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Abstract

by: Christos Astaras
Supervisor: Michael Miihlenberg

The drill (Mandrillus leucophaeus) is a terrestrial primate endemic to the
Cross-Sanaga-Bioko rainforests of Central Africa whose survival is endangered by
increasing pressure from hunting and habitat loss. Few studies have ever examined the
ecology of wild drills and our current understanding of the conservation needs of the
species is limited. This dissertation presents the findings on wild drill ecology of a
twelve month field study in a 63 km? section of Korup National Park in southwest
Cameroon. It also evaluates the status and threats of the drill in the greater Korup
region with the intent of improving the species’ protection. Finally, the
appropriateness of assuming near-identical ecologies between the drill and its better
studied, allopatric, and sole congener — the mandrill (M. sphinx) — is assessed.

Analysis of fecal samples and feeding remains show that the drill maintains a
diverse, yet not indiscriminate, omnivorous diet throughout the year consisting
primarily of fruits and seeds, and to a lesser extent leaves, mushrooms and insects.
Drills ingested and dispersed intact seeds from 110 seed types primarily during
periods of fruit abundance, while there was a shift towards increased seed predation
during the pronounced fruit-scarce dry season.

Visual and audio encounters of drill groups during 3,284 km of trail patrols
provided information on group structure and primate associations. Mean group size
was 43.3 + 18.4 (range 25-77) and groups with both one and multiple males emitting
the adult male specific two-phase-grunt were observed. Solitary males were
encountered twice. Drills were in association with at least one additional primate
species at some time during most of the encounters, involving all of the diurnal
primates in Korup (Cercopithecus mona, C. nictitans, C. erythrotis, C. pogonias,
Procolobus pennantii preussi and Cercocebus torquatus) except the chimpanzee (Pan
troglodytes).

The total drill population was conservatively estimated at 950-1450 within
Korup National Park and 2,500-3,000 in the entire Korup region, which makes the
region a stronghold for the species’ survival. However, drill sub-populations are

becoming increasingly isolated within the ever more fragmented landscape and are



under hunting pressure everywhere. Eight core areas are identified across the region
as priorities for protection. Interviews with local communities offered insight on the
destructive practice of hunting with dogs as well as the socioeconomic role of dogs —
information needed for effectively managing this major threat to drill survival. The
drill was also found to suffer from a limited local recognition of its current status and
legal protection, which is unfavourable for conservation. A series of short to medium
term drill-focused initiatives are recommended for the protection of the species in the

Korup region.

Zusammenfassung

Von Christos Astaras

Betreuer: Michael Miihlenberg

Der Drill (Mandrillus leucophaeus) ist ein terrestrischer Primat mit
endemischer Verbreitung in der Cross-Sanaga-Bioko Regenwald-Region
Zentralafrikas. Sein Fortbestand ist gefahrdet durch zunehmenden Jagddruck und
Habitatverlust. Bisher wurden nur wenige Studien zur Okologie wilder Drills
durchgefiihrt und unser gegenwirtiger Kenntnisstand iiber Anforderungen fiir einen
erfolgreichen Schutz sind beschrinkt. Die vorliegende Arbeit umfafit Ergebnisse zur
Okologie wilder Drills basierend auf einer zwdlfmonatigen Feldstudie in einem 38
km? groBBen Ausschnitt des Korup Nationalparks in Siidwestkamerun, und evaluiert
den Status und die Gefdhrdung des Drill in der Korup-Region mit der Absicht, den
Schutz der Art zu verbessern. Dariiber hinaus wird bewertet, ob es angemessen ist,
anzunehmen, daB der Drill eine nahezu identische Okologie mit seinem besser
untersuchten, allopatrischen und einzigen congenerischen verwandten, dem Mandrill
(M. sphinx) besitzt.

Analysen von Kotproben und Nahrungsresten zeigen, daf Drills eine diverse,
aber nicht wahllose, omnivore Erndhrung durch das ganze Jahr aufrechterhalten,
welche
Primér aus Friichten und Samen, und zu einem geringeren Teil aus Samen, Pilzen und
Insekten besteht. Drills nahmen auf und verbreiteten Samen von 110 Typen,

vorzugsweise wihrend Perioden hoher Fruchtdichte, wihrend in der frucht-armen
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Trockenzeit ein Wechsel hin zu einem hdheren Anteil an Samenpriadation beobachtet
wurde.

Visuelle und optische Beobachtungen von Drill Gruppen wéhrend insgesamt
3284 km an Begehungen erméglichten Informationen zu Gruppengréf3e und Primaten-
Assoziationen. Die mittlere Gruppengrof3e betrug 43.3 + 18.4 (Spannweite 25-77) und
Gruppen sowohl mit einem als auch mehreren Ménnchen, die den spezifischen Ruf
adulter Mainnchen ausstieBen, wurden beobachtet. Solitire Méinnchen wurden
zweimal beobachtet. Wéhrend der meisten Beobachtungen waren Drills mit
mindestens einer zusitzlichen Primatenart assoziiert, wobei alle tagaktiven Primaten
des Korup Nationalparks (Cercopithecus mona, C. nictitans, C. erythrotis, C.
pogonias, Procolobus pennantii preussi und Cercocebus torquatus), aufler
Schimpansen (Pan troglodytes), nachgewiesen wurden.

