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2.1 Study area and population 
 

Both refuges of the two remaining mountain gorilla populations (Gorilla 

beringei beringei) are found within the Greater Virunga Landscape, which 

contains 11 protected areas across the borders of Uganda, Rwanda and 

Democratic Republic of Congo (Plumptre et al., 2007). The landscape, 

geologically, belongs to the Albertine Rift, which is one of Africa’s most 

species and endemic rich regions (Plumptre et al., 2003; Brooks et al. 2001). 

This study focused on mountain gorillas in the population harboured 

by the Afro-montane forest of the Virunga Volcanoes Region (Figure 2.1), 

also known as ‘Virunga Massif’ or ‘Virunga Conservation Area’, where they 

range in altitude from 2500 to 4000 metres. This population is separated by 

only 40 km from the second population, which is sheltered by the Bwindi 

Impenetrable National Park in Southwest Uganda. The Virunga Volcanoes 

Region covers approximately 450 km2, spanning three National Parks which 

are defined by the borders of three countries; Mgahinga Gorilla National Park 

(MGNP) in Uganda, Parc National de Virunga in DR Congo (PNVi) and Parc 

National des Volcans (PNV) in Rwanda. The field study was located in the 

PNV in the Rwandan component 1°21’ parallel and 1°35’ southern latitude 

and between meridian lines 29°22’ and 29°44 longitude east, which covers 

165 km2 (Plumptre et al., 2004).  
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Figure 2.1 - Virunga Volcanoes Region. 

 

 

According to the last census in 2003, the total mountain gorilla 

population in the Virunga Volcanoes consisted of 380 individuals (Gray et al., 

2005) compared to 320 individuals counted recently in the Bwindi 

Impenetrable National Park (McNeilage et al., 2006). In the Virunga region, 

70.8% of the population is habituated to human presence (Gray et al., 2005). 

Habituated groups are regularly visited by tourists or researchers and 

monitored daily by the Office Rwandais pour Tourism et des Parcs Nationaux 

(ORTPN) and the Karisoke Research Centre (KRC), for protection and 

scientific research. 

There is no published evidence to suggest interspecific competition 

between the mountain gorilla and any other mammal species in the Virunga 

National Park (Plumptre, 1996), such as the golden monkey (Cercopithecus 

kandti), the blue monkey (Cercopithecus mitis), the bushbuck (Tragelaphus 

scriptus), the black-fronted duiker (Cephalus nigrifons), the buffalo 

(Syncercus caffer), or the elephant (Loxondata africana). Predation of 
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mountain gorillas by leopards, the only non-human predator, has not been 

recorded since 1961 (Schaller, 1963).  

2.1.1 Climate 
 

Depending on topographic features, the climate within the Virunga 

Volcanoes can vary significantly. The climate in and around the PNV is 

generally cool and humid. The average annual temperature is 12ºC at the 

base of the Virunga Volcanoes (2500 m) (Mehta & Katee, 2005). Night frost 

occurs in the park over 3000 m. Snow occasionally covers the summit of the 

Volcano Karisimbi (4507 m).  

Rainfall is distributed bimodally, with two rainy seasons from March 

until May and from September until December. During these wetter periods, 

heavy rainfall occurs almost daily. The principal dry season lasts from two to 

four months, between mid-May and mid-September, whereas the short dry 

season, which lasts from January until February, is more appropriately 

considered a time of reduced rain (Metha & Katee, 2005).  

 
2.1.2 Vegetation  
 

Mountain gorillas are folivores, relying primarily on foliage of herbs 

and vines, which are abundant and evenly distributed in the Virunga massif 

(Watts, 1984). The broad range in altitude and the climate which 

characterises the Virunga massif have led to a high variety of vegetation 

types. Several studies of the Virunga ecosystem have identified various 

distinct vegetation zones and habitat types (Schaller, 1963; Spinage, 1972; 

Fossey & Harcourt, 1977; McNeilage, 1995). None of the studies found 

evidence of seasonality in gorilla food availability. The sole exception is the 

occurrence of the bamboo shoot season at certain times of the year, usually 

overlapping with the rainy seasons.  

McNeilage (1995) established a classification of nine habitat types 

(Table 2.1; Figure 2.2) based on previous vegetation type identifications by 

Watts (1983) and Plumptre (1991). His classification is a slightly simplified 

version and is based on a broader vegetation survey which includes 

extended parts of the Virungas.  
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Table 2.1 – Description of the vegetation zones of the Virunga Massif from McNeilage 
(1995). 
Zone Altitude (in m) Description 

Alpine >3600 • above the limit of most herbaceous and 
woody plants  

• low grass, mosses, rocks 
• occasional Senecio johnstonii 

Subalpine 3300 - 3600  • plants up to 4-5m high  
• abundant Senecio johnstonii, Lobelia 

stuhlmanni and/or L. wollostonii, Hypericum 
revolutum and Rubus kirgungensis 

Brush Ridge 2950 - 3300  • dense vegetation up to 10m high along 
volcano ridges and ravines 

• abundant Hypericum revolutum and 
shrubby growth of Senecio mariettae 

Herbaceous 2800 - 3300 • open areas with low (1-2m), dense 
herbaceous vegetation  

• generally on the side of volcanoes 
• few Hagenia abyssinica and Hypericum 

revolutum trees 
Hagenia 

(‘Saddle’) 

2750 - 3300 • variable canopy woodland  
• dense herbaceous or grassy understorey in 

the saddles between volcanoes and on 
lower slopes 

• dominated by Hagenia abyssinica and 
Hypericum revolutum trees (up to 20m 
high) 

Bamboo 2550 - 2950 • dominated by monospecific stands of 
bamboo (5-12 m high)  

• mixed with a few trees and vines at lower 
altitudes 

Mimulopsis 2550 - 2800 • open herbaceous areas at low altitudes  
• generally in the saddle between Visoke and 

Sabinyo  
• dominated by Mimulopsis excellens  

Mixed  

Forest 

2000 - 2550 • mixed species montane forest with open 
canopy (up to 20m high)  

• understorey: herbaceous with dense 
Mimulopsis arborescens patches 

• abundant Neobutonia macrocalyx and 
Dombeya goetzenii   

• other tree species: Bersama abyssinica, 
Croton macrostachys, Clausena anisata, 
Maytenus heterophylla, Maesa lanceolata, 
Pgyeum africanum, and Tabernaemontana 
johnstonii 

Meadow across zones • open grassy areas at a variety of altitudes  
• often marshy with very little gorilla food 
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2.2 Study groups  
 

All study individuals resided in the research groups that have been 

monitored by the KRC since 1967. Thus, most gorillas could be classified by 

their age and sex using the system proposed by Watts & Pusey (1993) 

(Table 2.2). Only the age classification of infants was slightly modified and 

extended up to 3.5 years, since the period of nutritional dependence often 

lasts beyond three years (Fletcher, 1994; Stewart, 1981). Various features of 

the face (e.g. noseprints, facial marks and scars) and body (e.g. body size, 

hair colouration, degree of syndactyly on feet and scars) have been used for 

gorilla identification. 

 

 
Table 2.2 – Age-sex classification of mountain gorillas proposed by Watts & Pusey (1993) 
with modified age-range of infants. 
Age class Sex Age-range (years)  

Infant ♂ ♀                      0     –  3.5 

Juvenile ♂ ♀                  >  3.5  –  6.0 

Sub-adult ♂ ♀                  >  6.0  –  8.0 

Adult                       ♀                  >  8.0 

Blackback               ♂                  >  8.0  – 12.0 

Young silverback  ♂                  > 12.0 – 15.0 

Adult silverback  ♂                  > 15.0 

 

At the start of this study in May 2006, three research groups existed – 

Beetsme (BEE), Shinda (SHI) and Pablo (PAB). All three groups had been 

rather stable social units during the previous 13 years. From October 2006, 

throughout the remaining field period, which finished in December 2007, the 

three groups, in particular BEE and PAB, underwent a series of demographic 

changes caused by events such as group split, group fission-fusion, female 
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transfer, male emigration, births and deaths (definitions provided in Table 

2.3). The ‘1-month’ criterion that defined whether a transfer was temporary or 

permanent was based on field observations; a transfer which lasted longer 

than one month often lasted over an extended period. Figure 2.3 illustrates 

the formation and origin of new groups. By the end of the data collection 

period, six rather stable research groups plus two, still very inconsistent, 

small groups and an increasing number of lone silverbacks in the study area 

(not shown in Figure 2.1) were followed by KRC. The frequency of 

demographic changes (Table 2.4) led to significant and regular changes in 

the composition, size and total number of research groups (Table 2.5).  

