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ABSTRACT 

Research presented in this thesis focusses on the interplay between plant and mammal 

communities within a unique West African biome: the mosaic savannah-forest habitat of the 

Gashaka-Kwano region in northeastern Nigeria. The major strands of investigation 

encompass habitat ecology and animal sociality as shaped by a significantly seasonal climate 

and revealed through analyses of a longitudinal data set. 

The research is part of the Gashaka Primate Project (www.ucl.ac.uk/gashaka), one of West 

Africa's largest conservation and research initiatives, founded in the year 2000. The project 

operates in Gashaka Gumti National Park (GGNP) – a last remaining wilderness in the 

ecoregion that still harbours a biodiverse flora and fauna. 

At GGNP, a pronounced fluctuation between an annual wet and dry season strongly 

influences the vegetation and corresponding wildlife as well as human subsistence. This 

marked climatic seasonality affects plant cover and fruit productivity, giving rise to a seasonal 

pattern of food availability that constrains wildlife ecology and shapes activity budgets and 

reproductive features. These dynamics are specifically explored with respect to an 

unhabituated community of chimpanzees, and two study troops of baboons – an entirely 

wild-feeding group, and another group that supplements its diet through crop-raiding. With 

respect to the latter, the thesis explores if and how constraints imposed by habitat seasonality 

can be buffered by the consumption of crops. 

The current investigation capitalizes on the project's longitudinal repositories of base-line 

data covering a 13–year period (2002–2014), which were compiled, cleaned and analysed. 

The resulting thesis is broken down into seven chapters: 

– Ch. 01 Research rationale. Importance of long-term data and focus on seasonality 

– Ch. 02 The Gashaka Primate Project. Long-term research in Gashaka Gumti National Park 

– Ch. 03 Seasonality in a savannah-forest mosaic. Climate and plant phenology 

– Ch. 04 Chimpanzee gregariousness. Influence of abundance and dispersion of food patches 

– Ch. 05 Baboon behaviour. Activity budgets and home range use  

– Ch. 06 Baboon demography and reproduction. Comparing wild-feeding and crop-raiding 

troops 

– Ch. 07 Outlook. Enabling research and conservation at a biodiversity hotspot 
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IMPACT STATEMENT 

THE GASHAKA PRIMATE PROJECT: CONSERVING THE WORLD'S 

RAREST CHIMPANZEE 

 

The research presented in this thesis was done through the Gashaka Primate Project (GPP), 

which is a biodiversity research project that uses field studies to stimulate efforts to conserve 

the world’s most threatened chimpanzee in its natural environment. GPP focuses not only on 

chimpanzee studies, but also on long-term studies of other wild non-human primates (i.e. 

baboons and putty-nosed monkeys). A recurring theme of research is the recognition that 

considerable intra-specific variation is not only a hallmark of humans, but also of other 

animals. This contradicts traditional Cartesian views of animals as automatons that execute 

narrow genetic programmes or, as classic ethology posited, follow "instincts". Instead, 

primates in particular display behavioural flexibility to cope with ecological constraints. It is 

therefore of scientific interest to work towards the preservation of non-human primates in 

their natural habitats, as they serve as models that can help us understand the pathways and 

selective pressures that characterise human evolution and cultural diversity. Chimpanzees 

show the greatest degree of behavioural diversity amongst non-human animals and research 

led by GPP has corroborated the view that their communities are characterised by unique 

combinations of social customs and subsistence techniques. 

GPP’s work has established that this remote wilderness in the Cameroonian highlands holds 

the largest remaining population of the Nigeria-Cameroonian chimpanzee (Pan troglodytes 

ellioti aka vellerosus), perhaps 1,000 individuals. This ape is the genetically most distinct 

subspecies of chimpanzee, and by far the most endangered, with at most 3,500 individuals 

remaining - most of them in small pockets. All population fragments face severe 

anthropogenic pressures. 

The bushmeat trade is thought to be the biggest threat to the survival of chimpanzees (as 

well as the other African apes). However, assessments of the reduction of wild populations 

are notoriously unreliable since they are mostly based on indirect evidence such as brief 

surveys of markets and interviews with hunters. GPP's team used a direct approach and 

measured annual loss from the wild through intake rates of chimpanzee orphans into 
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sanctuaries in Africa. From this, the loss to wild populations was calculated by relating arrivals 

into sanctuaries to the proportions of infants in wild groups, hunting strategies, and the 

likelihood that captured babies make it to a sanctuary. The results suggested that current 

rates of hunting are many times higher than sustainable rates, and that the Nigeria-

Cameroonian chimpanzee will go extinct in 20–30 years, if protection measures are not 

dramatically improved. 

GPP also allows knowledge transfer between university and postgraduate students/ 

researchers from Africa and the developed world, who work alongside each other in the field. 

The scheme ensures that African students interested in research and conservation are 

exposed to state-of-the-art methods not otherwise available in Nigeria. The project also 

assists national park rangers in obtaining masters degrees and thus improving their career 

prospects. 

Research done by GPP has contributed to wider cooperation towards conservation in West 

Africa. The project's research was crucial in the development of the Regional Action Plan for 

the Conservation of the Nigeria-Cameroon Chimpanzee (2011). 
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General Theme: Dynamics of Plant and Mammal Communities 

Research presented here focusses on the interplay between mammal and plant communities 

within a unique West African biome: the mosaic savannah-forest habitat of the Gashaka-

Kwano region in northeastern Nigeria. The major strands of investigation encompass habitat 

ecology and animal sociality as shaped by a significantly seasonal climate. 

The study area is located in Gashaka Gumti National Park (GGNP), one of the last remaining 

wildernesses in the ecoregion that still harbours a biodiverse flora and fauna. The study 

compiles and analyses longitudinal information assembled by the Gashaka Primate Project 

(www.ucl.ac.uk/gashaka), a research and conservation initiative operating in the park since 

the year 2000. In a pioneering effort, the thesis compiles and pools numerous hitherto 

untapped data sets, including as yet unreported background information on the occurrence 

and distribution of large mammals (chiefly, pigs, antelopes, primates) (Ch. 02). The 

longitudinal records are employed to reconstruct the habitat's climate, i.e., the sub- and 

supra-annual cycles of the area's weather conditions and its influence on changes in 

vegetation cover and fruit production of the dominating plants, i.e., densely growing forest 

trees and dispersedly growing savannah trees (Ch. 03). The research then focuses on the two 

major study species, chimpanzees (Pan troglodytes ellioti) and olive baboons (Papio anubis). 

A main aim of the chimpanzee investigation is to understand how annual fluctuations in fruit 

production impact on the pattern of fusion-fission sociality, as inferred from sightings of the 

apes and numbers of animals that built arboreal sleeping nests in close proximity (Ch. 04). 

The baboon research compares the influence of local ecologies on two study troops – one 

that feeds entirely on wild food sources, while the other supplements its diet through crop-

raiding. The potential effects of crop-raiding vs wild-feeding are studied with respect to the 

general activity budgets and home range use (Ch. 05) as well as the demographic 

development of the troops and female reproductive parameters (Ch. 06). A final outlook (Ch. 

07) provides examples of how the assembled long-term data sets can inform overarching 

research questions as well as a view of the dynamics increasingly faced by longitudinal field 

research: the destructive influence of human activities and corresponding efforts by 

researchers to design conservation measures. 

A description of the study area, general methodology and some descriptive data on the 

large mammals inhabiting the study area (Ch. 02) serves as background for the following 
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chapters of this study that present particular research findings (Ch. 03 – Ch. 06) and which 

are preceded by an introduction into its specific topic as well as information about the 

particular methodology and methods. Using literature from the wider discipline, the 

following sections contextualize the rationale for the research by establishing the threads 

that will run through the thesis: its focus on environmental variation (both seasonal and 

supra-annual) which necessitate a long-term approach in terms of data collection. 

The Perspective of Long-term Studies 

The adaptive significance of behaviour, particularly social behaviour, and features of life 

history cannot be gleaned from investigations of captive animals (Kappeler et al. 2012). To 

understand the dynamics of selection processes, field studies are indispensable. However, 

research on wild-living primates is faced with several constraints (Robbins 2012) – such as 

that monkeys and apes are long-lived, that they tend to inhabit remote localities, and that 

they are typically hard to observe, because they avoid contact with humans. In addition, 

unlike investigations of, e.g., invertebrates, primatologists are hardly ever able to obtain 

large sample sizes. As a result, about a decade of research is needed to outline the basic 

ecological framework within which a species operates, about two to three decades are 

required to reconstruct developments of demography, and several more decades to 

understand how taxa respond to long-term changes in its habitat (ibid.; Hayes & Schradin 

2017). 

The current PhD thesis has to be read – and hopefully appreciated – against this general 

background. Its research is embedded in a long-term research effort structured by the 

Gashaka Primate Project (see Ch. 02). As is customary in longitudinal ventures, generations 

of volunteers, undergraduate and graduate students at the levels of master and doctoral 

thesis research as well as post-docs, established scientists and local field assistants have 

contributed to a pool of baseline data owned by the Gashaka Primate Project. These 

archives have been sighted, cleaned and organized as part of the present PhD thesis.  

Typically, field-based student projects encompass between one and three stints in the field. 

As such, they can capture only a fraction of the environmental variation and the resulting 

responses of plants and animals to this fluctuation (Hayes & Schradin 2017). By collecting 

base-line data and feeding them into a common pool, these short-term studies can 

nevertheless lay the groundwork which – in a mode of positive feedback – enables better 
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and better provisions of basic contextual information that benefit future short-term research 

(ibid.). 

Consequently, records spanning numerous years on climate, habitat composition and 

productivity need to be combined with information on behavioural and demographic 

variation (Kappeler et al. 2012). In other words, to allow a better understanding of how 

environmental factors influence wildlife behaviour and gregariousness, a long-term 

perspective is needed with respect to two dimensions: (i) ecology, including sub- and supra 

annual variation of climate and plant production and (ii) ethology, including information on 

physiology, behaviour, grouping and life-history patterns. 

In its broadest sense, ecology is the biological discipline that investigates the relations of 

organisms to their physical surroundings (abiotic factors) and to one another (biotic factors) 

– a concept made popular by the historic textbook Fundamentals of Ecology (Odum 1953). 

A habitat is the natural home or environment of an organism, as characterized by both 

physical features (elevation, soil, moisture, temperature range, light intensity, shelter 

opportunities) and biological features (disease vectors, food distribution, presence or 

absence of predators, partners for reproduction). Habitat types can be broken down by 

region (polar, temperate, subtropical, tropic) as well as mode (terrestrial, fresh water, marine 

water).  

Records of day-to-day parameters of weather (e.g., mean and maximum temperature, 

humidity, rainfall) can be combined to construct an extended picture of the area's climate, 

i.e., the long-term weather conditions typical for an area – information that is crucial with 

respect to the longitudinal dimensions discussed above. 

Habitats do not only experience inter-annual fluctuations, they are also subject to changes 

with vastly greater time depth. Very slow natural processes include tectonic uplift and 

subsidence, while other geomorphological events occur in more rapid temporal bouts 

(earthquakes, landslides, storms, flooding, wildfires, coastal erosion). Habitat change is also 

increasingly brought about by anthropogenic activities. Over the course of human evolution, 

humans altered habitats through fire regimes, farming practices and extraction of natural 

resources, with pollution, fragmentation, climate change and local or global extinctions of 

plant and animal species as a consequence. Nowadays, the extent of human interference 

seems to have become the dominant influence on global climate and environments. 
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Consequently, many scientists label the current geological age as the Anthropocene (Crutzen 

& Stoermer 2000, see also Hockings et al. 2015). 

With respect to the dimension of ethology, Clutton-Brock & Sheldon (2010) identified 

various advantages of long-term, individual based wildlife studies: (i) analysis of age 

structure; (ii) linkage between life history stages; (iii) quantification of social structure; (iv) 

derivation of lifetime fitness measures; (v) replication of estimates of selection; (vi) linkage 

between generations. 

The current research is able to capitalize on some, albeit not all dimensions of these long-

term trajectories (see also Chapman et al. 2017), given its main focus on two taxa of 

primates – chimpanzees and baboons –, which form part of the attraction of why biologists 

work at Gashaka Gumti National Park. Apart from general census work, the main research 

– as already mentioned above – focuses on a specific community of chimpanzees in the 

vicinity of the Gashaka-Kwano research station (Ch. 04) and two study troops of baboons – 

one entirely wild-feeding group around the Kwano research station, and one group 

inhabiting the wider banks of the Gamgam river that supplements its diet by crop-raiding 

(Ch. 05, Ch. 06). The chimpanzees are not habituated to human observers that allow for 

individual recognition, but the members of the baboon troop are individually known and 

the demographic development of the troops monitored and recorded over generations – 

including a reconstruction of the particularly important (maternal) kin relations (Chapman 

et al. 2017). Thus, the current analyses can draw conclusions that necessitate individual 

recognition only with respect to the baboon study troops, but not the chimpanzees. Still, 

the chimpanzee data on grouping pattern (day parties, nesting parties) allow to 

contextualize them within the dimensions of long-term seasonality of climate and plant fruit 

productivity (for an appreciation of the interplay of changes in tree and primate 

communities, see Chapman et al. 2017). 

Natural History vs. Hypothesis-driven Research 

The research presented here includes both descriptive and quantitative elements, 

represented by the somewhat binary juxtaposition of inductive natural history vs. deductive 

hypothesis testing. 
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While the natural history approach does not have a strict definition, it can generally be 

understood as a non-experimental close-up inquiry of features of habitats and the organisms 

harboured in them – i.e., "descriptive ecology and ethology" (Greene 2005; see also 

Fleischner 2011). Another useful definition that sets it apart from "strict" science sees it as a 

practice that emphasises the observer's personal background. Indeed, many natural 

historians were and are unpaid non-professional enthusiasts, who like to spend time in the 

great outdoors to pursue their hobby, while also recording information. These aptly named 

"naturalists" enjoy the challenges of being immersed into a field-experience, which, for them, 

often incorporates an aesthetic component (Herman 2002). Great English naturalists of the 

19th century such as Henry Walter Bates, Alfred Russel Wallace and Charles Darwin 

conducted natural history travels over many years, which ultimately helped to transform 

biology from a descriptive to an analytical science. Amateur collectors, natural history 

entrepreneurs and gentlemen scientists helped to build up some of the large collections of 

museums, that bear "natural history" in their names, such as the Natural History Museum, 

London. 

This once so prominent Victorian style of conducting biological studies, while still embodied 

by natural history societies in the UK and elsewhere, is seemingly losing ground in 

comparison to more contemporary methodologies (Fleischner 2005). Still, as for Nigeria, the 

approach is institutionalized by the Nigerian Field Society (NFS). The organization was 

founded in 1930, when Nigeria was still a British colony. Nowadays a "national" organization, 

NFS maintains branches in cities such as Lagos, Kano and Abuja, but also a UK branch 

(nigerianfield.org [accessed 22Jul18]). In fact, some of the important botanical research of 

the wider Gashaka Gumti National Park area, as well as bird studies, were conducted by NFS 

members (e.g., Chapman & Chapman 2002, Wilkinson 2008). 

The aesthetic and immersive elements of natural history-driven fieldwork certainly also 

contributed to my motivation to conduct research in West Africa. However, comparatively 

more time than outdoors was spent in front of computers, compiling and analysing data. This 

encompassed the curation of "natural history" accounts which may not immediately seem 

relevant to answer particular questions – such sightings of wildlife. These include species 

rarely directly encountered by observers, e.g., forest-dwelling leopards and shy blue duikers 

(cf. Ch. 02). Yet, their hidden presence in the study area may – as predators or prey 
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respectively – impact considerably on the ways the study primates behave. The compilation 

of such descriptive natural history information can thus enable future syntheses (cf. Ch. 07). 

For the most part, however, information provided in this thesis is not qualitative but 

quantitative and subject to the hypothetico-deductive method (cf. Godfrey-Smith 2003). 

Thus, the thesis formulates hypotheses and associated predictions that are subsequently 

tested against data (including descriptive elements). The statistical methods employed a 

mixture of exploratory data analyses (laying out main characteristics of the data set aided by 

summary tables and visual methods such as graphs) and confirmatory data analyses (testing 

statistical significance). Similarly, the investigation contains both confirmatory research 

(testing a priori hypotheses and outcome predictions made before the data were analysed) 

as well as exploratory research (generating a posteriori hypotheses while examining the data-

set and looking for potential relations between variables).  

In reality, however, data collected in the field over a long period of time will be confounded 

by many variables that can be difficult to tease apart or control for. Thus, as detailed 

inductive knowledge of natural history increases, observers will come across cases that are 

not encompassed by any single hypothesis or that they may contain elements of various 

hypotheses or require the formulation of altogether new predictions (see Quinn & Dunham 

1983, for a discussion of the limits and unsuitability of a purely hypotheses-driven approach 

in ecological and evolutionary research). 

Predominantly, field biologists are confronted by stochastic variables with a random 

probability distribution that cannot be predicted precisely – such as extreme climate 

abnormalities (storms, very dry or very wet years). Such sporadic and rare ecological crises 

are particularly likely to affect taxa such as primates, simply because they are long-lived 

(Chapman et al. 2017). These stochastic events may severely impact on life history 

variables, which raises the possibility that "fitness measures during average years might be 

less important than in years characterized by strong deviations in environmental 

conditions" (Hayes & Schradin 2017, p. 600). Consequently, extreme periods are probably 

more important in shaping the gene pool of a population than "normal" years (ibid.). Such 

realization is in conflict with the orthodox idea that fixed differences between individuals 

are prevalent and closely tied to differences in genotype and phenotype (see Clutton-Brock 

& Sheldon 2010, for an appreciation of this possibility).  



 26 

For example, a predation event, an extensive drought or a hurricane may lead certain 

animals to perish and others to survive (male vs. female; young vs. old; dominant vs. 

subordinate), thus influencing social organization (Dittus 1985). A case in question concerns 

the emergence of a relatively peaceful and relaxed dominance hierarchy in a baboon troop 

once particularly aggressive males had died from tuberculosis, while atypically 

unaggressive males survived (Sapolsky & Share 2004). Conversely, a relatively cooperative 

mode of hunting that had developed in another baboon troop fell apart once personalities 

central to this tradition had perished (Strum 1987). 

Again, we come full circle to appreciate that a comprehensive understanding of behaviour 

and social structure requires long-term data collection (Clutton-Brock 2012), but that even 

these repositories will not easily lend themselves to detect a reliable pattering of proximate 

causes (Cluttton-Brock & Sheldon 2010). The ultimate consequence is somewhat ironic, 

because "scientifically, long-term studies are not replicable" (Hayes & Schradin 2017, p. 

601), neither within a given taxon nor among closely related species. 

Therefore, while reporting observations made during long-term field research, biologists 

will need to accept the considerable limits of interpretation. This comprises the 

appreciation of the fact that numerous processes interact in ways which are impossible to 

disentangle in terms of direct causation – which renders it questionable to force 

observations into sets of artificially distinct hypotheses derived from debatable "null"-

hypotheses (Quinn & Dunham 1983). Research unfolded in this thesis is subject to exactly 

this – hopefully fruitful – tension. 

Climatic Seasonality and Phenology 

As has been pointed out, the major strands of investigation of the current research 

encompass habitat ecology and animal sociality as shaped by a significantly seasonal climate. 

In any given habitat, conditions are typically not constant throughout the year, i.e., more or 

less extreme changes may be observed, particularly in water availability, with knock-on 

effects for plant and animal communities. Some organisms are more tolerant of wide 

variations (generalists) while others are very specific in their requirements (specialists). The 

repeated patterning of these environmental conditions will lead to the formation of area-

typical communities of plants and animals, i.e., particular biotopes or ecosystems. Thus, the 



 27 

recurrent fluctuations in rainfall, temperature, day-length and radiation constitute the 

seasonality of a particular biome (Brockman & van Schaik 2005). 

The ecology sub-discipline of phenology (Osborne 2000) investigates periodically recurring 

developmental phenomena in the context of plant and animal life. For a habitat's flora, 

phenological markers may include the emergence of leaves and flowers and the production 

of fruits, i.e., the plant cover undergoes a succession of phenophases with often dramatic 

changes triggered by annual resp. supra- or sub-annual cycles in rainfall (Adamescu et al. 

2018).  

The seasonal climate with its corresponding cycles of plant productivity will affect the animals 

that rely on vegetal resources for diet or shelter (van Schaik et al. 1993). For example, 

depending on floristic developments, many animals display distinct peaks in reproduction 

and the raising of offspring. Moreover, as for primates, it has long been established that 

access to plant food, chiefly fruit, triggers related variation in social organization (Chapman 

et al. 2017). 

Gashaka Gumti National Park is no exception to these cascading effects brought about by 

climatic fluctuations. In fact, a central topic of the current research relates to its severe 

seasonality in rainfall. In fact, the study area experiences a rather extreme annual fluctuation 

between a dry and a wet season – with about 5 months (from roughly November to March) 

not experiencing any (or very little) rainfall, followed by a built-up to a rainy season with 

most precipitation during September (Ch. 03). The effects of this severe seasonal pattern 

will be tracked via long-term data for the phenology of plants (Ch. 03) and associated 

responses of wildlife, in particular the grouping pattern of chimpanzees (Ch. 04) as well as 

baboon behaviour (Ch. 05) and reproduction (Ch. 06). 

Animal Responses to Seasonality 

The current research investigates the influence of habitat seasonality chiefly for diverse 

groups of primarily large mammals (note: for Latin names of animals mentioned in this 

introduction, see Ch. 02). These include aardvarks, carnivores, hares, hyraxes, rodents, scaly 

ant-eaters, ungulates and, as already mentioned, primates (Kingdon et al. 2013; for overviews 

to primate taxonomy, biology, ecology, sexuality, sociality and cognition that track the 

discipline's development, see classic collections and textbooks: Smuts et al. 1987, Dunbar 
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1988, Martin 1990, Strier 2011, Campbell et al. 2012, Mitani et al. 2012, Dixson 2013, Rowe 

2016). The current study excludes data on birds, although the research area is a mecca for 

bird watchers (GGNP is an IBA, i.e., important bird and biodiversity area; www.birdlife.org). 

Interesting anecdotal data will refer to some rare carnivores (Carnivora) like the leopard 

(Panthera pardus) and the African golden cat (Felis aurata), while quantitative data are 

restricted to ungulates and primates. 

Apart from primates (see below), ungulates are the most prominent group of large mammals 

spotted and identified with regularity, both during foot surveys as well as on footage of 

stationary traps (still-camera, video-camera). As their name indicates (Latin ungula, "hoof"), 

these primarily large mammals use the tips of their toes to sustain their body weight while 

moving. They include the odd-toed ungulates (Perissodactyla) such as horses and 

rhinoceroses, and the even-toed ungulates (Cetartiodactyla) such as pigs, giraffes, camels, 

deer, hippopotamuses and bovids. While some members are omnivorous (pigs), many 

ungulates are herbivorous – and, as is the case in ruminants , gut bacteria allow them to 

digest cellulose. The study at Gashaka-Kwano yielded quantifiable data largely for two types 

of pigs – red river hog (Potamochoerus porcus), giant forest hog (Hylochoerus 

meinertzhageni) and three types of bovid (Bovidae) resp. antelope – buffalo (Syncerus caffer), 

bushbuck (Tragelaphus sciptus) , yellow-backed duiker (Cephalophus silvicultor). 

For the study area's primates, direct observations are easily possible for the various monkey 

species – black-and-white colobus (Colobus guereza), tantalus monkey (Chlorocebus 

tantalus), mona monkey (Cercopithecus mona), putty-nosed monkey (Cercopithecus 

nictitans), with olive baboons being the subject of detailed study. As mentioned above, 

chimpanzees are the other focal primate; these apes are not that easily seen by researchers, 

i.e., they are not habituated to human presence. However, chimpanzees leave indirect 

signatures of their past behaviour, such as sleeping platforms (nests) and abandoned stick 

tools with which they harvested honey and ants, and they can often be heard vocalising. 

The current research will often refer to particular modes in which animals engage with each 

other. For this, it should be kept in mind that there is no commonly accepted terminology to 

denote the ways animals distribute themselves spatially and / or interact with members of 

their own species. Helpful might be a distinction between the following two terms. 

Gregariousness can be perceived as a broad umbrella term, which accommodates occasional 
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solitariness as well as permanent grouping without implying specific modes of interaction. It 

can be used to describe herds of individual ungulates that forage together in a savannah or 

aggregate at a waterhole as well primates that spread out in a fission-fusion way (see below) 

across the landscape, but maintain individualised relationships (Wollf 2003) The term sociality 

leans more to the actual modes of how animals associate in social groups, several of which 

make up societies (MacKinnon & Fuentes 2011) 

Throughout the thesis, it will be explored if and how habitat seasonality influences the 

behaviour and reproduction of the study animals. Detailed predictions, preferentially related 

to competing hypotheses, are developed during the specific data chapters – while a few 

examples of investigatory routes are sketched out in the following. 

Chimpanzee communities split into sub-units, so-called "parties". Correspondingly, the study 

will investigate if and how the seasonally varying abundance of fruit and its spatial distribution 

affects the sizes of (foraging) day parties resp. (nesting) night parties, the number of animals 

that build sleeping platforms in close proximity (cf. Newton-Fisher et al. 2000, for a review of 

factors that may influence party size). 

For the study baboons, the thesis will investigate if and how seasonality affects the 

partitioning of basic activities (travel, forage, rest) throughout the year. For example, it might 

be expected that in times of plenty, animals may use their mental map to move more goal-

directed from one rich food patch to the next, ignoring opportunities along the way to forage 

in less promising locales – something they may do when food sources occur more scarcely 

(Johnson et al. 2015). As a result, their travel speed and thus the overall time spent travelling 

should decrease. Alternatively, as rich sources such as fruit tend to grow in small patches that 

are quickly depleted, longer day ranges may be expected. 

The fact that one of the study troops is entirely wild feeding, while the other supplements its 

diet through crop-raiding will allow for an interesting comparison (cf. Paterson & Wallis 2005). 

For example, it may be expected that crop-raiding animals will need to invest less time in 

travel (given that cultivated fields yield more sources than patches of wild food) and in 

foraging (given that crops will need less time to process and are of higher caloric value). As 

a further consequence, it may be expected that crop-raiding baboons have shorter birth 

intervals. Crop-raiding may also allow the baboons to reproduce non-seasonally, because 
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there will be fewer bottle necks for the optimal times to conceive, be pregnant or wean 

infants (Emery Thompson 2016). 

While previous researchers have already looked at the differences between the study troops 

in terms of habitat, reproduction, diet, stress and activity patterns (cf. Warren 2003, Higham 

2006, Lodge 2012; details in Ch. 05, Ch. 06), this thesis expands these findings, using much 

larger data sets. The various predictions will be evaluated against the available data. 

The Challenge of Conservation 

The last fifty years have seen a proliferation of primate-focused field research, whether in 

South America, Africa – including Madagascar –, or Asia, and dozens of these projects are 

meanwhile going on since more than a decade. While originally motivated by purely 

"scientific" interest, these projects have, since about the early 1980s, often mutated into 

ventures that are also concerned with nature conservation (Kappeler et al. 2012). Long-

term projects are particularly suited for such commitment, because the scientific questions 

they aim to answer cannot be pursued if the study animals and the habitats they depend 

on are wiped out. Conversely, long-term studies can generate information about the 

changing status of populations as related to human disruption, and as such provide a 

foundation for the development of conservation strategies (Hayes & Schradin 2017). Thus, 

longitudinal research has become an increasingly important catalyst for protective activities 

at the local or regional scale (Clutton-Brock 2012).  

Field work at Gashaka Gumti National Park is embedded in exactly this trajectory. As with 

many other study habitats, the reserve's fauna and flora is threatened by anthropogenic 

disturbances such as hunting, land conversion and extractive industries. Consequently, I have 

not only spent time and energy as a researcher, but have worked with the Gashaka Primate 

Project to initiate numerous capacity building projects for the benefit of local communities 

and the national parks service, as well as outreach activities that include public engagement 

events and the development of exhibitions by contemporary artists who had spent 

residencies at the field site (see Ch. 07). 

Thus, apart from its efforts to render long-term data fruitful for an analysis of how a West 

African seasonal environment impacts on plant communities and with this on the sociality of 

primates, this research also reflects the challenges and opportunities for field studies to 

become active in nature conservation (Tranquilli et al. 2014). 
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CHAPTER 02 

THE GASHAKA PRIMATE PROJECT. 

LONG-TERM RESEARCH IN GASHAKA GUMTI NATIONAL PARK 

 

Fig. 02.01. Panoramic view across the central part of the Gashaka section of Nigeria's Gashaka Gumti National 
Park. Ridges of the Mambilla plateau are visible on the horizon (02Sep09). (Photo: GJ) 
 

  



 32 

Merits and Constraints of Long-term Studies 

Wildlife ecologists and behaviourists alike have since long recognised the importance of 

running longitudinal studies (e.g., Clutton-Brock & Sheldon 2010, Kappeler et al. 2012, 

Robbins 2010), because they can offer detailed insights into evolutionary pressures. In 

particular, investigations based on individually identified animals that are, ideally, followed 

from birth till death, allow to address crucial questions related to ontogeny, behaviour, and 

life-history. At the same time, such long-term efforts face considerable challenges and 

constraints related to the logistics of running such research over a lengthy period in what are 

often remote locations (ibid.). 

The current PhD thesis has grown out of the long-term research and conservation efforts of 

the Gashaka Primate Project (www.ucl.ac.uk/gashaka; Sommer & Ross 2011a), operational 

since the year 2000 in the Gashaka Gumti National Park in Northeastern Nigeria. The analyses 

of long-term data presented in this thesis will inform and enable future work at the site and 

future analysis of still untapped data sets. It is therefore critical to lay out the complex 

processes and limitations of collecting and analyzing various data sets. The following 

overview into the current study's background therefore aims to detail the physical 

infrastructure of the project, how study site and study animals are embedded into the wider 

ecological context, the regime of data collection, data curation and data analyses, with focus 

on my contribution. 

The current study derives its origin and justification from a common problem associated with 

long-term studies, i.e., the fact that information about habitat ecology as well as animal 

behaviour and demography accumulate as a function of the growing number of researchers, 

students and field assistants contributing to the collection of base-line data. This requires 

strategies and policies for data management and storage, as well as resources to curate these 

sets of information (Kappeler et al. 2012). However, such a perspective extends past the 

typical duration and aims of the rather short-term research objectives associated with, e.g., a 

master or PhD thesis or individual research project (Hayes & Schradin 2017). Moreover, to 

achieve acceptable standards of inter-observer reliability and thus maintaining consistency 

and quality of data collection is not an easy task (Clutton-Brock & Sheldon 2012, Kappeler et 

al. 2012).  
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The current thesis has to grapple with exactly this tension of opportunity and constraint. On 

the one hand, the thesis utilizes the opportunity to exploit data that have been amassed over 

one and a half decade, i.e., over a period a single researcher can hardly ever cover on his or 

her own. On the other hand, the longitudinal nature of the study reflects a significant 

investment and energy to critically compile, scrutinize and clean numerous sets of data that 

were collected by generations of students, volunteers, researchers and field assistants. This 

entailed to deal with such idiosyncrasies as different types of handwriting in paper-based 

protocols or the fact that some data sheets were lost or destroyed by insects or rodents. 

Still, these are the realities of field-based long-term research, and while the resulting data 

may not be perfect, they are the best window into the ecology, behaviour, sociality and 

reproduction of plants and associated wildlife, in particular monkeys and apes, in what is an 

increasingly fragile ecosystem in Western Africa (Oates et al. 2004). 

The results of the current research are based on assorted long-term data sets collected by 

affiliates of the Gashaka Primate Project, consolidated and analysed by me, the author of this 

thesis (GJ). To enable this, I spent time in Nigeria from 05Jan09–11Mar09, 03Aug09–03Oct09, 

03Mar10–05May10, 11Apr11–13Jun11, 24Mar12–30May12, 22Mar13–22Apr13, amounting 

to a total of 11 months. During these periods, I was involved in diverse aspects of field work, 

from floral phenology to wildlife surveys to socioecological investigations of baboons and 

chimpanzees. The tasks covered, to various degrees, supervision and training of field 

assistants, volunteers and student researchers, designing field protocols, actual data 

collection, as well as curating existing and newly accumulated information (paper protocols, 

videos, photos, GPS files, weather records) and biological samples (herbarium, faecal samples, 

skulls). 

The time subsequently required to analyse data far exceeded periods spent in the field. 

However, field work allowed a clear understanding, from first-hand experience, of the 

constraints and limitations of information contained in protocols written up by different 

individuals. In addition, the field work provided a genuine familiarity about the climate 

pattern, the plant cover, the species of wildlife and the behaviour of apes and monkeys, even 

if analysed data were collected outside my own residency at the site. 
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The periods and parameters of data collection are summarized in Tab. 02.01 – including my 

particular contributions. Methodological specifics of data collection and a critical assessment 

of their potential constraints are introduced and discussed before results about the five 

general categories are presented: 

– Ch. 02: Large mammal surveys (pp. 25–60); 

– Ch. 03: Climate and plant phenology (pp. 61–113); 

– Ch. 04: Chimpanzee grouping pattern (pp. 114–145); 

– Ch. 05: Baboon activity pattern (pp. 146–185); 

– Ch. 06: Baboon reproduction (pp. 186–230). 

To prepare the reader for the result-based chapters, the following sections outline general 

features of the study area's (a) localities and logistics, (b) habitat seasonality and plant cover, 

and (c) assemblages of wildlife (large mammals). The outline incorporates and updates earlier 

descriptions developed earlier in conjunction with co-researchers (Sommer & Ross 2011, 

Pascual-Garrido 2011). 
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Tab. 02.01. Long-term data sets utilised, i.e., designed, collected, curated, compiled and/or analysed by  GJ. 
Site K (Kwano) = forest-savannah habitat inside National Park, habitat of chimpanzee and wild-feeding 
baboon study group. Site G (Gamgam) = forest-savannah habitat and cultivated field at park's edge near 
human settlements, habitat of crop-raiding baboon study group. 
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Kwano and Gamgam Study Sites in Gashaka Gumti National Park, Nigeria 

Data presented here rely on field work carried out by the Gashaka Primate Project (GPP) in 

Nigeria's Gashaka Gumti National Park (GGNP) (Fig. 02.02). The reserve lies in southern 

Taraba State in eastern Nigeria, directly bordering Cameroon (06o 55' – 08o 13' N and 11o 

13' N – 12o 11' E). Created in 1991, the park covers 6,731 km2, which makes it the largest of 

Nigeria's 7 national parks (see Dunn 1999, Adanu et al. 2011). 

The park's northern sector is named after the village of Gumti and stretches far into 

neighbouring Adamawa state. The Gumti sector is a flat biome of grassland with small trees, 

and was until recently home to iconic savannah fauna such as elephant (Loxodonta africana), 

spotted hyena (Crocuta crocuta), wild dog (Lycaon pictus), lion (Panthera leo), roan antelope 

(Hippotragus equinus) and giant eland (Taurotragus derbianus). The southern Gashaka sector 

is named after the small village of Gashaka, once politically important during the 19th century 

Islamization of this part of sub-Saharan Africa. The mountainous Gashaka sector includes 

lowland (< 825 m), sub-montane and montane (> 1650 m) strata, rising to 2,419 m at 

Gangirwal, the "Mountain of Death", Nigeria’s highest peak on the Chappal Waddi 

escarpment (Gumnior & Sommer 2012). 

 

Fig. 02.02. Location of Gashaka Gumti National Park within the approximate historical distribution of the 
Nigeria-Cameroon chimpanzee (P. troglodytes ellioti aka vellerosus), shown as hatched area. (Map: GPP / 
Maren Gumnior; from Sommer & Ross 2011b: Fig.1.2) 
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The biotopes of the wider Gashaka area face numerous imminent threats to their conservation 

(Adanu et al. 2011, Nyanganji et al. 2011; see Ch. 07). These include cattle grazing and 

burning of grass at the advent of the dry season to extend pasture grounds and stimulate 

sprouting of new vegetation, resulting in erosion of top-soil. Hunting for bush-meat is 

common, with poaching spilling over into the park itself. The core study area itself, however, 

has remained relatively safe from destruction, i.e., the field sites of Gamgam and Kwano near 

the village of Gashaka (see below). 

The logistics of field work at GGNP are demanding. The Gashaka Primate Project maintains 

two research stations (Fig. 02.03). A 5-room house is sited near the village of Gashaka, at 

the edge of GGNP (elevation 320 m; 07o 21' N – 11o 29' E). About 11 aerial km from Gashaka 

and inside the park boundaries is the much larger 16-room station of Kwano, constructed at 

the site of a small village that was abandoned when GGNP was created (elevation 583 m; 

07o 19' N – 11o 35' E). There is no mobile phone coverage at the field sites and connecting 

to the internet will often require travel of hundreds of kilometres. 

A dirt road of 35 km, suitable for 4-wheel drive vehicles, connects Gashaka with the town of 

Serti and the national park headquarters at nearby Bodel. An ancient footpath links Gashaka 

with Kwano, and leads up into the highlands. This path, improved by Germany colonial 

forces in the late 19th century during their occupations in West Africa, is the main connection 

to enclaves on the escarpment and on to Cameroon (traffic approx. 1 person / h). The 

Gashaka-Kwano leg, at the onset of the dry season, is at time widened so as to allow access 

of 4-wheel drive vehicles. However, for more than half of the year can the Kwano site only 

be accessed on foot or by motorcycle, and the trek requires challenging river crossings 

during the rainy season. 

Permanent power-supply is available at Kwano since early 2005 when a team of German 

engineering students erected a small plant, the so-called "power-island" – a hybrid facility 

with solar panels supplemented by hydroelectric power from a small nearby waterfall. At the 

same time, the Gashaka Primate Project also erected a repeater station on a steep hilltop, 

allowing for radio-communication with walky-talkies throughout much of the park. 
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 a   b 

Fig. 02.03. Research stations. (a) Kwano station: Sleeping quarters, office buildings and "power-island" 
(hybrid facility for harnessing of photovoltaic and hydro-electric power. 06Feb11). (Photo: Volker Sommer) (b) 
GPP sign at the Gashaka station in the village of Gashaka. 

The thesis investigates the phenology of plants and animals at the wider Kwano site and 

basic socioecological features of three primate study groups – a crop-raiding baboon study 

group at Gamgam and another, wild-feeding, baboon study group at Kwano, plus a 

chimpanzee community that inhabits the Kwano area (Fig. 02.04, Fig. 02.05). 

 

Fig. 02.04. Major study area. The map indicates locations of the two research stations (circles) at Gashaka 
and Kwano, as well as home ranges of the two baboon study troops (solid lines), i.e., the crop-raiding 
Gamgam troop near the village of Gashaka, and the wild-feeding Kwano troop further inside the national 
park. The home range of the chimpanzee community in the vicinity of Kwano (hatched area) is largely 
sympatric with the area from where most data on wildlife were collected. (Map: GJ) 
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Fig. 02.05. Remote sensing scenes. (a) Savannah-forest mosaic around the field station of Kwano (circled). (b) 
Mosaic of savannah-forest and adjoining fields along the river Gamgam near the village of Gashaka (circled). 
(Remote sensing images: GPP / Maren Gumnior, Universities of Frankfurt and Gombe; edited by GJ) 
  



 40 

The Kwano site is difficult to navigate for researchers, apart from the footpath connecting 

Gashaka with the highlands, given its often-steep terrain and dense plant cover. Therefore, 

trails have been cut with machetes to facilitate movements – a total of 79 km, marked every 

25 m with permanent and successively numbered metal tags, which also label the footpath. 

In addition, a botanical phenology transect cuts through the Kwano site, which has 2 parts 

of 4 km each (Fig. 02.06). 

 a 

 b 

Fig. 02.06. Research trails and transects at Kwano field site. (a) Map of the Kwano study area showing the 
network of trails used by researchers and field assistants. A grey line indicates the 4 km long, phenology 
transect, with 1000 marked trees and adjacent vines. (Map: GJ) (b). System of research trails (78.7 km; different 
colours indicate different trails) in the Kwano study area. Three-dimensional representation of trail system 
based on images from "Google-earth". The Gamgam study site is located outside the image in continuation 
of the river valley. (Design: GJ)  
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The administrative centre of GPP is the Department of Anthropology at University College 

London (UCL), home institution of GPP's founder and director, Volker Sommer. Studies that 

focus on baboons are coordinated and overseen by Caroline Ross, Centre for Research in 

Evolutionary Anthropology at Roehampton University in London. (The following is an update 

of Sommer & Ross 2011a). 

An ever-growing network of collaborators with the Gashaka Primate Project spans 35 

institutions in 11 countries. With respect to capacity building, it is important that 9 partner 

institutions are based in Nigeria itself. Involved are also a further 7 from Germany, 6 from the 

USA, 5 from the UK, while the Czech Republic, Ivory Coast, Denmark, Portugal, Spain, 

Switzerland and New Zealand are also represented. Individual collaborators were affiliated 

with 25 universities (Federal University of Technology at Yola (Modibbo Adama University of 

Technology), Taraba State University Jalingo, Gombe State University, Federal University of 

Technology Bauchi, University of Maiduguri, American University Yola, Ibadan University, 

University of Cocody-Abidjan, Humboldt-Universität Berlin, Oxford Brookes University, 

Albert-Ludwigs-Universität Freiburg, Universität Frankfurt, Universität Würzburg, University of 

Neuchâtel / Switzerland, University of Copenhagen, Universidad Complutense de Madrid, 

Universidade Tecnica de Lisboa, University College London, Roehampton University London, 

University of St. Andrews, California State University Fullerton, University of Alabama at 

Birmingham, University of California Berkeley, University of Chicago, University of California 

Riverside, University of Canterbury New Zealand), 5 research institutes (Academy of Sciences 

of the Czech Republic Bron; Deutsches Primatenzentrum, Göttingen; International Institute 

for Tropical Agriculture, Ibadan; Leibniz-Institut für Zoo- und Wildtierforschung, Berlin; Max-

Planck-Institut für Evolutionäre Anthropologie, Leipzig), 2 zoological societies (Zoological 

Society of San Diego; North of England Zoological Society), 2 conservation NGOs (Nigerian 

Conservation Foundation, WWF-UK) plus the Nigeria National Park Service. 

Over the years, students (at the level of undergraduate, master, PhD), researchers (post-docs 

and senior), artists and journalists as well as volunteers have come from 22 countries of all 5 

continents to collect data or to assist with capacity building within the GPP framework 

(Argentina, Austria, Cameroon, Canada, France, Germany, Greece, Italy, Ivory Coast, Japan, 

Mexico, New Zealand, Nigeria, Portugal, Spain, Sweden, Switzerland, Taiwan, The 

Netherlands, United Kingdom, USA). 
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The project employed up to a dozen field assistants that accompany researchers into the field 

or are engaged in the collection of routine data sets. All team members, apart from their 

specific objectives, contribute to the physical maintenance of the research stations and assist 

in the collection and compilation of long-term data (e.g., climate and phenology; demography 

and basic activity pattern of two habituated baboon study groups; chimpanzee vocalisations 

and nesting habits; encounters with other wildlife; camera-traps). In exchange, individual 

researchers may use certain parts of the long-term data set for own purposes. The resulting 

research papers are typically multi-authored, with the person who analysed the data set 

becoming lead author. 

Over 20 years of activity (1999–2018), project output includes 217 publications (APPENDIX 

1). A fair proportion is "grey literature", in form of 22 reports to donors and supporters. 

Moreover, research at undergraduate and graduate level yielded 62 degree-related write-

ups – including 4 bachelor and 39 master's dissertations. A total of 19 PhD theses are based 

on GPP project work, with 15 already completed. Dozens of abstracts of talks and posters – 

a total of 45 – testify to the participation of GPP affiliates at conferences. The hard currency 

of science is, of course, research articles. GPP affiliates so far produced 65 in peer-reviewed 

journals and edited volumes. 

Research within the framework of the Gashaka Primate Project is – increasingly so – not 

restricted to "classic" ecological and behavioural field studies of non-human primates, but 

includes topics from a variety of disciplines such as: taxonomy (in particular collembola, flies, 

ants, frogs, amphibians, birds), anatomy, genetics, biogeography, parasitology, 

endocrinology, nutrition, reproductive physiology, gestural and vocal communication, 

cognition, developmental psychology, ethno-botany, botany, meteorology, geography, 

human-wildlife conflict, ethno-primatology ("folklore studies"), social anthropology, public 

policy, contemporary arts and philosophy. This is, of course, a reflection of a developing 

tendency to combine field work with laboratory research and to aim for inter-disciplinarity. 

The current thesis reflects this trend which has spawned the idea to ultimately transition the 

Gashaka Primate Project into a Gashaka Biodiversity Project. 
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Habitat Seasonality and Plant Cover 

A pronounced fluctuation between wet and dry season strongly influences the vegetation and 

corresponding wildlife as well as human existence in the Gashaka region (details on climate 

and associated changes in Ch. 03). Thus, for about 5 months, from mid-Nov till mid-Apr, very 

little rain falls, and mostly none at all. A dry dusty wind, the harmattan, may blow from the 

Sahara. The skies clear again once heavy downpours get going from about mid-Apr. The 

distinct climatic seasonality is reflected in the vegetation cover (Fig. 02.07, Fig. 02.08). 

 a 

 b 

Fig. 02.07. Distinct seasonality shapes plant phenology in Nigeria's Gashaka Gumti National Park  – and with 
it wildlife activity. (a) Forest plot at the height of the wet season (Jun-Oct). (b) The same plot during the dry 
season (Dec-Mar). Note cut tree in lower right corner). (Photos: courtesy of 2010 GPP vegetation cover survey, 
directed by Maren Gumnior) 
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Fig. 02.08. Gashaka area habitats. (a) Woodland-savannah at the onset of the rainy season when burnt grass 
begins to sprout. (b) Lowland rainforest. (c) View of the Gamgam study area across the Gamgam River valley 
towards forests around Kwano, shrouded in mist, during the wet season. (d) View of the same area, during 
the dry season. (Photos:) 
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Terrain in the southern Gashaka sector of Gashaka Gumti National Park is rugged, with 

altitudes from about 300–2,400 m, which include the northern outcrops of the Cameroonian 

Highland chain. Habitat types represent the diversity of Taraba as a whole, including Guinea 

savannah-woodland, riverine and gallery forest, lowland rain forest, montane forest and 

montane grassland (Akinsoji 1996). Forests around the extensive Gangirwal escarpment serve 

as a sponge-like repository for wet-season precipitation, releasing water slowly but steadily, 

so that abundant rivers flow continuously within the park's boundaries, even during the height 

of the dry season. GGNP is thus the major source for Nigeria's second-most important 

watercourse, the Benue. 

A belt of savannah landscapes, about 1,500 km broad, in parallel alignment with the equator 

further south, characterises much of West Africa. Only 100–600 mm rain fall in the most 

northern savannah belt, the Sahel Zone, whereas the adjoining Sudan Zone sees up to 1,000 

mm rain, with correspondingly higher tree densities. The Guinea zone, with up to 1,500 mm 

rain, borders against what was once contiguous rainforest (Reikat 2002). Though the Gashaka 

area is thought to be part of the Guinea Zone, its average rainfall is considerably higher – 

perhaps because of the nearby moisture-trapping peaks of the Cameroonian highlands. 

With rain exceeding 2000 mm (see Ch. 03), one would expect a rather extensive forest cover. 

However, while forest, more or less closed, is indeed prominent (see Ch. 03), the landscape 

is blanketed in a mosaic of forest and savannah-woodland. This pattern could result, at least 

partly, from iron concretions in the soil. However, there is strong evidence that much of the 

savannah is derived, as a result of anthropogenic influences dating back centuries, if not 

millennia. The yearly burning of grass, done deliberately for about 3 months from Dec 

onwards, keeps large areas as grassy woodland – and prevents what would be a natural 

succession towards semi-deciduous forest (Louppe et al. 1995). The ancient habitat thus 

probably resembled a mosaic of moister and drier, semi-deciduous forests, which were then 

gradually replaced by woodlands with trees that are fire-resistant (pyrophitic). A human-made 

origin must also be assumed for the grassland of the higher elevations. 