Die GroBe der Drill-Population wurde fiir den Korup National Park auf
konservative 950-1450 individuen geschétzt und auf 2500-3000 fiir die gesamte
Korup-Region. Die Region ist damit wichtigster Stiitzpunkt fiir das Uberleben der Art.
Jedoch werden Teile dieser Population in der fortwdhrend fragmentierten Lanschaft
zunehmend isoliert und unterliegen iiberall starkem Jagddruck. Acht Kernzonen
hochster Schutzprioritit wurden in der Region identifiziert. Interviews in lokalen
Dorfgemeinschaften bestitigten die fiir Drills destruktive Praxis der Jagd mit Hunden,
sowie die sozio-0konomische Rolle von Hunden — Informationen, die fiir effektives
Management dieser Hauptgefdhrdung benotigt werden. Der Drill leidet auBerdem
auch unter einer begrenzten Anerkennung seines derzeitigen Status und fiir seinen
Schutz unzureichenden legalen Schutzbemiihungen. Eine Reihe kurz- und
mittelfristiger, auf den Drill fokussierter Initiativen werden zum Schutz der Art in der

Korup-Region vorgeschlagen.

il



Acknowledgements

A research project is rarely possible without the support of a multitude of
people at all stages of its implementation, and my doctoral research was not an
exception. I am grateful to have benefited from the guidance, assistance, funding and
academic or friendly advice of so many colleagues, friends and organizations, whom I
want to acknowledge and thank here.

First of all, I would like to thank my supervisor Michael Miihlenberg, whose
faith in my abilities and the feasibility of the proposed research made this study
possible to start with, while his “help first - ask questions later” approach to
supervision helped me countless times all these years. Matthias Walter was my daily
advisor, mentor, confidant and friend and I am truly indebted to him. Together with
the rest of the ZfN stuff and colleagues, he made for an academic — yet relaxing —
environment. Special thanks go to Monica and Andrea for timely handling paperwork
even when I was absent in the field for months.

I am grateful to the Government of Cameroon which through the Ministry of
Scientific Research and Innovation (MINRESI) and Forestry and Wildlife (MINFOF)
granted permission for this study. A special thanks goes to my friends Orume and
Bobo for assisting with obtaining the permits. I also thank the Korup National Park
Conservators Albert Kembou and Pascal Ndogmo for supporting my research in the
park.

Funding for this project was provided by the Wildlife Conservation Society
Research Fellowship Program, Center for Tropical Forest Science of the Smithsonian
Institute, Conservation International’s Primate Action Fund, American Society of
Primatologists, Primate Society of Great Britain, and Columbus Zoo and Aquarium.
The Alexander S. Onassis Public Benefit Foundation supported with a scholarship my
studies (2004-2008) and covered the costs of this publication.

I would like to thank John Oates, Liza Gadsby, Bethan Morgan and Kate
Abernethy for being supportive of a wild drill study from the very beginning and
providing valuable feedback even from the proposal stage. They helped me build up
the momentum and confidence I needed to pursue a study in a continent and research
area then unfamiliar to me. I also thank WCS-Gabon which through Kate Abernethy
and Lee White offered me the opportunity to familiarize myself first with mandrill

research in Lopé, and the Pandrillus NGO which through my friends Liza Gadsby and

v



Peter Jenkins offered me a similar opportunity with drills at the Afi Mountains
Wildlife Sanctuary.

In Cameroon, I would like to thank Joshua Linder who introduced me to
Korup region during my first field visit, and whose CUNY team formed the basis of
this study’s “Drill Team”. Naturally, I want to thank the members of my research
team, Cletus Arong, Daniel Awoh, Jonas Awoh, Motoh Jackson and David Okon,
along with occasional members Usumanu Adamu, Joseph Molango and Celestine
Awoh. Urs Kalbitzer and Lisa Freudenberger of the ZfN provided field assistance in
the second field season, but above all invaluable company. I also thank the great
number of people who worked as porters, often under blistering sun or pouring rain.
All of you made this project really possible. I also thank the Chiefs and communities
who hosted us during our field surveys, as well as the people who participated in the
various interviews.

In Mundemba, I would like to thank my good friend Orume Robinson for his
company and assistance on multiple occasions, as well as Linus Arong and his family,
Rose Achik, Mambo Peter, Bonaventure Nimpa, and the members of the now named
“Mundemba Sombos” basketball team for stress releasing match-ups. Peter Spath and
his wife Karin were both great company and assistance (especially in offering baby
chimp Ilor a future at Limbe Wildlife Center). Lawrence Baya also helped our team in
more than one occasion.

In Limbe, I am indebted to so many colleagues — come friends — who
supported me with equipment, housing, books, academic stimulus, a safe retreat
during the 2008 riots, and hours of friendly discourse. I am especially grateful to
Aaron Nicholas, Ymke Warren, Anthony Nchanji, Comfort, and Amelia Stott from
the WCS-Limbe office, Felix Lankester, Simone de Vries, and Sandy Jones from the
Limbe Wildlife Center, and Bethan Morgan, James Christie, and Emma Fenton from
CRES.

In Douala, the Greek community invariably treated the rare bouts of home
sickness with a game of backgammon — frappé coffee at hand — and good food. A
special thanks to my good friends Peter, Terry and Archangel for their hospitality and
love, as well as Mr. Alekos and Mrs. Anastasia owners of the Mediterranée restaurant,
Mr. Takis and Mr. Kostas. A special thanks goes to late Mr. Manos for his immense

help with painlessly extracting my equipment from the Douala Airport Customs, and



Mr. Anestis Arno for his generous support for the renovations of the basketball court
in Mundemba.