 
Table 2.3 - Definitions of terms describing demographic events. 
Term Definition 

Group split Recorded when individuals of a group were separated from 

each other in two or more subgroups, at least 100 m apart, 

for more than one month without reunion and only brief 

subsequent reunions (<1 week) after that month. The 100 m 

separation criterion was set at 200 m distance in PAB, the 

largest group. This was in order to avoid an overestimation 

of separation events, since it was more difficult in this, often 

widely spread group, to locate all individuals.  

Group fission- 

fusion 

Recorded when individuals of a group were separated from 

each other in two or more subgroups at least 100 m apart 

(except PAB, see above) for less than one month, followed 

by long reunion periods (>1 week).   

Female 

transfer 

(temporary 

and 

permanent) 

Recorded when any female or a group of females changed 

social group. Each female within a group of transferring 

females counted as one transfer event. In the case of a 

temporary transfer the female returned to the previous group 

within a 1-month period, whereas in a permanent transfer 

the female stayed at least one month in her new social 

group. Female transfer events commonly happened during 

group interactions.  

 24 



_____________________________________________________Chapter 2 

 25

Figure 2.3 - Changes and formation of research groups from May 2006 to December 2007. 
SPAB = subgroup Pablo, SCAN = subgroup Cantsbee. 

Male 

emigration 

(temporary 

and 

permanent) 

Recorded when a single male, usually a silverback, left the 

group to range elsewhere. If the male returned to the group 

within a 1-month period and was reaccepted, a temporary 

emigration was recorded. Emigration events which lasted 

longer than 1-month were categorised as permanent.   

Male 

immigration 

(temporary 

and 

permanent) 

If a ‘permanent emigrated male’ subsequently rejoined the 

group for more than one day, a male immigration event was 

recorded.  If the reunion lasted longer than 1-month, the 

event was specified as permanent male immigration; 

otherwise it was recorded as temporary. 

 
 
 
 

 



 

  26 Table 2.4 - Demographic changes in the mountain gorilla research groups from May 2006 to December 2007.  

   Immigration (transfer) Emigration (transfer) Group separations 

Group        Births Deaths Temporary Permanent Temporary Permanent Split Fission- 
Fusion 

 Pablo 7        8 4F/1F* 1M 3F/1F2/1M2/3M 7F/1M 3 15

    sPablo 0        0 2M 2M - - - 1

    sCantsbee 0        0 3F 1F - 2M - -

    sUmurava 0        2 1M - - - - -

 Beetsme 1        1 3F 2F 1F/1M 3F/2M 5 16

    Titus 1       1 2F* 1F*/1M1 1M 2F/1F* - -

    Kuryama 2       0 - 2F/1F* 1F/2F* 1F/1F*/1M1 - -

 Shinda 3        0 - 2F 1F/2M 2M - 2

 Bwenge 3        2 - 6F 8F 3F - -

F = female, M = male, *adult female with infant, 1sub-adult male with mother, 2 lost group during poaching incident: female infant and juvenile male, s = 
subgroup. 
 
 
 
 

 



 

 

Table 2.5: Variation in group composition and size of the mountain gorilla research groups from May 2006 to December 2007, highest and lowest number of 
individuals in each sex-age classification (grey = age class) below and above the line respectively. GS column: upper/lower number = smallest/largest.   

Group IF IM I   JF JM J SAF SAM SA BB  NAF AF ADF SBY SBO SB  GS

Pablo 3 
8 

3 
10 

7 
17 

1 
3 

2 
6 

5 
9 

2 
5 

2 
5 

6 
10 

1 
8 

0 
1 

9 
20 

9 
20 

1 
4 

1 
4 

2 
8 

32 
65 

   sPablo 0 
2 

0 
0 

0 
2 

0 
1 

2 
3 

2 
4 

0 
0 

0 
0 

0 
0 

2 
4 

0 
1 

1 
2 

1 
2 

1 
2 

1 
2 

2 
4 

8 
15 

   sCantsbee 2 
4 

4 
5 

6 
8 

2 
3 

1 
3 

3 
6 

2 
3 

5 
5 

7 
8 

1 
3 

0 
1 

8 
11 

8 
12 

1 
2 

1 
1 

2 
3 

30 
36 

   sUmurava 0 
1 

1 
2 

1 
3 

0 
0 

0 
1 

0 
1 

1 
1 

0 
0 

1 
1 

1 
1 

0 
0 

0 
0 

0 
0 

0 
0 

1 
2 

1 
2 

5 
6 

Beetsme 0 
1 

2 
5 

2 
5 

2 
2 

1 
2 

3 
4 

0 
2 

1 
2 

1 
4 

0 
1 

0 
1 

6 
10 

6 
10 

2 
4 

3 
4 

5 
7 

22 
27 

  Titus 0 
1 

0 
2 

0 
3 

1 
2 

0 
0 

1 
2 

0 
1 

1 
2 

1 
3 

1 
1 

0 
1 

2 
4 

2 
4 

0 
1 

1 
1 

1 
2 

8 
14 

  Kuryama 0 
0 

0 
3 

0 
3 

0 
1 

2 
2 

2 
3 

0 
1 

0 
1 

0 
1 

0 
0 

0 
1 

3 
5 

4 
6 

1 
1 

2 
2 

3 
3 

9 
15 

Shinda 0 
3 

1 
4 

4 
6 

2 
5 

0 
0 

2 
5 

2 
3 

0 
1 

2 
3 

1 
2 

0 
2 

5 
8 

6 
10 

0 
2 

3 
6 

5 
7 

22 
28 

Bwenge 0 
1 

1 
2 

1 
2 

0 
0 

0 
0 

0 
0 

0 
3 

0 
0 

0 
3 

0 
0 

0 
1 

1 
5 

1 
6 

0 
0 

1 
1 

1 
1 

2 
9 

IF = female infant, IM = male infant, I = infant, JF = female juvenile, JM = male juvenile, SAF = sub-adult female, SAM = sub-adult male, SA = sub-adult, BB = 
blackback, NAF = nulliparous adult female, AF = adult female with previous parturition, ADF = adult female, SBY = young silverback, SBO = old silverback, 
SB = silverback, GS = group size. 
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Demographic changes can strongly influence group dynamics and the 

role of individuals in a group (Robbins et al., 2005). Thus, it is essential to 

consider such variations in the present study of maternal investment. 

Appendix 1 provides information about the main characteristics of the 

research groups and their demographic changes during the study period, 

which will improve the interpretation of results gained from this field study. 

The impact of the unstable demographic environment on data collection and 

analysis is discussed in individual chapters. 

 

 

2.3 Study subjects 
 

The subjects of the study included all available mothers and their 

current offspring who resided in the research groups from May 2006 to 

December 2007. Each of them was individually recognisable and known by 

the researcher. In total, the dataset incorporated 38 mother-offspring pairs 

out of seven groups (Table 2.6). Due to demographic changes (Table 2.4), 

several focal pairs resided in more than one social group during the field 

period, e.g. the MHW-IGZ pair was living in Beetsme Group and 

subsequently joined Kuryama Group after the group split. Offspring spanned 

different age-ranges during the field period (Figure 2.4, Appendix 2). 

 



 

Table 2.6 - Mother-offspring focal pairs involved in the present study. 

Group Focal pair 
(mother-offspring) Offspring sex Parity of 

mother 
# of siblings 

present in group 
IBI to next older 

sibling present in 
group (years) 

 # of maternal 
relatives present 

in group 
Beetsme       BKA-IHU ♂ P 0 - 5
      MAW-MAWINF ♂ M 3 3.75 5
      MHW-IGZ ♂ P 0 - 0
      TUC-SEG ♂ M 2 4.51 2
      UKU-TET ♂ P 0 - 0
Kuryama      MHW-IGZ ♂ P 0 - 0
 MHW-MHWINF     ♂ M 1 4.59 1
      TUC-SEG ♂ M 1 4.51 1-2
      UKU-TET ♂ P 0 - 0
      UMU-UMUINF ♂ M 0 - 0
Titus       SHA-SHAINF ♀ M 1 7.43 4
      BKA-IHU ♂ P 0 - 3-4
      TUC-SEG ♂ M 1 4.51 1
Bwenge      NTO-NTOINF ♂ M 0 - 0
Pablo      BKR-NGU ♂ P 0 - 3-5
      BSH-BSHINF ♂ M 2 3.99 2
       GIN-GININF ♀ M 1 5.49 1
      GUT-TOB ♂ M 2 3.82 3-6
      INT-DUS ♂ M 1 4.71 12-17
       MAG-TBA ♀ M 2 3.43 16
       MAH-CUM ♂ M 2 3.32 12-17
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 30 MAH-MAHINF     ♀ M 3 3.64 13
      MAK-TMS ♀ P 0 - 15-16
      MIT-UBZ ♂ P 0 - 2-3
      MUD-AHZ ♂ M 1 7.92 3-5
   MUK-ISU ♀ M 1-2a 4.38 / 8.21a 2-3 
      NTO-ICY ♀ M 0 - 0
       NZE-NZEINF ♂ M 1 6.84 5
      PUC-NDW ♀ M 5 3.69 14-16
      TAM-IMH ♀ P 0 - 3-6
      UMC-HEB ♂ M 1 5.42 1
      UMU-IDU ♂ M 1 6.47 1
      UMW-NOH ♂ M 3 3.19 5
       UMW-AKA ♀ M 4 3.67 3-6
sCantsbee       MUD-AHZ ♂ M 1 7.92 2
      TAM-IMH ♀ P 0 - 4
      BKR-NGU ♀ P 0 - 2
sPablo      UMW-AKA ♀ M 4 3.67 2
Shinda       KAN-UBK ♂ P 0 - 3
       KBY-KNA ♀ M 2 8.00 2-3
       KRD-ITE ♂ P 0 - 3
       KUB-KUN ♀ M 1 3.68 3
       KUB-IYO ♂ M 2 3.02 3
       KWR-FAT ♀ M 4 4.37 4
       NAH-KRN ♀ P 0 - 3
        PAS-KBZ ♂ M 1 3.82 1

anumber of siblings in the group changed after emigration of sister, IBI = inter-birth interval, P = primiparous, M = multiparous, s = subgroup.

