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Overview 
 

One of the major puzzles in evolutionary biology is 

the evolution of conspicuous male traits such as the 

bright facial coloration of male mandrills (Fig 1), the 

colourful tail of the peacock, and the advertisement 

calls of frogs. Perhaps less conspicuous to microsmatic 

humans, animals also signal chemically, via odour.  

 

 
Figure 1: Top-ranking (left) and subordinate (right) adult male 

mandrills at CIRMF, Gabon 

Traits that advertise rather than conceal are likely to 

compromise survival and pose a challenge to the 

theory of evolution via natural selection. Darwin 

explained these non-utilitarian traits via sexual 

selection, whereby the survival costs of sexually 

selected traits are outweighed by an advantage in 

fighting other males or attracting females, and thus a 

higher chance of mating with females, and producing 

offspring (Darwin, 1871, p256).  

 

Much of animal communication is multimodal. 

Theoretically, multiple, and multicomponent signals 

can provide more honest information than individual 

signals. They may also be more effective in attracting 

attention and eliciting a response. Signals may also 

arise from different selective pressures and 

communicate different information. For example, in a 

forest environment, a scent-mark continues to 

function as an advertisement once the sender has left 

the area. However, a loud vocalisation means that the 

sender is in the same area as the receiver. The 

information contained in a call may determine 

whether the receiver avoids the sender, or 

approaches. If the receiver approaches, then it may 

benefit from information contained in visual signals 

that can only be assessed at close physical proximity.  

 

A major question is how such multiple signals 

combine to create a holistic perception of the 

signaler’s display in the receiver. Despite this 

complexity, signals are usually studied in isolation. A 

full understanding of animal signaling requires not only 

the study of the information encoded in each signal, 

but also who attends to it, and the likelihood with 

which each signal is encountered.  

 

Mandrills are semi-terrestrial monkeys that live in 

very large multi-male, multi-female groups in the 

dense rainforests of central Africa (Abernethy et al 

2002). They are perhaps the most sexually dimorphic 

of all mammals. Males have spectacular red and blue 

faces, a red penis, a lilac scrotum, and multi-coloured 

hindquarters. Moreover, they also signal via loud 
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grunting calls and via odour – highly unusual for an 

Old World monkey (Setchell et al 2010, 2011). 

 

Mandrills have been subject to extensive study in a 

semi-free-ranging colony at the Centre Internationale 

de Recherches Medicales, Franceville (CIRMF), Gabon 

(see www.dur.ac.uk/anthropology/mandrills). These 

studies have shown that male colour varies from pale 

pink to a vibrant red, and acts as a dynamic signal of 

testosterone (Setchell et al, 2008). The top-ranking 

male is usually, but not always, the most colourful 

male in a group (Setchell et al, 2008). Challenger 

subordinate males who defeat a top-ranking male 

subsequently increase in both red colour and the 

extent of red colour (Setchell et al., 2008). Top-

ranked males also sire the most offspring in mandrills 

(Setchell et al 2005), providing a link between colour 

and reproductive success. However, colour is not 

related to parasites, challenging one of the major 

hypotheses for the evolution of sexually selected 

ornaments (Setchell et al., 2009).  

 

Like colour, male odour in the CIRMF mandrills also 

advertises rank (Setchell et al., 2010, 2011). Less work 

has focused on vocalisations, but top-ranked males are 

more likely to give the energetic “two-phase grunt” 

than other males (Setchell, unpublished data).  

 

How these findings on captive mandrills 

translate to the wild is almost completely 

unknown. Wild mandrills live in very large, fluid 

groups, in a deep rainforest environment. Radio-

tracking and video-recording have revealed that male 

group membership is transient and that the number of 

males in a group is closely related to the number of 

receptive females available (Abernethy et al., 2002). 

Group size in the wild is likely to influence the nature 

and stability of male dominance hierarchies. Wild 

males in the rainforest cannot use visual assessment 

to determine the presence of rival males until they are 

in close physical proximity. Instead, such assessment is 

likely to be olfactory and/or vocal. Females may also 

use these signals to locate high quality males. This 

contrasts strongly with the social knowledge available 

to mandrills in the CIRMF enclosures. CIRMF 

mandrills are also protected from predation, and are 

provisioned and healthy, which may explain the lack of 

a relationship between colour and health. 

Observations also suggest that the colony lacks some 

vocal repertoire when compared with wild animals 

(Abernethy, pers obs.). Moreover, although the 

CIRMF enclosures are large, wild home ranges are far 

larger, suggesting that odour communication may be 

compromised. 

 

Furthermore, no experiments have yet tested the 

crucial question of which receivers attend to 

male mandrill signals. Potential rivals may attend 

to different modalities than potential mates, for 

example.  

