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Chapter 6 _____________________________________________________ 

6.1 Introduction 
 

Defining the highly abstract term ‘personality’ has proven difficult due 

to its enormous semantic implications and varying meanings (Itoh, 2002). 

Allport (1937) collected over 50 definitions of personality with key aspects 

being internal, organised, and characteristic of individual over time and broad 

situations. He finally formulated his own definition: “Personality is the 

dynamic organization within the individual of those psychophysical systems 

that determine his unique adjustments to his environment” (p. 48). 

Temperament and character are the two main domains of personality (see 

review by Cloninger, 1994), with temperament usually encompassing 

components of personality that are heritable, developmentally stable, 

emotion-based, or unaffected by sociocultural learning (Goldsmith et al., 

1987; Cloninger, 1994). Conversely, character can undergo changes 

influenced by sociocultural learning and is only weakly heritable (Loehli, 

1982; Cloninger, 1994). 

 

6.1.1 Personality assessment in animals 
 

Since Darwin (1872), personality psychology has crossed the human 

species border. Numerous personality studies have been conducted across a 

wide range of animal taxa, from human and nonhuman primates to the 

octopus (see review by Gosling, 2001), using different methodological 

approaches. These can be divided into subjective assessments, such as the 

use of questionnaires, which rely on human ratings of personality traits (e.g. 

playful, aggressive), and objective assessments, which use measurable 

variations in behaviour (e.g. duration of play, aggression rates). Both 

assessment techniques have their advantages and disadvantages (see 

review and discussion by Manteca & Deag, 1993). The use of observer 

ratings can provide information about subtle aspects of an individual’s 

behaviour, which are difficult to quantify with behavioural data. Such 

techniques involve the risk of subjectivity and anthropomorphic projection 

(Uher, 2008). They also require a high level of familiarity and knowledge of 
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the rated individuals and the personality traits on which individuals are rated 

(Manteca & Deag, 1993; Gosling & John, 1999). Objective assessments, 

however, provide a more standardised approach, which facilitate a 

comparison of individuals (Manteca & Deag, 1993).  

To address such methodological concerns, interrater reliability tests 

became a fundamental part of personality assessments on animal species 

(Gosling & Vazire; 2002), and have shown that human ratings of traits can 

reliably assess inter-individual differences in the personality of animals 

(Stevenson-Hinde & Zunz, 1978; King & Figueredo, 1997; Gosling, 2001; 

Weiss et al., 2006). Furthermore, to validate whether human ratings reflect 

the actual personality trait in question (Manteca & Deag, 1993; Gosling & 

Vazire, 2002), quantitatively measurable behaviours and real-world outcomes 

(Gosling & Vazire, 2002), such as dominance rankings, have been compared 

with human ratings of the corresponding traits. Although approaches and 

outcomes of such studies vary (Lloyed, 2007), they indicate good 

consistency between human ratings and behavioural measures (Capitanio, 

1999; Gosling, 2001; Pederson et al., 2005), providing evidence for 

concurrent and predictive validity. 

Several approaches may be used to compare personality across 

species (Uher, 2008) and one of these is the ‘top-down’ approach. Top-down 

approaches apply trait dimensions and indicators of one species, the so-

called starting point or top, and then use these for other species (Uher, 2008) 

and to compare species’ structure of trait dimensions. This approach has 

been used to compare the personality of great ape species (humans: 

Digman, 1990; chimpanzees, Pan troglodytes, King & Figueredo, 1997; 

orang-utans, Pongo pygmaeus and P. abelii, Weiss et al., 2006), using the 

human Big Five model as a starting point (Digman, 1990). This model claims 

that across human cultures, five bipolar dimensions can explain human 

personality variation, including Extraversion or Surgency versus Intraversion; 

Agreeableness versus Antagonism; Conscientiousness or Dependability 

versus Impulsiveness; Neuroticism versus Emotional Stability; Openness 

versus Closed to Experience (Digman, 1990; McCrae & Costa, 1987; Gosling 

& John, 1999). Modified versions of the human Big Five model revealed six 

personality dimensions in chimpanzees (King & Figueredo, 1997) and five 
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personality dimensions in orang-utans (Weiss et al., 2006). Five dimensions 

in chimpanzees resembled the human Big Five and three dimensions in 

orang-utans were related to humans and chimpanzees and one only to 

chimpanzees.  

However, top-down approaches have been criticised for their limitation 

of providing evidence only for the existence or non-existence of trait domains 

within their scope, and potentially failing to capture species-specific trait 

domains which are not shared with the ‘top-species’ or that are not commonly 

used (or are even ignored) in the lexical tradition of the ‘top-species’ (Uher, 

2008). This concern has been suggested to be less problematic when 

comparing phylogenetically closely related species (Weiss & Adams, 2008), 

such as great apes, who share a common ancestor. Due to their 

phylogenetically close relationship, great apes are likely to share homologies 

and analogies in their morphological, physiological, behavioural, and 

psychological characteristics. Furthermore, the identification of an additional 

personality dimension, ‘Dominance’, in chimpanzees and orang-utans (King 

& Figueredo, 1997; Weiss et al., 2006), which has not been described in 

humans, has demonstrated that top-down approaches are indeed sensitive to 

species-level differences.  

The current personality assessment was conducted as part of a long-

term study of personality in mountain gorillas that has wider objectives, which 

include the comparison of gorilla personality with the personality of other 

great apes. Therefore, a top-down model approach was chosen, using a 

modification of the human Big-Five model as starting point, analogous to 

previous personality studies on great apes (King & Figueredo, 1997; Weiss et 

al., 2006). To demonstrate the reliability of gorilla personality assessment, 

using human trait ratings, interrater reliability was estimated. Equally, the 

predictability of trait ratings for corresponding behavioural measures and 

real-world outcomes was tested to show whether trait ratings have biological 

value.  
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6.1.2 Personality and maternal behaviour 
 

Parental personality can shape parental behaviour in humans (Belsky, 

1984; Smith et al., 2006) and this has consequences for a child’s early 

experiences and thus potential also for long-term effects on his or her 

development (Belsky, 1984, 1990, 1995). Genetically determined 

characteristics of the child, such as temperament, can also shape parental 

behaviour, which feeds back to a child’s development (van Leeuwen et al., 

2004). This bidirectionality of the parent-offspring influence has been widely 

recognised across the animal kingdom (see review by Bell, 1968; Belsky, 

1984; Lytton, 1990).  

Although determinants of parental behaviour in nonhuman primates 

have been investigated in numerous studies (offspring sex: see review by 

Bercovitch, 2002; maternal dominance and offspring sex: Boesch, 1997; see 

review by Brown, 2001; Brown & Silk, 2002; maternal age: Fessler et al., 

2005; parity: Schino et al., 1995; Tanaka, 1997; Fessler et al., 2005), only a 

few have focused on the parenting-personality link and its impact on offspring 

development (Stevenson-Hinde et al., 1980; Maestripieri, 1999). However, 

several nonhuman primate studies have associated early experiences and 

diverse measures of parenting style (see also de Lathouwers & Elsacker, 

2004) with offspring development, behaviour, personality and even their 

mothering behaviour in the next generation (Thierry, 1985; Fairbanks, 1989; 

Suomi, 1997; Maestripieri et al., 1999; Bardi & Huffman, 2002; Maestripieri & 

Roney, 2006; Reimer et al., 2007), although, as in humans, most studies 

focussed on abnormal maternal behaviour and traumatic experiences during 

infancy, such as mother-offspring separation (Maestripieri et al., 1999; 

Maestripieri & Roney, 2006; Reimer et al., 2007). Overall, results suggest 

that maternal styles and early experiences do affect infant behaviour, 

development and physiological processes, even those that are heritable, with 

potential long-term effects (e.g. Fairbanks, 1989; Bardi & Huffman, 2002; see 

review by Suomi, 1997). Therefore, personality of both the mother and 

offspring may be key factors in shaping infant development and future adult 

behaviour in nonhuman primates. 
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A study on the parenting-personality link in rhesus macaques (Macaca 

mulatta, Stevenson-Hinde et al., 1980) showed that Excitable mothers had 

high contact rates with their offspring. Such mothers also had Excitable 

daughters and offspring of both sexes who initiated play only infrequently at 

the age of one year. In contrast, Social mothers had Social yearlings, who 

contacted other group members at high rates from a very young age. The 

authors proposed that there can be a causal influence of the mother’s 

characteristics on the infant’s characteristics and behaviour in primates. 

However, the study did not investigate the potential bidirectionality of parent-

offspring influences on maternal behaviour and offspring development. The 

primary aim of this chapter is to explore the potential of personality as a 

determinant of maternal behaviour in mountain gorillas and nonhuman 

primates more generally. Key findings and their implication for future studies 

will be discussed. A bidirectional approach (see Bell, 1968) was chosen to 

understand the relative importance of mother and offspring personality on 

maternal behaviour. Since maternal sensitivity and responsiveness are 

central for the development of a secure attachment bond (Belsky, 1990; 

Ainsworth & Bowlby, 1991), the main focus here will be on maternal rejection, 

responsiveness, grooming, and retrieval behaviour.  

Behavioural genetic research in humans provides evidence that a 

large proportion (approximately 30% to 50%) of variance in personality 

(Loehlin, 1992; Jang et al., 1996) can be explained by genetic effects, rather 

than by environmental influences (Loehlin, 1998; Bouchard & Loehlin, 2001; 

McCrae et al., 2001). Further strong support for the heritability of personality 

traits comes from artificial selection. The domestication of animals and the 

breeding of domestic animal species have led to great differences in 

behaviour and disposition between breeds that can lead to variations in 

emotionality, aggressiveness, reactivity and immaturity (Cattell et al., 1973; 

Bradshaw et al., 1996). Therefore, similarities between mother and offspring 

phenotypic personality in gorilla may be expected and will be explored in this 

chapter by comparing mother and offspring personality dimensions, while 

considering different developmental stages of offspring. Particular focus will 

be placed on the heritability of characteristics which are linked to social 

dominance and, thus, may influence reproductive success (see also review 
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by Ellis, 1995; gelada baboons, Theropithecus gelada, Dunbar & Dunbar, 

1977; mandrills, Mandrillus sphinx, Dixon et al., 1993; chimpanzees, Pusey 

et al., 1997). Associations between parent personality and reproductive 

success have already been shown in birds (i.e. great tits, Parus major, Both 

et al., 2005) and humans (Eaves et al., 1990). 

In mammals, mother-infant interactions are the primary source of 

behavioural and social stimulation for young offspring (Champagne & Curley, 

2005). During the period of physical dependence in particular, an infant’s 

social environment and social experiences in a group are largely determined 

by the mother’s socialisation patterns, since social experiences at an early 

developmental stage strongly affect gene expression and behaviour, which 

can cause neurobiological changes with long-term effects (Champagne & 

Curley, 2005). Variations in a mothers’ social environment will influence the 

infant’s early socialisation process, which could result in long-term changes 

in offspring phenotype. Thus, this chapter will also investigate variations 

occurring in the social environment of mountain gorilla mothers as a function 

of their personality, and discuss possible implications for infant development.  

