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SUMMARY 

 

A. Context 

It is today established that tropical forests are currently disappearing or being 

degraded at worrying rates. It is commonly believed that the main threat for these forests 

is deforestation. Yet, more than just logs, forest ecosystems produce many other services 

of prime importance to man (the so-called ecosystem services or ES). Agroforestry, 

hunting or collection of plant products furnish numerous resources to the society and 

contribute a lot to the well -being and livelihood of local people. Excessive consumption 

of ES constitutes another major threat to forest survival owing to shifts in traditional 

practices. Indeed, socio-economical conditions are changing due to increases in 

population, demand for forest products by cities (bushmeat, ivory, medicinal plants, 

etc.), road constructions to facilitate trade, etc. These changes induce increased pressure 

on forest. Canopy cover becomes fragmented; soils lose their fertility; animal density 

and plant diversity decrease. These conditions might ultimately lead to the 

disappearance of some ES and to the rarefaction of other ones beyond threshold under 

which they can no longer regenerate.  

The question arises to know whether it is possible to make predictions on the 

optimal evolution of a forest system under human pressure to preserve biodiversity and 

services for human communities. To answer such a question, one has to consider, on 

the one hand forest growth and its regeneration and, on the other hand, the use of the 

forest by man. In relation to the first aspect, one of the main issues is recruitment (i.e., 

establishment and growth of juvenile plants) of forest tree species. Indeed, large seeds 

(> 1 cm diameter) or diaspores of the main climax tropical trees have to be carried from 

trees remaining in the environment to the deforested areas. Seed dispersal, however, 

becomes limited in fragmented habitats or in the absence of frugivore vertebrates (due to 

excessive hunting). Besides, future ecosystems will also have to face global warming. 

The response of African ecosystems to future climate change remains under-investigated 

and existing dynamic global vegetation models were not specifically designed and 

tested for tropical grassƊtree systems. With regard to the latter point, the mathematical 

models currently used in predicting future use patterns usually do not take into account 

human pressure or else they only do so in a superficial way.  

 

B. General objectives 

The general objectives of the BIOSERF project were to explore the evolution of a 

socio-ecological system, with a focus on ecosystem services and to assess their 

sustainability in an area of evergreen tropical forest under increasing human pressure 

and climate change. For this purpose, we aimed at adapting two dynamic spatial 

models, one dynamic vegetation model (CARAIB) simulating various aspect of 

vegetation development and an agent-based model (ABM) simulating land-use by 

people. The study area was a stretch of forest and savannah in the Congo Basin also 

known as the WWF Lake Tumba landscape in the Democratic Republic of Congo. 

 

C. Results and conclusions 

In the work-package 1 (WP1 Ɗ Socio economic analysis), we studied people of 

local communities in the Ngiri area in order to estimate demographic variables and 
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relationships between people and nature. The multifaceted human-forest interactions, 

leading to information on subsistence farming, hunting, informal logging, fishing, and 

the collection of non-timber-forest products was to be analyzed. 

The objective of WP1 was to establish a stakeholder typology by characterization 

of the demographic situation of the communities present in our study area. Seventy-two 

villages in the Ngiri triangle were selected for sampling, resulting in information 

obtained from 1,766 households.  

Villages are concentrated on the riverbanks, camps occur wherever certain 

resources are seasonally available. People hold on to a traditional way of living. They 

rely on water resources not only as a source of food and primary economic gain, but 

also for transportation, through the rivers that connect them to villages and markets of 

the region.  

Agriculture and fishing are the most important daily subsistence activities. Many 

villages live largely on cassava and maize. To a lesser extent sugarcane, plantain and 

different tubers are grown both for self-consumption and market purposes. Traditional 

slash-and-burn agriculture is the rule. Variation in total field area among households is 

very high. Figures vary between 0.1 ha to 1 ha. Fields outside of this range are 

exceptional, yet on average total household field area is close to 1 ha. As a rule of 

thumb, one should count ¼ ha per person. Variation in length of fallow is less 

pronounced. Most villages indicate fallow duration of less than 4 years. The exact 

conditions and parameters steering farmers into the decision to create new fields instead 

of returning to old ones are of great importance. Results of surveys of tropical 

deforestation support the view that population growth is never the sole and often not 

even the major underlying cause of change in forest-cover. Fields and fallows may 

extend up to 5 km and sometimes up to 10 km away from the village, but fishing, 

f`sgdqhmf `mc sq`oohmf lhfgs dwsdmc enq 1/ jl- Sgd dwsdms ne ƌsdqqhsnqhdrƍ trdc `mc

claimed by agricultural communities are generally quite fixed but not necessarily static. 

Fish is predominantly caught as a means to generate income. Some 90% of the catch is 

sold. Similarly so, bushmeat is an important source of cash with rising demand from 

urban markets. 

The lack of commercial value associated with non-timber forest products (NTFPs) 

may impact decision-making around land transformation from forest to agricultural land 

because the need to open farmland may take precedence over the importance of NTFP 

as a subsistence activity. The Ngiri triangle is not very well represented on the 

Mbandaka markets. Agricultural products and NTFPs from that area are basically auto-

consumed and traded on local markets only, while fish and bushmeat are being sold to 

large pack boats bound for Kinshasa. 

Semi-industrial/industrial logging is totally absent. All forest exploitation is 

confined to either the collection of fuel-wood and small-scale forest exploitation of 

hardwood trees for construction timber both consumed locally. Charcoal production 

and sales are not important in the Ngiri reserve, unlike what happens around large 

urban centres at the other side of the Congo River. 

Our focus group discussions indicated quite clearly that local populations are 

aware that certain practices and trends threaten the sustainability of their livelihoods 

through the overexploitation or misuse of resources. Given that there are few current 

alternatives to resource extraction, it is fair to assume that current trends of land use will 

continue into the coming years, exercising more pressure on local resources, unless 

policy changes. 
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WP2 (Vegetation analysis) focused on forest regeneration, more particularly on 

the problem of seed dispersal by animals and on the adaptation of the DVM. For the 

seed dispersal study, we achieved evaluation of primary seed dispersal of Staudtia 

kamerunensis (24 trees dispersed among five sites with a maximum distance between 

them of 30 km). Those sites situated in the western part of the Landscape Lake Tumba 

(Bandundu province), had contrasted level of fragmentation, hunting pressure, faunal 

density, S. kamerunesis abundance, and fertility. There were several species of 

dispersers, but most of the time (> 95 %), trees were visited only by the white-thighed 

hornbill, Bycanistes albotibialis. Dispersal failure considerably varied among trees (from 

17.6% up to 180 %). Statistical analysis revealed that the only significant drivers of seed 

dispersal failure were the percentage of forest around the focal trees (in a radius of 3,000 

m, linear negative effect) and the intensity of hunting (linear and quadratic effects giving 

a rather positive hollow curve).  

In rather intact tropical ecosystems, dispersal failure is generally very low (0 or 

some percents) because the dispersers were competing for food resources and very large 

proportion of the mature fruits is consumed with their seeds, which are later deposited. 

Here, human disturbance (maintenance of savannahs and hunting) seemed to control 

the biological process of zoochory, which now relied more and more on a limited 

number of animal species. The behavior particularities of the remaining species may 

additionally skew the patterns of seed deposition as probably observed with the more 

than 100 % of seed dispersal failure estimated for 4 trees. We highly suspected this to 

be the result of inter-conspecific seed dispersal. Such contagious seed dispersal has been 

reported to be particularly strong in bird-dispersed tree species. Small forest fragments 

bntkc sdmc sn bnmehmd gnqmahkkƍr lnudldmsr vhsghm ` khlhsdc `qd` `mc hmctbd qdod`sdc

flights between fruiting trees. 

The data collected on S. kamerunensis seed dispersal allowed the construction of 

a seed dispersal/plant regeneration module for simulating the dispersion of this species. 

The module was first run off-line and then integrated within CARAIB DVM. It allowed 

evaluating the characteristic time and efficiency of regeneration for this particular tree 

species in a savanna-forest mosaic located in the southern part of the WWP Lake Tumba 

Landscape. The DVM was also upgraded to simulate major attributes of forest (species 

potential distribution, net primary productivity, biomass, etc) at the species, rather than 

at the plant functional type (PFT) level (as usually done in most DVMs). A total of 78 

African tree species were implemented into this upgraded model. Simulations were then 

performed on the recent period for validation purposes with the use of field or satellite 

data.  

In WP3 (Fauna analysis), we investigated how a large mammal species, the 

bonobo played in the regeneration of the forest. The study was also conducted in the 

West of the Landscape Lac Tumba. It had two components. By collecting the feces of 

the animals, we were able to identify the consumed plant species and evaluated the 

service of seed dispersal. By comparing ingested and fresh seeds for their germination 

characteristics, we determined the animal effect on the ecophysiology of the seeds.  

We found that the bonobos consumed fruits from 78 different identified species, 

among which 16 were important (in more than 50 % of samples for at least 1 month) 

and 5 preferred (consumed disproportionately relative to their abundance in the habitat). 

The bonobos selected particular forested habitats for building their nests but they had no 

preferences for their other activities (travelling, feeding). They dispersed species 

representative of the different successional stages of the forest (41 % of shade bearers, 



Project SD/AR/03A - Sustainability of tropical forest biodiversity and services under climate and human pressure 

"BIOSERF" 

 

SSD - Science for a Sustainable Development - Terrestrial Ecosystems / Biodiversity 8 

19 % of non-pioneers light demanding, 25 % of pioneers and 14 % of savannah 

species). Seed gut passage may enhance or reduce initial delay, germination rate, and 

speed.  