Still, there is no doubt that the dynamics of the region are largely climate-driven and that a 

pronounced seasonality aided the past development of a complex assemblage of vegetation 

cover. 
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Surveys of Non-Primate and Primate Mammals 

Wildlife at Gashaka Gumti National Park 

GGNP borders the north-eastern edge of West Africa's moist Guinean forest ecoregion, a 

biodiversity hotspot (Oates et al. 2004) that harbours almost a quarter of mammalian species 

endemic to continental Africa (Kingdon et al. 2013, Darwall et al. 2015). Within the boundaries 

of the large park, mammalian wildlife is likewise very diverse (Dunn 1999). 

The following chapter is restricted the mountainous Gashaka sector and the specifically the 

study sites of Kwano and Gamgam. The focus is on "large mammals", i.e. those that, as adults, 

weigh more than 200 g. (The smallest large mammal would thus be the galago, see below.) 

The principal taxa are ungulates (antelopes, pigs) and primates (monkeys, apes). Still, GGNP 

is also home to a vast array of important non-mammalian vertebrates – including large species 

such as the Nile crocodile (Crocodylus niloticus) and the Rock python (Python sebae) –, such 

as rare fresh-water fish that thrive in the translucent rivers, and, with more than 500 feathered 

species, the place is an IBA (important bird area; see, e.g., Wilkinson 2008; see Dunn 1999 for 

a substantial compilation of bird taxa occurring at GGNP). 

The quantitative part of this research is restricted to about a dozen or so species observed 

with regularity. However, the surveys also yielded important anecdotal – i.e. qualitative – 

information about elusive large mammals at Gashaka Gumti National Park that before have 

reportedly never or rarely been seen by the "naked eye" – such as golden cat (Felis aurata), 

leopard (Panthera pardus), honey badger (Mellivora capensis), or spot-necked otter (Lutra 

maculicollis). 

The emphasis on large mammals is largely pragmatic, given the primate-focussed nature of 

the Gashaka Primate Project, and a concurrent lack of expertise with respect to the vast 

numbers of small species of, e.g., the rodent and bat orders. Moreover, small mammals would 

need to be trapped and, in many cases, killed and dissected to ascertain their species identity 

– procedures not without ethical concerns that also require special permits. In comparison, 

the species identity of larger mammals can be gleaned by looking at them or studying their 

photo and film images. Names of larger animals are also engrained in local knowledge and 

can easily be double-checked with the help of guide books. 

The findings about the existence and abundance of large mammals allows to relate them to 

socioecological features of the specific study mammals – primates. Direct connections 



 48 

between non-primate mammals and primates occur, for example, because certain ungulates 

are preyed upon by baboons while others are not (Sommer et al. 2016; see Ch. 07); because 

putty-nosed and mona monkeys adjust travel in relation to predation risk by leopards (Arnold 

& Zuberbühler 2006, Arnold et al. 2011); or, similarly, because chimpanzees may select certain 

sleeping sites to minimize encounters with leopards (Fowler 2006). 

Apart from its scientific value, such background information can aid strategies to conserve the 

national park (see Ch. 07) given that politics and the public (rather unfairly) pay more attention 

to "charismatic" or "iconic" animals, than to small critters (Feldhamer et al. 2003). 

Survey Methods 

Unaided visual records of large mammals in forested or fairly densely treed savannah-

woodland habitats are very hard to come by, as these animals are shy, elusive, rare or 

nocturnal – a situation very unlike the more accessible observations of herbivores and 

carnivores in the vast grassy plains such as, e.g., the Serengeti in Tanzania. Nevertheless, 

GPP’s research amassed thousands of direct sightings of Gashaka-area mammals via 

systematic foots surveys, chance observations and camera traps. These devices are have been 

used for wildlife research since the 1920s (Chapman 1927, Kucera & Barret 2011), as they 

enable records of elusive animals and can be employed to track their movements (Keeping & 

Pelletier 2014). Such cameras, capturing still or video images, have recently become widely 

popular – not least, because the respective technology became much cheaper and image 

quality much more sophisticated (Carbone et al. 2001, Srbek-Araujo & Chiarello 2005). They 

allow for higher species detection rates than reliance on indirect signs such as dung or 

footprints, enable continuous data collection during day and night, can detect very 

crepuscular species, and identify rare taxa with high certainty (Klailova et al. 2013). Camera 

traps are often strategically placed, e.g., at waterholes or – as done at Gashaka – at frequently 

trafficked animal trails, near bee or ant nests which apes exploit for honey or imagos, or at 

mineral licks. While such traps are perceived as "non-invasive", animals do, in fact, often react 

to the camera, given coloured control lights, mechanical sounds, or smell lingering on from 

humans who installed them. These cues may lead the animals to avoid the cameras, or, 

alternatively, to look straight at them, which – somewhat ironically – results in "better" pictures 

(Havercamp 2017).  
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The methods portfolio was as follows: 

(i) Foot surveys. Field assistants and researchers recorded sightings of large mammals in the 

wider Kwano study area during a total of 17,487 h (Tab. 02.02). In terms of a statistical day – 

which lasts from 05:30–18:30, i.e. for 13 h –, this corresponded to (17,487 / 13 = ) 1,345 

statistical days. Thus, teams invested a cumulative total of (1,345 / 365 = ) 3.7 years of survey 

time. The data were generated from 2001–2002 (2,994 h) and, in a more detailed fashion, 

from 2005–2008 (14,493 h). The second period thus translates into a very dense observation 

frequency of 3,623 h / year or 9.9 h / day. 

Tab. 02.02. Time spent in the Kwano study area surveying large mammals by field assistants 
and researchers (2000–2001, 2005–2008). Single workers or teams carried out surveys. 
Number of hours based on the durations of individual surveys, not the size of teams 

 

For these foot surveys, typically a single observer (and sometimes teams of 2–3 individuals) 

went on predetermined routes that systematically covered 1 x 1 km quadrants of the about 

30 km2 Kwano study area. The observers would adhere to a rota of walking and pausing to 

record sightings of pigs, antelopes and primates but also collected anecdotal information on 

other taxa. Surveys encompassed all months of the year and all hours of the daytime. Sightings 

(aka encounters) were converted into single data points covering a 30-min interval. For 

example, if pigs were seen to rummage in undergrowth between 11:57–12:15, this 18-min 

long sighting counted as a single entry for the daytime hour of 11:00-11:59. The total numbers 
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of sightings per hour were corrected for diurnal and annual distribution of survey times, i.e. 

converted into rates / survey hour. 

(ii) Still-camera traps. The foot-survey data are supplemented for some taxa (e.g., giant forest 

hog, bushbuck, yellow-backed duiker) through records from camera traps. These traps were 

first employed in the Kwano study area by GJ from 2011 onwards, generating still-photos. In 

particular, cameras were placed in front of mineral licks animals were likely to visit. 

(iii) Video-camera traps. Counts for some rarely seen animals (e.g., blue duiker) are based on 

opportunistic records from 20 video-camera traps placed across the wider Kwano habitat for 

3 years (2012–2014). These camera-trap efforts were coordinated by volunteer Anthony Agbor 

as part of "PanAf" (Pan African Programme: The Cultured Chimpanzee) initiated by the Max-

Planck-Institute for Evolutionary Anthropology, Leipzig, Germany, and have already spawned 

various publications (Kühl et al. 2016, Havercamp 2017, Tagg et al. 2018). 

(iv) Monkey group counts. Some data on putty-nosed, mona and colobus monkeys reflect 

systematic group counts in the Kwano study area along a standardised 9.5 km route, with 

observation time evenly spread across the daytime, executed by then-PhD student Jeremiah 

Adanu, over an 8-month period (2000). 

(v) Long-term data. Numerical data for Kwano chimpanzees and baboons of both the Kwano 

and Gamgam study troops are based on other, more systematised protocols of long-term 

data collection (see Ch. 04–06). 

The mixed portfolio of survey methods is not without methodological constraints. Firstly, the 

records do not rely on straight-line transect counts nor on grids. Thus, figures for abundance 

or detailed spatial distribution of particular species in the habitat could not be generated. 

(Line transect counts were only conducted from 2012–2014 as part of "PanAf", but data are 

not yet analysed.) Secondly, survey entries during successive days might capture the same 

individual animals or groups, resulting in an unknown number of "double-counts". Similar 

problems exist for still- or video-camera traps, in that it is difficult to distinguish between 

individuals (Klailova et al. 2013). 

However, as resultant figures will often rely on compilations of records obtained from across 

a large area (about 30 km2), double-counts are unlikely to swamp the overall outcome. 

Moreover, group sizes calculated from camera trap images and foot surveys turned out to be 

very similar. Finally, as has already been mentioned, these restrictions do not necessarily apply 
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to the two main study primates, baboons and chimpanzees, for which much more detailed 

information is available (see Ch. 04-06). 

Large Animals at Gashaka 

Main Taxa 

The longitudinal research in the Gashaka biome established that it is inhabited by about 50 

or so species of large animals (excluding birds and fish), of which 40 are large mammals (Tab. 

02.03). 

Tab. 02.03. Notes on the status of main large animals in the Gashaka area of Gashaka Gumti National Park. 
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The prominent taxa include carnivores (African civet, golden cat, leopard – with occasional 

incursions of hyena, lion, wild dog from the flat grasslands of Gumti sector), ungulates (red 

river hog, giant forest hog, African buffalo, bushbuck, red-flanked duiker, yellow-backed 

duiker, waterbuck), rodents (crested porcupine), pangolins, and aardvarks. The forest-

savannah-mosaic also harbours 10 species of primates, with two nocturnal species, and diurnal 

taxa including chimpanzee, baboon, putty-nosed monkey, mona monkey, black-and-white 

colobus monkey, tantalus monkey. Patas monkeys occur in grassy and flat biomes. There have 

also been isolated sightings of Grey-cheeked mangabeys . It is worth mentioning that gorillas 

have been rumoured to occur, too. Initially based on amateurish assumptions (White 1990), 

these claims are not completely unreasonable, as remnant populations of Gorilla gorilla diehli 

are found not so far to the south-west (Caldecott & Miles 2005). However, several large-scale 

GPP expeditions into unexplored forests around Mount Gangirwal (2005, 2006, 2007, 2014, 

2018) were as yet unable to discover any evidence for the presence of gorillas in GGNP. 

Thus, GGNP represents one of the last areas in West- and Central Africa where a large 

assemblage of wildlife still survives. Still, in the past, there has been no photographic evidence 

of many of even the most iconic animals that inhabit GGNP. However, with long-term research 

and the advent of camera traps, this has changed – as shown by the tableaux of images in Fig. 

02.09. Several of these photos represent "firsts", such as the pictures of blue duiker, aardvark, 

genet, golden cat and honey-badger. The park's diurnal non-human primates can be 

photographed much more easily. As for the nocturnal primates, only a single image of a wild-

living potto exists, and none of a galago (Fig. 02.10). 

The only eminent large mammal that has not been photographed so far and has not been 

caught with a camera trap, is the leopard. Apart from humans, leopards are probably the most 

important threat for monkeys and apes, with corresponding effects on their patterns of 

sociality. Despite a lack of images, indirect evidence (scats, footprints, vocalizations, scratch-

marks, anecdotes about predation and hunting) establishes beyond doubt that these 

carnivores still exist in the Gashaka-Kwano area, and indeed other forested parts of the park 

(Tab. 02.04). Leopards loom large in local narratives, several of which have been reconstructed 

via interviews, and these cats have also been met by people walking the forest at close range 

– including by me. 
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Fig. 02.09. Examples of large animals inhabiting the Kwano area. Most images represent first-time visual 
records for the region. Captured by still-camera (photographer noted), video-camera traps by Anthony Agbor 
(VT-AA) or still-camera traps by Gonçalo Jesus (SC-GJ). (Photos: © GPP, (a) Red river hog (Potamochoerus 
porcus), VT-AA, (b) Warthog (Phacochoerus africanus), David Bennett, (c) Giant forest hog (Hylochoeros 
meinertzhageni), VT-AA, (d) African buffalo (Syncerus caffer), VT-AA, (e) Bushbuck (Tragelaphus scriptus), SC-
GJ), (f) Waterbuck (Kobus ellipsiprymnus), David Bennett, (g) Yellow-backed duiker (Cephalophus silvicultor), 
SC-GJ, (h) Blue duiker (Cephalophus monticola), VT-AA, (i) Red-flanked duiker (Cephalophus rufilatus) VT-AA 
(j) Tree pangolin (Phataginus tricupsis), Andrew Fowler, (k) Crested porcupine (Hystrix cristata), SC-GJ, (l) 
Aardvark (Orycteropus afer), VT-AA, (m) Rock hyrax (Procavia ruficeps), David Inglis, (n) Spot-necked otter 
(Lutra maculicollis), Sandra Tranquilli, (o) African civet (Civetticus civetta), VT-AA, (p) Genet (Genetta sp.), VT-
AA, (q) Golden cat (Felis aurata), VT-AA, (r) Honey-badger (Mellivora capensis), VT-AA, (s) Nile crocodile 
(Crocodylus niloticus), Umaru Buba, (t) Rock python (Python sebae), Samara Albuquerque) 
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Fig. 02.10. Non-human primates inhabiting the Kwano area. (a) Black-and-white colobus (Colobus guereza), 
(b) Mona monkey (Cercopithecus mona), (c) Putty-nosed monkey (Cercopithecus nictitans), (d) Tantalus 
monkey (Cercopithecus aethiops), (e) Olive baboon (Papio anubis), (f) Chimpanzee (Pan troglodytes ellioti), 
(g) Milne-Edwards potto (Perodicticus edwardsi). (Photos: © GPP, GJ [a, g], Tabitha Price [b, c], David Benett 
[d], Alejandra Pascual-Garrido [e], Anthony Agbor [f] 
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Tab. 02.04. Leopards in Gashaka Gumti National Park: sightings and local narratives 
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Mammal Group Sizes 

Apart from such qualitative accounts, the long-term research generated quantitative data for 

several large mammal species about the likelihood, with which they are spotted during 

surveys, and associated factors such as numbers of animals seen together. These are detailed 

in Tab. 02.05. 

Tab. 02.05. Group sizes of mammals (antelopes, pigs, carnivores, primates) most commonly encountered in 
the Kwano study area. Sightings include an unknown number of double-counts. For Latin names see Tab. 
02.03. 
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As for group sizes, monkeys are clearly the most gregarious large mammals, with averages of 

6–22 animals per group. The two types of forest pigs are the next most sociable (4–5 animals 

per group). Antelope species encompass a greater variation of group sizes, from buffalos with 

an average of 6 animals, via waterbucks and hartebeests with 3 animals, while smaller 

antelopes such as bushbuck and duiker are typically solitary. Carnivores are likewise mostly 

solitary, even though pairs are not uncommon. 

Chimpanzees occupy a special place with respect to group sizes, given their fusion-fission 

pattern, because only a fraction of the whole community is sighted at one time – an average 

of 4 animals in the case of the Kwano study area. 

 

Foot Surveys of Ungulates 

During the 2005–2008 foot surveys in the Kwano habitat, observers recorded 956 sightings 

for 9 species of ungulates (cf. Tab. 02.05). Data for three species were too scarce to be 

analysed (giant forest hog, 1.7 %; hartebeest, 0.5 %; blue duiker, 0.4 %). The quantitative 

results presented in the following are therefore restricted to the 6 most commonly observed 

species, which constitute 97.4 % of all encounters (water buck, 41.5 %; red river hog, 28.3 %; 

yellow-backed duiker, 13.5 %; bushbuck, 6.8 %; red–flanked duiker 4.2 %; buffalo, 3.0 %). 

Each of these six species was met during each month of the year. They were also encountered 

during virtually every hour of the daytime, although there is a spike during the penultimate 

daytime hour and a noticeable lull around noon (the latter likely caused by low observation 

effort, cf. Tab. 02.02). 

A corresponding lack of seasonal variation is also apparent if one calculates the mean numbers 

of animals per encounter. As for variation throughout the year, only buffalo group sizes vary 

considerably (perhaps due to stochastic effects of small sample size). Group sizes do also not 

fluctuate much during the daytime, again except for a decrease around the hottest hours of 

the day for buffalo, waterbuck and red river hog. 

As for the range of group sizes, three antelopes are found to be mostly solitary (bushbuck, 

yellow-backed duiker, red-flanked duiker). Numbers of waterbuck average 3, with a range of 

1–8, while buffalos average 6, with a range of 1–12. Similarly, red river hog average 5 animals 

per sighting, with a range of 1–13 (Fig. 02.11).  



 60 

 

 

Fig. 02.11. Group sizes of antelopes and pigs. Based on opportunistic sightings during 2005–2008 surveys. 
Details in Tab. 02.05 

Sightings in different vegetation types of the study area (controlled for patch size, i.e. 27.8 % 

savannah, 77.2 % forest) indicate that only red river hog were more often met in closed habitat, 

while at least three quarters of waterbuck, buffalo and bushbuck encounters occurred in open 

terrain (Fig. 02.12a). Sightings comparing wet vs. dry season were rather balanced (Fig. 

02.12b). 
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a 

b 

Fig. 02.12. Habitat variables influencing the likelihood of sightings of antelopes and pigs. (a) Savannah versus 
forest patches. (b) Wet season (Apr–Oct) versus dry season (Nov–Mar) 
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Foot Surveys of Monkeys 

The 2005–2008 foot surveys in the Kwano habitat also recorded monkey sightings. These data 

are more easily generated than those for ungulates, given that monkeys, due to their largely 

arboreal nature, are readily observable while walking through the habitat. 

The quantitative results presented in the following are based on 600 sightings of the five types 

of monkey at the Kwano study site. Compared to ungulates, monkey species did not differ as 

dramatically with respect to the proportion of sightings (baboons, 27.0 %; putty-nosed 

monkey, 23.8 %; colobus, 22.7 %; tantalus monkey, 15.3 %; mona monkey, 11.2 %). 

These data suggest that tantalus and mona monkeys are less abundant. This is certainly true 

for tantalus, as they are only found in a small part of the survey area, i.e. some more open 

savannah parts in the west. A very different picture would have emerged, if one would have 

used the same survey methods at the Gamgam study site, as here, more terrestrial monkeys 

such as tantalus and baboons are more common than more arboreal forms such as colobus 

and putty-nosed. 

All monkey species are met throughout the year, with very little variation between months, 

and all are also seen during virtually every daylight hour. However, similar to ungulates, 

encounter rates markedly decrease towards midday (with a lull from 14:00-15:00 h), followed 

by a dramatic peak from 16:00 h onwards. 

Again, as for ungulates, mean numbers of animals per sighting do hardly vary throughout the 

year, while diurnal fluctuations in values are more noticeable. 

While ungulate group sizes (cf. Fig. 02.09) were calculated from foot survey data, those for 

monkeys rely on dedicated counts of particular groups (cf. Tab. 02.05). The average number 

of sighted animals is generally much larger for monkeys than for ungulates (Fig. 02.13), 

including values for maximum group sizes: baboons, 20; putty-nosed monkey, 34; colobus, 

15; tantalus monkey, 19; mona monkey, 30). 
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Fig. 02.13. Group sizes of monkeys. Unlike other data, these figures reflect dedicated counts during 740 h of 
systematic survey walks conducted from May–Dec 2000, spread out evenly from 07:00–19:00 over 9.5 km of 
non-random, marked forest trails (Jeremiah Adanu, unpubl. data, analysed by GJ) 

Mammalian Gregariousness 

This research aimed to obtain data on wildlife abundance at Gashaka, and, failing that, at least 

about presence or absence of certain taxa. Like researchers elsewhere, various methods were 

employed (foot surveys, camera traps, track surveys), but all of these have limitations (e.g., 

double counting, under- or over-estimation, biases towards conspicuous animals; Cook & 

Jacobson 1979, Seber 1992, Silveira et al. 2003). It is even more difficult to understand the 

dynamics of within-species grouping, i.e. gregariousness. Group sizes often vary wildly within 

and between populations and between different seasons. This is due to diverse selection 

pressures, including intragroup and intergroup competition for shelter, food and mates, travel 

costs, risks of predation and transmittable diseases, benefits through cooperation and safety 
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in numbers, all coupled with seasonal effects (review for mammals in Clutton-Brock 2016). 

Moreover, wildlife abundance and animal behaviour may also be influenced by human hunting 

practices (Woodroffe & Ginsberg 1998, Harrison 2011). In the Gashaka area, with the inception 

of the Gashaka Primate Project, hunting has dramatically declined; for example, around 

Kwano, for more than a decade, not a single wire snare has been found. 

Only anecdotal evidence about the general biology of rather solitary or pair-living species, 

e.g., pangolins, hares, rodents, aardvarks, carnivores, duikers was gathered (cf. Tab. 02.03, 

Fig. 02.07, Tab. 02.05). In contrast, a reasonable set of quantitative data was collected on six 

mostly large ungulate species. The likelihood that surveyors encountered these taxa varied 

considerably, a fact for which a variety of explanations can be furnished. 

The most commonly seen mammal, the waterbuck, is particularly large and essentially 

savannah-dwelling, which allows for the detection of this animal from afar, even while it flees 

from observers. The species detected second most often, red river hog, is conspicuously 

coloured, travels in relatively large groups and is often noisy, thus drawing the attention of 

the surveyors into their direction. 

Encounter frequencies for the major ungulates decreased around noon – likely reflecting 

restricted animal movement during the hottest hours –, and increased just before nightfall – 

probably echoing a last bout of foraging to store energy for the night as well as movements 

towards preferred sleeping sites. 

The mean number of individuals seen together was more or less constant throughout the year. 

This is related to the fact that the study ungulates did not constitute large anonymous "herds" 

– like those forming in the Serengeti in response to fluctuations of resource availability 

(McNaugthon 1983) –, but individualised kin-groups or reproductive units. 

Open versus closed habitat seemed to have a considerable influence on recorded encounters 

at Kwano. The dramatic preponderance of waterbuck, buffalo and bushbuck sightings in open 

savannah as compared to forest (cf. Fig. 02.12a) may reflect a habitat preference on behalf of 

the animals. However, it is also likely that field assistants can spot them more easily in open 

landscape, given that three quarters (73.2 %) of all sightings were ungulates in savannah. The 

assumption is supported by the fact that sightings were less common during the wet season 

(43.3 %) when high grass is sprouting in the savannah – which in turn reduces the likelihood 

to see savannah-dwelling animals. This then reduces the asymmetry between animals 
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preferentially encountered in forest vs. in the savannah, and leads to rather balanced 

proportions for the different seasons (cf. Fig. 02.12b). Another contributing factor might be 

that observers are less noticeable in forests during the wet season, because rainfall often 

provides background noise and as the ground is moist, the sound of footsteps is buffered. 

In contrast to some non-primate mammals, sightings of primates are certainly very common 

here. The Kwano study area has been nicknamed "a primate paradise"; Sommer & Ross 2011). 

Without much effort, groups of arboreal mona monkeys, putty-nosed monkeys, black-and-

white colobus as well as semi-terrestrial baboons can be readily observed. Tantalus monkeys 

are also readily spotted, although less often at Kwano than at the Gamgam study site with its 

adjacent agricultural fields near the villages of Gashaka. 

Surveyors saw monkeys more often during the early mornings and late afternoons, which 

coincides with movements out and towards sleeping sites as well as first and last foraging 

bouts. Recorded group sizes fluctuate little throughout the year, reflecting the tight sociality 

of monkey groups, which, in relation to overall numbers, experience comparably few 

demographic events such as immigration, emigration or births. 

Gashaka as a Mammalian Refuge 

Gashaka Gumti National Park was created, not least, because of its abundant wildlife (Barnwell 

2011). Still, over the last two decades, some of its most iconic big animals – lion, hyena, wild 

dog, elephant, probably also giant eland – went extinct, largely as a result of Fulani cattle 

herders poisoning and killing them in the northern and flat Gumti sector of the park (Saidu et 

al. 2010). Moreover, the pan-African rinderpest in 1983–84 killed thousands of ungulates in 

the park, and populations may still not have entirely recovered (Dunn 1993). Additional 

pressure comes from hunters who extract bush-meat (Nyanganji et al. 2011). 

The situation in the mountainous southern Gashaka sector of the park is not as dire. The 

Kwano study site in particular still hosts what is likely a full original assemblage of large 

mammals (cf. Tab. 02.03, Fig. 02.09, Fig. 02.10), a positive situation for which the Gashaka 

Primate Project can claim much credit (for the effect of research projects on conservation, see 

Tranquilli et al. 2014). Still, knowledge even about larger mammals is still spotty. Prosimians 

in particular have not been properly surveyed, and it may well be that more taxa exist then 
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just Milne-Edwards potto and perhaps two galagos – believed to be Senegal Galago (Galago 

senegalensis) and Thomas's Dwarf Galago (Galagoides thomasi), Dunn 1999). 

The Gashaka sector may be the last significant refuge for carnivores such as golden cat and 

leopards. Evidence for the presence of leopards is continuous throughout decades, albeit rare 

(cf. Tab. 02.04). This is in line with the fact that these felids are solitary hunters with home 

ranges that can exceed 100 km2 (Kingdon et al. 2013). Unlike in other parts of Africa or India, 

no reports exist of leopard attacks on people in GGNP, perhaps because leopards have 

learned to avoid humans due to traditional hunting pressure. Many behavioural and grouping 

features of mammals at Kwano are likely to reflect leopard predation risk, in particular also 

primate gregariousness (Miller 2000) – effects to which threats from other large predators can 

be added (crowned eagles, rock pythons, Nile crocodiles, golden cat). 

In terms of the overall situation, the accumulated data amassed through longitudinal research 

by the Gashaka Primate Project and analysed by me established that the park is still one of 

the last remaining areas in West Africa that harbours a substantial assemblage of large 

mammals. Armed with this background information, the following chapters will explore the 

fine-grained dynamics of how ecological factors influence the gregariousness and 

reproduction of two primate focal species – chimpanzees and baboons (Ch. 03-06). 
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 CHAPTER 03 

SEASONALITY IN A SAVANNAH-FOREST 
MOSAIC. 
CLIMATE AND PLANT PHENOLOGY 

 

 
Fig. 03.01. Fruit specimens from forests and savannah near Kwano study site. Cola gigantea (red fruit in 
brown pod, top l.), Tabernaemontana pachysiphon (large brown and small green fruit, top r.), Annona 
senegalensis (speckled green fruit, middle l.), Costus afer (berries, middle centre), Ficus spp. (green fruit, 
bottom l.), Afzelia africana (white seed pod, bottom l.), Irvingia spp. (green and yellow fruit, middle l.), 
Landolphia spp. (orange fruit, middle centre), Pseudospondias microcarpa (single black fruit, bottom centre), 
Pycnanthes angolensis (single red fruit, bottom centre), Leea guineensis (orange flower and brown berries, 
bottom r.), Strephonema mannii (middle r.). (After Koutsioni & Sommer 2011: Fig. 5.1, with spellings 
corrected; photo: Volker Sommer) 

  



 68 

INTRODUCTION 

The behaviour and reproduction of animals will be constrained by the features of its habitat 

such as geophysical texture, climate and plant cover. The latter typically provides resources 

for shelter and food. Plants are likewise constrained by environmental factors, and the 

discipline of phenology investigates how their cyclic life events are influenced by climate and 

elevation (Osborne 2000). 

Within this complex network, the cascade of impact (Van Schaik & Brockman 2005) starts with 

regional climates that, over a long course of time, shape the landscape's profile, mainly 

through the carving flow of water. This then affects the soil shield and its function as a medium 

for plant growth and the development of vegetation structures, from grassland to open 

scrubland with scarce woody vegetation to woodlands with scattered trees to closed 

rainforests with densely packed tall trees. The proximate production of plant cover will be 

influenced by annual resp. supra- or sub-annual cycles in rainfall (Adamescu et al. 2018). The 

timing of rain and available sunlight will in turn determine the succession of phenophases, 

i.e., leafing, flowering, and fruiting which govern the reproductive success of plants (ibid.). 

The cyclical biological events in the lives of plants will influence the animals that use vegetal 

resources by responding to the quantity, quality and distribution of potential items that 

provide food or protection (van Schaik et al. 1993). As for primates, numerous studies have 

concluded that their behavioural pattern, variation in social organization and demographic 

variables largely reflect the predictability of food resources, mainly fruit (Chapman et al. 

2017). 

However, compared to forests in Asia and the Neotropics, the phenology of African forests 

is not well understood (Adamescu et al. 2018). Main constraints are a great deal of variation 

in phenophases between and within habitats, and a general paucity of long-term datasets 

(ibid.). 

Within this general framework, the following chapter provides detailed background 

information, much of it based on long-term research, about climatic patterns and 

corresponding changes to vegetation cover and fruit productivity of trees and vines in the 

Gashaka study area. Such material will prepare the ground for the goal of this research, i.e. 

linking primate sociality with habitat seasonality and ecology (Fig.03.01). The presentation of 

detailed quantitative reconstructions (see below) shall be preceded by the outlining of the 
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main areas through and in which the phenological phenomena play out: climate, wildlife, tree 

cover, fruit production of trees and vines. 

Climate 

Near the equator, climatic seasonality is almost inexistent, and the further away one moves 

from latitude zero, the more seasonal the climate gets, with increased contrasts between wet 

and dry seasons. Rainfall coincides with, or follows the peaks of solar radiation, given that 

irradiation causes air to rise and cool down, which generates precipitation if the air is 

moist enough (van Schaik & Pfannes 2005). However, as a typical tropical feature, the 

temperature varies comparatively little across the seasonal trajectory – instead, the 

fluctuation in temperature over 24 hours is greater than the range of monthly means (Van 

Schaik & Brockman 2005). 

North-eastern Nigeria is located at a latitude of 7 degrees north of the equator, where the 

northward movement of the intertropical convergence zone (ITCZ) causes heavy precipitation 

from Apr–Oct, with a peak between Jul–Sep (Cronin et al. 2014). When the ITCZ moves 

southwards, it creates a dry period from Nov–Mar that brings down dusty and dry 

"harmattan" winds from the Sahara (Oates et al. 2004, Cronin et al. 2014). The precise timings 

of the marked wet and dry seasons are expected to have major impact on both faunal and 

floral ecology. 

Biodiversity 

In general, the less harsh an environment is, the more diverse are its associated life forms – 

with moist tropical rain forests being regarded as a particularly species-diverse type of 

habitat. 

The northern border of the Biafra forests and highlands, located in the nations of Cameroon 

and Nigeria, have been identified as a centre of biodiversity that includes high levels of 

endemism (Oates et al. 2004, Cronin et al. 2014). The Gashaka area lies just above this 

Guineo-Congolian moist zone (Bergl et al. 2007). Although not technically regarded as 

biodiversity hotspot, the location of Gashaka at the convergence between Guinea savannah 

(aka Guinean forest-savannah mosaic) and West African Guinean forests plus its mountainous 

nature with peak elevations of up to 2500 m (belonging to the Cameroonian Highlands forests 
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ecoregion) has shaped the considerable diversity of flora and fauna in Gashaka Gumti 

National Park (Dunn 1999, Oates et al. 2004). 

Savannah-Woodland 

The park's Gashaka sector is comprised of a mosaic of habitat types, with semi-deciduous 

riverine, lowland and montane forests interspersed with savannah-woodland and montane 

grassland. The immediate Gamgam-Kwano study area consists of forests and savannah, 

interspersed with small patches of grassland. 

The exact definition of what constitutes a savannah varies from source to source (Alberts et 

al. 2005). In general, savannahs are tropical biomes dominated by grasses, with drought-

resistant trees and shrubs scattered across. Compared to temperate zone grasslands, 

savannahs experience less dramatic shutdown of plant productivity across the year – 

albeit the plant cover may still fluctuate considerably, as a result of seasonality in rainfall 

(ibid.) 

In conjunction with climatic factors, the chequered vegetation cover of the study area is 

largely maintained through regular fires that burn the grass thriving in open landscape (Adanu 

et al. 2011). These fires are human-made, while natural fires like those caused by lightning 

are infrequent in comparison. Like elsewhere in Africa, grass is set ablaze with the belief that 

it controls outbreaks of invertebrates, creates better visibility and accessibility, or grazing 

pasture with ashes enriching the nutrient content of the soil. GGNP harbours thousands of 

heads of cattle in its enclave settlements, and pastoralists frequently drive herds through the 

reserve – which partly explains, that even in the national park, burning is a frequent 

occurrence (ibid.). 

In regularly burnt areas, savannah plants including trees exhibit adaptations to fire (Osborne 

2000). This terrain is covered with graminaceous plants and sparse stands of short and fire-

resistant trees. Succulent species are almost entirely absent, probably because they lack 

adaptations to fire (Pennington et al. 2009). 
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Rain Forests 

In contrast to grass-covered open habitats, woody plants (trees, shrubs, herbs, lianas) 

dominate in forests. The diversity of plant species is exceptionally high in tropical forests 

(Adamescu et al. 2018). Walking from the broad daylight in the open savannah into a forest 

may well feel like a journey from a summer's day into a poorly lit chilled room where the eyes 

need time to adjust. The ecological elements responsible for the shift from savannah to forest 

have to do with contour, soil type, humidity, fire frequency, and grazing pressure (Osborne 

2000).  

In its extreme, trees form a continuous, layered canopy which acts almost as a rooftop. Tree 

density correlates with annual rainfall, with closed-canopy forests found in the wettest areas. 

However, even in regions with severe rainfall seasonality, rain forests can persist, as long as 

the trees have access to water sources (Turner 2001) – although the canopy might not be 

closed. This is also true for the Gashaka sector, where forests are typically composed of trees 

with a canopy at 15–35 m height, with some stems rising to more than 40 m. 

Trees compete in various ways for access to sunlight, water and nutrients. Complex or deep-

reaching underground root growth may provide a competitive edge to access nutrients and 

water, while growing tall and developing a large crown is a common strategy in the race for 

light. The latter may explain why many species do not exhibit a linear relation between height 

and diameter, as growing tall fast goes at the expense of growing thick. Nevertheless, there 

is a tendency to an asymptote in height, i.e. as the trees grow tall, height growth slows down 

(Turner 2001), presumably because tree trunks a minimal thickness to avoid breakage. Height 

is therefore a better predictor of a tree’s individual performance (growth rate, reproductive 

output, probability of survival) than its age. 

Large, thick and mature trees are common in primary old-growth forests. Human activity 

(grazing, fuelwood collection, burning, logging) often creates secondary forests, which 

generally contain smaller trees and are also less complex floristically and structurally (Brown 

1990). 
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Vines 

Woody climbers – aka vines, lianas or creepers – are plants with flexible climbing stems that 

rely on other plants (usually trees) for physical support (Pérez-Salicrup & de Meijere 2005). 

Trees with larger diameters typically carry more climbers (ibid.). They can account for 40 % of 

a rain forest’s species diversity and vegetal biomass (Schnitzer & Bongers 2002). Their fruit, 

sap and leaves also provide food to forest animals, as well as facilitating the movement of 

arboreal animals. Although in less quantity, vines also populate temperate forests of the 

southern and northern hemispheres (Putz & Mooney 1991). 

Liana abundance varies with abiotic factors such as rainfall, seasonality and soil fertility 

(Gentry 1991). Forest disturbances such as trees falling due to age or severe wind or cutting 

and clearing by humans often favours the growth of woody climbers (Schnitzer & Bongers 

2002). However, access to light doesn’t seem to be the key factor for the metabolic 

maintenance of vines, but might be important for their proliferation – which has led some 

authors to characterize these plants as pioneer species (Gianolli et al. 2010). 

Vines typically receive little attention in studies of forest ecosystems, not least because of the 

challenges posed by taxonomic uncertainties (Schnitzer & Bongers 2002) – with the current 

study not being an exception. 

Fruit Production and Dispersal 

Plants can proliferate asexually by vegetative reproduction or sexually through the fusion of 

male and female gametes to form a seed. Flowering plants – angiosperms – are the most 

common and diverse group of plants. Their procreation relies on pollination, the process by 

which microscopic grains discharged from the male part of a flower are carried to a receptive 

female ovule, typically from another plant. 

In seed plants, pollen – a fine powdery substance, typically yellow – acts as the mobile vector 

of genetic material. However, unlike animals, plants cannot actively move to seek out a sexual 

partner. Thus, to achieve fertilization and germination, they depend on abiotic and biotic 

factors. Climatic variables such as photoperiod, temperature and precipitation may facilitate 

pollination via wind or water and the subsequent development of a plant after a period of 

dormancy. Biotic factors include animals (e.g., insects, birds, bats) that may prey on the 
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flowers, pollinate them or eat fruits, thus expediting seed dispersal (Smith-Ramirez & Armesto 

1994). 

Rain forest trees are rarely wind-pollinated because their high species diversity provides little 

chances for a specific male gamete to reach a corresponding female organ. Also, high 

humidity and rain dampens the pollen and causes its "powder" to stick together, hampering 

aerial movements. Moreover, the dense canopy filters pollen out and often renders airflow 

very still, conditions not conducive to wind-assisted pollen transport (Turner 2001). 

Generally, plants may flower or fruit during any time. Thus, phenophases may vary greatly, 

even between closely related forms inhabiting the same forest. This inter- and intraspecific 

variation in phenophases is particularly expressed in African tropical forests, where flushing, 

flowering and fruiting can vary from near-perfect intraspecific synchrony to extreme 

asynchrony, and from perennial activity to repeated short pulses (Adamescu et al. 2018). 

As a result, flowering of forest trees is notoriously unpredictable. 

Nevertheless, there seems to be some association with leaf fall, as leafless trees make flowers 

more conspicuous and more easily accessible to pollinators. Therefore, in seasonal forests, 

flowering often coincides with the dry season (Janzen 1967). Once pollinated, flower petals 

wilt and the seed starts to develop from the ovule. The ovary develops into fruit, which 

contains the seeds. All other flower parts fall away while ripening, a process influenced by 

water availability, temperature and humidity (Tutin & Fernandez 1993). 

Seeds are then dispersed so as to give rise to a new plant. Seeding may happen simply 

through fruits falling to the forest floor, whether by gravity or because branches are shaken 

by sudden rushes of wind or animal movements. If seeds are dispersed by wind, then it is 

more likely that they ripen during the dry season while air currents are stronger and 

branches harbour fewer leaves, which enables greater dispersal distances (Chapman et 

al. 2005).  

Seed dispersal may also be facilitated by frugivorous animals attracted to the fleshy 

expendable parts of fruits. Unripe fruits are normally discretely coloured and generally dry, 

hard and bitter, ensuring that them becoming attractive for frugivores coincides with seed 

maturity. Members of frugivorous taxa tend to zoom in on so-called "arillate" seeds that are 

hairy or fleshy, but more commonly on fruit with brightly coloured, often red or black 
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succulent pulp that resonates against green foliage (Turner 2001). They either manually 

discard undesirable seeds or ingest them together with the pulp, to then shed these 

indigestible fruit parts through subsequent defecation (ibid.). 

Given the abundance of birds and mammals in tropical forests, it is not surprising that many 

trees exhibit a “bird-monkey syndrome” (Gautier-Hion 1990). Already early studies 

recognized the particularly important role primates play as seed dispersers, given that they 

can access fruit in the canopy itself to consume large quantities, to then spit out or defecate 

substantial numbers of undamaged seeds (Chapman et al. 2017). 

The more heavily plants rely on seed-dispersers, the more likely is it that fruit ripens when 

conditions for dispersal are favourable (Chapman et al. 2005). Moreover, the peak of 

production for animal-dispersed fleshy fruits is likely to coincide with the rainy season, 

probably because the production of such fruit relies on increased moisture levels (ibid.). 

If species indeed exhibit a pronounced crop peak – known as "masting" – and if different 

species are synchronous in their masting, then this is likely to considerably affect the 

behaviour of plant-eating animals (van Schaik & Pfannes 2005). 

Study Aims 

The Gashaka long-term data that has been collected on weather and botanical features (see 

Ch. 02 and below), adds to the so far few long-term phenology studies of African forests 

(Adamescu et al. 2018). The present research consolidates this considerable bulk of records, 

with the aim to describe the patterns of climate seasonality. This, in turn, has important 

consequences on the life-history of plants – and, again in turn, on the socioecology of animals 

dependent on these, such as primates. 
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MATERIAL AND METHODS 

Climatic Records 

Some Nigerian institutions such as universities or government-affiliated are entrusted with 

collecting weather data. However, such information is hard to come by, because the task is 

rarely reliably executed. Also, while the GGNP headquarters at Bodel near Serti were fitted 

with a sophisticated weather station in about 2002, this was never functional. 

This research therefore relies on its own weather data, collected at the Gamgam and Kwano 

study sites. Here, values on rainfall, minimum and maximum temperature as well as humidity 

were captured via max-min thermometers and hygrometers hung in open but shady space as 

well as free-standing rain gauges. Records were taken in the evenings at 19:00, and jotted 

down manually on a daily basis by local field assistants – albeit a few periods were not covered 

due to malfunction of equipment or sickness. Electronic devices were not employed, as these 

proved unreliable due to often-extreme weather conditions such as storm, lightning, hail as 

well as battery failures. Climate data were transcribed into electronic files and mainly compiled 

by Volker Sommer and the author, GJ. 

Botanical Records 

Main botanical habitat features were recorded via an 8-km straight line transect that consists 

of two parts of 4 km (Fowler 2006, Pascual-Garrido 2011). These transects were continuously 

monitored at intervals of two weeks since their establishment in 2002 (Tab.03.01). The 

transect cuts through the north-western part of Kwano study area (cf. Fig.02.09). Transect 

direction was determined by the intention to incorporate sections of different elevation as 

well as varying types of habitat, thus allowing a relatively unbiased quantification of the 

vegetation cover. (No corresponding data exist for the Gamgam study site.) 

The aim was to include about 1,000 trees with a diameter at breast height (DBH) of at least 

30 cm for the purpose of phenological studies. Trial runs established that for these numbers 

to work, transect width would have to be 4 m. This method resulted in a final transect sample 

of 984 trees with 815 associated woody climbers (aka vines, lianas, creepers). Transect trees 

were permanently labelled, first with strips of local plastic, and since 2006 with professional 

tree markers out of metal or durable plastic (www.grube.de). 
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Tab.03.01. Phenology records collected along the 8-km straight line transect in the Kwano habitat for trees 
(n = 984) and associated vines (n = 815), ideally monitored twice per month from Apr02–Dec12. Figures 
indicate the number of actual monthly data surveys as well as missing records for some periods  

 

 

There is no agreement on the correct technical descriptors of closed "forested" or open 

"savannah" habitats (Osborne 2000). In this study, therefore it was simply distinguished 

between transect sections that cut through "forest" (more or less closed, including riverine 

as well as lowland rain forest) and "savannah" (open, sparsely treed savannah-woodland with 

occasional small patches of treeless grassland). 

The height of trees was ascertained via a clinometer or, at times, by comparing a tree with 

the known height of a neighbouring tree. Most of these measurements were undertaken in 

about 2003, and refer to 837 trees in which chimpanzees had nested (Fowler 2006). Diameter 

at breast height (DBH) was recorded for each tree as a standard measure of expressing the 

girth of a standing trunk. It allows calculations like timber volume or tree growth but also to 

infer estimates of leaf or fruit production. The number of woody climbers was likewise 

recorded. DBH and woody climber measurements were undertaken in Mar02 and repeated 

from Mar–Apr08, by trained local field assistants supervised by various graduate students and 

researchers. 

It should be kept in mind that it is notoriously difficult to "count" vines, as they may cover 

several trees, and may be entangled with various other climbers. Nevertheless, the aim was 

to allocate a specific vine to one specific host tree. To achieve this, vines were traced to its 

roots in the soil and labelled the "first" transect tree the vine climbed on as the "host tree". 

However, in practice, this was often difficult, as it was difficult to be sure that "the same" vine 

was monitored throughout successive visits. 
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In early 2003, an experienced plant taxonomist (Emmanuel Obot, botany professor, Nigeria 

Conservation Foundation) assigned scientific names to the trees in situ. Of all specimens, 9.4 

% remained unidentified, while the remaining 952 trees were identified to either genus (n = 

27, 2.8 %) or species level (n = 925, 97.2 %). From Mar–Apr08, a Nigerian PhD student 

specialised in botany (George Nodza) confirmed that trees of which he had specific 

taxonomic knowledge had previously been identified correctly. Several unknown species 

were later identified by senior botanist Benjamin Obajide Daramola of FRIN (Forestry 

Herbarium Ibadan University) / Nigeria. 

Identification of vines has proven difficult and is restricted to a few genera and local names. 

Transect trees and vines were monitored within a bracket of three days at the beginning 

(01st–05th) and in the middle (15th–19th) of each month. Scores were given for the presence 

resp. absence of fruit, flowers and leaves. The amount of fruit was estimated on an 

exponential scale (0, 1, 10, 100, 1000, 10000 fruits). Although the distinction between "ripe" 

and "unripe" fruit is somewhat arbitrary, records were also entered on the quality (ripeness) 

using size and colour. Data were also collected on fruit remains found at the forest floor as 

well as the likely identity of arboreal and terrestrial fruit and seed eaters. 

The DBH of each tree – measured at 1.2 m from the forest floor during 2002 and 2008 – was 

taken into account to arrive at estimates of fruit abundance. DBH is a good indicator of both 

tree size and crown diameter. These are, in turn, good predictors for fruit bearing parts of the 

vegetation, including biomass and fruit number (Leighton & Leighton 1982). Instead of using 

estimates from the exponential scale, calculation of fruit productivity was based on the binary 

of presence / absence of fruit, given that a preliminary analysis had led to very similar results 

for both methods (Fowler 2006). 

Thus, a fruit index was calculated for each month by summing up the DBH of all fruit bearing 

trees on the transect. Because trees with larger DBH can support more vines (Pérez-Salicrup 

& de Meijere 2005), this approach was extended to woody climbers. Therefore, the fruit index 

of vines was calculated by summing up the DBH of the host trees, assuming that vine fruit 

production is positively correlated with a host tree's DBH. The DBH of trees and vines were 

summed up for each month. In previous studies, DBH has been found to be a consistently 

accurate and precise proxy for fruit production that enables reasonable estimates even 

for figs and species with large trunks or buttresses (Chapman et al. 1992). 
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For comparison, a much simpler method that relied on the overall percentage of fruiting 

transect plants was also used. 

Phenology data covered in this thesis span 113 months from Apr02–Dec12.The records were 

entered into electronic data files by GPP-associated PhD students Umaru Buba, Sandra 

Tranquilli, Alejandra Pascual-Garrido and GJ, amounting to about 180,000 individual data 

points. Data were analysed by Umaru Buba, Volker Sommer and, for the most part, GJ. 
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RESULTS 

Climate 

Long-term records obtained for a 13-yr period (2000–2012) at the Kwano and Gamgam study 

sites detail and quantify the marked seasonality typical for the north-east of Nigeria in 

general. Thus, every year, there is a distinct alternation of a single dry season followed by a 

single rainy season (Fig.03.02). The heaviest downpours typically occur from Aug–Sep. Rains 

tend to cease in Nov and resume sometimes in Apr (Tab.03.02). The often-heavy downpours 

from mid-Apr to mid-Nov constitute 97.2 % of all precipitation. Variables for temperature and 

humidity mirror this pattern (Tab.03.03). 

A summative comparison of the Kwano and Gamgam sites is provided in Tab.03.04. As for 

rainfall, Kwano and Gamgam report an average of 41 % resp. 37 % rainy days / month. Yearly 

average at Kwano is 2,021 mm (range: 1,683–2,337 mm) and the wettest day saw 125 mm 

rain. In Gamgam, yearly average is 1,916 mm (range: 1,767–2,180 mm) and 152 mm was the 

maximum registered on a single day. Temperatures at both study sites are similar, with a 

mean minimum of 21 °C in both places and a mean maximum of 32–33 °C. The hottest day 

on record saw 42–43 °C. The coolest registered temperature was 14 °C at Kwano and 12 °C 

at Gamgam. 