 
 

6.2 Aims 
 

• To assess and describe mountain gorilla personality; 

• To examine the effect of age, sex and social dominance on personality 

in order to broaden our general understanding of mountain gorilla 

personality as a base for further exploration; 

• To investigate the relationship between mother and offspring 

phenotypic personality; 

• To explore the potential of mother and/or offspring personality to 

influence maternal behaviour, such as maternal responsiveness, 

rejection, grooming, and retrieval behaviour; 

• To investigate whether a mother’s personality influences her social 

environment and thus is a potential source for individual differences in 

infant socialisation.  
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6.3 Methods  
 

6.3.1 Assessment of personality in wild gorillas  
 

This personality assessment study involved 116 habituated mountain 

gorillas, who were members of the research groups at the time of study (see 

Chapter 2). The assessment date of a gorilla varied up to 7.2 months (0.6 

years) between raters. Thus, the age at which each gorilla’s personality had 

been assessed is presented as a mean value. The youngest gorilla included 

in the dataset was 1.2 years old and the oldest was 42.7 years old. The 

mean gorilla age was 13.3 years (SD = 9.6). The distribution of the study 

gorillas over all age-sex classes (see also Chapter 2, Table 2.2) is shown in 

Table 6.1.  

 
Table 6.1 – Distribution of 116 rated gorillas over all age-sex classes. Age in years. 

Age class 
(age) 

Number of 
females Number of males (age) Total 

Adult         > 8 Mothers        36 Old silverback      (>16)       13 
 Nulliparous     4 Young silverback (>12-16)  11 
  Blackback            (>8-12)      8 

72 

Sub-adult > 6 - 8                        7                                               7 14 
Juvenile   > 3.5 - 6                        9                                               6 15 
Infant          0 - 3.5                        4                                             11 15 
Mean age (SD) 15.4  (±10.5) 11.1 (±8.2) 116 
 

 

The Hominiod Personality Questionnaire (HPQ) (see Weiss et al., 

2006) was used to assess gorilla personality through a non-invasive 

approach. The questionnaire contained 54 traits (Appendix 4) of which 41 

were representative traits from the human Big Five model (FFM) (Goldberg, 

1990) and the ‘Five-Factor-Model plus Dominance’ (FFMD) for chimpanzees 

(King & Frigueredo, 1997). Other traits which were not part of the original 

Goldberg (1990) taxonomy had been added to the questionnaire in the 

course of subsequent studies (Appendix 5). Each trait was defined in the 

context of gorilla-specific behaviour, in one to three sentences, to capture 

species-specific differences in the trait expression. The HPQ for gorillas was 
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granted ethical approval by the Faculty for Applied and Health Sciences 

Ethics Committee at the University of Chester. The English version of the 

HPQ for gorillas was translated into French by a bilingual student of animal 

behaviour. A first draft was then back-translated into English to detect and 

correct any inconsistencies.  

Raters included five data technicians and three research assistants 

(Table 6.2) of whom seven were KRC employees plus the author. All raters 

had been working with gorillas four to five days a week for more than 1.5 

years before the beginning of the assessment and were trained in collecting 

long-term behavioural data. Therefore, raters were considered to be familiar 

with the meaning and function of gorilla-specific behaviour. Raters were 

instructed to base their ratings on overall impressions, rather than on 

estimated frequencies of particular behaviours, and to avoid discussing their 

ratings with each other. Each trait was rated on a 7-point Likert scale, ranging 

from trait displayed ‘either total absence or negligible amounts’ (1) to 

‘extremely large amounts’ (7) (see Appendix 4). Each rater only completed 

the HPQ for gorillas who were members of the research group(s) that they 

visited regularly, and who they had known for at least one year. This criterion 

automatically excluded infants younger than one year from the study. In 

addition, any rating of an infant by a rater who had not visited the gorillas for 

more than four months before the assessment was excluded from the factor 

analyses. The mean number of raters per gorilla was 4.8 (Figure 6.1).  
 
 
 
Table 6.2 – Rater information (nationality, language native/second/third, HQP language 
version, work experience with gorillas in years, and number of rated gorillas).  
Rater Nationality Languages Questionnaire Experience 

(~ years) 
Number 
of ratings 

DT1 Rwandan K/F F 13 61 
DT2 Rwandan K/F F 17 61 
DT3 Rwandan K/F F 14 28 
DT4 Rwandan K/F F 6 25 
DT5 Rwandan K/F F 20 55 
RA1 Rwandan K/F/E F/E 2 109 
RA2 Italian I/F/E E 2 99 
RA3 German G/F/E E 3 115 
K = Kinyarwanda; F = French; E = English; DT = data technician; RA = research assistant. 
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          Figure 6.1 – Number of gorillas rated by different numbers of raters. 
 
 

The completion of questionnaires differed slightly between Rwandan 

data technicians and English speaking researchers. The latter filled out the 

questionnaire individually between August 2007 and the beginning of 

January 2008. To ensure that potential language barriers had a minimal 

influence on the understanding of each trait, a different approach was used 

for the assessment involving data technicians. Once a week over a period of 

three weeks, all data technicians met as a group and rated each gorilla for as 

many traits as possible during the time available. The rating by trait, rather 

than by gorilla, had the advantage that differences between the gorillas could 

be assessed more reliably. Equally, the risk that the understanding about 

each trait varied between the ratings of the gorillas could be diminished. A 

professional Rwandan translator with a Bachelor degree in French and 

English, who spoke Kinyarwanda as his native language, assisted during 

those sessions in order to intervene in the case of uncertainties in the 

understanding of a trait. Data technicians also had the opportunity to clarify 

their understanding of the vocabulary used. During such sessions, data 

technicians who rated the same gorillas were not allowed to exchange or 

discuss their ratings.  
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One research assistant did not give a rating on all traits for one adult 

female and also omitted ratings for two male infants with two and three traits 

respectively. Those missing values were substituted with the mean ratings 

over all other raters on those particular traits (Weiss et al., 2006). 

Interrater reliability was estimated using Shrout and Fleiss’ (1979) 

guidelines for choosing the appropriate form of the interclass correlation 

coefficient (ICC). Two different ICCs were chosen: ICC (3, 1), which indicates 

reliabilities of ratings by single raters (Equation 1), and ICC (3, k), which 

indicates reliabilities of the mean within gorilla personality scores on the basis 

of data from k raters (Equation 2). The mean squares of gorillas (BMS) and 

the interaction term between the rater and the gorilla (EMS) were obtained 

using a general linear model with Type III sums of square. 

 

EMSkBMS
EMSBMSICC

)1(
)1,3(

−+
−

=                                                           (Equation 1) 

 
BMSEMSBMSkICC /)(),3( −=                                                       (Equation 2) 

 
 

Any trait with an ICC < 0 was considered unreliable (see Criterion 1 in 

Gosling & Vazire, 2002) and had to be excluded from all further analyses. 

Principle component analyses (PCA) were conducted to transform 

traits into smaller sets of linear combinations using mean personality ratings. 

This led to a total of 116 rating cases on 54 traits, which is within the 

recommended range for minimum sample sizes in PCAs (see review by 

Guadagnoli & Velicer, 1988; de Winter et al., 2009). The software SAS 

(Institute, 1999) was used for all PCAs.   

To determine the smallest number of factors that could be used to 

best present the interrelation among the set of traits, the Horn’s parallel 

analysis (1965) was used, which compares sizes of eigenvalues with values 

obtained from a randomly generated dataset of the same size. The number 

of retained factors was equal to the number of eigenvalues which exceeded 

the corresponding value from the random dataset. In addition, a Cattell’s 

scree test (1966) was used as a visual inspection tool in the decision about 

the number of factors. For this purpose, the eigenvalues of each factor were 
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plotted to select only those above the point at which the shape of the curve 

became horizontal.  

To facilitate the interpretation of the retained factors, a varimax 

rotation on the factors was conducted, which aims to minimise the number of 

variables that have high loadings on each factor while keeping the new axes 

orthogonal to each other. Absolute loadings (correlation coefficients between 

trait and newly derived factors) ≥ 0.4 were considered to be most relevant to 

the factors (Raubenheimer, 2004). 

 

6.3.2 Validation of personality traits 
 

To validate observable gorilla personality, mean scores for all mothers 

and for all offspring (≥1 year) involved in the present maternal investment 

study (Chapter 2; Figure 2.4) on 22 traits (41.5%) of the HPQ were correlated 

with 19 corresponding gorilla-specific behaviours (Table 6.3), these were 

selected in the scope of operational trait definitions (Appendix 4). Behavioural 

data were extracted from focal samples and, in addition, data on grooming 

partners were drawn from all occurrence samples (see Chapter 2). 

Furthermore, the mean dominance strength for adult females (see Chapter 3) 

included in the personality study was linked with their mean trait scores on 

dominant (Table 6.3).  

Personality traits were linked with behavioural data using Spearman’s 

rank correlation tests. Each trait was correlated with the corresponding 

behaviour or measure (e.g. dominant with mother’s dominance strength) 

(Table 6.3). The correlation between mean dominance strengths and mean 

trait scores on dominant was conducted separately for a) females within a 

social group and b) for females across all research groups. Data on grooming 

partners were linked with mean personality trait scores using general linear 

models (GLMs, Type III) with the mean number of grooming partners per 

observation hour being the response variable and one of the personality traits 

in question (Table 6.3) being the predictor variable at any one time. Each 

GLM included an offset term to control for the availability of potential 

grooming partners, using the mean group size over all observation days of 
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each individual’s social group. Since the occurrence of social behaviour can 

be influenced by the predominant group activity (Harcourt, 1978a; see 

Chapters 3, 4 and 5), behaviours were analysed separately by group activity 

(gR and gNR) where appropriate (Table 6.3).  
 
 
Table 6.3 – Behaviour/indicators (see also ethogram; Chapter 2) used for validating 
personality traits and the expected relationships between measures and traits scores. 

R = group resting, NR = group non-resting, m = only mothers included, o = only offspring 
included, ‘+’ = positive correlation, ‘-‘ = negative correlation, F = frequency 

Behaviour / Indicator Trait Expected 
relationship

% Play time (R/NR) Playful + 
% Grooming time (R/NR) Affectionate  

Sociable  
Friendly 

+ 
+ 
+ 

Mean numbers of grooming partner per 
observation hour 

Affectionate  
Sociable  
Friendly 

+ 
+ 
+ 

% Resting time (R) Active  
Depressed 
Lazy 

- 
+ 
+ 

F of initiated aggressions (R/NR) Aggressive 
Friendly  

+ 
- 

F of initiated aggressions against dominance 
hierarchy m (R/NR) 

Defiant + 

F of aggressions towards younger individuals 
(R/NR) 

Bullying + 

F of staring and smelling  Curious 
Inquisitive 

+ 
+ 

F of  interventions  Dominant  
Helpful  
Protective  

+ 
+ 
+ 

# Individuals within ≤ 5m distance (R/NR) Solitary  
Sociable  
Affectionate 

- 
+ 
+ 

F of approaches (R/NR) Solitary  
Affectionate 

- 
+ 

Mean mother’s dominance strength  Dominant + 
F of food-stealing (NR) Dominant 

Jealous  
Stingy 

+ 
+ 
+ 

F of  screaming  Fearful + 
Frequency of touching  Affectionate  

Sociable 
+ 
+ 

Median distance to dominant silverback (R/NR) Cautious  - 
Median B) Cautious  - 
Frequency o B DT   
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6.3.3 The effect of age and sex on gorilla personality dimensions 
 

The effect of age and sex on each of the extracted gorilla personality 

dimensions was assessed using GLMs Type III. Gorilla age and sex were 

entered as predictor variables, as well as their interaction. Each GLM was 

also run with the quadratic term of age to test whether the overall model fit 

could be improved.  