We finally concluded that the bonobo, thanks to its behavior, is likely to disperse 

seeds of all light guilds in all habitats, including forests at different successional stages 

(primary and secondary), with varying understory conditions, at the interface between 

forest and savannahs, and further from forest patches within the savannah matrix. 

Passage of the seeds in the gut was likely to favour forest regeneration at early and late 

successional stages. Thus, the lost of large species like the bonobo may threat the 

resilience of old primary forests. 

In the second study conducted in WP3, we realized faunal surveys of birds and 

mammals. We travelled in four zones of the Lac Tumba Landscape, in the Natural 

Reserve of the Ngiri Triangle, in the northern part of the Natural Reserve of Tumba-

Lediima, in the unprotected forests located between the River Bambou, and finally in 

the southern part of the Nature Reserve of Tumba-Lediima. Birds were searched and 

recorded following mist net stations, camera traps, and direct observations around base 

camps and along recces. Data on mammal presence were collected either by direct 

observation, search for evidence (faeces, tracks, burrows) and by interviewing local 

villagers, trackers and hunters.  

Important species of mammals have been encounters (bonobo, chimpanzee, 

black m`mf`adx+ @kkdm rv`lo lnmjdx+ Vnkeƍr lnmjdx+ enqdrs dkdog`ms+ ghoonons`ltr+

red-river hog, etc.) but for most of them in very limited numbers. This attested intensive 

hunting. Three hundred and forty-three bird species were observed. This number 

represented 75 % of the potential list of species present in the landscape. Additionally, 

we signalled 12 new species for the areas. Only 80 species were considered as 

widespread and observed within each prospected area. Between 180 and 190 bird 

species were observed in pristine or semi-pristine habitats during each of the field trip, 

sometimes in abundance particularly for the small species but not for the larger ones. 

The grey parrot or the hornbill species achieving the service of large seed dispersal were 

rare. While dispersal of small seeded species seemed guaranteed, the dispersal of the 

large seeded climax species was obviously threatened. From direct observations, we 

attested that large birds with weight as low as 1 kg became targets of hunters. 

As a general conclusion, for the area in which our inventories have been 

performed, we can say on the one hand that, at this stage of exploitation and human 

density, the vertebrate richness of the natural habitats including those of larger species 

remained quite high (at least in the protected areas which often serve as the last refuges 

for the fauna). On the other hand, we noticed that the densities of large mammals and 

large birds were surprisingly low. This conclusion had to be put in perspective with 

growing population attested by traces of human activities at large distance of villages or 

even in the heart of protected areas as well as with the growing number of new 

settlements along routes, rivers or in savannahs.  

Linking biodiversity management with human needs would yield better-

integrated policy and management plans at a landscape-scale and be more firmly 

directed towards human well-being. Therefore, the links between biodiversity and 

benefits that people derive from nature, i.e. ES, must be clearly set out before their 

valuation and modelling for the present and the future. In WP4 (Valuation of ecosystem 

services), we first identified qualitatively the most prevalent services and the associated 

levels of revealed threat for associated species. Second, we estimated current population 
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figures in order to evaluate a pseudo-average level of services usage per person. Spatial 

disaggregation was limited to a distinction between official villages, settled along the 

riverbanks.  

The selection of the subarea to study, in the northern part of the Lake Tumba- (the 

Ngiri triangle), was suggested by a local NGO partner (WWF-Congo). The infield work 

provided evidence of marginal spatial impact of agriculture practices. Hence, the 

picking activities, for survival, have the greatest impact on ecosystem services.  In other 

words, the degradation of ecosystem services provided by evergreen forest are most 

probably to be related directly to population change rather than farming activities. 

Considering the remoteness of the subarea investigated, only partial and revealed 

population estimates are available.  

Amongst the ca. one hundred plant species encountered in the Ngiri subarea, 

around 40 were considered as vital and/or strategic by local communities of which half 

was estimated to have less than 15 individuals per hectare in a 2006 inventory. In terms 

of ecosystem services, production services are prevalent. The wood of these species is 

largely used for a variety of craft productions, whilst the others parts are dedicated to 

medicinal products. Relating this importance of service with species considered at risk 

of overexploitation gives some evidence of over-exploitation. 

From the outputs of a DVM simulation run over the historical period (1901-

2012), we plotted the present-day spatial distribution of net primary productivity and 

biomass of 78 African tree species (from WP2), as well as other results, such as soil 

water, runoff, fire occurrence and extent, etc. These results were then used to map the 

current distribution of a set of ecosystem services associated with the studies species.  

Finally, in WP5, we selected some climate scenarios for the future from the 

CMIP5 database (IPCC AR5) by evaluating the ability of the available models to 

reproduce the present-day observed variability of surface temperature and precipitation 

in central Africa. Five CMIP5 climate models (CMCC-CM, CNRM-CM5, HadGEM2-CC, 

MIP-ESM-MR and MPI-ESM-LR) were selected using this criterion. Their climate 

reconstructions of the historical period (1950-2005) and their projections for the future 

(2006-2100) according to the RCP4.5 and RCP8.5 scenarios were downscaled to a 

common longitude-latitude resolution of 0.5°x0.5°.  The DVM was then run under all 

of these climate reconstructions/projections. In view of the uncertainty on the impact of 

increasing atmospheric CO2 on vegetation primary productivity and growth (the so-

called CO2 fertilization), each of these climatic scenarios was run within the DVM under 

the assumptions of increasing CO2 (RCP4.5 or RCP8.5 CO2 projections) or constant CO2 

(330 ppmv).  

The DVM results show that the net primary productivities (NPP) of most studied 

species tend to increase in the future when CO2 fertilization is included (increasing CO2 

hypothesis). By contrast, when CO2 fertilization is not considered, many species see 

their productivity decrease throughout their current range. This latter situation is 

probably the most likely in view of the generally low availability of nutrients in tropical 

soils. This decrease of productivity of the tree species corresponds to a significant 

reduction in the ecosystem services they provide. Maps are thus provided showing the 

expected future change in the availability ecosystem services associated with the studied 

species. Three main services are considered: production of food, production of timber 

and other wood materials, production of medicinal services.  The future evolution of 

other output variables of the DVM (runoff, burned area, soil turnover time) is also 

studied and is used with the projections of species abundance and NPP to build an 
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hmcdw enq sgd qhrj ne rdudqd hlo`bsr 'Ədbnrxrsdl chrqtoshnmƐ( ne bkhl`sd bg`mfd nm sgd

sqnohb`k enqdrs dbnrxrsdl- Tmcdq sgd lnrs khjdkx Əmn BN2 edqshkhy`shnmƐ gxonsgdrhr+ sgd

risk is not negligible and appears to be significantly higher in the southern part of the 

WWP Lake Tumba Landscape.   

It must be stressed that many uncertainties remain on such projections due to (1) 

the uncertainties on the climatic scenarios, (2) the scarcity of autoecological and 

ecophysiological data for most African tree species that constrain their response to 

climatic variations, (3) the possible acclimation and adaptation of the species to their 

future climate and environment, (4) our poor quantitative knowledge of seed dispersal 

and rainforest regeneration processes, (5) the largely unstudied/unmodeled interactions 

between fauna and flora, and (6) the uncertainties on future forest management practises 

and use of the forest products. Much more research is needed to reduce these 

uncertainties, both from the data acquisition and the modelling sides, as well as from 

both the natural sciences and the social science perspectives. 

 

D. Contribution of the project in a context of scientific support to a sustainable 

development policy  

For the short term (years to decade), we can conclude from many sights that the 

studied ecosystems in DR Congo are under high pressure and might collapse. The 

observed perturbations would probably intensify if the way people acquire their basic 

resources remains unchanged and the urban centres continue to consume forest 

products. For the long term (several decades), another threat might come from climate 

change. Reduction of the services provided by forest species can be expected. 

Nevertheless, many of the studied species could spread outside their present range, but 

this would depend on seed dispersal efficiency, which relies mainly on the threatened 

large animals.  

There is urgency of actions in the short term to adapt agricultural practices to 

reach sustainability. In the same time, governance may be reinforced to increase shelter 

of nature in protection area. These actions may have the highest. However, it is also 

important to develop plans to face the effects of climate change on a longer term 

because the risk of severe perturbations of the forest ecosystem (disruption), by climate 

change only, is quite significant. Thus, the important species for provisioning ecosystem 

services should be favoured through forestry management and particularly, care should 

be taken to the regeneration processes including the important step of seed dispersal by 

animals. 

 

E. Keywords 

Dynamic vegetation model, agent-based model, man-nature interactions, climate 

change, socio-economic changes, forest regeneration, zoochory  
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1. INTRODUCTION  

 

Slash-and-burn agriculture in tropical evergreen forests is sustainable when space 

is unlimited and fallow can regenerate soil fertility. Land cleared of forest can be 

cropped for a limited number of years (typically 3 years in tropical humid forests), after 

which spontaneous forest regeneration is possible. According to Mazoyer & Roudart 

(1997), sustainability and good yields (equivalent to ca. 2 t/ha cereals) could be 

maintained as far as the time between successive forest clearing is longer than ca. 50 

years (also see the R factor proposed in Ruthenberg, 1977). In such conditions, shifting 

agriculture results in a mosaic of agricultural, secondary and primary ecosystems that 

resemble somewhat natural disturbance regimes and can serve biodiversity 

conservation. Human communities benefit in this more productive environment from 

ecosystem services deriving from hunting, fishing and plant collection for various uses 

(e.g. construction purposes, food and medicines). However, mostly due to increasing 

human population pressure, time between different forest clearing events is reduced or 

else land is converted into permanent cropping or pasture land, and pressure increases. 