 



 
Figure 2.4 – Distribution of offspring age (in years 1-6 and months 1-65) over focal samples for each focal pair in each group. *infant without name; blue=male 
offspring; red=female offspring.
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2.4 Ethogram 

To investigate the main aims of this study, an ethogram (Table 2.7) 

was developed through the use of the literature on maternal investment, 

predominantly in primates, and on the social development in immature wild 

gorillas (Stewart, 1981; Fletcher, 1994; Nowell, 2005) as well as personal 

field experiences with the research groups, gained between September 2004 

and December 2005. Additional information (e.g. actor, recipient, and 

context) was recorded for most of the behavioural categories (listed in the 

ethogram as modifiers). The practicality of the data collection method was 

tested during a 2-week pilot field-period in May 2005. The ethogram (Table 

2.7) was adjusted accordingly.  

 

 

 

 

 



 

Table 2.7 - Ethogram showing all behaviour categories recorded during the study; M1-6=Modifiers to specify additional detail. Adapted from Stewart 
(1981), Fletcher (1994), Nowell (2005), and the Karisoke long-term data protocol (unpublished).  

CODE        BEHAVIOUR DEFINITION M1 M2 M3 M4 M5 M6

Movements including in relation to others: 

M Moving 

Any movement of an individual between 
locations, including between resting sites, 
feeding sites and general group movements. 
This does not include standing motionlessly 
and movements involved in agonistic 
behaviours. 

            

A Approach 

One individual moves to within 2 m of another 
individual and either remains within 2m for a 
minimum duration of 1 min or engages in an 
affiliative behaviour. This behaviour is not 
recorded during group travel periods. 
Approaches between mother and infant are 
recorded whenever the event occurs without 
considering the criteria of the minimum 
duration of 1-min and group activity. 

Actor  Recipient
Context: 
Actor/ 

Recipient 

Miscellaneous: 
M=Mutual 
P=Passive 

    

L Leave 

An individual moves 2m or further away from 
another individual, after staying within 2m 
proximity for at least 1 min or after an 
affiliative interaction. This behaviour is not 
recorded during group travel periods. Leaves 
between mother and infant are recorded 
whenever the event occurs without considering 
the criteria of minimum duration and group 
activity. 

Actor  Recipient
Context: 
Actor/ 

Recipient 

Miscellaneous: 
M= Mutual 
P=Passive 

    

 
 

C 
 

Making 
physical 
contact 

This behaviour is only recorded for mothers 
and their infants when one of them initiates 
physical contact.  

Actor  Recipient
Context: 
Actor/ 

Recipient 
       33 

 



 

 
 
B 

Breaking 
physical 
contact 

This behaviour is only recorded for mothers 
and their infants when one of them breaks 
physical contact.  

Actor  Recipient
Context: 
Actor/ 

Recipient 
      

FOL Follow 
An individual within 2m leaves another 
individual who subsequently also departs in the 
same direction within 0-10m. 

Follower  Recipient

Distance: 
within 0-2m=1, 
>2-5m=2 or 5-

10m=3 

      

RCL Rump cling 
An individual holds on to the rear portion of 
another's body during travel, while locomotion 
on two legs.  

Actor Recipient         

WAI Wait 

An individual stops moving and turns the body 
into the infant’s direction and remains 
motionless until the young caught up or starts 
following the individual. 

Waiter Recipient         

CLA Clamber 
An infant is in physical contact with another 
individual and climbs along the individual’s 
body.  

Infant Individual 
in contact         

Styles of Transport: 

TDO Dorsal  
An individual carries another individual 
quadrupedally on its back in either a dorso-
ventral or (back ride) dorso-dorso fashion. 

Carried 
individual Carrier         

TUV Ventral 
unsupported  

An individual holds onto, and hangs 
unsupported from another individual’s ventrum 
as the latter locomotes quadrupedally. 

Carried 
individual Carrier         

 
               TSV 

Ventral 
supported  

An individual is held against another 
individual’s ventrum as the latter locomotes 
tripedally.   

Carried 
individual Carrier         

  34 

 



 

 
THE Head 

An individual is carried on another individual’s 
head, grasping the pelage, as the latter 
locomotes tripedally or quadrupedally.  

Carried 
individual Carrier         

TEA Extended arm  
An individual is held in one hand away from 
the body as the carrier locomotes 
quadrupedally.  

Carried 
individual Carrier         

TSI Side  

An individual holds onto the side of another 
individual, grasping its dorsal and ventral 
pelage with its hands and feet as the other 
individual locomotes quadrupedally. 

Carried 
individual Carrier         

TAW Arm  
An individual sits in another individual’s palm 
and is held as the other individual locomotes 
quadrupedally. 

Carried 
individual Carrier         

TDG Drag  
An individual is pulled on the ground near 
another individual’s body as the latter 
locomotes quadrupedally or tripedally. 

Carried 
individual Carrier         

TED Extended arm 
drag  

An individual is dragged on the ground away 
from another individual as the latter locomotes 
quadrupedally or tripedally. 

Carried 
individual Carrier         

TLW Leg walk  An individual holds onto another individual’s 
rear leg as the latter locomotes quadrupedally. 

Carried 
individual Carrier         

TBV Bipedally 
ventral  

An individual is carried in another individual’s 
lap or pressed against another individual's body 
as the latter locomotes bipedally. This type of 
transport can often be observed during 
foraging. 

Carried 
individual Carrier         

TTS Tripedal stand An individual is held with one hand against the 
body of the holder as the latter is motionless. 

Carried 
individual Carrier         

 
TQS Quadrupedal 

stand 

An individual holds onto, and hangs 
unsupported from another individual’s ventrum 
as the latter stands motionlessly 
quadrupedally. 

Carried 
individual Carrier 

Position of 
carried 

individual 
       35 

 



 

Affiliative behaviours: 

GRM Groom 
An individual picks through the hair of another 
individual with fingers or lips, removing dry 
skin, dirt, insects, etc.  

Actor Recipient          

SGR Self-groom 
An individual picks through its own hair with 
fingers or lips, removing dry skin, dirt, insects, 
etc.  

Actor           

TCH Touch 
An individual gently puts hands, fingers (not 
bent) or feet on another individual in an 
affiliate manner.  

Actor  Recipient
Context: 
Actor/ 

Recipient 
      

EMB Embrace 

An individual holds another individual against 
the ventrum or back by enclosing the other 
with its arms while stationary. This does not 
apply to a mother holding her infant up to her 
breast to suckle.  

Actor  Recipient
Context: 
Actor/ 

Recipient 
      

Styles of playing behaviour: 

PRT Rough and 
tumble  

Two individuals engage in energetic play, 
involving biting and grappling with another 
individual. This kind of play, sometimes known 
as “play-fighting”, is usually accompanied by a 
“chuckle” vocalisation and an open-mouthed 
play-face. 

Actor1 Actor2 Initiator       

PCH 
Chase 

(approach- 
withdrawal) 

An individual engages in the following play 
types (a) run after one another through 
undergrowth, (b) run toward and away from 
each other, (c) climb up and down trees, 
swinging with occasional brief physical 
contact. This play often alternates with “rough 
and tumble” play or occurs in isolation.   

Actor1 Actor2 Initiator       

 
 

PSP 
Sparring 

Two individuals sit or stand face to face and 
hitting each other in the head/shoulder region 
with one hand after another and often with 
open-mouthed play-face. 

Actor1 Actor2 Initiator       
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PGE 

Gentle  

Two individuals, usually equal size, (a) 
“grapple” very slowly with gentle biting of 
limbs and extremities and generally roll around 
or (b) one individual plays a greater part with 
more successful tickle than the reverse 
direction.  