 

6.3.4 Relationship between female dominance strength and personality  
 

To find out whether female dominance strength, an indicator for 

maternal condition (Chapter 2 and 3), was related to any of the extracted 

personality dimensions, females’ mean cardinal dominance strength value 

(see Chapter 2 and Appendix 3) over the entire observation period from 

2006-2007 was correlated with females’ personality dimension scores using 

Spearman’s rank correlations.  

 

6.3.5 Relationship between mother and offspring phenotypic 
personality 
 

To test whether offspring personality was related to mother’s 

personality, offspring were divided by age-classes into four groups: infants; 

juveniles; sub-adults and adults (see Chapter 2). Within each offspring age-

class, a series of Spearman’s rank correlations was conducted, including 

offspring and mother’s personality scores of matching dimensions. This 

analysis was repeated separately for each offspring sex, to control for 

potential sex differences. A Spearman’s rank correlation coefficient was only 

calculated for a sample size larger than 5, leading to the exclusion of any 

correlation between mothers and their female infants. 

 
6.3.6 Effect of personality on maternal behaviour  
 

The influence of mother’s and offspring’s personality on various 

maternal behaviours was investigated using GLMMs (Table 6.4; see Chapter 
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2). Fixed-effects were offspring age, offspring sex and all personality 

dimension scores of mothers and offspring. To reduce the risk of 

multicollinearity, only gorilla personality dimensions which explained at least 

10% of the variance occurring in gorilla personality were included in the 

analysis. Three-way interactions involving offspring age and offspring sex 

were taken into account. Count data on maternal retrieval were zero-inflated 

(>80% of values were zero), which may cause deviation from the Poisson 

distribution (Martos et al., 2006). That problem was solved by transforming all 

values which were larger than zero into one, resulting in a binary response 

variable (retrieval observed = 1, retrieval not observed = 0). Thus, instead of 

a quasi-Poisson distribution, a binomial distribution of maternal retrieval data 

was assumed (Table 6.4).  

 

 

 

 

 

 

 

 

 

 



 

 

Table 6.4 – Structure of GLMMs for the examination of mother-offspring interactions as a function of mother and offspring personality.  
Response variable Random-

effect 
Offset terms Link function Estimation method Overdispersion     Collinearity 

# Maternal retrieval (yes/no 
data) 

Mother Total observation time Binomial Laplace approximation No No 

# Maternal rejections Mother Total observation time    Quasi-Poisson Laplace approximation Yes No 
% Positive maternal responses 
to whimper signals 

Mother Total # of whimper 
signals 

Quasi-Poisson   Laplace approximation Yes No 

% Grooming during resting time 
in association with offspring 

Mother, 
Group 

-    Gaussian REML - No 

 
 
Table 6.5 – Structure of GLMMs for the examination of mothers’ social environment during group resting as a function of maternal personality. 

Response variable Random-
effect Offset terms Link function Estimation method Overdispersion     Collinearity 

# Individuals ≤5m Mother Total # individuals in group Quasi-Poisson Laplace approximation Yes No 
# Immature ≤5m Mother Total # immature in group  Quasi-Poisson Laplace approximation Yes No 
# Silverback ≤5m Mother Total # silverbacks in group Poisson Laplace approximation No No 
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6.3.7 Mother’s social environment as a function of maternal personality 
 

To test whether the mother’s social environment could be determined 

by maternal personality, mothers’ personality dimension scores were entered 

as fixed-effects in GLMMs that investigated various aspects of the mother’s 

social environment (Table 6.5 see above). To reduce the risk of collinearity, 

only gorilla personality dimensions which explained at least 10% of the 

variance occurring in gorilla personality, were included in the analysis. 

Offspring age was entered as covariate to control for changes in a mother’s 

social environment depending on offspring developmental stages. Since an 

offspring’s social environment and experience were mainly determined by 

mother’s socialisation patterns during the period of physical dependence, the 

analysis focused on only the first 28 months, when the offspring relied mostly 

on the mother during travelling (see Chapter 4). All data on mother’s social 

environment were extracted from instantaneous samples recorded in 5-min 

intervals. To control for the dependency of consecutive data points, a 

temporal autocorrelation covariate (Gomes et al., 2008) was added as fixed-

effect into each GLMM (see Chapter 5). Details about the structure of each 

GLMM are provided in Table 6.5 (see pp. 239). 

 

 
 

6.4 Results 
 

6.4.1 Assessment of gorilla personality 
 

6.4.1.1 Intraclass correlation reliability  

 

Out of 54 traits only one, unperceptive, was not reliable, indicated by a 

negative reliability estimate for individual human rating (ICC (3, 1) = -0.02) 

and for mean ratings (ICC (3, k) = -0.11). The remaining traits had all positive 

interrater reliability estimates, ranging from 0.03 (predictable) to 0.72 

(dominant) for individual ratings, ICC (3, 1), with a mean reliability of 0.25 
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(median = 0.24), and from 0.13 (predictable) to 0.92 (dominant) for mean 

ratings, ICC (3, k), with a mean reliability of 0.56 (median = 0.6).  

 

6.4.1.2 Personality structure 

 

An initial PCA of mean personality ratings on 53 traits identified five 

dimensions, shown by the Horn’s parallel analysis, which revealed five 

eigenvalues above the eigenvalues expected by chance. Since the mean age 

of gorillas involved in this study (13.3 years) was lower than the mean age in 

personality studies on captive chimpanzees (King & Friguererdo, 1997: mean 

= 18.7 years; SD = 12), orang-utans (Weiss et al., 2006: mean = 21.4; SD = 

11.5), and humans (Goldberg, 1990: only adult men and women), an 

additional PCA, with age being partialled out as a covariate, was conducted 

to test whether age had an influence on the dimension structure. The number 

of dimensions resulting from the PCA was difficult to assess with a scree plot 

since no clear cut occurred in the curve (Figure 6.2). However, six 

dimensions instead of five were detected using the criterion values from the 

Horn’s parallel analysis (Table 6.6), indicating that age did have an influence 

on the dimension structure, and this explained 70% of the total variance. The 

six dimensions revealed from the PCA, with age being partialled out, will be 

described, labelled and used for further analyses in this chapter. 
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Figure 6.2 – Cattell’s scree plot for PCA with age as control variable.  
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Table 6.6 – Comparison of eigenvalues from PCA with age being partialled out as covariate 
and criterion values received from Horn’s parallel analysis. 

Factor 
number 

Actual eigenvalue 
from PCA 

Criterion value from 
parallel analysis 

Decision 

1 12.9977 2.6291 Accepted 
2   9.1481 2.4512 Accepted 
3   7.0598 2.3155 Accepted 
4   3.1659 2.2052 Accepted 
5   2.4631 2.1043 Accepted 
6   2.2503 2.0132 Accepted 
7  1.6577 2.0042 Rejected 

 
 

The inter-factor correlations ranged from absolute values of 0.015 to 

0.343 (Table 6.7), suggesting that collinearity was unlikely to be a problem in 

the following sections, when conducting regression models which contain 

personality dimensions as predictors (fixed-effects). 

 
 
 
Table 6.7 – Inter-factor correlation of the six gorilla personality dimensions (N = 116). 

 I II III IV V VI 
I  1.000 0.026  0.170 -0.039  0.067 -0.128 
II   1.000 -0.343 -0.037  0.169  0.015 
III    1.000  0.334 -0.251 -0.057 
IV     1.000 -0.372  0.067 
V      1.000 -0.071 
VI       1.000 

 

 

The six gorilla personality dimensions are described below and 

compared with dimensions previously described in personality studies on 

other great ape species. To avoid proliferation of dimension labels, the 

terminology introduced in those previous studies were used and applied 

when appropriate. Labels of the Five Factor model (FFM) were prioritised 

because of its well-known personality dimension structure (Weiss et al., 

2006). Trait loadings on the six dimensions are shown in Table 6.8. Clumsy 

was the only trait which did not load on any dimension (i.e. it was ‘non-

vocal’). Other 20 traits had salient loadings (≥ 0.4) on more than one 

dimension (‘multi-vocal’).  
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Table 6.8 – Gorilla personality dimensions compared with those of chimpanzees and orang-
utan extracted from mean personality ratings resulted from a PCA with age being partialled 
out as covariate and without restriction of number of dimensions. HU = human, CH = 
chimpanzee, OR = orang-utan. 
Trait HU CH OR I II III IV V VI 
Intelligent +Oa +Dc +Id 0.86 0.20 0.08 0.05 -0.18 0.01 
Independent -Na +Dc +Id 0.78 -0.37 0.05 0.07 -0.03 -0.14 
Protective +Aa +Ac +Ad 0.75 0.11 0.39 -0.06 -0.05 -0.08 
Decisive +Ca +Dc +Id 0.77 0.02 0.01 0.09 -0.13 -0.05 
Fearful +Na +Dc +Na  -0.77  0.08 0.19 0.02 0.03 -0.09 
Helpful +Aa +Ac +Ad 0.69 0.41 0.17 -0.03 0.28 -0.03 
Dominant -Aa +Dc +Dd 0.67 0.05 0.34 0.15 -0.01 -0.41 
Timid -Ea -Dc +Nd -0.65 -0.06 -0.21 -0.12 0.52 -0.15 
Sensitive +Aa +Ac +Ad 0.64 0.47 -0.04 -0.23 0.05 0.13 
Distractable -Aa +Dc +Dd -0.61 0.20 -0.06 0.60 0.08 -0.11 
Imitative -Oa +Ec +Ed -0.56 0.36 -0.10 0.37 -0.29 0.11 
Disorganised -Ca -Cc -Id -0.46 -0.26 0.17 0.33 -0.13 0.24 
Persistent +Ca +Dc +Dd 0.45 -0.12 0.42 0.30 -0.22 -0.24 
Vulnerable +Nb ---- +Nd -0.48 -0.04 0.01 0.07 0.07 0.31 
Friendly +Aa +Ec +Ad -0.02 0.87 -0.23 0.11 0.08 0.06 
Affectionate +Aa +Ec +Ad 0.06 0.85 -0.06 -0.06 0.03 0.24 
Sociable +Ea +Ec +Ad 0.11 0.84 -0.14 0.16 -0.17 0.15 
Solitary -Ea -Ec -Ed 0.12 -0.83 0.03 -0.01 0.13 0.25 
Depressed -Ea -Ec -Ed -0.15 -0.73 0.11 -0.17 0.31 0.22 
Individualistic ---- ---- ---- 0.32 -0.57 0.42 0.20 0.09 0.03 
Sympathetic +Aa +Ac +Ad 0.44 0.65 -0.11 -0.03 0.39 0.14 
Erratic -Ca -Cc +Nd -0.21 -0.42 0.41 0.34 -0.26 0.09 
Jealous -Aa -Cc +Dd 0.00 0.04 0.88 0.14 0.04 0.02 
Irritable  -Aa ---- +Dd -0.04 -0.26 0.87 0.10 -0.11 0.10 
Aggressive -Aa -Cc +Dd 0.12 -0.33 0.86 0.02 -0.19 -0.04 
Stingy -Aa +Cc +Dd 0.21 -0.02 0.76 0.01 -0.04 -0.06 
Bullying -Aa +Dc +Dd 0.52 -0.20 0.64 0.17 -0.17 -0.14 
Reckless -Ca -Cc +Dd 0.09 -0.36 0.65 0.51 -0.04 0.02 
Gentle +Aa +c -Dd 0.05 0.56 -0.60 0.04 0.27 0.11 
Defiant -Aa ----- +Dd 0.22 -0.56 0.60 0.15 -0.12 0.12 
Inquisitive +Oa +Oc +Ed 0.00 0.14 0.05 0.84 -0.11 -0.10 
Curious +Ob ---- +Ed -0.15 0.19 0.06 0.79 -0.22 0.14 
Inventive +Oa +Oc +Ed 0.21 0.03 0.30 0.75 0.00 0.31 
Thoughtless ---- ---- ---- 0.07 -0.39 0.29 0.66 -0.18 0.12 
Innovative ---- ---- ---- 0.34 -0.11 0.24 0.63 -0.10 -0.01 
Playful +Ea +Ec +Ed -0.20 0.23 -0.05 0.61 -0.56 0.18 
Quitting ---- ---- ---- -0.38 -0.04 -0.05 0.54 -0.30 0.09 
Impulsive +Ea -Cc +Nd -0.04 -0.10 0.49 0.52 -0.34 0.24 
Conventional -Ob ---- -Ed -0.05 0.46 -0.29 -0.46 0.22 -0.09 
Lazy -Ca -Ec -Ed -0.26 -0.11 -0.12 -0.07 0.78 -0.17 
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Active +Ea +Ec +Ed 0.07 0.07 -0.02 0.45 -0.72 0.15 
Unemotional -Na +Nc -Ed -0.13 -0.07 -0.26 -0.21 0.71 0.04 
Anxious ---- ---- +Nd -0.59 -0.05 0.08 -0.05 0.65 -0.07 
Excitable +Na -Nc +Nd -0.25 -0.03 0.56 0.28 -0.60 -0.04 
Submissive +Aa -Dc -Dd -0.31 0.18 -0.28 -0.15 0.59 0.43 
Cool -Na ---- -Nd 0.26 0.27 -0.52 -0.28 0.57 -0.13 
Stable -Na +Nc -Nd 0.31 0.27 -0.36 -0.19 0.44 -0.40 
Dependent +Na -Dc -Id ------ 0.39 -0.08 0.09 0.02 0.59 
Autistic +Nc n.l. n.l. -0.12 0.05 0.24 0.17 -0.05 0.53 
Manipulative -Aa n.l. +Dd 0.29 0.29 0.33 0.10 0.35 -0.47 
Cautious +Ea -Cc +Nd -0.08 -0.05 0.15 -0.15 0.14 -0.46 
Predictable +Ca +Cc -Nd -0.20 0.35 -0.27 -0.10 0.35 -0.44 
Clumsy -Cc n.l. -Id -0.27 -0.36 0.09 0.00 0.08 0.32 