Useful forest plant densities and yields decrease with land conversion, leading to 

impoverishment of local users (Fujisaka et al., 1997). In some places, the yield of the 

new agricultural practices (crops) remains sufficient because they are well-adapted to 

local conditions (e.g., high initial soil fertility). However, it will  quickly develop into 

progressive ecosystem degradation when demography increases. In Rwanda, for 

example, forest cover has been almost entirely destroyed (Fisher & Hinkel, 1992) and 

converted into agro-ecosystems since the population increase fourfold over the 1970 Ɗ 

2010 period, with the exception of the protected areas where human settlements and 

exploitation are excluded. In such conditions, biodiversity degradation leads to loss of 

ecosystem, hence of the services they provide to human communities. In places where 

yields decrease, older cultivated lands are progressively abandoned and new forest 

patches are cleared. Here, when plant and animal populations have declined because of 

overexploitation, and when soil fertility has been depleted owing to long-term 

cultivation, forest regeneration through natural processes becomes difficult. The 

question now arises to know whether it is possible to make predictions on the evolution 

of a forest system under human pressure. One has to consider, on the one hand, forest 

growth and its regeneration and, on the other hand, the use of the forest by man. In 

relation to the first aspect, one of the main issues is lower recruitment (i.e., 

establishment and growth of juvenile individuals) of forest trees. Indeed, large seeds of 

the main climax trees have to be carried from trees remaining in the landscape to the 

fallows. Seed dispersal, however, becomes limited in fragmented habitats or in the 

absence of frugivore vertebrates and particularly of primates (Wunderle Jr, 1997; de 

Melo et al., 2006; Nuñez-Iturri & Howe, 2007). In addition, density of (young) 

individuals of the same species near the remaining parent trees might not increase 

because of a negative plant-soil feedback induced by previous attraction of specific 

enemies by adult trees (e.g. Mangan et al., 2010). The decline in tree diversity and of 

their commensal wildlife populations might also and ultimately lead to the 

disappearance of some ecosystems services and to the reduction of the availability of 

other ones. This example illustrates the close link existing between the functional 

aspects of forest ecology and the sustainability of forest use by man.  
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Besides an intensification of human pressure, future ecosystems will also have to 

face global warming. The response of African ecosystems to future climate change 

remains under-investigated (Cao et al., 2001; Grace et al., 2006; Hély et al., 2006; 

Williams et al., 2007). Some studies have been carried out with dynamic vegetation 

models, specifically developed to simulate carbon cycle and vegetation distribution, but 

these are not frequent and only take place at global, continental or biome scales (Cramer 

et al., 2001; Woodward & Lomas, 2004; Bond et al., 2005; Scheiter and Higgins, 2009). 

Aga Alo and Wang (2010) analyse the impacts of structural vegetation feedbacks on 

simulated climate and hydrological processes in Western Africa using a dynamic 

vegetation model asynchronously coupled to a regional climate model. Some studies 

consider the role of fire disturbances in vegetation dynamics in Africa (Arora and Boer, 

2005, Scheiter and Higgins, 2009). However, existing dynamic global vegetation 

models were not specifically designed and tested for tropical grassƊtree systems (House 

et al., 2003). Moreover, these models usually do not take human pressure into account 

or only in a relatively crude way. Some analyses of the impacts of increasing human 

pressure in Africa have been conducted with agent-based simulations. These researches 

focus on local case studies, e.g., the CLOUD model (Climate Outlooks and Agent-based 

Simulation of Adaptation in Africa), which has been applied to small subsistence 

farming villages in Southern Africa (Bharwani et al., 2005, Ziervogel et al., 2005). Other 

agent based models deal with conflicts for natural resources in Africa (Kennedy et al., 

2010). A promising approach for the modelling is the integration of dynamic vegetation 

models with agent-based models, in order to represent the complex interactions 

between man and ecosystems in a fully coupled mode. This approach is currently being 

developed for case studies on other continents (Murray-Rust et al, 2014), but to our 

knowledge has not been applied in Africa yet. 

The general objectives of the BIOSERF project were to explore the evolution of 

socio-ecological system, with a focus on ecosystem services and to assess their 

sustainability in an area of evergreen tropical forest under increasing human pressure 

and climate change. To reach these objectives, we used mathematical models. The 

project had the objective to integrate two spatial-dynamic models, the CARAIB dynamic 

vegetation model DVM and an agent-based model (ABM). The models would have to be 

`c`osdc sn sgd knb`k gtl`m bnlltmhsxƍr rhst`shnm 'cdlnfq`ogx+ k`mc trd+ dbnrxrsdl

services, ethnobotany, see WP1) and to particularities of the forest ecosystem (plant 

main traits, plant autoecology and functional ecology. The models had to be upgraded 

and to be fed with locally gathered data on plant-animal interactions, on human-nature 

interaction and on human behaviors related to land use. Integrated in the general 

scheme, the specific objectives of the project were as follows: 

-  Study the physical and biological processes that govern the natural regeneration 

of the forest ecosystem, especially the dispersal pattern of selected tree species, 

which (partially) depends on the animal community (frugivores). This dispersal 

capacity becomes limited if hunting increases (thus reducing natural disperser 

numbers), if the habitats of the dispersers are/become fragmented or if the 

collection of diaspores is too intensive. 

-  Identify and evaluate quantitatively some ecosystem services currently provided 

by the forest to the local human communities, under the present socio-

economic context (WP1). The selection of ES to be studied has been made 

based on cartography including participatory GIS and socio-economic survey 

among stakeholders.  
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- Explore, with the use of the coupled DVM-ABM model, possible scenarios for 

the future evolution of the forest ES over the whole area covered by the WWF 

Lake Tele Ɗ Lake Tumba Landscape, under different climate, demographic and 

socio-economic scenarios of change, specifically developed for this area. A 

sustainability assessment has been conducted for each of these scenarios.  

The project had focused on the lowest latitude zone of the Congo Basin, on the 

WWF Lake Tumba Landscape, the largest area of swamp and flooded forest in Africa, 

and more specifically on the DR Congo part of the Landscape, spreading over ca. 

78,972 km² in the Equateur Province. The huge biological value of the Lake Tumba 

Landscape is widely recognized. WWF Belgium, WWF Congo, the Belgian 

Development Agency, and CARPE (Central African Regional Program for the 

Environment) supported by USAID (United States Agency for International 

Development), finance and manage biodiversity conservation, community-based 

development, and environmental research programs in the region. The Landscape 

contains various habitats ranging from terra firma and swamp forests to grasslands, 

savannahs, and prairies along the Congo River and its numerous tributaries. Partial 

biodiversity surveys have taken place in the last few years but much remains to do 

especially at the vegetation/plant use level. Huge and increasing human pressure is 

threatening the sustainability of the ecosystems through ill-adapted practices, including 

slash-and-burn or shifting cultivation, forest product harvesting and commercial fishing 

and hunting (primate, crocodile, bushpig, and elephant for ivory). 

The project was developed in five main work-packages (WP1 Ɗ Socio-economic 

analysis, WP2 Ɗ Vegetation analysis, WP3 - Fauna analysis, WP4 Ɗ Valuation of 

ecosystem services, WP5 Ɗ Sustainability assessment). Owing to field constraints, some 

of the methodologies has been adapted or upgraded. 

 

WP1 SOCIO-ECONOMIC ANALYSIS 

The objective of WP1 was to establish a stakeholder typology by characterization 

of the demographic situation of the communities present in the study area. We studied 

people of local communities in order to estimate demographic variables and 

relationships between people and nature. The multifaceted human-forest interactions, 

leading to information on subsistence farming, hunting, informal logging, fishing, and 

the collection of non-timber-forest products was to be analyzed. 

The survey of people activities has been conducted in the Ngiri reserve protected 

area. This 1,000 km2 triangular-shaped zone extends northwards from the confluence of 

the Congo River and the Ubangi River. The Ngiri River - a tributary of the Ubangi - 

snakes through the center of the reserve before joining the Ubangi. A wide zone 

bordering the Ngiri consists in alternating marshy grassland-savannahs, swamp forests 

and seasonally flooded forests (Fig. 1). As no other elaborate socio-economic data was 

available for the Ngiri region, the choice was made to concentrate WP1 study efforts in 

that zone, rather than in the southern dryland area of the landscape. 
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Fig. 1 The Ngiri triangle featuring the dominant habitat types as well as the main rivers: the Congo, 

Ubangi, Mpoka and Ngiri. 

 

WP2 VEGETATION ANALYSIS 

As emphasized in the introduction section, the future of ES in tropical forests and 

their sustainability mainly relies on the ability of forest to regenerate. The regeneration 

process is linked with the activities of animals and their function as seed dispersers. The 

main objective of WP2 was to gather data on vegetation and to prepare tools that would 

allow to make projections of the forest regeneration process for the present and future 

conditions by combination with results of WP3. The projections will allow assessment 

of ecosystem sustainability (WP5). The WP2 objectives have been achieved by gathering 

vegetation information required for the computation of the potential recruitment of 
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focused tree species and by upgrading CARAIB vegetation model to the simulation of 

the processes in the context of sustained human pressure assessed in WP1.  