Actor1 Actor2 Initiator       

PON Play-on 

An individual gently rolls around on another 
individual’s back or ventrum, waving with arms 
around while the other individual is totally 
passive. It is normally observed only in very 
young infants on their mothers. 

Actor1 Actor2 Initiator       

PEX Extremity  

A younger individual playfully bites the fingers 
and toes of another older individual while it 
pays little or no attention during resting. This 
often occurs intermittently with play-on. 

Actor1 Actor2 Initiator       

PSO Solitary  

An individual swings, twirls, hangs from 
branches, pirouettes, slaps, rolls on the 
ground, pats objects and chest-beats with no 
apparent interest in any other individual 
nearby.  

Actor           

PSC Solicited 

An individual encourages play with another 
individual by means of chest-beats, slaps on 
vegetation/ground/ the other individual, 
running toward and away from the other, 
mock-biting the other, eye contact and jerky 
movements away as if beginning to chase while 
the target individual does (still) not join the 
play.  

Actor Recipient          

 
 

PPA Parallel 

Two individuals clearly play simultaneously 
together on the ground or in a tree while 
swinging on branches and having no body 
contact.  

Actor Recipient            37 

 



 

 
 

PTR Tree  
Two individuals play in physical contact in a 
tree while swinging on branches or climbing 
the tree. 

Actor Recipient          

PPS Pass-by-play 

One individual plays very briefly with another 
individual while passing it quickly during 
moving sessions. The passing individual clearly 
shows the intention to continue moving away 
from the recipient rather than soliciting a 
longer play session.  

Actor Recipient          

PFE Play-feed 
Manipulation of food item with negligible or no 
ingestion. This behaviour often occurs when an 
infant explores the environment. 

Actor 
Food 

species/ 
part 

        

Explorative behaviours: 

EXP Explore 

An infant inspects its close environment by 
walking over vegetation, crawling along 
branches on ground or in tree and touching 
/mouthing objects. When the latter occurs PFE 
has to be recorded as an event. This does not 
incorporate play or foraging.  

Actor           

STR Staring 
An individual looks intently at another 
individual (or vice versa) at very close range 
between >0-1m. 

Actor  Recipient Unidirectional/ 
mutual  

Context: 
Recipient 

If context is 
feeding 

food 
species/ 

part 

  

SME Smelling An individual smells or sniffs close to another 
individual. Actor  Recipient Context: 

Recipient 

If context is 
feeding food 
species/ part 

    

Feeding behaviours: 

               NC Nipple contact 
(suckling) 

An individual has mouth-contact with mother's 
nipple or that of another female.  Actor     Recipient

Activity of 
mother during 

initiation 

Left or right 
breast 
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NCB Nipple contact 
break 

The mother, offspring or a third party 
interrupts the offspring’s mouth-contact with 
the mother’s nipples. If the break lasts >1min 
and/or the offspring engaged into another 
activity, the subsequent NC was considered a 
new suckling bout.   

Party 
responsible 

for NCB 
     

 
 
F 

Feeding 

Any feeding behaviour, including the 
harvesting, processing and ingestion of food 
while sitting or standing on one place 
(stationary). Suckling in infants is not included.  

Food 
species/ 

part 
          

FO Foraging 
(Travel-feed) 

Any feeding behaviour, including the 
harvesting, processing and ingestion of food 
while moving between feeding sites. Suckling 
while being transported is not included. 

Food 
species/ 

part 
          

FPC 
Feeding in 
physical 
contact 

An individual feeds in physical contact with a 
large or small proportion of body surface of 
one or more individuals. This is also recorded if 
the recipient is not feeding, e.g. resting, 
grooming.  

Individual 
in contact 

Food 
species/ 

part 
        

FTK Food taking     

An individual takes or tries to take a food item 
either directly from the hands or mouth of 
another or from a pile of food collected by 
another individual. This category includes food 
steal as a special case. 

Actor  Food owner Successful/ 
unsuccessful 

Reaction of 
food owner 

Food 
species/ 

part 
  

Resting behaviours: 

R Resting Any resting behaviour without physical 
contact.              

 
 

RPC Rest in 
physical 
contact 

An individual rests in physical contact with a 
large or small proportion of body surface of 
one or more individuals. This is also recorded, 
if the focal is transported or groomed while 
resting.  

Individual 
in contact           
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Dominance behaviours: 

PSS Passing 

An individual moves ahead of another 
individual during travel progression. This can 
affect the order of individual arriving at a 
feeding site. 

Actor Challenged 
individual 

Successful/ 
unsuccessful       

DPL Displacement 

One individual moves away from another 
approaching individual when the approaching 
individual is within 2 m proximity. The retreat 
is in direct response to the approaching 
individual. This may include physical contact 
which should be recorded as a separate 
behavioural event.  

Actor  Recipient Context: 
Recipient 

If context is 
feeding food 
species/ part 

    

AVO Avoidance 

One individual moves away from another 
approaching individual when the approaching 
individual is within 2 to 5 m proximity. The 
retreat is in direct response to the approaching 
individual.  

Actor   Recipient Context: Actor
If context is 
feeding food 
species/ part 

    

Agonistic behaviours: 

DPY Display 

An individual gives an excited performance of 
chest beating, hooting, smashing/dragging 
plants, pounding the ground, symbolic feeding 
or some combination of these activities.  
Display can be directional or non-directional 
and distinguished from play behaviour by the 
aggressive context and lack of play-face. 

Actor Recipient  Type of display Context: 
Recipient 

If context is 
feeding 

food 
species/ 

part 

  

CHA Charging 

An individual approaches or chases another 
individual in an agonistic manner but without 
making physical contact. This behaviour often 
involves a threatening face and agonistic 
vocalisation. If an open-mouth threat is 
involved, it has to be noted as separate 
behaviour. 

Actor  Recipient Response of 
recipient 

Context: 
Recipient/ 

Actor 

If context is 
feeding 

food 
species/ 

part 
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OMT 

Open mouth 
threat 

An individual briefly warns another individual 
by snapping at its direction without physical 
contact. This behaviour usually occurs with a 
quick head and torso movement toward the 
recipient.  

Actor  Recipient Response of 
recipient 

Context: 
Recipient/ 

Actor 

If context is 
feeding 

food 
species/ 

part 

  

AGC 
Aggression 

with physical 
contact  

An individual successfully or unsuccessfully 
tries to hit, shove, drag, kick, grab, or bite 
another individual in an agonistic manner often 
associated with a threatening face, such an 
open-mouth.  

Actor  Recipient

Type and level 
of aggression: 

0=failed 
contact; 
1=mild 

contact; 2= 
moderate 
contact; 

3=strong/rough 
contact  

Response of 
recipient 

Context: 
Recipient/ 

Actor 

If context 
is feeding 

food 
species/ 

part 

INV Intervention 

During an agonistic encounter, a previously 
uninvolved individual (the third party) ends a 
conflict between the two individuals engaged 
in an agonistic interaction by supporting any 
one individual or being neutral. This also 
includes intervention during food-stealing. 

Actor 

Recipient1 
(if 

supporting= 
supported 
individual) 

Recipient2 All details     

A Agonistic 
buffering 

An individual carries an infant in order to 
improve access to resources or prevent 
aggression from other group members. 

Actor Infant Context: Actor All details      

Sexual behaviours: 
 
 
 

               COP Copulation 

Dorsal (occasionally ventral) mounting of an 
(sub-) adult female by an adult male, 
accompanied by pelvic thrusting and 
intromission (though admittedly difficult to 
assess). May be accompanied by copulatory 
grunts (Harcourt & Stewart, 2001).  

Male   Female Initiator Distance to 
silverbacks 

Responses 
of other 

silverbacks 
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MNT Mounting 

An individual climbs on top of another 
individual, dorsally or ventrally, with or 
without pelvic thrusting, without intromission.  
Does not include mounting during play 
(distinguished by play face, play grunts). 

Actor1 Acor2 Initiator       

Types of vocalisation: 

VPG1 Mild pig- 
grunting  

An individual gives one or a couple of relatively 
soft, short, guttural sounds normally without 
interrupting its activity. If the individual 
resumes vocalising after any intervening 
activity (including resting) of ≥5 s, a separate 
vocalisation event is recorded. 

Actor  Recipient
Context: 

Recipient/ 
Actor 

If context is 
feeding food 
species/ part 

    

VPG2 Strong pig- 
grunting  

An individual repeats several sharp, short, 
rough guttural sounds normally while clearly 
interrupting its activity. If the individual 
resumes vocalising after any intervening 
activity (including resting) of ≥5 s, then a 
separate vocalisation event is recorded. 

Actor  Recipient
Context: 

Recipient/ 
Actor 

If context is 
feeding food 
species/ part 

    

VSC Scream  

An individual gives a loud roar or high-pitched, 
high volume scream most often used in tense 
or aggressive situations. If the individual 
resumes vocalising after any intervening 
activity (including resting) of ≥5 s, then a 
separate vocalisation event is recorded.   

