z = 1.021     p = 0.222  

Group size 20 X2 = 1.235   p = 0.539  X2  = 1.247   p = 0.247  

DS2 = mother’s dominance strength (two-division) (LDS2 = low, HDS2 = high), Z = 
Kolmogorov-Smirnov Z, rs = Spearman’s rank correlation coefficient. 
 

 

 
 
Figure 3.9 – Timing of weaning in relation to subsequent conception (indicated by the vertical 
line) for male (M) and female (F) offspring with high (H) and (L) low dominance strength 
mothers (two-division). (Sample size see Table 3.4a). 
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3.5 Discussion 
 

3.5.1 Suckling patterns 
 

Strong support for the TWH (1973) from suckling patterns was found 

in the present study on mountain gorillas, showing, for the first time, a 

significant sex-bias with respect to maternal condition. Across different 

measures of maternal condition, sons of mothers in good condition had 

higher frequencies of suckling than daughters of mothers in good condition, 

while a reversed pattern emerged in offspring of mothers in poorer condition. 

This was consistent with findings on IBI in mountain gorillas (Robbins et al., 

2007a); mothers in good condition have longer IBIs after rearing sons, while 

mothers in poorer condition have longer IBIs after rearing daughters. This 

further supports the link between suckling frequency and anovulation.  

Suckling frequency has been linked to the postpartum anovulatory 

effect and the IBI in most mammalian species (see McNeilly 1994, 1997; 

cows, Stevenson et al., 1997) including humans (Konner & Worthman, 1980; 

Taylor et al., 1991) and non-human primates (vervet monkeys, C. aethiops, 

Lee, 1987; mountain gorillas, Gorilla beringei beringei, Stewart, 1988; 

cynomolgus monkeys, M. fascicularis, Gordon et al., 1995). In general, short 

IBIs inhibit folliculogenesis and ovulation, while a decline in suckling 

frequency increases the oestradiol secretion, which stimulates a luteinising 

hormone flow and ovulation (McNeilly, 1997). As shown in previous studies 

on suckling pattern in mountain gorillas (Stewart, 1988; Fletcher, 1994) and 

other primates (chimpanzees, Pan troglodytes, Clark, 1977; olive baboons, 

P. anubis, Nicolson, 1982, 1987; vervet monkeys, Lee, 1987; rhesus 

macaque, M. mulatta, Gomendio, 1990; western gorillas, G. gorilla gorilla, 

Nowell, 2005), the combined dataset in the current study confirmed an 

overall decline in suckling frequency as an infant matures. Importantly, the 

present study demonstrated that the decline was mainly caused by a 

reduction of suckling bouts during gNR, which was not compensated by a 

complementary increase of suckling bouts during gR. This may reflect the 

mothers’ effort to reschedule suckling activities to convenient times, such as 

gR (Altmann, 1980; Barrett et al., 1995). Consideration of the predominant 
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group activity (see Chapter 4 and 5) is thus critical when investigating 

suckling patterns in mountain gorillas and should be considered in future 

studies of other mammalian species. This effect, if generalised, may be 

masking the understanding of suckling behaviour.  

In contrast to suckling frequency, bout length in the current study 

provided no evidence for sex-biased maternal investment consistent with the 

TWH. Suckling bout length was neither related to offspring sex, nor to the 

mother’s condition, nor the combination of both, confirming general findings 

across primate species for sex (see Gomendio, 1990; Nash, 2003; Nowell, 

2005). In contrast, rank-related differences in suckling bout lengths have 

been reported from some primate studies, showing an overall advantage for 

offspring with high-ranking mothers (gelada baboons, Dunbar, 1977; vervet 

monkeys, Whitten, 1982; rhesus macaques, Gomendio, 1990). Dominance 

rank can influence an individual’s access to foods and foraging efficiency, 

which may result in inter-individual variation in nutritional status and, 

eventually, inter-individual variation in fertility (see review by Harcourt, 1987). 