I am indebted to Bruce Gill, Vasily Grebennikov, Michael Ochse, Brian Fisher
and Paul Eggleton for the identification of insect remains, and to Xander van der
Burght, Carel Jongkind, and Thomas Duncan for the identification of plants and
seeds. Motoh Jackson was responsible for identification of plants in the field. In
Gottingen, I received friendly academic advice on various aspects of primatology
from German Primate Center researchers (Christian Roos, Michael Heistermann,
Dietmar Zinner, Thomas Ziegler and Keith Hodges) and I thank them for that. As
important was the welcome distraction and friendship of my fellow “co-sufferers”
Amaryllis, Christina, Foteini, Lena, Marios, Natalia, Nikolas, Nikos, Philippos, Soula,
Thanos, and Thea.

Last but not least, I would like to thank my parents Theodore and Anastasia
for their ceaseless love and support throughout my student life, my grandfather and
namesake Christos, my brother Alexander who worried I would not make it past

kindergarten, and my Katerina. To all of you I dedicate this study.

vi



Table of Contents

ADSITACT ...ttt e et e e e et e e e b e e e b e e e aa e e e baeeenraeeebaeeenaeeas i
ZUSAMMENTASSUNG......eeevvieiiieeeiieeetteeeieeesteeesteeeseteeeereeesaeesnseeeasseeessseesnsseesnsseens 1
ACKNOWIEAZMENLS......ooiuiiiiiiiiiiiiie ettt et v
Table Of CONEENLS .....c.viriiiiieiieieeee e vii
LSt Of taDIES...ccueiieeiieeceeeee e et e e e an X
LSt Of f1ZUIES 1.ttt ettt e e eenbeeenanee s X1
List of acronyms and abbreviations ...........cccueecueerieeiiienieeiiesie e xiil
Chapter 1: Introduction to the diSSertation.........ceeuercrenseessneesenssnensnesssecsanes 1
1.1 Introduction to drill ecology and conservation..........ccccceeevveerreeennreennne. 1
1.1.1 Physical description, range and taxonomy............cccceecvereeruennnene 1

1.1.2  Previous research and current knowledge of drill ecology......... 2

1.1.3 Conservation status and threats...........c.cccceeveiievienciienienieeienne, 6

1.2 Objectives Of this STUAY......cccviieiiiiiiiiieeiieeee e 8

1.3 Rationale for selecting Korup as study Site........ccceeviervieenienciienieeieenne. 9

1.4 Rationale for selected methods ...........coceeiiiiiiiiiiiiiiiceee 9

1.5 Structure of the diSSErtation ...........ceceevieriereriiinieneeeeieseee e 11
Chapter 2: Description of the study region .........ceicevveeciceicssnrcssneicssnnscssseecnns 13
2.1 StUAY TEZIOMN ...ttt et ettt seae e 13
2.1.1 Location of Korup National Park.............ccccceeveiriniiiiniieeieenne, 13

2.1.2  Soils, topography and hydrology ...........cceceevieiiiieniiniieiee, 13

2,13 CHMALE ..ottt 14

2,14 Vegetation .....eevuiieiieeiiieiieeie ettt ettt ettt et eae e 14

2.1.5 Primate community of KOrup ......cccceeveviiiviiiieniieeeieeeciee e 16

2.1.6  HUMAN PIESEINCE.......eieuiieiiiieeiiieeiieeeitee et e e sieeesieeeneree e 18

2.2 Conservation and threats to Korup National Park’s wildlife.................. 20

2.3 Primate reSCarCh.......covuiiiiriieieiieriierieeeet e 22

2.4 Description of the Study area ..........cccceeevvieerciieeriieeciee e 23
Chapter 3: Feeding €Cology......ccuuiiiirirnricsissnnricsssnsnccssssnsssssssssesssssssssssssssssssanss 27
3.1 INtrOAUCTION .....eiiiieiiieiie ettt e 27
3.1.1 Importance of primate diet studies..........cceeveeriieniercieenieeienne. 27

3.1.2 Current knowledge of Mandrillus feeding ecology.................... 28

3.1.3  Objectives of this StUAY......cceeeuieririiiiiiieeiieieceee e 30

3.2 MEthOAS. .t 31
3.2.1 Data COIECtION ...c..evuviriieiiiiiriieieeieceeie et 31

3.2.2  Data analysiS....ccccciierciieeiiieeciee ettt 32

3.3 RESUIES et e 34
3.3.1 Fecal samples: Quantitative analysis ..........cccccuveerveeerreeennreennnen. 34

3.3.2 Fecal samples and food remains: Qualitative analysis ............... 35

3.3.3 Seasonal variations in drill diet.........ccccoeiiiiiiiniiiniiniieee 38

3.3.4 Characteristics of drill food plants...........c.ccccevviienieniiienieeienne. 47

3.3.5 Food proportions in different fecal weight classes ..................... 52

3.3.6 Foraging patterns of drill groups.........ccceeeeeeciienienciienienieeieeee. 52

3.4 DISCUSSION ..coutieiiieitieite ettt et ettt et et et e bt e et e s it e bt e sbbeenbeesabeenbeesaeas 55
3.4.1 Diet in periods of fruit SCArCity .........ccocveeevierieeiiienieeieeieeeenne 55