The seasonal pattern of the environment dramatically effects the plant cover, as illustrated by 

a tableau of photos depicting the same spot for each month of the year (Fig.03.03). Plants 

grow far more leaves during the rainy season, while leaves wilt and fall off from deciduous 

trees as and when the dry season progresses. Yearly burning of grass, done deliberately for 

about 4 months between Dec-Mar, likewise contributes to the dry and brown aspect of 

scenery during that time. 
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Tab.03.02. Example of monthly rainfall patterns (years 2011–2012) at Kwano and Gamgam study sites. 
Figures = mm rain; "x" indicates drizzle  
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Tab.03.03. Summary of weather parameters at Kwano and Gamgam study sites (2000–2012). Humidity 
measured at 18:00–19:00, except for Gamgam 2000–2007, when values for 08:00 were used. Value for total 
rainfall at Kwano was adjusted in 2 individual years (indicated by asterisks) by adding averages from other 
years to compensate for months without data (2001: Mar; 2006: Mar, Apr). (Modified, extended and 
corrected after Sommer & Ross 2011b) 
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Tab.03.04. Main climatic variables at Kwano and Gamgam study sites: Similarities and differences 
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Fig.03.03. Seasonal change in vegetation cover over the course of a year. Standardised view from Kwano 
research station towards surrounding savannah, with forest and hills in background (Jan–Dec12). Plant 
productivity peaks during the height of the rainy season from May–Oct. Grass burning is common during 
the dry season, in this case in Feb. (Photos: GJ and Maigari Ahmadu on instruction by GJ) 
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Tab.03.05. Trees growing along 8 km of straight-line transect at Kwano (established 2002; 4 m wide; with 
984 trees and 815 associated vines). The species of 901 trees could be identified by Prof Emmanuel Obot 
(NCF); names of common species independently verified by botany student George Nodza. Fulani and 
Hausa names independently provided by local field assistants Bobbo Buba and Hammaunde Guruza. 
English vernacular names researched by Alejandra Pascual-Garrido. (Corrected, modified and extended 
after Fowler 2006: Tab.2.7) 
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Trees and Vines in Forest and Savannah 

Along the 8 km of straight-line transect at Kwano with its 984 labelled trees, 901 trees were 

taxonomically identified. The assemblage consists of 48 different families and 130–144 

species (Tab.03.05). The number of specimens of a single species present on the transect 

varies considerably. About 40 % of all species are represented by a single specimen. The 

most common taxon Axlewood (Anogeissus leiocarpus) is represented with 61 individual 

trees. Half of all transect trees are made up by about 12 % of species, i.e. 16 different taxa 

(Tab.03.06). 

Tab.03.06. Most common transect trees. Cumulatively, these species constitute half of all specimens 

 

 

Vines use trees for support by attaching themselves and climbing into the host tree canopy. 

About 50 % of transect trees are parasitized by woody climbers. The taxon “tiboko” of the 

genus Landolphia constitutes more than half of these plants (Tab.03.07). Numbers of climbers 

per transect tree were counted during two separate years. Their absolute prevalence 

dropped from 446 in the year 2002 (Fig.03.04a) to 372 in the year 2008 (Fig.03.04b). 

Nevertheless, in both instances did forest trees host significantly (p < 0.001) more vines 

(average = 1.0) than savannah trees (average = 0.2). The maximum number of vines hosted 

by a single tree was 7. One might expect that thicker trees host more vines. However, the 

number of woody climbers was not linked to the host tree's DBH (Fig.03.05).  



 90 

Tab.03.07. Local names for woody climbers (aka “vine”, “liana”) growing on 985 transect trees. The most 
common taxon, "Tiboko", probably represents at least three species 

 

 

 
Fig.03.04. Vines per tree along the phenology transect. (a) During 2002 (Pearson’s Chi-squared test: χ2(12) 
= 106.521, p < 0.001 ***). (b) During 2008 (Pearson’s Chi-squared test: χ2(7) = 79.184, p < 0.001 ***). (2002 
values from Fowler 2006: Fig.2.10)  
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Fig.03.05. Vines per tree as a function of host-tree DBH (diameter at breast height) (Kendall’s rank 
correlation Tau: T = 0.026, p = 0.291 ns) 
 

As for tree height, a significant positive linear regression with logDBH was ascertained (p < 

0.001, Fig.03.06) in that higher trees had thicker trunks. As for trunk girth, some clear 

differences between forest and savannah trees exist. Forest trees not only reach larger 

absolute DBH values (> 100 cm, maximum 117 cm), but the forest has also a clear 

predominance (> 50 %) of thinner trees (11–20 cm DBH). Savannah trees do not grow thicker 

than 80 cm DBH, but are more evenly distributed in the 11–40 cm range (Fig.03.07). 

 

Fig.03.06. Tree height estimates as a function of Log(DBH) (Single linear regression: F(1,835) = 1190, p < 
0.001 ***, R2 = 0.588). Based on data for 837 chimpanzee nesting trees at Kwano (2002–2005). (Data 
collected by Andrew Fowler)  
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Fig.03.07. DBH of transect trees growing in savannah and forest segments (Pearson’s Chi-squared test: χ2(4) 
= 30.445, p < 0.001 ***) 
 

More than half of the transect trees had a DBH of 11–20 cm and only 14 % reached more 

than 40 cm. This pattern is even clearer when the 10 most common transect species are 

considered, where 3 species (Bridelia ferruginea, Trichilia martineani, Piliostigma thonningii) 

have more than 70 % of their representatives within the 11–20 cm range (Fig.03.08). 

 

Fig.03.08. DBH categories of 10 most common transect tree species 
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Some tree species exclusively grow in forests, whereas others seem to flourish relatively more 

in one than the other type of habitat (Tab.03.08). Overall, 3 species are exclusive forest 

dwellers (Cola gigantea, Pseudospondias microcarpa, Strephonema mannii), while 4 others 

have more than 90 % of specimens within forests. The picture is somewhat different for 

savannah trees, where only a single species (Crossopteryx febrifuga) has more than three 

quarters of its specimens in that habitat alone. 

Tab.03.08. Common species that grow predominantly (>50 %) in either forest or savannah parts of the 
transect 

 
 
 

The Kwano study area consists of a mosaic of savannah and forest patches, which is reflected 

in the composition of 25-m segments along the 8 km transect (Fig.03.09). Forest dominates 

overall, notwithstanding that one 2-km transect stretch is predominantly populated by 

savannah trees. The overall proportion for the 320 segments is 27.8 % savannah (n = 89) 

against 72.2 % forest (n = 231). 

As for tree density, those in forests are generally less spaced out, because the canopy of 

more than 80 % of specimens overshadows a ground area of less than 50 m2. This reflects a 

highly significant difference to savannah trees (p < 0.001), which are far more spread out from 

each other (Fig.03.10). The average ground area occupied by a single savannah tree (48 m2) 

was also significantly different (p = 0.002) from the ground area per tree in forest patches (31 

m2; Tab.03.09) – a finding that quantifies the qualitative differences between "open" and 

"closed" habitats. 
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Fig.03.09. Succession of open savannah (orange squares) and closed forest (green squares) segments along 
the transect. Individual data points were recorded at each 50-m interval (0, 25, 50, 75, 100, 125, 150 m, [...] 
7950, 7975, 8000 m) 
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Fig.03.10. Tree density categories as measured via ground area occupied by transect trees in savannah 
compared to forest (see text for methodology) (Pearson’s Chi-squared test: χ2(2) = 80.104, p < 0.001 ***) 
 
 
 
Tab.03.09. Tree density averages as measured via ground area occupied by transect trees in savannah 
compared to forest (Wilcoxon rank sum test: W = 0.868, p = 0.002 **) 

 
 
 
Flowering and Flushing Cycles 

The study area harbours numerous types of blossoming plants (Fig.03.11). However, flower 

production is clearly more prevalent during the drier months (Nov–Mar) (Fig.03.12). In fact, a 

highly significant negative correlation exists between the percentage of flowering plants and 

monthly rainfall (p < 0.001, Fig.03.13). 

Trees and climbers are also affected by the dry season in such a way, that they have fewer 

leaves (Fig.03.14). Nevertheless, this profound effect does not translate into significant 

positive correlation between flowering frequency and proportions of leafless transect plants 

(Fig.03.15). 
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 a  b 

Fig.03.11. Flowers of exemplary transect plants. (a) Parkia biglobosa, the locust bean tree. (b) 
Tabernaemontana pachysiphon, the giant pinwheel flower. (Photos: Volker Sommer) 

 

 

 
 

Fig.03.12. Annual rainfall and flowering schedule of transect plants. Data for Apr02–Jun09 
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Fig.03.13. Monthly percentages of flowering transect plants as a function of monthly rainfall (Single linear 
regression: F(1,136) = 30.7, p < 0.001 ***, R2 = 0.184). Data for Apr02–Jun09 
 
 
 
 
 

 

 

Fig.03.14. Percentage of transect plants not bearing leaves. Data for Apr02–Jun09 
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Fig.03.15. Correlation of the percentage of transect flowering plants with the percentage of transect plants 
without leaves (Spearman’s rank-order correlation: Trees rs = 0.161, p = 0.619 ns; Vines rs = 0.189, p = 0.558) 
 
 
 
Fruit Production 

As already mentioned (see above, Material and Methods), fruiting of transect trees was 

recorded in a presence / absence method. Thus, this frequency is not necessarily equivalent 

with the amount of fruit available, given that plants, depending on species, crown size, age 

and reproductive state, may produce more or less or larger or smaller fruits. Nevertheless, 

these factors are likely evened out through the large sample of plants. In any case, two 

different measurements were used as proxies, i.e. the simple percentages of fruiting transect 

plants as well as the sum of the DBH of trees that bear fruits or harbour fruit-bearing vines 

(fruit index). 

 a   b 

Fig.03.16. Ripening fruits. (a) The most common vine, Landolphia sp. (Tiboko; Apr13). (b) Ficus tree 
(Mar12). (Photos: Volker Sommer) 
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Fruits can be found year-round in the habitat as revealed by the pattern of fruit production 

of vines and trees (Fig.03.16). During any given month, an average of 8.1 % of the 1,799 

transect plants are fruiting, i.e. 146 trees or vines (Tab.03.10a). However, there is a distinct 

seasonal cycle, with higher percentages from Mar–Jun, i.e. during the end of the dry season 

and the beginning of the rains. During that time, fruit production is accentuated, with higher 

fruit indexes scored (maximum of 5,741 in Apr09) (Tab.03.10b). Conversely, the lowest 

indexes are scored during the early dry season (minimum of 327 in Nov10). During the distinct 

peak from Mar–Jun, twice as many plants fruit than during the subsequent months from Jul–

Dec (Fig.03.17). Such seasonal pattern is driven mostly by a considerable variation in vine 

fruit production. Landolphia taxa in particular swamp the forest with fruit from Mar–Jun. 

Trees, on the other hand, fruit with more or less the same frequency throughout the year. 

The two fruit-production measurements yielded similar results, with almost identical 

distribution curves (Fig.03.18). 

Tab.03.10. Fruit productivity of trees (n = 984) and associated vines (n = 815) on the 8-km straight line 
transect in the Kwano habitat. (a) Percentage of fruiting plants during any given month. (b) Fruit index (sum 
of DBH of fruiting plants; in case of vines, the host tree's DBH was used) 
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Fig.03.17. Fruit-bearing transect plants, including proportions of trees and vines. Data for Apr02–Dec12 
 
 
 
 
 

 
 
Fig.03.18. Comparison between fruit production measurements, i.e., values for fruit index and percentages 
of fruiting transect plants. Data for Apr02–Dec12 
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Throughout the 11 years of continuous records (2002–2012), fruit production followed the 

general yearly pattern very closely. This becomes obvious if we control for potential overall 

yearly fluctuations and transform the absolute fruit index (Fig.03.19a), into monthly 

percentages (Fig.03.19b, Fig.03.19c).  

 a

 b 

 c 

Fig.03.19. Yearly fluctuations of transect plant fruit productivity over an 11-year period (2002–2012). Various 
measures result in similar patterns. (a) Absolute fruit indices including polynomial trendline. (b) Monthly 
percentages of fruit indices (values for a given year set as 100 %). (c) Monthly percentages adjusted for a 
given year's maximum fruit index (i.e., month with highest index was set as 100 %)  
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Moreover, the long-term data allows to detect what is probably an underlying cycle of 

absolute fruit production that spans about a decade (Fig.03.19a). Thus, some years reach fruit 

indices as high as 41,440 (2012), while others have only half of that value with 21,789 (2005). 

The trend-line suggests that this wave-pattern repeats itself after a decade. 

The spatial distribution of fruiting plants within the forest and savannah mosaic is not even, 

in that some areas are more suitable to carry a larger number of fruiting plants (e.g., gallery 

or lowland forests) than others (e.g., open woodland or grassland). This is revealed through 

a visual representation that takes the transects’ spatial dimension into account and highlights 

patches with below- and above-average fruit production (Fig.03.20; for implications, see 

below, Fig.04.22). 

 

 

 
Fig.03.20. Fruit-bearing patches on the transect, measured via monthly numbers of fruiting plants on 
transect segments. The 8-km transect line was divided into segments of 150 m length. Temporal and spatial 
hotspots with 6–10 and 11–15 fruiting plants per month are highlighted in red and green. Data for Apr02–
Jun09 
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Unlike flowering, seasonal fruit production is not significantly correlated with precipitation (cf. 

Fig.03.02, Fig.03.13), given that monthly rainfall is not a good predictor of fruit production 

(Fig.03.21). 

 

Fig.03.21. Percentage of fruiting transect plants as a function of rainfall (Single linear regression: F(1,136) = 

0.080, p = 0.777 ns, R2 = 0.0006). Data for Apr02–Jun09 

Still, additional indication of seasonality was found with respect to the colouration of fruits. 

Green fruits dominate the spectrum for both trees and vines. However, trees have the largest 

proportions of green fruit during the rainy season, while non-green colours increase during 

the dry season (Fig.03.22a). In contrast, vines (Fig.03.22b) have a much smaller percentage 

of non-green fruits overall, with May–Jun constituting an exception. Brown vine fruits are 

much rarer than brown tree fruits, while both vines and trees produce only a few red coloured 

fruits. The classification of fruits into ripe / unripe closely follows this pattern, in that green 

fruits represent the less ripe stage (Fig.03.23a, Fig.03.23b). 
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 a 
 
 
 
 
 

 b 

Fig.03.22. Colour of transect plant fruits (black, brown, red, yellow, green). (a) Tree fruits. (b) Vine fruits. 
Data for Apr02–Jun09 
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 a 
 
 
 
 
 
 

 b 

Fig.03.23. Ripeness of fruits found on transect plants. (a) Tree fruits. (b) Vine fruits. Data for Apr02–Jun09 
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Feeding Activity of Frugivores 

Fruit production can be expected to be linked to the activities of frugivorous animals. Thus, 

feeding remains on the forest floor left by fruit-eaters, both terrestrial as well as non-terrestrial 

(arboreal, flying), are mostly found during months right after when fruit availability had peaked 

(Fig.03.24). This pattern is reflected in a highly significant positive correlation (p < 0.001, 

Fig.03.25). 

 

Fig.03.24. Percentages of fruiting transect plants under which feeding remains were found, broken down 
into trees and vines. Monthly overall percentages of fruiting transect plants provided as reference. Data for 
Apr02–Jun09 
 

 

Fig.03.25. Number of transect plants under which feeding remains were found as a function of transect 
plants bearing ripe fruit (Single linear regression: F(1,117) = 702.1, p < 0.001***, R2 = 0.857)  
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Primates can collect fruit directly from branches and, as a group, may well consume the 

largest amounts of any animal taxa. This is true at least with respect to identifiable feeding 

remains, given that fruit parts dropped by foraging monkeys and apes constitute at least half 

of all remains found under trees during 5 out of 12 individual months (Fig.03.26). 

 

Fig.03.26. Who is consuming fruit? Proportions of primates versus other frugivores, as assessed from feeding 
remains. Monthly means, averaged across transect data for Apr02–Jun09. (Arboreal animals such as 
primates and squirrels may pick, partly eat and drop fruits; terrestrial mammals such as ungulates consume 
dropped and / or fallen fruits) 
 

 

Polyspecific Associations of Monkeys 

The four main monkey species inhabiting the Kwano study mingle more or less regularly 

(Fig.03.27). However, polyspecific associations are most commonly formed by mona monkeys, 

who are seen half of the time with other primates, while baboons rarely mix with others. Most 

regularly, associations form between mona and putty-nosed monkeys. 

The frequency of polyspecific associations peak when trees and vines produce most fruit 

(Fig.03.28), although this positive correlation does not quite reach statistical significance 

(Fig.03.29). 
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Fig.03.27. Polyspecific associations formed by monkeys. Based on foot surveys detailed in Tab. 02.02 

 

 

 

 

Fig. 03.28. Monthly distribution of polyspecific associations by monkeys compared to fruit availability. Rates 
indicate encounter probability during a hypothetical cumulative survey day of 13 h (06:00–18:00). Based on 
foot surveys detailed in Tab. 02.02 
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Fig. 03.29. Correlation between polyspecific associations formed by monkeys and fruit abundance. 
Measured as proportion of trees and vines fruiting on 8-km straight line transect, 2002–2009. Based on foot 
surveys detailed in Tab. 02.02 (Spearman’s rank-order correlation: rs = 0.503, p = 0.099 ns) 
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DISCUSSION 

Phenology data sets spanning across many years are rare in the tropics, a fact that 

constrains our ability to evaluate the degrees and potential causes of inter-annual 

variation and, even more complex, possible changes over decades (Chapman et al. 

2005). Still, even without a pan-African perspective, ecological records on climate and 

phenology of the Gashaka study sites have a value in itself, given that few quantitative data 

exist about GGNP, one of Nigeria's last large nature reserves. However, within the remits of 

this research, the data also provide important background information with respect to their 

influence on the park's wildlife, and primates in particular (Ch. 04–Ch. 06). 

Climate 

Weather data for the study sites are probably the most detailed available for north-eastern 

Nigeria in general, given that record-keeping elsewhere is almost non-existent. According to 

this 13-yr data set, GGNP's Gashaka sector is characterized by seven months of wet season 

(Apr–Oct) followed by five months of dry season (Nov–Mar) (cf. Fig.03.03, Tab.03.02). Even 

though technically considered part of the Guinea savannah zone – although at its extreme 

eastern edge –, annual rainfall at the two study sites is higher than expected for this ecoregion 

and comparable to that of moister areas of tropical seasonally dry forests. This is likely related 

to the mountainous landscape with nearby elevations approaching 2500 m. 

The habitat is a mosaic of semi-deciduous forests and savannah-woodland of anthropogenic 

making, as it is seasonally set on fire. Still, the Kwano site is less prone to such interference 

than the Gamgam site, given that the latter includes settlements around the village of 

Gashaka. As a result, there is more open habitat, including cultivated fields. 

As for the two study sites, the overall similarity in the weather data comes as no surprise, 

given that the locales are only about 8 km apart. Still, slight differences may also be expected 

as the Kwano habitat lies 263 m higher (Gamgam 320 m, Kwano 583 m), is more forested 

and wedged against a steep hill, while the Gamgam habitat extends on both sides of a major 

watercourse, the river Gamgam, and includes fields. Indeed, the Gamgam climate feels 

warmer and less humid than that of Kwano. This qualitative difference is reflected in most 

quantitative values (cf. Tab.03.04). Kwano sees about 5 % more rain (plus 105 mm), 

experiences higher monthly means for humidity in terms of minima (plus 12 %) and maxima 
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(plus 6 %), has a cooler average temperature (minus 0.4 °C), a lower monthly maximum mean 

(minus 2.0 °C) and a lower monthly minimum mean (minus 2.2 °C). Given that temperatures 

drop by 1 °C for every 100-m gain in altitude, it was expected that this difference would be 

more pronounced, i.e. about 2.6 °C. However, the Gamgam environment probably 

experiences a cooling effect, as it encompasses the banks of the river Gamgam, which is a 

major watercourse, while only two small creeks cut through the Kwano habitat. 

Fire Regime 

The pronounced wet-dry climate seasonality impacts majorly on the vegetation cover (with 

discernible knock-on effects for animal behaviour; see Ch. 04–Ch. 07). Thus, the plant cover 

varies dramatically between the peaks of the wet season (Jul–Aug) and dry season (Feb–Mar; 

cf. Fig.03.03). Trees in the open savannah have to cope with extreme fluctuations between 

intense water flow, sometimes even floods, on the one hand, and extreme dryness and 

exposure to fire, on the other. Forest trees, given mutual shade and the sponge-like retaining 

of water in the soil, are less exposed to direct sunlight and water run-off. 

At GGNP, humans (including park rangers, field assistants, passers-by) set vegetation on fire 

during "early burning" (around Nov-Dec) and "late burning" (around Feb-Mar). This is a 

habitual practice, even in parts of the park where no humans live and no domestic animals 

are entering. Reasons given for this practice state that burning spurns the growth of succulent 

young grass and leaves on bushes and trees – from which wild animals, in particular 

ungulates, may also benefit. Indeed, experimental comparisons elsewhere between burned 

and unburned plots indicate that “plant growth in the burned plots began early after the fire, 

but growth was then restricted until rain fell. Burning near the middle of the dry season 

increased aboveground biomass by almost 30 %. Moderate fire stimulated growth of 

perennial grasses, since they can produce new shoots in a few days and rapid growth 

occurred immediately following the first rainfall. Grasses in unburned plots took longer to 

respond and never caught-up” (Osborne 2000: 67–68). 

Nevertheless, there are also negative consequences of the fire regime, in that the heat 

hardens the ground, facilitating erosion once rains set in, and that fires select for hardy, silica-

rich grasses not palatable to animals. Moreover, new shoots after a fire often wilt or are 

grazed before they are able to restore below-ground reserves. If fires are set late in the dry 

season, they may jump from the open savannah into the forests, as the floor is also very dried 
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out in this closed environment, killing non-fire resistant plants within the forest. In this way, 

forested areas are slowly but steadily converted into savannah each year. The long-term result 

is deforestation and habitat fragmentation by which forest patches become increasingly 

smaller and further apart from each other (Bond & van Wilgen 1996, Osborne 2000, Uhl 

1988). 

Unfortunately, the fire-regime creates a vicious circle. This is, because not burning the 

savannah could lead to an accumulation of dry biomass which, when ultimately catching fire, 

may generate so much heat that it would set even the canopy of wetter forest ablaze. This 

was a cause for the 1988 Yellowstone National Park fires in the USA. Here, fires were 

systematically suppressed for decades, as they were believed to be detrimental – which then 

facilitated a "catastrophic" burning event (Turner et al. 2003). It is thus likely that GGNP will 

continue to be subjected to human-made fires, a practice that, for better or worse, alters not 

only its floral, but also faunal composition (Ch. 04). 

Trees 

Data on tree diversity are restricted to one of the study sites, Kwano. In terms of its 8-km 

transect length, 72 % was classified as forest and 28 % as savannah-woodland (cf. Fig.03.09). 

The Gamgam site has certainly less forest, given its proximity to human settlements, which 

led to forest clearance for cultivation purposes and to construct human habitations, as well 

as the fact that it encompasses flood plains of the river Gamgam. Other parts of the national 

park have been subjected to large-scale deforestation and now consist of grassland, probably 

of anthropogenic origin (Gumnior & Sommer 2013). 

As expected, forested parts of the study area were richer in terms of tree species composition 

than savannah patches. On the Kwano transect, 130–144 tree species were identified, 

although about 40 % of the taxa were represented by a single specimen (cf. Tab.03.05). Thus, 

the habitat's species richness is likely under-represented as many other rare trees might exist 

but not be captured by the transect line, despite its considerable extent. This is confirmed by 

the finding that the cumulative percent of new species discovered while walking the transect 

does not flatten even when the whole 8 km are taken into account (Fowler 2006: Fig.2.7). For 

example, some rather common trees such as Prosopis africana and Milicia excelsa are not 

represented on the transect.  
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These results are in line with the idea that rare species represented by only a few individuals 

are a major contributor to the overall diversity of rain forests (Osborne 2000). Fine-tuned, 

differential survival skills of various tree species might thus be at the heart of rain forest tree 

diversity, given the general lack of niche separation. The findings of the current study confirm 

the concern (Adamescu et al. 2018) that extensive, longitudinal datasets are necessary to 

understand general phenological cycles, not least to compensate for the considerably 

heterogeneity of individual tree responses (see also Chapman et al. 1999). 

Vines 

Forest trees tend to have more attached vines than savannah trees (cf. Fig.03.04), rendering 

woody plant diversity even higher in forests. On the other hand, more than half of all vines 

belong to the genus Landolphia (cf. Tab.03.07). Although not identified to species level, vine 

diversity seems to be low with only 19 different varieties, mostly identified by the local names, 

out of 417 individual specimens. Thus, one has to pass 6–7 transect trees (901 / 130–144) to 

come across a new taxon, whereas one has to pass 22 host trees (417 / 19) to come across a 

new type of vine. 

Woody climbers compete with trees, reducing their growth, fruit production and increasing 

their mortality (Ingwell et al. 2010), although these factors were not investigated at the Kwano 

study site. Moreover, one might predict that thicker trees can "bear" more lianas, but this 

was not the case, as liana infestation proved to be independent from host-tree DBH (cf. 

Fig.03.05). 

Many study area trees are deciduous, as indicated by the annual variation in transect plants 

who have shed all leaves (cf. Fig.03.14). Deciduous species are less able to compete with 

evergreens when water is freely available. However, in seasonal habitats, this dynamic is 

reversed, with trees better able to cope with water-scarce periods having an advantage 

(Osborne 2000). This probably explains the high frequency of semi-deciduous trees in the 

study area. 

Diameter at breast height (DBH) has widely been used as a measurement to infer height, 

crown size, health and tree performance (Hemery et al. 2005). Contrary to the idea that many 

species do not exhibit a linear relation between height and diameter (Turner 2001), results 
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for Kwano confirm other studies (Sumida 2015) that identified a positive relationship between 

DBH and height, (cf. Fig.03.06). 

In forests, selected specimen may grow very large with DBH > 100 cm, while for savannah 

trees, 80 cm seems to be the cut-off. Overall, however, savannah trees had a higher 

proportion within the 21–60 cm range, whereas forests are dominated by thinner trees (11–

30 cm) (cf. Fig.03.07). This most likely reflects two factors. First, forests have greater 

regeneration properties, given less disturbance from fire and grazers that allow for seedling 

growth; secondly, the greater density of trees in forests (cf. Fig.03.10, Tab.03.09) entails 

more competition for sunlight exposure, selecting for specimen that can grow tall at the 

expense of thickness. 

Flowering 

Angiosperm plants reproduce sexually via pollination, often aided by animals attracted to the 

flower’s nectar who then carry pollen from one blossom to the other. While some flowers 

evolved in close association with a specific pollinator, others rely on opportunistic feeders 

(Osborne 2000), including numerous insects, birds or bats. It should be mentioned that 

primates can also act as pollinators, although their role has often been overlooked (Heymann 

2011). 

In at least some African forests, flowering activity peaked at the beginning or during the 

middle of one of the two wet seasons (Adamescu et al. 2018). This finding contrasts 

somewhat with the idea that, because rainfall decreases pollination chances (Turner 2001), 

it should be expected that angiosperms preferentially flower during dry periods. The data 

presented here for Kwano confirm the latter prediction as flowering takes place mostly 

outside the wet season (cf. Fig.03.12, Fig.03.13). Less humidity and rainfall as well as higher 

temperatures during the dry season (average maximum 32.2 °C, Nov–Mar) compared to the 

wet season (31.3 °C, Apr-Oct; cf. Tab.03.03) reduces the likelihood that pollen will be damp 

and stick together. Central American forests exhibit similar flowering pattern (Janzen 1967, 

Daubenmire 1972, Smith-Ramirez & Armesto 1994).  

Flowering is often associated with periods of leaf fall, due to which blossoms become more 

conspicuous and easier to access for potential pollinators. However, our results did not 
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ascertain that flowering peaks at Kwano coincide with periods when more trees are without 

leaves (cf. Fig.03.14, Fig.03.15). 

The few existing detailed studies of African forests indicate that annual flowering cycles 

are the most common, notwithstanding that frequencies may vary from sub-annual to 

supra-annual (Adamescu et al. 2018). The current study, despite spanning more than a 

decade, largely works with an aggregated sample. It will be a task for the future to 

disentangle potential patterns of annual, sub-annual and supra-annual cycles, of both 

flowering and fruiting. 

Fruiting 

Fruit production in tropical forests varies seasonally (Tutin & Fernandez 1993). The results for 

the Kwano site confirm this, with very similar pattern obtained via two different calculations, 

i.e. percentage of fruiting plants on the transect resp. a fruit index based on the sum of the 

DBH of fruiting plants (cf. Fig.03.18). 

However, while fruit production peaked between Mar–Jun, fruits are produced year-round, 

albeit often at lower frequency (cf. Fig.03.17, Fig.03.18). This is also illustrated by the graphic 

representation of fruiting peaks in different segments of the transect (cf. Fig.03.20), which are 

not restricted to the Mar-Jun peak period. Again, this finding is in concordance with those 

for other African forests (Chapman et al. 1999). 

Despite the generally negative correlation between flowering and rainfall, this pattern did 

not translate into a correlation between fruit production and rainfall (cf. Fig.03.21) – indicating 

that the transect harbours plants whose fruits ripen with different speed. 

More than trees, vine fruit production seems to drive fruiting seasonality (cf. Fig.03.17). A 

preponderance of the habitat's vines belongs to the genus Landolphia (cf. Fig.03.16a), which 

usually bear fruit from Mar–Jun. The high frequency of this plant is largely responsible for the 

peak in fruit availability during this transitional period between dry to rainy season. Unlike 

fruit on terminal branches, vine fruits are typically covered by the canopy and thus have 

restricted exposure to sunlight. The relatively restricted fruiting peak might reflect this and 

be triggered by the sunniest period of the year just before the onset of heavy rains (van Schaik 

& Pfannes 2005). 
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The same annual seasonal pattern was reconstructed year after year, albeit absolute fruit 

production might vary (cf. Fig.03.19). Thus, some years yielded more and others much less 

fruit. The variation in absolute numbers is unlikely to be an artefact, given that the same field 

assistants recorded the data. Instead, fruiting volume could be regulated by some climatic 

factor. Tutin & Fernandez (1993) point to the existence of a critical minimum temperature for 

fruit production, rather than the amount of rainfall. However, while mean minimum annual 

temperatures for Kwano (cf. Tab.03.03) fluctuate between 20–22 °C, there is no discernible 

pattern in relation to the minima or maxima of fruit production. 

Further analyses of what seems like a cyclic nature of absolute volume of fruit production 

would be useful, particularly in relation to a potential synchronisation of fruiting by certain 

common species. Such masting could be a strategy to swamp seed predators (Visser et al. 

2011). Thus, if prey items briefly occur at high densities, the probability is reduced that an 

individual organism will be eaten – the "predator satiation" effect behind the famous 

periodical cicadas (reviews in Molles 2002). Moreover, some other studies found that fruiting 

is more likely to exhibit supra-annual cycles than flowering. This may be caused by 

resource deficiencies, stochastic weather or disease, factors can prevent fruiting after a 

flowering event and thus modify annual cycles (Adamescu et al. 2018). 

Fruit ripeness 

Succulent fruits attract animals that feed on the fibrous and sugar-rich pulp, which typically 

envelops the seeds. Ripe fruit are generally thought to have a sweeter taste and to be more 

easily digestible, thus making them more desirable for frugivores. In addition, they tend to 

exhibit more conspicuous colours, which increases the probability that animals with colour 

vision (e.g., birds and primates) find them. 

This study reveals a straight-forward link between colour and ripeness (cf. Fig.03.22, 

Fig.03.23). Thus, green fruits are usually unripe (but not always!), whereas red, yellow, brown 

and black typically indicate ripeness. 

The time when fruit is ripe should be in line with optimal conditions for germination and 

seedling survival. However, if this is so, then trees and vines behave differently (cf. Fig.03.22, 

Fig.03.23). Tree fruits tend to be ripe during the dryer months, indicating that water 

availability during the peak rainy season may be an important abiotic factor for seed 
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germination. Vines, on the other hand, are mostly ripe when the rains are setting in. 

Germination experiments would be needed to find out if perhaps Landolphia seeds 

germinate faster than tree seeds, so that these vine seeds would likewise germinate during 

the peak rains. 

Fruit Eaters 

Frugivorous animals are important for seed dispersal (zoochory) in that they may carry seeds 

far from the mother plant. In fact, some plant seeds will only germinate after passage through 

an animals’ digestive tract (endozoochory) (Cavallero et al. 2012). Ripe fruit will more easily 

detach from its mother plant, either when manipulated by animals or through climatic factors 

such as wind and rain. Some animals can get the fruit straight from the plant, whereas others 

are confined to fallen fruit accumulating on the floor. Thus, seed dispersers are not restricted 

to arboreal animals that consume fruit right at the branches (e.g., primates, rodents, birds), 

but include animals that feed on dropped fruit (e.g., pigs, antelopes, civets). 

However, far from being "dedicated" seed-dispersers, frugivorous animals can also destroy 

seeds when masticating fruit, either accidentally or on purpose. This is particularly true for 

ruminants and large rodents, who destroy the seeds of about 70 % of the species they feed 

on (Gautier-Hion 1990). Still, even these predators can inadvertently disperse seeds if they 

drop some or if they hoard seeds, leaving a few behind that will then germinate (Janzen 1971, 

Gautier-Hion et al. 1993). 

The activity of frugivorous animals can be reconstructed by looking at feeding remains (cf. 

Fig.03.25), given that different kinds of animals produce different bite marks. Using this 

approach, primates were found to be the most prolific frugivores (cf. Fig.03.26). However, 

the fact that most feeding remains stemmed from primates may simply indicate that they are 

very messy eaters, dropping many of the fruit they are plucking from branches. 

Phenology and Monkey Grouping Pattern 

Changes in the availability of diet are expected to influence animal social organization 

(Chapman et al. 2017). These dynamics will not only cause variations at the intra-specific 

level (see Ch. 04, Ch. 05), but also inter-specific variation in how different taxa interact. 

A fitting example elucidated by the data of this study are polyspecific associations formed 
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by the monkey species of the study site, the largely arboreal mona monkeys, putty-nosed 

monkeys, black-and-white colobus as well as semi-terrestrial baboons. These different 

monkey taxa can co-exist in large numbers through relatively obvious niche segregations (cf. 

Tab. 03.11). Black-and-white colobus are the most folivorous and arboreal taxon, whereas 

baboons represent the most omnivorous and least arboreal. Mona monkeys and putty-nosed 

monkeys, however, are relatively similar in terms of preferred canopy stratum and diet. 

It therefore seems somewhat counterintuitive, that mona and putty-nosed monkeys form 

polyspecific associations most often (cf. Fig. 03.27). However, these are not continuous 

(although actual time budgets were not measured), and more fine-tuned niche separation 

might not have been captured by the rather rough categories. In any case, the relatively small 

monkeys experience considerable predation pressure (crowned eagles, leopards, probably 

golden cat; Arnold et al. 2011) – one assumed reason for the evolution of mixed-species 

associations that are not only common in many communities of primates, but also in those of 

fish or birds (Stensland et al. 2003). Often-cited anti-predatory benefits include safety in 

numbers (Noë & Bshary 1997, Eckardt & Zuberbühler 2004), cooperation in defence (McGraw 

& Zuberbühler 2008) as well as, in the first place, increased likelihood of detecting predators 

(Kenward 1978), especially if certain association partners are especially effective in raising the 

alarm (this includes putty-nosed monkeys, Noë & Bshary 1997). 

The concurrent costs of increased feeding competition can theoretically be mitigated, if, on 

the other hand, polyspecific associations lead to a higher likelihood of finding or defending 

food patches (Buzzard 2010). Thus, other things being equal, one can expect lower 

frequencies of polyspecific association when less food is around – an effect clearly discernible 

at Kwano (cf. Fig. 03.28, Fig. 03.29). 

Conclusion 

The Gashaka area (and the Kwano study site in particular) is characterised by a mosaic of 

semi-deciduous forests interspersed with patches of Guinea savannah. These open habitats 

are most likely the consequence of a long-standing human fire regime. The vegetation cover 

is heavily influenced by a distinct climatic seasonality, with 5 months of dry season with 

virtually no rain followed by often hefty downpours from mid-Apr to mid-Nov that constitute 

97 % of all precipitation. Phenological events of trees and vines (flowering, leafing, fruiting) 
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closely correlate with the alternation between a wet and dry season. Hence, it is expected 

that these patterns are also highly significant for the biology and behaviour of wildlife in the 

area, including non-human primates. 
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CHAPTER 04 

CHIMPANZEE GREGARIOUSNESS. 

INFLUENCE OF ABUNDANCE AND DISPERSION OF FOOD 
PATCHES 

 

 

Fig. 04.01. Chimpanzee at Kwano study site in Gashaka Gumti National Park Nigeria. (Snapshot from video-
camera trap, 12Jan14 © GPP) 
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INTRODUCTION 

The ultimate demographic success of extant humans is largely based on our ability to adapt 

to varying ecological conditions – both in terms of different habitats and the seasonal 

constraints within them. Two highly adaptable primate taxa have traditionally been viewed 

as behavioural models for extinct hominins (Moore 1996): baboons and chimpanzees. 

Research of the current thesis explores a particular feature of these primates as a measure of 

their adaptability, i.e., how their basic pattern of gregariousness is influenced by the seasonal 

availability of food. For baboons inhabiting the Gashaka study site, this will be detailed in Ch. 

05 and Ch. 06, while the current Ch. 04 will place emphasis on chimpanzees. 

Chimpanzees have been studied across Africa since the 1960s, and extensively at some sites 

(reviews in Goodall 1986, Wrangham et al. 1994, Boesch & Boesch- Achermann 2000, Boesch 

et al. 2002, Reynolds 2005, Nishida 2011, Wilson 2012). However, very little is known about 

the rarest and genetically most distinct chimpanzee subspecies, the Nigeria-Cameroon 

chimpanzee (Morgan et al. 2011). Studies initiated by the Gashaka Primate Project (Sommer 

& Ross 2011) have started to fill this gap. Research described in this section continues this 

quest, compiling long-term data generated by a succession of field workers to better 

understand one of the most salient pattern of chimpanzee sociality: the dynamics of their 

fission-fusion social system. 

It is well established that chimpanzees form communities which split into sub-units, so-called 

"parties" (see below for a definition of terms). While some investigators assume that food 

availability is the major influence on party sizes, others have proposed alternative factors (cf. 

review in Newton-Fisher et al. 2000). A list of variables propositioned to shape chimpanzee 

party size includes (i) the overall abundance of food (e.g., Basabose 2004), (ii) the spatial 

distribution of food in patches (e.g., Chapman et al. 1995), (iii) the number of cycling females 

displaying ano-genital swellings (e.g., Goodall 1986, Stanford et al. 1994), (iv) the seasonal 

formation of hunting parties that prey on monkeys (dry season at Gombe / Tanzania, Stanford 

et al. 1994; wet season at Taï / Ivory Coast, Boesch 1996). In reality, it will be extremely 

difficult to disentangle the causal effects of such a diverse portfolio – not least, because 

conclusions reached about particular influences are often based on relatively short study 

periods. However, given that food availability varies not only within a given year, but can also 
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differ between years, there should be some caution to arrive at conclusions about what is 

"typical" for a given site. 

The present chapter will employ records collected over more than a decade (2001–2014) at 

Gashaka about a basically non-habituated chimpanzee community that is nevertheless of 

extraordinary importance for our understanding of the socioecology of chimpanzees, given 

that they form a very extensive data set about the least known subspecies. The data will be 

used (i) to quantify the size of the community and the size of its territory, (ii) to compute the 

variation in the sizes – and to a degree composition – of day groups and night groups, (iii) to 

relate the variation in party sizes to the temporal and spatial availability of fruit as the staple 

food, i.e., their general abundance as well as distribution in patches. 

The Nigeria-Cameroon Chimpanzee 

Within the order of primates, chimpanzees (Fig. 04.01) belong to the superfamily 

Hominoidea. This taxon includes the "small apes" – gibbons and siamang (Family 

Hylobatidae), restricted to South Asia – and the "great apes" – the Asian taxon orangutan 

(Pongo sp.), as well as the African taxa gorilla (Gorilla sp.), chimpanzees (Pan troglodytes), 

bonobos (Pan paniscus), with humans (Homo sapiens) also being part of the African clade. 

Together with their Pan-cogener, bonobos, chimpanzees are the closest living relatives of 

humans, and might have shared a last common ancestor as recently as 4.3 million years ago 

(Gagneux 2004, Arnold 2008). 

Chimpanzees have the widest geographical distribution of all apes due to their considerable 

ecological flexibility (Caldecott & Miles 2005). Still present in 21 African countries, they are 

thought to be extinct in Gambia, Benin, Burkina Faso, Togo, and Zambia. Four chimpanzee 

subspecies are identified nowadays (Fig. 04.02), denominated as East African, Central 

African, West African and Nigeria-Cameroon chimpanzee. The bonobo or pygmy 

chimpanzee is restricted to the southern banks of the Congo River and does not have 

subspecies. Chimpanzees might look slightly different according to subspecies, with West 

African forms sporting a thin fur and black face and Central African a paler face. East African 

chimpanzees are similar to the Central African variety, but with longer body hair. The Nigeria-

Cameroon chimpanzee does not seem to possess distinguishing characteristics, and can 

show either black or pale faces.  
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Fig. 04.02. Chimpanzees (Pan troglodytes) and bonobos (Pan paniscus): Current vs. assumed historical 
(hatched) geographical distribution, plus location of important field research stations. Chimpanzee 
subspecies: P. t. verus (West African chimpanzee); P. t. vellerosus aka ellioti (Nigeria-Cameroon chimpanzee); 
P. t. troglodytes (Central African chimpanzee); P. t. schweinfurthi (East African chimpanzee). There are no 
subspecies for the bonobo or pygmy chimpanzee (Pan paniscus). (Map: © GPP / Maren Gumnior) 

The overall geographical range of chimpanzees is estimated at 2,340,000 km2 and believed 

to harbour between 152,000–255,000 wild chimpanzees. All subspecies are classified by the 

IUCN as at least endangered (Humle et al. 2016). 

The Nigeria-Cameroon chimpanzee (Pan troglodytes ellioti, formerly P. t. vellerosus; Gonder 

et al. 1997, Kormos et al. 2003, Inskipp 2005) is restricted to terrain between the Sanaga River 

in Cameroon and rivers Niger and Benue in Nigeria (Fig. 04.03). Remnant populations west 

of the Niger may also belong to this subspecies and not to P. t. verus, perhaps indicating 

shifts of the bed of the river Niger as the presumed geographical barrier. 

In Nigeria, the taxon occurs in Cross River NP and surroundings, including Afi Mountain 

Wildlife Sanctuary, and, as mentioned, in very small numbers in the south-eastern forests of 

the wider Niger delta, e.g., in Ise Forest Reserve (FR), Omo FR, Owo FR, Okomu FR and 

Okomu NP. However, the major stronghold of the species is Gashaka Gumti National Park 

and its vicinity (Adanu et al. 2011). 

A regional action plan for the conservation of the subspecies (Morgan et al. 2011) estimates 

a population between 3,000–5,000 in Cameroon and 2,000–3,000 in Nigeria (Kormos et al. 

2003; Ngalla et al. 2005, McManus 2005). However, figures may be much lower, with just 

about 3,600 individuals surviving, and 1,000 of these at GGNP (Sommer, pers. comm.).  
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Fig. 04.03. Geographical distribution of Nigeria-Cameroon chimpanzee (red lines). Populations west of the 
Niger River are remnants with often only a few individuals left. (Changed after www.ellioti.org) 

 

General Chimpanzee Socioecology 

The literature on chimpanzee behaviour and ecology is vast, and a sophisticated review is 

beyond the scope of this thesis. However, basic features will be sketched out in the following 

to provide background information for the subsequent analyses that centre around how fruit 

distribution and seasonality at Gashaka-Kwano affects party sizes of the resident chimpanzee 

community. 

Chimpanzees (for the following, see reviews in Boesch et al. 2002, McGrew 2004, Lonsdorf 

et al. 2010, as well as Pascual-Garrido 2011, co-researcher at Gashaka, from whom some of 

the following is adapted) are large-bodied primates, with average male weight 44 kg (range 

37–60 kg) and that of females 36 kg (range 30–47 kg). Chimpanzees are agile arborealists, 

but can also knuckle-walk rapidly on the ground. They sometimes attain an upright position, 

for example, to reach a food source or during displays. 

The basic reproductive parameters (see literature in Behringer et al. 2014) are as follows, with 

values indicating mean and range (r) of days (d) or years (y): (i) menstrual cycle: 32–36 d, with 
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menstrual flow typically visible; around ovulation, females develop pinkish ano-genital 

swellings; (ii) pregnancy: 228 d (r 202–261 d); single infants, rarely twinning; (iii) age of 

weaning: 4 y; some infants may seek mothers' proximity until 10 y; (iv) birth interval: 4–6 y (r 

2–8 y); (v) age of first birth: 13 y (r 11–20 y; r 5–32 y in captivity); (vi) male sexual maturity: 13–

14 y; (vii) mortality 1st year of life: 22 % for males, 18 % for females; (viii) life expectancy: 

maximum 40 y (≥ 50 y in captivity). 

Chimpanzees inhabit diverse biotopes such as evergreen and semi-deciduous rainforests, 

open woodland-savannah, gallery forests, and mosaic habitats that may include plantations 

and grassland. The apes form large multi-male / multi-female groups, so-called 

"communities" or "unit-groups" of between 20–100 members, which range over 5–38 km2 

in forests, and 25–560 km2 in open habitats. 

Each night – and at times during the day –, every group member (except dependent 

offspring) builds a new nest ("sleeping platform") from leafy twigs, typically in trees. The 

architecture of nests, location and size of nest groups and whether or not ground nests occur 

may be influenced by the risk of predation (reviews in Fruth & Hohmann 1996; Msindai 2018). 

Leopards are the main predators of chimpanzees. Lions can also pose a threat, though human 

hunters constitute by far the greatest danger. 

Patchy distribution of food causes communities to break up and forage in smaller units, 

comprising typically about 6 members (range 3–10). Different individuals may join these units 

("fusion") or split from them ("fission") (see review in Newton-Fisher et al. 2000). It is 

customary to denote diurnal units as "day parties" or "foraging parties" (although these sub-

groups also rest and socialise together). Nocturnal units where individuals construct sleeping 

platforms in close proximity to each other are commonly termed "sleeping parties" (although 

they are not always sleeping) or "nest groups". To avoid semantic confusion with "nests" of 

insects, diurnal and nocturnal sub-units are labelled here as day groups and night groups. 

The groups communicate with each other via long-distance sounds, i.e. vocalisations (e.g., 

pant-hoots) and drumming, for which they typically beat with hands or feet on buttress roots. 

Males are philopatric whereas females tend to leave their natal community upon sexual 

maturity. Males are generally closely related and cooperate to defend their range against 

neighbouring communities. Given these habits, home ranges are called "territories". 

Aggressive intergroup encounters are common and may go on for years until a neighbouring 



 127 

group is exterminated ("proto-warfare"; "lethal raiding"; Wrangham & Peterson 1996; Mitani 

et al. 2010). 

Chimpanzee diet varies considerably across populations. Nevertheless, the preferred food is 

ripe fruit (56–71 % of foraging time), while filler fallback food is represented by leaves (18–

21 %) as well as bark, terrestrial herbs and pith (11–23 %). Figs are the major staple fallback 

food (up to 91 %, according to Harrison & Marshall 2011), although their role is disputed, as 

figs are a preferred food at some sites (e.g., Dutton & Chapman 2014). The classification of 

animal matter is likewise a matter of debate. In any case, at some sites, vertebrates are 

preyed upon (0.3–6 %), comprising of at least 25 species (80 % colobus monkeys, 20 % 

mammals such as duikers, bush pigs, baboons and rodents), which may be hunted upon 

cooperatively. Occasional attacks on human infants by wild chimpanzees have also been 

registered, with victims being eaten at least partly (e.g., Goodall 1986, McLennan 2010). 

Cannibalism does likewise occur, with unrelated infants a favourite target. Moreover, in some 

habitats and to various degrees, chimpanzees exploit colonies of eusocial insects such as 

termites, ants and bees to consume imagos, brood or honey – often aided by tools (McGrew, 

1992; Pruetz 2006; Sommer et al. 2016). Chimpanzees will sometimes ingest soil, in particular 

from termite mounds, as well as small stones, presumably to detoxify food or to aid 

digestion. Self-directed coprophagy has also been observed, perhaps to repopulate the gut 

flora. 

Wild chimpanzees manufacture and / or use a variety of tools from materials such as bark, 

leaves, sticks and rocks, as sponges, wipes, probes, hooks, drills, missiles and toys, to extract 

resources (water, insect prey, honey, seeds) and in social contacts (sexual invitations, conflicts, 

play; McGrew 2004). Some communities of West African chimpanzees and Nigeria-

Cameroon chimpanzees (Morgan & Abwe 2006) gain extra nutritional benefits from the use 

of hammers and anvils of stone or wood to crack hard-shelled nuts. In general, females do 

more extractive foraging to harvest localised food sources such as social insects, while males 

do more hunting, a sex-typical behavioural pattern that may be homologous to the division 

of labour documented for human hunter-gatherer societies. 