Note. Boldface = salient loadings; n.l. = no loading; E = Extraversion (or Surgency); C = 
Conscientiousness (or Dependability); O = Openness to Experience; N = Neuroticism (or 
Emotionality); A = Agreeableness; D = Dominance; I = Intellect; ‘+’ = positive loadings; ‘-’ = 
positive loadings; a trait and their classification by Goldberg (1990); b traits chosen by Weiss 
et al. (2006) on the base of Goldberg’s (1990) study; c King & Frigueredo (1997), d Weiss et 
al. (2006); ‘----‘ = trait not assessed.  
 

 

The first dimension explained the largest part of the total variance 

(16.2%) and showed the strongest similarities (eight out of 14 traits) with the 

Dominance dimension in chimpanzees (DCH), which was also found in orang-

utans (DOR) but not within humans. Thus, the first gorilla personality 

dimension was labelled ‘Dominance’ (DGO). Interestingly, three other traits, 

protective, helpful, and sensitive which loaded exclusively on the 

‘Agreeableness’ dimension in human, chimpanzee, and orang-utan were also 

loading on this first Dominance dimension in gorillas, which may indicate a 

gorilla-specific facet in the ‘Dominance’ dimension. The social role of a 

dominant gorilla, such as dominant silverbacks in a social unit, is not only to 

control and lead the group but also to protect the group and to mediate social 

conflicts (Schaller, 1963). Therefore, apart from suppressive features in the 

gorilla ‘Dominance’ dimension, which are needed to ensure control, 

leadership and defence, other important qualities are required, such as the 

sensitivity to detect and prevent potential risks, including intra-group conflicts, 

and the disposition to assist and defend other group members. These social 

skills seem to be strongly linked to the ‘Dominance’ dimension in gorillas.  

The second dimension, which explained 13.9% of the total variance, 

described a social, affectionate, friendly, and sympathetic gorilla, which was 
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not solitary, not depressed, not erratic and not individualistic. Apart from 

erratic, all loading traits matched with traits of ‘Extraversion’ and 

‘Agreeableness’ (EA HU, EA CH, and EA OR) across great ape species. Thus, 

the second gorilla personality dimension was labelled using a combination of 

both terminologies, ‘Extraversion-Agreeableness’ (EAGO).  

All trait loadings on the third gorilla dimension, which explained 13.5% 

of the total variance, could be assigned to the DOR, suggesting that a gorilla 

with high loadings on this dimension shares various traits with a dominant 

orang-utan. However, when including secondary loadings on this dimension, 

gorillas also captured various traits which were assigned to Neuroticism in 

orang-utans (NOR) (impulsive, erratic, excitable, and not cool). Furthermore, 

this dimension was also characterised by traits reflecting a not agreeable 

human (bullying, not gentle, defiant, irritable, jealous, and aggressive) and 

not conscientious chimpanzees (reckless, impulsive, erratic, jealous and 

aggressive). In general, the third gorilla dimension described a selfish gorilla 

with the tendency to emotional instability, which suggests the labelling of the 

dimension as ‘Neuroticism-Egocentrism’ (N/EGO).  

The fourth dimension, which explained 11% of the total variance, was 

more difficult to relate clearly to one or the other dimensions of the other 

primate studies. Traits such as inventive, inquisitive and innovative, which 

reflect creativity, had high loading on this dimension. Inventive, inquisitive, 

curious and conventional were elements of Openness in humans and 

Extraversion in orang-utans (OHU and EOR). Apart from the creative facets of 

this gorilla dimension, it also contained aspects, which reflected restlessness 

and agitation, such as the traits quitting, as well as the secondary loadings, 

distractable, reckless, playful and active. Creativity has been linked with 

distractability and playing in humans (Stone, 1980; Vandenberg, 1980; Russ 

et al., 1999; Howard-Jones et al., 2002). The given combination of trait 

loadings supports the interpretation of this dimension as ‘Openness-

Creativeness’ (OCGO). 

The fifth dimension explained 10.1% of the total variance and 

consisted of two facets, which seemed contradictory, with anxious, 

submissive and timid (secondary loading) reflecting an unconfident and 

insecure gorilla, while not excitable, cool, stable, lazy, not active and 
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unemotional described a rather emotionally and physically stable gorilla with 

the tendency to a stage of lethargy. To get a better understanding about the 

paradox, individual scores on the fifth dimension were examined. A notable 

number of young gorillas with a dramatic weaning experience, e.g. sudden 

weaning when the mother emigrated to another group or weaning at a very 

early age, scored highest on the fifth dimension. The sudden separation from 

a mother and being weaned early are often traumatic experiences for 

offspring (Fouts et al., 2005; Weary et al., 2008) (see also Chapter 3), who 

can appear extremely depressed, withdrawn, cease play behaviour (see 

Chapter 5) and persist in a state of apathy. Such traumatic experiences could 

explain the unconfident component of the fifth dimension. Furthermore, the 

oldest gorilla, a 42-year old female, also scored very highly on the fifth factor. 

In humans, anxiety symptoms are common among those in late stages of life 

(see review by Scogin, 1998; Martin et al., 2006). In addition, personality 

tendencies and diseases in older people, such as Alzheimers, are commonly 

accompanied by anxiety (Segal et al., 1998). Declining physical activity levels 

and increasing anxiety symptoms can also significantly affect fatigue levels in 

older people (Martin et al., 2006). To capture the two facets of the fifth 

dimension, it was labelled ‘Insecurity-Lethargy’ (ILGO).  

The remaining dimension explained only a small fraction of the total 

variance (5.3%) and was also unlike any of the dimensions found in humans 

(McCrae & Costa, 1987) or other great-apes species (King & Figueredo, 

1997; Weiss et al., 2006). Several characteristics such as dependent, 

submissive and not dominant, with the latter two representing secondary 

loadings, described a socially low-ranking gorilla. Not dominant and not 

manipulative captured the negative pole of AHU. These features of the sixth 

dimension were paired with another facet which encompassed trait loadings, 

including secondary loadings, that matched with NHU (dependent, autistic and 

not stable) and NOR (not predictable and not cautious). The description of 

autistic human patients who show difficulties in communication, interactions 

with others and imagination (Ang & Pridmore, 2009) covers several of the 

traits that loaded on this dimension. An examination of individual scores on 

the sixth dimension revealed high scores for adolescent gorillas. Various 

studies on changes in human personality traits have shown that adolescence 
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is an unstable period in life (McCrae et al., 2002; Canals et al., 2005) with 

neuroticism being particularly vulnerable to change (Lamb et al., 2002; 

McCrae et al., 2002) with change affecting females more strongly than males 

(Francis, 1993; Canals et al., 2005). With the progression of adolescence, 

gorillas receive increasingly less support from usual sources, such as their 

mothers, and have to establish their social role as adults in the group, which 

may make an adolescent vulnerable to adjustment problems (Dorn et al., 

2003). Besides, at this stage silverbacks are also more likely to become 

competitors of adolescent males rather than their protector (Robbins et al., 

2005). This suggests that the sixth dimension captured gorillas that were in a 

stage of social uncertainty and instability, having a tendency towards 

imagination and adjustment problems to the social environment. Therefore, 

the sixth dimension was labelled ‘Recklessness-Inadaptability’ (RIGO). 

 
6.4.2 Validation of personality traits 
 

Twenty two out of 53 traits (41.5%) were linked with 19 behavioural 

measures from mothers and their current offspring, including mother’s 

dominance strength, derived from displacement data (Table 6.9 and 6.10). 

The behaviour cowering was excluded from the analysis due to its extremely 

rare occurrence in the dataset. From those 22 traits, 17 traits were 

successfully linked to at least one corresponding behaviour as predicted prior 

to the analysis.    
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Table 6.9 – Output of Spearman’s rank-order correlation between 22 personality trait scores 
and corresponding behaviours / indicators.  

Behaviour / Indicator Trait  N rS P  
% Play time  Playful R 

NR 
TOT 

57 
57 
57 

 0.831 
 0.842 
 0.845 

<0.001 
<0.001 
<0.001 

***   
***   
*** 

% Grooming time  Affectionate  
 
 
Sociable  
 
 
Friendly 

R 
NR 
TOT 
R 
NR 
TOT 
R 
NR 
TOT 

31m 

31m 

31m 

31m 

31m 

31m 

31m 

31m 

31m

 0.168 
 0.019 
 0.226 
 0.286 
 0.070 
 0.346 
 0.184 
-0.014 
 0.277 

  0.365 
  0.919 
  0.222 
  0.119 
  0.707 
  0.057 
  0.323 
  0.940 
  0.132 

 
 
 
 
 
. 

% Resting time  Active  
Depressed 
Lazy 

R 
R 
R 

57 
57 
57 

-0.518 
 0.345 
 0.350 

<0.001 
<0.001 
<0.001 

***   
***   
*** 

F Initiated aggression Aggressive 
 
 
Friendly  

R 
NR 
TOT 
R 
NR 
TOT 

57 
57 
57 
57 
57 
57 

 0.277 
 0.466 
 0.391 
-0.117 
-0.247 
-0.175 

  0.037 
<0.001 
  0.003 
  0.378 
  0.059 
  0.185 

* 
***   
** 
 
. 