Actor  Recipient

If recipient= 
infant, 

response of 
mother 

Context: 
Recipient/ 

Actor 

If context is 
feeding 

food 
species/ 

part 

  

VAP Appeasement  

A whinny vocalisation given in response to 
agonistic behaviour in order to express 
submission and avoid escalation of aggression 
(Harcourt & Stewart, 1993). If the individual 
resumes vocalising after any intervening 
activity (including resting) of ≥5 s, then a 
separate vocalisation event is recorded.   

Actor  Recipient
Context: 

Recipient/ 
Actor 

If context is 
feeding food 
species/ part 
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VBL 

Belch  

A deeply disyllabic grumble-like vocalisation 
often produced during approaches, perhaps, to 
indicate spatial positioning or signify ‘it’s ok’. 
Often an initial belch vocalisation is answered 
with belch vocalisations from other members 
of the group. It is also given from adults if an 
infant loses its mother and is distressed or 
after tensed periods in the group. If the 
individual resumes vocalising after any 
intervening activity (including resting) of ≥5 s, 
then a separate vocalisation event is recorded.   

Actor  Recipient
Response of 

other 
individuals 

Context: 
Recipient/ 

Actor 

If context is 
feeding 

food 
species/ 

part 

  

 
 
 

VW 

Whimper  

A high-pitched whining vocalisation, most 
frequently used by infants, but also by older 
individuals when they are distressed. If the 
individual resumes vocalising after any 
intervening activity (including resting) of ≥5 s, 
then a separate vocalisation event is recorded.   

Actor  Recipient Response of 
recipient All details 

Context: 
Recipient/ 

Actor 

If context 
is feeding 

food 
species/ 

part 

VHO Hoot 
 

A series of "hoo's" often used to signify 
excitement, especially in conjunction with the 
start of display, but also used when looking for 
group member(s). 

Actor  Recipient Response of 
recipient All details 

Context: 
Recipient/ 

Actor 
 

VNE Neigh  

A high-pitched trilled call that comes from 
adults that sounds like a horse's neigh.  If the 
individual resumes vocalising after any 
intervening activity (including resting) of ≥5 s, 
then a separate vocalisation event is recorded.   

Actor  Recipient

Distances and 
responses of 
recipient in 

view 

      

Others: 
 

RST Restrain 
An individual holds another individual tightly, 
so that the recipient cannot break free from 
contact or continue clambering on the body.  

Actor  Recipient
Context: 
Actor/ 

Recipient 
        43 

 



 

 
 
 

RTR Retrieve 

An individual recovers another individual to 
reduce the distance between them. The 
category also includes when a mother or 
another individual deliberately interrupts 
infants' activity (e.g. playing, exploring, 
mounting, feeding) to collect it. 

Actor  Recipient
Context: 
Actor/ 

Recipient 

If context is 
feeding food 
species/ part 

    

REJ Rejection 

An individual intends to approach or interact 
with another individual in a non-aggressive 
manner, but the recipient refuses its approach 
or interaction. This behaviour often involves 
mild agonistic behaviour, such as a slight push, 
or mild pig-grunt towards the recipient. 
Refusal behaviour is often observed in 
mothers, whose infant wants to share food, be 
transported, play or suckle. It also includes 
infant's objection to be groomed by the 
mother. 

Actor  Recipient Context: Actor/ 
Recipient 

If context is 
feeding food 
species/ part 

    

INT Intolerance 

An individual reacts petulantly to (1) a non-
agonistic interaction non-deliberately initiated 
by another individual or (2) the proximity of 
another individual. The difference from refusal 
behaviour is that the initiator does not 
deliberately direct its interaction at the 
refusing individual. This behaviour often 
includes mild agonistic behaviour, such as a 
slight push or a mild single pig-grunt, rather 
than severe agonistic reactions which cause 
wounds. Resting adults often show intolerance 
toward closely playing infants. During feeding 
periods intolerance is often observed when an 
individual passes close to the feeding site of 
another individual. 

Actor Recipient All details       

TAN Tantrum An infant screams, rolls on ground, 
pulling/shaking nearby vegetation. Actor  Recipient

Context: 
Actor/ 

Recipient 

Food species/ 
part 

All details 
of  

recipient's/ 
mother's 
response 
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TCG Teaching 

An individual assists or encourages another 
individual in performing behaviour, such as 
food preparation or move encouragement.   

Actor Recipient All details       

 
OOV Out of view Recorded whenever the focal individual is out 

of observer’s view. Focal       
    

Group activities: 

gNR Group non-
resting 

The majority of group members in view (at 
least 5 individuals) engage in a feeding-related 
activity (processing / manipulating food, 
ingesting, chewing, foraging) or moves. 

    

  

gR Group resting 

The majority of group members in view (at 
least 5 individuals) is inactive or engages in a 
resting-related activity, including playing, 
grooming and self-grooming. 

    

  

gU Group activity 
unknown 

The group activity is unknown, if less than 5 
individuals are in view.      

  

 

 

 

45 



Chapter 2 _____________________________________________________ 

2.5 Recording methods 
 

A summary of recording methods, applied to each behavioural 

category introduced in the ethogram (Table 2.7), is given in Table 2.8 

(section 2.6.3) after an introduction of sampling rules (section 2.6.1) and 

recording rules (section 2.6.2). 

 

2.5.1 Sampling rules 
 

Focal sampling (Altmann, 1974) was conducted on each individual of 

every mother-offspring pair in the mountain gorilla research groups. Data 

collection in the gorilla groups was restricted by park logistics to four hours a 

day and initially four, but later five, days a week. In general, only one mother-

offspring pair was chosen to be followed per day to maximise records of less 

frequently occurring maternal investment behaviours, such as suckling. For 

data comparability, sampling of each focal pair was restricted to a time 

window each field month which was defined by the birthday of the offspring. 

For example, if the offspring was born on the 10th of any month, the mother-

offspring pair was followed between the 17th of a month and the 3rd of the 

following month. Ideally, each available mother-offspring pair was followed at 

least once each month. Periodically, the number of available focal pairs in the 

research population exceeded the number of available field days in one 

month. To document the ontogeny of the offspring and changes in mother-

offspring relationships as continuously as possible, the observation of all 

focal pairs were distributed over the total available field time in such a way 

that each was followed at least every second month. Ideally, the four hours of 

focal sampling a day were spread equally between the mother and the 

offspring; two hours’ focal sampling on the mother and two hours’ focal 

sampling on the offspring. The sampling order was changed every focal 

month. Mother-offspring pairs with offspring younger than six months were 

considered as a one-focal unit, since there was usually no break of contact at 

this age (Kemps et al., 1989; Fletcher, 2001). In this case only, focal 

sampling was only undertaken on the mother. Generally, data collection 
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began as soon as the group was located, usually between 8-10 am. This led 

to a restriction in matching different group activities per focal sampling, a 

problem which will be addressed in the following chapters.  Additionally, 

infrequent behaviour, such as agonistic and sexual behaviour, was recorded 

using all-occurrence sampling (Altmann, 1974) whenever it was observed. 

Moreover, any unusual behaviour, which was not defined in the ethogram 

(see Table 2.7) but was considered to be important to the study topic, e.g. 

infanticide event, inter-group interactions and poaching incidents, was 

recorded using ad libitum sampling.  

 

2.5.2 Recording rules 
 

The majority of behavioural data were recorded continuously either 

from the focal animal or from all group members (all-occurrence sampling). 

However, the precision of behavioural data collection using continuous 

recording can suffer in reliability when the number of simultaneously 

recorded behaviours is high and/or if behaviour changes frequently (Rhine & 

Linville, 1980). To maintain the feasibility and reliability of the data collection 

protocol, the activity pattern of the group and mother-offspring pairs, as well 

as proximity data of individuals were recorded using instantaneous sampling. 

A short sampling interval of one minute was chosen to record the group 

activity (see Table 2.7), as well as the mothers’ and the offsprings’ activity 

and proximity, if possible. Every five minutes the proximity and distance of 

the focal to other group members as well as the type of vegetation where the 

group was ranging (see section 2.2.3) and the weather condition (heavy / 

slight rain, sunny, cloudy) were recorded. The proximity was divided into four 

categories: ‘0m’ = in physical contact, ‘>0–2m’, ‘>2–5m’, and >5m. 

Additionally, the distance between the focal and a) the nearest individual, b) 

the nearest silverback, c) the dominant silverback were recorded.  

 

2.5.3 Measurement of behaviour and recording medium 
 

Continuously recorded behavioural categories represented either 

discrete events (frequencies) or states (Table 2.8). An Olympus Digital Voice 
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Recorder VN-960PC was used to facilitate the recording of all durations. 

Frequency data were collected with a pencil and field notebook. Check 

sheets were used to record instantaneous data.   