Each chimpanzee community is characterised by a unique combination of social customs, 

tool-kits, communication, territorial aggression, war-like raiding, hunting strategies, and plant 

consumption for food and self-medication. This diversity indicates the importance of social 
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transmission of behaviour, and has become a staple theorem of "cultural primatology" 

(Whiten et al. 1999). 

Study Aims 

In this chapter, the emphasis will be on a particular aspect of chimpanzee socioecology: How 

does the changing temporal availability and spatial distribution of food brought about by the 

seasonal climate (cf. Ch. 03) influence chimpanzee gregariousness at its most basic level, i.e., 

with respect to the numbers of chimpanzees that forage together (day groups) or sleep 

together (night groups) ? 
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MATERIAL AND METHODS 

Chimpanzee "Parties" – Problems of Definition 

Clear-cut definitions of what constitutes a "party", i.e., a sub-unit of a chimpanzee 

community, are difficult to construct. Often, the recorded size is simply the number of 

individuals "together in one place" identified by an observer (cf. Newton-Fisher et al. 2000). 

But, how spatially extended can a "place" be, to qualify for chimpanzees to be counted as 

"together"? Are five chimpanzees that forage together in touching distance a distinct party, 

or should two other chimpanzees each of which forages alone, let's say, 30 meters from the 

cluster of five, be included in the party count? Also, which temporal interval has to pass so 

that a new count can be considered an independent data point? Moreover, some studies 

consider all individuals present as constituting the size of a party, whereas others exclude 

infants from the count (cf. Basabose 2004). 

These problems relate largely to the estimate of day parties, where animals are on the move 

through their home range. The computation of night parties is much more straightforward, 

as chimpanzee nests are stationary and observers can visit them when the apes have left. This 

allows for a careful checking of the surroundings so that no nests in the vicinity are missed. 

Still, there is the problem that nests that have been built at different times are mistakenly 

combined into one group, albeit that limitation is mitigated when considering only freshly 

built nests. 

In any case, such intra-site problems are amplified if one attempts inter-site comparisons, 

because in reality, different methodologies are the norm (Basabose 2004). As a result, 

"precise definitions of party membership and of the criteria necessary to reduce temporal 

dependence between successive observations vary between observers and between studies" 

(Newton-Fisher et al. 2000: p. 616). It is for that reason, that inter-site comparisons will be 

attempted only sparingly in the following analyses of fission-fusion dynamics of the Gashaka-

Kwano chimpanzees.  

As explained above, the terms "foraging party" or "nest party" are ambiguous. For that 

reason, neutral expressions will be employed to describe chimpanzee associations, i.e., the 

terms day group (in lieu of "day party" or "foraging party") and night group (in lieu of 

"sleeping party" or "nest group").  

The specific methodology of how counts were arrived at is explained in the following. 
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Surveys of Chimpanzee Day Groups 

Field assistants and researchers recorded sightings of large mammals in the wider Kwano 

study area, including chimpanzees (Fig. 04.04), over a 9-yr period for a total of 17,487 h (cf. 

Tab. 02.02; Fig. 02.12). These surveys, initiated in the year 2000 (Fowler 2006), grew out of 

initial efforts to habituate the Kwano chimpanzees to human observers (Fowler & Sommer 

2004). The surveys were also used to collect chimpanzee faecal samples as well as to locate 

sites where the apes had harvested social insects and honey with the help of tools, which they 

then normally abandoned (Fowler et al. 2011). 

 

Fig. 04.04. Map with approximate extent of home-range of the Kwano chimpanzee study community and 
its location within the overall study area (cf. Fig.02.03). (Design: GJ) 

Team members called these surveys “chimp patrols”. The surveyors walked along 

established foot paths or specially cut trails or sat at elevated observation points such as rocky 

outcrops. They recorded time and location of vocalizations (pant-hoots, barks, screams) and 

the sound of chimpanzees drumming against buttress roots or tree boles. The number of 

persons in a given patrol – students, researchers, local field assistants, volunteers – could vary 

(1 = 19.6 %, 2 = 53.8 %, 3 = 18.1 %, 4 = 6.4 %, 5 = 1.2 %, 6 = 0.6 %, > 6 = 0.4 %; Sommer 

et al. 2004). 

Whenever possible, patrols used auditory contact or recently constructed chimpanzee nests 
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to make contact with the apes. Protocol included (i) not to approach further when 

chimpanzees were seen, (ii) not to hide upon visual contact but to make their approach known 

to the apes, e.g., by talking in a quiet voice, and (iii) to mock-chew vegetation once visible to 

the apes, to convey non-aggressive intentions. The Kwano chimpanzees would often tolerate 

human observers while at other times retreat more or less quickly. The patrols remained near 

the chimpanzees until they moved away. To follow the apes in the rugged terrain over 

extended distances was not normally possible. Surveyors would also meet chimpanzees by 

coincidence, usually near the footpath traversing the habitat. Information about these 

opportunistic encounters was included in the analysis. 

Each sighting of chimpanzees was treated as an "encounter", defined as lasting from when 

the first chimpanzee was visible until the last disappeared. For encounters of only a few 

seconds, a minimum length of 1 min was used. At least 3 h had to pass before a new party 

count would enter into the analysis. 

The maximum number of chimpanzees visible during an encounter was recorded, as well as 

their major activity and the group’s age-sex class composition (adult male; adult female, with 

or without ano-genital swelling; adult of unknown sex; juvenile of either sex; infant of either 

sex). Movements in the vegetation, calls or drumming by non-visible individuals nearby 

indicated that more animals were present than the surveyors could count. In these cases, 1 

additional individual was added to the number of visible animals. Infants were excluded from 

calculations of day group sizes (cf. Mitani et al. 2002), but juveniles more or less independent 

from their mothers were included. 

Surveys of Chimpanzee Night Groups 

Field assistants searched the Kwano terrain for chimpanzee nests and recorded number and 

location. These surveys covered two periods (2001–2009, 2012–2014), during both of which 

field assistants were instructed to locate all nests that constituted a night group (Fig. 04.05). 

The focus of the study periods was slightly different. During the first period, the interest was 

mainly on assessing night group sizes and also to collect faecal and hair samples from the 

nests. During the second period, research focused on nesting trees and whether these would 

be used repeatedly. As has been mentioned already, the problems of computing day nests 

related to the fleeting nature of encounters with unhabituated chimpanzees and inter-

observer reliability are mitigated when counting night nests, as these are stationary. 
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Fig. 04.05. Forest at Kwano with an assemblage of nests built and used by chimpanzees during the previous 
night (20Apr10). (Photo: GJ) 

Locations of Day Groups and Night Groups 

From 2001–2009, surveyors did not collect GPS data, given a lack of suitable devices, but also 

limitations of technological literacy of the local field assistants. Instead, surveyors included 

information about the locale of chimpanzee sightings, acoustic signals and nest sites via 

permanent markers of footpaths and specially cut trails that criss-cross the habitat (cf. Fig. 

02.06). These trails were fitted with permanent markers at intervals of 25 m. The GPS location 

of each marker was recorded at a later stage, and imported into Google Earth. The locale of 

nesting sites as recorded by the field assistants using trail markers was then transcribed into 

digital coordinates.  

From 2012–2014, Garmin GPS units were used to obtain coordinates of nest groups, with data 

likewise imported into Google Earth.  
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Territory Size 

As chimpanzees are notoriously territorial (Mitani 2010), it was assumed that all the sightings 

and nest locations were part of the study community’s home range. For the estimation of 

territory size, the minimum convex polygon (MCP) method was used. MCP calculates home 

range size by drawing a convex polygon around location points (Boyle et al. 2009). Although 

MCP has limitations, especially its inability to distinguish between areas of high and low use, 

and also by incorporating areas within the polygon that might not be used (Pimley et al. 2005), 

it has been found to be the best home range estimation method for small sample sizes (Boyle 

et al. 2009). 

Territory size was estimated by applying the MCP method to all data on chimpanzee sightings 

and nesting locations. Thus, the polygon encloses 100 % of recorded locations (similar to 

Newton-Fisher 2003), given that it seemed reasonable to include sightings outside the main 

sample area. 

MCP were calculated via ArcView GIS version 3.2a with the Animal Movement Extension 

(Hooge and Eichenlaub 2000). 

Fruit Availability 

The seasonal availability of the chimpanzee staple food – tree fruits – was calculated via the 

number of fruiting trees and vines along an 8-km straight-line transect (see Ch. 02). A fruit-

index was used based on the diameter at breast height (DBH) of fruiting trees. DBH is known 

to be a good predictor of fruit abundance (biomass) and has been widely employed in studies 

of primate feeding ecology (review in Newton-Fisher et al. 2000). 
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RESULTS 

The chimpanzees of Gashaka Gumti National Park and the Kwano study site in particular are, 

till date, the best researched population of the least known subspecies, Pan troglodytes ellioti 

(Fig. 04.06). 

 

Fig. 04.06. Chimpanzees of Gashaka-Kwano. (a) Chimpanzees moving at dawn (2013). (b) Getting honey 
from stingless bee hives (2013). (c) Carrying a probing stick for honey collection (2013). (d) Mother with 
infant travelling in a river bed (2013). (e) Infant in Afi Mountains sanctuary near Gashaka Gumti National Park 
where some of the orphans produced by the bush meat trade end up (2005). (f) Chimpanzee caught in a 
hunter’s snare at Mayo Kpaa, outside the study area; this is the only report of such incident in Gashaka 
Gumti National Park (2009). (Photos: © GPP, [a, b, c] video-camera traps, Anthony Agbor, [d] still-camera 
trap, Gonçalo Jesus, [e] Yvonne Pohlner, [f] National Park Service)  
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Territory Size 

The likely extent of the Kwano community's territory was derived from plotting the locations 

of close to 200 sightings of day groups and locations of more than 300 nesting groups 

recorded over approximately 14 years (Fig. 04.07). This suggests that the apes use an area 

of 27.5 km2. However, this figure should be treated as an estimate, as (i) the MCP method 

may include unused parts of the home range (Pimley et al. 2005), resp. (ii) the chimpanzees 

may have ventured into areas for which there are no observational records. Clustering of data 

does not necessarily reflect a bias in collection, because despite extensive forest surveys, 

certain sections of the wider study area were found to hardly ever harbour nesting sites. 

Instead, the chimpanzees seem to prefer certain places more than others, such as rather 

dense forest. 

 

Fig. 04.07. Estimated territory use by the Kwano chimpanzee community. MCP = minimum convex polygon 
(100 %, area = 27.5 km2). Red dots = locations of 189 sightings of chimpanzee day groups ("foraging 
parties"; 2000–2001, 2005–2008). Yellow dots = locations of 330 night groups ("nesting parties"; 1041 nest 
trees) (Jan 12–Aug 13). (Design: GJ) 

It is assumed that the map indicates the rough extent of the Kwano community range, given 

certain geographical features. Thus, the northern and western sides of the territory are 
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characterized by steeply ascending hills and cliffs. Beyond these spread deforested grassland 

resp. thinly treed woodland-savannah – rendering it likely, that these areas are not utilized by 

the chimpanzees (cf. Fig. 04.04). Towards the south, the territory approaches human 

settlements near Gashaka, which again reduced the likelihood of frequent visits. Although 

nests can be sometimes found around Gashaka, these may belong to a neighbouring 

community. Towards the south, the territory borders the banks of the river Ngiti and the river 

Gamgam. It is unlikely that chimpanzees, during the height of the rainy season (May–Oct), 

can cross the then torrential and wide Gamgam. Vocal exchanges between chimpanzees 

were heard several times across the banks of the Ngiti river. It is therefore assumed that 

another community ranges towards the south of the Ngiti / Gamgam confluence. 

The size of the community is estimated to encompass about 35 members (see below). 

Encounter Frequencies 

As part of the extended large-mammal foot surveys at Kwano, chimpanzees were 

encountered during every month of the year. However, sightings are more prevalent 

from Mar–Jun, a consistent pattern over a 5-yr study period (Fig. 04.08a). Visual 

encounters are often facilitated by first hearing the apes, because they call or drum 

against wood. In fact, the likelihood to hear such sounds is tightly correlated with the 

frequency of sightings (Fig. 04.08b). A similar co-variation is apparent in the diurnal 

distribution of encounters (Fig. 04.08c). Thus, the chimpanzees tend to be noisier 

during the early morning and late afternoon. Peaks and reductions in diurnal sound 

records are tightly correlated with corresponding likelihoods to actually spot the 

apes. 

Over the 5 years of systematic surveys for large mammals by field assistants and 

researchers, habituation of the chimpanzees progressed. This can be deduced from 

the fact that the duration of time observers spent near the apes – "seeing" them – 

increased significantly (p = 0.006), the longer these surveys were in effect (Fig. 

04.09a). The length of encounters was also significantly (p < 0.001) influenced by the 

number of spotted animals, i.e. the larger the day group, the longer lasted the 

sightings (Fig. 04.09b). 
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a 

b 
 

c 
Fig. 04.08. Rates at which observers see chimpanzee day groups (n = 376 sightings; 70 / 2001; 76 
/ 2005; 68 / 2006; 69 / 2007; 93 / 2008) and hear drumming or vocalisations (2005–2008). Rates 
indicate encounter probability during a hypothetical cumulative survey day of 13 h (06:00–18:00). 
Based on foot surveys detailed in Tab. 02.02. (a) Monthly sightings during individual years. (b) 
Monthly sightings, drumming and vocalisations across all years. (c) Diurnal likelihood of seeing or 
hearing chimpanzees 
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a 

 
 
 
 

 

b 

Fig. 04.09. Duration of encounters (sightings) with chimpanzee day groups. Based on foot surveys detailed 
in Tab. 02.02. (a) As a function of cumulative survey time (Single linear regression: F(1,216) = 7.604, p = 
0.006 **, R2 = 0.034). (b) As a function of day group size (Single linear regression: F(1,215) = 49.54, p < 
0.001 ***, R2 = 0.187) 
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Day Groups 

Reflecting their fission-fusion mode of sociality, chimpanzees of the about 35-

member strong Kwano community split up into day groups of various sizes. Most 

commonly, chimpanzees are encountered as duos. However, day groups may be as 

large as 21 individuals (Fig. 04.10, Tab. 04.01). The average number of encountered 

apes fluctuates between 3.1 and 5.6 animals across the 6 individual study years – with 

an overall mean of 4.2 animals. 

A factor influencing day group sizes is presence or absence of females with sexual 

swellings. Thus, groups that include fertile females average 5.1 animals, while those 

without only 3.6 animals. Previously this association had already been observed 

(Sommer et al. 2004) but most likely due to sample size, the statistical test was not 

significant (p = 0.09, data for 2000–2001), in this study however, it was possible to 

confirm such influence (Mann Whitney U-test: nS- =254, nS+ = 106, p < 0.001). 

Presence or absence of infants has a similar effect, in that groups are larger by 1.7 

animals when an infant (or, rarely, more than one) is in their midst (nI- =267, nI+ = 98, 

p < 0.001) . This effect is not simply due to adding infants, as these are excluded from 

the counts. 

 

Fig. 04.10. Sizes of chimpanzee day groups. Based on foot surveys detailed in Tab. 02.02 
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Tab. 04.01. Size variables of chimpanzee day groups. Figures include an unknown number of double-counts 
of identical individuals. Based on foot surveys detailed in Tab. 02.02 

 

As for the composition of day groups (Tab. 04.02), adults constitute 79 % of animals 

seen, 9 % are infants, with proportions of juveniles being slightly higher (12 %). The 

M / F sex ratio is fairly even (0.9), with slightly more females (53 %) than males (47 %). 

The data were also mined for the composition of unisexual day groups. The largest 

proportions are either sole adult males (22 %) or duos of adult females (22 %), while 

duos of adult males are rarely observed (5 %). Lactating mothers (with dependent 

infants) constitute 36 % of all unisexual day groups, a likely underestimate, as mothers 

with infants are probably particularly wary of surveyors (Bertolani & Boesch 2007). 

Moreover, averaged across all months, about one third (34 %) of females seen in day 

groups exhibit swellings (range 0.0–65 %). 
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Tab. 04.02. Composition variables of chimpanzee day groups. Based on foot surveys detailed in Tab. 02.02 
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Further analyses related encounter frequencies as well as aspects of day group 

compositions to the availability of fruit. Thus, the likelihood that surveyors spot 

chimpanzees during certain months closely follows fruit abundance in trees and vines 

(Fig. 04.11; cf. Fig. 04.08a, Fig. 04.08b). This finding likely reflects a causal 

relationship, given a highly significant (p < 0.001) linear regression (Fig. 04.12). 

However, a significant correlation between monthly proportions of females with ano-

genital swellings and fruit abundance was not found. 

 

Fig. 04.11. Monthly sightings of chimpanzees in comparison with monthly percentage of fruit availability. 
Based on foot surveys detailed in Tab. 02.02 

 

Fig. 04.12. Number of sightings per day as a function of monthly percentage of fruit availability (Single linear 
regression: F(1,44) = 28.07 p < 0.001, R2 = 0.389). Based on foot surveys detailed in Tab. 02.02 
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Comparison of Day and Night Groups 

The long-term data allow to compare the sizes of foraging and sleeping parties, and 

to elucidate potential causes of similarities or differences. 

Average sizes of day groups do not fluctuate much between months, stochastic 

oscillations throughout individual years notwithstanding. Day groups are smaller than 

night groups during 9 out of 12 months (Fig. 04.13). Monthly sizes of night groups, 

however, display a striking seasonal pattern. They are considerably larger from Mar–

Jun, with a marked decline thereafter (Fig. 04.15). This distribution was found 

independently for two survey periods (2001–2008, 2012–2014), despite slightly 

different methods of data collection there is a significant positive correlation (p = 

0.007) between the two data sets (Fig. 04.15). 

The seasonal variation in night group sizes coincides with the seasonal variation of 

fruit availability (Fig. 04.16). For both survey periods, means of monthly group sizes 

and habitat fruit production show a significant positive correlation (2001–2009: p = 

0.026, 2012–2014: p = 0.020; Fig. 04.17). 

The difference between day groups and night groups is most likely influenced by fruit 

availability as there is a significant linear regression (p < 0.001) for night group size as 

a function of fruit availability and no such relation is found for day group size (Fig. 

04.18). 

 

Fig. 04.13. Mean monthly sizes (± SE) of chimpanzee day groups (n = 306; 2001–2008) and night 
groups (n = 273; 2001–2008).  
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Fig. 04.14. Mean sizes of night groups. Data for 2001–2008 (n = 277 night groups determined via counts of 
fresh and new nests) compared to 2012–2014 (n = 592 night groups as determined from counts of nests of 
any age). Data transformed in % / month because of different counting methods 
 
 
 
 
 
 
 

 

Fig. 04.15. Correlation between two different data sets of determining night group sizes (see Fig. 04.14) 
(Spearman’s rank-order correlation: rs = 0.748, p = 0.007**) 
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Fig. 04.16. Monthly sizes of chimpanzee night groups compared to the percentage of fruiting transect 
plants; combined data for 2001–2014. Based on 984 trees and 815 associated vines growing on a random 
8 km straight line transect, monitored twice per month from Apr02–Jun09 (see Ch. 03) 
 
 
 
 
 

 

Fig. 04.17. Correlations of the average monthly night group and the percentage of fruiting transect plants. 
(Spearman’s rank-order correlation: Years 2001–2009 rs = 0.650, p = 0.026* Years 2012–2014 rs = 0.671, p 
= 0.020*) 
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Fig. 04.18. Mean monthly night group (44 months) and day group sizes (40 months) as a function of monthly 
percentage of fruit availability (Single linear regression: Night groups F(1,42) = 13.31 p < 0.001 R2 = 0.241, 
Day groups F(1,38) = 0.47 p = 0.495  R2 = 0.012).  
 
 

Community Size 

The maximum number of chimpanzees recorded on a single day was on 27Jan01, when a 

group of schoolchildren and field assistants walking along an eastern trail spotted 17 apes 

who curiously watched the humans from the ground and trees over a period of 95 minutes. 

Two other nearby patrol teams heard or saw three other day groups estimated to comprise 

4, 10 and 4 apes, thus bringing the total to 35 animals (Sommer et al. 2004). The largest nest 

group ever counted was 23 (Jul01). Given that about 20 % of the study population are infants 

or juveniles who sleep with their mothers (cf. Tab. 04.02), one arrives at a size of 28 for this 

nesting party. Assuming that some members slept elsewhere, this supports the assumption 

of a (minimum) community size of about 35. As chimpanzees were sighted across 27.5 km2, 

population density was calculated as 1.3 apes / km2. 
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DISCUSSION 

Factors influencing ranging pattern and fission-fusion dynamics of chimpanzees (e.g., 

Newton-Fisher et al. 2000) living at Kwano compared to other study sites were discussed in 

the initial publication about this community (Sommer et al. 2004; see also Fowler 2006). 

However, sample sizes of that previous research were often small, derived from only 2 

consecutive years of observations (2000–2001). The current study includes 4 additional years 

(2005–2008) of day group surveys, while data on nest groups are even more extensive (2001–

2009, 2012–2014). The combined long-term data, bracketing 15 years, are hence much more 

comprehensive. The subsequent discussion, while following the general rationale outlined in 

Sommer et al. 2004, thus aims to confirm or revise previous explanations. Main focus will be 

on how the seasonal availability of fruit (abundance and distribution) influences the dynamics 

of the chimpanzee fission-fusion society, i.e. variations in the sizes (and composition) of day 

groups and night groups. 

Surveying the Kwano Chimpanzee Community 

Chimpanzees were heard or seen and nests were found in about 27.5 km2 around the Kwano 

field station, as calculated via a MCP (cf. Fig. 04.07). Steep and barren hillsides leading into 

open grassland to the west and north, the proximity of Gashaka village in the east, as well as 

the relatively broad Gamgam river in the south-east seem to represent geographical barriers. 

Vocal exchanges between chimpanzees were heard several times across the banks of the Ngiti 

river. Thus, the Kwano area is likely to represent the core of what is believed to be a single 

chimpanzee community, including (a minimum of) 35 members. 

At sites where chimpanzees are not habituated to observers, the easiest way to locate them 

is via acoustic signals. Chimpanzees vocally express emotions and convey information, e.g., 

about food sources and danger. Loud calls, particularly pant-hoots, are often given in the 

early hours of the day and again before nesting (Goodall 1986, Hunt & McGrew 2002). The 

most prominent non-vocal sound signal is drumming. In fact, the word for chimpanzee in 

Hausa, the prevalent local language around GGNP, is “biri mai ganga” (Nyanganji et al. 

2011). In literal translation, this means “monkey with the drum”, alluding to the long-distance 

sounds that chimpanzees produce when beating buttressed tree trunks with hands or feet. 

From Mar–Jun, annual rates of sightings and sound records markedly increased (cf. Fig. 04.08 
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a, b). A major cause is surely higher availability of fruit, particularly the peak in fruit production 

driven by vines (cf. Tab. 03.10, Fig. 03.17), which provokes chimpanzees to be noisy when 

entering large food patches and when forming nesting groups (see below; Notman & Rendall 

2005). However, physical effects of climate also need to be considered. First rains may occur 

in March, announcing the end of the dry season, while April already sees an average of 211 

mm (cf. Tab. 03.03). Once the forest floor starts getting damp, it is easier for surveyors to 

proceed quietly, without alerting the apes from afar through rustling and crackling dried 

leaves and woods. Similarly, ambient air will absorb less sound when temperature drops, 

which increases the likelihood that surveyors hear the chimpanzees. However, during the 

height of the rainy season, less acoustic signals and sightings were recorded –perhaps 

because foliage has now grown particularly dense, with water constantly dripping from 

leaves. These effects reduce visibility and muffle chimpanzee-produced sounds. 

Consequently, one expects sightings and sound records to pick up from when the rains stop. 

But, this effect is rather small, suggesting that some other factor might be at work. 

Sounds such as drumming and pant-hoots that carry over considerable distances are typically 

produced by male chimpanzees (Clark & Wrangham 1994, Arcadi et al. 2004) and facilitate 

the fusion-fission dynamics (Fedurek et al. 2014). Such acoustics signals were more common 

during the early morning and late afternoon, when chimpanzees left their previous nesting 

sites or settled for a new one (cf. Fig. 04.08c). This finding is in line with the idea that smaller 

day groups join in the evenings to sleep in close proximity, to then split again in the mornings 

into smaller foraging groups (see below). 

While sound records increase towards the evening, sightings do not. This is due to the fact 

that surveyors find it difficult to reach the locations from where the sounds originate as 

nightfall sets in. Moreover, surveyors were reluctant to scare the chimpanzees while they were 

building nests, and would rather use the sounds as cues to locate the apes the following 

morning. 

Chimpanzees were generally wary, albeit at times curious, when surveyors approached them. 

Day group size was a good predictor of how long surveyors spent in visual contact with the 

apes (cf. Fig. 04.09b). If they were in larger groups, the principle of "safety in numbers" 

seemed to lead the ape to be more relaxed. A similar positive correlation between party size 

and the duration of observation was established at Kahuzi / DRC, "suggesting that 



 149 

chimpanzees tended to tolerate the presence of human observers best when in large parties" 

(Basabose 2004: 214). 

When the Gashaka Primate Project was initiated in the year 2000, it was hypothesized that 

encounter rates and time spent with the apes would steadily increase. While this effect was 

found (cf. Fig. 04.09a), it was rather minimal and not enough to achieve habituation. Overall, 

direct encounters between observers and chimpanzees were not very frequent (n = 406, in 6 

years). 

Several factors contributed to the fact that habituation was never achieved. Firstly, the terrain 

at Kwano is often very steep and full of dense vegetation, which prevents researchers to 

follow the apes once they have been found. Secondly, various anthropogenic activities lead 

the chimpanzees to mistrust humans. These include poaching – albeit levels are low in the 

Kwano area – and people criss-crossing the terrain while moving between human settlements 

inside and outside the park (cf. Fig. 04.04). Thirdly, the Gashaka Primate Project relied heavily 

on local field assistants for the habituation efforts. However, experience from other ape-

research sites (Volker Sommer, pers. comm.) nourishes the assumption that local field 

assistants, while often very dedicated, will not pursue habituation efforts in the same way, as 

ex-pat volunteers or researchers. Locals are, after all, a paid work-force, without the intrinsic 

motivation to want to conduct research on apes. Thus, virtually all successful ape-habituations 

elsewhere were led by ex-pats. In any case, chimpanzee research at Kwano quickly focussed 

on the collection of indirect data, often related to nest-building, tool-use and insectivory 

(Fowler 2006, Pascual-Garrido 2011). 

Sizes of Day Groups 

Day group sizes recorded for the Kwano community rarely exceeded 10 and were generally 

small, with a mean of 3.9 individuals (calculated by averaging the 2000–2001 figure of 3.7 

and the 2005–2008 figure of 4.0; cf. Fig. 04.10, Tab. 04.01).  

It is commonly assumed that the smaller the community, the larger the relative party size (i.e., 

mean party size/community size × 100; Boesch & Boesch-Achermann, 2000). If a size of 35 is 

assumed for the Gashaka-Kwano community, a day group size of 3.9 represents 11 % – a 

value close to, e.g., Budongo / Uganda (12 %, Wallis 2002) or Taï / Ivory Coast (13 %, Boesch 

& Boesch-Achermann 2000). Thus, the Gashaka data seems to confirm that smaller 
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communities are socially less fluid, indicating that not only food competition influences 

fission-fusion (see below), but perhaps also predation pressure – exerted by leopards (cf. Ch. 

02), human hunters – and threats posed by males from neighbouring communities. 

Still, average day group sizes of under four individuals indicate that the semi-deciduous 

forest-savannah mosaic habitat seems to constrain the size of foraging parties. The most likely 

cause is the need to reduce feeding competition in what has been characterised as a "low-

quality habitat" (Hohmann et al. 2006), given that many plants contain sub-optimal levels of 

macro-nutrients and relatively high levels of anti-feedants (Sommer et al. 2011). Moreover, 

tree patches at Kwano are small (mean DBH 24.3 cm) compared to evergreen rain forests at, 

e.g., Kibale / Uganda (mean DBH 68.4 cm for Kanyawara, mean 63.4 cm for Ngogo site). 

Consequently, compared to Kwano, foraging party sizes are double as large at Kibale (mean 

8.4 at Kanywara, 7.3 at Ngogo; Potts et al. 2011). 

The largest proportion of unisexual day groups (36 %) was constituted by lactating mothers 

(with dependent infants; cf. Tab. 04.01). This reflects findings at other sites, where mothers 

spent much or most of their time with only their dependent infants (review in Wilson 2012). 

In addition, it was found that sizes of mixed day groups increased when infants were present 

(cf. Tab. 04.01). This may be caused by nulliparous females being attracted to infants. 

Another variable correlating with increased sizes of mixed day groups was the presence of 

females with swellings (cf. Tab. 04.01). It is well established from research at other sites that 

more males are present in parties that contain more cycling, swollen females (e.g., Emery 

Thompson & Wrangham 2006). However, the mechanisms for the formation of these larger 

subgroups are not clear. It may be that adult males are attracted to fertile females (Nishida 

1983, Mitani & Watts 1997), or alternatively that tumescent females become more social 

because they seek out males to consort with them (Wilson 2012). Yet another possibility is 

that the initiative may come from males who join such groupings because their primary 

interest are interactions with other males (Newton-Fisher 2014). 

Ripe fruit is the most commonly eaten and, actually, preferred chimpanzee food (e.g., 

Goodall 1986, Malenky et al. 1993). Thus, chimpanzees should adjust their behaviour in 

relation to fruit abundance. While foraging during lean times is a rather quiet affair – 

presumably to not attract competitors –, males in particular are known to produce loud, food-

related vocalizations when finding and entering rich patches (Fedurek & Slocombe 2013, 
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Schel et al. 2013). At Kwano, fruit production of trees and associated vines is markedly 

seasonal and peaks between Mar–Jun (cf. Fig. 03.18). This is, indeed, the same period when 

chimpanzees are heard most often, which, in turn, leads to surveyors spotting them with 

higher rates (cf. Fig. 04.08, Fig. 04.11, Fig. 04.12). 

Primate female reproduction will often echo food availability, in that either conception or age 

of weaning correlates with high abundance (e.g., Indian langur monkeys; Borries 1999). While 

there is no evidence that wild chimpanzees give birth during certain times of the year, 

seasonal peaks in sexual receptivity have been reported (e.g., Tai forest: Boesch & Boesch-

Acherman 2000; Mahale: Matsumoto-Oda et al. 1998; Gombe: Wallis 1997). Nevertheless, 

at Kwano, no correlation was found between the percentage of females with ano-genital 

swellings and fruit availability. 

Asynchrony Between Sizes of Day versus Night Groups 

Other things being equal, one would expect that day group sizes, i.e. the number of animals 

foraging together, are larger when more fruit is available. Surprisingly, this is not the case, as 

day group sizes were virtually constant throughout the year, thus not showing any association 

with general fruit abundance. Similarly, at Budongo / Uganda, food availability and day party 

sizes were not positively correlated (Newton-Fisher et al. 2000). This is in stark contrast to 

night groups, which do increase with increased fruit abundance (cf. Fig. 04.16 – Fig. 04.18). 

Such asynchrony between day and night group sizes (cf. Fig. 04.13) seems puzzling at first. 

However, these dynamics are probably caused by foraging constraints, as illustrated by a 

graphical visualization of the temporal and spatial distribution of fruit patches along the 

botanical transect (cf. Fig. 03.20). Thus, food patches do rarely occur in large clusters with 

many trees and vines fruiting in close proximity. Instead, fruit-bearing plants are spaced out 

across the habitat, i.e., it can typically be found in discrete single trees or vines, and only 

seldom in small groves of interconnected plants (Van Schaik & Brockman 2005). As a 

consequence, food competition is generally reduced in times of plenty, if one considers the 

whole habitat, but not for a particular food patch. This, it seems, forces the Kwano 

chimpanzees to continue to forage in small parties. For Budongo / Uganda, a similar 

conclusion was reached: "While the size of a patch limited the number of individuals that 

could feed together, the number of such patches increased as food became more abundant. 
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Consequently, chimpanzees did not form larger parties as food abundance increased, but 

instead made use of more food patches" (Newton-Fisher et al. 2000: 625). 

The logic of this constraint can well be squared with the observation that chimpanzees form 

larger night groups during peaks of fruit availability. This is, because more individual food 

patches exist, which means that distances between them are reduced, and various 

chimpanzee parties can forage in relative proximity. Therefore, given reduced travel costs, 

chimpanzee day groups can merge more easily when nightfall is approaching, compared to 

periods when patches are more spaced-out. 

An associated issue not touched upon in this thesis relates to the mental mechanism of how 

primates such as chimpanzees actually find their food. Numerous studies have taken the 

stance that animals do not simply crisscross their ranges in search of this food. Instead, they 

are believed to rely on memory about the distribution of patches (Garber 2000, van Schaik & 

Brockman 2005). We are still far away from understanding if and how such knowledge is 

updated, given the tremendous annual, supra-annual and sub-annual variability of 

phenophases (cf. Ch. 02).  
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CHAPTER 05 

BABOON BEHAVIOUR. 

ACTIVITY BUDGETS AND HOME RANGE USE 

 

 

Fig. 05.01. Olive baboons of the wild-feeding Kwano troop engaged in grooming. (Photo: Alejandra 
Pascual-Garrido, 07Aug04 © GPP) 

 

  



 154 

INTRODUCTION 

The original socioecological model (Crook & Gartland 1966) aimed to disentangle if and how 

environmental factors influence, constrain and shape primate social structure (cf. Ch. 01). 

Numerous refinements – including refutations – were developed over the years, to 

accommodate our increased knowledge about inter- and intra-specific variability of 

behaviour (e.g., Foley & Standen 1989, Thierry 2007, Strier et al. 2014), a primate-typical trait 

that renders any deterministic approach problematic. 

However, while primate researchers have recognised the importance of annual seasonal 

variation for some time, there is a growing recognition of supra-annual differences in terms 

of climate and plant phenology with resulting opportunities and constraints of diet 

acquisition (Alberts et al. 2005, Chapman et al. 2017). 

The ability to cope with different environmental conditions – including anthropogenically 

altered habitats – via behavioural plasticity is particularly evident in the baboon clade (Barton 

et al. 1992). Still, while these monkeys have been extensively studied in open and relatively 

dry habitats, there is little information about baboons that dwell at the edge of their 

geographical distribution or those that inhabit a more forested, as opposed to open, 

environment which sees considerably rainfall. 

The current research provides such information, by focussing on the behavioural ecology of 

baboons residing in a mixed forest-savannah subjected to a severe rainy season in Nigeria's 

Gashaka Gumti National Park. Baboons are a common sight at GGNP, from the surrounding 

buffer zone up to the 2500-m peak of Mount Gangirwal (Sommer, pers. comm.). When the 

Gashaka Primate Project was launched in the year 2000, Ymke Warren established two study 

troops which live 11 km apart from each other (Warren 2003) – one a crop-raiding troop 

near the village of Gashaka, the other exclusively feeding on wild plants and roaming around 

the Kwano field station (cf. Fig. 02.03). These were ultimately fully habituated to human 

observers and have been the subject of numerous specific investigations (e.g., Higham et 

al. 2009, Warren et al. 2011, Ross et al. 2011, MacLarnon et al. 2015, Sommer et al. 2016; 

see also Appendix I).  

The following chapter investigates how baboons allocate space and time in relation to 

seasonal changes in their environment, by analysing patterns of home range use and activity 

budgets via the compilation and analyses of long-term records. None of these data have 
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been previously published. Fractions of the information has informed results obtained 

during short-term studies. However, no previous work of baboon ranging and time 

budgeting at Gashaka (Warren 2003, Higham 2006, Ey & Fisher 2011, Alberts 2012, 

Thompson 2012) covered even a complete full calendar year, with the problem being that 

short-term studies may reach conclusions that turn out to reflect only a snapshot of 

environmental conditions once applicable longitudinal perspectives are brought in 

(Kappeler & van Schaik 2012). 

Taxonomy and Biogeography 

Baboons (Kingdon et al. 2013, Fleagle 2013) are large, predominantly terrestrial and 

quadrupedal Old World Monkeys with distinctive brow ridges and a distinctive "dog-like" 

snout, a feature to which the German vernacular "Hundsaffe" alludes to ("dog-monkey"). 

Baboons possess prominent ischial callosities – nerveless, hairless pads of skin that provide 

for sitting comfort. Baboons are highly sexually dimorphic, with males reaching twice the 

size of females and sporting large canines. 

Baboons are distributed across sub-Saharan Africa, excluding the rainforests of West African 

and most parts of the central African rainforest. In addition, these monkeys also colonise 

parts of the Arabian Peninsula (Kingdon et al. 2013). There is no agreement on the 

taxonomical classification of the dozens of variant forms that have been described, not least 

because all appear to be interfertile. With respect to the hierarchical level of species or 

subspecies, the different taxa are sometimes assumed to constitute a single species (Papio 

hamadryas) (Groves 2001). Other authors, using more recent biogeographical and genetic 

data, distinguish six species, with more or less discrete biogeographical distribution (Zinner 

et al. 2011; see also Fleagle 2013,): Hamadryas or sacred baboon (Papio hamadryas), Guinea 

baboon (Papio papio), olive or anubis baboon (Papio anubis), chacma baboon (Papio 

ursinus), yellow baboon (Papio cynocephalus), kinda or Katanga baboon (Papio [c.] kindae). 

Be it as it may, even the most elaborate species concepts will oversimplify a complex and 

dynamic evolutionary pattern (Jolly 1993). In any case, our study considers olive baboons 

(Papio anubis) as a separate species. The name refers either to the jackal-headed god 

Anubis of Egyptian mythology or to the olive or khaki-green coat colour, which characterises 

both sexes. Adult males have large manes, restricted to the foreparts and grading into 

shorter body hair, but not as sharply set off as in hamadryas or Guinea baboons. The face 
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and skin around the callosities are dark grey to black. Nostrils project forward of the snout. 

One-fourth of the tail ascends before descending sharply as if broken. 

Together with chacma and yellow baboons, olive baboons are characterised as "savannah 

baboons" (Jolly 1993) because the majority of populations are found in open habitats. Olive 

baboons populate the northern savannah belt, from Mali in the west to Eritrea and Ethiopia 

in the east, and southwards into Kenya and north-western Tanzania. They enter into true rain 

forest in the northern and eastern parts of the Congo basin, but not in West Africa. 

Hybridisation occurs with hamadryas at the Horn of Africa, and with yellow baboons in south-

eastern Kenya and north-western Tanzania. The conservation status of olive baboons is 

"Least Concern". 

Basic Baboon Socioecology 

Generally classified as omnivores (for the following, see, e.g., Whiten et al. 1991, Hill & 

Dunbar 2002, Swedell & Leigh 2006, Ross et al. 2011), baboons do indeed feed on a wide 

range of plant foods (e.g., fruit, seeds, grass, roots). Given their relatively large body size, it 

is not surprising that baboons are able to tolerate a considerable degree of seasonality (van 

Schaik & Brockman 2005). Baboons can also range widely in response to changes in the 

environment (Alberts et al. 2005). 

Nonetheless, while baboons are omnivorous feeders, this omnivory is combined with great 

selectivity (ibid.), with few items making up a high proportion of their diet. Fruit, whenever 

accessible, seems to be preferred to leaves, stems, or seeds, so that a high percentage of 

fruit in the diet appears typical (in particular also for olive baboons, Okecha & Newton-Fisher 

2006). Baboons also prey on invertebrates (ants, termites, caterpillars), and, occasionally, 

lizards, fish and (mostly immature) antelopes, domestic goats and sheep, hares, birds and 

other types of monkey (Sommer et al. 2016).  

Similar to their co-geners (except hamadryas and Guinea), olive baboons live in multi-male, 

multi-female troops averaging 15–150 individuals (for the following, see, e.g., Altmann & 

Alberts 2003, Swedell 2011, Alberts 2012). Troops are generally cohesive, but may break 

into smaller parties of variable composition during the day, a habitat that is increasingly 

viewed to represent a type of "fission-fusion" dynamics, analogous to the social organization 

of spider monkeys or chimpanzees. Females are philopatric, i.e. they remain in their natal 
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troops, while males emigrate at sexual maturity. Both sexes tend to form a linear dominance 

hierarchy, with daughters often inheriting a dominance rank immediately below that of their 

mothers. 

Activity Budgets and Ecological Constraints 

The physiological causes and consequences of behaviour – e.g., energy requirements, life-

sustaining metabolic processes, neuroendocrinological dynamics, intestinal turnover – are 

hard to measure under field conditions, although much progress has been made over the last 

couple of decades to obtain such information via faecal sampling (e.g., MacLarnon et al. 

2015, for the Gashaka baboons). More straightforward are observational measurements of 

how behaviour is budgeted. Such records of activity patterns reflect physical and 

socioecological constraints and trade-offs between metabolic requirements and energy 

expenditure (Talebi & Lee 2010). For example, animals may reduce travel when energy is 

limited, or they may forage preferentially on high-quality foods. 

Temperature and rainfall are two main components of habitat ecology. These affect the 

behaviour of animals not only directly, given the need of thermoregulation in response to 

varying degrees of heat and humidity (Hill 2006). The variables also affect animals indirectly, 

as they translate into variations in the abundance of food and availability of drinking water 

(Campos & Fedigan 2009). 

Highly seasonal environments – like that of Gashaka Gumti National Park with periods of 

quite extreme heat, dryness and wetness (cf. Ch. 03) – are particularly challenging in this 

respect. Under these conditions, animals such as monkeys will be faced with trade-offs, e.g., 

whether to forage for the minimum amount of time necessary in each season to satisfy basic 

requirements, or whether to attempt to maximize the rate of nutrient acquisition, regardless 

of changes in food availability, while still aiming to minimise time and energy costs (Schoener 

1971). Thus, habitat seasonality and particularly the spatial and seasonal changes in food 

availability is expected to highly influence the activity patterns and movements of the 

Gashaka baboons. 

Models of habitat selection predict that, other things being equal, locales should be chosen 

that yield the highest average rate of energy intake (Stephens & Krebs 1986). However, while 

this may be applicable to rather mobile taxa such as birds or marine fish, monkeys do not 
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have such choices, as they are attached to relatively fixed ranges that they cannot easily 

leave. Thus, prima facie, primate behaviour is constrained by the time available during waking 

hours and because certain activities cannot be executed simultaneously (Dunbar 1992). For 

example, time spent resting will go at the expense of foraging, travelling or socialising. These 

internal budgeting limitations will further be restricted by environmental conditions. Time 

spent feeding may be abridged with a higher percentage of fruit in the diet – given reduced 

need to process these relatively large and often clumped food stuffs (Hill & Dunbar 2002). 

Similarly, time spent travelling may increase with increasing group size, because individual 

food patches, other things being equal, will be more quickly depleted (van Schaik et al. 1983). 

Also, time spent resting in the shade is expected  to increase when temperatures are higher 

(Hill 2006) 

Travel Speed and Home Range Use 

Related considerations apply to how much area animals need to "make a living", and how 

they move through the habitat they occupy (Johnson et al. 2015). An inverse relationship 

between habitat quality and home range size has been noted in a variety of reptiles, birds 

and mammals (Jones 1990), i.e. the better the habitat quality, the smaller the overall home 

range. Similarly, the temporal availability of food will impact on home range size (Dunbar 

1988). Apart from just the extent of the area they traverse, animals, including primates, can 

be expected to adjust their ranging in relation to quality, distribution and availability of food. 

As for the specific case of baboons, home ranges and group sizes are generally larger in 

open savannah habitats and tend to be smaller in more forested areas (Dunbar 1996). Such 

relations are brought about not just by patterns of food availability, but also because 

predation risk is more severe in open landscape. Larger groups offer more protection, 

through safety in numbers, as the individual chance of being killed is smaller (Hamilton 1971, 

Cowlishaw 1994), and through increased vigilance as the probability of detecting predators 

grows when group size increases (Pulliam 1973, Matsumoto-Oda et al. 2018). Moreover, 

access to shade and water will influence baboon home range size and moving pattern, given 

its importance in terms of thermoregulatory requirements – especially in the hot and dry 

environments typical of African savannahs (Barton et al. 1992). 

Other things being equal, range size and ranging pattern should vary with group size (see 

above, van Schaik et al. 1983), given that competition for resources, whether they are water, 
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food, safe spaces or resting spots, is higher in larger than smaller groups. Thus, intragroup 

competition is expected to lead to more extensive ranges and longer daily travel distances, 

given that the per capita reduction in resource density brought about by a greater head 

count necessitates increased efforts to ensure access for all group members (Barton et al. 

1992; Chapman & Chapman 2000). 

Crop-Raiding Versus Wild-Feeding: Costs and Benefits 

Sustenance strategies will be greatly influenced by the spatial and temporal distribution as 

well as quality of food. "Stealing" from fields and gardens cultivated by humans is a foraging 

approach with very distinct costs and benefits (King & Lee 1987, Ross & Hill 2006, Ross et al. 

2011). Thus, injury or even death might be inflicted by humans who defend their harvests – 

using prevention techniques such as shooting, poisoning and trapping. However, this risk, 

on average, is more than compensated by the fact that raiding is an extremely efficient 

foraging scheme (Warren et al. 2011). Crops are clumped both in time and space, which 

reduces search effort. Moreover, harvests such as maize, cassava or ground nuts need little 

processing time, as well as offering high concentrations of easily digestible carbohydrates, 

few digestion inhibitors, such as fibre, and fewer toxins (Strum 1994, Warren et al. 2011). 

Cercopithecine monkeys in particular, such as macaques in Asia and baboons in Africa, are 

known to raid crops (see contributions in Paterson & Wallis 2005). Certain characteristics aid 

them to succeed in such ventures. They are generalist and opportunistic feeders, relatively 

terrestrial, large-bodied, and – not least – they possess cheek pouches, which allows to 

transport raided food to places of safety for further processing. 

From this, we expect that the activity budget of crop-raiders should differ from their wild-

feeding counterparts. Raiders are predicted to spend less time foraging and travelling, and 

hence have more time available to rest and socialise. On the other hand, crop raiding 

animals, similar to those provisioned by humans or those feeding on rubbish (Paterson & 

Wallis 2005), face increased competition and aggression because of the clumped nature of 

the food sources. Moreover, farmers perceive crop raiding animals as pests and chances are, 

that they will be killed (for examples of whole groups being wiped out, see Strum 1987, 

Sommer 1996, Paterson & Wallis 2005). 
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Study Aims 

On the backdrop of hypotheses sketched out above, the present research will focus on the 

basic ecology of a crop-raiding troop of olive baboons in comparison with a wild-feeding 

troop living nearby. Emphasis will be on a comparison of activity budgets and home range 

use and its relation to habitat seasonality – with the ultimate aim to better understand the 

potential costs and benefits of engaging in occasional crop-raiding resp. living a life that 

depends entirely on natural resources. 
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MATERIAL AND METHODS 

Study Troops 

The main features of the two study troops are as follows (for reproductive behaviour and 

demographic development, see Ch. 06):  

– Crop-raiding troop (CR troop; 10-20 animals). The home range near the village of Gashaka 

stretches along the wider banks of a major watercourse, the river Gamgam and consists of 

savannah-woodland, with patches of lowland forest and strips of gallery forest, plus 

agricultural fields. This group was previously referred to as "Gashaka troop" or "G 

[Gamgam] troop". CR’s range is at an altitude of 320 m (Gashaka research station), with 

mean annual maximum temperature 33 °C and annual rainfall 1916 mm (cf. Tab. 03.03). The 

banks of river Gamgam have been largely cleared by small-scale farmers who grow crops 

such as maize, cassava, banana, mango, oil palm, yam, rice, sweet potatoes and groundnuts 

(Warren et al. 2011, Alberts 2012). The baboons raid harvests on 57 % of days when crops 

are growing in the fields, thus obtaining up to 50 % of their daily nutritional requirements 

(Warren 2003). Throughout their range, baboons are considered agricultural pests and crop 

damage can be substantial (Bennett & Ross 2011). Consequently, local farmers are known 

to have poisoned or shot study troop baboons. While crop-raiding constitutes a substantial 

proportion of CR troop's diet, we need to remember that the majority of food consumed by 

these baboons is still based on naturally occurring vegetation, supplemented by fractions 

of animal matter, mostly invertebrates (Sommer et al. 2016). 