Over a long period, IBIs in mountain gorillas indicated a higher fertility in 

high-ranking females compared to low-ranking females (Robbins et al., 

2007a), but this contrasts with the present findings on suckling bout length 

and frequency, as the mother’s condition alone did not explain the variance in 

the variables. This could be interpreted in at least two different ways. Firstly, 

food access and foraging efficiency in female mountain gorillas may be 

independent of female dominance (see Chapter 5). This is supported by 

studies on gorilla food availability and distribution in the Virungas (Fossey & 

Harcourt, 1977; Vedder, 1984; Watts, 1984; McNeilage, 1995) and the lack of 

clear evidence for within-group scramble competition (Robbins et al., 2007b). 

In this case, the evidently higher fertility in high-ranking female mountain 

gorillas (Robbins et al., 2007b) may be due to other factors that are directly 

linked to female dominance and fertility, such as stress level (see review by 

Harcourt, 1987). Secondly, the nutritional status of lactating mothers may not 

affect suckling patterns (although they may affect milk quality (Bailey, 1965)), 

but may directly influence ovarian activity. However, rather the opposite 

effects emerged from a study of humans (Lunn, 1988) and a study of deer 

(Loudon et al., 1983).  
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If bout length has an influence on future reproductive success by 

inhibiting postpartum ovulation, as does suckling frequency, then mothers 

should reduce suckling bout lengths with increasing offspring age by 

controlling the length of suckling bouts (Nowell, 2005). The impact of suckling 

bout length on the anovulatory effect has been suggested to be minor, 

compared to suckling frequency (Wood et al., 1985; Stewart, 1988). Suckling 

bout lengths in the current study increased rather than decreased when 

offspring matured. It has been suggested that an increase in suckling bout 

length may reflect the increase in body cell mass when offspring mature, 

which directly affects the resting energy expenditures (Roza & Shizgal, 

1984). However, the total milk intake may remain constant overall, due to a 

decline in nipple contact with age, although findings on bout length appear to 

contrast with previous studies that have shown no overall changes in bout 

length over infancy (Stewart, 1981; Fletcher, 1994). The occurrence of very 

long suckling bouts during the critical weaning period, which have also been 

observed beyond the age of 40 months by Fletcher (1994), and different 

statistical and analytical approaches, may partly explain the effect. 

Unfortunately, previous studies did not account for the predominant group 

activity during the suckling event as a potential source of variation in bout 

length, which was important in the present study; with suckling bouts during 

gR lasting longer than during gNR. Suckling during gNR may interfere with 

the foraging activities of the mother and the moving patterns of group as a 

whole, and may therefore be more likely to be interrupted (Altmann, 1980; 

Barrett et al., 1995), resulting in shorter bouts. This was further supported 

through observations of mothers terminating suckling bouts. During gNR, 

bout termination by mothers remained at consistently higher levels than 

during gR. 

As shown recently in western gorillas (Nowell, 2005), mountain gorilla 

mothers were more likely to terminate suckling bouts with increasing 

offspring age, although only during gR when the majority of suckling bouts 

took place. This indicates that mothers increasingly controlled suckling bout 

lengths as the offspring matured, as predicted by the parent-offspring conflict 

over maternal resources (Trivers, 1974), with mothers counteracting 

offspring-demand for longer suckling bouts by an increase in suckling bout 
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termination. Nevertheless, it was striking that suckling bouts that were 

terminated by mothers did not differ in length from bouts that were terminated 

by offspring. This may reflect an unstable conflict resolution, in which mother 

and offspring engage in a continuing ‘arms race’ (Haig, 1993). Offspring may 

try to suckle gradually longer when they grow larger, while mothers may 

tolerate this growing demand to a certain extent, but counteract it by 

increasing the termination of suckling whenever their optimum in resource 

allocation is exceeded. This may result in a temporary decline in bout length 

until offspring repeatedly try to prolong bouts. An alternation of such moves 

and countermoves between offspring and mothers may explain why bout 

length was not determined exclusively by one member of the party. 

Alternatively, the bout may have stopped whenever the breast was empty, 

but, if the offspring hang on beyond that stage for another reason, then the 

mother terminated. 