F Initiated aggression 
against dominance 
hierarchy  

Defiant R 
NR 
TOT 

57
57
57 

-0.286 
-0.334 
-0.373 

  0.031 
  0.011 
  0.004 

* 
* 
** 

F Aggression towards 
younger individuals  

Bullying R 
NR 
TOT 

57
57 
57 

 0.711 
 0.681 
 0.731 

<0.001 
<0.001 
<0.001 

***   
***   
*** 

F Staring and smelling  Curious 
Inquisitive 

TOT 
TOT 

58 
58 

 0.518 
 0.295 

<0.001 
  0.026 

***   
* 

F Interventions  Dominant  
Helpful  
Protective  

TOT 
TOT 
TOT 

57 
57 
57 

 0.523 
 0.582 
 0.598 

<0.001 
<0.001 
<0.001 

***   
***   
*** 

# Individuals within  
≤ 5m distance  

Solitary  
 
 
Sociable  
 
 
Affectionate 

R 
NR 
TOT 
R 
NR 
TOT 
R 
NR 
TOT 

58 
58 
58 
58 
58 
58 
57 
57 
57 

-0.546 
-0.549 
-0.628 
 0.417 
 0.334 
 0.337 
 0.097 
 0.106 
 0.094 

<0.001 
<0.001 
<0.001 
  0.001 
  0.010 
  0.024 
  0.473 
  0.433 
  0.546 

***   
*** 
*** 
***   
**   
*   
 
 

F Approaches  Solitary  
 
 
Affectionate 

R 
NR 
TOT 
R 
NR 
TOT 

57 
57 
57 
57 
57 
57 

-0.042 
 0.009 
-0.021 
 0.295 
 0.222 
 0.240 

  0.759 
  0.945 
  0.875 
  0.026 
  0.096 
  0.072 

 
 
 
* 
. 
. 
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Mean Dominance 
strength  

Dominant BEE 
KUY 
PAB 
SHI 
Total 

8 
6 

20 
8 

42 

 0.695 
 0.943 
 0.501 
 0.830 
 0.577 

  0.056 
  0.005 
  0.024 
  0.011 
<0.001 

. 
**   
* 
* 
*** 

F Food-stealing  Dominant 
Jealous  
Stingy 

NR 
NR 
NR 

57 
57 
57 

 0.065 
 0.022 
 0.010 

  0.629 
  0.872 
  0.944 

 

F Screaming  Fearful TOT 57  0.095   0.482  
F Touching  Affectionate  

Sociable 
TOT 
TOT 

57 
57 

 0.288 
 0.302 

  0.088 
  0.022 

. 
* 

Distance to dominant 
silverback  

Cautious  R 
NR 
TOT 

55 
55 
56 

 0.197 
 0.148 
 0.127 

  0.145 
  0.277 
  0.417 

 

Distance to any 
silverback  

Cautious  R 
NR 
TOT 

57 
56 
57 

-0.116 
 0.200 
 0.163 

  0.384 
  0.135 
  0.285 

 

F Following the mother Dependent  TOT 27o  0.605   0.001 *** 
F Appeasement 
vocalisations 

Submissive TOT 32m -0.459   0.008 ** 

m = only mothers included; o = only offspring included; NR = group non-resting; R = group 
resting; TOT = total observation time; F = frequency. 
 
 
 
 
Table 6.10 – Parameter estimates for personality traits in GLMs fitting numbers of grooming 
partners.  

Trait b SE z statistics CI 95% p value  

Affectionate   6.457 2.002 10.40  2.532      10.381   0.001 *** 

Sociable   6.397 2.022 10.01  2.434      10.361   0.002 ** 

Friendly   6.292 1.968 10.22  2.435      10.149   0.001 *** 
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6.4.3 The effect of age and sex on gorilla personality dimensions 
 

 
 
Figure 6.3 – Relationship between gorilla personality dimension scores and gorilla age 
presented by sex (F = females, M = males). 
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The parameter estimates of the GLMs (Table 6.11a-f) for the 

examination of age and sex effect on each gorilla personality dimension 

(Figure 6.3) showed that age and the personality dimension scores followed 

a quadratic relationship, except from the ‘Insecurity-Lethargy’ dimension. 

Female gorillas were less dominant, neurotic, egocentric, open or creative 

than males. Females were also more extraverted or agreeable and tended to 

be more insecure or lethargic than males. The sex difference in age effect on 

EAGO was particularly noticeable, showing a concave curve for females 

compared to a convex curve in males.  
 
 
 
Table 6.11 – GLM outputs for the examining the age and sex effects on (a-f) gorilla 
personality dimensions (N = 116). 
 
a) ‘Dominance’ 
Predictor b SE t  95% CI  

Lower       Upper 
p  

Intercept  4.574 0.045   102.28   4.486         4.663 <0.001 *** 
cAge  0.162 0.010     15.75   0.141         0.182 <0.001 *** 
cAge2 -0.002 0.000     -6.76  -0.003        -0.001 <0.001 *** 
Sex-♀ -0.284 0.062     -4.62  -0.406        -0.162 <0.001 *** 
cAge~Sex-♀ -0.049 0.007     -6.94  -0.063        -0.035 <0.001 *** 

 
b) ‘Extraversion-Agreeableness’  
Predictor b SE t 95% CI  

Lower       Upper 
p  

Intercept   4.523 0.075    60.11   4.374         4.672 <0.001 *** 
cAge  -0.188 0.028     -6.80  -0.243        -0.133 <0.001 *** 
cAge2   0.005 0.001  6.00   0.003         0.007 <0.001 *** 
Sex-♀   0.349 0.103      3.39   0.145         0.554   0.001 *** 
cAge~Sex-♀   0.181 0.036      4.97   0.109         0.253 <0.001 *** 
cAge2~Sex-♀  -0.006 0.001     -5.51  -0.008        -0.004 <0.001 *** 

 
c) ‘Neuroticism-Egocentrism’  
Predictor b SE t 95% CI  

Lower       Upper 
p  

Intercept   2.904 0.080     36.10   2.745         3.064 <0.001 *** 
Age   0.100 0.019   5.31   0.063         0.138 <0.001 *** 
Age2  -0.002 0.001     -3.68  -0.003         0.000 <0.001 *** 
Sex-♀  -0.291 0.113     -2.57  -0.515        -0.066   0.012 * 
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d) ‘Openness-Creativeness’ 
Predictor b SE t 95% CI  

Lower       Upper 
p  

Intercept  3.143 0.063     49.88   3.018         3.268 <0.001 *** 
Age  -0.074 0.015  -5.01  -0.103        -0.045 <0.001 *** 
Age2   0.001 0.000       2.27   0.000         0.002   0.025 * 
Sex-♀  -0.388 0.089     -4.38  -0.564        -0.212 <0.001 *** 

 
e) ‘Insecurity-Lethargy’  
Predictor b SE t 95% CI  

Lower       Upper 
p  

Intercept   3.421 0.072     47.38   3.278         3.564 <0.001 *** 
Age   0.013 0.005   2.40   0.002         0.023   0.018 * 
Sex-♀   0.199 0.102       1.96  -0.002         0.401   0.052 . 

 
f) ‘Recklessness-Inadaptability’ 
Predictor b SE t 95% CI  

Lower       Upper 
p  

Intercept   3.626 0.053     67.85   3.520         3.732 <0.001 *** 
Age  -0.052 0.013  -4.14  -0.077        -0.027 <0.001 *** 
Age2   0.001 0.000       2.53   0.000         0.002   0.013 * 
Sex-♀   0.085 0.075       1.14  -0.064         0.234   0.259  

c = centred variable. 
 

 

6.4.4 Relationship between female dominance strength and personality 
 

A series of Spearman’s rank correlations between females’ mean 

dominance strength and their personality dimension scores revealed a 

positive relationship (rS = 0.598, p <0.001, N = 43). A moderate effect was 

found between dominance strength and OCGO scores, with females who 

scored highly on OCGO having low mean dominance strengths (rS = -0.411, p 

= 0.006, N = 43). 

 

6.4.5 Relationship between mother and offspring phenotypic 
personality 
 

Table 6.12 summarises tendencies and significant results which 

emerged from Spearman’s rank correlation tests involving mother and 

offspring personality dimensions. A moderate correlation occurred between 

DGO scores of mothers and their sub-adult offspring, a relationship which was 
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close to statistical significance only for male offspring but not for female 

offspring when taking offspring sex into account. There was no relationship 

between mother and offspring DGO scores at any other life stage. 

A nearly significant positive relationship was found between the EAGO 

scores of mothers and their infant offspring. This relationship was not shown 

when taking offspring sex into account. EAGO scores of mothers correlated 

negatively with female offspring scores on this dimension when they were 

juveniles, a relationship which was also found, but in a reversed direction, 

when offspring reached adulthood. At adulthood, EAGO scores of male 

offspring also tended to correlate positively with mother EAGO scores. N/EGO 

scores of mothers and offspring were not associated at any life stage of 

offspring.  

The strongest relationship between mother and offspring personality 

occurred on OCGO when offspring reached adulthood. Scores of adult 

females on OCGO correlated positively with mothers’ OCGO scores, showing a 

large effect size. This was not found in adult male offspring. Female offspring 

ILGO scores showed a non-significant tendency to be positively associated 

with mothers’ scores on this personality dimension during adulthood, which 

could not be shown in male offspring. Similarly, juvenile female offspring RIGO 

scores correlated positively with mother RIGO scores, an association which 

could not be shown between juvenile male offspring and their mothers. 
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Table 6.12 – Spearman’s rank correlation coefficients (rs) for mother and offspring matching 
personality dimension scores depending on offspring age-class and offspring sex. 

Age-
class 

Sex Personality 
Dimension 

N 
 

rs p  

Infant Both EA 15  0.502 0.056 . 
Juvenile Female EA 9 -0.706 0.034 * 
Juvenile Both RI 15  0.486 0.066 . 
Juvenile Females RI 9  0.705 0.034 * 
Subadult Both D 14  0.571 0.033 * 
Subadult Males D 7  0.721 0.068 . 
Adult Both EA 38  0.327 0.051 . 
Adult Female EA 17  0.518 0.033 * 
Adult Males EA 19  0.410 0.081 . 
Adult Both OC 38  0.382 0.022 * 
Adult Female OC 17  0.750 0.001 *** 
Adult Male RI 19  0.449 0.071 . 

D = Dominance, EA = Extraversion-Agreeableness, OC = Openness-Creativeness, RI = 
Recklessness-Inadaptability, bold = significant results. 
 

 

6.4.6 Effect of personality on the mother-offspring relationship 
 
6.4.6.1 Maternal rejection 

 

A GLMM (N = 296, NMother = 22) was developed to test whether the 

occurrence of maternal rejections can be predicted by mother and/or 

offspring personality. The higher the offspring scored on DGO, the less they 

were rejected by their mothers (b ± SE = -1.804 ± 0.849, t = -2.13, p = 

0.034). None of the scores on the remaining personality dimensions, for 

offspring and mothers, could explain the variance occurring in maternal 

rejection behaviour.  

 

6.4.6.2 Maternal responsiveness 

 

Another GLMM (Table 6.13) investigated the effect of mother and 

offspring personality on maternal responsiveness. The more that dominant 

and open-creative offspring personality was scored, the less their mothers 

responded to whimper signals. In contrast, the more insecure-lethargic and 
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extraverted-agreeable offspring were, the higher was maternal 

responsiveness.  