– Wild-feeding troop (WF troop; 25–37 animals). This group roams inside the national park 

in the Kwano study area. Previous publications referred to it as "K [Kwano] troop" or "NR 

[non-raiding] troop". WF’s range is at an altitude of 583 m (Kwano field station), with mean 

annual maximum temperature 32 °C, and annual rainfall 2021 mm (cf. Tab. 03.03). WF's 

habitat – devoid of agricultural fields – consist to 68 % of forest and 22 % of woodland-

savannah. The troop has little contact with humans, except when locals use an ancient 

footpath that transects their habitat. For diet, these baboons rely entirely on natural 

resources. 
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Data Collection 

Data collection was coordinated by Caroline Ross, Roehampton University (director of 

baboon studies, Gashaka Primate Project). Results presented here were extracted from 

records for the 2004–2013 study periods, when both troops were regularly followed, often 

on a daily basis, by trained field assistants, students, senior researchers or volunteers.  

The principal methodology entails focal-animal sampling. For this, adult females and some 

juveniles of both sexes served as focal animals, who were observed for 0.5–6 h per day 

(average 3 h). Every 15 min, the subsequent records were obtained as data points: 

– basic activity of the focal ("states", i.e. travel, rest, forage; social interactions such as 

groom); 

– identity of the focal animal's nearest neighbours, including their basic activity and distance 

(< 2, 2–5 m, > 5 m);  

– scan data of the whole troop (habitat type, i.e. forest, savannah or grassland; number of 

animals visible to observer, surveying one's visual field from the far left to the far right; 

location as per GPS);  

Ad-libitum records of specific, typically short, interactions ("events", as opposed to "states") 

were recorded at any time, i.e. not only during scans; these did not have to include the focal 

animal, but could involve any troop member; these interactions were categorised as 

unfriendly (aggression, displacement), friendly (grooming, embracing), sexual (presenting, 

mounting with or without thrusting), infant-centred (touching or handling infants). 

The following analyses are restricted to 

– the focal animal's general activity pattern (forage, rest, travel – "other" activities were 

omitted, as they occur relatively rarely; data for 2004–2011);  

–distance travelled and home range use (GPS data for one full year, i.e. 11 months in 2012, 

supplemented by data for May 2013). 

Data collection was more complete during some years and during the morning periods. 

Inconsistencies and gaps in the records result from idiosyncratic elements not atypical for 

long-term studies, such as staff absence, staff illness, adverse weather conditions, failure to 

find the study animals, as well as post-collection loss of records (some badly stored data 
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sheets were eaten by rodents or drenched in bat urine...). Nevertheless, the data set used in 

this research is still quite large and should provide reliable analysis which can be compared 

to other long-term baboon field studies. Overall effort for the 2004–2012 study period is in 

the order of 3,000 h of observation. 

General Activity Budgets 

The annual and diurnal distribution of activity records are detailed in Tab. 05.01. Records for 

all years were lumped (see bottom lines of Tab. 05.01). In this way, a fair amount of records 

was available for all hours of the daytime and all months of the year, notwithstanding that 

certain hours and months were underrepresented during some periods. Data density for 

particular daytime hours ranged for WF troop from 118–3,108 scan points and for CR troop 

from 116–2,430 scan points. Data density for individual months fluctuated for WF troop from 

538–1,946 records and that for CR troop from 624–1,976 records. 

Care was taken to remove the bias of uneven diurnal and monthly distribution of observation 

records. Firstly, given the uneven distribution of sample points across daytime hours, the 

diurnal and annual records from absolute numbers were converted into rates. Secondly, when 

comparing entries for just foraging, resting and travel, these were considered to represent 

100 %, and their respective proportion for each individual hour of the day during each 

individual month was calculated. To arrive at composite values for diurnal activity pattern, 

scores for a given daytime hour were then averaged across 12 individual months. Vice versa, 

to arrive at composite values for monthly activity pattern, scores for a given month were 

averaged across the 13 individual daytime hours. 

Travel Distances and Home Range Utilization 

During one full year (2012) GPS locations of focal individuals in both troops were logged on 

a handheld device (Garmin eTrex 10) every 15 minutes. The diurnal and annual distribution 

of GPS records is detailed in Tab. 05.02. From these, both travel distances and home range 

use were calculated via ArcView GIS version 3.2a with the Animal Movement Extension 

(Hooge & Eichenlaub 2000).  

Distances were calculated by measuring the distance between two consecutive waypoints 

and converting them into rates per hour. Home ranges were estimated by applying the 
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minimum convex polygon (MCP) method (cf. Ch. 04 for details) to all waypoints logged for a 

specific period of time (e.g. dry season, wet season). A polygon enclosing 99% of the 

selected waypoints was used to account for outlier effect. Percentages of home range 

utilization were ascertained using a polygon enclosing 100% of the waypoints logged for 

each focal animal over the whole day. 

Environmental Influences 

The data for basic activities and home range use are related to environmental factors (see 

Ch. 03, for details on climate and plant phenology including measurements of abundance of 

tree and vine fruits). For this, monthly data on average temperature and rainfall were 

compiled for both the sites of Kwano (WF) and Gamgam (CR). Monthly records on fruit 

availability were only available for Kwano and used as a proxy for the Gamgam site. For the 

latter, qualitative records of the presence of certain crops – often raided by the baboons – 

were also available (Fig. 05.02). 
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Tab. 05.01. Annual and diurnal distribution of scan sampling data records for the two baboon study groups 
at Gashaka, 2004–2011(troop Kwano = wild-feeding; troop Gamgam = crop-raiding).6, 7…,17, 18 = 
daytime hours; Jan, Feb, …, Nov, Dec = months. Empty cells indicate that no records were taken (see text 
for further explanation) 
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Tab. 05.02. Diurnal and annual distribution of GPS sample points. (a) Wild-feeding troop Kwano (2012). (b) 
Crop-raiding troop Gamgam (2012; May data only are from 2013) 
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a 

 

b 
 

Fig. 05.02. Monthly temperature (average ºC), monthly rainfall (% of annual total mm) and monthly fruit 
availability (% of annual total transect fruiting plants) in the Gashaka area during 2012 study year. (a) Wild-
feeding troop Kwano. (b) Crop-raiding troop Gamgam (no specific data on fruit availability; months with 
considerable crop-raiding are indicated by black circles; one circle = moderate [stored maize, minor crops]; 
two circles = intense [fields with ripe maize stalks]) 
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RESULTS 

This section should be read against the general background that CR troop at times 

supplemented their diet with cultivated plants, while WF baboons only fed on naturally 

occurring plants (Fig. 05.03). 

 

 

Fig. 05.03. Feeding behaviour of study troop baboons. (a) Member of crop-raiding troop Gamgam near 
village huts and fields. (b) Crop-raiding troop Gamgam scavenging from a maize store in a field. (c) Member 
of wild-feeding troop Kwano eating tree fruit. (d) Wild-feeding troop Kwano foraging in tree. (Photos: 
©GPP, Adeelia Joffe [a], Ymke Warren [b], Adriana Lowe [c], Alejandra Pascual-Garrido [d]). 
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General Activity Budgets 

Despite differing modes of sustenance, the figures for general activity budgets are very 

similar between the study troops and differ only by about a percentage point or so (Tab. 

05.03). The combined average is foraging 44 %, resting 20 %, travel 19 % and other activities 

7 %. 

Tab. 05.03. Basic activity budgets for baboon study troops at Gashaka 

 

 

The following provides analyses of the diurnal and annual fluctuations of scores for the three 

main activities and compares them between troops. The diurnal patterns show very little 

difference (Fig. 05.04a). Daily activity patterns are similar between the two study troops and 

time spent foraging increases in both soon after sunrise. Between 07:00–16:00, foraging then 

always constitutes about 50 % of the daylight activity. It reduces again when the monkeys 

are about to settle for the night. An inverse pattern is observed for resting, which peaks 

during dusk and dawn, while taking up 30 % during the rest of the day. As for travel, minima 

are observed just after sunrise and around sunset, while travel takes up 20 % throughout the 

day (Fig. 05.04b). 

In general, values for both troops are similar across the board for monthly scores, with only 

a few notable deviations (Fig. 05.04a); the annual distribution will be evaluated below in 

relation to environmental variables. 

As a result, proportions of lumped data are likewise quite similar between the two troops, 

albeit CR troop travels significantly less than WF (p = 0.011; Fig. 05.05). 
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b 

Fig. 05.04. Distribution of major baboon activities (forage, rest, travel) compared between wild-feeding 
troop Kwano and crop-raiding troop Gamgam (2004–2011). (a) Monthly. (b) Daily  
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Fig. 05.05. Annual distribution of major activities (forage, rest, travel) compared between wild-feeding troop 
Kwano and crop-raiding troop Gamgam (2004–2011). Two Sample t-test: Forage t(11) = 0.789; p = 0.447 ns; 
Rest t(11) = 2.101, p = 0.059 ns; Travel t(11) = -3.076, p = 0.011 **; Other t(11) = 1.383; p = 0.194 ns) 
 

Environmental Influence on Time Budget 

In order to understand whether the environment in both troops differed, A MANOVA was 

performed comparing the two baboon study sites for environmental factors (rainfall, minimum 

temperature, maximum temperature). This revealed no significant differences (Pillai’s Trace = 

0.016, F(1,125) = 0.672, p = 0.571).  

As there seemed to be no difference between sites in environmental elements, seasonal 

differences in activity budgets were also tested using the data for both troops combined. A 

MANOVA was performed comparing the overall activity between the dry and the rainy season 

(for definition, see Ch. 03). The test likewise returned no significant difference (Pillai’s Trace 

= 0.008, F(1,119) = 0.314, p = 0.815). 

Further tests were conducted to ascertain if activity patterns are influenced by external 

conditions. For this, major activity budgets (forage, rest, travel) were analyzed as a function 

of four major environmental factors (rainfall, minimum temperature, maximum temperature, 

fruit availability). Results are presented in Tab. 05.04. In summary, no overall pattern 

emerged, as of 24 tested effects, only 3 were significant. Thus, travelling time in WF troop 

went up when more fruit was available (p = 0.031), while in CR troop, travelling time went up 

when mean maximum temperatures were higher (p = 0.008). CR troop also spent significantly 
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less time foraging when there was more rain (p = 0.040). There was also a trend indicating an 

increase in foraging time when more fruit was available.  

Tab. 05.04. Single linear regression analysis of monthly values for each major activity (forage, rest, travel) as 
a function of the monthly values of four major environmental factors (rainfall, minimum temperature, 
maximum temperature, fruit availability). The respective linear regression models are conducted separately 
for WF and CR troops. Significant p values are emphasised in bold. 

 

 

Travel Distances 

Environmental conditions also likely influence travel distances. This potential connectedness 

was already indirectly measured via time spent travelling. However, theoretically, animals 

may move very slowly, and thus technically spend a lot of time in locomotion, but would, in 

effect, only cover a small distance. Vice versa, they could move at higher speed, and cover a 

greater distance in a relatively short time. GPS data, on which the subsequent analyses are 

based, remove this bias, as they provide absolute measurements for distances crossed during 

a certain segment of time. 

In the following, travel distances are compared with major environmental factors (rainfall, 

average temperature, fruit availability). Respective correlations are calculated separately for 

WF and CR troops. 

It can be expected that measurements of travel distance per hour will be very similar, whether 

calculated across the individual 12 month of the year or across the 13 daytime hours (Tab. 
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05.05). As predicted, these values correspond very closely in both troops (WF, 215–238 m; 

CF, 147–154 m). 

However, there are clear differences in travelling distances between the two troops (Two 

Sample t-test: t(22) = -2.496, p = 0.025). Thus, a monthly average of 215 m / h in WF troop 

compares to only 147 m / h in CR troop. Likewise, an average of 238 m / per daytime hour 

compares to only 154 m for WF troop.  

The diurnal pattern of travel speed (Fig. 05.06a) is similar for both troops. Hence, irrespective 

of markedly different baseline levels, monkeys of both troops begin and end their days 

moving slowly, while maintaining a more or less even pace throughout the day (07:00–16:00; 

cf. Fig. 05.04b). 

Annual travel speed, i.e. distances covered throughout the year, is also similar for both troops 

(Fig. 05.06b). Thus, monkeys travel with greater speed when fruit is more abundant. A 

different measure might be expected to mirror this result, i.e. percent travel time per month 

(cf. Fig. 05.04a). Indeed, it does from WF troop, but CR troop is found to not increase travel 

time when there is more fruit available. Nevertheless, one needs to remember that time spent 

travelling is different from travel speed. 
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Tab. 05.05. Diurnal and annual breakdown of baboon travel distances (m / h) compared between wild-
feeding troop Kwano and crop-raiding troop Gamgam (2012) 
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a  
 
 

b 
 

Fig. 05.06. Travel distance (m / h) compared between wild-feeding troop Kwano and crop-raiding troop 
Gamgam (2012). (a) Daily. (b) Monthly 
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Next it was tested if basic environmental factors co-vary with travel speed. Rainfall showed 

no significant correlation (Fig. 05.07), while travel speed was positively correlated with 

average habitat temperature in the CR troop (p = 0.002; Fig. 05.08). Moreover, in both 

troops, fruit availability was positively correlated with travel speed (WF troop: p = 0.006, CR 

troop: p = 0.003), i.e. the monkeys moved faster when more fruit were available (Fig. 05.09). 

 

Fig. 05.07. Correlation between travel distance (m / h, monthly means 2012) and rainfall. Wild-feeding troop 
Kwano (Spearman’s rank-order correlation: rs = 0.327, p = 0.299 ns). (b) Crop-raiding troop Gamgam 
(Spearman’s rank-order correlation: rs = 0.042, p = 0.896 ns) 

 

Fig. 05.08. Correlation between travel distance (m / h, monthly means 2012) and habitat average 
temperature. Wild-feeding troop Kwano (Spearman’s rank-order correlation: rs = 0.470, p = 0.123 ns). Crop-
raiding troop Gamgam (Spearman’s rank-order correlation: rs = 0.795, p = 0.002**) 
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Fig. 05.09. Correlation between travel distance (m / h, monthly means 2012) and fruit availability. Wild-
feeding troop Kwano (Spearman’s rank-order correlation: rs = 0.762, p = 0.006**). Crop-raiding troop 
Gamgam (Spearman’s rank-order correlation: rs = 0.804, p = 0.003**). Fruit availability measured via 8-km 
straight line transect at Kwano habitat, with no specific data for Gamgam 
 
 
Home Range Utilization 

The range utilization map generated from GPS waypoints for WF troop (Fig. 05.10a) shows 

an elliptic cloud of locations frequented by the baboons. Waypoints are quite evenly 

distributed throughout the forest-savannah mosaic, with no striking lacunae. The waypoints 

are, however, somewhat denser along the meandering banks of the perennially flowing small 

stream Mayo Dim (flowing from graph's upper right hand corner to its lower left hand corner). 

The resulting map for CR troop (Fig. 05.10b) displays a discontinuous pattern. This is related 

to the large river Gamgam, which transects the troop's home range (flowing from the map's 

lower right hand corner to its upper left hand corner, with Gashaka village recognizable in 

the extreme upper left corner). GPS locations south of the river's extensive flood plains again 

form a continuous cloud. However, the northern boundary of the cloud displays a neat line 

of data points that look like a straight path. This accumulation of waypoints at the edge of 

the cultivation is caused by the fact that observers rarely followed the monkeys while these 

ventured into the fields in the flood plains. In this way, they avoided alerting the farmers, who 

will detect observers more easily than the crop-raiding baboons. (The ethics of such 

methodology might be questionable.) Instead, the observers overlooked the plains from vista 

points at the forest edge, thus avoiding that the monkeys were rapidly detected and chased 
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away. A smaller cloud of GPS locations can be seen at the northern bank of the river, a 

forested area devoid of fields, where the baboons rest at times. Consequently, the GPS-

based map for the CR troop range has few data points in the fields themselves. Nevertheless, 

waypoints engulf the cultivated areas, and therefore, calculations of the size of the CR home 

range are hardly affected. 

In terms of size, the home range of WF troop (2.59 km2) is somewhat larger than that of CR 

troop (1.86 km2) (Fig. 05.15). The two troops differ in the extent of range use during different 

seasons. Accordingly, WF troop uses a smaller area during the wet season (1.51 km2) 

compared to the dry months (2.05 km2) (Fig. 05.11a). Conversely, CR troop criss-crosses a 

larger area during the wet season (1.43 km2) compared to the dry months (1.11 km2) (Fig. 

05.11b). 

While no in-depth analysis has been performed, it is intuitive that environmental influences 

will, on average, cause day journeys to be sometimes longer and sometimes shorter (for 

examples, see Fig. 05.12). The differential length of day journeys, across the year, will lead 

to smaller or larger areas covered by the baboons (Fig. 05.13). Nevertheless, a clear seasonal 

pattern cannot be discerned, meaning that area coverage is rather similar throughout the 

year. This is particularly true for CR troop, while values for WF troop fluctuate more, with a 

marked outlier in May. 

The degree to which basic environmental factors affect home range use was also tested. In 

summary, no significant correlation was found between home range use and rainfall (Fig. 

05.14) and fruit availability (Fig. 05.16). A significant correlation was only detected for CR 

troop (p = 0.032), in that the daily area covered by the baboons increased with increasing 

temperature (Fig. 05.15). 
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a

b 

Fig. 05.10. Home range use of baboon study troops across one year (2012). (a) Wild-feeding troop Kwano. 
(b) Crop-raiding troop Gamgam (note: top left corner = Gashaka village; diagonal = River Gamgam, with 
fields along its banks). Satellite image of study sites overlaid with GPS points. (Design: GJ) 
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b 

Fig. 05.11. Baboon home range use (2012), comparing 4 months of the dry season (Dec, Jan, Feb, Mar) with 
4 months of wet season (Jun, Jul, Aug, Sep). (a) Wild-feeding troop Kwano (dry season area = 2.05 km2, wet 
season area = 1.51 km2, annual home range = 2.59 km2). (b) Crop-raiding troop Gamgam (dry season are = 
1.11 km2, wet season area = 1.43 km2, annual home range = 1.86 km2). MCP = minimum convex polygon. 
(Design: GJ) 

a 
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 a 

 b 

Fig. 05.12. Examples of long (a) and short (b) baboon day-journey of WF troop compared to 99 % minimum 
convex polygon of the annual home range calculation. (Design: GJ) 
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Fig. 05.13. Monthly area usage (% total home range area) compared between wild-feeding troop Kwano 
and crop-raiding troop Gamgam (2012) 

 
 
 
 

 

Fig. 05.14. Correlation between daily used home range area and rainfall (2012). Wild-feeding troop Kwano 
(Spearman’s rank-order correlation: rs = 0.007, p = 0.983 ns). Crop-raiding troop Gamgam (Spearman’s rank-
order correlation: rs = 0.042, p = 0.896 ns) 
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Fig. 05.15. Correlation between daily used home range area and temperature (2012). Wild-feeding troop 
Kwano (Spearman’s rank-order correlation: rs = -0.189, p = 0.557 ns). Crop-raiding troop Gamgam 
(Spearman’s rank-order correlation: rs = 0.618, p = 0.032*) 
 

 

 

Fig. 05.16. Correlation between daily used home range area and fruit availability (as measured via 8-km 
straight line transect at Kwano habitat, with no specific data for Gamgam; 2012). Wild-feeding troop Kwano 
(Spearman’s rank-order correlation: rs = 0.112, p = 0.733 ns). Crop-raiding troop Gamgam (Spearman’s rank-
order correlation: rs = 0.399, p = 0.201 ns) 
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DISCUSSION 

Gashaka Gumti National Park is a geographical, climatic and habitat outlier within the 

distribution of olive baboons. Very high seasonal rainfall and home ranges that include large 

chunks of forest make this study site exceptional in comparison to most other research sites 

(Ross et al. 2011). Whether or not predation risk is lower within the Gashaka area than 

elsewhere is hard to judge – although leopards are certainly present till date (cf. Tab. 02.04), 

and baboons are also targeted by hunters. 

We may therefore predict that the baboon behaviour reflects adaptation to such a "marginal" 

habitat. On the other hand, given the famed ecological plasticity of this monkey taxon, we 

should not expect a strict response – and even less so, if one compares a crop-raiding troop 

with a wild-feeding troop. 

Overall Activity Budgets 

The allocation of time to different behaviours by the two study troops can be expected to be 

influenced by the fact that CR baboons at times raid crops, whereas WF baboons only forage 

on natural foods (cf. Fig. 05.03). The inclusion of high quality foods from anthropogenic 

sources (such as farms) into diet should have a marked effect on activity budgets (van Doorn 

et al. 2010). Other things being equal, CR troop is therefore predicted to invest less time in 

foraging, given that crops represent clumped, high-quality food items, and to invest that time 

in resting. Travel time should likewise be shorter, and crop-raiders should also have 

comparatively higher rates of investment into social capital, such as engaging in grooming. 

In fact, previous short-term research has largely found just that (Tab. 05.06). Three 

independent studies at Gashaka, none of them exceeding 1,000 hours of observation, found 

that foraging values for CR were 2–6 % lower than those for WF (27 vs. 31 %, 47 vs. 53 %, 43 

vs. 45 %). The monkeys seem to reinvest the "saved" time to rest more, as values for CR were 

1–7 % higher than those for WF (35 vs. 28 %, 20 vs. 17 %, 27 vs. 27 %). Two of the three 

studies also found, that CR monkeys spend less time travelling than WF (25 vs. 30 %, 21 vs. 

20 %, 20 vs. 23 %), and two of the three studies also found higher "other" values (most of 

which consist of scores for allo-grooming) for CR (13 vs. 11 %, 11 vs. 11 %, 9 vs. 7 %). 
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Tab. 05.06. Basic activity budgets for baboon troops at Gashaka as measured during different studies: 
Generalized breakdown for wild-feeding troop Kwano and crop-raiding troop Gamgam. Values obtained 
by different studies are based on scan records; there is no overlap between those values and scan data used 
for the current study 

 

The current study, while results are generally similar in terms of the budget proportions of 

certain activities, did find far less pronounced differences between the troops. Thus, only the 

4 % increase in travel time for WF represented a significant difference. 

Methodological factors may have contributed to the less than perfect fit between short-term 

studies and the current long-term data, e.g., disparate definitions of age-classes as focal 

animals, a lack of certain months of data collection in the shorter studies, or different 

definitions as to what counts as "foraging". A more fine-tuned analysis reveals other potential 

reasons for the somewhat unexpected result. Thus, the short-term studies are heavily biased 

towards observations during the dry season months (76 %), whereas rainy season months are 

underrepresented (24 %). These biases were not always corrected by conversion into 

frequencies before arriving at figures for activity budgets. The current study is not subject to 

such distortions, as it is based on frequencies that cover each month of the year. Moreover, 

another explanation for the surprising disparity in the results might be that short-term data 

are likely to reveal differences, given that annual environmental variables tend to vary 

stochastically; e.g., a year may be particularly wet or particularly dry (Ch. 03). Such differences 

will, however, cancel each other out in a long-term data set which, in this way, will produce 

a more representative picture of a population (Kappeler et al. 2012). 

Still, averaged across all observation periods and troops, most individual studies agree that 

foraging is the most prevalent activity (43.6 %, range 27–58 %), followed by resting (24.8 %, 

range 17–35 %), then travel (22.5 %, range 14–30 %) and other activities (9.2 %, range 7–13 

%). 
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The diurnal distribution of major activities plateaus noticeable and with little variation 

between 07:00–16:00 (cf. Fig. 05.04). The hour just after sunrise (06:00-06:59) and lead-in 

period to the sunset (> 17:00) is associated with peaks in resting (as the animals are 

descending from sleeping trees resp. settle for the next night) and corresponding minima in 

travel and foraging. This finding is not in line with other studies who report, for other taxa, 

and early morning and late afternoon feeding peak, presumably related to prolonged 

overnight fasting (Talebi & Lee 2010). Still, measures of "feeding time" are very limited in 

their information content, given that animals may consume a high-quality food item within a 

very short time, while they need to process low-quality food over a longer period to obtain 

the same energy balance (ibid.). Thus, to allow for a more meaningful comparison between 

different species and study sites, one would need samples other than crude "feeding-time" 

scores, i.e. information about actual energy intake. 

A previous study at Gashaka (Lodge 2012, Lodge et al. 2013) attempted just that. The study 

collected data on 52 plant food items most commonly eaten by adult females of the two 

troops and assessed the amount of actual ingestion of particular foods, samples of which 

were analysed for nutritional content. As a result, it was found that the median energy intake 

rate of CR animals was 2011 kJ/h, almost twice that of WF animals with a median energy 

intake rate of 1041 kJ/h. These findings strongly suggest that crop-raiding has indeed 

nutritional benefits, with knock-on effects in terms of how raiders and non-raiders allocate 

time to basic activities. 

The way primates move through their habitat is thought to be optimised so that they 

maximize energy gains (Chapman et al. 2012). Since energy intake is much lower for the WF 

troop, it was to be expected that the WF baboons adjusted their activity patterns, either by 

increasing foraging time and get more food or by increasing travelling time and search for 

foods with higher nutritional value (e.g. fruit), most likely at the expense of time spent resting 

or in social activities.  

Whereas foraging rates are similar between the two troops, WF animals seem to spend less 

time resting and in social activities and spend significantly more time travelling (cf. Fig. 05.05), 

suggesting a preference for spread out foods with higher energetic value. 
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Seasonality of Activity Budgets 

As both troops share very similar climatic conditions, the seasonal impact of general 

environmental factors should affect both troops in analogous ways. However, when testing 

both troops combined for differences in activity between dry vs wet season, there was no 

discernible difference. Climatic seasonality does not seem to influence the activity patterns 

of the Gashaka baboons in a pronounced way. Nonetheless, as mentioned before, one major 

difference between both troops is the proximity to human settlements and consequent 

access to crops of the CR troop. 

Linear regression models – based on values for individual months of study, and conducted 

for both CR and WF troops separately – investigated the potential influence of rainfall 

temperature and fruit abundance on time budgets (cf. Tab. 05.04). 

In general, there seems to be a trade-off in that the Gashaka baboons spend more time 

resting when feeding time decreases. The negative effect of rain on foraging time in the CR 

troop might be associated with the fact that several crops are planted when the rains start 

and that they continue to grow during the rainy season. Most crop-raiding takes place during 

the dry season when the plants are bigger and ripe (Dec–Mar, cf. Fig. 05.02b).  

The increased time spent travelling when maximum temperatures are higher goes against an 

expected decrease in activity and respectively an increase in resting time as it was found in 

other baboon studies (yellow baboons: Stelzner 1988; chacma baboons: Hill 2006). However, 

the factors temperature and food abundance are at least partially confounded, because, at 

Gashaka, temperatures increase when the habitat produces more fruit and / or when fields 

yield crops (cf. Fig. 05.02). As a consequence, one can predict that time spent travelling will 

also increase in synchrony with increasing fruit availability and increasingly hot months 

(Johnson et al. 2015) – as the monkeys will move between rich, albeit spatially dispersed food 

patches.  

Nonetheless, the increment in travelling time can also suggest a response to the more open 

habitat of the CR troop. This would mean that during the hotter periods, baboons would be 

moving more often between open and food rich areas (e.g. cultivated fields) and nearby 

forested areas which provide shade and are sought after during times of heat stress (Hill 

2006).  
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Still, studies for other taxa have arrived at opposite results, e.g., that seasonally reduced fruit 

availability is connected with more travel, presumably to obtain alternative foods (Talebi & 

Lee 2010). Again, as mentioned above, one should remember that feeding time is a rather 

crude measure, because what matters for the animals is not so much the time needed to 

prepare and ingest food, but its quality in terms of macronutrients (e.g., Alberts et al. 2005; 

Lodge et al. 2013). In any case, detailed reconstructions of habitat architecture and 

associated travel constraints will be necessary to potentially disentangle such contradictions. 

Baboons of other populations also invest less time in foraging during periods when they do 

not need to rely on harder-to-digest fallback food (Dunbar 1992, Alberts et al. 2005) or 

underground items like roots and tubers that require considerable processing time (Hill & 

Dunbar 2002). All these trends are in general accordance with foraging theory, according to 

which animals will spend longer periods at a feeding patch when the environment is relatively 

poor (Barton et al. 1992). Other constraints often found at baboon sites – such as problems 

with thermoregulation and access to water in a hot, dry, open environment – are mitigated 

at the Gashaka sites, because even during the 4–5 months with zero rainfall, water is always 

flowing in small streams and bigger rivers, while juicy wild fruit are abundant and fields yield 

crops (cf. Fig. 05.02). 

Travel Speed 

Averaged across the 4 values for daytime and months (cf. Tab. 05.04), the baboon troops 

covered, on average, 188.5 m per hour. There was, however, a marked difference, as CR's 

speed was slower (150.5 m) compared to WF's (226.5 m). This means that CR covered 76 m 

less per hour, i.e., CR's speed was only 66.5 % that of WF. 

As a consequence, there is also a difference in home range size (cf. Fig. 05.11). Thus, WF's 

home range of 2.59 km2 compares to CR's of 1.86 km2 – meaning, CR's range is only 71.8 % 

of the size of WF's. The two values (66.5 % vs. 71.8 %) are rather close, and it seems 

reasonable to assume that CR indeed has to move less to cover the needs of nutrition and 

safety (sleeping sites). We can infer that CR's opportunity to supplement their diet with raided 

crops allowed them to cover less ground. This interpretation is supported by other studies 

who likewise found that baboons in human-modified habitats typically can access high quality 

and predictable food sources meaning within a smaller daily ranging distance (Johnson et al. 

2015). 
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Moreover, CR troop is much smaller (10–20 members) compared to WF troop (25–37 

members; cf. Ch. 05), and it is well established that smaller groups will cover smaller distances 

compared to larger ones (van Schaik et al. 1983; however, see Johnson et al. 2015). 

Yet, an artefact of data collection may also have led to lower measurements of travel speed 

for CR. As explained in the results section, observers would at times not follow the baboons 

during their crop-raiding adventures, but – to avoid detection and thus reprisal from farmers 

– monitor troop movements from a "hide-out" at a nearby forest edge. This means, that GPS 

waypoints would also remain stationary during these periods. 

Both troops cover less distance just after sunrise and before sunset (cf. Fig. 05.06). This 

coincides with the periods when the baboons are about to descend from their sleeping trees 

respectively settle for the next night. 

As for travel speed during individual months, more distance was covered per hour when more 

fruit was available (cf. Fig. 05.06b; Fig. 05.09). It therefore seems that, during times of plenty, 

the animals use their mental map (Garber & Dolin 2014) to quickly move from one rich food 

patch to the next, discarding opportunities along the way to forage in less bountiful locations. 

Their overall movement will be faster, straighter, and more goal-directed (Johnson et al. 

2015). This supports findings for other primate populations in that the proportion of fruit-

based forage in the diet will lead to longer day ranges (ibid.), the rationale being that fruit 

tends to occur ephemerally in patches that are small, finite and distributed heterogeneously 

which renders them quickly exhaustible (ibid.). The energy spent travelling between fruit rich 

patches is likely compensated by the nutritional benefits of feeding on higher quality food 

(Hill & Dunbar 2002). During leaner times, the baboons proceed more slowly through the 

habitat. This may be, because they aim to conserve energy and / or rely more on fallback 

foods which require more search and processing time (e.g. underground roots, grasses), but 

are not as spaced out as fruit patches (ibid., Van Doorn et al. 2010). 

These dynamics are true for both troops, despite the fact that CR troop can, to a degree, 

substitute wild fruit for raided crops. 

The monkeys also tend to travel faster, if the ambient temperature is higher (cf. Fig. 05.08). 

This might be related to the need to move quickly across patches of open savannah and into 

the shade provided by large trees, so as to avoid long exposure to scorching sunlight. Such 

strategy might seem counterintuitive, as body heat increases during fast locomotion, and 
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arboreal monkeys will indeed refrain from travelling when temperatures are high (Campos & 

Fedigan 2009). However, the baboon's terrestrial locomotion probably requires less energy 

than arboreal movements.  

Home Range Use 

The two study troops range about 11 km apart from each other, and their home ranges differ 

primarily because CR's encompasses agricultural fields (cf. Fig. 05.10). 

Group size, diet and resource distribution are major factors determining baboon home range 

size (Dunbar 1996). As indicated above, WF troop always had more group members and 

relied entirely on more spatially dispersed food – and as a consequence, has a bigger home 

range (2.59 km2) than CR troop (1.86 km2). 

However, the results are not in line with previous findings, which actually calculated a larger 

range for CR than WF (Warren 2003, Warren et al. 2011, Alberts 2012). Researchers related 

this, at least partly, to larger chunks of open savannah in CR's range. The discrepancy to this 

study findings might be due to the fact that CR's troop size declined markedly from 2012 

(due to farmers increasingly killing the monkeys; cf. Fig. 06.03). Nevertheless, it is also 

possible that other studies used different methods in that they did not always cover a whole 

calendar year. 

Differences between seasons within each troop's home range use were also noticeable (cf. 

Fig. 05.11). WF's range is 26.3 % smaller during the wet compared to the dry season (1.51 

vs. 2.05 km2), whereas CR's range is 28.8 % larger during the wet compared to the dry season 

(1.43 vs. 1.11 km2). The smaller dry season range of CR troop might be related to the fact 

that more crops are available during that period (cf. Fig. 05.02). Thus, the baboons 

concentrate their foraging efforts on fields, and reduce travel in "natural" habitat. Notably, 

CR ventures only during the wet season into the forests at the northern bank of the river 

Gamgam; this means, that the monkeys cross the river when it carries most water. They 

achieve this by hopping onto large, tall rocks that still stick out from the stream. 

Conversely, the larger WF range during the selected dry season months (Dec, Jan, Feb, Mar) 

coincides at least partly with increasing fruit availability. As indicated above, this may 

necessitate movements between rich, but spatially distant food patches. For future research, 

instead of using dry vs. wet months, it may be advisable to contrast months with the highest 
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and lowest availability of fruit abundance – an analysis that may provide better insights into 

the influence of natural fruit abundance. 

Overall, no straightforward correlation was found between monthly availability of wild fruit 

and home range use (cf. Fig. 05.13, Fig. 05.26), and also not for the variable rainfall (cf. Fig. 

05.14). The variable temperature, as already indicated above, tends to positively correlate 

with home range use (cf. Fig. 05.15). This is perhaps driven by the necessity to avoid hot 

open spots of the savannah and move rather regularly into more forested, shady parts of the 

range – a need likely more pressing for CR troop (where we see a significant correlation) than 

WF troop. 

Overall, the results add to the well-known fact that baboons are extremely adaptable 

monkeys that can cope with a range of environmental conditions, by adjusting their activity 

budgets and spatial strategies accordingly – similar to another type of versatile monkey, the 

Indian langur (Semnopithecus entellus, Little & Sommer 2002). In principle, the results 

obtained in this study support the idea that primates can buffer against temporarily adverse 

conditions by using one of two strategies (van Schaik & Brockman 2005), either (i) an area 

switch which means to trade increased travel distance and potentially greater risk against 

higher food abundance; or (ii) a diet switch by making do with food items that produce lower 

return rates, but require less travel time. However, despite a couple of decades of theorizing, 

primatologists still have a long way to go to produce the type of fine-grained data needed 

to answer these questions. In addition, the questions can be answered only through long-

term data collected in comparable ways and applied to different populations (Kappeler et al. 

2012). 

Still, even the plasticity of the most ubiquitous monkey has limits – because Gashaka Gumti 

National Park constitutes the geographical edge of their distribution in West Africa. A short 

distance to the south, baboons are no longer found; instead, the rain forests of the Gulf of 

Guinea are inhabited by what seem analogous taxa in terms of size and lifestyle, primarily 

drills (Mandrillus sp.) and mangabeys (Lophocebus sp. and Cercocebus sp.; Oates et al. 

2004). 
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CHAPTER 06 

BABOON DEMOGRAPHY AND 
REPRODUCTION. 
COMPARING WILD-FEEDING AND CROP-RAIDING TROOPS 

 

 

Fig. 06.01. Anubis baboon study animals at Gashaka Gumti National Park. Depicted is adult female Sadiya 
(code F7, birth date unknown) with her fourth infant (code: M7.4), named Gonçalo (born 17Apr13). 
(03Mar14, photo: Amalia Pica) 
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INTRODUCTION 

Baboons as Models for Human Evolution 

Non-human primates have been extensively used as conceptual templates to reconstruct 

the evolution of human sociality (McGrew 2004, Cachel 2006). However, because many 

human traits are believed to have developed in open environments, our closest relatives, 

chimpanzees and bonobos, while allowing for a homologous perspective, are not 

necessarily the best models. Savannah-dwelling primates are thus seen as a better model, 

because these environments have less predictable climate between and even within 

seasons, and generally experience less rainfall (Alberts et al. 2005). In particular, distinct 

periodic changes in the obtainability of plant foods are viewed as major selective forces that 

shaped the lineages of early humans. It is for that reason that studies on savannah-living 

baboons have been employed as non-homologous models to explore the impact of 

ecological conditions on the evolution of human sociality (Strum 1987, Jolly 2001, Cheney 

& Seyfarth 2007). This comparison will often draw on the ability of humans to adapt to varied 

ecological conditions – a feature shared with baboons, given that no other non-human 

primate genus has such wide and diverse geographical range. The adaptability of the genus 

Papio is also reflected in another trait shared with the genus Homo: a basically non-seasonal 

pattern of reproduction (Alberts et al. 2005). 

Within this framework, a multitude of investigations have explored the adaptive portfolio of 

baboons, compared populations and modelled ecological correlates of life-history 

behaviour, and demography (reviews in Alberts & Altmann 2006, Higham et al. 2009). 

However, detailed baboon studies are virtually restricted to populations of open grassland 

and savannah, mostly in East and South Africa. Few have looked at baboons in more closed, 

forested zones – given logistic difficulties of conducting such investigations as well as the 

fact that relatively few populations inhabit such habitats (see below).  

The baboons of Gashaka Gumti National Park in Nigeria (Fig. 06.01) provide an opportunity 

to address this gap, given that this site is a geographical, habitat and climatic outlier (cf. Ch. 

05). Studies of Gashaka baboons open up an interesting new perspective, because one 

wonders how the relatively forested habitat (Ch. 03) challenges the reproductive adaptability 

of baboons.  
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Baboon Reproduction 

A brief introduction to baboon taxonomy, biogeography and socioecology was provided in 

the previous Ch. 05 – while in the following, main features of reproductive biology will be 

reviewed as background for the current chapter. 

Life-history traits of baboons have been described for various populations (e.g., Hill et al. 

2000, Barrett et al. 2006, Higham et al. 2009, reviews in Sweddel & Leigh 2006). 

Males undergo rapid growth in body mass with about 6 years, in their adult prime weighing 

almost twice as much as females. Males compete aggressively for rank and access to 

females. Although the mating system can be regarded as polygynandrous, there is 

reproductive skew, largely predicted by male dominance hierarchy. Decline in male 

dominance is accompanied by a decrease in testosterone and body-mass as well as mating 

opportunities (Altmann et al. 2010). 

Females first give birth with about 5.5 years, after a gestation of 6 months. During their 

menstrual cycle, while approaching ovulation, female baboons develop a hormone-

dependent ano-genital swelling, which can be so large as to increase female body weight 

by 14 % (Domb & Pagel 2001). Thus, swellings are energetically expensive (Anderson et al. 

2006). The swelling expands to full turgescence (tumescence, inflation) during the follicular 

phase. Maximal swelling is then maintained, without much change, for several days. 

Increased progesterone production during the luteal phase initiates deturgescence 

(detumescence, deflation). Field workers have traditionally used the first day of 

detumescence to infer ovulation and day of conception when measuring gestation length 

(e.g., Altmann et al. 1977, Bentley-Condit & Smith 1997). However, endocrinological 

analyses based on faecal samples of Gashaka baboons established that detumescence can 

occur within a 5-day period after ovulation (Higham et al. 2008). Also, hormonal data of 

captive baboons established that ovulation usually occurred 2–3 days before deturgescence 

(Daspre et al. 2009). Females do not develop swellings during gestation or during the 

temporary sterility (lactational amenorrhea) associated with nursing babies. 

The period of swelling (at times called "estrus" or "oestrus" – for a critique of the term, see 

Dixson 2013) coincides with certain female behaviours, from mood changes to aggression 

to affiliation (Ziomkiewicz et al. 2012). Often, females will form consortships with a particular 
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adult male, who “herds” her away and mate-guards her against rivals. The pair thus spends 

much time in close proximity, including regular mating. 

As for female mammals in general, sexual behaviour of female baboons can be 

conceptualized as comprising three dimensions (Beach 1976, see Dixson 2013, for review): 

– Attractivity is embodied by the ano-genital swellings which triggers sexual interest in 

males. 

– Proceptivity encompasses female behaviours aimed to entice males (presenting the 

hindquarters, lip-smacking, eyebrow-flashing, affiliative behaviours such as grooming). 

– Receptivity includes the positioning of the body in response to male advances so that 

copulation and ejaculation can take place. 

Already Charles Darwin linked the conspicuous signal to reproduction: “As these parts (…) 

become more brilliant during the season of love, I concluded that the colours had been 

gained as a sexual attraction” (Darwin 1876, p. 398). Nevertheless, while clearly related to 

sexual behaviour, the exact functions of ano-genital swellings are still a matter of debate 

(review in Zinner et al. 2004). Explanatory hypotheses tend to focus on female mating 

strategies with respect to (i) reliable indicator (females advertise fertility and quality via this 

costly signal), (ii) many-males (females maximise the number of mates to confuse paternity 

of offspring), (iii) best-male (females entice competition so as to recruit superior sires) or (iv) 

single-male (females elicit male investment via paternity certainty). 

The explanations are not necessarily exclusive, because in many primate taxa, including 

baboons, females face the "female dilemma" (van Schaik et al. 2009). Hence, females are 

expected to strive to confuse paternity – thus pre-empting male-committed infanticide 

(review in Sommer et al. 2018) – while at the same time assuring paternity from a preferred 

male – so as to elicit male investment, also in the form of friendships (Smuts 1985). One 

strategy related to this would see females mate with several males whilst slightly swollen, 

whereas at maximum tumescence, consortships with individual and typically higher ranking 

males will occur more often (Higham et al. 2008). 
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Crop-Raiding Versus Wild-feeding: Costs and Benefits 

Food-enhanced primates include populations provisioned by humans – because of tourism 

or religious reasons –, those that pilfer rubbish deposits, and those that raid crops from 

gardens and fields (Sommer & Mendoza 1994, Paterson & Wallis 2005, Ross et al. 2011). 

Obtaining clumped and energy-rich food in such efficient way has considerable implications 

for life-history variables, activity budgets, ranging and socialising. 

Here, the focus is on a particular segment of food-enhancement, i.e. crop-raiding, by 

comparing a baboon troop that sets upon cultivated plants with a troop feeding exclusively 

on wild growing plants. Crop-raiding comes with distinct benefits and costs, as has been 

discussed in detail in preceding Ch. 05 (for review, see Ross et al. 2011). Potential risks 

include injury (or even death) inflicted by humans who try to control crop-raiding monkeys 

through trapping, poisoning, as well as shooting. Temporary proximity of crop-raiders to 

humans and their livestock can also cause transmit diseases or ectoparasites (Nunn & Altizer 

2006). Benefits include reduced time to search and process food, as well as nutritional 

benefits from ingesting easily digestible carbohydrates, less fibre and fewer toxins. 

Potential consequences of crop-raiding resp. wild-feeding for activity budgets and home 

range use have likewise been explored in the preceding Ch. 05. Here, the focus is on life-

history variables, i.e. the probabilities of survival and rates of reproduction at different stages 

of the life-span (Stearns 1992), as well as on the major variables that drive female 

reproduction (menstrual cyclicity, pregnancy, lactation. These analyses rest on the logic that 

(i) fitness components cannot all be optimized at the same time, (ii) an increase in one 

variable may lead to a decrease in another, so that (iii) organisms face decisions of how and 

when energy should be allocated. The outcome of these decisions are "trade-offs", such as 

those between growth versus reproduction, current versus future reproduction and current 

reproduction versus survival (Isler & van Schaik 2012). Some life history traits like gestation 

length are not very malleable, whereas a trait like the inter-birth interval can vary dramatically 

in response to environmental conditions. 

As for the influence of crop-raiding (a factor related to improved allocation of energy; Lodge 

et al. 2013), one can expect accelerated deposition of subcutaneous fat, the fast-tracking of 

growth, with overall improvements of body condition and health, including higher parasite 

resistance. (However, as for the last point, there’s the need to consider that crop-raiders risk 
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to catch anthropogenic parasites in the first place – leading to what might be a zero-sum 

game; Weyher et al. 2006). Ultimately, these benefits should translate into lower mortality 

of infants or adults. 

Study Aims 

Previous research looked at demographic and life-history traits of two baboon study troops 

(e.g., Warren 2003, Higham et al. 2009), by using data for a 7-year bracket (2000–2006) 

(Ross et al. 2011). While this is a considerable period, it is still a short-term period in relation 

to the reproductive period of a mammal that can live for decades. Using such relative 

restricted time-span may reveal associations between variables that are important for 

reproductive output, but it remains unclear if such relationships hold up over the long term 

(Chapman et al. 2017). Thus, the current study builds on previous findings, but utilises a 

much more comprehensive dataset by adding a decade of research. However, even a 16-

year bracket (2000–2015) is not yet long enough to provide a complete picture, as it hardly 

equates to the typical life-span of baboons who have survived infancy. Still, the data do 

cover the entire lives of numerous individuals – and as such, their life histories lend 

themselves to provide relatively deep insights into evolutionary mechanisms (Clutton-Brock 

& Sheldon 2010, Kappeler et al. 2012). 

Comparisons between the two study troops with very different foraging opportunities (wild-

feeding versus crop-raiding) are expected to shed light on the influence of environmental 

constraints on intra-population reproductive pattern. In particular, this study aims to better 

understand if and how reproductive variables are influenced by seasonal rainfall and 

availability of fruit, as well as how life-history variables reflect trade-offs from crop-raiding 

versus wild-feeding foraging strategies. Hence, data presented here on the reproductive 

biology of the Gashaka baboons will be of considerable interest to understand the influence 

of the environment on the reproductive physiology and reproductive success of what has 

proven to be a highly adaptable taxon. 
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MATERIAL AND METHODS 

For ease of reference, some essentials about the two study troops are repeated here – 

keeping in mind that home range use and activity budgets of Gashaka baboons have been 

analysed in Ch. 05. 

– Crop-raiding troop (CR troop). The first group lives near Gashaka village on the wider 

banks of the Gamgam river. In previous publications, this group is sometimes referred to as 

"Gashaka troop" or "G [Gamgam] troop". CR’s range is at an altitude of 320 m, with mean 

annual maximum temperature 33 °C and annual rainfall 1916 mm (cf. Tab. 03.03). 

– Wild-feeding troop (WF troop). The second group roams inside the national park in the 

Kwano study area. In previous publications, it is sometimes referred to as "K [Kwano] troop" 

or "NR [non-raiding] troop". WF’s range is at an altitude of 583 m, with mean annual 

maximum temperature 32 °C, and annual rainfall 2021 mm (cf. Tab. 03.03). 

Observations of the troops (see Ch. 05 for details) began in the year 2000. Since 2003, the 

troops were studied more intensively via data collection by trained local field assistants (FA), 

who may or may not have been accompanied by African and non-African students, 

researchers or volunteers. The baboons were typically followed for about 10–20 days per 

month, each observation period lasting about 6 h, from either 06:00–12:00 or 12:00–18:00. 

Data collection followed a sampling routine, resulting in a dense assortment of records. For 

example, between 2004–2011, data on WF troop amounted to 4,147 h and for CR troop to 

3,596 h. 