3.4.2 Patterns in animal cONSUMPION .......ccccvveeriieeriieeniie e 58

3.4.3 Feeding SeleCtiVIty .....cccvierieeiiieiieeieeiie ettt 61

3.4.4 Intraspecific dietary variation ..........ccecceeeeveereveeecreeesireeenneeennen. 63

3.4.5 Comparison with Mandrillus studies...........c.cccoeevevieiineenennnnn. 64

3.4.6 Study limitations — future Work ..........ccceeeevieeriieeiiieeee e, 70

vii



Chapter 4: Seed dispersal and predation..........ceeececcserccsssnerccsssnnsecsssnssecsnns 73

4.1 INErOAUCTION ......eiiiiieiiieiie e s e 73
4.1.1 The importance of primates as seed diSPersers.........c..ceeeevverueens 73

4.1.2 Significance of a drill seed dispersal study.........cccceevveeevureennnen. 74

4.1.3 Objectives of this StUAY......cceeveeriieiiiiiieieeieeece e 75

4.2 MEthOAS. ...coiiiiiieieee e e 76
4.2.1  Data COIIECION ...c..eorvieiiriiiiieieiieieeeeeee e 76

4.2.2  Data analysiS ....ccceeeeuieeriieeiiieeiee et 77

4.3 RESUIES ..ttt 78
4.3.1 Diversity of fruits and seeds handled..............ccccevvierirennnnnnn. 78

4.3.2 Selectivity in fruit and seed handling.............cccccceeeiieniieiiennnn. 78

4.3.3 Seasonal density, total number and damage of defecated seeds. 80

4.4 DISCUSSION .eoutiiiiiriietieieeite sttt ettt ettt ettt sbe ettt sbe et esaesaeeneeeaee e 84
4.4.1 Characteristics of drill seed handling.............ccccceevevieirciiiennnnnnne. 84

4.4.2 The seed handling role of drills in Cross-Sanaga-Bioko forests. 88

4.4.3 Importance of terrestrial cercopithecines for African rainforests 89

4.4.4 Study limitations — future Work ..........ccccoeevieviiniieninniieiee 90
Chapter 5: Socioecology, ranging and primate associations........cccceeeecveennees 91
5.1 INErOAUCHION......eiiiiiiiiiiiieceeete et 91
5.1.1 Importance of primate socioecology for conservation................ 91

5.1.2  Current knowledge of Mandrillus socioecology......................... 93

5.1.3  Objectives of this stUdY.....c..ceeeiieeiiieiiieeieee e, 96

5.2 MEthOGS. . .eiiiiiiieiiieiteeee ettt 97
5.2.1 Data colleCtion .......ccceeiiiiiiiiiieiiicieeie e 97

5.2.2 Data analySis ......ccceeeeieriieiiieiieeieerie et 97

5.3 RESUILS ettt 99
5.3.1 Social organization and StrUCtUIe............cccervvereenienieneenienrenieens 101

5.3.2  VOCAlIZAtIONS. ....eeueiiietieieeieesieee et 109

5.3.3 Habitat use and foraging patterns ............cceeceeveerrieeneenieeeneenen. 113

5.3.4 Primate asSOCIAtIONS ......ccueeviruierieriieriientieieeeesteeie e sieeeeeeeseeens 117

5.4 DISCUSSION ...uuviiiiiieeiiieciieectte e et e e eiveeesaeeeetbeeseaaeessaeesbaeeeaseeesasesennseeennns 119
5.4.1 Social organization and StrUCTUIE...........cccvrerieeiierierieeieeereene 119

5.4.2 Ranging and habitat USe.........ccevueerieriiieniiiiieiee e, 123

5.4.3 Significance of primate associations...........ccceeeveerverereerveerneenne 124

5.4.4  VoCaliZationsS.......c.coecuieiiiiiiiieniieeieesiie et 127

5.4.5 Study limitations — future Work ..........cccceceevierciienienieenieeieenne 129
Chapter 6: Status, threats and cONSErvation ............coceecccercssnrcssercssnescssssscses 131
0.1  INIrOAUCHION......eiuiiiieiiiiecee e 131
6.1.1 Current knowledge of drill status and threats ..............ccccceuenee. 131

6.1.2  Current ProteCtion ........ccueeeveereeeerierieeieereeereesree e eseeeeveesaee e 135

6.1.3  Objectives of this StUAY.....cceevveririiriinieiinicecceeeeeee 138

0.2 MEEhOAS. .. et 139
6.2.1 DIl StAtUS ...veeeviieeiieeeiie et e 139

6.2.2 TRIEALS.....eeiiiiiiieiie et 142

0.3 RESUILS ...ttt 145
6.3.1 Dirill population and status in the Korup National Park.............. 145

6.3.2 Drill distribution and status in Korup region..........cccccceeueenenee. 147

6.3.3 Local perception of the drill...........cceeevieriieiiiniiiiicieeieeeeee, 157

6.3.4 Threat from logging actiVities........ccervreriiierieiiierie e 160

6.3.5 Threat from the live animal trade...........cccoeceeviniinieninninees 163

viii



6.3.6 Threat from snare, gun and dog hunting...........c.cccceeeevvervennennne. 163

6.3.7 Social and economic role of dogs in Korup region..................... 169

0.4 DISCUSSION ....eutiiiiiieieiiiesieete ettt ettt st sbe et sbeebeeaeesaeene e 171
6.4.1 Importance of Korup region for drill conservation..................... 171

6.4.2 Challenges and priorities for drill conservation in Korup region 173

6.4.3 Future research...........coooiiiiiiiiiiii 180
Chapter 7: General cONCIUSIONS.......cocvvueiierivrnrricscsnnicssssassecssssssesssssssssssssssssssanes 181
B B B o 1) BeToTo) (0 USRS 181