Data were (i) assembled from the literature, with, most of the data assembling 

efforts focusing on the seed dispersal mechanisms and (ii) collected in the field to better 

constrain seed dispersal rates of the selected tree species. The initial plan was to collect 

data on five tree species. However, due to field constraints and the difficulties to 

conduct data collection on a set of different species (i.e fruit production and seed 

dispersal rates) with the chosen methodology, we decided to collect data on one model 

species, Staudtia kamerunensis (Myristicaceae). Focusing on one species allowed us to 

gather thorough autecological data for ultimately being able to compute seed dispersal 

kernel at spatial scale. While the submitted project underlined the pivotal role of 

primates in seed dispersal, the observations revealed that their presence in the canopy of 

S. kamerunensis was marginal. Information from WP3 might indicate that intensive 

hunting of the large species (> 1 kg) and among others of the primates would be the 

cause of their rarity. 

Since the exposed methodology limited our ability to understand the functioning 

of the whole ecosystem, we therefore also focused observations on two other processes 

in the ecosystem to complement our understanding of the regeneration mechanisms at 

the community level and to orientate final objectives towards generalization. Firstly, we 

conducted botanical survey to investigate the composition (abundance and diversity) of 

the seedling community. The data were intended to report on the effect of 

anthropogenic pressures (as for the previous investigation on S. kamerunensis) on the 

regeneration capacity and future of the plant community of the whole tree community 

and more particularly on zoochorous species. Secondly, we investigated the ecological 

role of a model frugivore species, the bonobo (Pan paniscus), on the regeneration of 

tropical forest. It has to be noted that in some villages, P. paniscus is protected from 

hunting by a taboo and was abundant. In WP2, we gathered data on the selected plant 

species (tree density, seed production rate), while data on dispersing animal community 

were collected in WP3 (Fauna analysis). 

WP2 has also also deal with the necessary adaptations of the dynamic vegetation 

model to the studied tropical humid zone. Owing to collaborations with J.-K- Cntbdsƍr

team of the Laboratoire de Foresterie des régions tropicales et subtropicales Ɗ ULg 

(Gembloux), we can make use of a large database of tree species occurrences to derive 

the bioclimatic thresholds and it was not necessary to define the Bioclimatic Affinity 

Groups, as initially planned in the project. In such a way, the output of the model (e.g. 

net primary productivity) has the advantage also to apply to separated species. The 

model outputs were validated using for instance satellite data. 

 

WP3 FAUNA ANALYSIS 

The first objective of WP3 was to gather autecological data for selected tree 

species. These data were then used for functional analysis and for computing seed 

dispersal kernels for the tree species selected in WP2. Within the southern part of the 

Lac Tumba Landscape, we recorded data on the wildlife species visiting the selected 

tree species, and estimated their relative contribution to primary and secondary seed 

removal. We conducted specific faunal inventory in order to investigate the effect of the 

abundance of different large frugivorous species near the focal tree species on seed 

removal rates (see WP2).  
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As introduced in WP2 section, the regeneration process of the forest was studied 

through one single tree species, which limited our capacity to generalize to the whole 

ecosystem. We therefore investigated the ecological role of a keystone and flagship 

frugivorous species, the Bonobo (Pan paniscus), on the regeneration of tropical forest. 

This study had two major advantages. Firstly, looking at the zoochorous regeneration 

process through the animal perspective allowed us to consider a large set of dispersed 

plant species. Secondly, we improved our database on the ecological role of the Bonobo 

in a forest-savannah mosaic, a unique ecosystem allowing us to take into account 

environmental pressures such as the impact of forest degradation, a common reality 

around the study site.  

More generally, we classified the main seed dispersers (large vertebrates) in 

different functional groups and estimated the quantitative contribution of each faunal 

group to the dispersal of tree rodbhdr `mc nsgdqr dbnrxrsdlr rdquhbdr hm sgd ƏK`b Stla`Ɛ

Landscape. For this purpose, we collected presence/absence and distribution data 

during three campaigns of wildlife inventories within the two existing protected areas 

(PAs) of the Landscape (Natural Reserve of the Ngiri Triangle and Natural Reserve of 

Tumba-Lediima).  

Main dispersers daily travelled distances and seed retention times for each functional 

group were extrapolated from literature. This information was then used to derive the 

spatial seed dispersal kernel for the tree species used by the CARAIB vegetation model 

in WP2.  

Within WP3, general distribution and relative abundance of large vertebrate 

species was extracted from the data collected in the field, to feed a simple sub-model to 

be developed and implemented into CARAIB.  The aim of this sub-model was to 

estimate the abundance of animal functional groups (including the main dispersers of 

the tree species) as a function of remaining vegetation coverage and pressure exerted by 

humans through hunting/poaching, habitat fragmentation, etc. 

 

WP4 VALUATION OF ECOSYSTEM SERVICES 

Linking biodiversity management with human needs would yield better 

integrated policy and management plans (cf. WP6) at a landscape-scale and be more 

firmly directed towards human well-being (Haines-Young & Potschin, 2012).  Therefore, 

the links between biodiversity and benefits that people derive from nature, i.e. 

ecosystem services, must be clearly set out (cf. WP1) before their valuation and 

modelling for the present (WP4) and the future (WP5). 

The initial method was to progress in two steps: first, isolate from WP1 results 

those ecosystem services that can be measured. Second, model the socio-ecological 

system (SES) in its current state for a subarea, i.e. to the spatial extent of a group of 

villages, identified during WP1, 2 and 3. 

The reality of the field of study counteracted these plans. The methodology was 

thus adapted as follow. First, identify qualitatively the most prevalent services and the 

associated levels of revealed threat for associated species. Second, estimate current 

population figures in order to evaluate a pseudo-average level of services usage per 

person (WP4). Spatial disaggregation was limited to a distinction between official 

villages, settled along the river banks. Third, build projection of population change in 

order to estimate future changes in services usage (WP5). 

Despite these difficulties with field works, we were able to use the dynamic 

vegetation model upgraded in WP2 and WP3, to evaluate present-day ecosystem 
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services associated with the modeled species in the landscape, or at a larger spatial scale 

(i.e., within most forest ecosystems of Africa). Species were grouped according to the 

ecosystem services they provide: production of food, production of timber or other 

materials, production of medicinal plants. The current availability of these services 

calculated by the model was then mapped over central Africa.  

 

WP5 SUSTAINABILITY ASSESSMENT  

The objective of WP5 was to explore a set of climate and socio-economic 

scenarios for the future and assess the sustainability of the forest ecosystem and the 

associated production and availability of ES. First, available climate change scenarios 

from the Climate Model Intercomparison Project Phase 5 (CMIP5, Taylor et al., 2012), 

developed for the 5th Assessment Report (AR5) of the IPCC,  have been acquired and  

downscaled over the studied area. The methodology used to derive these scenarios is 

explained in the task description section below. We mostly focused on scenarios 

corresponding to RCP 4.5 and RCP 8.5 (Moss et al., 2010) of the IPCC.  All climate 

models having simulated these RCP scenarios were evaluated against their skill to 

reproduce observed climate data (mostly surface temperature and precipitation) in 

central Africa over the historical period. The five best models were selected to use their 

downscaled climatic fields as forcing of the CARAIB dynamic vegetation model (DVM). 

Fully transient simulations of the DVM were performed over the period 1950 to 2100, 

using these downscaled climatic fields. The outputs of these simulations were then used 

to assess the evolution of African forest ecosystems in the future. As in WP4, we focused 

on a set of tree species, which allowed evaluating the change related their ES production 

through time from the model-predicted change of their net primary productivities (NPP). 

Other outputs of the DVM were also analysed, such as the soil hydrological budget or 

the fire occurrence and the estimated burned area.  Unfortunately a full coupling of the 

DVM with the Agent-Based Model has not been possible, in view of the difficulties 

encountered in WP4, as well due to lack of time. Anyway, spatial maps have been 

produced for the distribution of some key species, their NPPs and other 

biological/physical variables. These maps are the basis for the sustainability assessment 

of ecosystems and their services. Finally, potential rates of ecosystem regeneration after 

disturbances, due for instance to slash-and-burn agriculture, have been studied with the 

seed dispersal/species migration module developed in WP2 and implemented in the 

DVM, but this was limited to S. kamerunensis, the focal tree species studied in the field 

within WP2.  
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2. METHODOLOGY AND RESULTS 

 

WP1 SOCIO-ECONOMIC ANALYSIS 
 

Authors: A. Baert, P. Van Damme (UGENT) 
 

Introduction  

A first specific objective was to establish a stakeholder typology by 

characterization of the demographic situation of the communities present in our study 

area. In continuation the multifaceted human-forest interactions, leading to information 

on subsistence farming, hunting, informal logging, fishing, and the collection of non-

timber-forest products (NTPF) was to be analyzed. Socio-economic data was collected 

on a continuous basis in the period of April - May 2012. This is a somewhat drier period 

of the year, thus improving field conditions for the research team. More dry land allows 

for less demanding campsites and easier entry into the forest. Data was collected by 

means of questionnaires, interviews and through personal observations. 

Two types of questionnaires were prepared: A 153-question household survey 

and a 109-question focus group survey. The household questionnaire inquired on such 

topics as household composition, recent migration, and group membership. Household 

subsistence and economic activities, specifically those with some potential 

environmental impact such as agriculture, hunting, fishing, and the collection of NTFP 

were studied into more detail. This instrument was used to collect quantitative 

information to enable the identification of trends and to make comparisons across the 

landscape. The questionnaire also included qualitative, open-ended questions regarding 

perceived changes in the availability of resources. However, most household questions 

were of the closed-multiple choice type to limit interpretation errors. Focus groups are 

moderated discussions leading a group of people in the discussion of a specific topic. 