Significant interaction terms were interpreted as follows: Mothers with 

an average DGO and/or OCGO score (mean = 4.8/2.4) responded less to their 

offspring distress signals when offspring grew older (negative b-value of main 

age effect). The negative values of the interaction terms between offspring 

age and mothers’ DGO and OCGO scores respectively, imply that the higher 

the mother scored above average on these dimensions, the greater the 

negative age effect on maternal responsiveness. In contrast, the age effect 

shrank (positive b-value of interaction term in Table 6.13) the higher mothers 

scored on EAGO and NEGO above the average (mean = 4.7/3.1). In summary, 

dominant and open-creative mothers reduced their responsiveness to 

offspring distress signals more when offspring grew older than extraverted-

agreeable and neurotic-egocentric mothers.   

Equally, mothers with offspring at an average age of ~30 months 

responded less to offspring distress signals the higher they scored on DGO 

and/or OCGO. These personality effects increased with increasing offspring 

age. The b-values, however, also indicate that these personality effects were 

reversed during the first 1-2 years of infancy, indicating a higher 

responsiveness the higher mothers scored on these dimensions. Mothers 

who scored highly on DGO and/or OCGO were more responsive during the 

initial 1-2 years of infancy than mothers who scored low on this dimension, 

but the opposite was found when offspring were older than two years.  

This differed from mothers who scored highly on EAGO and NEGO. 

Those were less responsive to offspring distress signals than mothers low on 

this dimension until the age of ~29 months, at which age both personality 

effects reversed, with mothers high on EAGO and NEGO being more 

responsive than mothers who scored low on those dimensions.  
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Table 6.13 – GLMM output for the examination of the relationship between maternal 
responsiveness to offspring whimper signals and the personality dimension scores of 
mothers and their offspring. (N = 236, NMother = 24).  
 P                    Predictor b SE t value p  
Intercept  0.942 0.154       6.12 <0.001 *** 
cO_Age -0.006 0.005 -1.40   0.160  
Sex-♂ -0.265 0.222 -1.19   0.233  
O_D -0.668 0.314 -2.13   0.034 * 
O_EA  0.883 0.459  1.92   0.054 . 
O_NE  0.184 0.201  0.92   0.358  
O_OC  0.313 0.256       1.23   0.220  
O_IL  0.476 0.213       2.23   0.026 * 
cM_D -0.278 0.251 -1.11   0.269  
cM_EA     0.062 0.219  0.28   0.776  
cM_NE   0.092 0.175  0.53   0.598  
cM_OC  -1.049 0.396 -2.65   0.008 ** 
M_IL -0.374 0.405 -0.93   0.355  
cO_Age~cM_D -0.057 0.020 -2.87   0.004 ** 
cO_Age~cM_EA  0.047 0.018  2.63   0.008 * 
cO_Age~cM_NE  0.050 0.015  3.42 <0.001 *** 
cO_Age~cM_OC -0.109 0.029 -3.72 <0.001 *** 

O = offspring, M = mother, D = Dominance, EA = Extraversion-Agreeableness, NE = 
Neuroticism-Egocentrism, OC = Openness-Creativeness, IL = Insecurity-Lethargy, c = 
centred variable. 
 

 

6.4.6.3 Maternal grooming 

 

Mothers’ and offsprings’ NEGO scores had an influence on the 

proportion of time that mothers spent grooming their offspring while being in 

association (GLMM: N = 236, NMother = 24, NGroup = 6). Mothers with an 

average NEGO score (mean = 3.1) groomed their offspring less with 

increasing offspring age (negative b-value of main age effect). This age effect 

increased (b ± SE = 0.003 ± 0.001, t = 2.25, p = 0.025) in mothers below the 

average NEGO score, but reduced in mothers above the average NEGO, 

showing a positive age effect in mothers with relatively high NEGO scores. 

Changes in maternal grooming were also affected by offspring personality. 

Offspring with an average NEGO score (mean = 2.2) received less maternal 

grooming with increasing age. This age effect was stronger the less neurotic-

egocentric an offspring was, but shrank in offspring with NEGO scores above 
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the average, indicating an increase in maternal grooming with age in 

offspring who scored relatively high on NEGO.  

Equally, at the average age of ~28 months, offspring received less 

maternal grooming the more neurotic-egocentric the mother (b = -0.003). 

This effect of maternal personality was stronger the younger the offspring, 

but weaker the older the offspring and started reversing at the age of 29 

months. At the average offspring age, maternal grooming was also higher the 

more neurotic-egocentric the offspring. This effect of offspring personality 

intensified with increasing age, but reversed in offspring younger than ~28 

months showing a decline in grooming the more neurotic-egocentric the 

offspring. 

 

6.4.6.4 Maternal retrieval 

 

The parameter estimates (Table 6.14) of the GLMM for the 

examination of mother and offspring personality effects on maternal retrieval 

indicated that the higher an offspring scored on ‘Dominance’, the less it was 

retrieved by its mother. In other words, if offspring DGO scores increased by 

one unit, the offspring was nearly three times less likely to be retrieved by 

their mother. In contrast, the more neurotic-egocentric offspring appeared, 

the more mothers retrieved their offspring.  

The two significant interaction terms showed that maternal retrieval 

declined with increasing age in mother-offspring dyads where the mother 

and/or the offspring had an average OCGO score (mean = 2.4/3.7). This age 

effect increased the higher mother and/or offspring scored on OCGO, but 

reduced in dyads where the mother and/or the offspring scored below the 

average of OCGO. Furthermore, at an average offspring age (~29 months), 

maternal retrieval behaviour increased the higher the mother and/or the 

offspring scored on OCGO. Both effects reduced with offspring aged above 

the average, but increased the younger the offspring.   
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Table 6.14 – GLMM output for the examination of the relationship between maternal retrieval 
and the personality dimension scores of mothers and offspring. (N = 292, N mother = 21).  

Fixed-effect b SE z value p  
Intercept  -1.815 0.487     -3.73 <0.001 *** 
cO_Age -0.061 0.023     -2.66   0.008 ** 
Sex-♂  0.478 0.724     -0.66   0.509  
cO_D -2.896 1.333     -2.17   0.030 * 
O_EA -1.884 1.282     -1.47   0.142  
O_NE  1.924 0.792 2.43   0.015 * 
cO_OC  1.424 0.954      1.49   0.042 * 
O_IL  1.091 0.702      1.56   0.120  
M_D   0.011 0.872      0.01   0.990  
M_EA -1.253 1.306     -0.96   0.337  
M_NE -0.120 0.807     -0.15   0.882  
cM_OC  1.362 1.339      1.02   0.309  
M_IL  2.610 1.612      1.62   0.105  
cO_Age~cO_OC -0.087 0.035     -2.50   0.012 * 
cO_Age~cM_OC -0.150 0.050     -3.01   0.003  ** 

O = offspring, M = mother, D = Dominance, EA = Extraversion-Agreeableness, NE = 
Neuroticism-Egocentrism, OC = Openness-Creativeness, IL = Insecurity-Lethargy, c = 
centred variable. 
 

 
6.4.7 Effect of mother’s personality on social environment 
 
 

The temporal autocorrelation terms were highly significant in all 

GLMMs (Table 6.15a-c) that examined the impact of maternal personality on 

mothers’ social environment and were thus kept as covariates in all models. 

The number of individuals, regardless of their age and sex, who were 

associated with the mothers, could not be explained by mother’s personality 

(Table 6.16a). Only the age of mother’s offspring negatively affected the 

number of individuals in association with the mother.  

When considering the age and/or sex of individuals who were 

associated with the mothers, maternal personality displayed several effects. 

The number of immature gorillas and silverbacks in association with the 

mother who had offspring at an average age of 13 months (mean offspring 

age), was higher the more extraverted-agreeable a mother, indicating nearly 

two more immature gorillas in association with an increase of one score on 

this personality dimension (Table 6.15b). This positive effect remained 

throughout infancy and became even stronger with offspring age. Equally, 
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the negative effect of mother’s IL scores on the presence of immature gorillas 

was stronger the older the offspring. However, this personality effect was 

reversed and turned positive in mothers with offspring younger than 10 

months, indicating that the number of immature gorillas in association with 

the mother was higher the more insecure-lethargic the mother. For the initial 

five months after birth, the presence of immature gorillas also declined the 

higher a mother scored on DGO, whereas the opposite was found beyond that 

age of offspring. In mothers with average scores on DGO (mean = 4.7), EAGO 

(mean = 4.8) and/or ILGO (mean = 3.6), the number of immature gorillas 

associated with the mother declined with increasing offspring age. This 

decline was stronger the higher the mother scored on DGO and ILGO, but 

shrank in mothers who scored below average on the two personality 

dimensions, indicating an increase in the presence of immature gorillas in 

mothers who score relatively low on DGO and ILGO with offspring age. Finally, 

there was an increase in the presence of immature gorillas in the association 

of mothers who scored above the average of EAGO, whereas the negative 

age effect increased in mother below the average EAGO score.    
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Table 6.15 – GLMM showing parameter estimates of fixed-effects on the number of 
individuals in association with the mother during group resting as a function of mothers’ 
personality dimension scores (NMother = 30).  
 
a) All age-sex classes (N = 1701).  
                     Predictor b SE t value p  
Intercept    -2.046 0.365 -5.60 <0.001 *** 
ac_term  0.360 0.024 15.04 <0.001 *** 
O_Age -0.016 0.006      -2.72   0.006 ** 
M_D  0.179 1.515       0.12   0.906  
M_EA  0.944 1.242  0.76   0.448  
M_NE  0.197 1.138  0.17   0.862  
M_OC -0.549 2.878 -0.24   0.810  
M_IL -0.364 1.497 -0.24   0.808  
 
b) Immature (N = 1753).  

Predictor b SE t value p  
Intercept    -2.232 0.129    -17.30 <0.001 *** 
ac_term  0.964 0.032 29.97 <0.001 *** 
cO_Age -0.014 0.004      -3.25   0.001 ** 
cM_D  0.578 0.522       1.11   0.268  
cM_EA  1.763 0.456  3.87 <0.001 *** 
M_NE  0.635 0.404  1.57   0.116  
M_OC -1.130 0.804 -1.41   0.160  
cM_IL -0.134 0.525 -0.26   0.798  
cO_Age~cM_D -0.068 0.008 -8.36 <0.001 *** 
cO_Age~cM_EA  0.122 0.012 10.40 <0.001 *** 
cO_Age~cM_IL -0.056 0.013 -4.34 <0.001 *** 
 
c) Silverbacks (N = 1753).  
                    Predictor b SE z value p  
Intercept    -2.399 0.059   -40.76 <0.001 *** 
ac_term  3.073 0.156    19.74 <0.001 *** 
cO_Age  -0.048 0.005     -8.91 <0.001 *** 
M_D  0.083 0.209      0.40   0.691  
cM_EA  0.513 0.228      2.25   0.024 ** 
M_NE  0.029 0.180      0.16   0.873  
M_OC    -0.528 0.338     -1.56   0.119  
M_IL    -0.571 0.226     -2.53   0.012 * 
cO_Age~cM_EA     0.037 0.012      3.16   0.002 ** 
O = offspring, M = mother, D = Dominance, EA = Extraversion-Agreeableness, NE = 
Neuroticism-Egocentrism, OC = Openness-Creativeness, IL = Insecurity-Lethargy, c = 
centred variable. 
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6.5 Discussion 
 

Within the framework of this explorative study on the parenting-

personality link in gorillas, personality was assessed using a wild ape 

population for the first time. Therefore, the first part of the discussion focuses 

on the main findings on mountain gorilla personality structure, before 

discussing the impact of mother and offspring personality on maternal 

behaviour and mother’s social environment. 
 