The disparity of optima in mother and offspring resource allocation, 

which defines the potential intensity of the mother-offspring conflict (Trivers, 

1974; Parker & Macnair, 1978), may be lower in offspring with mothers in 

good condition compared to offspring with mothers in poorer condition, due to 

variations in the mother’s ability to meet lactation costs (Hinde, 2009). The 

provision of large amounts of milk per bout is energetically expensive 

(Oftedal, 1984), and controlling suckling bout lengths may be important to 

prevent the deterioration of the mother’s physical condition, which can 

eventually lead to a higher mortality risk and reduced reproductive success 

(Altmann, 1980). In this study, subordinate mothers were shown to terminate 

suckling bouts more often than HDS3 mothers. Alternatively, offspring of 

subordinate mothers may be more demanding than offspring of dominant 

mothers, e.g. if their physical condition is poorer (see Fairbanks & McGuire, 

1995; Altmann & Alberts, 2005). Some studies suggest that low quantity and 

quality of mother’s milk can affect the infant phenotype in primates (Hinde, 

2009) and other mammalian species (harp seals, Phoca groenlandica, 

Oftedal et al., 1996; Iberian deer, Cervus elaphus hispanicus, Gómez et al., 

2002). Here, however, there was no evidence that offspring of mothers in 

good condition received higher quantities of milk than offspring of mothers in 

poorer condition, from suckling measures (frequency and bout length). 
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Nevertheless, it is impossible to conclude that observed nipple contacts were 

exclusively nutritive contacts (Tanaka, 1992), and so these findings need to 

be treated cautiously.  

If nipple contact is a largely reliable measure for milk transfer, variation 

in mothers’ milk quality, rather than milk quantity, would be a potential source 

of phenotypic variation in infants. To date, information about inter-individual 

variation in milk quality / composition as a function of maternal characteristics 

in nonhuman primates is sparse and based primarily on captive studies. 

Maternal size can positively influence the fat concentration and gross energy 

in the milk of captive, twin-rearing, common marmoset mothers (Tardif et al., 

2001) and smaller mothers were also more likely to lose weight and to 

become ill than larger mothers, resulting in a lower reproductive success in 

the following year. Although milk composition in humans is relatively robust 

against environmental fluctuations and variation in maternal condition (see 

review by Prentice et al., 1994), a relationship has been shown with body 

composition and parity (see review by Dewey, 1997). Thus, it is likely that 

offspring of subordinate mountain gorilla females received lower quality milk 

than offspring of dominant females. As a consequence, offspring of 

subordinate mothers may have tried to compensate for this nutritional 

disadvantage by demanding longer suckling bouts. Captive studies on 

variations in milk yield and milk quality in western gorillas, and their 

consequences for infant development, may improve the understanding about 

mother-offspring interactions during nutritional dependency. 

Variations in the concentration of arachidonic acid (AA), a long-chain 

polyunsaturated fatty acid that is four times higher in mountain gorilla milk 

than in other anthropoids (Milligan et al., 2008), as a function of maternal 

condition, may be a key determinant for early differential growth and 

development in infants, the benefits of which may be transferred into 

adulthood (Trivers & Willard, 1973). AAs are crucial in many physiological 

processes, such as in activating immune cells (see review by Lauritzen, 

2001), and for the development of the central nervous system, as well as for 

the growth of muscles and other organs during prenatal and early life 

(Koletzko & Braun, 1991; Innis, 1999; Lauritzen et al., 2001; Burdge, 2004). 

Since infants cannot synthesise AAs initially after birth, mothers must supply 
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the fatty acid with the milk. Higher concentrations in the milk of mothers in 

good condition, compared to mothers, in poor condition could potentially 

induce earlier and faster growth and development in sons of mothers in good 

condition than in sons of mothers in poorer condition, with potential long-term 

effects on male reproductive success. However, data on growth rates of 

mountain gorillas are not available yet. Simultaneous data collection on 

suckling behaviour, including milk quality, and body weight, as well as on 

growth rates, which is an immense methodological challenge in the wild, 

could help to yield more light on the direct currency (benefits and costs) of 

early maternal investment and the role of AAs.  