All adult troop members were known individually, as were many juveniles and infants, 

including most dates for birth, death, immigration and emigration (Tab. 06.01). Definitions 

of age–sex classes are described in Tab. 06.02. Moreover, for this study, females are 

categorised according to 6 reproductive states (Tab. 06.03). Fertilisation is assumed to have 

occurred 3 days before last day of the S3 period (D - 3) prior to pregnancy being noticed by 

researchers or birth. After one year of lactation, females were categorised as cycling, 

whether or not they had weaned their last offspring. Observed ano-genital swellings always 

took precedence over calculated states. For example, females who resumed swelling prior 

to the 1-year mark were marked as swelling and subsequently as cycling, rather than 

lactating. Common abbreviations used throughout the text are defined in Tab. 06.04. 
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The long-term observations produced increasingly detailed knowledge about troop 

compositions and matrilineal kin relations, for some individuals encompassing the entire 

lifespan from birth till death. 

A noticeable lack of information concerns paternity. Faecal samples – which will allow to 

generate these data – have been collected for most individuals, however, they are not 

processed as yet. There are plans to work on this in collaboration with Leslie Knapp, 

previously at the University of Cambridge, now at The University of Utah. 

Tab. 06.01. Members of baboon study troops (date of reference 10Mar15). Troop: WF = wild-feeding troop 
Kwano; CR = crop-raiding troop Gamgam. Name: Random name given by researchers; however, yearly 
cohorts of monkeys born since 2006 begin with the same letter, i.e. 2006 = A, 2007 = B, etc.; NN = not 
named. Short: Three-letter abbreviation of name. Sex: F = female, M = male, U = unknown. Code: Adult 
females and adult males are labelled by a number. Known offspring are denoted by their mother's number 
and a second number that represents their rank in the birth order since the study began in 2002. E.g., the 
second known offspring of female 2 is 2.2. If this is a female, her first offspring would be labelled 2.2.1. Birth: 
As known to the nearest day or range of days. Immigration: Nearest date to when new males are recognised 
as having joined the troop. Death: (+) = dead body found; all other dates refer to last sighting. Emigration: 
Refers to transfers of adult males from the Kwano troop, either primary (as Kwano was the natal troop), or 
secondary (if males were immigrants). Some of these males may have died and not emigrated. 

 

(cont.) 
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Tab. 06.02. Age-classes: Definition of age classes used in previous studies compared to those used in this 
study (modified after Lowe 2014) 
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Tab. 06.03. Definitions of reproductive states 

 
 
 
 
 
 
 

Tab. 06.04. List of abbreviations 
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RESULTS 

Demography 

The membership composition of the two study troops is depicted in Fig. 06.02, illustrating 

the development, or at times disappearance, of matrilineal clans. 

Troop sizes varied, depending on birth, death, emigration (natal dispersal) and immigration 

(from other troops). WF maintained a relatively stable size, oscillating between 25–37 

animals. In contrast, CR membership decreased, from about 20 animals during 2007–2010 

to only 10 members during 2011–2014 (Fig. 06.03). As discussed below, this is likely brought 

about by farmers killing the animals. 

Age-sex composition are similar for CR and WF, but also contrasts in considerable ways 

(Tab. 06.05). In both troops, infants make up 9–10 % of group members, and there are fewer 

AM than AF. However, the juvenile sections differ substantially between CR (48 %) and WF 

(34 %). As a consequence, CR contain fewer adults overall (16 % AM, 27 % AM) compared 

to WF (21 % AM, 35 % AF). 

These dissimilarities are partly reflected in the plotted survivorship curves that were based 

on the absolute counts. While CR troop, based on absolute counts, had a higher percentage 

of surviving group members up to 6 years of age (Fig. 06.04a), the corresponding 

survivorship curves were not significantly different (Fig. 06.04b). 

As for sex-differential survivorship, with data for both troops pooled, there was likewise no 

statistically significant difference, albeit there was a trend that males die off faster than 

females (p = 0.08, Fig. 06.05). 
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(cont.) 
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(cont.) 

 

a 
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              (cont.) 

 
  



 211 

        (cont.) 

  
b 

 
Fig. 06.02. Demographic development of two baboon study troops at Gashaka Gumti National Park (date 
of reference 10Mar15). (a) Wild-feeding troop Kwano. (b) Crop-raiding troop Gamgam 
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Fig. 06.03. Group size dynamics in two baboon study troops, 2007–2015. Records for 2002–2006 were 
incomplete and therefore not considered 

 
 

 
 

Tab. 06.05. Age-sex class composition of two baboon study troops, 2007–2015. For each year, the mode of 
the number of animals in a certain class was considered. Date of reference: 10Mar15 
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a 
 
 

b 
 
Fig. 06.04. Group-specific survivorship of baboons from birth till 90 months of age, born between 2004–
2011, into wild-feeding troop Kwano (n = 32) and crop-raiding troop Gamgam (n = 18). (a) Survivorship 
curves with absolute counts. (b) Survivorship probability curves of baboons (Kaplan-Meier survival 
difference: χ2(1) = 1.5, rho = 1.5, p = 0.219 ns 
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 a 
 
 

 b 
Fig. 06.05. Sex-differential survivorship of baboons from birth till 90 months of age according to sex (n = 27 
males, n = 19 females). Combined data for wild-feeding troop Kwano and crop-raiding troop Gamgam, 
2004–2011. (a) Survivorship curves with absolute counts. (b) Survivorship probability curves of baboons 
(Kaplan-Meier survival difference: χ2(1) = 2.9, rho = 1.5, p = 0.08 ns) 
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Menstrual Cycles 

Once female baboons reach menarche and regular menstrual cyclicity kicks in, they produce 

sexual swellings around the time of ovulation. Our long-term records provide a wealth of 

information on inter- and intra-individual variation of reproductive parameters based on 

visually tracking the presence and absence of these swellings (Tab. 06.06). 

Menstrual cycles of study females last on average 45 days (range: 24–73) (Tab. 06.07). Both 

troops show a similar spread of lengths, with a peak around 43 days, but CR registers the 

shortest cycles, whereas WF registers the longest (Fig. 06.06). However, this distribution 

does not translate into a statistically significant difference between troops (p = 0.541). 

Similarly, when testing for a potential influence of the marked seasonality on the length of 

menstrual cycles (for both troops combined), again, no statistical difference was found (p = 

0.103). 
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Tab. 06.07. Length of menstrual cycles in baboons comparing wild-feeding troop Kwano with crop-raiding 
troop Gamgam (Two Sample t-test: t(75) = 0.76, p = 0.451 ns) and across seasons (Two Sample t-test: t(50) 
= 1.66, p = 0.103 ns) 

 
 
 

 
Fig. 06.06. Distribution of length of menstrual cycles in baboons of wild-feeding troop Kwano and crop-
raiding troop Gamgam  
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Ano-genital Swellings 

Swellings grow progressively larger until they reach maximum tumescence (S3), to then 

quickly deflate. Consecutive swellings recorded for study troop females are detailed in Tab. 

06.08. 

The time from when the swelling begins to show (S1) until its peak persistence (S3) 

represents about half of the total menstrual cycle length (20.8 days of 44.7 days = 47.5 %, 

range 7–40 days; Tab. 06.09). As for menstrual cycles, both troops show a similar length 

distribution, but CR again registers the shortest periods and WF the longest (Fig. 06.08). 

This spread translates into WF swellings being 1.2 days longer than those of CR females, a 

statistically significant difference (p = 0.019). 

As for the length of the sexual swellings during the dry vs. the wet season, with data for the 

two troops combined, no seasonal effect was found (p = 0.382). 

A separate analysis was conducted for the peak stage of swelling (S3) (Tab. 06.10). Again, 

no statistically significant difference was found between the troops (p = 0.296, Tab 06.10, 

Tab 06.11). However, as for seasonal differences, with records for both troops combined, 

there was a trend for dry-season values to be shorter (by 2.5 days, p = 0.076). 
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Tab. 06.09. Length of ano-genital swellings (stage S1–S3) in baboons of wild-feeding troop Kwano versus 
crop-raiding troop Gamgam (Two Sample t-test: t(106) = 2.39, p = 0.019*) and across seasons (Two Sample 
t-test: t(64) = -0.88, p = 0.382 ns) 

 
 
 

 
Fig. 06.08. Distribution of length of ano-genital swellings (stage S1-S3) in baboons of wild-feeding troop 
Kwano and crop-raiding troop Gamgam 
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Tab. 06.11. Length of ano-genital swelling peak (stage S3) in baboons of wild-feeding troop Kwano with 
crop-raiding troop Gamgam (Two Sample t-test: t(64) = -1.05, p = 0.296 ns) and across seasons (Two Sample 
t-test: t(41) = 1.82, p = 0.076 ns) 

 
 
 

 

Fig. 06.09. Distribution of length of ano-genital swelling peak (stage S3) in baboons of wild-
feeding troop Kwano and crop-raiding troop Gamgam  
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Menstrual Cyclicity and Parity 

Cycling is interrupted from the beginning of a pregnancy and through the period of 

lactational amenorrhea (Fig. 06.10). Basic reproductive parameters were analysed for 

potential differences between nulliparous females and those that had already given birth. 

Accordingly, parous females have significantly longer cycles (mean 48 days) compared to 

those that have not yet given birth (mean 41 days, p = 0.018). However, parity does not 

affect the length of ano-genital swelling stages (Tab. 06.12, Fig. 06.11). 

 

Fig. 06.10. Lactation: Females with nursing infants. Left: Fadi (F2) with 2-wk old Harrison (M2.5); right: Dr 
Kate (F10) with 7-mo old Grace (F10.3). (Photo: Adriana Lowe) 
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Tab. 06.12. Basic reproductive parameters in nulliparous and parous baboon females. Nulliparous = data 
for adult females before their first birth; parous = data for adult females after their first birth. Combined 
data for two study troops. Values for older females (that were already adults at the beginning of the study) 
not included in calculations. (Two Sample t-test: Menstrual cycles t(38) = -2.48; p = 0.018*; Ano-genital 
swellings (stage S1–S3) t(35) = -1.27, p = 0.211 ns; Ano-genital swelling peaks (stage S3) t(36) = 0.75, p = 
0.460 ns) 

 
 
 
 
 
 
 

 

Fig. 06.11. Comparison of basic reproductive parameters in nulliparous and parous baboon females. Data 
from Tab. 06.12 
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Menstrual Cyclicity and Number of Troop Males 

Given the hypothesis that females entice competition between males by advertising their 

fertility, the length of basic reproductive parameters was plotted against the number of adult 

males residing in a troop over the years of the study (Fig. 06.12). However, a significant 

positive correlation was only found for WF cycle length (p = 0.017) and for WF peak swelling 

lengths (p = 0.007). 

Gestation, Lactational Amenorrhea and Inter-birth Intervals 

Given the hypothesis that food regime may influence the length of major reproductive 

stages, the two troops were compared with respect to gestation, lactation and birth 

intervals. 

As for females being pregnant, even experienced field assistants will initially fail to 

categorise them as such in the recording sheets – while they hardly ever failed to spot a 

pregnancy from three months onwards (Fig. 06.13). This mistake can, however, be 

retrospectively rectified through re-classification of a given female's reproductive state. 

Average lengths of various major reproductive stages were as follows (Tab. 06.13): gestation 

186 days, postpartum amenorrhea 347 days (1.0 years), inter-birth interval 896 days (2.5 

years). After the loss of an infant, the residual postpartum amenorrhea was dramatically 

shortened to just 43 days, as was the birth interval (523 days = 1.4 years). This means, that 

whether or not females are mother to a dependent infant, they need about 1 1 / 2 years 

before conceiving again. 

The troops did not significantly differ for gestation lengths (p = 0.863). However, WF females 

had significantly longer amenorrhea, both postpartum (p = 0.011) and after the loss of an 

infant (p = 0.024), and highly significant longer birth intervals (2.9 years for WF, compared 

to 1.8 years for CR, p < 0.001). That this trend was not echoed in birth intervals after the loss 

of an infant is likely an effect of the very small sample size of only 3 infant deaths. 

Survival curves for the length of the postpartum amenorrhea confirm that CR females resume 

menstrual cyclicity much faster than WF females (p = 0.038, Fig. 06.14). 
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Fig. 06.12. Correlations between the number of males present and length of basic reproductive parameters 
of baboon females (a) Menstrual cycles (Spearman’s rank order correlation: wild-feeding troop rs = 0.33, n 
= 51, p = 0.017; crop-raiding troop rs = 0.30, n = 26, p = 0.139). (b) Ano-genital swellings (stage S1–S3) 
(Spearman’s rank order correlation: wild-feeding troop rs = 0.08, n = 72, p = 0.509; crop-raiding troop rs = 
-0.06, n = 36, p = 0.711). (c) Ano-genital swelling peak (stage S3) (Spearman’s rank order correlation: wild-
feeding troop rs = 0.036, n = 53, p = 0.007; crop-raiding troop rs = 0.11, n = 23, p = 0.618).  



 227 

 
Fig. 06.13. Percentage of baboon females correctly scored as pregnant by field assistants, in relation to the 
progression of the pregnancies. Scores were derived post-hoc from data collection sheets and known dates 
of birth of infants born into wild-feeding troop Kwano (n = 12) and crop-raiding troop Gamgam (n = 8), 
2004–2011 
 

Tab. 06.13. Duration of important reproductive stages in baboons of wild-feeding troop Kwano versus 
crop-raiding troop Gamgam. Gestation (Two Sample t-test: t(18) = -0.17, p = 0.863 ns), postpartum 
amenorrhea (Two Sample t-test: t(18) = 2.84, p = 0.011*), post infant death amenorrhea (Two Sample t-
test: t(1) = 26.37, p = 0.024*), inter-birth interval (Two Sample t-test: t(22) = 4.22, p < 0.001***) and inter-
birth interval post infant death (Two Sample t-test: t(1) = 0.46, p = 0.726 ns) 
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 a 

 b 

Fig. 06.14. Duration of post-partum amenorrhea in baboon females of wild-feeding troop Kwano (n = 12 
births) compared to crop-raiding troop Gamgam (n = 8 births). (a) Survivorship curve with absolute counts. 
(b) Survivorship probability curves (Kaplan-Meier survival difference: χ2(1) = 4.3, rho = 1.5, p = 0.038*) 
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Reproductive Parameters and Environmental Factors 

Finally, it was tested if the lengths of reproductive parameters co-varied with environmental 

factors (climatic seasonality, measured via rainfall; wild food availability, measured via fruit 

abundance). 

Simple linear regressions revealed that neither the marked seasonality of rainfall nor that of 

fruit availability influenced menstrual cycle length (Fig. 06.15). This was true for both troops 

(Fig. 06.16). 

However, the lengths of swellings displayed a slight seasonal pattern, with noticeable peaks 

in Jan and Jun–Jul (Fig. 06.17). In fact, in both troops, swelling lengths increased significantly 

with increasing rain (WF p <0.001, CR p = 0.048; Fig. 06.18a), while this effect was not 

evident for fruit availability (Fig. 06.18b). 

The same analysis for only the S3 swelling stage (Fig. 06.19) did not confirm the positive 

association with rainfall (Fig. 06.20a). However, S3 duration in the WF females increased 

significantly as a function of fruit abundance (p = 0.005), while no such effect was seen in 

CR troop (Fig. 06.20b). 

In terms of the distribution of births across the year, there is no obvious annual pattern in 

either troop, despite higher frequencies in the second half of the year (Fig. 06.21). Similarly, 

there is no obvious pattern of the frequency of infant deaths, despite more infants passing 

away in WF troop during some months in the second half of the year (Fig. 06.22). 
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Fig. 06.15.  Monthly menstrual cycle length (combined for females of two baboon study troops) in relation 
to environmental factors (monthly rainfall and fruit availability; 2004–2011) 

 a 

 b 
Fig. 06.16. Monthly menstrual cycle length as a function of environmental factors in baboons. (a) Length 
versus rainfall (single linear regression: wild-feeding troop F(1,48) = 2.081, p = 0.156 ns, R2 = 0.042; crop-
raiding troop: F(1,15) = 0.0008, p = 0.977 ns, R2 = 5.5e-05 . (b) Length versus fruit availability (single linear 
regression: wild-feeding troop F(1,36) = 0.429, p = 0.517 ns, R2 = 0.012 crop-raiding troop: F(1,16) = 0.007, 
p = 0.749 ns, R2 = 0.006)  
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Fig. 06.17. Monthly length of ano-genital swellings (stage S1–S3, combined for females of two baboon study 
troops) in relation to environmental factors (monthly rainfall and fruit availability; 2004–2011) 
 
 

a 

b 
Fig. 06.18. Monthly length of ano-genital swellings (stage S1–S3) as a function of environmental factors in 
baboons. (a) Length versus rainfall (single linear regression: wild-feeding troop F(1,61) = 12.34, p < 
0.001**, R2 = 0.168; crop-raiding troop: F(1,16) = 4.603, p = 0.048*, R2 = 0.223. (b) Length versus fruit 
availability (single linear regression: wild-feeding troop F(1,56) = 1.119, p = 0.295 ns, R2 = 0.019 crop-
raiding troop: F(1,29) = 0.099, p = 0.756 ns, R2 = 0.003)  
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Fig. 06.19. Monthly length of ano-genital swelling peak (stage S3, combined for females of two baboon 
study troops) in relation to environmental factors (monthly rainfall and fruit availability; 2004–2011) 
 

a 

b 
Fig. 06.20. Monthly length of ano-genital swelling peak (stage S3) as a function of environmental factors in 
baboons. (a) Length versus rainfall (single linear regression: wild-feeding troop F(1,40) = 0.129, p = 0.721 
ns, R2 = 0.002; crop-raiding troop: F(1,14) = 2.502, p = 0.136 ns, R2 = 0.136. (b) Length versus fruit 
availability (single linear regression: wild-feeding troop F(1,33) = 8.975, p = 0.005**, R2 = 0.214 crop-
raiding troop: F(1,18) = 0.4811, p = 0.497 ns, R2 = 0.026)  
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Fig. 06.21. Distribution of births across months (n = 59) in two study troops (2004–mid 2014) 
 
 

 

Fig. 06.22. Annual distribution of infant deaths (n = 38), in two study troops (2004–mid 2014) 
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DISCUSSION 

Each day, more and more natural habitats are converted to alternative land uses, like 

farming. Thus, wild animals living in the surroundings are increasingly exposed to human 

produced crops which tend to be more palatable, digestible, energy-rich, and clumped 

within easily reachable areas (i.e. fields, plantations) (Hockings & McLennan 2012). For 

animals with access to such cultivated produces, a clear advantage is expected with regard 

to energy gains in comparison with those that feed solely on wild food sources. Nonetheless, 

exposure to anthropogenic habitats also comes with potentially lethal hazards like retaliation 

from farmers and exposure to human parasites and diseases (Drewe et al. 2012, Fehlmann 

et al. 2017).  

As in the previous chapter, comparisons between the two Gashaka baboon study troops 

with very different foraging opportunities (wild-feeding versus crop-raiding) were analysed, 

this time in terms of the disparities in demographic and life-history traits that might be 

brought about by a diet enhanced with human cultivated crops. 

The marked fluctuation between wet and dry season, constitutes an additional challenge for 

the baboon study troops which have to cope with periods of extreme dryness and periods 

when air humidity is above 90%. This study also considered how seasonality (i.e. rain and 

fruit availability) might interfere in baboon reproduction and whether crop-raiding can 

potentially minimise such effect. 

Demographic Composition 

WF troop always had more members than CR (cf. Fig. 06.03). This may seem counter-

intuitive, as crop-raiding, theoretically, should increase reproductive rates and survival. 

However, a reduction in the spatial distribution and size of food-enhanced populations is 

known from elsewhere (Malik & Johnson 1994, Wheatley & Putra 1994). Contributing factors 

are increased risk of death while travel towards or being at locations where humans dwell, 

i.e. accidental contact with power lines, getting run over by vehicles, being attacked by 

dogs, drowning in ponds, tumbling to one's death from unfamiliar trees or rooftops, or 

falling victim to human-inflicted mortality via trapping, poisoning, stoning, shooting (Strum 

1987, Rajpurohit & Sommer 1991). 
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Gashaka farmers see baboons as pests and are known to persecute CR individuals. Ironically, 

compared to other, often nocturnal, crop-raiders (e.g., red-river hog, bushbuck, cane rat, 

civet aardvark) or life-stock (cattle, sheep, goats, chickens), baboons may factually inflict less 

damage (Bennett & Ross 2011). Nevertheless, the monkeys are rated as the number one 

threat for crops (followed by porcupine, bush-fowl, warthog), not least, as baboons draw 

much attention because of their diurnal life-style, body size, vocalizations ("whao"-barks of 

males, Ey & Fischer 2011) and because researchers follow them. In any case, when research 

efforts were scaled down from about 2014, individuals started to disappear. By about 2016, 

all members of the troop were gone, most likely wiped out by farmers. 

Survival Rates 

Neglecting the fact that the "temptations" of crop-raiding ultimately doomed the CR troop, 

initial benefits of this foraging strategy can still be identified. Thus, CR has a higher 

preponderance of immature individuals (57 %) compared to WF (44 %) (cf. Tab. 06.05). 

Hence, immature CR baboons die off at reduced rates compared to WF youngsters. 

However, in terms of overall survivorship probability curves, no significant difference 

between the troops could be found (cf. Fig. 06.04b). In any case, by the time baboons reach 

adulthood this situation is most likely evened out as the baboons of the CR troop are 

targeted by retaliating farmers. 

While female reproduction requires considerable investment of energy into gestation and 

lactation, male reproductive success is limited by access to fertile females (Trivers 1972). 

Evolutionary theory therefore predicts high levels of male-male competition with 

correspondingly high variance of reproductive success. As a consequence, males die off at 

greater rates than females – an effect that already kicks in at conception. This is, because 

males (foetuses, infants, juveniles, adults) will be less resilient against external stressors than 

females, given that selection will design fewer "repair" mechanisms for males in a situation 

where "the winner takes all" (review in Trivers 1985). These basic assumptions are confirmed 

by sex-differential survivorship curves for the study baboons (both troops combined), as 

males always tend to die off with greater likelihood (cf. Fig. 06.05). 

 

  



 236 

Enhanced Food Speeds Up Female Reproduction 

Improved access to food, particular such of higher quality, should allow females to 

reproduce faster (Harcourt 1989, Johnson 2006). This can be achieved if females need less 

time to become pregnant, by reducing gestation length and via earlier weaning of 

dependent offspring – ultimately reducing birth intervals. A comparison between CR and 

WF baboon females confirms some of these predictions, but not all. 

Swellings may be a suitable tool to manipulate male behaviour to serve female reproductive 

strategies (Zinner et al. 2004), but they are energetically expensive (Anderson et al. 2006). It 

is therefore predicted that better nourished females have shorter ano-genital swelling 

periods. The same logic applies to menstrual cycle length, because the main variable that 

determines female reproduction is the length of the inter-birth interval (Gesquiere et al. 

2018). Typically, once the lactational amenorrhea is over, females need several cycles to 

become pregnant again. Thus, because females can conceive only during ovulation, they 

would benefit from having shorter rather than longer menstrual cycles, in order to abbreviate 

the inter-birth interval as much as possible. Indeed, this interval is shortened in wild East 

African baboons, when females have more access to energy sources (ibid.). 

However, given these predictions, the results for Gashaka baboons are, at best, in the right 

direction (cf. Tab. 06.07, Tab. 06.09, Tab. 06.11), but the differences are not statistically 

significant. Thus, CR menstrual cycles are 1.5 days shorter (a non-significant reduction by 3 

%, compared to the mean for both troops) and their overall swelling length is 3 days shorter 

(a significant reduction by 14 %). Still, while the working hypothesis predicts shorter swellings, 

it may be that enhanced food actually enables females to extend the energetically costly, 

albeit crucial swelling phase. Moreover, in captive olive baboons, no relationship existed 

between total cycle length and daily food intake (Garcia et al. 2008). It therefore seems that 

the biology underlying the variation in sexual cycling duration is still not well understood 

(Gesquiere et al. 2018). 

Another factor determining inter-birth intervals is the length of the pregnancy itself. 

However, compared to WF, CR pregnancies have virtually the same length. Although the 

data base is somewhat sketchy (and includes some rather unrealistic outliers), this confirms 

the idea that a life-history trait such as gestation is not very malleable by external factors. 



 237 

In any case, post-natal periods are dramatically abridged in CR females. The post-partum 

amenorrhea is 396 days shorter (a significant reduction of 39 %), and the birth interval 398 

days (a highly significant reduction of 44 %). Accordingly, the time between successive births 

is reduced by 1.1 years compared to WF – a substantial difference. 

A previous study at Gashaka (Lodge 2012, Lodge et al. 2013) already referred to in Ch. 05 

combined nutritional analyses with the collection of faecal samples of females for hormone 

analyses. Results established that the energy intake of females living in WF troop was 50 % 

lower than that of CR females, and that WF females also had 50 % higher glucocorticoid 

levels and substantially higher progesterone levels. Thus, the previous Gashaka study does 

not support former findings that the stressful activity of crop-raiding with its associated 

human-wildlife conflict produces higher glucocorticoid metabolite levels (Ahlering et al. 

2011, for African elephants). Instead, the Gashaka study concludes that effects of crop-raiding 

behaviour as acute stressors on glucocorticoid levels must be more than compensated for by 

the energetic benefits. Moreover, the study suggests that energetic stress and elevated 

progesterone levels in WF troop may be the cause of longer IBIs of WF troop. This suggestion 

is not in line with the common notion that improved energetic conditions cause higher 

ovarian hormone levels which equate to better ovarian function, thus indicating better 

condition and reproductive potential. Instead, it may be possible that elevated progesterone 

levels are inhibiting ovulation or fertilization, thus leading to longer periods of cycling prior 

to successful conception as detailed in the current study. 

Operational Sex Ratio 

The reduced inter-birth interval at CR also has consequences for the operational sex ratio, 

i.e. the number of fertile females relative to adult males, which is a measure of how intense 

sexual competition is (Kvarnemo & Ahnesjo 1996). At first glance, based on proportions, 

there is no difference between troops in the ratios of adult females to adult males, with CR's 

being (27 % / 16 % = ) 1.7, the same as WF's (35 % / 21 % = ) 1.7 (cf. Tab. 06.05). However, 

it needs to be taken into account that CR females will be pregnant or lactating for a much 

greater proportion of time, thus reducing the availability of fertile mating partners for males. 

As a consequence, it can be expected stiffer male-male competition in CR – a prediction 

that could be followed up by comparing rates of male-male aggression in the two troops. 
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Overall, however, there was little evidence that the number of adult males that compete for 

females affected female behaviour. Thus, a significant positive correlation with an increased 

number of adult males was only found for WF cycle length (p = 0.017) and for WF peak 

swelling lengths (p = 0.007) (cf. Fig. 06.12). A lack of corresponding evidence for CR troop 

might reflect a lower amount of data (n menstrual cycle length: WF 51, CR 26; n swelling 

length WF 72, CR 36). 

Thus, the hypothesis that females invest more time in trying to entice male-male 

competition, if they have "more choice", will need to be investigated further through careful 

analyses at the level of inter-individual interactions. 

Menstrual Cyclicity and Parity 

The data on basic reproductive parameters were analysed for potential differences between 

nulliparous females and those that had already given birth (cf. Fig. 06.11). While nulliparous 

females had significantly shorter menstrual cycles, there is no significant difference for 

swelling lengths. There isn’t yet enough data on copulations or the likelihood of conception, 

but it seems that young females at least increase their proceptivity. This assumption is based 

in the fact that swellings cover 52 % of nulliparous cycle days, compared to only 49 % of 

cycle days of parous females. 

Other studies confirm the idea that young females are less attractive and therefore increase 

their proceptivity. For example, in langur monkeys (Semnopithecus entellus) who do not 

display swellings, menstrual cycles do not differ in length between nulliparous and parous 

females, while the ovulatory phase (during which females solicit sex), is longer (Sommer et al. 

1992). Reduced attractivity of nulliparous females for males along with extended swelling 

phases in first swellings has also been found in semi-free ranging mandrills as well as Tonkean 

(Macaca tonkeana), Barbary (Macaca sylvanus) and lion-tailed (Macaca silenus) macaques 

(references in Setchell et al. 2004). Nevertheless, in captive olive baboons, female age was 

not associated with menstrual cycle length (Rigaill et al. 2013). 

Lack of Seasonality in Reproductive Parameters 

The potential influence of environmental factors was investigated, in particular rainfall and 

availability of wild fruit, on reproductive parameters of the study baboons. However, despite 
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the dramatically seasonal climate, i.e. several months without rain followed by heavy 

downpours, there was hardly any detectable effect. 

The lengths of menstrual cycles and swelling periods did not differ between the wet and the 

dry season (cf. Tab. 06.07, Tab. 06.09, Tab. 06.11). Looking at the data on a month-to-month 

basis revealed that amount of monthly rain did not influence menstrual cycle length or peak 

swelling length, although overall swelling length (S1–S3) in CR as well as WF was positively 

– and significantly – correlated with increased precipitation (cf. Fig. 06.15–05.20). Perhaps, 

a more humid environment allows females to reduce the metabolic costs of building up the 

swellings, which depend on water retention. 

Seasonal fluctuation of wild fruit availability did likewise not alter the duration of cycles or 

swellings – except that maximum swelling length in WF increased significantly, if more fruit 

was available (cf. Fig. 06.15–06.20). 

The latter finding is in line with endocrinological explorations of the two study troops 

(MacLarnon et al. 2015). Over numerous years, faecal glucocorticoid (fGC) levels of CR and 

WF females were measured and scrutinized against the potential influence of ecological 

correlates (i.e. climate, food availability). The results suggest that WF females experience 

both thermoregulatory and nutritional stress, while CR experience only thermoregulatory 

stress. This difference may reflect nutritional stress-buffering in CR females – which, in turn, 

explains that CR female swelling length are not affected by fluctuations in wild fruit 

abundance. 

The "net" outcome of these rather minimal seasonal effects is a lack of seasonality in terms 

of infants being born or dying (cf. Fig. 06.21, Fig. 06.22) – these events occur during rainless 

months as well as during the wettest months. The finding is somewhat unusual, because for 

many other primate species living in similar equatorial habitats, seasonal peaks in 

reproduction are linked to rainfall. These patterns are hypothesized to minimize energetic 

stress on the female or infant by aligning gestation, lactation or weaning with optimal food 

availability (references in di Bitetti & Janson 2000, Emery Thompson 2016). In any case, the 

Gashaka baboons support the statement of Alberts et al. (2005) that "among savannah-

dwelling primates there are only two exceptions to the rule of seasonal reproduction: humans 

and baboons" (p. 157). 
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Food enhancement can mitigate such seasonal constraints. Thus, Indian langurs living in a 

very seasonal environment nevertheless reproduce year-round because local people 

provision them (Sommer & Rajpurohit 1989). Similarly, for the crop-raiding Gashaka 

baboons, it can be associated to the mitigating effect of their enhanced diet. 

However, WF females experience thermoregulatory as well as nutritional stress, with 

swelling lengths affected by both rainfall and fruit abundance. Yet, this does not translate 

into birth seasonality (cf. Fig. 06.21) – a finding, for which currently there is no explanation. 

In any case, given that baboons elsewhere, even in highly seasonal habitats, show little or 

no seasonal reproduction (Alberts et al. 2005, Altmann et al. 2010), these data are additional 

testimony to the extraordinary adaptability of this type of primate. 
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CHAPTER 07 

OUTLOOK. 

ENABLING RESEARCH AND CONSERVATION AT A BIODIVERSITY 

HOTSPOT 
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Research and Conservation: The Dual Capacity of Longitudinal Data Collection 

The collection of longitudinal information at a field site (cf. Clutton-Brock & Sheldon 2010, 

Kappeler et al. 2012, Robbins 2010) embodies two important perspectives. The first is 

scientific and explicit, in that such data lead to academic publications. However, while long-

term data sets may spurn the immediate production of research papers, they also function 

as a repository of background information that may aid future researchers or form part of 

extensive collaborative efforts. The second is applied and implicit. Because, apart from the 

academic exercise, field work can play an important role in the future preservation of the 

locale under study. Areas with ongoing long-term field projects are known to suffer less 

habitat disturbance than other protected areas and have higher wildlife densities (e.g., 

Wrangham & Ross 2008; Campbell et al. 2011; cf. also Tranquilli et al. 2014, a review 

stimulated by the first author's field work at Gashaka). Long-term projects also tend to 

provide employment opportunities in their vicinity because they usually operate in areas 

with little prospects for employment (cf. e.g., Kappeler et al. 2012). 

The final chapter of this thesis will exemplify these two perspectives, by, on the one 

hand, detailing research that has built on the data collection described in this thesis, 

and on the other hand, by describing the conservation challenges the field site at 

Gashaka is facing, and how the Gashaka Primate Project has played a role in mitigating 

these threats. 

Synthesising Plant and Animal Phenology 

The following will provide examples that detail how the multi-facetted investigations at the 

Gashaka field site – i.e. data on climate, plant phenology, animal gregariousness – can 

contribute to answer more complex research questions. 

The first two examples refer to the chimpanzees of the Kwano community (Ch. 04). A paper 

entitled "Till the last drop. Honey-gathering in Nigerian chimpanzees" (Sommer et al. 2012 

– with GJ being a co-author) synthesised data to better understand the dynamics of how 

chimpanzees exploit bee nests. Various chimpanzee populations are known to target 

beehives to obtain honey, often with the help of wooden tools. At Kwano, chimpanzees use 

sturdy digging sticks and more slender probes, sometimes successively as a tool set, to 

access honey from subterranean and tree-dwelling colonies of stingless bees and 
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honeybees. However, little is known about how honey abundance in tropical habitats 

fluctuates with season and how chimpanzees response to this. The long-term data compiled 

on monthly proportions of flowering trees and vines (Ch. 03) were used as a proxy for honey 

production, assuming that colonies hoarded more honey at the peak of the flowering 

season. During these periods, chimpanzees of the Kwano community abandoned more tools 

at individual beehives. One might assume that the increased number of tools reflected an 

increase in foraging day group sizes in that more chimpanzees were present when a hive 

was targeted. However, data on day groups (Ch. 04) allowed us to rule out such a 

correlation. Instead, individual apes used more probes during a given honey gathering 

event – presumably because dipping remained worthwhile for longer. Chimpanzees thus 

adjust the manufacture of tools to honey abundance, reflecting that the sugary fluid is a 

sought-after resource. 

Another paper entitled "Sustained myrmecophagy in Nigerian chimpanzees: Preferred or 

fallback food?" (Sommer et al. 2016 – with GJ being a co-author) likewise focussed on how 

the Kwano chimpanzees obtain resources from colonies of social insects. At some sites 

across Africa, chimpanzees consume army ants, often aided by plant tools, although 

consumption frequencies vary greatly. Other populations do not eat these insects at all, 

despite apparent abundance. The relative importance of this type of myrmecophagy for 

chimpanzee diet therefore remains unclear. The research investigated for the Kwano 

chimpanzee community if army ants constitute a preferred food or a fallback resource, given 

that these insects are consumed here much more frequently than elsewhere. Again, the 

paper used long-term records on temporal variation of climate and availability of fruit (Ch. 

03) – the preferred food of chimpanzees –, and compared that information to rates of 

recovered army ant dipping wands and army ant remains in faeces. The results showed that, 

despite strict seasonality of rainfall and fruit abundance, myrmecophagy does not negatively 

correlate with fruit availability. Instead, army ant eating is sustained year-round at high levels, 

with 44 % of faeces containing remains. Admittedly, to exclude a role as fallback food, the 

crucial test question is not whether army ant consumption is constant. Instead, one needs 

to ascertain whether harvests of these insects go up when consumption of preferred foods 

goes down. While there were no direct data for this, sizes of night groups (Ch. 04) served as 

a proxy for the level of food competition between individual chimpanzees. Accordingly, 

night groups are expected to become smaller when fruits as the preferred food are less 
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abundant. Such a significant negative correlation was indeed found, while myrmecophagy 

did not increase. The results contradict the fallback hypothesis and support the hypothesis 

that ants are a preferred food. Nevertheless, compared to fruit, ant-meals can normally 

provide only negligible amounts of nutrients. At Gashaka, however, nutritional yield may be 

significant, given that ant-dipping sessions provide on average 13 mg of dry weight to a 

chimpanzee (Allon et al. 2012). The species exclusively eaten here, Dorylus rubellus, might 

be particularly aggressive, thus resulting in greater harvesting success than elsewhere. Army 

ants may hence serve as a diet supplement or complement in terms of macro- or 

micronutrients. 

These examples illustrate that, despite an increasing tendency to "mathematize" research, 

solid natural history information is still required to serve as the baseline to construct 

statistical models. Thus, "old-fashioned" field research like the one exemplified in this thesis, 

will continue to play an important role in research about primate socioecology. That 

recognition is also exemplified by a review paper on the Gashaka baboons which illustrates 

how investigations into the phenology of plants (Ch. 03) and non-primate ecology (Ch. 02) 

can been fruitfully linked with studies of primate socioecology (Ch. 05, 06). 

The paper entitled "Antelope Predation by Nigerian Forest Baboons: Ecological and 

Behavioural Correlates" (Sommer et al. 2016, with GJ being a co-author) again relied to a 

large extent on data compiled in/for this thesis. Thus, over a 16-yr period, baboons of the 

Kwano and Gamgam study troops, were found to have killed 10 antelopes – 7 bushbucks 

and 3 red-flanked duikers, all infants. Controlling for observation effort, this translates into 

a frequency of one predation per troop every 3.3 months – far lower than elsewhere in 

Africa. Moreover, the Kwano-Gamgam area is only the second study site with predation 

records for bushbuck and the only one for red-flanked duiker. The atypical prey as well as 

the rarity of eating mammalian meat probably reflects the difficulty of acquiring prey animals 

when vegetation cover is dense – a feature quite different from most other baboon study 

sites. Baboons at Kwano-Gamgam may therefore be restricted to predation on still-lying 

"parked" infants that are opportunistically encountered – instead of actively "hunting" or 

"searching for" prey. Although duiker and bushbuck are spotted throughout the year in the 

study area, predation is highly seasonal. It occurs mainly during the early rainy season (Apr–

Jun), coinciding with a lambing season of the two prey species. During this time, the 

savannah is blanketed by very tall grass (Ch. 03), providing much better cover than forests, 
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where visibility is less compromised during the rains. This could explain why killings in closed 

forest were overrepresented, while those in woodland were considerably underrepresented 

– despite the fact that the reverse was true for sightings of adult bushbuck and red-flanked 

duiker. Grouping patterns of potential prey may also influence, which species fall victim to 

baboons and which do not. Piglets would seem like an obvious target, but might be hard to 

catch as they always travel with adults that are likely to defend them. As detailed in Ch. 02, 

red river hogs and giant forest hog move about in groups of 4–5 animals, with a maximum 

of 13. Infants of other antelopes may also be protected because they travel with adults. 

Thus, buffalo groups average 6 animals, with a maximum of 12, and those of waterbuck 3 

animals, with a maximum of 8. Bushbuck and duiker, on the other hand, will often travel 

alone – and mothers park their babies in dense plant cover, risking, that baboons may 

stumble upon them.  

Such analyses of baboon-prey interaction may seem straight-forward. Nevertheless, one 

needs to stress again how physically and logistically challenging mammal surveys in often-

closed habitat are, with considerably restricted visibility, i.e. forest mixed with patches of 

savannah blanketed by tall grass for much of the year. A single researcher would be hard 

pressed to obtain the necessary back-ground data – a fact that once more stresses the 

importance of constructing long-term data sets. 

Anthropogenic Disturbances 

The 20th and 21st century have been seeing a steady loss of natural forests (e.g., Hansen 

et al. 2013, Laurance et al. 2014) which increasingly threatens the survival of more than 

half of all primate species (e.g., Chapman et al. 2017). Within this tide, GGNP is one of the 

last refuges in West Africa for wild fauna and flora (Oates et al. 2004). Still, this haven of 

biodiversity is likewise under increasing pressure from anthropogenic activity, many of which 

exert even greater dynamics in other African wildernesses (Cowlishaw & Dunbar 2000, 

Ammann et al. 2003, Arcus Foundation 2014). 

At GGNP, a combination of anthropogenic fires and overgrazing constitutes the greatest 

hazard, as it leads to erosion (Adanu et al. 2011). To extend cattle pasture grounds and 

stimulate sprouting of new vegetation, grass is burned at the advent of the dry season (Fig. 

07.01a). However, such burning selects for fire-resistant grasses that are hardly palatable to 
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cattle, thus being counterproductive to the goals for which the fire-regime was originally 

designed. Moreover, nutrients are blown away and lost, and as the soil becomes 

compacted. Therefore, even fire-resistant savannah-trees find it difficult to rejuvenate. Cattle 

grazing, mostly by pastoralist Fulani, reduce the vegetation cover still further (Fig.07.01b). 

Cows trod a zigzag of tracks into the hills, creating perfect channels for rainwater to rush 

down. A chain of erosion is thus set in motion, ultimately causing whole hillsides to collapse 

in spectacular gullies – as has happened widely across the Mambilla Plateau adjacent to 

GGNP. 

The succession of erosion – burning, grazing, washing-off of top-soil – affects not only the 

landscape outside the reserve, as thousands of heads of cattle are kept by Fulani clans in a 

handful of partly legal enclaves in the highlands of the southern Gashaka sector (Bennett & 

Ross 2011). More cattle are intermittently brought across the border from Cameroon. The 

enclaves were carved out when GGNP was created, around settlements that had evolved in 

the 1960s after Fulani migrated with their herds into the park's cool highlands to reduce 

tsetse fly bites and thus infection by sleeping sickness. The idea was to negotiate re-

settlement outside the park boundaries at a later stage, but this never happened. The 

human population in the enclaves is now around 5,000 people. 

In the park's surrounding, poaching is rampant (Fig.07.01c), and most areas have been shot 

empty of large mammals. Hunters, often coming from across the Cameroonian border, are 

increasingly targeting the reserve itself (Hughes et al. 2011). Conservationists have at times 

floated the idea that a Muslim taboo against eating, e.g., pork and primate meat would 

reduce hunting. However, this is wishful thinking, as Muslim hunters sell their haram meat to 

non-Muslim customers (Nyanganji et al. 2011). 

Thus, human impact within the park is considerable – a shocking realisation to all those who 

thought that national parks are indeed sanctuaries of nature. Many areas in and around the 

enclaves in particular have lost more than a quarter of their vegetation cover between 1988–

2000, as satellite-generated maps reveal (Gumnior 2008) (Fig.07.02). 
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  a 
 

  b 
 

  c 

Fig.02.03. Conservation challenges in Gashaka Gumti National Park. (a) Seasonal burning of woodland-
savannah during the dry season (02Feb05). (b) Overgrazing by Fulani herdsmen (08Jan12). (c) Hunting for 
bushmeat (poachers with colobus monkeys, after being arrested by rangers; 12Dec12). (Photos: © GPP, 
Volker Sommer [a], GGNP [b], GPP [c])  



 248 

 

Fig. 07.02. Remote sensing scene of Gashaka Gumti National Park, with border indicated by thin black line. 
Note deforested areas, particularly in the south of the park on the Mambila Plateau and in the east across 
the border in Cameroon (© GPP) 

However, new threats have emerged since about 2015. Increasingly, an invasive herb 

(Chromolaena odorata, the "devil weed") is strangling and outcompeting native savannah 

grasses (Borokini 2011). Artisanal mining for blue semi-precious gemstones such as 

amethysts takes place in the buffer zone of the Mambilla plateau where shanty towns have 

sprung up – a destructive development that is soon likely to spill over into the park (Ahmed 

& Oruonye 2016). There is also the threat that the River Donga, which has tributaries in 

GGNP, might soon be dammed near its source (Harris 2017). Impoverished migrants have 

moved from far-away places to colonize the park's buffer zone, with little means of survival 

other than targeting natural resources. Several illegal settlements have encroached well 

beyond the park boundary. All this drives the illegal construction of tracks for motorbikes 

and four-wheeled vehicles and thus adds to the further perforation of the park's landscape. 
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Until lately, outright logging was a relatively small problem – although many parts in the 

parks wider vicinity had been denuded by the local timber industry. However, since mid 

2016, hundreds of trucks crawl through Taraba State, with crews paying cash to locals who 

have (mostly illegally) cut and hoarded thousands upon thousands of logs at make-shift 

depots along the roadsides. Locally called the "rose-wood-craze", the tree mostly targeted 

is Pterocarpus erinaceus, the African rosewood. Its hard wood is exported to China, where 

it is known as "kosso", to manufacture decorative luxuriant furniture (Gaworecki 2016). The 

tree, native to the vulnerable savannah ecosystems of West Africa, has thus become an 

increasingly threatened species. Already, the over-harvesting of kosso is causing visible 

desertification in Taraba State, including the drying up of rivers, while also depriving local 

communities of a resource traditionally used for fuel, construction, musical instruments, 

traditional medicine and animal fodder (Koutsioni et al. 2011). 

These disturbing human activities are likely to continue and increase in scale. Even if they 

do not lead to outright destruction of the fine-tuned ecosystem, they would slowly alter its 

structure. For example, if large mammals are increasingly hunted out, they would cease to 

disperse certain types of large seeds, which would shift the forest composition towards trees 

with smaller seeds (Fleming & Estrada 1986). 

Having said all this, it has to be pointed out that the relatively remote Gamgam-Kwano study 

area (cf. Fig.02.05) has until recently remained quite safe from destruction – not least, 

because of outreach activities of the Gashaka Primate Project, achieved in close cooperation 

with the National Park Service. This perspective of longitudinal data collection shall be 

exemplified in the concluding part of this thesis. 

Conservation Activities 

The GPP research trajectory originally focused on the behavioural ecology of non-human 

primates (Sommer & Ross 2011). Since founded by Volker Sommer in the year 2000, the 

project has highlighted the importance to save the remote wilderness of Gashaka-Kwano 

from destruction by human activities. To this end, GPP strategically stressed the precarious 

state of the park's flagship species, the Nigeria-Cameroon chimpanzee, of whom probably 

less than 2500 or so individuals survive (Morgan et al. 2011).  
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Various campaigns – several of them coordinated and executed by me –recruited sponsors 

in Europe and Africa to engage in joint protection measures (see also Ch. 02). These include 

providing educational, economic and infrastructural benefits to local communities and 

national park rangers in this secluded highland region. 

The design of GPP centres on the use of research outcomes to support conservation 

activities tied to capacity building, particularly among the 214 or so rangers employed by 

the park. Various public and media engagement activities were used to create awareness 

about the importance of conserving the iconic but fragile Gashaka Gumti wilderness and its 

chimpanzee flagship species, and to raise funds. These events included dozens of interviews 

and articles in international media outlets, as well as talks in 7 European countries plus 

interviews and programmes for Nigerian radio and TV stations. Of particular importance 

were contacts with Julius-Berger-Nigeria (JBN), one of the largest construction companies 

in sub-Saharan Africa, with headquarters in Abuja, Nigeria and Wiesbaden, Germany, which 

included talks to senior management, employees and their families as well as in the 

company-run school, which often led to JBN employees visiting the park itself. 

One of GPP’s first major projects was the demarcation of the vast reserve's hitherto 

"invisible" border – constructing beacons and motorable tracks to improve ranger 

patrolling. Funded by Chester Zoo, UK, the initial demarcation of 225 km of park border was 

completed in late 2009; a programme of on-going maintenance and improvement since 

then has included its extension in 2013 to the grazing enclaves that lie within the park. 

Marking the boundaries has removed legal ambiguities and significantly improved law 

enforcement, providing incontrovertible evidence to support charges against illegal 

activities such as poaching, cattle grazing and forest cutting. Hundreds of such incidents 

have since been reported to Taraba State's law enforcement agencies  

From 2008, park management has been further improved by an additional GPP initiative 

facilitating the identification of hotspots in which unusual rates of plant cover loss require 

special attention. Supported by funding from the US Fish and Wildlife Service, GPP began 

a satellite-based vegetation mapping of the park as part of its biodiversity research (Gumnior 

& Sommer 2012). Several park officials were trained to interpret remote sensing imagery 

through GIS, and a set of related soft- and hardware was handed over to the park 

management in 2010. 



 251 

The research project also initiated seed programmes to improve park ranger efficiency and 

motivation to patrol their areas fully and conscientiously. Regular donations to the ranger 

clinic helped to build up a sustainable stock of drugs. From 2006–2009, GPP provided gear 

and rations as an incentive to guard remote forests; this was so successful that the scheme 

was adopted by the National Park Service in 2010. Further funds were raised to erect two 

permanent "rotary camp" shelters for rangers, in 2010 at Mayo Kam and in 2014 at Yakuba. 