7.2 Ecological similarity of Mandrillus Species ..........c.ccocevereeierierieriennenne. 183

7.3 Status and conservation outlook ............ccooceeiiiiiiiniiiiiie, 183

7.4 Study limitations and future research ............ccccoeevieiiiiiiiniiiiee 185

7.5 Broader implications of diSSertation ...........cccceeueeercveeeriieeerieeeiee e 186
APPENUIX .ceiiiiirrrriinssssnnicssssrrecsssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 189
1 Checklist of Korup National Park mammals ............ccccoeveviiniienennnnne. 189

2

3 List of identified plant species consumed by the drill during the study. 193

4 Matrix of Spearman’s correlation coefficient values (2-tailed) between
relative weight percentages of drill food categories in fecal samples

(07 ) ettt 196
5 Seasonal variation in the percentage of occurrence of food items in

ALL ECES et 197
6 Structural and ecological characteristics of identified plants in drill diet 202
7 Summary of findings from Mandrillus feeding ecology studies ............ 205
8 Species list of identified fruits in drill diet: compiled from analysis of

fecal samples and feeding remains ............cceeeveeeieenieenienieenieeieeeeene. 207
9 Summary of recorded drill vocalizations during visual and audio

ENCOUNLETS (NT58) uvviiiiiieeiie ettt e e e 211
10 Questionnaire used for the interview of hunters and/or dog owners ...... 214

11 Input form used in the semi-structured interviews with hunter groups.. 217
12 Location, duration and brief summary of findings of the field

surveys undertaken between 2005-2008 ..........ccoooieriiieiieniiinieneeeeee. 218

13 Questionnaire used in interviewing women groups..........c.eeeveervveeveenenes 220

14 Summary of food taboos mentioned by interviewed hunters ........... 224

15 Recommendations for drill conservation in Korup region ..................... 225
REfEIENCES .uccneeineiiniiitiitiiitenttentisneestecssnesssissseessesssssssnssssssssessssssssnssssssssasanes 241
CUITICUIUM VILAC ...ouiiiiiiieieeeee et 263

X



List of Tables

Table 2.1
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 3.10
Table 3.11

Table 3.12

Table 3.13

Table 3.14

Table 4.1

Table 5.1

Table 5.2

Table 5.3

Table 5.4

Table 5.5

Table 5.6

Table 6.1

Table 6.2
Table 6.3

Common and scientific names of the Korup primate community
along with their conservation status according to the IUCN (2008) 17

Identified invertebrates in drill fecal remains ..........cccoceeveeveeniennenne. 37
Percent presence of various food remains in drill feces (n=783)...... 44
Daily and monthly fruit diversity in drill diet, based on examination

of feeding remains along drill travel paths (Jul. 2007-Jan. 2009) .... 46
Distribution range of trees in drill diet and of tree species present in
KEDP .ttt 47
Predominant habitat which tree species in drill diet are associated

With i KFDP ..o 48
Ecological guild of tree species in drill diet...........cccceeveeiienienennene. 48
Life-form of identified drill food plant species..........ccccuveerveeereneenns 49
Ten most common tree genera in KFDP in terms of stems > 1 cm

dbh and their total basal area ............cccooeeiiiiiiiiiiii, 50
Ten most common tree species in KFDP in terms of stems > 1 cm

dbh and their total basal area ..........c.cccooeeiiiiiiiniii, 50
Ten most common plant species in drill fecal samples in terms of
mean monthly percent presence........uuvvvveerveeeecieeeriee e eeiee e 51
Fifteen plant species whose remains were most frequently
encountered along drill foraging Signs.........ccccceeevvveerieeenieeeriee e, 51

Kolmogorov-Smirnov Two-Sample Test, 2-tailed values:

Examining for intraspecific dietary variations in terms of mean
percent weight of dietary remains among feces of different fresh
weight classes (cut points at 20, 40 and 60 g)........cccceecveeeeveeennenns 53
Kolmogorov-Smirnov Two-Sample Test, 2-tailed values:

Examining seasonal intraspecific dietary variations in terms of
mean percent weight of dietary remains among feces < and >40 g

fresh WeIZht....oeveeiiieeeee e 54
Mean dry weight percentage of dietary remains in feces of drills

and mandrills (= SD and Range)........cccceeevveecieeniiiecieecee e, 65
Size, per cent seed damage and frequency of >2 mm seed types
present in >S5 SAMPLES....vveeeiuiieiiiieeieeeie et 79
Observed group size and number of adult males for all drill
groups encountered during the study (n=33). ......cccceevvrvirriiernreenne. 102
Frequency of drill vocalizations from well documented encounters
lasting >30 MINULES (N=34) ..ccuvieeiiieeeiee et 111
Mean hourly and daily travel distance of drill groups in the study

area, based on a 9 h and 11 h foraging day........c.ccccevevvvercrveinieennnnen. 116
Field observed frequency of drill associations with diurnal primates

and perceived occurrence of these associations by local hunters. .... 119
Mean and range values of Mandrillus group sizes from this study

AN TEETATUIE ..ot 122
Age and sex class composition of Mandrillus groups from this

study and IEErature..........cocveeeeiieeeiiieeee et e e 122
Established and proposed protected areas within the drill’s range... 134
Type and number of interviews conducted in the Korup region ...... 144
Perceived status of diurnal primates by interviewed hunters in
forests used by their villages. ........ccceevvievciiieiciiieeeceeee e, 152



List of Figures

Figure 1.1
Figure 2.1
Figure 2.2
Figure 2.3
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6