An obvious question is why such strong support for the TWH occurs in 

mountain gorilla suckling behaviour, consistent with findings on inter-birth 

intervals (Robbins et al., 2007a), while there is an overall lack of support for 

this hypothesis from other primate species. This may be due to gorillas being 

the largest and most sexually dimorphic of all extant primates (Taylor, 1997) 

living in a polygynous mating system. As a consequence, the competitive 

ability of males may be more crucial for male lifetime reproductive success 

than in other primates. Strong support for the TWH has also emerged from 

other highly sexually dimorphic mammalian species (Glucksmann, 1974) with 

polygynous mating systems, such as ungulates (i.e. red deer, C. elaphus, 

Clutton-Brock et al., 1986; Post et al., 1999).  

 

3.5.2 Weaned age 
 

Offspring age at the termination of nutritional support by the mother, 

here referred to as ‘weaned age’, is an important measure of maternal 

investment, since delayed weaning can reduce the mother’s future 

reproductive success, while premature weaning can reduce the offspring’s 

chances of survival and its future reproductive success, due to potentially 

higher morbidity risks and restricted growth and development, respectively 

(Trivers, 1972; Lee, 1996; Kennedy, 2005). Therefore, weaned age is 

important in understanding female reproductive strategies (Lee, 1996) and 

ultimately in assessing the viability of a population (Kennedy, 2005; Zhao et 

al., 2008).  
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On average, mountain gorillas were weaned at 39.2 months, although 

the current study suggests that mean weaned age is not meaningful in 

mountain gorillas, as weaned age tended towards a bimodal distribution, 

dividing offspring in early- and late-weaned categories. More data on weaned 

age are needed to confirm this pattern. Mountain gorillas are weaned much 

earlier than western gorillas (55 months, Nowell, 2005), chimpanzees (60 

months, Clark, 1977; Pusey et al. 1997), and orang-utans (Pongo pygmaeus 

abelii), who suckle the longest of all hominids (84 months, van Noordwijk & 

Schaik, 2005). A mother should wean the current offspring when the benefits 

of investing in the subsequent offspring are higher than the costs of 

terminating the nutritional support to the current offspring (Trivers, 1974). 

Variations in weaned age among primates and other mammalian species 

have been attributed to ecological constraints (Lee et al., 1991; van 

Noordwijk & van Schaik, 2005; Nowell, 2005), such as food availability and 

social limitations (see solitary lifestyle hypothesis: van Noordwijk & van 

Schaik, 2005), and thus risks are low to the weaned offspring. For example, 

early weaning when food is scarce and unpredictable can increase the 

offspring’s mortality risk (Fragaszy & Bard, 1997). However, mountain gorillas 

feed on relatively abundant and evenly distributed foliage (Fossey & 

Harcourt, 1977; Vedder, 1984; Watts, 1984; McNeilage, 1995). In 

comparison, the diet of western lowland gorillas, chimpanzees and orang-

utans relies more heavily on fruit resources, which are often less evenly 

distributed and less predictable throughout the seasons (Tutin & Fernandez, 

1993; van Noordwijk & van Schaik, 2005).  

The level of infanticide risk in a population might also contribute to 

weaning patterns (see Parker, 1999). Mothers in anovulation with dependent 

offspring are most vulnerable to infanticide attacks (Watts, 1989). To shorten 

the period until the mother’s next oestrous, infanticidal males kill dependent 

offspring that they did not sire (Hrdy, 1974). Earlier weaning in mountain 

gorillas may reflect the higher level of infanticide risk in this species, 

compared to other great ape populations (see Parker, 1999).  

An alternative explanation for the variation occurring in weaned age 

among great apes may be differences in the milk quality. Mountain gorillas 

may produce higher quality milk, which supports faster growth rates, as 
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demonstrated in cows (Diaz et al., 2001), facilitating earlier development and 

independence. 

One aim of this chapter was to investigate whether population patterns 

of weaned age provide evidence for the TWH. Age-related patterns in the 

female reproductive success of mountain gorillas follow a quadratic 

relationship, indicating a relatively low fertility for the youngest and oldest 

females (Robbins et al., 2006). Similar patterns emerged from data on 

weaned age in this study, but only for daughters. Mothers with low and high 

CP scores had relatively long lactation periods with daughters. This 

contrasted strikingly with the weaned age for sons, which was independent of 

the mother’s CP. Thus, in terms of weaned age, the level of maternal 

investment in sons remained relatively constant across different types of 

mothers, whereas the level of maternal investment in daughters showed 

extreme variation. This suggests that variations in FRS and sex-biases in 

maternal investment in mountain gorillas may be primarily determined by 

regulation of maternal investment in daughters as a function of maternal 

condition. The capacity to influence early maternal investment in sons may 

be limited, due to neonatal sexual dimorphism, reflected in relatively higher 

birth body mass in males than in females (Meder, 1990; Leigh & Shea, 

1996). Thus, raising a son may imply generally greater lactational demands 

on mothers (see also Chapter 5). 