 
Table 2.8 - Recording rules in combination with sampling rules and measures of all 
behavioural categories (blank = not recorded, x = recorded, c = only recorded on non-
mother-offspring-pairs). 

Focal sampling All-
occurrence 

  
Continuous recording Time sampling 

(Instantaneous) 
Continuous 
recording 

CODE BEHAVIOUR State Event  -------------- Frequency 

Movements including in relation to others: 

M Moving   x  

A Approach  x   

L Leave  x   

C Making physical 
contact  x   

B Breaking physical 
contact  x   

FOL Follow  x x  

RCL Rump cling  x x  

WAI Wait  x x  

CLA Clamber   x  

Styles of Transport: 

TDO Dorsal  x x x c 

TUV Ventral 
unsupported  x x x c 

TSV Ventral supported  x x x c 

THE Head  x x x c 

TEA Extended arm  x x x c 

TSI Side  x x x c 

TAW Arm  x x x c 

TDG Drag  x x x c 

TED Extended arm drag  x x x c 

TLW Leg walk  x x x c 

TBV Bipedally ventral  x x x c 

TTS Tripedal stand x x x c 

TQS Quadrupedal stand x x x c 

Affiliative behaviours: 

GRM Groom x x x c 

SGR Self-groom x x x  
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TCH Touch  x x  

EMB Embrace  x x  

Styles of playing behaviour: 

PRT Rough and tumble  x x x  

PCH Chase (approach- 
withdrawal) x x x  

PSP Sparring  x x x  

PGE Gentle  x x x  

PON Play-on x x x  

PEX Extremity  x x x  

PSO Solitary  x x x  
PSC Solicited  x x x  
PPA Parallel  x x x  
PTR Tree  x x x  
PPS Pass-by-play x x x  

PFE Play-feed   x  

Explorative behaviours: 

EXP Explore   x  

STR Staring  x x  

SME Smelling  x x  

Feeding behaviours: 

NC Nipple contact 
(suckling) x x x x 

NCB Nipple contact 
break x x   

F Feeding   x  

FO Foraging  
(Travel-feed)   x  

FPC Feeding in physical 
contact   x  

FTK Food taking      x x x 

Resting behaviours: 

R Resting   x  

RPC Rest in physical 
contact   x  

Dominance behaviours: 

PSS Passing  x x  

DPL Displacement  x x x 

AVO Avoidance  x x x 

Agonistic behaviours: 

DPY Display  x x  

CHA Charging  x x x 

OMT Open-mouth 
threat  x x  

AGG Aggression with 
physical contact  x x x 
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INV Intervention  x x x 

ABU Agonistic buffering  x x x 

Sexual behaviours: 

COP Copulation x x x x 

MNT Mounting x x x x 

Types of vocalisation: 

VPG1 Mild pig- grunting   x x  

VPG2 Strong pig- 
grunting   x x  

VSC Scream   x x  

VAP Appeasement   x x x 

VBL Belch   x x  

VW Whimper   x x  

VHO Hoot   x x x 

VNE Neigh   x x  

Others: 

RST Restrain  x x  

RTR Retrieve  x x  

REJ Rejection  x x  

INT Intolerance  x x x 

TAN Tantrum  x x x 
TCG Teaching  x x x 
OOV Out of view x x x  

Group activities: 

gNR Group  
non-resting   x  

gR Group resting   x  

gU Group activity 
unknown   x  

 

 
2.6 Data handling 
 

The dataset was entered into Microsoft Excel 2003, sorted by 

recording rule. Before the data analysis, all data were organised and 

standardised in Microsoft Excel and Access 2003. The most important steps 

are described in the following section. 
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2.6.1 Group activity  
 

Most scans were recorded alongside a group activity pattern. 

Instantaneous scans with an unconfirmed group activity were classified using 

field notes from other observers present in the group, whenever available. 

Those field notes were also used to clarify scans with a mixed group activity, 

e.g. feeding-resting was recorded when half the individuals in view were 

feeding and the other half was resting. The group activity which was recorded 

by the majority of observers was used for analysis. If there were no such 

records available, a correction was usually made in favour of the group 

activity which surrounded the period of unconfirmed group activity. Thus, if a 

period of ambiguous group activity (e.g. the group was partly resting and 

feeding) was between two clearly defined group activity periods of same 

category (e.g. resting), then the period of ambiguous group activity was 

corrected for resting. In the case where a period of unknown group activity 

(e.g. partly resting and feeding) was between two clearly defined group 

activity periods of different categories (e.g. before resting and after feeding), 

then the first half of the period of unconfirmed group activity was corrected to 

resting and the last half for feeding. 

 

2.6.2 Data exclusion   
 

Observation periods which were influenced by either heavy rain or 

unusual incidents, such as inter-group interactions and snare encounters, 

were excluded from the main dataset before standardising behaviour. 

Mountain gorillas sit motionless in physical contact during heavy rain 

(Schaller, 1963; Watts, 1988; personal observation). Thus, data collected 

during heavy rain were excluded from analyses (see Appendix 2). Equally, 

field days with more than 75% (>3 hours) of heavy rain were completely 

excluded from the data analysis.  
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2.7 Data analysis  
 

The most appropriate statistical approaches used for the data analysis 

varied, depending on the questions being addressed and the quantity and the 

quality of available data. Details about the statistical analyses are provided in 

the methods section of each individual chapter of the thesis. However, the 

problems faced with non-normal data that involve random effects, such as 

the variation among mother-offspring dyads measured repeatedly in the 

present longitudinal study, were similar across chapters. Generalised linear 

mixed models (GLMMs) can cope with such challenges, and were, therefore, 

implemented during the analysis of several datasets across chapters. 

GLMMs were carried out in R version 2.8.0 (2008-10-20) using lme4 package 

version 0.999375-28 (Bates, 2009). The following section will give a general 

introduction into GLMMs, their advantages, terminology and application to 

this study.   

 

2.7.1 Generalised linear mixed models (GLMMs) 
 

A GLMM is a regression technique that combines a linear mixed 

model, which incorporates random effects in addition to fixed-effects (also 

known as predictors or independent variables) with a generalised linear 

model, which can fit non-normally distributed data, such as count, proportion 

or binary data (Bolker et al., 2009). Random effects can handle non-

independent data, such as repeated measures on subjects in longitudinal 

studies and / or data with clustered designs. Thus, GLMMs avoid the problem 

of pseudoreplication, which is one of their main advantages over traditional 

statistical approaches (e.g. nonparametric tests, ANOVA, regression).  

The definitions of fixed-effect and random-effect vary in the literature, 

which can cause difficulties in determining the status of a variable as random 

or fixed. Generally, this decision depends on the context and requires some 

judgement (Bolker et al., 2008; Faraway, 2006). Fixed-effects are defined as 

“factors whose levels are experimentally determined, or whose interest lies in 

the specific effects of each level, such as effects of covariates, differences 
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among treatments and interactions… [while random effects are] factors 

whose levels (e.g. the factor is the identity of mothers and each mother 

represents one level) are sampled from a larger population, or whose interest 

lies in the variation among them rather than the specific effects of each level” 

(Bolker et al., 2009, p. 128). In the current study, subjects (mother and / or 

offspring) were treated as random effects in each GLMM, since the main 

interest was in the whole population rather than on the specific effect of each 

subject. The inclusion of other random effects depended on the specific 

question being addressed and thus, these are introduced accordingly in the 

methods section of individual chapters. 

One of the central ideas of GLMMs is the specification of a link 

function, which converts the expected value of the response variable to the 

linear predictor (Encyclopedia of Statistics in Behavioural Science, n.d.), and 

thus makes the expected value of the response variable linear and the 

expected variance homogenous (Bolker et al., 2009). The choice of the link 

function is based on the error distribution of the response variable (e.g. log 

link function for Poisson-distributed count data). For GLMMs examining count 

data, a rate model approach (Faraway, 2006) was preferred, which directly 

models the count response (e.g. number of suckling events) to cope with 

multiplicative effects (e.g. the effect of the length of observation time on the 

number of observed suckling events) on the response variable. This can be 

achieved in the software programme R by including an offset term with a 

known coefficient of one (e.g. log (lengths of observation time)) as fixed-

effect to the GLMM. Proportion data were arcsine-transformed to 

approximate a normal distribution (Fargallo et al., 2007; Mainguy et al., 2008) 

Under the assumption of a Poisson or binomial error distribution, 

models may achieve only a moderate fit due to overdispersion, which is 

indicated by a larger variance in the response variable than is predicted by 

the model (Bolker et al., 2009). This can result in an underestimation of the 

standard error of parameter estimates and, thus, lead to incorrect 

conclusions. To test whether overdisperison occurred, all residuals were 

plotted against all predicted values and inspected in a first step. In addition, 

the sum of the squared Pearson residuals was calculated and compared to 

the Χ2 distribution, considering the number of residual degrees of freedom. 
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The latter can be difficult to calculate for GLMMs, since it can lie between 1 

and N – 1 with N being the number of random effect levels (Bolker et al., 

2009). In this study, all possible numbers of residual degrees of freedom 

were considered. Since it is recommended to be cautious and to assume 

overdispersion in any case of doubt (McCullagh & Nelder, 1989), 

overdispersion was detected if the sum of squared Pearson residuals was 

not Χ2 distributed for any possible number of residual degrees of freedom. 