Figure 3.7

Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12

Figure 4.1
Figure 4.2

Figure 4.3
Figure 4.4

Figure 4.5

Figure 5.1
Figure 5.2

Figure 5.3
Figure 5.4

Extent of drill range and location of protected areas within the
Cross-Sanaga-Bioko rainforest zone...........c.ccoceeeeneevcneenenieneenne.
Mean monthly rainfall and daily min-max temperature recorded
from south Korup (Bulu) for the period 1973-1994. ...........cccceceee.
Map of Korup region depicting the location of the study area,
major towns and villages, and boundaries of protected areas...........
Topography, drainage network and permanent trails and
transects of the study area.........cccoeevvveeeiiiencii e
Example of analysis for dry volume and weight of food categories
in drill fecal samples (PhOto) ......cccvveeeiiieiiiieeieeee e
Relative volume and weight of food categories in drill fecal
1001 0] (I 03 I TS
Mean monthly percentage of dry weight of food categories in drill
feces (n=97), excluding intact seeds with min. diameter >5mm ......
Mean monthly percentage of dry volume of food categories in drill
TECES (NT07) et e e
Seasonal change in dry weight percentage of crushed seeds, fruit
fiber, and non-fruit fiber in drill fecal samples (n=97) .....................
Mean monthly number of intact seeds (>4 mm shortest diameter) in
drill £ECES (N=T05) . uueieeiii et
Ternary graph of the mean seasonal and annual dry weight ratio of
fruit/seed, animal and non-fruit/plant/mushroom remains in drill
ECES ettt e
Mean monthly volume of fecal dietary remains on a 0-4 abundance
SCALE (NTT781) i e
Monthly fruit dietary diversity (Shannon-Wiener Index) in drill
fecal samples (N=781) c.ceeuiieiiiiieeieeieeeeee e
Mean monthly number of fruit items in drill fecal samples (n=781)
Total monthly number of fruit types in drill fecal samples (n=781).
Frequency of tree life-forms for identified species in drill diet and
species occurring in KFDP. ..ot
Distribution of dispersal events per fecal sample (n=705) ...............
Relative frequency of drill seed handling according to the
distribution range of species (N=64). ......ccceeevieeerieeeiieeeiee e
Relative frequency of seed handling by drills of spatially clumped
and not clumped tree species (N=47). .c..ccccveercireercieeeriie e
Relative frequency of seed handling by drills for seeds of different
S1Z€ ClaSSES (NT07) weveeeiiieeiiieeiiee ettt e s
Monthly mean number of intact seeds >2 mm per fecal sample
(n=705) and dry weight proportion of crushed seeds per fecal
SAMPLE (NT97) oot
Map showing the location of first contact with drills (visual and
audio encounters) and sleeping Sites. ..........ccevvervieerieesieenveniieeneeans
Age and sex class composition of a drill group (n=42); analysis
frOM VIACO ..ot
Fresh weight distribution of fecal samples (n=800). .............c..........
Fresh fecal weight distribution of collection events >30 samples ....

15

19

25

34

36

39

40

42

42

43
44
45
45
45

49
81

82

82

83

&3

100

104
105

xi



Figure 5.5
Figure 5.6
Figure 5.7
Figure 6.1
Figure 6.2

Figure 6.3
Figure 6.4

Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9

xii

Vertical position of the first observed animal in drill and red-

capped mangabey day encoUNters..........cccveeeueeeeiiieerivieeeieeerree e 115
Estimated home range extent (core area) of drill groups present in

the study area, based on field observations............cccceeeveeeviieenneens 117
Number of primate species in association with drills (58
EIICOUNTETS ) ..veeeuvreeeereeeireeeireesaeeesseeessseeessseeesseessneessseeessseeessseesnsses 119
Location of the Korup region sections used for the drill status
ANALYSIS . .eiiiiiiieeiie ettt e et e e et e e et e e e e eeenbeeeaaaeennes 141
Map of the proposed drill management unit in the Korup region

and the location of villages visited for interviews. ..........ccccceeuveneee. 143
Korup National Park areas more than 5 km from villages................ 146
Identified drill core areas in the Korup region and the perceived

level of connectivity among them............ccccceevieriiienieniieenieciieene 148
Map of the Korup region’s road and river network. ............ccccue....... 149
Hunter responses on preferred animals to hunt (n=22)..................... 161
Women’s favorite bushmeat to consume (n=32). .......cccceeeveerenreennee. 162
Women’s favorite wild animal aesthetically (n=32)..........c.ccccueenee. 162
Animals killed by hunters during their last hunting trip (n=69 kills,

22 NUNLETS). .evvieiiieeciiieeeiiee ettt et e et et ebe e e eaae e e etreeeareeenaneeeens 167



List of Acronyms and Abbreviations

2PG:
BBPP:
CAFECO:
CFA:
CIRMF:

CITES:
CRES:

CRNP:
DED:
DRBC:
FCFA:

FR:
GTZ:

IUCN:

KFDP:
KFW:
KNP:
LWC:
NGO:
NP:
NTEFP:
MINFOF:
MINEF:

MINEP:
MINRESI:
pers. comm.:
pers. obs.:

PSMNR-SWP:

PZ.:
SPSS:
TOU:
TRC:
WAZA:
WCS:
WWE:

Two-phased grunt (a characteristic call of adult Mandrillus males)
Bioko Biodiversity Protection Program