As well as aiding park management and conservation efforts, hybridising support for 

research and law enforcement has also benefited those living in this remote region, as GPP 

has led the development of important infrastructural improvements. Of particular 

importance is the fact that, in 2005, the project established an extensive radio 

communication system across the park and its buffer zone. This was facilitated through 

cooperation with Julius-Berger-Nigeria (JBN), who sponsored the installation and 

maintenance of the network covering about 10,000 km2 across the park and its buffer zones. 

In a project spanning several years, a repeater station was erected on a mountaintop in the 

park's heart and hand-held radios distributed (2005), landrover-radios were acquired (2008), 

and ranger stations fitted with solar-powered stationary radios (2009). This not only enabled 

researchers to coordinate across vast tracts of forest but, crucially, enhanced the capabilities 

of rangers to protect this unique biotope. Moreover, in a region where messages normally 

travel at walking speed and mobile phones don't work, reliable radio coverage has allowed 

notice of medical emergencies to be provided and transportation arranged from the edge 

of the forest to the nearest health facilities; locals and rangers can cite examples of victims 

of snake bites and women in childbirth receiving urgent medical care due to radio 

communication being in place. 

Since its inception, GPP has encouraged knowledge transfer leading to the recruitment and 

training of a new generation of park management and conservation experts in Nigeria. Since 

2008, 30 African students have received bursaries sponsored by industry and donations and 

administered through GPP. Ten later entered conservation or park management careers, 

while 13 proceeded to higher education. 

GPP likewise initiated German-Nigerian cooperation in the field of solar engineering. 

Students of the Oskar-von-Miller Schule, an engineering polytechnic in Kassel, Germany, 

designed a sustainable "power-island" ensuring a clean, uninterrupted electricity supply to 
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the research station. Supported by JBN and German industries, the facility was installed in 

2005, and was still working as of March 2018. In the course of this initiative, 11 German 

students have received accreditation as solar engineers and several Nigerian park personnel 

were trained in renewable energy techniques. 

GPP also contributed to wider conservation goals in West Africa through the development 

of the Regional Action Plan for the Conservation of the Nigeria-Cameroon Chimpanzee 

(Morgan et al. 2011). 

Finally, another GPP-related activity should be mentioned, as conceived and managed by 

me: artist residencies at the GPP field station. In 2010, GPP entrusted me and my partner, 

the curator Luiza Teixeira de Freitas, to initiate a dialogue between science and arts, by 

inviting artists to spend some time in the remote forests of the park and to interact with 

researchers. The first residency by Mexican artist Damián Ortega led to the exhibition 

"Apestraction" at the Freud Museum in London in 2013 (UCL Anthropology 2013). 

Argentinean artist Amalia Pica visited Gashaka in 2014, together with Mexican film maker 

Rafael Ortega. The result of this journey was Amalia Pica's exhibition "At Arm's Length", 

shown in 2017 at the NC-arte gallery in Bogotá, Columbia (UCL Anthropology 2017, Pica 

2018). Both exhibitions featured natural objects the artists had collected in the park, in 

particular intricate sculptures worked from ant- and honey-harvesting tools abandoned by 

the chimpanzees. These shows generated considerable media interest. The programme 

continues and more exhibitions are likely to follow. 

Thus, while there have been drawbacks, it is nevertheless true that since the start of GPP, 

wildlife in the central regions of the park has remained stable, particularly compared to other 

West African sites where, for example, the decline in chimpanzees has been as high as 90% 

in 15 years (Campbell et al. 2008). Whilst this cannot be linked exclusively to actions of GPP, 

a recent survey of 109 areas hosting great apes showed that GPP model – engaging local 

communities and supporting under-resourced law enforcement while maintaining a 

permanent research presence – is the most effective conservation method (Tranquilli et al. 

2012). 

With such developments, GGNP represents yet another primate study site where 

researchers sat out to investigate scientific questions, only to realize that the very animals 

and plants they were aiming to observe are in danger of disappearing. The GPP project thus 



 253 

encountered the same fate like the famous pioneering primatological field studies initiated 

by the "trimates" Jane Goodall, Dian Fossey, and Biruté Galdikas in Tanzania, Rwanda and 

Indonesia – which led their dedicated researchers to become dedicated conservationists, 

redirecting much time and effort from scientific investigation to nature protection efforts 

(Fossey 1983, Goodall 1986, Galdikas 1995; for GGNP, see the account of GGP's founding 

director, Sommer 2008). 

In sum, research conducted in the Gashaka-Kwano area of Gashaka Gumti National Park 

(GGNP) in northeastern Nigeria has combined various sets of long-term data, a crucial 

foundation and addition to the research output of the Gashaka Primate Project (GPP) with 

runs into hundreds of publications already, including close to 70 peer-reviewed articles (see 

Appendix). All these efforts have helped to arrive at a more complete picture of the study 

site's habitat ecology and its influence on ungulate and primate patterns of reproduction, 

activity and sociality. 

 

  



 254 

 



 255 

BIBLIOGRAPHY 
 

Adamescu, G. S., Plumptre, A. J., Abernethy, K. A., Polansky, L., Bush, E. R., Chapman, C. A., 
Shoo, Luke P., Fayolle, A., Janmaat, K. R. L., Robbins, M. M., Ndangalasi, H.J., Cordeiro, 
N. J., Gilby, I. C., Wittig, R. M., Breuer, T., Hockemba, M., Sanz, C. M., Morgan, D. B., 
Pusey, A. E., Mugerwa, B., Gilagiza, B., Tutin, C., Ewango, C. E. N., Sheil, D., Dimoto, E., 
Baya, F. ,Bujo, F., Ssali, F., Dikangadissi, J., Jeffery, K., Valenta, K., White, L., Masozera, 
M., Wilson, M. L., Bitariho, R., Ebika, S. T. N., Gourlet-Fleury, S., Mulindahabi, F. & Beale, 
C. M. (2018). Annual cycles are the most common reproductive strategy in African tropical 
tree communities. Biotropica, 50(3): 418–430.  

Adanu, J., Fowler, A. & Sommer, V. (2011). Hunters, fire, cattle. Conservation challenges in 
eastern Nigeria, with special reference to chimpanzees. In Sommer, V. & Ross, C. (eds.), 
Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity Hotspot. 
Springer, pp. 55–100. 

Ahlering, M. A., Millspaugh, J. J., Woods, R. J., Western, D. & Eggert, L. S. (2011). Elevated 
levels of stress hormones in crop-raiding male elephants. Animal Conservation, 14: 124–
130. 

Ahmed, Y.M. & Oruonye, E. D. (2016). Socioeconomic impact of artisanal and small scale mining 
on the Mambilla Plateau of Taraba State, Nigeria. World Journal of Social Science 
Research. 

Akinsoji, A. (1996). Vegetation Types and Ethnobotanical Studies of Gashaka Gumti National 
Park, Nigeria. Report in conjunction with Department of Biological Sciences, University of 
Lagos, Nigeria, to NCF & WWF-UK. 

Alberts, N. (2012). Fission-fusion dynamics of olive baboons (Papio anubis ) in Gashaka Gumti 
National Park. PhD thesis, Department of Life Sciences, University of Roehampton. 

Alberts, S. & Altmann, J. (2006). The evolutionary past and the research future: environmental 
variation and life history flexibility in a primate lineage. In Swedell, L. & Leigh, S. R. (eds.), 
Reproduction and Fitness in Baboons. Behavioral, Ecological, and Life History 
Perspectives. New York: Springer, pp. 277-303. 

Alberts, S. C., Hollister-Smith, J. A., Mututua, R., Sayialel, S. N., Muruthi, P. M., Warutere, J. K., 
& Altmann, J. (2005). Seasonality and long term change in a savanna environment. In 
Brockman, D. K. & van Schaik C. P. (eds.) Seasonality in Primates: Studies of Living and 
Extinct Human and Non-Human Primates. Cambridge: Cambridge University Press: pp. 
157–196.  

Altmann, J., & Alberts, S. C. (2003). Variability in reproductive success viewed from a life-history 
perspective in baboons. American Journal of Human Biology, 15: 401–409. 



 256 

Altmann, J., Altmann, S. A., Hausfater, G. & McCuskey, S. A. (1977). Life history of yellow 
baboons: Physical development, reproductive parameters and infant mortality. Primates 
18: 315-330. 

Altmann, J., Gesquiere, L., Galbany, J., Onyango, P. O., & Alberts, S. C. (2010). Life history 
context of reproductive aging in a wild primate model. Annals of the New York Academy 
of Sciences, 1204: 127–138. 

Amissah, L., Mohren, G. M. J., Bongers, F., Hawthorne, W. D., & Poorter, L. (2014). Rainfall and 
temperature affect tree species distribution in Ghana. Journal of Tropical Ecology, 30(5): 
435–446.  

Ammann, K., Rose, A. L., Mittermeier, R. A., Langrand, O., Ampadu-Agyei, O. & Butynski, T. M. 
(2003). Consuming Nature. A Photo Essay on African Rain Forest Exploitation. Palos 
Verdes, CA: Altissima. 

Anderson, D. P., Nordheim, E. V., Boesch, C. (2006). Environmental factors influencing the 
seasonality of estrus in chimpanzees. Primates 47: 43–50. 

Arcadi, C. A., Robert, D., & Mugurusi, F. (2004). A comparison of buttress drumming by male 
chimpanzees from two populations. Primates, 45: 135–139. 

Arcus Foundation (ed) (2014). State of the Apes. Extractive Industries and Ape Conservation. 
Cambridge: Cambridge University Press. 

Arnold, K. & Zuberbühler, K. (2006). Semantic combinations in primate calls. Nature 441: 303. 

Arnold, K., Pohlner, Y., & Zuberbühler, K. (2011). Not words but meanings? Alarm calling 
behaviour in a forest guenon. In: V. Sommer & C. Ross (Eds.), Primates of Gashaka: 
Socioecology and conservation in Nigeria’s biodiversity hotspot. Springer, pp. 385–416. 

Arnold, M. L. (2008). Reticulate Evolution and Humans. Origins and Ecology. Oxford: Oxford 
University Press. 

Aureli, F, Schaffner, C. M., Boesch, C., Bearder, S. K., Call, J., Chapman, C.A., Connor, R., Fiore, 
A. D, Dunbar, R.I.M., Henzi, S.P., Holekamp, K., Korstjens, A.H., Layton, R., Lee, P., 
Lehmann, J., Manson, J.H., Ramos-Fernandez, G., Strier, K.B. & van Schaik, C.P. (2008). 
Fission-fusion dynamics: New research frameworks. Current Anthropology, 49: 627-654. 

Barnwell, R. (2011). To Save a Wilderness: The Creation and Development of Gashaka Gumti 
National Park, Nigeria. In: V. Sommer & C. Ross (Eds.), Primates of Gashaka: Socioecology 
and conservation in Nigeria’s biodiversity hotspot. Springer, pp. 39–54. 

Barrett, L., Henzi, P. & Lycett J. E. (2006). Whose life is it anyway? Maternal investment, 
developmental trajectories, and life history strategies in baboons. In Swedell, L. & Leigh, 
S. R. (eds.), Reproduction and Fitness in Baboons. Behavioral, Ecological, and Life History 
Perspectives. New York: Springer, pp. 199-244. 

Barton, R, A., Whiten, A., Strum, S. C., Byrne, R.W., & Simpson, A. J. (1992). Habitat use and 
resource availability in baboons. Animal Behaviour 43: 831-844. 



 257 

Basabose, A. K. (2004). Fruit availability and chimpanzee party size at Kahuzi montane forest, 
Democratic Republic of Congo. Primates, 45(4), 211–219.  

Beach, F. A. (1976). Sexual attractivity, proceptivity, and receptivity in female mammals. 
Hormones and Behavior, 7: 105–138. 

Behringer, V., Deschner, T., Deimel, C., Stevens, J.M.G. & Hohmann, G. (2014) Age-related 
changes in urinary testosterone levels suggest differences in puberty onset and divergent 
life history strategies in bonobos and chimpanzees. Hormones and Behavior, 66: 525–533. 

Bennett, D., & Ross, C. (2011). Fulani of the highlands: costs and benefits of living in national 
park enclaves. In: V. Sommer & C. Ross (Eds.), Primates of Gashaka: Socioecology and 
conservation in Nigeria’s biodiversity hotspot. Springer, pp. 231–265. 

Bentley-Condit, V. & Smith, E. (1997). Female reproductive parameters of Tana River yellow 
baboons. International Journal of Primatology 18: 581-595. 

Bergl, R.A,. Oates, J.F. & Fotso, R. (2007). Distribution and protected area coverage of endemic 
taxa in West Africa’s Biafran forests and highlands. Biological Conservation 134: 195–208. 

Bertolani, P., & Boesch, C. (2008). Habituation of wild chimpanzees (Pan troglodytes) of the 
south group at Taï Forest, Côte d’Ivoire: Empirical measure of progress. Folia 
Primatologica, 79(3): 162–171. 

Boesch, C. & Boesch-Achermann, H. (2000). The Chimpanzees of the Taï Forest. Behavioural 
Ecology and Evolution. Oxford: Oxford University Press. 

Boesch, C., Hohmann, G. & Marchant, L. F. (eds.) (2002). Behavioural Diversity in Chimpanzees 
and Bonobos. Cambridge: Cambridge University Press. 

Bond, W.J.& van Wilgen, B.W. (1996) Fire and Plants. Springer. 

Borchert, R. (1998). Responses of tropical trees to rainfall seasonality and its long-term changes. 
Climatic Change, 39: 381–393. 

Borokini, T. I. (2011). Invasive alien plant species in Nigeria and their effects on biodiversity 
conservation. Tropical Conservation Science, 4: 103–110. 

Borries, C. (1999). Male dispersal and mating season influxes in Hanuman langurs living in 
multimale groups. In: P. M. Kappeler (Ed.), Primate males. Cambridge University Press. 

Boyle, S. A., Lourenço, W. C., Da Silva, L. R., & Smith, A. T. (2009). Home range estimates vary 
with sample size and methods. Folia Primatologica, 80(1): 33–42.  

Brown, S. (1990). Tropical secondary forests. Journal of Tropical Ecology, 6: 1–32. 

Cachel, S. (2006). Primate and Human Evolution. Cambridge: Cambridge University Press. 

Caldecott, J. & Miles, L. (eds) (2005). World Atlas of Great Apes and their Conservation. Los 
Angeles: University of California Press. 



 258 

Campbell, C.J., Fuentes, A., MacKinnon, K., Panger, M. & Bearder, S. K. (2012). Primates in 
Perspective. Oxford University Press. 

Campbell, G., Kuehl, H., N’Goran Kouame, P.& Boesch, C. (2008) Alarming decline of West 
African chimpanzees in Cote d’Ivoire. Current Biology, 18: 903–904. 

Campos, F. A., & Fedigan, L. M. (2009). Behavioral adaptations to heat stress and water scarcity 
in white-faced capuchins (Cebus capucinus) in Santa Rosa National Park , Costa Rica. 
American Journal of Physical Anthropology, 138: 101–111. 

Carbone, C., Christie, S., Conforti, K., Coulson, T., Franklin, N., Ginsberg, J. R., Griffiths, M., 
Holden, J., Kawanishi, K., Kinnaird, M., Laidlaw, R., Lynam, A., Macdonald, D. W., Martyr, 
D., McDougal, C., Nath, L., O’Brien, T., Seidensticker, J., Smith, D. J. L., Sunquist, M., 
Tilson, R. & Wan Shahruddin, W. N. (2001). The use of photographic rates to estimate 
densities of tigers and other cryptic mammals. Animal Conservation, 4: 75–79. 

Cavallero, L., Aizen, M. & Raffaele, E. (2012). Endozoochory decreases environmental filtering 
imposed to seedlings. Journal of Vegetation Science, 23: 677–689. 

CEPF (2015) Ecosystem Profile: Guinean Forests of West Africa Biodiversity Hotspot. Critical 
Ecosystem Partnership Fund. 

Chapman, C. A. & Chapman, L. J. (2000). Determinants of group size in primates: the 
importance of travel costs. In Boinsky, S. & Garber, P. A. (eds.) On the Move: How and 
Why Animals Travel in Groups. Chicago: The University of Chicago Press, pp. 24-42. 

Chapman, C. A., Chapman, L. J., Struhsaker, T. T., Zanne, A. E., Clark, C. J. & Poulsen, J. R. 
(2005). A long-term evaluation of fruiting phenology: importance of climate change. 
Journal of Tropical Ecology, 21(1): 31–45. 

Chapman, C. A., Corriveau, A., Schoof, V. A. M., Twinomugisha, D., & Valenta, K. (2017). Long-
term simian research sites: Significance for theory and conservation. Journal of 
Mammalogy, 98(3): 652–660.  

Chapman, C. A., Rothman, J. M. & Lambert, J.E. (2012) Food as a Selective Force in Primates. In 
Mitani, J., Call, J., Kappeler, P., Palombit, R. & Silk, J. (eds.) The Evolution of Primate 
Societies. Chicago: University of Chicago Press, pp 146–168. 

Chapman, C.A. & Rothman, J.M. (2006). Within-species differences in primate social structure: 
evolution of plasticity and phylogenetic constraints. Primates, 50: 12–22. 

Chapman, F. M. (1927). Who treads our trails? National Geographic Magazine, September: 331–
345. 

Chapman, J. D. & Chapman, H. M. (2002) The Forests of Taraba and Adamawa States, Nigeria. 
An ecological account and plant species checklist. University of Canterbury. 

Cheney, D. L. & Seyfarth, R. M. (2007). Baboon Metaphysics. Chicago: The University of Chicago 
Press. 



 259 

Clark, A. P. & Wrangham, R. W. (1994). Chimpanzee arrival pant-hoots: Do they signify food or 
status? International Journal of Primatology, 15: 185–205. 

Clutton-Brock, T. (2016). Mammal Societies. Wiley-Blackwell. 

Clutton-Brock, T., & Sheldon, B. C. (2010). Individuals and populations : the role of long-term , 
individual-based studies of animals in ecology and evolutionary biology. Trends in 
Ecology & Evolution, 25: 562–573. 

Condit, R. (1995). Research in large, long-term tropical forest plots. Trends in Ecology & 
Evolution, 10(1): 18–22.  

Cook, R. D. & Jacobson, J. O. (1979). A design for estimating visibility bias in aerial surveys. 
Biometrics, 35: 735–742. 

Cowlishaw, G. (1994). Vulnerability to predation in baboon populations. Behaviour, 131: 293–
304. 

Cowlishaw, G. & Dunbar, R. (2000). Primate Conservation Biology. Chicago: The University of 
Chicago Press. 

Croft, D. P., James, R. & Krause, J. (2008). Exploring Animal Social Networks. Princeton 
University Press. 

Cronin, D.T., Libalah, M.B., Bergl, R.A. & Hearn, G,W. (2014). Biodiversity and conservation of 
tropical montane ecosystems in the Gulf of Guinea, West Africa. Artic, Antartic and Alpine 
Research, 46: 891–904. 

Crook, J. H., & Gartlan, J. S. (1966). Evolution of primate societies. Nature, 210: 1200–1203. 

Crutzen, P.J. & Stoermer, E.F. (2000) The Anthropocene. International Geosphere-Biosphere 
Programme News, 41: 17–18 . 

Darwin, C. (1876). Sexual selection in relation to monkeys. Nature, 15, 18–19. 

Daspre, A., Heistermann, M., Hodges, J. K., Lee, P. C., & Rosetta, L. (2009). Signals of female 
reproductive quality and fertility in colony-living baboons (Papio h. anubis) in relation to 
ensuring paternal investment. American Journal of Primatology, 71(7): 529–538. 

Daubenmire, R. (1972). Phenology and other characteristics of tropical semi-deciduous forest in 
North-Western Costa Rica. Journal of Ecology, 60: 147–170. 

di Bitetti, M.S. & Janson, C.H. (2000). When will the stork arrive? Patterns of birth seasonality in 
neotropical primates. American Journal of Primatology, 50: 109–130. 

Dittus, W. P. J. (1985). The influence of leaf-monkeys on their feeding trees in a cyclone-
disturbed environment. Biotropica, 17:100–106. 

Dixson, A. F. (2013). Primate Sexuality: Comparative Studies of the Prosimians, Monkeys, Apes 
and Humans. Oxford University Press. 



 260 

Domb, L. G., & Pagel, M. (2001). Sexual swellings advertise female quality in wild baboons. 
Nature, 410(6825): 204–206. 

Drewe, J. A., O’Riain, M. J., Beamish, E. K., Currie, H., & Parsons, S. (2012). Survey of infections 
transmissible between baboons and humans, Cape Town, South Africa. Emerging 
Infectious Diseases, 18(2): 298–301. 

Dunbar, R. I. M. (1988). Primate Social Systems: Studies in Behavioural Adaptation. London: 
Croom Helm. 

Dunbar, R. I. M. (1992). Time - a hidden constraint on the behavioural ecology of baboons. 
Behavioral Ecology and Sociobiology 31: 35-49. 

Dunbar, R. I. M. (1996). Determinants of group size in primates: a general model. In Runciman, 
W. G., Maynard Smith, J. & Dunbar, R. I. M. (eds.), Evolution of Social Behaviour Patterns 
in Primates and Man. Oxford: Oxford University Press, pp. 33- 57. 

Dunbar, R.I.M. (1992) Neocortex size as a constraint on group size in primates. Journal of Human 
Evolution, 22: 469–493. 

Dunn, A. (1993). The Large Mammals of Gashaka-Gumti National Park, Nigeria: Line Transect 
Surveys from Forest and Savannah. Report to WWF-UK, NCF & Federal Ministry of 
Agriculture, Water Resources and Rural Development, Nigeria. 

Dunn, A. (1999). Gashaka Gumti National Park: A Guidenbook. Lagos: GGNP / NCF / WWF-UK. 

Dutton, P., & Chapman, H. (2014). Dietary preferences of a submontane population of the rare 
Nigerian-Cameroon chimpanzee (Pan troglodytes ellioti) in Ngel Nyaki Forest Reserve, 
Nigeria. American Journal of Primatology, 77: 86–97. 

Eckardt, W. & Zuberbühler, K. (2004). Cooperation and competition in two forest monkeys. 
Behavioral Ecology 15: 400-411. 

Emery Thompson, M. (2016). Reproductive seasonality. In: A. Fuentes et al. (Eds.), The 
International Encyclopedia of Primatology. John Wiley & Sons. 

Emery Thompson, M. & Wrangham, R. W. (2006). Comparison of sex differences in 
gregariousness in fission-fusion species: Reducing bias by standardizing for party size. In: . 
D. Paterson, V. Reynolds, N. E. Newton-Fisher and H. Notman (Eds.) Primates of Western 
Uganda. Cambridge University Press, pp. 209–226. 

Ey, E., & Fischer, J. (2011). Keeping in contact: Flexibility in calls of olive baboons. In: V. Sommer 
& C. Ross (Eds.), Primates of Gashaka: Socioecology and conservation in Nigeria’s 
biodiversity hotspot. Springer, pp. 361–384. 

Fedurek, P., & Slocombe, K. E. (2013). The social function of food-associated calls in male 
chimpanzees. American Journal of Primatology, 75: 726–739. 

Fedurek, P., Donnellan, E., & Slocombe, K. E. (2014). Social and ecological correlates of long-
distance pant hoot calls in male chimpanzees. Behavioral Ecology and Sociobiology, 68: 



 261 

1345–1355. 

Fehlmann, G., O’Riain, M. J., Kerr-Smith, C., Hailes, S., Luckman, A., Shepard, E. L. C., & King, 
A. J. (2017). Extreme behavioural shifts by baboons exploiting risky, resource-rich, 
human-modified environments. Scientific Reports, 7(1), 1–8. doi:10.1038/s41598-017-
14871-2 

Feldhamer, G., Whittaker, J., Monty, A. & Weickert, C. (2003). Charismatic mammalian 
megafauna: public empathy and marketing strategy. The Journal of Popular Culture, 36: 
160–167. 

Fitzgibbon, C. (1990). Mixed-species grouping in Thomson’s and Grant’s gazelles: The 
antipredator benefits. Animal behaviour, 39: 1116–1126. 

Fleagle, J. G. (2013). Primate adaptation and evolution. Elsevier. 

Fleischner, T. L. (2005) Natural History and the Deep Roots of Resource Management. Natural 
Resources Journal, 45: 1–13 

Fleischner, T. L. (2011). The Way of Natural History. Trinity University Press 

Fleming, T.H. & Estrada, A. (Eds.) (1986). Frugivory and Seed Dispersal: Ecological and 
Evolutionary Aspects. Springer. 

Foley, Robert & Standen, V. (1989). Comparative Socioecology: The Behavioural Ecology of 
Humans and Other Mammals. Blackwell Scientific Publications. 

Fossey, D. (1983). Gorillas in the Mist. Boston: Houghton Mifflin. 

Fowler, A. (2006). Socio-ecology of Nigerian Chimpanzees at Gashaka. PhD thesis, University of 
London. 

Fowler, A., Pascual-Garrido, A., Buba, U., Tranquilli, S., Akosim, C., Schöning, C. & Sommer, V. 
(2011). The material culture of Nigerian chimpanzees. A contribution to cultural 
primatology. In Sommer, V. & Ross, C. (eds.), Primates of Gashaka. Socioecology and 
Conservation in Nigeria's Biodiversity Hotspot. (Developments in Primatology: Progress 
and Prospects 35). New York: Springer, pp. 451–492. 

Fruth, B. & Hohmann, G. (1996). Nest building behaviour in the great apes: the great leap 
forward? In McGrew, W. C., Marchant, L. F. & Nishida, T. (eds.), Great Ape Societies. New 
York: Cambridge University Press, pp. 225-240. 

Gagneux, P. (2004). A Pan-oramic view: insights into hominoid evolution through the 
chimpanzee genome. Trends in Ecology & Evolution, 19: 571–576. 

Galdikas, B. M. F. (1995). Reflections of Eden: My Years with the Orangutans of Borneo. Back 
Bay Books. 

Garber, P. A. & Dolins, F. L. (2014). Primate spatial strategies and cognition: Introduction to this 
special issue. American Journal of Primatology, 76: 393–398. 



 262 

Gautier-Hion, A. (1990). Interactions among fruit and vertebrate fruit-eaters in an African tropical 
rain forest. In: K. S. Bawa & M. Hadley (Eds.). Reproductive Ecology of Tropical Forest 
Plants. UNESCO and The Parthenon Publishing Group Ltd, pp: 219-230. 

Gautier-Hion, A., Gautier, J. P. & Maisels, F. (1993). Seed dispersal versus seed predation: an 
inter-site comparison of two related African monkeys. Vegetatio, 107/108: 237–244.  

Gaworecki, M. (2016). Retrieved July 26, 2018 from news.mongabay.com/2016/02/threatened-
west-african-rosewood-species-gets-cites-protection 

Gentry, A. H. (1991) The distribution and evolution of climbing plants. In: F. E. Putz & H. A. 
Mooney (Eds.). The Biology of Vines. Cambridge University Press, pp. 3–49. 

Gesquiere, L. R., Altmann, J., Archie, E. A. & Alberts, S.C. (2018) Interbirth intervals in wild 
baboons: Environmental predictors and hormonal correlates. American Journal of Physical 
Anthropology, 166(1):107–126. 

Gianoli, E., Saldana, A., Jiménez-Castillo, M. & Valladares, F. (2010). Distribution and abundance 
of vines along the light gradient in a southern temperate rain forest. Journal of Vegetation 
Science, 21: 66–73. 

Godfrey-Smith, P. (2003). Theory and Reality: An introduction to the philosophy of science. 
University of Chicago Press. 

Gonder, M. K., Oates, J. F., Disotell, T. R., Forstner, M. R. J., Morales, J. C. & Melnick, D. J. 
(1997). A new West African chimpanzee subspecies? Nature 338: 337. 

Goodall, J. (1986). The Chimpanzees of Gombe: Patterns of Behaviour. Cambridge, MA: Harvard 
University Press. 

Greene, H. W. (2005). Organisms in nature as a central focus for biology. Trends in Ecology & 
Evolution, 20: 23-27. 

Groves, C. P. (2001). Primate Taxonomy. Washington, DC: Smithsonian Institution Press. 

Gumnior, M. (2008), Nigeria. Report to North of England Zoological Society. 

Gumnior, M. & Sommer, V. (2012). Multi-scale, multi-temporal vegetation mapping and 
assessment of ecosystem degradation at Gashaka Gumti National Park (Nigeria). 
Research Journal of Environmental and Earth Sciences 4: 397–412. 

Hamilton, W. D. (1971). Geometry for the selfish herd. Journal of Theoretical Biology, 31(2): 295–
311. 

Harcourt, A. H. (1989). Environment, competition and reproductive performance of female 
monkeys. Trends in Ecolology and Evolution, 4: 101–105. 

Harris, M. (2017). Retrieved May 25, 2019 from https://www.hydroworld.com/articles/2017/07/ 
construction-begins-on-nigeria-s-3-050-mw-mambilla-hydropower-plant.html#gref 



 263 

Harrison, M. E. & Marshall, A. J. (2011). Strategies for the use of fallback foods in apes. 
International Journal of Primatology, 32: 531–565. 

Harrison, R. D. (2011). Emptying the forest: hunting and the extirpation of wildlife from tropical 
nature reserves. BioScience, 61: 919–924. 

Hashimoto, C., Suzuki, S., Takenoshita, Y., Yamagiwa, J., Basabose, a K., & Furuichi, T. (2003). 
How fruit abundance affects the chimpanzee party size: a comparison between four study 
sites. Primates, 44: 77–81. 

Havercamp, K. (2017). Chimpanzee gregariousness across four subspecies: What we can learn 
from camera trap data. MSc in Human Evolution and Behaviour, Anthropology 
Department, University College London. 

Hawkes, K., Chisholm, J. S., Fairbanks, L. A., Johow, J., Kalcher-Sommersguter, E., Liebal, K., 
Myowa-Yamakoshi, M., Sommer, V., Thierry, B. & Finlay, B. L. (2017). Primate infancies: 
causes and consequences of varying care. In: K. Bard & H. Keller (Eds.), Contextualizing 
Attachment. The Cultural Nature of Attachment (Ernst Strüngmann Forum Reports. MIT 
Press), pp. 69–107. 

Hayes, L. D., & Schradin, C. (2017). Long-term field studies of mammals: what the short-term 
study cannot tell us. Journal of Mammalogy, 98(3): 600–602.  

Hemery, G. E., Savill, P. S., & Pryor, S. N. (2005). Applications of the crown diameter-stem 
diameter relationship for different species of broadleaved trees. Forest Ecology and 
Management, 215: 285–294. 

Herman, S. G. (2002). Wildlife biology and natural history: time for a reunion. The Journal of 
Wildlife Management, 66: 933–946. 

Heymann, E. W. (2011). Florivory, nectarivory and pollination: A review of primate-flower 
interactions. Ecotropica 17: 41-52. 

Higham, J. P. (2006). The Reproductive Ecology of Female Olive Baboons (Papio hamadryas 
anubis), at Gashaka-Gumti National Park. PhD thesis, University of Surrey.  

Higham, J. P., Semple, S., MacLarnon, A. M., Heistermann, M. & Ross, C. (2008). The timing of 
ovulation with respect to sexual swelling detumescence in wild olive baboons. Primates 
49: 295-299. 

Higham, J. P., Warren, Y., Adanu, J., Umaru, B., MacLarnon, A., Sommer, V. & Ross C. (2009). 
Life on the edge: Life-history of olive baboons at Gashaka-Gumti National Park, Nigeria. 
American Journal of Primatology 71: 293-304. 

Hill, R. A. (2006). Thermal constraints on activity scheduling and habitat choice in baboons. 
American Journal of Physical Anthropology, 129(2): 242–249 

Hill, R. A. & Dunbar, R. I. M.  (2002). Climatic determinants of diet and foraging behaviour in 
baboons. Evolutionary Anthropology 16: 579-593. 



 264 

Hill, R. A., Lycett, J. E. & Dunbar, R. I. M. (2000). Ecological and social determinants of birth 
intervals in baboons. Behavioral Ecology 11: 560-564. 

Hinde, R. A. (1975). Interactions, relationships and social structure in non-human primates. In: 
Kondo, S.; Kawai, M.; Ehara, A.; Kawamura, S. (Eds.), Proceedings from the Symposia of 
the 5th Congress of the IPS. Japan Science Press, pp. 13–23. 

Hockings, K. J., & McLennan, M. R. (2012). From forest to farm: Systematic review of cultivar 
feeding by chimpanzees - management implications for wildlife in anthropogenic 
landscapes. PLoS ONE, 7(4).  

Hockings, K. J., McLennan, M. R., Carvalho, S., Ancrenaz,M., Bobe, R., Byrne, R. W., Dunbar, R. I. 
M., Matsuzawa,T., McGrew, W. C., Williamson, E. A., Wilson, M. L., Wood, B., Wrangham, 
R. W. & Hill, C. M. (2015). Apes in the Anthropocene: Flexibility and survival. Trends in 
Ecology & Evolution 30: 215–222. 

Hohmann, G., Fowler, A., Sommer, V. & Ortmann, S. (2006). Frugivory and gregariousness of 
Salonga bonobos and Gashaka chimpanzees: the abundance and nutritional quality of 
fruit. In Hohmann, G., Robbins, M. M. & Boesch, C. (eds.), Feeding Ecology of Apes and 
Other Primates. Cambridge: Cambridge University Press, pp. 123–159. 

Hooge, P. N. & Eichenlaub, B. (2000) Animal movement extension to ArcView. ver. 2.0. 
Anchorage: Alaska Science Center Biological Science Office, U.S. Geological Survey.  

Hughes, N., Rosen, N., Gretsky, N. & Sommer, V. (2011). Will the Nigeria-Cameroon chimpanzee 
go extinct? Models derived from intake rates of ape sanctuaries. In Sommer, V. & Ross, C. 
(eds.), Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity 
Hotspot. (Developments in Primatology: Progress and Prospects 35). New York: Springer, 
pp. 493–523. 

Humle, T., Maisels, F., Oates, J.F., Plumptre, A. & Williamson, E.A. (2016). Pan troglodytes. The 
IUCN Red List of Threatened Species 2016: e.T15933A102326672. 

Hunt, K. D. & McGrew, W. C. (2002). Chimpanzees in the dry areas of Assirik, Senegal and 
Semliki Wildlife Reserve, Uganda. In Boesch, C., Hohmann, G. & Marchant, L. F. (eds.), 
Behavioural Diversity in Chimpanzees and Bonobos. Cambridge: Cambridge University 
Press, pp. 35–51. 

Ingwell, L. L., Wright, S. J., Becklund, K. K., Hubbell, S. P. & Schnitzer, S. A. (2010). The impact of 
lianas on 10 years of tree growth and mortality on Barro Colorado Island, Panama. Journal 
of Ecology, 98 (4): 879–887. 

Inskipp, T. (2005). Chimpanzee (Pan troglodytes). In Caldecott, J. & Miles, L. (eds.), World Atlas 
of Great Apes and their Conservation. Los Angeles: University of California Press, pp. 53–
81. 

Isler, K. & van Schaik, C. P. (2012). Allomaternal care, life history and brain size evolution in 
mammals. Journal of Human Evolution, 63: 52–63. 



 265 

Jack, K. M. & Isbell, L. A. (2009). Dispersal in primates: advancing an individualized approach: 
Preface. Behaviour , 146: 429436. 

Janzen, D. H. (1967). Synchronization of sexual reproduction of trees within the dry season in 
Central America. Evolution, 21: 620–637. 

Janzen, D.H. (1971). Seed predation by animals. Annual Review of Ecology and Systematics, 2: 
465–492. 

Johnson, S. E. (2006). Maternal characteristics and offspring growth in chacma baboons: a life-
history perspective. In: L. Swedell & S. R. Leigh (Eds.) Reproduction and Fitness in 
Baboons: behavioral, ecological, and life history perspectives. Springer, pp. 177–197. 

Jolly, C. J. (1993). Species, subspecies and baboon systematics. In Kimbel, W. H. & Martin, L. B. 
(eds.), Species, Species Concepts, and Primate Evolution. New York: Plenum Press, pp. 
67-107. 

Jolly, C. J. (2001). A proper study for mankind: Analogies from the papionin monkeys and their 
implications for human evolution. Yearbook of Physical Anthropology 44: 177-204. 

Jones, E. N. (1990). Effects of forage availability on home range and population density of 
Microtus pensylvannicus. Journal of Mammalogy, 71: 382–389. 

Kappeler, P. & van Schaik, C. (2002). Evolution of Primate Social Systems. International Journal of 
Primatology, 23: 707-740. 

Kappeler, P. M., Schaik, C. P. Van, & Watts, D. P. (2012). The Values and Challenges of Long-
Term Field Studies. In Kappeler P. M. & Watts, D. P. (eds.), Long-Term Field Studies of 
Primates. New York: Springer, pp. 3–18. 

Keeping, D., & Pelletier, R. (2014). Animal density and track counts : understanding the nature of 
observations based on animal movements. PLoS ONE, 9: e96598. 

King, F. A. & Lee, P. C. (1987). A brief survey of human attitudes to a pest species of primate – 
Cercopithecus aethiops. Primate Conservation 8: 82-84. 

Kingdon, J., Happold, D., Butynski, T., Hoffmann, M., Happold, M. & Kalina, J. (2013). Mammals 
of Africa. A&C Black. 

Koenig, A. & Borries, C. (2009). The lost dream of ecological determinism: Time to say goodbye? 
… or a white queen's proposal? Evolutionary Anthropology: Issues, News, and Reviews 
18: 166-174. 

Kormos, R., Boesch, C., Bakarr, M. I. & Butynski, T. M. (eds.) (2003). West African Chimpanzees. 
Status Survey and Conservation Action Plan. Gland & Cambridge UK: IUCN / SSC Primate 
Specialist Group. 

Koutsioni, Y. & Sommer, V. (2011). The bush as pharmacy and supermarket. Plant use by human 
and non-human primates at Gashaka. In: V. Sommer & C. Ross (Eds), Primates of 



 266 

Gashaka: Socioecology and Conservation in Nigeria's Biodiversity Hotspot. Springer, pp. 
135–230. 

Kucera, T. E. & Barrett, R. H. (2011). A history of camera trapping. In: A. F. O’Connell, J. D. 
Nichols, & K. U. Karanth (Eds.), Camera Traps in Animal Ecology: Methods and Analyses. 
Springer. 

Kühl, H. S., Kalan, A. K., Arandjelovic, M., Aubert, F., D'Auvergne, L., Goedmakers, A., Jones, S., 
Kehoe, L., Regnaut, S., Tickle, A., Ton, E., Van Schijndel, J., Abwe, E. E., Angedakin, S., 
Agbor, A., Ayimisin, E. A., Bailey, E., Bessone, M., Bonnet, M., Brazolla, G., Buh, V. E., 
Chancellor, R., Cipoletta, C., Cohen, H., Corogenes, K., Coupland, C., Curran, B., 
Deschner, T., Dierks, K., Dieguez, P., Dilambaka, E., Diotoh, O., Dowd, D., Dunn, A., 
Eshuis, H., Fernandez, R., Ginath, Y., Hart, J., Hedwig, D., Heegde, M. T., Hicks, T. C., 
Imong, I., Jeffery, K. J., Junker, J., Kadam, P., Kambi, M., Kienast, I., Kujirakwinja, D., 
Langergraber, K., Lapeyre, V., Lapuente, J., Lee, K., Leinert, V., Meier, A., Maretti, G., 
Marrocoli, S., Mbi, T. J., Mihindou, V., Moebius, Y., Morgan, D., Morgan, B., Mulindahabi, 
F., Murai, M., Niyigabae, P., Normand, E., Ntare, N., Ormsby, L. J., Piel, A., Pruetz, J., 
Rundus, A., Sanz, C., Sommer, V., Stewart, F., Tagg, N., Vanleeuwe, H., Vergnes, V., 
Willie, J., Wittig, R. M., Zuberbuehler, K. & Boesch, C. (2016). Chimpanzee accumulative 
stone throwing. Scientific Reports, 6: 22219. 

Kummer, H. (1971). Primate Societies. Chicago: Aldine. 

Kvarnemo, C.; Ahnesjo, I. (1996). The dynamics of operational sex ratios and competition for 
mates. Trends in Ecology & Evolution, 11: 404–408. 

Leighton, M. & Leighton, D. R. (1982). The relationship of size and feeding aggregate to size of 
food patch: Howler monkey Alouatta palliata feeding in Trichilia cipo trees on Barro 
Colorado Island. Biotropica 14: 81–90. 

Link, A., Galvis, N., F., E. & Di Fiore, A. (2011). Patterns of mineral lick visitation by spider 
monkeys and howler monkeys in Amazonia: Are licks perceived as risky areas? American 
Journal of Primatology, 73: 386–396. 

Little, K. A. & Sommer, V. (2002). Changes of enclosure in langur monkeys: Implications for the 
evaluation of environmental enrichment. Zoo Biology 21: 549-559. 

Lodge, E. (2012). Energetics and life-history of olive baboons (Papio hamadryas anubis) in the 
Gashaka Gumti National Park. PhD thesis, University of Roehampton. 

Lodge, E., Ross, C., Ortmann, S., & MacLarnon, A. M. (2013). Influence of diet and stress on 
reproductive hormones in Nigerian olive baboons. General and Comparative 
Endocrinology, 191: 146–154.  

Lonsdorf, E. V., Ross, S. R. & Matsuzawa, T. (eds.) (2010). The Mind of the Chimpanzee: 
Ecological and Experimental Perspectives. Chicago, IL: University of Chicago Press. 

Lott, D. F. (1984). Intraspecific variation in the social systems of wild vertebrates. Behaviour 88: 
266–325. 



 267 

Louppe, D., Oattara, N. & Coulibaly, A. (1995). The effects of brush fires on vegetation: the 
Audrville fire plots after 60 years. Commonwealth Forestry Review 74: 288–292. 

Lowe, A. (2014). How Does Reproductive State Influence Female Behaviour? Seeking an Answer 
via Long-Term Data on Wild Olive Baboons in Nigeria. MSc in Human Evolution and 
Behaviour, Department of Anthropology, University College London. 

MacKinnon K. C. & Fuentes A. (2011) Primates, Niche Construction, and Social Complexity: The 
Roles of Social Cooperation and Altruism. In: Sussman, R. & Cloninger, C. (eds) Origins of 
Altruism and Cooperation. Developments in Primatology: Progress and Prospects, vol 36. 
New York: Springer. 

MacLarnon, A. M., Sommer, V., Goffe, A., Higham, J. P., Lodge, E., Tkaczynski, P. & Ross, C. 
(2015). Environment and stress in female forest-living african baboons: adaptability and 
reactive scope. General and comparative endocrinology 215: 10–24. 

Malenky, R. K., Wrangham, R. W., Chapman, C. A. & Vineberg, E. O. (1993). Measuring 
Chimpanzee food Abundance. Tropics, 2(4), 231–244. 

Mallet, J. (2007). Subspecies, semispecies, superspecies. In: S. Levin (Ed.), Encyclopaedia of 
Biodiversity, 5: 1–5. 

Martin, Robert D. (1990). Primate Origins and Evolution: A Phylogenetic Reconstruction. 
Princeton University Press. 

Matsubayashi, H., Lagan, P., Majalap, N., Tangah, J., Sukor, J. R. A. & Kitayama, K. (2007). 
Importance of natural licks for the mammals in Bornean inland tropical rain forests. 
Ecological Research, 22: 742–748. 

Matsumoto-Oda, A., Hosaka, K. & Huffman, M. A. (1998). Factors Affecting Party Size in 
Chimpanzees of the Mahale Mountains. International Journal of Primatology, 19: 999–
1011. 

Matsumoto-Oda, A., Okamoto, K., Takahashi, K., & Ohira, H. (2018). Group size effects on inter-
blink interval as an indicator of antipredator vigilance in wild baboons. Scientific Reports, 
8(1): 1–9.  

McGraw, W.S., Zuberbühler, K. (2008) Socioecology, predation, and cognition in a community of 
West African monkeys. Evolutionary Anthropology, 17: 254–266. 

McGrew, W. C. (1992). Chimpanzee Material Culture. Implications for Human Evolution. 
Cambridge: Cambridge University Press. 

McGrew, W. C. (2004). The Cultured Chimpanzee: Reflections on Cultural Primatology. 
Cambridge: Cambridge University Press. 

McLennan, M. (2010). Chimpanzee Ecology and Interactions with People in an Unprotected 
Human-Dominated Landscape at Bulindi, Western Uganda. PhD thesis, Dept. of 
Anthropology & Geography, Oxford Brookes University. 



 268 

McManus, E. (2005). Federal Republic of Nigeria. In Caldecott, J. & Miles, L. (eds.), World Atlas 
of Great Apes and their Conservation. Los Angeles: University of California Press, pp. 378–
383. 

McNaughton, S. J. (1985). Ecology of a grazing ecosystem: The Serengeti. Ecological 
Monographs 55: 259–294. 

Miller, L. (ed.) (2002). Eat or be Eaten: Predator Sensitive Foraging Among Primates. Cambridge 
University Press, Cambridge. 

Mitani, J. C. (2010). Chimpanzees. In Chun Choe, J. (Ed.), Encyclopedia of Animal Behavior (2nd 
ed., Vol. 3, pp. 48–55). London: Academic Press.  

Mitani, J. C. & Watts, D. (1997). The evolution of non-maternal caretaking among anthropoid 
primates: Do helpers help? Behavioral Ecology and Sociobiology, 40: 213–220. 

Mitani, J. C., Amsler, S. J. & Sobolewski, M. E. (2010). Chimpanzee minds in nature. In Lonsdorf, 
E. V., Ross, S. R. & Matsuzawa, T. (eds.), The Mind of the Chimpanzee: Ecological and 
Experimental Perspectives. Chicago, IL: University of Chicago Press, pp. 181–191. 

Mitani, J. C., Watts, D. P. & Lwanga, J. S. (2002). Ecological and social correlates of chimpanzee 
party size and composition. In Boesch C., Hohmann, G. & Marchant L. F. (eds.), 
Behavioural Diversity in Chimpanzees and Bonobos. Cambridge: Cambridge University 
Press, pp. 102–111. 

Mitani, J., Call, J., Kappeler, P., Palombit, R. & Silk, J. (Eds.) (2012). The Evolution of Primate 
Societies. University of Chicago Press. 

Molles, M. C. (2002). Ecology: Concepts and Applications (International edition). The McGraw-
Hill Companies. 

Moore, J. (1996). Savanna chimpanzees, referential models and the last common ancestor. In: J. 
Goodall & J. Itani (Authors) & W. McGrew, L. Marchant, & T. Nishida (Eds.), Great Ape 
Societies. Cambridge University Press, pp. 275–292. 

Morgan, B. J. & Abwe, E. E. (2006). Chimpanzees use stone hammers in Cameroon. Current 
Biology 16: R632–R633. 

Morgan, B., Adeleke, A., Bassey, T., Bergl, R., Dunn, A., Gadsby, E., Gonder, K., Greengrass, E., 
Koutou Koulagna, D., Mbah, G., Nicholas, A., Oates, J., Omeni, F., Saidu, Y., Sommer, V., 
Sunderland-Groves, J., Tiebou, J. & Williamson, L. (2011). Regional Action Plan for the 
Conservation of the Nigeria-Cameroon Chimpanzee (Pan troglodytes ellioti). IUCN/ SSC 
Primate Specialist Group and Zoological Society of San Diego / CA, USA. 

Msindai, J. (2018). Chimpanzees of Rubondo Island: Ecology and Sociality of a Reintroduced 
Population. PhD thesis, Anthropology Department, University College London. 

Newton-Fisher, N. E. (2003). The home range of the Sonso community of chimpanzees from the 
Budongo Forest, Uganda. African Journal of Ecology, 41: 150–156. 



 269 

Newton-Fisher, N. E. (2014). Roving females and patient males: A new perspective on the 
mating strategies of chimpanzees. Biological Reviews, 89: 356–374. 

Newton-Fisher, N. E., Reynolds, V., & Plumptre, A. J. (2000). Food supply and chimpanzee (Pan 
troglodytes schweinfurthii) party size in the Budongo Forest Reserve, Uganda. 
International Journal of Primatology, 21(4): 613–628.  

Ngalla, P. T., Miles, L. & Caldecott, J. (2005). Republic of Cameroon. In Caldecott, J. & Miles, L. 
(eds.), World Atlas of Great Apes and their Conservation. Los Angeles: University of 
California Press, pp. 305–314. 