These do not substitute surveys, but rather complement the information collected.  

Seventy-two villages in the Ngiri reserve were selected for sampling (Fig. 2). A 

regional sampling rate of approximately 10-15 % was set forward as an objective. After 

a 3-day training session, a gender-mixed team of twenty-four people was brought to the 

Ngiri reserve for the field work in situ. 

After digitalization, data cleaning and data transformation of the survey results, 

information from 1,766 households sampled from 72 villages remained. R open source 

statistical programming software (RStudio) was used for certain calculations and 

operations. R is a free software programming language and software environment for 

statistical computing and graphics, accessed through a command-line interpreter. 

 

Demographic typology for parameterization (Task 1.1) 

The Ngiri triangle, squeezed between the Ubangi, Ngiri and Congo rivers, is an 

isolated, poor and generally neglected stretch of land. Dense swamp forests constitute 

the most-dominant vegetation type. As Fig. 2 depicts, Villages are concentrated on the 

riverbanks, camps occur wherever certain resources are seasonally available. The 

people there hold on to a traditional way of living. They rely on water resources not 

only as a source of food and primary economic gain, but also for transportation, through 

the rivers that connect them to villages and markets of the region. Table 1 presents a 

breakdown of the major land-related activities according to geographical entity/river. 

Attesting village focus group information, only villages close to the Ngiri River, keep 
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cattle as domesticated animals. Data suggests that villages bordering the Lobengo 

channel connecting the Ngiri and Congo rivers house more hunters than what is 

considered an average percentage for the region (39% as compared to 20% of 

households). All other substantial land use activities in the region are on a similar level 

as the regional average. 

 

 
Fig. 2. The Ngiri Triangle featuring The Congo, Ubangi, Mpoka and Ngiri rivers, with 72 sampled villages 

(red), Mbandaka urban complex (blue) and main market hubs in the region (yellow). The figure (n) 

associated with each village refers to the number of socio-economic surveys taken in the respective 

locations, adding to 1,766. 

 



Project SD/AR/03A - Sustainability of tropical forest biodiversity and services under climate and human pressure 

"BIOSERF" 

 

SSD - Science for a Sustainable Development - Terrestrial Ecosystems / Biodiversity 21 

Table 1 Confirmed activity (%, as opposed to confirmed non-activity and no answer) per 

geographical entity/river.  
 
Geographical 

entity 

n agriculture fishing collecting/ 

gathering 

firewood 

collecting 

cattle hunting 

Congo 457 0.82 0.88 0.69 0.98 0.00 0.22 

Lobengo 192 0.89 0.89 0.83 0.99 0.02 0.39 

Ngiri  514 0.89 0.92 0.69 0.98 0.09 0.20 

Ubangi 379 0.85 0.83 0.69 0.98 0.01 0.20 

Monyotu/Mpoka 224 0.79 0.81 0.53 0.96 0.00 0.11 

 1766       

 

Table 2 General demographic characteristics of the interviewed households. 

 
  Male Female  no answer 

Age (year)  41±12  35±11    

Head of household gender (#)  1550 154  62 

      

Education (%) none 2.7 7.9   

 primary, not finished 11.2 28.7   

 primary 6.0 11.3   

 secondary, not finished 44.6 36.0   

 secondary school diploma 19.2 4.2   

 higher education 3.5 0.5   

 0/no answer 12.7 11.4   

Primary/secondary activity (%) fishing 43.7/14.2 11.4/10.3   

 agriculture 31.3/57.5 56.3/39.1   

 hunting 0.8/2.9 0.1/0.1   

 commerce 2.6/4.6 10.6/13.7   

 others 18.8/12.1 9.3/14.0   

 0/no answer 2.7/8.8 12.3/22.8   

# Children                  4±3    

Household size                     8   

*CLDC: ƌComités Locaux de Développement et de Conservationƍare specific organizations or groups of people 

united voluntarily to push development in a village on one front or another. They often act as an intermediary 

adsvddm sgd bnlltmhsx `mc neehbh`k MFNƍr `mc.nq sgd fnudqmldms- 

 

Table 2 presents some general demographic characteristics of the interviewed 

households. Fishing was quoted as the most important activity for the men (43.7%), 

followed close by agriculture (31.3%). However, as the second most important daily 

activity or profession, agriculture was quoted by 57.5% of the respondents against 
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14.2% for fishing. So we can conclude that most 'fishermen' also practice some 

subsistence agriculture as a second activity, yet this is not as pronounced as the other 

way round.  

Commercial activities were found to be the third most important activity (7.2% 1st and 

2nd activity combined), teaching was fourth (6.8% combined). Hunting and animal 

husbandry were quoted respectively by 3.7 and 3.2 % of the household heads as either 

the first or second preferred daily activity. Women are around 35 years old and are 

predominantly active in agriculture (95.5% combined), small commerce (24.3%), fishing 

(21.7%), and cooking (13.3%). Actually, all women cook, but apparently 13.3% of 

woman claimed it to be the first or second most important activity of the day.  

 

Table 3 Information on camps derived from focus group discussions. Camp seasonality 

and type are given per geographical entity. 

 
 Geographical entity (# villages) TOTAL 

 Congo   

(25) 

Mpoka/      

Monyotu 

(5) 

Ubangi    

(10) 

Ngiri       

(27) 

Lobengo    

(5) 

 

CAMPS DURATION       

  seasonal 50 8 24 55 15 152 

  permanent 17 0 3 1 1 22 

  unknown 4 3 0 3 0 10 

CAMP TYPE       

  agriculture (A) 2 0 0 1 0 3 

  fishing (F) 41 8 24 47 2 122 

  hunting (H) 3 0 1 4 0 8 

  A+F  6 0 0 1 0 7 

  A+H  0 0 0 1 1 2 

  H+F  16 3 2 4 11 36 

  A+F+H  3 0 0 0 2 5 

  animal husbandry 0 0 0 1 0 1 

  TOTAL 71 11 27 59 16 184 

 

The village is the central entity of community life, yet many people have lived in 

a camp or multiple camps in the past and continue to do so today. Table 3 presents 

some results from the focus group discussions concerning the phenomenon of camps. It 

can be confirmed from this table that most camps are seasonal fishing camps, sometimes 

in combination with some hunting and trapping of animals. Agricultural camps are the 

exception. Each village is on average linked to at least 2 to 3 camps, sometimes many 

more. Although a camp usually consists of little more then a few very basic huts made 

from sticks and palm leaves for sleeping and storage, some of them tend to become 
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small villages. Especially on the banks of the Congo River, some larger camps can be 

found.  

Many vill ages live largely on cassava and maize (Table 4). To a lesser extent 

sugarcane, plantain and different tubers are grown both for self-consumption and market 

purposes. Vegetables such as tomatoes, eggplant, peppers, beans and onion are grown 

at home. Traditional slash-and-burn agriculture is the rule. A more diverse and 

permanent-plot agriculture could potentially reduce malnourishment and reduce the 

continued clearing of older forests for shifting cultivation.  

 

Table 4 Focus group discussion results on crop-oqdedqdmbd 'ƌ0ƍ rhfmhehdr sgd oqdedqqdc

bqno+ ƌ1ƍ rhfmhehdr sgd rdbnmc lnrs oqdedqqdc bqno `mc rn nm( 

 
product  1 2 3 4 5 share 

consumed/sold 

 

cassava 64  4 1   0.58/0.42  

maize 1  27 21 11 4 0.32/0.68  

plantain   27 17 7 5 0.41/0.59  

sugarcane 2  7 17 14 4 0.35/0.65  

yam    2 4 4 0.74/0.26  

potato/tubers    1 4 4 0.71/0.29  

sweet potato (mabenge)     2 5 0.66/0.34  

pineapple     1 7 0.50/0.50  

others (peppers,                         

tomato, rice, cocoa, 

etc.) 

3  3 10 15 14 0.34/0.66  

         

fallow length (years)        4.9±2.3  

size largest field (ha)        1.8±1.4  

time distance furthest field (minutes)  110±60  

 

Variation in total field area among households is very high.  Figures vary between 

0.1 ha to 1 ha. Fields outside of this range are exceptional, yet on average total 

household field area is close to 1 ha. As a rule of thumb, one should count ¼ ha per 

person. Villages bordering the many bends of the Ngiri River tend to have total 

household field sizes somewhat smaller than the global average (that is between 0.54 -

0.75 ha instead of 1 ha). Perhaps the bigger reliance on cattle and sheep in these 

villages because of the presence of large swatches of grassland is one of the reasons. 

Most households (nearly 80%) interviewed claimed their respective total field area does 

not suffice. This thus could announce more pressure on the surrounding forests. 

Literature states that many fields are abandoned even before fertility drops, for instance 

due to invasive grassy species such as Imperata cylindrica (Poaceae) taking over.  

Variation in length of fallow is less pronounced. Most villages indicate fallow 

duration of less than 4 years. There is a slight correlation between large villages and 

length of fallow in the sense that such villages tend to wait even less time on average to 
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return old fields into production. It is anticipated that populated villages are more likely 

to open new forest plots into the system. The exact conditions and parameters steering 

farmers into the decision to create new fields instead of returning to old ones are of great 

importance. Results of surveys of tropical deforestation support the view that population 

growth is never the sole and often not even the major underlying cause of change in 

forest-cover (Geist and Lambin, 2001). Socio-economic triggers such as devaluation of 

national currency, price changes of agricultural commodities, social conflicts, and the 

introduction of contract farming might be of influence (Lambin et al., 2001). Either way, 

it is clear that monitoring rural population dynamics such as growth rates and in-out 

migration will be key to better understand rural land use trends.  