Cameroon Agriculture and Forestry Exploitation Company

see FCFA

Centre International de Recherches Médicales de Franceville,
Gabon

Convention on International Trade in Endangered Species of Wild
Fauna and Flora

Conservation and Research for Endangered Species of the
Zoological Society of San Diego

Cross River National Park

German Development Service (Deutscher Entwicklungsdienst)
Drill Rehabilitation and Breeding Center

Francs de la Communauté Financiére Africaine (a.k.a. CFA),
currency

Forest Reserve

German Society for Technical Cooperation (Deutsche Gesellschaft
fiir Technische Zusammenarbeit GmbH)

International Union for Conservation of Nature and Natural
Resources (until 2008 a.k.a. World Conservation Union)
Korup Forest Dynamics Plot

German Development Bank (Kreditanstalt Fiir Wiederaufbau)
Korup National Park

Limbe Wildlife Center

Non-Governmental Organization

National Park

Non-Timber Forest Product

Ministry of Forestry and Wildlife (Cameroon)

Ministry of Environment and Forestry (Cameroon, split in
MINFOF and MINEP)

Ministry of Environment and Nature Protection (Cameroon)
Ministry of Scientific Research and Innovation (Cameroon)
personal communication

personal observation

Programme for the Sustainable Management of Natural Resources
in the Southwest Province

Peripheral Zone (of KNP)

Statistical Package for the Social Sciences

Technical Operation Unit

Transformation Reef Cameroon (logging company)

World Association of Zoos and Aquariums

Wildlife Conservation Society

World Wide Fund for Nature

xiii






Chapter 1: Introduction to the dissertation

1.1 Introduction to drill ecology and conservation
1.1.1 Physical description, range and taxonomy

The drill (Mandrillus leucophaeus) is a large, terrestrial, forest dwelling
member of the cheek-pouch (Cercopithecinae) sub-family of Old World monkeys
(Cercopithecidae). Like its sole congener the mandrill (Mandrillus sphinx), the drill is
highly sexually dimorphic, with adult males weighing over three times as much as
females (Hill, 1970; Setchell et al., 2001). Large canines, short tails, and strikingly
colourful perineal hair and skin (red, blue, violet) in adult males are characteristics
shared by both Mandrillus species. In contrast to the male mandrill’s bright blue and
red coloration of facial skin, the male drill has a jet black face with prominent cheek
flanges and bony paranasal ridges, which is contrasted by a white hair rim around it
and a scarlet red strip below the lower lip. Drill pelage is grey/brown compared to
olive/brown for mandrills.

Due to their large body, stout-build, pronounced sexual dimorphism, and
quadrapedal stance, the Mandrillus species were historically considered to be forest
baboons, and were even placed by some in the Papio genus (Hill, 1955; Buettner-
Janusch 1966; Jolly, 1970; Delson, 1975; Woltheim, 1983). More recent
morphological (Fleagle and McGraw, 1999; 2002) and molecular studies (Disotell et
al., 1992; Disotell, 1994; Harris and Disotell, 1998; Telfer et al., 2003) however
showed that Mandrillus species form together with Cercocebus mangabeys a distinct
phylogenetic clade within the Papionini tribe (mandrills, drills, baboons, mangabeys
and macaques). To the exclusion of the Papio, Theropithecus and Lophocebus genera,
members of the Cercocebus-Mandrillus clade share a range anatomical traits that
suggest reliance on hard object foods and “habitual aggressive use” of the forelimbs
while foraging on the ground (Fleagle and McGraw 1999; McGraw and Fleagle,
2006). Specifically, molar cusps point towards a specialization for cracking open
hard, resistant to decomposition seeds found on the forest floor, allowing utilization of
a unique dietary niche during periods of food scarcity. Moreover, forelimb bone
features are indicative of “powerful wrist and elbow flexion and rotation” which is
thought to permit breaking open decaying logs in search of insects (Fleagle and

McGraw, 1999; 2002). Jolly (1970) also reported that mandrills have larger forearm
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muscles relative to baboons, which is in agreement with the reported skeletal
adaptation for frequent forelimb use.

Although the position of the Cercocebus-Mandrillus clade within the
Papionini tribe is now well established, the phylogenetic relationship between the
clade is less so. There is some evidence from cranial examination that the drill and the
mandrill are closer phylogenetically to the red-capped mangabey (Cercocebus
torquatus) than other Cercocebus species, but this relation is not supported by
molecular findings (Fleagle and McGraw, 2006). The red-capped mangabey is
sympatric to both the drill and the mandrill.

The drill and the mandrill were once thought to be sympatric, but a review of
museum specimens by Grubb (1973) has defended the allopatry of the species with
Sanaga River in Cameroon being the natural boundary in their distribution range. The
mandrill range extends south of the Sanaga to the Congo River, across parts of south
Cameroon, Equatorial Guinea (Rio Muni), Gabon and the Republic of Congo. The
drill range is considerably more restricted extending north of the Sanaga River in
Cameroon to Cross River in southeast Nigeria, and on the Island of Bioko of
Equatorial Guinea (Figure 1.1). Remaining habitat suitable for the drill within its
range is thought not to exceed 50,000 km?® fragmented in approximately 50 forest
fragments (IEA, 1998). Roughly 80% of the species’ range is in Cameroon (Wild et
al., 2005). The Bioko drill (Mandrillus I. poensis) is currently recognized as a
subspecies to the mainland drill population (Mandrillus 1. leucophaeus) (Oates and
Butynski, 2008). Although typically associated with lowland rainforests, the drill can
be found across an elevational gradient that ranges from the sea coast in places like
Bioko (Hearn and Morra, 2001) to premontane, montane forests and even mountain

grasslands at 2000m in Bakossiland, Cameroon (Wild et al., 2005).