The family of quasi-functions can handle overdispersed data (Dormann & 

Kühn, 2004; Bolker et al., 2009). Data sets were checked for overdispersion 

and the link function of models adjusted accordingly.  

Various approaches have been proposed to estimate GLMM 

parameters (fixed- and random-effects), which is a key step within statistical 

models. These can be divided into two main groups, which differ in their 

assumption about the fixed effects: standard maximum likelihoods assume 

that fixed effects are precisely correct when estimating the standard deviation 

of the random effects, while restricted maximum likelihood (REML) 

estimations, variants of the maximum likelihood, consider some uncertainty in 

the fixed effects (Bolker et al., 2009). The decision tree for GLMM fitting and 

inference proposed by Bolker and colleagues (2009) was used to choose the 

most appropriate likelihood approximation method. If data were normally 

distributed or could be transformed to normality with random effects or 

unbalanced design, parameters were estimated using REML estimations. If 

the response variable was count, binomial or binary data, the Laplace 

likelihood approximation was used depended on the distribution and number 

of random effects (see Bolker et al., 2009).  

Before model fitting, a Spearman correlation matrix of all fixed-effects 

was developed to identify potential collinearity between the fixed-effects, 

using  correlation coefficients (rS) with absolute values larger than 0.8 as 

detection criterion (Field, 2005). Fixed-effects which correlated highly (>0.8) 

were not entered in the same GLMM. In cases of doubt (rS >0.6), the 

variance inflation factor (VIF) and the tolerance statistic (Field, 2005) were 

used, in addition, to detect collinearity, with VIF values ≥10 (Myers as cited 

by Field, 2005) and tolerance values <0.1 (Field, 2005) indicating serious 

collinearity problems. To further reduce the risk of collinearity and to facilitate 
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the interpretability of interactions, continuous fixed-effects were centred, 

before fitting the model, by subtracting the mean from each value (Kraemer, 

2004).  

After the initial model structure was developed, the model fitting 

process started with the selection of random-effects. If more than one 

random effect was implemented in a GLMM, it was determined which random 

effects were justified to be entered in the test model, using a sequential 

model selection procedure. For this purpose, a series of likelihood ratio tests 

(LRTs) was run to compare the fits of nested GLMMs with identical fixed 

effects but varying numbers of random effects (Baayen, 2008). The initial 

model incorporated all random effects, while the subsequent model was 

reduced by the random effect with the smallest variance. If the reduced 

model did not differ significantly from the previous full model, or if the 

reduced model led to a significant improvement of the model fit, the random 

effect with the next smaller variance was removed, followed by another LRT 

for model comparison. LRTs were also used to compare and select nested 

GLMMs with varying fixed effects, while Akaike information criterion (AIC) 

was used to rank the relative support for non-nested GLMMs (Burnham et al., 

1995). The AIC is an estimate of the expected, relative distance between a 

fitted model and the unknown full reality that generated the observed data 

based on a given set of model candidates (Burnham & Anderson, 2002). The 

model with the lowest AIC has the ‘best’ relative fit, given the number of 

parameters included. 

The method sections of individual chapters provide details about the 

structure of each GLMM, including all justified random-effects (see paragraph 

above), fixed-effects and interaction terms, offset terms, the link function and 

the estimation method. Minimum sample sizes depended on whether the 

main interest was to estimate the overall fit of the model (n = 50 + 8 k; n = 

sample size; k = sum of parameters) or to test individual parameter (n = 104 

+ k) (Green, 1991).  

Once all relevant random-effects were selected, the null model which 

included only random-effects and offset terms was compared with the test 

model, containing all random-effects and fixed-effects of interest as well as 

all relevant two-way and three-way interactions of fixed-effects, using a LRT. 
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If the fit of the test model was superior to the fit of the null model, the 

parameter estimates of the test model were examined next. All non-

significant interactions were excluded from the model. If the model contained 

three-way interactions, the model was first reduced by all non-significant 

three-way interactions, whereas significant three-way interactions were kept 

in the model, including their two-way interactions. In a final step, the test 

model was run again reduced by insignificant interaction terms. Result 

sections of the individual chapters of the thesis will provide parameter 

estimates of all significant fixed-effects either in table format or in text. The 

statistical significance of results will also be highlighted, using the common 

signs (‘***’ = P <0.001, ‘**’ = P < 0.01, ‘*’ = P < 0.05, ‘.’ = P <0.1).  

 

 

2.8 Female dominance hierarchy  
 

Dominance relationships in female mountain gorilla dyads were 

assessed using ‘displacement’ events (definition: see Table 2.7). Other 

commonly used behaviour, such as aggressive interactions (e.g. Japanese 

macaques, Macaca fuscata, Carpenter, 1942; Alexander & Bowers, 1969; 

African elephants, Loxodonta Africana, Archie et al., 2006) and submissive 

behaviour (e.g. chimpanzees, Pan troglodytes, Nishida, 1983; Wittig & 

Boesch, 2003; rhesus macaques, M. mulatta, de Waal & Luttrell, 1985) are 

less appropriate indicators of dominance relationships in female mountain 

gorillas (Watts, 1994c; Robbins et al., 2005), and therefore were not a focus 

in this assessment. Aggression between females occurs in a highly 

bidirectional manner among the hierarchy and the outcome is often unclear in 

terms of winner and loser due to the lack of ritualised submissive behaviour 

(Watts, 1994c). In comparison, displacements upward against the hierarchy 

occur only rarely (4%) (Robbins et al., 2005). 

Displacements are infrequently observed in female mountain gorillas. 

Therefore, to increase the sample size, all displacement events recorded by 

KRC field assistants and researchers from 2005 onwards were incorporated 

into the dataset for the assessment of dominance hierarchies. Extended 
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‘evaluation intervals’ were chosen based on recent findings by Robbins et al. 

(2005) who reported that dominance relationships in female mountain gorillas 

are relatively stable with over 80% of dyads maintaining the same position in 

successive 2-3 years intervals. 

All females who were defined as adults (age >8 years) at the 

beginning of the field period were included into the dominance analysis. 

Robbins et al. (2005) also incorporated females who reached six years of 

age (sub-adulthood) by the end of the ‘evaluation period’. This criterion was 

inappropriate for the purpose of the current investigation, since, for example, 

in an extreme scenario any female dominance hierarchy used for further 

analysis could include infant and juvenile females as the evaluation period 

stretched between three years. The correlation of female dominance rank 

and age follows an inverted U-shaped pattern with lower values for all young 

females less than eight years old (Robbins et al., 2005). Thus, the inclusion 

of the many immature females would bias the rank of all mothers to higher 

values than expected when no immature females were incorporated. Thus, 

immature females were excluded from the hierarchy estimation.  

 

2.8.2 Female dominance strength calculation 
 

The female dominance hierarchy for each study group was estimated, 

using the Wittmeyer & Getz (2006) method, which is particularly appropriate 

for matrices with large proportions of unknown dyadic relationships, as was 

the case in this study. Matrices for most groups contained 14-67% unknown 

female relationships. The following steps were taken to define the dominance 

status of each female: 

Step1, matrices of female dominance relationships (established 

through displacements) for each study group were rearranged by minimizing 

the number of inconsistencies (I) and the strength of these inconsistencies 

(SI), using an iterative procedure (‘I & SI method’) following de Vries (1998),  

provided by MatmanTM software version 1.0 (Noldus Information Technology, 

1998). The order of two individuals, A and B, in a matrix is defined as 

inconsistent when A dominates B but A is below B. The strength of the 

inconsistency would be the distance between the ranks of A and B. 
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Step 2, all unknown values aij  for dyad i - j with i and j referring to 

reordered ranks (Step 1) were replaced with interpolated values âij, 

calculated by Equation 1 where N is the total number of females in a given 

hierarchy matrix: 
 

âij = (1 – âji) = 0.5 – ( (i – j) / 2N)                                         Equation (1) 

 

The interpolation underlies the assumption that the greater the separation in 

ranks between two females with an unknown relationship the more likely the 

higher-ranking individual is to dominate the lower-ranking female (Bradley & 

Terry, 1952; Crow, 1990).  