Fertilizer use is very low. The presence of livestock (as around the Ngiri river) 

could increase soil nutrient provision around villages, improving agricultural 

production. 

Fields and fallows may extend up to 5 km and sometimes up to 10 km away from the 

village, but fishing, gathering and trapping might extend for 20 km (focus group 

chrbtrrhnmr(- Sgd dwsdms ne ƌsdqqhsnqhdrƍ trdc and claimed by agricultural communities are 

generally quite fixed but not necessarily static. Rights to cultivate certain parts of the 

forest might only be granted to individuals by the community as a whole until the forest 

reaches a certain stage in regeneration, at which point it reverts to the community. 

Colonial and post-colonial governments added to the traditional tenure complexity by 

agglomerating smaller communities together, such that individuals within any given 

community might now, through their lineage connections into other communities, retain 

rights to cultivate land far from their own villages and closer to others. 

Each of these arrangements is complex enough, but they are often superimposed 

on top of each other, creating an enormously complex system that is likely to shift in 

both time and space. It is sometimes even further complicated by the fact that one 

dsgmhb fqnto lhfgs `s kd`rs o`qskx cdehmd sgdhq nvm ƌsdqqhsnqhdrƍ hm sdqlr ne `mnsgdq

fqntorƍ k`mc trd- Bnmekhbsr nudq qdrntqbdr `mc sdqqitories have occurred in the past, and 

will likely continue to do so.  

Seasonal camps do move, so the already complex system of access rights is also 

constantly moving. As said, along the borders of the Congo River many of these camps 

are in the process of becoming permanent settlements. Perhaps the possibility of direct 

sales of fish to passing boats is part of the explanation. Fish is predominantly caught as a 

means to generate income. Some 90% of the catch is sold. Similarly so, bushmeat Ɗ 

especially higher valued, larger animals Ɗ is an important source of cash. With rising 

demand from urban markets, bushmeat is no longer caught for reasons of subsistence (as 

it used to be), but again predominantly sold. 

The primary and basically only source of energy is wood. Wood is collected in 

the forests and adjacent fields and fallows, generally not too far from the village. Any dry 

wood will do, but the most frequently mentioned species are Guibourtia demeusei 

(Leguminosae), Lophira alata (Ochnaceae), Diospyros laurentii (Ebenaceae), Uapaca 

guineensis and U. Heudelotti (both Phyllanthaceae). On average, one household 

consumes about one bundle or one basket of firewood per day. In contrast to areas 

south of Mbandaka, charcoal production, use and/or sale is not significant in the Ngiri 

triangle. Only 6.3 % of households claimed to produce or use charcoal for energy 

purposes. So, while on the other side of the Congo River woodfuel is charred and 

bagged for trade on markets, in the Ngiri region consumption is immediate. 
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Surprisingly, over 90% of households said to put more faith in modern allopathic 

medicine for the treatment of diseases than in traditional healing methods. This fact was 

confirmed during focus group discussions as 52 of the villages claimed they preferred 

modern treatment methods to traditional ones (1 village); 16 villages use both types of 

treatment.  For 3 villages, the answer is unknown. Drugs/medicines are state-provided 

(56.9% of respondents), distributed through NGOs (11.6%) or available on the market 

(23.5%). This is rather strange, as in a survey conducted by Ndoye and Awono (2005) in 

the Equateur and Bandundu provinces of DRC, 85% of households interviewed used 

medicinal plants to cure common ailments. 

Common fruit trees encountered in the villages are banana, papaya, orange, 

guava and avocado among others. Quite often, some badly attended, derelict cocoa or 

mango plantations are present. Oil palm (Elaeis guineensis - Arecaceae) is also very 

important as a source of cooking oil. Honey, caterpillars, Gnetum spp., insect larvae, 

kola nuts, palmoil, alcoholic drinks are the most important NTFPs in the region in terms 

of financial benefits. Charcoal production is important in areas relatively close to urban 

centers and/or access routes to those centers. On a subsistence level, in addition to 

NTFPs marketed, lianas, palm leaves, wrapping leaves, some medicinal plants and some 

fruits/spices are important. 

Although the trade in certain products extends across Central Africa, and for a few, as far 

as Europe and the US (Gnetum africanum - Gnetaceae, Cola nitida - Malvaceae, 

caterpillars, larvae) in many remote areas NTFPs are generally self-consumed.  The lack 

of commercial value associated with NTFP may impact decision-making around land 

transformation from forest to agricultural land because the need to open farmland may 

take precedence over the importance of NTFP as a subsistence activity for households 

looking for ways to generate income. 

Semi-industrial/industrial logging is totally absent in the water-rich landscape of 

the Ngiri triangle. All forest exploitation is confined to either the collection of fuelwood 

(46.4% of respondents), small-scale forest exploitation of hardwood trees for 

construction timber (2.3%) or a combination of both (29.4%). Harvested firewood and 

timber are consumed locally and are generally not intended for market purposes. 

Our focus group discussions indicated quite clearly that local populations are 

aware that certain practices and trends threaten the sustainability of their livelihoods 

through the overexploitation or misuse of resources. Nearly all villages (94.9%) stated 

sg`s qdrntqbdr `qd cdbkhmhmf- Vghkd knb`k odqbdoshnm hrmƍs chqdbskx bnmbdqmdc vhsg

ƌbnmrdqu`shnmƍ odq rd+ l`mx ne sgd hrrtdr q`hrdc ax o`qshbho`msr `qd tkshl`sdkxlinked to 

the state of local ecosystems: declining numbers of species, less fish, eroding river 

banks, river sedimentation, etc.   Major drivers or root causes of biodiversity decline in 

the landscape need also to be seen in a wider national and political context. Given that 

there are few current alternatives to resource extraction, it is fair to assume that current 

trends of land use will continue into the coming years, exercising more pressure on 

local resources, unless policy changes. 

Forests, particularly tropical rainforests, are among the most complex and most 

productive ecosystems on earth, providing a wide range of direct and indirect 

ecological, economical, and socio-cultural services on different scales of time and place. 

Biodiversity is integral to sustainable ecosystem functions and, therefore, vital for 

maintaining the availability of ecosystem services. Conservation of forest biodiversity 

therefore appears as a prerequisite for the conservation of the complete array of forest 

ecosystem functions. However, from a human viewpoint, a very high diversity is not 
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necessarily linked to more useful or valuable forest goods and services. Less species do 

not necessarily mean less importance.  

 

Stakeholder based valuation of plant-use Ɗ a species list (Task 1.2) 

The usefulness of plants to humans is a variable concept. Depending on the point 

of view taken Ɗ be it an ecological or a utilitarian perspective - all plants have an 

unmistakable role to play in ecosystem functioning and represent an enormous gene 

pool from which humans can take direct benefit. Throughout this project, the concept of 

plant usefulness must be understood in a more direct fashion, i.e. from a local ethnic 

perspective. More specifically, it represents the usefulness of plants as perceived by the 

participants interviewed and reflects the importance of different plants and NTFPs in 

satisfying daily needs in a practical and/or cash-generating way. 

 The basis for the following information originates from the same 2012 field-

campaign. In that survey, local communities were asked about what plants they 

preferred for a range of different purposes. Plants were not sampled or photographed. 

Only oral survey information was collected. The complexity and extent of the mission 

would render it nearly impossible to gather, dry, prepare and seal good specimen, as no 

central workspace was installed in the field. The survey-teams were always moving 

locations. 

 Our methodology counted the total number of times a certain plant species was 

cited in different categories. Since for each category and question and for all species all 

citations of all participants were summed, information on individual participant level 

was sacrificed. It is thus not possible to know how many different participants cited a 

certain plant. Only the total number of citations per category remains. Local dialects are 

hmgdqdms sn qdlnsd ok`bdr- L`mx ƌrodbhdrƍ qdl`hm tmhcdmshehdc adb`trd ne ` k`bj ne knb`k

knowledge. Collective names could refer to a single species, to a family or an even 

broader range of species all used for the same purpose; sometimes a local name is used 

for different species depending on the plant part or use it refers to. Therefore, it is best to 

discard temporarily the precondition that every single answer allies with a particular 

rodbhdr- Hmrsd`c+ hs rddlr sn ad ` r`edq ads sn s`kj hm sdqlr ne ƌarticlesƍ- Rnld ne sgdrd

were identified; many others Ɗ usually quite scarcely cited Ɗare still awaiting a final 

identification at this moment unfortunately. 

Several quantitativd `mc pt`khs`shud hmchb`snqr vdqd b`kbtk`sdc enq sgd ƌ`qshbkdrƍ

cited, based on the total information we gathered from the field surveys. Table 5 

summarizes some general statistics about the total relevant information obtained. It is 

split in two parts to separate the information based on the question it was obtained from. 