1.1.2 Previous research and current knowledge of drill ecology

Despite its taxonomic distinctiveness and endangered status, the drill remains
until today sparsely investigated. Remarks such as “an unfamiliar primate to many”,
“least-known” and “of low international profile” invariably characterize the
introductory paragraphs of the limited drill literature (i.e. Gadsby, 1990; Cox, 1997;
Steiner, 2000). Since the studies of Gartlan and Struhsaker on southwest Cameroon
primates — including the drill — four decades ago (Struhsaker, 1969; Gartlan, 1970;
Gartlan and Struhsaker, 1972; Gartlan, 1975), our understanding of the drill’s natural
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history and ecology has relied on studies of captive or semi-free groups (Boer, 1987;
Hearn et al., 1988; Gadsby and Jenkins, 1997; Terdal, 1996; Wood, 2007), primate
surveys (i.e. Faucher, 1999; Forboseh, 2007; Linder, 2008) and interviews with
hunters (Gadsby, 1990; Steiner, 2000; Willcox, 2002). The scarcity of studies on wild
drills is thought to reflect the species’ restricted distribution and the inherent
difficulties of studying a shy, terrestrial primate with large home ranges under the low
visibility conditions of rainforests.

Not surprisingly, our natural history understanding of the drill is incomplete.
The following paragraphs introduce major knowledge gaps, while aspects of drill
ecology and status addressed by this study are introduced in depth in the respective
chapters (Ch. 3-6).

Although feeding is a fundamental interaction of an animal and its
environment, affecting multiple aspects of a species’ natural history (i.e.
socioecology, ranging, evolution) (Milton, 2006), no study has examined to date the
diet of drills in the wild. Species specific information is limited to anecdotal field
reports and information obtained from hunters (Gadsby, 1990; Schaaf et al., 1990;
Steiner, 2000). Relying on mandrill diet studies (Hoshino, 1985; Lahm, 1986; Rogers
et al., 1996; Tutin and White, 1998; White, 2007) and the reported dental and post-
cranial morphological adaptations of the Mandrillus species (Fleagle and McGraw,
1992), it is widely accepted that the drill forages predominantly on the forest floor
searching through rotting fallen wood and leaf litter for arthropods, fruits and seeds.
No quantitative information exists on the relative importance of these foods for the
drill.

Our understanding of drill ranging patterns is also poor. Malbrant and
Maclatchy (1946) suggested that groups wander randomly without a fixed home
range. Gartlan’s (1970) field observations provided evidence against this view. Once
again, it was mandrill studies in Cameroon (Hoshino et al., 1984) and Gabon (Rogers
et al., 1996; Abernethy et al., 2002; White, 2007) that provided the basis for our
current drill assumptions. Radio-tracked mandrill hordes at Lopé National Park,
Gabon ranged over large areas (>100 km®) in search of fruit sources, exhibiting large
seasonal foraging and ranging differences. However, the savanna-gallery forest
habitat of north Lopé NP is not typical of any current drill population, which raises
concerns about how representative these findings may be for forest-dwelling drill

groups.
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Probably the most debated issue about the drill is its social system. It is not
clear whether the basic social unit is the single-male group that occasionally coalesces
with others to form the well documented larger groups (hordes), or if these large
aggregations are permanent multi-male associations. Gartlan (1970) believed that his
field observations on group size, fission and fusions, and vocalizations supported a
multi-levelled rather than a multi-male drill social system. Similar evidence for
mandrills in Campo, Cameroon (Hoshino et al., 1984) strengthened this interpretation
until recent findings from the radio-tracked mandrill hordes in Lopé NP, Gabon
seriously challenged its universality in the genus. Lopé hordes are year round
formations consisting of adult females, subadult males, juveniles and young, with
only seasonal presence of mature males (Abernethy et al., 2002; White, 2007). It is
still unclear to what extent is this social system unique to the Lopé mandrill
population.

Reports of polyspecific primate associations have been reported both for the
drill (Gartlan and Struhsaker, 1979; Faucher, 1999) and the mandrill (Sabater Pi,
1972; Jouventin, 1975; Hoshino et al., 1984; Mitani, 1991) during community-level
primate association studies. As these studies did not focus on specific species, their
analysis typically included only few encounters of rare primates such as the drill or
the mandrill. Nevertheless, all studies reported drills and mandrills associating with
most of the sympatric primates, including mangabeys (Cercocebus - Lophocebus),
guenons (Cercopithecus spp.) and colobus (Procolobus) species. No study has
examined whether the frequency of these associations are due to chance encounters
alone or their possible ecological function.

A shared characteristic of Mandrillus species is the diverse vocal repertoire,
which includes the unique to the genus crowing and 2-phase grunt (2PG)
vocalizations (drill: Gartlan, 1970; mandrill: Kudo, 1987). The 2PG is emitted only by
mature males, while crowing seems to be mainly a call of females and sub-adults. The
k-alarm, screams, and roar are also unique drill and mandrill vocalizations among
sympatric primates, but according to Kudo (1987) correspond to known baboon calls.
Gartlan reported that crowing and 2PG calls seem to function as contact calls for the
drill, with Kudo adding for the mandrill that that the former is used within distanced
sub-groups and the latter for maintaining group cohesion on the onset of group

movement. Kudo’s mandrill vocalization study was more comprehensive than the