The mother’s dominance strength and maternal age could not 

independently explain weaned age patterns. Only the combination of three 

maternal characteristics, including parity, maternal age and mother’s 

dominance strength, compiled in the mother’s CP, was related to the weaned 

age and revealed sex differences. Therefore, more diverse indicators may 

describe the mother’s condition more precisely and allows further 

differentiation between mothers. The combination of maternal characteristics 

has been also shown to be important in explaining female reproductive 

success in other primate species. In mandrills (Mandrillus sphinx), female 

reproductive success is strongly interlinked with maternal age and social 

rank, in particular at first parturition (Setchell et al., 2001). A literature survey 

on primates (Anderson, 1986) showed that maternal age and parity (either 

independently, or in combination) can influence the reproductive outcome of 
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females, with young mothers and/or mothers with low parity having generally 

reduced reproductive performance. Future research, including the non-

invasive measurement of hormonal levels (e.g. from urine), should be used to 

investigate this further.  

There has been much discussion about the misleading term of 

‘maternal ability’ in TWH (Bercovitch, 2000; Brown, 2001; Grant, 2003). 

Maternal ability (condition) has been interpreted in many different ways, with 

indirect, rather than direct, measures being used. This current study suggests 

that a single measure applied to all behavioural correlates may not be 

appropriate, since correlates of MI may be affected differently by indicators of 

maternal condition. For example, reduced reproductive performance, 

measured by IBIs and survival rates in relatively old mothers (Robbins et al., 

2006), may not affect their milk production and allocation to sons and 

daughters, but their ability to resume oestrus or to successfully conceive 

again. Thus, very old mothers may wean sons and daughters at similar ages, 

but provide milk less frequently to daughters than sons during the period of 

milk provision. Therefore, the selection of indicators in MI studies should also 

take into account which effect the measure of maternal condition may have 

on each of the correlates of MI under consideration. 

Although results from this study need to be interpreted cautiously, sex- 

differences in weaned age, as discussed above, show some consistencies 

with the TWH. The equalisation of lactation lengths with daughters to those of 

sons in mothers with very high CP scores was in accordance with the 

terminal investment hypothesis (as reviewed by Caro et al., 1995), which 

predicts that aging mothers increase their reproductive effort in current 

offspring as their potential future reproductive success declines. Mothers with 

very high CP scores were also relatively old. Although there is no clear 

evidence for a long post-reproductive lifespan in female mountain gorillas, 

the increase in miscarriages in multiparous mothers older than the age of 27 

is likely to reflect a reduced physiological capacity to reproduce in older 

females (Robbins et al., 2006); endometrial and ovarian aging has been 

associated with declining fertility in aging women (Frank et al., 1994). In 

terms of the TWH, mountain gorilla mothers are expected to invest least 

(earliest weaned age) in their daughters under optimal physical conditions, 
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and indeed, the shortest lactation periods with daughters were found in 

mothers in their early 20s. This reflected findings on total and surviving birth 

rates in female mountain gorillas in the most part, which began declining at 

the age of 20 (Robbins et al., 2006), suggesting that the mother’s capability 

to reproduce is past the optimum at this age.  

It is notable that suckling frequency did not reflect the pattern found in 

weaned age for daughters of mothers who had high CP scores. However, 

suckling patterns only capture the level of investment during the lactation 

period, but do not provide information about the actual length of the period. 

Thus, aging mothers with relatively high CP may maintain suckling 

frequencies at relatively low levels with daughters, compared to sons, but 

sustain lactation over prolonged periods, which could eventually exceed 

those of sons. This may be an efficient strategy of aging mothers, who are 

likely to cease reproduction due to a low health status.  