The total amount of use reports (Tur) sums all use reports found for a particular category 

nq ok`ms o`qs hmbktchmf sgnrd ƌ`qshbkdrƍ sg`s vdqd bhsdc nmkx nmbd nudq `kk b`sdfnqhdr.o`qsr:

in contrast with the use reports (ur) that were retained for further calculations. The 

difference between the two is the information that is lost because of misspellings, lack of 

consensus, or because a nonsensical answer was given. The number of participants that 

answered the question out of the total of 1766 is reflected in the statistic p. When the 

number of retained use reports (ur) is divided by p, the mean number of responses per 

participant (response ratio) is obtained. The informant consensus ration (ICR) reflects the 

general agreement that exists for the use and/or importance of certain species. A high 

ratio (close to 1) signifies that many people pointed to the same species for a certain 

purpose as opposed to a value close to 0, signifying a very broad number of different 
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species are used for that purpose. A suitable weighing factor (Wf) to put a certain 

importance ranking on the use categories for calculating QUVs is also given. 

@ sns`k khrs ne 47/ ƌ`qshbkdrƍ rtoonrdckx qdedqqhmf sn ans`mhb`k rodbhdr, honey, 

general plant parts, insects and mushrooms among others resulted from the inquiries 

made in the field. A total figure of 27,731 use reports (responses or citations) were 

recorded. A response or citation is defined here as an answer from a participant with 

regard to a use of a particular plant species/event.  
 

Table 5 General information on use reports (ur), total use reports, thus including articles 

cited only once (Tur), responses (p), response rate (ur/p), number of unique 

ƌdudmsr.rodbhdrƍ `mc hmformant consensus factor (ICF). 

 

 ur Tur Lost         

(Tur-ur) 

% p ur/p events 

/    / sp. 

ICF Wf 

P
R

O
D

U
C

T
 N

A
T

U
R

E
  

   

leaf 1939 2110 171 0,92 1228 1,6 46 0,98 0,70 

roots 616 800 184 0,77 561 1,1 60 0,90 0,32 

fruits 1580 1894 314 0,83 1042 1,5 91 0,94 0,59 

lianas 1559 1894 211 0,88 1199 1,3 57 0,96 0,68 

weeds/herbs 430 585 155 0,74 448 1,0 41 0,91 0,25 

caterpillar 499 628 129 0,80 469 1,1 42 0,92 0,27 

snails 455 544 89 0,84 469 1,0 22 0,95 0,27 

mushrooms 699 820 121 0,85 628 1,1 43 0,94 0,36 

U
S

E
-C

A
T

E
G

O
R

IE
S 

food 3487 3744 257 0.93 1338 2,6 73 0,94 0,76 

animal food 1459 1624 129 0,90 600 2,4 35 0,94 0,34 

medicine  2165 2507 342 0,86 969 2,2 71 0,92 0,55 

ritual/social 

uses 

501 592 91 0,85 222 2,3 26 0,86 0,13 

environmenta

l uses 

1065 1158 93 0,92 517 2,1 29 0,94 0,29 

poison 737 840 103 0,88 306 2,4 15 0,95 0,17 

construction 3750 4259 509 0,88 1447 2,6 158 0,88 0,82 

materials 1911 2389 478 0,80 856 2,2 106 0,85 0,48 

fuel 4846 5128 282 0,95 1734*  2,8 113 0,93 0,98 

* Specifically high response rate. This information was derived from a different question than the remaining 

use-categories. 

 

 The basis for these indicators is thoroughly described in Albuquerque et al 

(2006), Phillips and Gentry (1993a,b), Byg and Balsev (2001), Carretero (2005) and 

Paniagua Zambrana (2005). 
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Sgd 4/ lnrs trdetk rodbhdr.ƍ`qshbkdrƍ vdqd q`mjdc `bbnqchmf sn cdbqd`rhmf trd

values (UVs), together with the total number of use reports (urt), quality use value 

(QUVs), and use diversities (Uds). The difference d between the simple use value index 

(UVs) and the quality use value (QUVs) was also reported. A negative d-value reflects 

that a lesser weight was given to the use-categories that particular species was cited in. A 

ranking based on QUVs values largely coincide with one based on UVs values, which 

in turn largely coincides with the total use reports. Ranking of useful plant species based 

on use diversity (UDs) values behaves differently. This implies that species with high use 

values are not necessarily used within most use categories, nor that the different use 

categories contribute evenly to the total usefulness of a species. 

The list reflects the most commonly known and used wild and cultivated plant 

species and plant parts sharing similar purposes. According to the answers given in our 

socio-economic survey, large understory leaves such as those from the species 

Megaphrynium macrostachyum (Marantaceae) are among the most widely used and 

appreciated plant parts. Such leaves are used for wrapping food (for instance cassava 

sticks before cooking), packing and thatching. Leaves in general (kasa), are widely used 

be it as a source of food, a medicine or a material. Smaller leaves (Thaumatococcus 

daniellii - Marantaceae) also function as hygienic paper. Guibourtia demeusei 

(Fabaceae) is the most cited type of hardwood in the region, used for timber, as a 

fuelwood and for its resin, which can be used as lightning when ignited. Other 

important construction and fuelwood species are Xylopia aethiopica (Annonaceae), 

Uapaca spp., Allanblackia floribunda (Garcinieae), Oubanguia africana (Annonaceae), 

Lophira alata, Nauclea diddericchi (Rubiaceae), and Cynometra sessiliflora (Fabaceae) 

among others. Straight trunks of Chlorofora excelsa (Moraceae) are especially important 

for the construction of canoes. Different types of lianas are widely recognized as 

important sources of building material (ropes, etc.). Next to some further unspecified 

weeds and herbs, the vine Morinda morindoides (Rubiaceae) was cited as the most 

important medicinal plant. Gnetum africanum is a popular wild food plant, as are 

different kinds of mushrooms and mollusks. Eleies guineensis serves as a multifunctional 

tree, oil being its primary product used to cook and to thicken sauces. Synsepalum 

dulcificum (Sapotaceae), Mammea africana (Calophyllaceae) and Afromomum spp. 

(Zingiberaceae) are among popular wild fruit sources. 

 

Value and origin of market commodities (Task 1.3) 

As the largest city in an otherwise scarcely populated province, Mbandaka is the 

main tradimf `mc sq`mronqs`shnm gta ne sgd qdfhnm- - Sn `rrdrr sgd ƌtrdetkmdrrƍ ne bdqs`hm

plant and animal products in contributing to household incomes, 5 important markets 

were sampled. Information on pricing, availability, seasonality, quantities traded and 

origin of products was collected here. Ideally a beginning of an understanding of 

product origin and fluxes in the wider region could begin to settle. Charcoal, for 

instance, is typically produced not only within cities, but also imported from along 

transport axes to city centres. Prices for charcoal can triple once it reaches urban 

markets, as is often the case for bushmeat. Data collection took place in April 2014. The 

most important markets for trade in natural products around Mbandaka were selected. 

This information was made available via a Congolese consultant specialized in socio-

economic market survey research in the region, who was hired for data-collection on 

sgnrd l`qjdsr- D`bg l`qjds v`r uhrhsdc enq ` vgnkd c`x nm sg`s l`qjdsƍr atrhdrs c`x-

Stall vendors were selected in a random fashion. As every market was visited only once, 
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representativeness is not guaranteed. Ideally, a market should be visited several times in 

the timeframe of one month, several times per year to account for seasonal variability. 

Prior to any interview, the research objectives and methods were clearly presented to 

the respondent. To be able to focus on the desired information, we used a to-the-point 

questionnaire with open-ended questions. 

 

Fig. 3 Origin of plant products (agriculture, forest products, charcoal) and domesticated animals surveyed 

on 5 markets in and around Mbandaka.  

 

Fig. 3 and 4 present the geographical distribution of the source sites/markets of 

products sold on the Mbandaka markets from vegetative and animal origin, respectively. 

Agricultural produce, charcoal and forest products are sourced from predominantly 

three axes: (i) the outskirts of Mbandaka; (ii ) the Mbandaka Ɗ Bikoro axis and all the 

villages and communities along that road (Bolenge, Wangata, Iyonda, Lofosola, Ilema, 

Itipo, Bogonde, Buya, Kolikoli, etc.); and (iii ) the communities along the Ruki river. 
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 Quite the contrary, nearly all bushmeat found on the Mbandaka markets during 

the time of survey originates from the Busira/Salonga region. Markets and villages along 

the Busira River such as Lingunda, Boleke, Bokote and Loolo are important trading 

places not only for wild animals, but also for forest products coming from the nearby 

Salonga national park. Sometimes riverine species like crocodiles and turtles are caught 

in fishing nets in the Congo River as a by-catch. Varans and snakes are usually not 

sought for, but killed opportunistically when encountered to sell on local markets. 

Smaller monkeys (Cercopithecus spp. and Colobus spp.) are the most important type of 

bushmeat. They are often offered charred and smoked beyond recognition.  

The Ngiri triangle is not very well represented on the Mbandaka markets. Agricultural 

products and NTFPs from that area are basically auto-consumed and traded on local 

markets only, while fish and bushmeat are being sold to large pack boats bound for 

Kinshasa which thus generally neglect Mbandaka as a stop-over place.  Additionally, 

much of the wildlife has been severely reduced in numbers to the point that some 

species have been locally exterminated around village influence zones and are now 

found only in the swampier areas which are harder to access. There is also an important 

market situated somewhere at the southern edge of Lake tumba. Via the Iberu channel 

connecting this lake and the Congo river, products brought to this market go straight 

down to Kinshasa. 
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Fig. 4 Origin of wild animal products (bushmeat and fish) surveyed on 5 markets in and around 

Mbandaka.  

A list of the 438 products surveyed on the Mbandaka markets including 

information on product, availability and average pricing was produced. As bushmeat, 

Cercopithecus and Colobus monkeys, dwarf crocodile (Osteolaemus tetraspis), small 

turtles and red river hog (Potamocherus porcus) are the more common animals found. 