6.5.1 Mountain gorilla personality structure 
 
6.5.1.1 Reliability and validity  

 

The reliability of individual ratings was lower than revealed from a 

captive study on orang-utans (Weiss et al., 2006) but comparable to captive 

studies on chimpanzees (Weiss et al., 2008; Weiss et al., 2007). The mean 

reliability revealed from this study on wild mountain gorillas was relatively 

high within the scope of captive studies on great apes (Weiss et al., 2006; 

Weiss et al., 2008; Weiss et al., 2007). This indicates that the personality of 

gorillas from a wild population can be reliably assessed by human ratings, in 

a comparable fashion to other great ape species from captive settings. 

However, results also suggest that human raters who rate captive animals 

may generally have a better knowledge of each individual than raters who 

rate wild animals. This is not very surprising given the different observation 

conditions in wild and captive settings. Gorillas in their wild habitat can often 

hide more successfully from the observer’s view, and the daily length of 

observation time in the wild is usually limited due to logistical issues and, 

more importantly, due to welfare issues. In addition, animals in captivity can 

be confronted with various tasks and exercises which may provide detailed 

information about their personality. The relatively high number of gorillas 

which were rated by humans in this current study may also be negatively 

associated with the rater’s familiarity to each individual.    

264 



_____________________________________________________Chapter 6  

The present study also aimed to validate mother and offspring 

personality which was being assessed, using human ratings. Seventeen out 

of 22 traits (77%) could be successfully linked with at least one 

corresponding behaviour, which indicates an association between observed 

behaviour and the mean human trait ratings used for assessing gorilla 

personality. The strong association between female dominant scores and 

their dominance strength provided further support that linear dominance 

relationships between female gorillas exist,  as has only recently been 

proposed (Robbins et al., 2005).  

The interpretation of the remaining five traits (jealous, cautious, stingy, 

fearful, and defiant) which could not be successfully linked with behavioural 

measures is difficult. A lack of correlation could indicate that the mean trait 

ratings did not reliably reflect ‘true’ gorilla behaviour. Alternatively, it could 

indicate that the selected behaviour was not captured well enough by the 

scope of operational trait descriptions, and was, therefore, not considered 

consistently in the rating decision across raters. For example, cautious was 

described as “Subject often seems attentive to possible harm or danger from 

its action. Subject avoids risky behaviour” (Appendix 4) and was linked with 

the mean distance to the closest silverback and the mean distance to the 

dominant silverback. However, the distance to silverbacks, who are the 

protectors and defenders of the group (Schaller, 1963; Harcourt & Stewart, 

2007), was not explicitly incorporated as an indicator for risk avoidance in the 

trait description. Equally, being close to a silverback may not always be 

advantageous, if you are a low-ranking female, e.g. when females compete 

for access to adult males (Watts, 1994c) and during feed-travel periods when 

females may avoid entering silverbacks’ feeding space (Harcourt, 1979b). 

Hence, a lack of correlation could indicate that the selected behaviour is not 

an appropriate indicator for the personality trait in question or may 

correspond only weakly with the trait.  

Defiant and ‘initiated aggression against the dominance hierarchy’ 

may be another example of poor correspondence between the personality 

trait and the selected behaviour. Alternatively, the occurrence of initiated 

aggression against the hierarchy may simply reflect the position of an 

individual in the hierarchy; the lower the position, the more likely the 
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occurrence of aggression up the hierarchy (see Watts, 1994c). Future studies 

could solve this problem by controlling for the number of group members up 

the hierarchy when linking the behaviour with trait scores. Equally, high rates 

of ‘initiated aggression against the hierarchy’ may correspond more strongly 

to other personality traits, such as vulnerable and protective. A gorilla who is 

prone to be victim of attacks by more dominant gorillas may become more 

defensive and respond with an increase in aggression up the hierarchy.  

Finally, if the trait description is very broad and covers a wide range of 

situations, such as in the case of jealous (Appendix 4), it may be more useful 

to link mean trait ratings with a measure that compiles several corresponding 

behaviours rather than with only one behaviour (see Visser et al., 2003), 

such as food-stealing. In summary, the present study has shown that mean 

trait ratings can be linked successfully and meaningfully with gorilla 

behavioural observations but it has also demonstrated that care must be 

taken when selecting behaviour on the basis of trait descriptions.  

 

6.5.1.2 Personality dimensions 

 

Six gorilla personality dimensions emerged, as was found in 

chimpanzees (King & Frigueredo, 1997). Consistent with chimpanzees (King 

& Frigueredo, 1997) and orang-utans (Weiss et al., 2006), the mountain 

gorilla personality structure, incorporated a ‘Dominance’ dimension (DGO), 

which has not been described in humans. However, the present DGO differed 

from DCH and DOR  by incorporating traits (protective, helpful and sensitive) 

which loaded exclusively on ‘Agreeableness’ across hominids (Goldberg, 

1990; King & Frigueredo, 1997; Weiss et al., 2006). This ‘supportive’ facet in 

DGO can be explained meaningfully in terms of species-specific social 

organisation and the role of dominant individuals in a gorilla social group.   

Apparent inter-specific differences may reflect underlying differences 

in observational settings. Gorillas living in wild groups face different 

challenges and risks compared to gorillas living in captive groups, such as 

interactions with external silverbacks or other social groups; this may provide 

observers (raters) in the wild setting with different insights into specific 

aspects of gorilla personality, such as protection and support. Whether this 
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facet in DGO is unique for mountain gorillas or Gorilla in general needs to be 

confirmed by future studies on captive gorillas, using the Hominoid 

Personality Questionnaire (HPQ). Two previous personality studies on 

captive lowland gorillas (Gold & Maple, 1994; Kuhar et al., 2006) which used 

the Gorilla Behaviour Index (GBI) as an assessment instrument also 

captured a ‘Dominance’ dimension. The lack of the protective and supportive 

facet in the ‘Dominance’ dimension of these earlier studies is likely to be due 

to methodological differences, however. In comparison to the HQP, the GBI 

is restricted to 23 traits, which may not be sufficient to capture all gorilla-

specific facets.  

Similarly to the structure of personality in orang-utans (Weiss et al., 

2006) and most other non-primate species (see review by Gosling & John, 

1999) mountain gorillas lacked a clear ‘Conscientiousness’ dimension, which 

so far has only emerged in humans and chimpanzees. Gosling and John 

(1999) suggested that ‘Conscientiousness’ evolved relatively recently within 

the subfamily of Homininae. The present findings support Gosling and John’s 

(1999) hypothesis and suggest that the third gorilla dimension, NEGO, reflects 

the aggressive and irritable facets of a ‘Proto-Conscientiousness’ dimension 

in the common ancestor of Homininae, which became part of the positive DOR 

pole and the negative AHU pole but retained the ancestral form of 

‘Conscientiousness’ in CCH.  

 

6.5.1.3 Age and sex effects   

 

Recently, it has been proposed that inter-individual variation in animal 

personality reflects life history tradeoffs (Biro & Stamps, 2008) and 

environmental factors, such as food availability, the risk of predator and 

social environment (Helson et al., 2002; Adriaenssens & Johnsson, 2009). 

This is strongly supported by sex-differences and age-related patterns in 

mountain gorilla personality. The dominant behavioural position of males 

over females in gorillas (Schaller, 1963; Doran et al., 2002; Harcourt & 

Stewart, 2007) can explain higher ‘Dominance’ scores in males compared to 

females, as was found in chimpanzees (King et al., 2008), where males also 

dominate females. Future personality studies on bonobos, where females are 
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often the dominating sex (Kano, 1992), will show whether bonobos also 

display a corresponding ‘Dominance’ personality dimension and if so, 

whether sex-differences are reversed. Furthermore, the bell-shape curves of 

changes on the gorilla ‘Dominance’ dimension in both sexes with increasing 

age may reflect their biological maturation process and changes in fecundity 

(see Robbins et al., 2006; Harcourt & Stewart, 2007).  

The lack of strong male-male social relationships in mountain gorillas, 

that involve frequent affiliative behaviour (Robbins, 1995; Robbins, 2001), 

and frequent agonistic behaviour of males towards females (Harcourt, 1979b) 

may explain the sex-difference on ‘Extraversion-Agreeableness’, which is 

higher in females than males. This contrasts with findings on ‘Extraversion’ in 

chimpanzees, where males form strong and long lasting social bonds (Mitani, 

2009) and exchange frequently affiliative behaviour (Watts, 2002). 

Higher playing activity in male compared to female gorillas during 

infancy (Fletcher, 1994; Chapter 5) and the juvenile period (Nowell, 2005) 

may partly explain sex-differences occurring on ‘Openness-Creativeness’ in 

gorillas, which contains playful and displays a ‘Creativeness’ facet. In 

contrast to findings on the impulsive facet of ‘Neuroticism’ in humans (Costa 

et al., 2001), gorilla males also scored more highly on ‘Neuroticism-

Egocentrism’ than females. This sex-difference was particularly profound 

during early adulthood when females start reproducing, and blackbacks 

mature into silverbacks and try to establish a dominant social role in the 

group. During this developmental stage, males may increase agonistic 

behaviour to establish and demonstrate their dominance over younger 

individuals, females and mating rivals (see Robbins, 1995).  

Females in this study were, on the other hand, more prone to being 

insecure-lethargic than males. The sex-bias in the dataset towards young 

female gorillas who suffered from traumatic weaning experiences (see 

Chapter 3) may partly explain the sex-difference in ‘Insecurity-Lethargy’, 

which includes anxiety. In wild chimpanzees, higher social anxiety levels in 

females compared to males (Kutsukake, 2003) have been explained with 

dispersal patterns (female dispersal). In mountain gorillas, both sexes 

disperse (Doran & McNeilage, 2001), although males and females may 

remain in their natal group through adulthood (Harcourt et al., 1976; Watts, 
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1990a, b; Robbins, 1995). The number of emigrants in the dataset was 

strongly biased towards females, due to difficulties in collecting long-term 

records on adult males after they have dispersed. In comparison to females 

who transfer between groups, males become lone silverbacks or form their 

own social group. Only a few lone silverbacks have been followed on a 

relatively regular basis or been observed forming their own group to date. 

Thus, females in this study might have displayed higher levels of anxiety than 

males in social interactions with group members, due to higher proportions of 

females being emigrants. The high number of emigrating females (see 

Chapter 2) during the period of the personality assessment supports this 

explanation. This bias towards female emigrants may also explain the slower 

decline on ‘Recklessness-Inadaptability’ with age in females compared to 

males. Non-resident females may display higher levels of social uncertainty 

and instability and be more prone to problems adjusting to the social 

environment than resident females and males. This was generally supported 

by field observations during female transfers and the integration process of 

female immigrants into a new group (Chapter 2).  