Whether offspring who suckled more frequently and/or were weaned 

later are likely to have an advantage in future reproduction over those who 

suckled less frequently and/or were weaned earlier remains an open 

question. The long lifespan of primates, combined with the inherent 

difficulties in assessing maternal investment reliably (Bercovitch, 2002), as 

well as numerous ecological and social factors across life stages that may 

additionally influence an individual’s lifetime reproductive success, make it 

difficult to answer this question with confidence. Instead, investigating short-

term effects of milk provision on offspring development, such as body weight, 

growth rate and age at first parturition, is more practical and could provide 

valuable insights. In addition, detailed exploration of long-term demographic 

records from the Karisoke Research groups could be undertaken to 

complement findings on early MI through the reproductive success of 

offspring considered here.  

Apart from maternal condition and offspring sex, the impact of group 

size on weaned age was investigated within the framework of this study. 

Offspring in small-sized groups were more likely to be weaned at younger 

ages than offspring in larger groups were. However, group had no effect on 

female reproductive success in mountain gorillas when using long-term 

demographic records from 214 offspring, such as IBIs, offspring survival and 
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surviving offspring birth rates (Robbins et al., 2007a). Findings from the 

present study are based on a smaller sample size, and may thus be less 

reliable, but a young weaned age in small groups is not inconsistent with 

previous findings. In mountain gorillas, multi-male groups tend to be larger 

and face lower infanticide risks than one-male groups (Watts, 2000), with 

mothers in anovulation with dependent offspring being most vulnerable to 

infanticide attacks (Watts, 1989). To reduce infanticide risk, females in small 

groups may, therefore, be selected to wean their offspring at a younger age 

to resume ovulation as soon as possible. Since this is not reflected in shorter 

IBIs in females living in small groups compared to those living large groups 

(Robbins et al., 2007b), early weaned ages in small groups as found in this 

current study may not necessarily be linked to higher reproductive success, 

compared to females living in larger groups. There may be a natural 

mechanism to prevent females from conceiving before they have regained 

their health and restored their nutritional status to high levels required during 

pregnancy, such as folate for the formation of red blood cells (see review by 

Crissey & Pribyl, 2000). Indeed, short IBIs in humans have been associated 

with higher risks of pre-term birth, low birth weight and small sizes for 

gestational age (see review by Rousso et al., 2002; Conde-Agudelo et al., 

2006). However, it cannot be excluded the possibility that females in small 

groups were able to conceive within shorter inter-pregnancy intervals than 

females in larger groups, but suffered from higher abortion rates during early 

pregnancy, and thus exhibited IBIs that matched those in larger groups 

(Robbins et al., 2006).  

Younger weaned age in small groups may also be related to 

differences in access to solid food between offspring living in small and large 

groups (see Lee et al., 1991). Long-term demographic data suggest that 

within-group contest competition for food occurs in mountain gorilla groups 

(Robbins et al., 2007b). The youngest group members who rank the lowest in 

the hierarchy may be mostly affected by socioecological factors. For 

protection against infanticide, infants usually stay, with or without their 

mothers, in close proximity to the dominant silverback (Stewart, 2001) in a 

central group position, where food competition is likely to be higher than in 

peripheral positions (Blanchard et al., 2008). As a consequence, offspring in 
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larger groups may face higher food competition and their mothers may 

therefore be forced to supplement the reduced intake of solid food through 

prolonged provision of milk. 

 

3.5.2.1 The timing of weaned age 

 

Results in this current study showed that 50% of multiparous mothers 

had already conceived before their offspring were fully weaned. This is higher 

than observed in human populations: for example, 40% of mothers in Java 

(Bracher & Santow, 1982), 30% in Senegal (Canterelle & Leridon, 1971) and 

12% in Bangladesh (Huffman et al., 1980) were still breastfeeding at 

conception. A few of these women continued breastfeeding until the end of 

their subsequent pregnancy, whereas the majority weaned their child in 

month three to six. In mountain gorillas, lactation continued up to 

approximately 173 days into pregnancy, which corresponds to 67% lactation-

pregnancy overlap. 