Ngalla, P. T., Miles, L. & Caldecott, J. (2005). Republic of Cameroon. In Caldecott, J. & Miles, L. 
(eds.), World Atlas of Great Apes and Their Conservation. Los Angeles: University of 
California Press, pp. 305-314. 

Nishida, T. (1983). Alloparental Behavior in Wild Chimpanzees of the Mahale Mountains, 
Tanzania. Folia Primatologica, 41: 1–33. 

Nishida, T. (2011). Chimpanzees of the Lakeshore: Natural History and Culture at Mahale. 
Cambridge University Press. 

Noe, R. & Bshary, R. (1997). The formation of red colobus-diana monkey associations under 
predation pressure from chimpanzees. Proceedings of the Royal Society B: Biological 
Sciences, 264:253–259. 

Notman, H., & Rendall, D. (2005). Contextual variation in chimpanzee pant hoots and its 
implications for referential communication. Animal Behaviour, 70(1): 177–190.  

Nunn, C. L. & Altizer, S. (2006). Infectious Diseases in Primates: Behavior, Ecology and Evolution 
(Oxford Series in Ecology & Evolution). Oxford: Oxford University Press. 

Nyanganji, G., Fowler, A., McNamara, A. & Sommer, V. (2011). Monkeys and apes as animals 
and humans. Ethno-primatology in Nigeria's Taraba region. In Sommer, V. & Ross, C. 
(eds.), Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity 
Hotspot. (Developments in Primatology: Progress and Prospects 35) New York: Springer, 
pp. 101–134. 

Oates, J. F., Bergl, R. A. & Linder, J. M. (2004). Africa's Gulf of Guinea Forests: Biodiversity 
Patterns and Conservation Priorities. (Advances in Applied Biodiversity Science 6). 
Washington, DC: Conservation International. 

Odum, E.P. (1953). Fundamentals of Ecology. Saunders. 

Okecha, A. A. & Newton-Fisher, N. E. (2006). The diet of olive baboons (Papio anubis) in the 
Budongo Forest. In: N. E. Newton-Fisher, H. Notman, J. D. Paterson & V. Reynolds (Eds.), 
Primates of Western Uganda. Springer, pp. 61–73. 

Osborne, P.L. (2000). Tropical Ecosystems and Ecological Concepts. Cambridge University Press. 



 270 

Packer, C., Swanson, A., Ikanda, D. & Kushnir, H. (2011). Fear of darkness, the full moon and the 
nocturnal ecology of African lions. PLoS ONE, 6: 4–7. 

Pascual-Garrido, A. (2011). Insectivory of Nigerian Chimpanzees: Habitat Ecology and Harvesting 
Strategies. Phd Thesis, Facultad de Psicología, Departamento de Psicobiología, 
Universidad Complutense Madrid. 

Paterson, J. & Wallis, J. (2005). Commensalism and Conflict: The Human-Primate Interface. 
Norman, Oklahoma: American Society of Primatologists. 

Pennington, R. T., Lavin, M. & Oliveira-Filho, A. (2009). Woody plant diversity, evolution, and 
ecology in the tropics: perspectives from seasonally dry tropical forests. Annual Review of 
Ecology, Evolution, and Systematics, 40: 437–457. 

Pérez-Salicrup, D. R., & De Meijere, W. (2005). Number of lianas per tree and number of trees 
climbed by lianas at Los Tuxtlas, Mexico. Biotropica, 37(1): 153–156.  

Pica, Amalia (2018). Please Listen Hurry Others Speak Better. Berlin: Sternberg Press. 

Pimley, E. R., Bearder, S. K., & Dixson, A. F. (2005). Home Range Analysis of Perodicticus potto 
edwardsi and Sciurocheirus cameronensis. International Journal of Primatology, 26(1): 191.  

Potts, K. B., Watts, D. P. & Wrangham, R. W. (2011). Comparative Feeding Ecology of Two 
Communities of Chimpanzees (Pan troglodytes) in Kibale National Park, Uganda. 
International Journal of Primatology, 32: 669–690. 

Power, C.; Sommer, V. & Watts, I. (2013). The seasonality thermostat: Female reproductive 
synchrony and male behaviour in monkeys, Neanderthals and modern humans. 
PaleoAnthropology, 33−60. 

Pruetz, J. D. (2006). Feeding ecology of savanna chimpanzees (Pan troglodytes verus) at Fongoli, 
Senegal. In: G. Hohmann, M. M. Robins, C., Boesch (Eds.), Feeding Ecology in Apes and 
Other Primates: Ecological, Physical and Behavioral Aspects. Cambridge University Press, 
pp. 161–182. 

Prugh, L. R. & Golden, C. D. (2014). Does moonlight increase predation risk? Meta-analysis 
reveals divergent responses of nocturnal mammals to lunar cycles. Journal of Animal 
Ecology, 83: 504–514. 

Pulliam, H. R. (1973). On the advantages of flocking. Journal of Theoretical Biology, 38(2): 419–
422.  

Quinn, J.F. & Dunham, A. E. (1983) . On Hypothesis Testing in Ecology and Evolution The 
American Naturalist 122 (5), The American Naturalist, 122(5): 602–617. 

R Core Team (2014). R: A language and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. (http://www.R-project.org/). 

Rajpurohit, L. & Sommer, V. (1991). Sex differences in mortality among langurs (Presbytis 
entellus) of Jodhpur, Rajasthan. Folia Primatologica, 56: 17–27. 



 271 

Reikat, A. (ed.) (2002). Leben in Westafrika. Deutsche Forschungsgemeinschaft: 
Sonderforschungsbereich 268 (Kulturentwicklung und Sprachgeschichte im Naturraum 
Westafrikanische Savanne). 

Reynolds, V. (2005). The Chimpanzees of the Budongo Forest. Oxford: Oxford University Press. 

Reynolds, V., Lloyd, A. W., English, C. J., Lyons, P., Dodd, H., Hobaiter, C., Newton-Fisher, N., 
Mullins, C., Lamon, N., Schel, A. M. & Fallon, B. (2015). Mineral acquisition from clay by 
budongo forest chimpanzees. PLoS ONE, 10: 1–14. 

Robbins, M. M. (2010). Long-term field studies of primates: Considering the past, present, and 
future. Evolutionary Anthropology, 19(3): 87–88.  

Ross, C. & Hill, C. M. (2006). Non-human primates as pests: variation in primate species and 
human cultures. (Abstracts, 21st Congress on the International Primatological Society) 
International Journal of Primatology 27: 398. 

Ross, C., Warren, Y., Maclarnon, A. M. & Higham, J. P. (2011). How different are gashaka’s 
baboons? Forest and open country populations compared. In: V. Sommer & C. Ross (Eds.), 
Primates of Gashaka: Socioecology and conservation in Nigeria’s biodiversity hotspot. 
Springer. 

Rowe, N. & Myers, M. (2017). All The World’s Primates. Primate Conservation Inc., Pogonias 
Press. 

Sade, D.S. (1972). Sociometrics of Macaca mulatta. I. Linkages and cliques in grooming matrices. 
Folia Primatologica. 18: 196–223. 

Saidu, Y. Henschel, P., Balme, G. & Dunn, A. (2010). A Survey on the Status and Distribution of 
the Lion (Panthera leo) in Nigeria. Report to National Park Service, Abuja, Nigeria. 

Sapolsky, R. M. & Share L. J. (2004). A pacific culture among wild baboons: its emergence and 
transmission. PLoS Biology, 2: 0534–0541. 

Schel, A. M., Machanda, Z., Townsend, S. W., Zuberbühler, K. & Slocombe, K. E. (2013). 
Chimpanzee food calls are directed at specific individuals. Animal Behaviour, 86: 955–965. 

Schnitzer, S.A. & Bongers, F. (2002). The ecology of lianas and their role in forests. Trends in 
Ecology and Evolution, 17: 223–230. 

Schoener, T. W.  (1971). Theory of feeding strategies. Annual Review Ecological Systems 2: 369-
404. 

Schradin, C., & Hayes, L. D. (2017). A synopsis of long-term field studies of mammals: 
achievements, future directions, and some advice. Journal of Mammalogy, 98(3): 670–
677.  

Seber, G. (1992). A Review of Estimating Animal Abundance II. International Statistical Review / 
Revue Internationale De Statistique, 60: 129–166. 



 272 

Setchell, J. M., Wickings, E. J. & Words, K. E. Y. (2004). Social and Seasonal Influences on the 
Reproductive Cycle in Female Mandrills (Mandrillus sphinx). American Journal of Physical 
Anthropology, 125: 73–84. 

Silveira, L., Jácomo, A. & Diniz-Filho, J. (2003). Camera trap, line transect census and track 
surveys: A comparative evaluation. Biological Conservation, 114: 351–355. 

Smith-Ramirez, C. & Armesto, J. (1994). Flowering and fruiting patterns in the temperate 
rainforest of Chiloe, Chile: Ecologies and climatic constraints. Journal of Ecology, 82: 353–
365. 

Smuts, B. (1985). Sex and friendship in baboons. London: Harvard University Press. 

Smuts, B. B., Cheney, D. L., Seyfarth, R. M., Wrangham, R. W. & Struhsaker, T. T. (1987). Primate 
Societies. Chicago: The University of Chicago Press. 

Smythe, N. (1970). Relationships between fruiting seasons and seed dispersal methods in a 
neotropical forest. The American Naturalist, 104(935): 25–35. 

Sommer, V. (1996). Heilige Egoisten. Die Soziobiologie indischer Tempelaffen. Munich: Beck, C. 
H. 

Sommer, V. (2008). Schimpansenland. Wildes Leben in Afrika. Munich: C. H. Beck. 

Sommer, V. & Mendoza-Granados, D. (1994). Play as an indicator of habitat quality: A field study 
of langur monkeys (Presbytis entellus). Ethology 98: 1–16. 

Sommer, V. & Rajpurohit, L. S. (1989). Male reproductive success in harem troops of hanuman 
langurs (Presbytis entellus). International Journal of Primatology, 10: 293–317. 

Sommer, V. & Reichard, U. (2000). Rethinking monogamy: The gibbon case. In: P. Kappeler (Ed.), 
Primate Males: Causes and Consequences of Variation in Group Composition. 
Cambridge University Press, pp 159–168. 

Sommer, V. & Ross, C. (2011b). Exploring and protecting West Africa's primates. The Gashaka 
Primate Project in context. In Sommer, V. & Ross, C. (eds.), Primates of Gashaka. 
Socioecology and Conservation in Nigeria's Biodiversity Hotspot. (Developments in 
Primatology: Progress and Prospects 35). New York: Springer, pp. 1–37. 

Sommer, V. & Ross, C. (eds.) (2011a). Primates of Gashaka. Socioecology and Conservation in 
Nigeria’s Biodiversity Hotspot. New York: Springer. 

Sommer, V., Adanu, J., Faucher, I. & Fowler, A. (2004). The Nigerian Chimpanzee (Pan 
troglodytes vellerosus) at Gashaka: Two years of habituation efforts. Folia Primatologica 
75: 295–316. 

Sommer, V., Buba, U., Jesus, G. & Pascual-Garrido, A. (2012). Till the last drop: Honey gathering 
in nigerian chimpanzees. Ecotropica, 18: 55–64. 



 273 

Sommer, V., Lowe, A., Jesus, G., Alberts, N., Bouquet, Y., Inglis, D. M., Petersdorf, M., Van Riel, 
E., Thompson, J. & Ross, C. (2016). Antelope predation by nigerian forest baboons: 
Ecological and behavioural correlates. Folia Primatologica, 87: 67–90. 

Sommer, V., Minocher, R. & Lowe, A. (2018). Infanticide. In: H. Callan (Ed.), The International 
Encyclopedia of Anthropology. John Wiley & Sons. 

Sommer, V., Srivastava, A. & Borries, C. (1992). Cycles, sexuality, and conception in free-ranging 
langurs (Presbytjs entellus). American Journal of Primatology, 28: 1–27. 

Srbek-Araujo, A. C. & Chiarello, A. G. (2005). Is camera-trapping an efficient method for 
surveying mammals in Neotropical forests? A case study in south-eastern Brazil. Journal of 
Tropical Ecology, 21: 121–125. 

Stamp-Dawkins, M. (2012). Why Animals Matter: Animal Consciousness, Animal Welfare, and 
Human Well-being. Oxford University Press. 

Standen, V. & Foley, R. A. (Eds.) (1989). Comparative Socioecology: The Behavioural Ecology of 
Humans and Other Animals. Blackwell Scientific Publications. 

Stearns, S. (1992) The Evolution of Life Histories. Oxford University Press. 

Stelzner, J. K. (1988). Thermal effects on movement patterns of yellow baboons. Primates, 29(1): 
91–105. 

Stensland, E., Angerbjorn, A. & Berggren, P. (2003). Mixed species groups in mammals. Mammal 
Review, 33: 205–223. 

Stephens, D. W. & Krebs, J. R. (1986). Foraging Theory. Princeton University Press. 

Strier, K. (1994). Myth of the typical primate. Yearbook of Physical Anthropology, 37: 233–271. 

Strier, K. (2011). Primate Behavioral Ecology. Pearson. 

Strum, S. (1987). Almost Human. A Journey into the World of Baboons. Random House. 

Strum, S. C. (1987). Almost Human – A Journey into the World of Baboons. New York: Random 
House. 

Strum, S. C. (1994). Prospects for management of primate pests. Revue d’Ecologie La Terre et La 
Vie, 49: 295–306. 

Sumida, A. (2015). The diameter growth – height growth relationship as related to the diameter 
– height relationship. Tree Physiology, 35: 1031–1034. 

Swedell, L. (2011). African papionins: diversity of social organisation and ecological flexibility. In: 
C. Campbell, A. Fuentes, K. MacKinnon, S. Bearder & R. Stumpf (Eds.), Primates in 
Perspective. Oxford University Press, pp. 241–277. 



 274 

Swedell, L. & Leigh, S. R. (Eds.) (2006). Reproduction and Fitness in Baboons: Behavioral, 
Ecological, and Life History Perspectives. Springer. 

Tagg, N., Maureen, M., Dieguez, P., Bocksberger, G., Willie, J., Mundry, R., Stewart, F., 
Arandjelovic, M., Widness, ., Landsmann, A., Agbor, A., Angedakin, S., Ayimisin, A. E., 
Bessone, M., Brazzola, G., Corogenes, K., Deschner, T., Dilambaka, E., Manasseh, E., 
Eshuis, Henk, Goedmakers, A., Granjon, A. C., Head, J., Hermans, V., Jones, S., Kadam, 
P., Kambi, M., Langergraber, K. E., Lapeyre, V., Lapuente, J., Lee, K., Leinert, V., Maretti, 
G., Marrocoli, S., Meier, A., Nicholl, S., Normand, E., Ormsby, L. J, Piel, A., Robinson, O., 
Sommer, V., Ter Heegde, M., Tickle, A., Ton, E., van Schijndel, J., Vanleeuwe, H., Vergnes, 
V., Wessling, E., Wittig, R. M., Zuberbuehler, K., Kuehl, H. & Boesch, C. (2018). Nocturnal 
activity in wild chimpanzees (Pan troglodytes): Evidence for flexible sleeping patterns and 
insights into human evolution. American Journal of Physical Anthropology, 166: 510–529. 

Thierry, B. (2007). Behaviorology divided : Shall we continue? Behaviour, 144: 861–878. 

Thierry, B. (2008). primate socioecology, the lost dream of ecological determinism. Evolutionary 
Anthropology, 17: 93–96. 

Tomasello, M. & Call, J. (1997). Primate Cognition. Oxford University Press. 

Tracy, B. F., Mcnaughton, S. J., Tracy, B. F. & Mcnaughton, S. J. (1995). Elemental Analysis of 
Mineral Lick Soils from the Serengeti National Park , the Konza Prairie and Yellowstone 
National Park. Ecography, 18: 91–94. 

Tranquilli, S., Abedi-Lartey, M., Abernethy, K., Amsini, F., Asamoah, A., Balangtaa, C., Blake, S., 
Bouanga, E., Breuer, T., Brncic, T. M., Campbell, G., Chancellor, R., Chapman, C. A., 
Davenport, T. R.B., Dunn, A., Dupain, J., Ekobo, A., Eno-Nku, M., Etoga, G., Furuichi, T., 
Gatti, S., Ghiurghi, A., Hashimoto, C., Hart, J. A., Head, J., Hega, M., Herbinger, I., Hicks, 
T. C., Holbech, L. H., Huijbregts, B., Kühl, H. S., Imong, I., Yeno, S., Linder, J., Marshall, 
P., Lero, P. M., Morgan, D., Mubalama, L., N'Goran, P. K., Nicholas, A., Nixon, S., 
Normand, E., Nziguyimpa, L., Nzooh-Dongmo, Z., Ofori-Amanfo, R., Ogunjemite, B. G., 
Petre, C. A., Rainey, H. J., Regnaut, S., Robinson, O., Rundus, A., Sanz, C. M., Okon, D. 
T., Todd, A., Warren, Y. & Sommer, V. (2014). Protected areas in tropical Africa: Assessing 
threats and the impact of conservation activities. PLoS ONE 9: e114154. 

Tranquilli, S., Abedi-Lartey, M., Amsini, F., Arranz, L., Asamoah, A., Babafemi, O., Barakabuye, 
N., Campbell, G., Chancellor, R., Davenport, T. R.B., Dunn, A., Dupain, J., Ellis, C., 
Etoga, G., Furuichi, T., Gatti, S., Ghiurghi, A., Greengrass, E., Hashimoto, C., Hart, J., 
Herbinger, I., Hicks, T. C., Holbech, L. H., Huijbregts, B., Imong, I., Kumpel, N., Maisels, 
F., Marshall, P., Nixon, S., Normand, E., Nziguyimpa, L., Nzooh-Dogmo, Z., Okon, D. T., 
Plumptre, A., Rundus, A., Sunderland-Groves, J., Todd, A., Warren, Y., Mundry, R., 
Boesch, C. & Kuehl, H. (2012), Lack of conservation effort rapidly increases African great 
ape extinction risk. Conservation Letters, 5: 48–55. 

Trivers, R. (1985). Social Evolution. Benjamin-Cummins Publishing Co. 

Trivers, R. L. (1972). Parental investment and sexual selection. In : Campbell, B. (Hg.) (ed.), Sexual 
Selection and The Descent of Man, 1871-1971. Illinois, Chicago : Aldine Press, pp. 136-
179. 



 275 

Turner, I. M. (2001). The Ecology of Trees in the Tropical Rain Forest. Cambridge: Cambridge 
University Press. 

Turner, M., Romme, W. H., Tinker & Daniel B. (2003). Surprises and lessons from the 1988 
Yellowstone fires. Frontiers in Ecology and the Environment, 1: 351–358. 

Tutin, C. E. G. & Fernandez, M. (1993). Relationships between minimum temperature and fruit 
production in some tropical forest trees in Gabon. Journal of Tropical Ecology 9: 241-248. 

UCL Anthropology (2013) Apestraction: Damián Ortega @ The Freud Museum London. 
Retrieved July 20, 2018 from https://www.ucl.ac.uk/anthropology/news/2013/ 
may/apestraction-damian-ortega-freud-museum-london 

UCL Anthropology (2017) Amalia Pica exhibits in Bogotá - inspired by Gashaka Primate Project. 
Retrieved July 20, 2018 from https://www.ucl.ac.uk/anthropology/news/2017/may/ 
amalia-pica-exhibits-bogota-inspired-gashaka-primate-project 

Uhl, C. 1988. Restoration of degraded lands in the Amazon basin. In: E. O. Wilson & Peter, F. M. 
(Eds.), Biodiversity. National Academy Press. 

Valeix, M., Loveridge, A. J., Chamaille-Jammes, S., Davidson, Z., Murindagomo, F., Fritz, H. & 
Macdonald, D. W. (2009). Behavioral adjustments of African herbivores to predation risk 
by lions: Spatiotemporal variations influence habitat use. Ecology 90: 23–30. 

van Doorn, A. C., O’Riain, M. J. & Swedell, L. (2010). The effects of extreme seasonality of 
climate and day length on the activity budget and diet of semi-commensal chacma 
baboons (Papio ursinus) in the Cape Peninsula of South Africa. American Journal of 
Primatology, 72: 104–112. 

van Schaik, C. P. (1989). The ecology of social relationships amongst female primates. In 
Standen, V. & Foley, R. A. (eds.), Comparative Socioecology. Oxford: Blackwell Scientific 
Publications, pp. 195–218. 

van Schaik, C. P. & Janson, C. (Eds.) (2000). Infanticide by Males and its Implications. Cambridge: 
Cambridge University Press . 

van Schaik, C. P., & Pfannes, K. R. (2005). Tropical climates and phenology: a primate 
perspective. In van Schaik, C. P. & Brockman D. K. (eds.) Seasonality in Primates. 
Cambridge: Cambridge University Press, pp 23–54 

van Schaik, C. P., van Noordwijk, A. M., de Boer, R. J. & den Tonkelaar, I. (1983). The effect of 
group size on time budgets and social behaviour in wild long-tailed. macaques (Macaca f 
ascicularis). Behavioral Ecology and Sociobiology, 13: 173–181. 

Visser, M. D., Jongejans, E., van Breugel, M., Zuidema, P. A., Chen, Y., Rahman Kassim, A. & de 
Kroon, Hans (2011). Strict mast fruiting for a tropical dipterocarp tree: A demographic 
cost-benefit analysis of delayed reproduction and seed predation". Journal of Ecology. 
99: 1033–1044. 



 276 

Wallis, J. (1997). A survey of reproductive parameters in the free ranging chimpanzees of Gombe 
National Park. Journal of Reproduction and Fertility 109: 297-307. 

Wallis, J. (2002). Seasonal aspects of reproduction and sexual behavior in two chimpanzee 
populations: A comparison of Gombe (Tanzania) and Budongo (Uganda). In Boesch C., 
Hohmann G., Marchant, L.F., (eds.), Behavioural Diversity in Chimpanzees and Bonobos. 
Cambridge: Cambridge University Press, pp 181–191.  

Warren, Y. (2003). Olive Baboons (Papio cynocephalus anubis): Behaviour, Ecology And Human 
Conflict In Gashaka Gumti National Park, Nigeria. PhD thesis, Department of Life Sciences, 
Roehampton University, London. 

Warren, Y., Higham, J. P., MacLarnon, A. M. & Ross, C. (2011). Crop-raiding and commensalism 
in olive baboons: the costs and benefits of living with humans. In Sommer, V. & Ross, C. 
(eds.), Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity 
Hotspot. (Developments in Primatology: Progress and Prospects 35). New York: Springer, 
pp. 307–332. 

Weyher, A. H., Ross, C. & Semple, S. (2006). Gastrointestinal parasites in crop raiding and wild 
foraging Papio anubis in Nigeria. International Journal of Primatology 27: 1519-1534. 

White, D. (1990). Report on a Visit to Ngel Nyaki Forest Reserve, Mambila Plateau (07 - 11 April 
1990). Report to NCF & WWF-UK. 

White, F. J. & Wrangham, R. W. (1988). Feeding competition and patch size in the chimpanzee 
species Pan paniscus and Pan troglodytes. Behaviour, 105: 148–164. 

Whiten A., Goodall, J., McGrew, W. C., Nishida, T., Reynolds, V., Sugiyama, Y., Tutin, C. E. G, 
Wrangham, R. W. & Boesch, C. (1999). Cultures in chimpanzees. Nature 399: 682–685. 

Whiten, A., Byrne, R. W., Barton, R. A., Waterman, P.G. & Henzi, S. P. (1991). Dietary and 
foraging strategies of baboons. Philosophical Transactions of the Royal Society London B 
334: 187–197. 

Wilkinson, R. (2008). Some recent records of birds from Gashaka Gumti National Park and Ngel 
Nyaki, Nigeria, and the Gotel Mountains, Cameroon. Malimbus 30: 156–164. 

Wilson, M. L. (2012). Long-Term Studies of the Chimpanzees of Gombe National Park, Tanzania. 
In Kappeler P. M. & Watts D.P. (eds.), Long-Term Field Studies of Primates. New York: 
Springer, pp. 357–384.  

Wolff, J. (2003). An evolutionary and behavioral perspective on dispersal and colonization of 
mammals in fragmented landscapes. In Zabel, C. & Anthony, R. (Eds.), Mammal 
Community Dynamics: Management and Conservation in the Coniferous Forests of 
Western North America. Cambridge: Cambridge University Press.  

Woodroffe, R., & Ginsberg, J. R. (1998). Edge effects and the extinction of populations inside 
protected areas. Science, 280: 2126–2128. 

Wrangham, R. W. (1980). An ecological model of female-bonded primate groups. Behaviour 75: 



 277 

262-300. 

Wrangham, R. W. & Peterson, D. (1996). Demonic Males. Apes and the Origins of Human 
Violence. London: Bloomsbury. 

Wrangham, R. W., McGrew, W. C., de Waal, F. B. M. & Heltne, P. G. (eds.) (1994). Chimpanzee 
Cultures. Cambridge, MA: Harvard University Press. 

Zinner, D. P., Nunn, C. L., Kappeler, P. M. & van Schaik, C. P. (2004). Sexual selection and 
exaggerated sexual swellings of female primates. In: P. M. Kappeler & C. P. van Schaik 
(Eds.), Sexual Selection in Primates: New and Comparative Perspectives. Cambridge Press, 
pp. 71–89. 

Zinner, D., Buba, U., Nash, S. & Roos, C. (2011). Pan-African voyagers: The phylogeography of 
baboons. In: Sommer, V. & Ross, C. (Eds.), Primates of Gashaka. Socioecology and 
Conservation in Nigeria's Biodiversity Hotspot. Springer. 

Ziomkiewicz, A., Pawlowski, B., Ellison, P. T., Lipson, S. F., Thune, I. & Jasienska, G. (2012). 
Higher luteal progesterone is associated with low levels of premenstrual aggressive 
behavior and fatigue. Biological Psychology, 91: 376–382. 



 278 

 

 

 



 279 

APPENDIX I 

PUBLICATIONS.  

GASHAKA PRIMATE PROJECT (1999–2018) 

 

Reference date: 01Apr2018 

 

A total of 217 publications are listed chronologically within the following categories: 

2 books, 

65 research articles in journals and edited volumes, 

22 unpublished reports, 

15 PhD theses (completed), 

4 PhD theses (expecting completion), 

39 master dissertations and Diplomarbeiten, 

4 undergraduate dissertations, 

45 abstracts, 

4 contemporary arts pieces, 

13 popular writings, 

4 documentaries. 

 

 

Books 

Sommer, Volker (2008). Schimpansenland. Wildes Leben in Afrika. Munich: C. H. Beck. 251 pp, 8 

plates. ["Chimpanzeeland. Wild life in Africa"] 

Sommer, Volker & Caroline Ross (eds.) (2011). Primates of Gashaka. Socioecology and 

Conservation in Nigeria's Biodiversity Hotspot. (Developments in Primatology: Progress and 

Prospects 35) Springer: New York. 531 pp 

 

 



 280 

Research Articles in Journals & Edited Volumes 

Sommer, Volker; Jeremiah Adanu, Isabelle Faucher & Andrew Fowler (2004). The Nigerian 

chimpanzee (Pan troglodytes vellerosus) at Gashaka: Two years of habituation efforts. Folia 

Primatologica 75: 295–316 

Arnold, Kate & Klaus Zuberbühler (2006) The alarm calling system of adult male putty-nosed 

monkeys, Cercopithecus nictitans martini. Animal Behaviour 72: 643–653 

Arnold, Kate & Klaus Zuberbühler (2006). Alarm calls and organised imperatives in male putty-

nosed monkeys. Pp. 389–390 in: A. Cangelosi, A. D. M. Smith & K. Smith (eds.), The 

Evolution of Language (Proc. 6th International Conference [Evolang]. World Scientific 

Publishing Company: Singapore 

Arnold, Kate & Klaus Zuberbühler (2006). Semantic combinations in primate calls. Nature 441: 

303 

Hohmann, Gottfried; Andrew Fowler, Volker Sommer & Sylvia Ortmann (2006). Frugivory and 

gregariousness of Salonga bonobos and Gashaka chimpanzees: the abundance and 

nutritional quality of fruit. Pp. 123–159 in: Gottfried Hohmann, Martha M. Robbins & 

Christophe Boesch (eds.), Feeding Ecology in Apes and Other Primates. Cambridge: 

Cambridge University Press 

Weyher, Anna H.; Caroline Ross & Stuart Semple (2006). A comparison of gastrointestinal 

parasites in a crop raiding and a wild foraging troop of olive baboons (Papio cynocephalus 

anubis) in Nigeria. International Journal of Primatology 27: 1519–1534 

Schöning, Caspar & Mark Moffett (2007). Driver ants invading a termite nest – why do the most 

catholic predators of all seldom take this abundant prey? Biotropica 39: 663–667 

Schöning, Caspar; Darren Ellis, Andrew Fowler & Volker Sommer (2007). Army ant prey 

availability and consumption by chimpanzees at Gashaka (Nigeria). Journal of Zoology 271: 

125–133 

Warren Ymke; Bobbo Buba & Caroline Ross (2007). Patterns of crop-raiding by wild and 

domestic animals near Gashaka Gumti National Park Nigeria. International Journal of Pest 

Management 53: 207–216 

Fowler, Andrew; Yianna Koutsioni & Volker Sommer (2007). Leaf-swallowing in Nigerian 

chimpanzees: Assumed evidence for self-medication. Primates 48: 73–76 

Fowler, Andrew & Volker Sommer (2007). Subsistence technology in Nigerian chimpanzees. 

International Journal of Primatology 28: 997–1023 

Higham, James P.; Caroline Ross, Ymke Warren, Michael Heistermann & Ann M. MacLarnon 

(2007). Reduced reproductive function in wild olive baboons (Papio hamadryas anubis) 

related to natural consumption of the African black plum (Vitex doniana). Hormones and 

Behavior 52: 384–390 



 281 

Higham, James P.; Michael Heistermann, Caroline Ross, Stuart Semple & Ann MacLarnon (2008). 

The timing of ovulation with respect to sexual swelling detumescence in wild olive 

baboons. Primates 49: 295–299 

Higham, James P., Ann MacLarnon, Caroline Ross, Michael Heistermann & Stuart Semple (2008). 

Baboon sexual swellings: information content of size and color. Hormones and Behavior 53: 

452–462 

Higham, James P. & David M. Bennett (2008). Perspectives on wildlife, and wildlife consumption, 

in Eastern Nigeria. Gorilla Journal 36: 11–13 

Wilkinson, Roger (2008). Some recent records of birds from Gashaka Gumti National Park and 

Ngel Nyaki, Nigeria, and the Gotel Mountains, Cameroon. Malimbus 30: 156–164 

Arnold, Kate & Klaus Zuberbühler (2008). Meaningful call combinations in a non-human primate. 

Current Biology 18: R202–203 

Warren, Ymke (2008) Crop–raiding baboons and defensive farmers: a West African perspective. 

West African Journal of Applied Ecology 14: 1–11 

Higham, James P.; Stuart Semple, Ann MacLarnon, Michael Heistermann & Caroline Ross (2009). 

Female reproductive signals, and male mating behavior, in the olive baboon. Hormones 

and Behavior 55: 60–67 

Higham, James P.; Ymke Warren, Jeremiah Adanu, Buba N. Umaru, Ann M. MacLarnon, Volker 

Sommer & Caroline Ross (2009). Life on the edge: Life-history of olive baboons at Gashaka-

Gumti National Park, Nigeria. American Journal of Primatology 71: 293–304 

Higham, James P.; Ann MacLarnon, Michael Heistermann, Caroline Ross & Stuart Semple (2009). 

Self-directed behaviour and faecal glucocorticoids are not correlated in wild female 

baboons (Papio hamadryas anubis). Stress 12: 526–632 

Price, Tabitha; Kate Arnold, Klaus Zuberbühler & Stuart Semple (2009). Pyow but not hack calls 

of the male putty-nosed monkey (Cercopithecus nictitans) convey information about caller 

identity. Behaviour 146: 871–888 

Sommer, Volker (2010). The anthropologist as a primatologist. Mental journeys of a fieldworker. 

Pp. 32–48 in: Jeremy MacClancy & Agustín Fuentes (eds.), Centralizing Fieldwork. Critical 

perspectives from primatology and biological anthropology in the lens of social 

anthropological theory and practice. Oxford: Berghahn 

Kateřina Pomajbíková, Klára J. Petrželková, Ilona Profousová, Jana Petrášová, Svetlana 

Kišidayová, Zora Varádyová & David Modrý (2010). A survey of entodiniomorphid ciliates in 

chimpanzees and bonobos. American Journal of Physical Anthropology 142: 42–48 

Sommer, Volker & Caroline Ross (2011). Exploring and protecting West Africa's primates. The 

Gashaka Primate Project in context. Pp. 1–37 (Ch. 01): in Volker Sommer & Caroline Ross 

(eds.), Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity 

Hotspot. Springer: New York 



 282 

Barnwell, Richard (2011). To save a wilderness: The creation and development of Gashaka Gumti 

National Park, Nigeria. Pp. 39–54 (Ch. 2) in Volker Sommer & Caroline Ross (eds.), Primates 

of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity Hotspot. Springer: 

New York 

Adanu, Jeremiah; Volker Sommer & Andrew Fowler (2011). Hunters, fire, cattle. Conservation 

challenges in eastern Nigeria, with special reference to chimpanzees. Pp. 55–100 (Ch. 03): 

in Volker Sommer & Caroline Ross (eds.), Primates of Gashaka. Socioecology and 

Conservation in Nigeria's Biodiversity Hotspot. Springer: New York 

Nyanganji, Gilbert; Andrew Fowler, Aylin McNamara & Volker Sommer (2011). Monkeys and 

apes as animals and humans. Ethno-primatology in Nigeria's Taraba region. Pp. 101–134 

(Ch. 04) in Volker Sommer & Caroline Ross (eds.), Primates of Gashaka. Socioecology and 

Conservation in Nigeria's Biodiversity Hotspot. Springer: New York 

Koutsioni, Yianna & Volker Sommer (2011). The bush as pharmacy and supermarket. Plant use by 

human and non-human primates at Gashaka. Pp. 135–230 (Ch. 05) in Volker Sommer & 

Caroline Ross (eds.), Primates of Gashaka. Socioecology and Conservation in Nigeria's 

Biodiversity Hotspot. Springer: New York 

Bennett, David & Caroline Ross (2011). Fulani of the highlands: Costs and benefits of living in 

national park enclaves. Pp. 231–266 (Ch. 6) in Volker Sommer & Caroline Ross (eds.), 

Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity Hotspot. 

Springer: New York 

Zinner, Dietmar; Umaru Buba, Stephen Nash & Christian Roos (2011). Pan-African voyagers: The 

phylogeography of baboons. Pp. 267–306 (Ch. 7) in Volker Sommer & Caroline Ross (eds.), 

Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity Hotspot. 

Springer: New York 

Warren, Ymke; James P. Higham, Ann M. Maclarnon & Caroline Ross (2011). Crop-raiding and 

commensalism in olive baboons: The costs and benefits of living with humans. Pp. 307–332 

(Ch. 8) in Volker Sommer & Caroline Ross (eds.), Primates of Gashaka. Socioecology and 

Conservation in Nigeria's Biodiversity Hotspot. Springer: New York 

Ross, Caroline; Ymke Warren, Ann M. Maclarnon & James P. Higham (2011). How different are 

Gashaka’s baboons? Forest and open country populations compared. Pp. 333–361 (Ch. 9) 

in Volker Sommer & Caroline Ross (eds.), Primates of Gashaka. Socioecology and 

Conservation in Nigeria's Biodiversity Hotspot. Springer: New York 

Ey, Elodie & Julia Fischer (2011). Keeping in contact: Flexibility in calls of olive baboons. Pp. 

361–384 (Ch. 10) in Volker Sommer & Caroline Ross (eds.), Primates of Gashaka. 

Socioecology and Conservation in Nigeria's Biodiversity Hotspot. Springer: New York 

Arnold, Kate; Yvonne Pohlner & Klaus Zuberbühler (2011). Not words but meanings? Alarm 

calling behaviour in a forest guenon. Pp. 385–416 (Ch. 11) in Volker Sommer & Caroline 

Ross (eds.), Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity 

Hotspot. Springer: New York 



 283 

Sommer, Volker; Jan Bauer, Andrew Fowler & Sylvia Ortmann (2011). Patriarchal chimpanzees, 

matriarchal bonobos. Potential ecological causes of a Pan dichotomy. Pp. 417–450 (Ch. 12) 

in Volker Sommer & Caroline Ross (eds.), Primates of Gashaka. Socioecology and 

Conservation in Nigeria's Biodiversity Hotspot. Springer: New York 

Fowler, Andrew; Alejandra Pascual-Garrido, Umaru Buba, Sandra Tranquilli, Callistus Akosim; 

Caspar Schöning & Volker Sommer (2011). Panthropology of the fourth chimpanzee. A 

contribution to cultural primatology. Pp. 451–492 (Ch. 13) in Volker Sommer & Caroline 

Ross (eds.), Primates of Gashaka. Socioecology and Conservation in Nigeria's Biodiversity 

Hotspot. Springer: New York 

Hughes, Nicola; Norm Rosen, Neil Gretsky & Volker Sommer (2011). Will the Nigeria-Cameroon 

chimpanzee go extinct? Models derived from intake rates of ape sanctuaries. Pp. 493–523 

(Ch. 14) in Volker Sommer & Caroline Ross (eds.), Primates of Gashaka. Socioecology and 

Conservation in Nigeria's Biodiversity Hotspot. Springer: New York 

Morgan, Bethan; Alade Adeleke, Tony Bassey, Richard Bergl, Andrew Dunn, Elizabeth Gadsby, 

Katy Gonder, Elizabeth Greengrass, Denis Koutou Koulagna, Grace Mbah, Aaron Nicholas, 

John Oates, Fidelis Omeni, Yohanna Saidu, Volker Sommer, Jacqueline Sunderland-Groves, 

Joseph Tiebou & Liz Williamson (2011). Regional Action Plan for the Conservation of the 

Nigeria-Cameroon Chimpanzee. IUCN/SSC Primate Specialist Group, Gland, Switzerland 

and Zoological Society of San Diego / CA, USA. 48 pp. [French: Morgan et al. (2011). Plan 

d’action por la conservation du chimpanzé du Nigeria-Cameroun (Pan troglodytes ellioti). 

IUCN/SSC Primate Specialist Group, Gland, Switzerland and Zoological Society of San 

Diego / CA, USA. 48 pp.] 

Reeder, Natalie M.M.; Tina L. Gheng, Vance T. Vredenburg & David C. Blackburn (2011) Survey 

of the chytrid fungus Batrachochytrium dendrobatidis from montane and lowland frogs in 

eastern Nigeria. Herpetology Notes 4: 83–86 

Lehman, Julia & Caroline Ross (2011). Baboon (Papio anubis) social complexity – a network 

approach. American Journal of Primatology 73: 1–15 

Ellis, Jacklyn; Ann MacLarnon, Michael Heistermann & Stuart Semple (2011). The social 

correlates of self-directed behaviour and faecal glucocorticoid levels among adult male 

olive baboons in Gashaka–Gumti National Park, Nigeria. African Zoology 46: 302–308 

Sommer, Volker (2011). Kulturnatur, Naturkultur. Argumente für einen Monismus. Zeitschrift für 

Kulturphilosophie 5: 9–40 

Gumnior, Maren & Volker Sommer (2012). Multi-scale, multi-temporal vegetation mapping and 

assessment of ecosystem degradation at Gashaka Gumti National Park (Nigeria). Research 

Journal of Environmental and Earth Sciences 4: 397–412 

Pascual-Garrido, Alejandra; Umaru Buba, George Nodza & Volker Sommer (2012). Obtaining raw 

material: Plants as tool sources for Nigerian chimpanzees. Folia Primatologica 83: 24–44 

Peter Vallo, Klára J. Petrželková, Ilona Profousová, Jana Petrášová, Kateřina Pomajbíková, Fabian 

Leendertz, Chie Hashimoto, Nicol Simmons, Fred Babweteera, Zarin Machanda, Alexander 



 284 

Piel, Martha Robbins, Christophe Boesch, Crickette Sanz, David Morgan, Volker Sommer, 

Takeshi Furuichi, Shiho Fujita, Tetsuro Matsuzawa, Michael A. Huffman & David Modrý 

(2012). Molecular diversity of entodiniomorphid ciliate Troglodytella abrassarti and its 

coevolution with chimpanzees. American Journal of Physical Anthropology 148: 525–533 

Sommer, Volker, Umaru Buba, Gonçalo Jesus & Alejandra Pascual-Garrido (2012). Till the last 

drop. Honey gathering in Nigerian chimpanzees. Ecotropica 18: 55–64 

Allon, Oliver; Alejandra Pascual-Garrido & Volker Sommer (2012). Army ant defensive behaviour 

and chimpanzee predation success: Field experiments in Nigeria. Journal of Zoology 288: 

237–244 

Tranquilli, Sandra; Michael Abedi-Lartey, Fidèle Amsini, Luis Arranz, Augustus Asamoah, 

Ogunjemite Babafemi, Nsengiyunva Barakabuye, Geneviève Campbell, Rebecca 

Chancellor, Tim R.B. Davenport, Andrew Dunn, Jef Dupain, Christina Ellis, Gilles Etoga, 

Takeshi Furuichi, Sylvain Gatti, Andrea Ghiurghi, Elisabeth Greengrass, Chie Hashimoto, 

John Hart, Ilka Herbinger, Thurston C. Hicks, Lars H. Holbech, Bas Huijbregts, Inaoyom 

Imong, Noelle Kumpel, Fiona Maisels, Phil Marshall, Stuart Nixon, Emmanuelle Normand, 

Léonidas Nziguyimpa, Zacharie Nzooh-Dogmo, David Tiku Okon, Andrew Plumptre, Aaron 

Rundus, Jacqueline Sunderland-Groves, Angelique Todd, Ymke Warren, Roger Mundry, 

Christophe Boesch & Hjalmar Kuehl (2012). Lack of conservation effort rapidly increases 

African great ape extinction risk. Conservation Letters 5: 48–55 

Pascual-Garrido, Alejandra; Umaru Buba, Oliver Allon & Volker Sommer (2013). Apes finding 

ants: Predator-prey dynamics in a chimpanzee habitat in Nigeria. American Journal of 

Primatology 75: 1231–1244 

Boulton, Rebecca A. & Caroline Ross (2013). Measuring facial symmetry in the wild: a case study 

in olive baboons (Papio anubis). Behavioral Ecology & Sociobiology 67: 699–707 

Alberts, Nienke; Stuart Semple & Julia Lehmann (2013). The effect of filtering on animal 

networks. Pp. 1–19 in: Xing Ming Tu, Ann Marie White & Naiji Lu (eds.), Social Networking. 

Recent Trends, Emerging Issues and Future Outlook. Nova Science Publishers 

Lodge, Emily; Caroline Ross, Silvia Ortmann & Ann M. MacLarnon (2013). Influence of diet and 

stress on reproductive hormones in Nigerian olive baboons. General and Comparative 

Endocrinology 191: 146–154 

Tkaczynski, Patrick, Ann MacLarnon & Caroline Ross (2014). Associations between spatial 

position, stress and anxiety in forest baboons Papio anubis. Behavioural Processes 108: 1–6 

Tranquilli, Sandra; M. Abedi-Lartey, K. Abernethy, F. Amsini, L. Arranz, A. Asamoah, C. 

Balangtaa, N. Barakabuye, S. Blake, E. Bouanga, T. Breuer, T. Brncic, G. Campbell, R. 

Chancellor, C. A. Chapman, T. Davenport, A. Dunn, J. Dupain, A. Ekobo, G. Etoga, T. 

Furuichi, S. Gatti, A. Ghiurghi, C. Hashimoto, J. Hart, T. Hart, J. Head, M. Hega, I. 

Herbinger, T. C. Hicks, L. H. Holbech, B. Huijbregts, H. S. Kühl, I. Imong, S. Le-Duc Yeno, J. 

Linder, P. Marshall, J. Mba Ayetebe, P. Minasoma, D. Morgan, L. Mubalama, P. N'Goran, A. 

Nicholas, S. Nixon, E. Nku Manasseh, E. Normand, L. Nziguyimpa, Z. Nzooh-Dongmo, R. 



 285 

Ofori-Amanfo, B. G. Ogunjemite, C. Petre, H. Rainey, S. Regnaut, O. Robinson, A. Rundus, 

C. Sanz, D. Tiku Okon, A. Todd, Y. Warren & Volker Sommer (2015). Protected areas in 

tropical Africa: Assessing threats and the impact of conservation activities. PLOS ONE 9(12): 

e114154, 21 pp. (doi:10.1371/journal.pone.0114154) 

Ann M., Volker Sommer, Adeelia Goffe, James P. Higham, Emily M. Lodge, Patrick Tkaczynski, 

Caroline Ross (2015). Environment and stress in female forest-living African baboons: 

adaptability and reactive scope. General and Comparative Endocrinology 215: 10–24 

Sommer, Volker (2016). Planet ohne Affen? Zur Zukunft unserer Mitprimaten. Pp 67–78 in: 

Wolfgang Haber, Martin Held & Markus Vogt (eds), Die Welt im Anthropozän. Erkundungen 

im Spannungsfeld zwischen Ökologie und Humanität. München: oekom 

Sommer, Volker; Adriana Lowe, Gonçalo Jesus, Nienke Alberts, Yaelle Bouquet, David M. Inglis, 

Megan Peterson, Eelco van Riel, James Thompson, Caroline Ross (2016). Antelope 

predation by Nigerian forest baboons: Ecological and behavioural correlates. Folia 

Primatologica 87: 67–90 

Sommer, Volker, Umaru Buba, Gonçalo Jesus, Alejandra Pascual-Garrido (2016). Sustained 

myrmecophagy in Nigerian chimpanzees: Preferred or fallback food? American Journal of 

Physical Anthropology 162: 328–336 

Kühl, Hjalmar S.; Ammie K. Kalan, Mimi Arandjelovic, Ekwoge E. Abwe, Floris Aubert, Annemarie 

Goedmakers, Sorrel Jones, Sebastien Regnaut, Alexander Tickle, Joost van Schijndel, 

Samuel Angedakin, Anthony Agbor, Emmanuel Ayuk Ayimisin, Emma Bailey, Mattia 

Bessone, Matthieu Bonne, Gregory Brazolla, Valentine Ebua Buh, Rebecca Chancellor, 

Chloe Cipoletta, Heather Cohen, Katherine Corogenes, Charlotte Coupland, Lucy 

D’Auvergne, Theophile Desarmeaux, Tobias Deschner, Karsten Dierks, Paula Dieguez, 

Emmanuel Dilambaka, Orume Diotoh, Dervla Dowd, Andrew Dunn, Henk Eshius, Rumen 

Fernandez, Yisa Ginath, John Hart, Martijn Ter Heegde, Thurston Cleveland Hicks, Inaoyom 

Imong, Kathryn Jeffery, Jessica Junker, Parag Kadam, Mohamed Kambi, Laura Kehoe, 

Yasmin Moebius, Ivonne Kienast, Deo Kujirakwinja, Kevin Langergraber, Vincent Lapeyre, 

Juan Lapuente, Kevin Lee, Vera Leinert, Amelia Meier, Giovanna Maretti, Sergio Marrocoli, 

Tanyi Julius Mbe, David Morgan, Bethan Morgan, Felix Mulindahabi, Mizuki Murai, Protais 

Niyigabae, Emma Normand, Nicola Ntare, Lucy Jayne Ormsby, Alex Piel, Jill Pruetz, Aaron 

Rundus, Crickette Sanz, Volker Sommer, Fiona Stewart, Nikki Tagg, Hilde VanLeeuwe, 

Virginie Vergnes, Jacob Willie, Roman M. Wittig, Klaus Zuberbuehler, Christophe Boesch 

(2016). Chimpanzee accumulative stone throwing. Scientific Reports 6, 22219 (DOI: 

10.1038/srep22219) 

Sommer, Volker (2017). Prähistorie der Primaten? Fortschritte einer Archäologie des Geistes. Pp. 

395–408 in: Nicole Rupp, Christina Beck, Gabriele Franke & Karl Peter Wendt (eds), Winds 

of Change. Archaeological Contributions in Honour of Peter Breunig (Frankfurter 
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