From a comparative perspective, the present cross-sectional study on 

gorilla personality development revealed several commonalities among the 

three great apes, human, chimpanzee and gorilla. Across these hominids, 

dimensions which are related to ‘Openness’ decline with age (McCrae et al., 

2000; King et al., 2008). Furthermore, females of all three great apes score 

more highly on dimensions related to ‘Agreeableness’ than males (Costa et 

al., 2001; King et al., 2008). Equally, ‘Extraversion’ declines with age 

consistently across humans, chimpanzees and gorillas (McCrae et al., 2000; 

King et al., 2008). Similarities also emerged in sex and age on ‘Neuroticism-

Egocentrism’ in gorillas and ‘Agreeableness’ in humans as well as on 

‘Conscientiousness’ in chimpanzees, which share semantically opposite 

facets of ‘Neuroticism-Egocentrism’ in gorillas (Feingold, 1994; Srivastava, 

2003; King et al., 2008). 
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6.5.2 Mother and offspring phenotypic personality  
 

In humans, the observable phenotypic structure of personality 

corresponds closely with the underlying genetic structure of personality 

(Krueger, 2000). Thus, similarity between gorilla mother and offspring was 

also expected. However, results from this study provide no clear support for a 

strong heritable component of personality. Nonetheless, some findings 

deserve closer attention in future studies. Similarities occurring between 

mother and daughter personality were particularly noticeable, and this may 

be due to their shared social role and similar life history tradeoffs (maturation 

and reproduction) (Harcourt & Stewart, 2007; also see Biro & Stamps, 2008; 

Adriaenssens & Johnsson, 2009). Gorilla females and males perform 

different behaviour, such as group defence and infant caretaking 

respectively, which leads to inter-individual variation in the development and 

adaptation of different skills (e.g. Maestripieri & Ross, 2004). Phenotypic 

similarities in mother and daughter personality may thus be more likely to 

appear or at least be more evident. Evidence for a stronger relationship 

between mother and daughter phenotypic personality also emerged in rhesus 

macaques (Stevenson-Hinde et al., 1980) with ‘Excitable’ mothers having 

‘Excitable’ female yearlings and ‘Confident’ mothers having also ‘Confident’ 

daughters, which was not found in male yearlings. 

 ‘Openness’ provides the strongest evidence for heritability of 

personality in humans (Loehlin, 1992). In mountain gorillas, the strongest 

relationship between gorilla mother and offspring phenotypic personality also 

occurred on ‘Openness-Creativeness’ during adulthood between mothers 

and their daughters. In female mountain gorillas, dominance strength was 

inversely related with ‘Openness-Creativeness’, suggesting that daughters 

may inherit disadvantageous, rather than advantageous, characteristics in 

terms of future reproductive success (see also Robbins et al., 2005). Traits 

that load on this dimension, such as thoughtless, distractible and quitting are 

likely to be counterproductive when trying to attain a high social position in 

the group as shown in the gorilla personality structure.  

The only consistency between gorilla mother and offspring on the 

‘Dominance’ dimension occurred during sub-adulthood. However, this 
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consistency was not maintained between mother and offspring into 

adulthood, the reproductive life-stage, which suggests that offspring do not 

usually ‘inherit’ the mother’s social status or the mother’s reproductive 

advantages (Robbins et al., 2005). The importance of this similarity between 

mother and offspring personality on ‘Dominance’ during sub-adulthood, a 

stage at which gorillas approach their reproductively active life stage and the 

decision whether to stay or leave their natal group (Harcourt & Stewart, 1976; 

Gerald, 1995), should be addressed in future studies.  

If some aspects of personality are consistent in mothers and offspring 

then extraverted and sociable mothers may be likely to have offspring who 

also seek social interactions; this would provide offspring with important 

social skills for the development of a strong social-network like their mother’s. 

In addition, through the mother’s social relationships, the likelihood of an 

offspring’s interaction occurring with group members of a certain age and sex 

can lead to future relationships involving similar individuals, and so on 

through several generations in primates (Berman, 1982). Consistency in the 

phenotypic personality of gorilla mothers and offspring on ‘Extraversion-

Agreeableness’ across a wide range of age-classes supports this 

relationship. Therefore, genetic inheritance of an affinity to prosocial 

behaviours may play an important role in maintaining social networks across 

generations in primates.  

The negative rather than positive correlation between mothers and 

daughters on ‘Extraversion-Agreeableness’ during the juvenile period may be 

due to the high number of daughters with stressful weaning experiences in 

this dataset. Daughters with highly extraverted-agreeable mothers may have 

been affected the most through the lack of maternal support, and thus 

appeared rather introverted-disagreeable. The post-weaning period can be a 

stage of social uncertainty and instability, and this may lead to a problem in 

adjusting to the social environment, and may explain why daughters during 

the juvenile period mirrored mothers’ phenotypic personality on the 

‘Recklessness-Inadaptability’ dimension.   

Due to uncertainties about the paternity of offspring, this study was 

limited to the impact of maternal personality. However, offspring inherit 

equally 50% of genes from their mother and father. Apart from the need for 
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more data on paternal personality, future studies on genetic sources of gorilla 

personality should also control for parent and offspring age to yield a more 

conclusive result. Furthermore, future studies need to address the question 

of the extent to which observable, phenotypic personality structure in gorillas 

corresponds with underlying genetic personality structure. 
 
6.5.3 The impact of personality on mother-offspring relationships 
 

The current study has shown that both mother and offspring 

personality can indeed shape important maternal behaviour in mountain 

gorillas (Figure 6.4), although attempts to interpret most personality effects 

remains largely speculative at current knowledge. Therefore, this discussion 

focuses on the key findings and recommendations for future research.  

 

 

 
Figure 6.4 – Summary of maternal and offspring personality effects on maternal behaviour. 

 

272 



_____________________________________________________Chapter 6  

The majority of the personality effects were very complex as they 

depended on the developmental stage of the offspring, in particular maternal 

personality effects. The relative importance of personality also varied on 

different behaviour, with maternal responsiveness showing the greatest 

diversity of links to mother and offspring personality, while the impact of 

personality on maternal rejection and grooming was rather dimension-

specific (Figure 6.4). ‘Dominance’, ‘Neuroticism-Egocentrism’ and 

‘Openness-Creativeness’ emerged more consistently across maternal 

behaviours, compared to ‘Extraversion-Agreeableness’ and ‘Insecurity-

Lethargy’, suggesting that the former three dimensions may be the most 

critical in shaping mother-offspring relationships  and should be focus in 

future studies on parenting-personality in mountain gorillas. However, this 

does not mean that the other dimensions are not important. 

‘Extraversion’ in humans has been related to high parental 

responsiveness (Londerville & Main, 1981; see Kochanska et al., 2005), and 

this was also found in gorillas; high ‘Extraversion-Agreeableness’ in mother 

and offspring was linked to high maternal responsiveness. Such mothers and 

offspring were sensitive, helpful, affectionate and sociable, suggesting a 

tendency towards cooperative behaviour in mother-offspring interactions. 

Results from analysis of phenotypic personality further suggest that 

cooperative behaviour from one party also promotes cooperative behaviour 

in the other party, as extraverted-agreeable mothers also had extraverted-

agreeable offspring. High levels of maternal grooming activity may have also 

been expected in the mothers and offspring high on ‘Extraversion-

Agreeableness’, as they tend to seek social interactions, but this was not 

evident in the current study. In extraverted human mothers, a lack of frequent 

parenting interactions has been interpreted as being a result of a mother’s 

need for social interactions exceeding those which the offspring can provide.  

(see Belsky & Barends, 2002).  

 Findings also suggest that some personality effects may inter-

correlate with an additional (third) factor. For example, during infancy, 

‘Dominance’ was directly related to age, suggesting that the negative 

outcome of ‘Dominance’ scores on maternal rejection may reflect an age-

effect (Chapter 4), rather than a personality effect. Similarly, ‘Openness-
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Creativeness’ of a mother could potentially be interlinked with a mother’s 

dominance strength and parity, since a negative relationship was evident 

between this personality dimension and mother’s dominance strength.  This, 

on the other hand is linked to parity, with a high proportion of primiparous 

mothers having a low dominance-strength (eight out of nine). Thus, the 

decline in maternal responsiveness with offspring age in mothers high on 

‘Openness-Creativeness’ (possibly primiparous) may primarily be related to 

parity. Such examples indicate that interpretation of personality effects is 

further complicated by potential inter-correlation of third covariates, and 

needs to be considered and addressed in future personality studies.    

A step forward in our understanding may be achieved in future by 

studying mother-offspring pairs as individual units, i.e. taking into account the 

relationship between offspring personality and mother personality within the 

unit. This is likely to be more meaningful and thus would improve our 

understanding of behavioural outcomes in relation to maternal investment. 

This could be further aided by asking how key developmental steps during 

the transition to independence, such as breaking contact, independent 

travelling and weaning, as well as behavioural conflicts and their outcome, 

are influenced by the mother and offspring personality interaction.  

Human studies have considered the importance of parental 

personality for children’s development and performance in adulthood (Belsky, 

1984, 1990, 1995). Clearly, we are just at the beginning of understanding the 

relevance of personality on maternal behaviour in nonhuman primates. 

However, if we can start to overcome some of the difficulties involved in 

assessing personality in nonhuman primates, and its impact on mother-

offspring relationships, our understanding of personality factors as 

determinants of mother-offspring relationships would benefit research on 

topics related to maternal investment. 

 
6.5.4 Mother’s social environment during early infancy as a function of 
personality 
 

Of key interest is whether differences in the mother’s social 

environment, as a potential function of maternal personality, can lead to 
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individual differences in the offspring socialisation process and personality 

development in gorillas.  

Throughout the first two years, offspring with mothers high on 

‘Extraversion-Agreeableness’ and ‘Dominance’ had higher access to 

immature gorillas and silverbacks than those with introverted-disagreeable  

and inferior mothers. Thus, extraverted-agreeable and dominant mothers 

provided their offspring with more opportunities for social play during early 

ontogeny, which is essential for normal development (Bekoff, 1972; Fagen, 

1981; Byers, 1998) and may promote earlier independence (Fossey, 1979). 

Association with the silverback, on the other hand, is important to mother-

offspring dyads for two primary reasons. Firstly, silverbacks protect mothers 

and their youngsters from predators and from infanticide by unrelated adult 

males (Schaller, 1963). Secondly, with increasing development of motor skills 

and independence, offspring gradually shift their association patterns, 

reducing the time spent with their mothers while spending increasingly more 

time with silverbacks (Fletcher, 1994; Stewart, 2001). This shift may function 

as a psychological buffer during weaning when mothers reduce their support 

and attention to offspring (Whitten, 1987). In addition, being close to adult 

males may facilitate the access to peers for socialisation due to their high 

attraction to immature individuals (Stein, 1984).  

Offspring with insecure-lethargic mothers were likely to experience a 

different social environment during early ontogeny to those described, 

characterised by fewer opportunities for social play (>10 months) and 

reduced opportunity for establishing social bonds with silverbacks, which also 

implies lower level of protection. That those mothers associated less with 

silverbacks than mothers low on ‘Insecurity-Lethargy’ was surprising, since 

insecure mothers also tended to be anxious and thus might have been 

expected to seek protection close to silverbacks. However, such individuals 

were also submissive and timid. Hence, a lower association with silverbacks 

may reflect a lack of competitive abilities in accessing silverbacks (Watts, 

1994c). 

In summary, findings from this personality study provide evidence that 

aspects of the mother’s social environment that are important for offspring 

development can vary with maternal personality during the period of physical 
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dependence when the infant’s social environment is determined mainly by 

the mother. This raises many questions for future investigations outside the 

realm of personality but which may be directly linked to it, such as whether 

differences in mother’s social environment during early infancy are strong 

enough to have an impact on infant development and the early socialisation 

process. In general, results of this study showed that offspring of highly 

extraverted-agreeable and dominant mothers received the most social stimuli 

during early infancy and they would therefore be expected to develop higher 

social skills, earlier and stronger bonds with silverbacks, and reach 

independence at an earlier age, than offspring with mothers low on 

‘Extraversion-Agreeableness’ or ‘Dominance’. After such questions have 

been answered, long-term effects of such early differences in social 

experience should be investigated may be the next step, taking into account 

factors which may mediate early deficiencies.    
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