The provision of milk to the current offspring and the investment into 

the growth and development of the future offspring are two very energetically 

demanding processes (Merchant et al., 1990). The occurrence of both 

processes simultaneously can harm the mother, the current offspring and 

future offspring, with reduced weight gain (Marquis et al., 2002), reduced 

growth (Bøhler & Berström, 1996) and higher risk of respiratory illness 

(Marquis et al., 2003; Shaaban & Glasier, 2008) in early infancy where the 

mother was breastfeeding while pregnant. Short IBIs without a non-lactating 

period may also increase the risk of depletion of nutrient stores in the mother, 

or growth retardation of the foetus (Merchant et al., 1990). Therefore, 

temporal overlaps between lactation and subsequent pregnancy can provide 

an important insight into the mothers’ conflict of resources allocation to the 

current and future offspring, and should be noted in studies of nonhuman 

primates.  

Overall, results from current data available from mountain gorillas 

suggest that neither the timing of weaning in relation to the subsequent 

conception, nor the proportion of lactation-pregnancy overlap on gestation, 

have a strong relationship with the weaned age of the current offspring. A 
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relationship was found in guinea-pigs (Cavia aperea), showing younger 

weaned ages in offspring of mothers whose subsequent pregnancy 

overlapped with lactation, than in offspring of mothers without such a 

lactation-pregnancy overlap (Rehling & Trillmich, 2008). Furthermore, the 

timing of weaning in relation to subsequent conception and lactation-

pregnancy overlap showed no obvious relationship with the mother’s 

dominance strength, the sex of the current and future offspring or the group 

size. Only daughters with low dominance strength mothers were tentatively 

more likely to be weaned before subsequent conception, compared to sons 

with such mothers; sons were more likely to be weaned after conception. 

Assuming that lactation during pregnancy has a negative effect on the 

current offspring’s health and development, this finding is consistent with the 

TWH, although there was not a sex-reversed pattern in offspring with 

mothers of high dominance strength. The results of this study on the timing of 

weaning must be interpreted with caution, however. The quantity and quality 

of data on lactation-pregnancy overlap in future could be improved by using 

hormonal measures of pregnancy (Czekala & Robbins, 2001), and if 

possible, data collection should include measures of costs and benefits of 

lactation-pregnancy overlaps, such the risk of a miscarriage (see Tanaka et 

al., 1993).  

Research into seasonality of weaning in mountain gorillas deserves 

more attention in future. The evolution of lactation strategies has clearly been 

influenced by seasonality (Hayssen, 1993) in some primates (Vandenbergh & 

Vessey, 1968; Rowell & Dixson, 1975). Lactation and reproduction must fit 

into seasonal resource abundance, seasonal occurrence of predators or 

diseases and climatic cycles to ensure ecological and energy demands. 

Lycett et al. (1998) suggest that such care-independent (‘extrinsic’) sources 

of offspring mortality (Altmann, 1980; Dunbar, 1988) should be considered in 

studies of maternal investment, alongside care dependent (‘intrinsic’) 

sources. Mountain gorillas are considered to be non-seasonal breeders 

(Stewart, 1988) and lack natural predators (Schaller, 1963) and food 

shortage (Fossey and Harcourt, 1977; Vedder, 1984; Watts, 1984); mating 

and birth events can thus be observed throughout the year (Stewart, 1988). 

Hence, the timing of weaning, in correlation with seasonal food resource 
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abundance and climatic cycle, has not been investigated. The highly 

preferred (but only seasonally available) bamboo shoot provides a high 

proportion of water and protein in a compact form (Chao-zong et al., 1986). 

As such, bamboo shoots could act as suitable weaning food and supplement 

the sudden lack of protein and water that was previously available from the 

milk source. Importantly, in 2007, six out of seven offspring were weaned 

during the bamboo-shoot season, or briefly after. If milk transfer also 

functions as thermal regulation in mountain gorillas (night frost can occur 

>3000m, see Chapter 2), another advantage of weaning during the bamboo-

shoot season may be the relatively low altitude of the bamboo zone with 

higher mean environmental temperatures. The fact that pregnancy has been 

shown to overlap with suckling to varying degrees, with age at weaning also 

showing great variation between individuals, suggests that seasonal factors 

may be more important to reproductive success in mountain gorillas than 

previously thought, and should be considered in future investigations. 
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