 

This study breaks new ground by combining a detailed 

comparison of existing and new data for captive and 

wild mandrills with playback experiments to 

determine how mandrills receive and react to signals 

to address two main objectives: 

 

Objective 1: To establish how good a model 

captive animals are for wild conspecifics by 

comparing information on: 

(i) Seasonality of mating and male group 

association 

(ii) Group cohesion and progression 

(iii) Variation in male visual ornaments  

(iv) Parasite abundance and richness  

(v) Vocal repertoire 

(vi) The occurrence of scent-marking 

 

Objective 2: To examine mandrill signals from 

the receiver’s perspective 

We will collect vocalisations recordings, sternal gland 

samples and visual images from captive mandrills and 

conduct ‘playback’ experiments with wild animals to 

answer these key questions, comparing signaling 

modes: 

(i) Which age-sex classes react to images, 

vocalisations and scent-marks of unknown 

conspecifics, and how do they react? 

(ii) How does sender age-sex class and 

dominance rank influence the receiver’s 

response? 

(iii) From what distance do mandrills detect 

mandrill colour in the rain-forest? 

(iv) From what distance do mandrills react to 

vocalisations and odour of unfamiliar 

conspecifics? 

(v) Is receiver reaction influenced by 

presentation of a combination of signals? 

(vi) For how long does an odour signal 

remains salient to mandrills? 

 
Methodology 
 

The student will use existing records, new measures 

of both captive and wild mandrills, and field 

experiments.  

Existing records are from long-term research on 

mandrill behaviour, colouration and physiology at 

CIRMF by Dr Setchell, and long-term studies of group 

composition and ecology in wild mandrills in Lope 

National Park, Gabon, by Dr Abernethy. 

New measures: Comparisons of wild and captive 

mandrills necessitate identical methods. The CIRMF 

mandrills can be observed easily from an observation 

tower. Wild mandrills at Lope can be observed by 

predicting movement based on radio-tracking and 
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establishing hides. Experience measuring behavior at 

CIRMF will allow the student to extract as much 

information as possible from observations and video-

recordings of wild mandrills. Similarly, experience 

using digital imaging to measure colour and 

photogrammetry to measure body condition will be 

transferred to the wild. Parasites will be measured in 

faecal samples at the Laboratoire d’Analyses 

Medicales, CIRMF.  

Field experiments: The student will collect images 

and recordings of vocalisations from captive mandrills 

of known age, sex and dominance rank. They will 

benefit from annual veterinary controls at CIRMF to 

collect odour samples from captive mandrills. They 

will pilot presentation methods at CIRMF, then 

present these to wild mandrills in playback 

experiments (Chapter in FLMP).  

 
Timeline 
 

This is a 3.5 year PhD studentship with a likely start 

date of October 2016.  

Months 1-6: Initial PhD training and thorough 

literature review.  

Months 7-12: Initial comparisons of existing 

information and familiarisation with fieldsites in 

Gabon. Detailed design of field study. 

Months 13-18: Field study at CIRMF and Lope to 

address Objective 1. Sample collection for field 

experiments. 

Months 19-24: Trial field experiments at CIRMF, 

optimise and transfer to Lope National Park. 

Conduct field experiments to address Objective 2. 

Months 25-30: Data analysis. Presentations at national 

and international conferences and public events. 

Prepare manuscripts for submission to peer-

reviewed journals. 

Months 31-36: Finalise data analysis and thesis 

preparation.  

 

 
Training & Skills 

This project will allow a student interested in 

evolutionary ecology to develop skills in field-work, 

behavioural observation, visual, acoustic and odour 

sampling, and field playback experiments, as well as 

statistical analysis. Transferable skills include analysis 

and problem-solving, interpersonal skills, project 

management, information management, self-

management and work habits, written and oral 
communication. 

The supervisors at Durham and Stirling have 

overlapping expertise in mandrill behaviour and 

ecology and both research groups have ongoing work 

in this area. Moreover, there is ongoing research in 

Dr Setchell’s group on visual, acoustic and chemical 

signalling in primates. The student will benefit from 

opportunities both groups offer, and from the 

broader research environment of the Behaviour, 

Ecology and Environment Research Centre in 

Durham, directed by Setchell and Tropical Ecology 
and Conservation Group in Stirling.  

Training in research skills for the study of captive 

mandrills will be in Dr Setchell’s group at Durham, 

and at CIRMF. Training in field skills and wild mandrill 

ecology and behaviour will be provided by Dr 

Abernethy at Stirling and at Lope National Park, 

Gabon. Field experiments will be piloted at CIRMF 

before transfer to Lope.  

The student will receive academic writing training, 

facilitating rapid results publication and providing a 

portfolio of published papers at the time the student 
applies for jobs after their PhD.  
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Further Information 
 

Please contact Jo Setchell for further information:  
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