Step 3, to obtain a unique female rank order in each study group, the 

relative dominance strength for each female was estimated. In comparison to 

other conventional approaches, the Wittemyer & Getz’s algorithm (2006) 

implicitly incorporates second order relationships through the interpolation 

procedure derived in Step 2. The dominance strength metric δi   for female i is 

generated by subtracting the column sum (sum of losses) from the row sum 

(sum of wins) in the interpolated hierarchy matrix. Females of each study 

group were reordered according to their cardinal dominance strength (Boyd & 

Silk, 1983; Wittemyer & Getz, 2006).

Based on cardinal dominance strength values, females in each study 

group were divided into categories, applying two different approaches. The 

first approach divided females into high dominance strength mothers (top 

50%) and low dominance strength mothers (bottom 50%). The second 

approach divided females into high (top 25%), medium (middle 50%) and low 

(bottom 25%) dominance strength. While the two-division categorisation was 

chosen in order to compare findings with previous studies on mountain 

gorillas (Robbins et al., 2005, 2007a, 2007b) the three-division seemed to 

reflect daily field observations. Mothers belonging to the high dominance 

positions and those occupying the lowest dominance positions in a group 

seemed very obvious to observers in the field (A. W. Fletcher, personal 

communication), while relationships between females in the middle of the 

dominance hierarchy were often unclear and seemed to vary. The cut off 

points which defined the categorical borders for each female hierarchy were 
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estimated by calculating 50% (when using two categories) or 25% (when 

using three categories) of the total distance between the most and least 

dominant female in each hierarchy. For the majority of data collection, Titus 

Group contained only two females. Three or more females were necessary in 

each group to determine ‘low’ dominance strength in the categorical three-

division; otherwise the second female in the hierarchy was classified as 

‘medium’ dominance strength.  

All study groups underwent changes in demography, which affected 

the composition of females in each group during the data collection period 

(Table 2.9). Most shifts within female mountain gorilla hierarchies occur due 

to changes in group composition rather than switches in established 

relationships (Robbins et al., 2005). There were not sufficient displacement 

observations recorded to determine female hierarchies exclusively for each 

period of demographic change. However, it was assumed that any 

emigration, death or disappearance of a female in a group did not affect the 

established relationships between the remaining females. Whenever the total 

number of females in a study group changed, the female hierarchy was 

newly calculated, using displacement events that were observed before the 

change and including all displacements observed throughout the subsequent 

period. Displacements that were recorded in Beetsme Group before the 

group split were also used for female hierarchy estimations in the two 

resulting groups, Kuryama Group and Titus Group. Finally, the division of 

females into dominance strength categories had to be adjusted according to 

changes in the dominance strength matrices within each period. An 

immediate adjustment of the females’ dominance strength category was 

chosen, founded on the assumption that the access to limited resources, 

such as food and access to silverbacks, changes with altering number of 

competitors, and consequently affects the conditions and ability of a mother 

to invest in her offspring.    
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Table 2.9- Female hierarchy estimation periods (P) for each study group ended by the 
number (N) of adult females (AF; 3-letter code) in each study group before demographic 
changes.  

Group P Evaluation period N  Demographic changes  

Pablo P1 12-May-06 to 18-Oct-06 20 E: BSH  

 P2 19-Oct-06 to 30-Jan-07 19 E: MAG, NTO, GIN, NZE  

 P3 31-Jan-07 to 15-Feb-07 15 E: UMU, MAK, INT  

 P4 16-Feb-07 to 28-Feb-07 12 I: INT 

 P5 01-Mar-07 to 02-Mar-07 13 D: GIT 

 P6 03-Mar-07 to 16-Apr-07 12 E: CYI; D: PUC 

 P7 17-Apr-07 to 29-Dec-07 10 -------------------------- 

Shinda P1 12-May-07 to 25-Feb-07 7 I: BSH (after 3mo) 

 P2 26-Feb-07 to 18-Sep-07 8 I: IZZ (after 3mo) 

 P3 19-Sep-07 to 29-Dec-07 9 ------------------------- 

Beetsme 1 P1 12-May-06 to 15-Feb-07 8 E: IZZ 

 P2 16-Feb-07 to 08-Mar-07 9-10 I: IZZ 

 P3 09-Mar-07 to 31-Mar-07 10 E: MAW 

 P4 01-Apr-07 to 15-Apr-07 8 (Group split) 

Beetsme 2 P1 01-Jan-90 to 31-Dec-92 7 -------------------------- 

Kuryama P1 16-Apr-07 to 05-May-07 5 E: BKA 

 P2 06-May-07 to 15-May-07 4 I: UMU (after 3mo) 

 P3 16-May-07 to 19-Jun-07 5 E: IZZ 

 P4 20-Jun-07 to 06-Aug-07 4-5 E: TUC 

 P5 07-Aug-07 to 10-Sep-07 4 I: TUC 

 P6 11-Sep-07 to 15-Oct-07 5 I: MGA (after 3-mo) 

 P7 16-Oct-07 to 29-Dec-07 5 --------------------------- 

Titus P1 16-Apr-07 to 05-May-07 2 I: BKA 

 P2 06-May-07 to 07-Jun-07 3 E: PAP 

 P3 08-Jun-07 to 06-Aug-07 2 I: TUC 

 P4 07-Aug-07 to 10-Sep-07 3 E: TUC 

 P5 11-Sep-07 to 29-Dec-07 2 ------------------------- 

Bwenge P1 16-Apr-07 to 29-Dec-07 5 ------------------------- 

Group 5 P1 01-Jan-90 to 13-Feb-91 12 E: PIC 
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 P2 13-Feb-91 to 01-Jun-91 11 UMW SAF to ADF 

 P3 01-Jun-91 to 31-Dec-92 12 ------------------------- 

E = emigration, I = immigration, D = death, ‘---‘ = end of study period. 
 

The dominance status of newly immigrated adult females was more 

difficult to assess. Transferred females who remained for less than three 

months in a new group were ignored in all dominance hierarchy analyses 

because of their heightened status during the initial period after arrival. 

Immigrants normally became an object of high interest for the entire group, 

but also a preferred target for agonistic behaviour throughout their first month 

(pers. obs.). The continuing progress of the integration process could vary 

considerably depending on the age of the immigrant, group size, behaviour of 

silverbacks, and the immigrant’s individual characteristics (pers. obs.). The 

first couple of weeks could be extremely stressful, in particularly for young 

females (<8 years). After the initial month, the level of interest by other group 

members clearly decreased. The new female was increasingly accepted by 

the group and began to establish her social role by strengthening bonds with 

other group members. After an additional two months, the new female 

usually seemed to have ‘settled’. At this stage of integration the assessment 

of a new female’s social position was more tenable. Displacement of the 

immigrant at an earlier stage might be simply influenced by the lower risk of 

an immigrant challenging another individual in the group based on the 

assumption that a group would always defend its members against strangers 

(pers. obs.). However, a resident female may be reluctant to displace a new 

female due to insufficient knowledge of the new female’s strength and 

capability in winning or losing a conflict. In this study, any transferred female 

who stayed longer than three months in a new group was categorised with a 

low social status, unless the female displaced another female.  

 

2.8.2.1 Dominance strength matrices 

 

The dominance strength matrix for each evaluation period (Table 2.9) 

per study group and classification of females in each matrix into dominance 
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strength categories are given in Appendix 3. Despite the frequent occurrence 

of demographic changes in the study groups throughout data collection, only 

a small proportion of mothers actually changed their dominance strength 

status (Table 2.10 a, b). When females were classified into three categories, 

their dominance strength status was more prone to changes between periods 

than when classified into two categories, with Pablo Group, the largest study 

group, being mainly affected.  

  

 
Table 2.10 - Number of females (total number of changes / number of changes affecting 
study subjects) who changed their dominance strength category (a: three-division; b: two 
division) in transition between two evaluation periods for each study (P1-P7). Shaded = 
periods not existing for study group). 
 
a) Three-division.  
Group P1-P2 P2-P3 P3-P4 P4-P5 P5-P6 P6-P7 

Pablo 2 / 1 2 / 1 4 / 3 2 / 0 4 / 3 3 / 3 

Shinda 1 / 0 0 / 0     

Beetsme 1 0 / 0 0 / 0 0 / 0    

Beetsme 2       

Kuryama 0 / 0 1 / 1 0 / 0 1 / 1 1 / 1 1 / 1 

Titus 0 / 0 1 / 1 1 / 1 1 / 1   

Bwenge       

Group 5 0 0     

 
b) Two-division. 
Group P1-P2 P2-P3 P3-P4 P4-P5 P5-P6 P6-P7 

Pablo 1 / 0 0 / 0 1 / 1 1 / 1 1 / 1 2 / 2 

Shinda 0 / 0 0 / 0     

Beetsme 1 1 / 1 1 / 1 0 / 0    

Beetsme 2       

Kuryama 0 / 0 0 / 0 1 / 0 1 / 0 1 / 1 1 / 1 

Titus 1 / 1 0 / 0 0 / 0 0 / 0   

Bwenge       

Group 5 0 / 0 0 / 0     
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