However, protected animals such as bonobo (Pan paniscus) and forest elephant 

(Loxodonta africana cyclotis) were also encountered. Clarias buthopogon and Channa 

obscurus are the most important resources of fish. Cassava, peppers, yams and maize 

are frequently found agricultural products while lianas, palmoil and palm nuts (Elaeis 

guineensis), larvae and kola nut (Cola acuminata - Malvaceae) are frequently found 

NTFP. Charcoal is also readily available on urban markets. 
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Identification of Key ES services (Task 1.3) 

Tropical rainforests are among the most complex and most productive 

ecosystems on earth, providing a wide range of direct and indirect ecological, 

economical and socio-cultural services on different scales of time and place (Table 6). 

On the most local of scales, the Ngiri forests form the habitat and life support system of 

the local populations living in and around their confines near dusty roads and wide 

rivers. It is their primary source of energy, food, medicine, shelter, water, and frequently 

adds to their small incomes by providing bushmeat, charcoal (near urban centra), fruits, 

and larvae, etc. to sell. It is also their land reserve for agricultural expansion. However, 

tropical forests also provide a set of less tangible services and benefits, often operating 

on a larger, regional scale, such as soil formation, climate and hydrological regulation, 

moderation of temperature and water flow, etc. On a global scale, it is hard to 

underestimate the importance of tropical rainforests in stocking global terrestrial carbon. 

Balancing the inherent trade-offs between satisfying immediate needs and maintaining 

general ecosystem functioning is of great importance and requires knowledge about 

ecosystem responses to changes in land use (Defries et al., 2004). In the end this 

balance depends on societal values and political and economical orientations. 

 

Table 6 A summary of ecosystem services in the Congo Basin (based on the division of 

categories as introduced by the Millennium Ecosystem Assessment (2005) 
 

SERVICE TYPE Category          Congo Basin Ecosystem Services 

  Water Resources  Forest resources 
PROVISIONING food fish, turtle, etc. wild animals, fruits,  insects, 

wild honey, weeds, vines, 

herbs, etc. 

 water (quantity) water for drinking, 

washing, toilet, etc. 

vegetation influence 

 materials  fibers, timber, fertilizer, wax, 

colors for dyes, etc. 

 energy hydropower potential woodfuel 

 genetic res.  botanic potential  

 medicinal res.  medicinal plants, bark, 

biochemical potential, etc. 

 ceremonial res.  skins, fetish objects, etc. 

 fodder  animal food 

 ornamental res.  flowers, plumage, animal parts, 

etc. 

 transportation boat transport, navigation  

REGULATING climate  C-stock, effect on cloud 

formation, rainfall and 

temperature, etc. 

 moderation of  

extreme events 

 Flood control? scale matters 

 erosion prevention  effect ground and vegetation 

cover 

 pollination   animal vectors required 

 seed dispersal  animal presence required  

 water 

quality/purification 

 buffer, sediment load, 

biological purity 

 water flow  seasonal distribution, timing 

 natural pest  

control 

 pests controlled by natural 

enemies: birds, bats, beetles, 
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fungi, etc. 

CULTURAL/ 

AMENITY 

recreation & 

tourism 

non-consumptive tourism (Pure Congo, travel companies, 

etc.) 

 spiritual, 

inspirational  

experience 

 sacred forest, forest cemetery 

 educational   

 cultural heritage/ 

identity 

  

SUPPORTING/ 

 HABITAT 

nutrient cycling  filter; storage, processing, 

acquisition of  nutrients 

Əl`jd `kk nsgdq

ecosystem services 

possibleƐ 

maintaining soil 

quality 

 nutrient cycles, chemical and 

biological transformations, 

accumulation of organic 

material, etc. 

 maintenance of 

life-cycle of 

migratory species 

The Ngiri savanna corridor constitutes an important 

migration flyway. 

 maintenance of 

genetic diversity 
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WP2 VEGETATION ANALYSIS 
 

Introduction  

This section is constituted of 4 subsections. The first one is the final selection of 

tree species to be studied (Task 2.1). The second one exposed the adapted Task 2.2 i.e. 

Collecting ecological data on the five tee species (it used data coming from Task 3.1). 

For this study, we benefited of the close collaboration of P.-M. Forget (Muséum 

cƍGhrsnhqd M`stqdkkd cd O`qhr( and will be soon submitted to an ecology journal. The 

third part exposes the methodology applied to collect information on regeneration 

community (adapted Task 2.2). The two last parts expose the upgrade of the DVM for 

studying local forest production and regeneration (Task 2.3) and the validation of the 

present situation using remote sensing and field data (Task 2.4). 

 

Selection of five ecosystem services related tree species indicators of forest change 

(Task 2.1) 

 

The species were selected according to abundance in the study area, existence of data 

about their dispersers and reported uses (Table 7). 

 

Table 7 Selected species in the study site for their abundance and ES 

 

Name Family Dispersers Uses 

Staudtia kamerunensis Myristicaceae Ceratogymna sp.2,3,4 

Civettictis civetta5 

logs; medicines  

Annonidium manni Annonaceae Pan paniscus7 Fruits6; 

medecines1  

Chrysophyllum 

lacourtianum 

Sapotaceae Loxodonta cyclotis9,10 logs ; fruits 

Myrianthus arboreus Moraceae Loxodonta cyclotis9, 10 

Cercopithecus11 

Fruits; medecines8 

Annickia chlorantha Annonaceae Pan paniscus Medecines12 
1Betti, 2004 ; 2Holbrook & Smith, 2000; 3Whitney et al., 1998; 4Clark et al., 2001 ; 
5Pendje, 1994 ; 6Termote et al., 2011; 7White, 2005; 8Biapa et al., 2007 ; 9Danquah & 

Oppong, 2007 ; 10Theuerkauf et al., 2000 ; 11Hladik & Hladik, 196 9 ; 12Adesokan et al., 

2007 

 

Hunting pressure and forest fragmentation increase seed dispersal failure of Staudtia 

kamerunensis (Myristicaceae) in forest-savanna mosaic of northern DR Congo (Task 

2.2 and 3.1) 

 

Authors: F. Trolliet, M.-C. Huynen, P.-M. Forget, A. Hambuckers (ULG-ENV) 

 

Introduction  

It is now widely recognized that the regeneration of tropical forests highly 

depends on the action of frugivores which disperse seeds away from parent plants 

(Howe & Smallwood, 1982; Wang & Smith, 2002). However, there is a raising number 

of studies proving the harmful effects of anthropogenic pressures on ecological functions 

such as animal-mediated seed dispersal. Studies have shown that bushmeat hunting 
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(Beckman & Muller-landau, 2007; Wang et al., 2007; Holbrook & Loiselle, 2009; Markl 

et al., 2012; Abernethy et al., 2013) and forest fragmentation (Cordeiro & Howe, 2003; 

Galetti et al., 2003; Galetti et al., 2006; Kirika et al., 2008; Jesus et al., 2012; Kurten, 

2013) alter the animal community susceptible to interact with plants and can disrupt 

different components of the seed dispersal processes. For instance, a decrease in 

frugivore abundance and diversity can be associated with a lower frequency of visitation 

rate and a decrease in the number of seeds removed, as well as shorter seed dispersal 

distances (Markl et al., 2012). Also, other components of the seed dispersal loop can be 

affected by hunting such as pre and post-dispersal seed predation (Beckman & Muller-

landau, 2007). Through a meta-analysis, Markl et al. (2012) showed however that 

fragmentation was not associated with a reduction in the number of seeds removed.  

Yet, while a significant amount of work dealing with those problematic have 

been conducted in the neo-tropics (see Markl et al., 2012 for a non-exhaustive list of 

studies), relatively few studies have investigated the impact of either hunting (Kirika et 

al., 2008a; Wang et al., 2007; Babweteera & Brown, 2009; Babweteera, 2009) or 

habitat fragmentation (Cordeiro & Howe, 2003; Farwig et al., 2006; Kirika et al., 

2008b ; Neuschulz et al., 2011) on primary or secondary dispersal in Africa (Aliyu et al., 

2014). Moreover, rare studies have considered and proved the effect of those two major 

threats together (but see Galetti et al., 2006). The African continent holds however the 

largest frequency of large frugivores on Earth (Forget et al., 2007), including four of the 

six great ape species (Pan paniscus, Pan troglodytes, Gorilla gorilla  and Gorilla beringei) 

and the forest elephant (Loxondonta cyclotis). Also, the threat to Afro-tropical frugivore 

communities is substantial, with a rate of bushmeat extraction much greater than in the 

Neo-tropics (Fa et al., 2002) and affecting primarily larger species (Fa et al., 2005). The 

four great ape species are for that matter classified as either endangered or critically 

endangered on the IUCN redlist (IUCN 2015). It is therefore particularly important to 

investigate the consequences of anthropogenic threats on seed dispersal and seedling 

establishment capacities of zoochorous plants in Afro-tropical forests.  

The family Myristicaceae is of increasing scientific interest and ideal to study 

zoochorous seed dispersal (Queenborough et al., 2013): it has characteristic fruits 

allowing efficient estimates of seed production and removal (see Material & Methods) 

and an arillate seed known to attract large frugivorous birds and primates and of 

relatively large size (Queenborough 2013), thus allowing to detect more easily the 

impact of defaunation on seed dispersal (Markl et al. 2012). As a pan-tropical family 

having a consistent fruit morphology across tropical regions it allows easy inter-

continental comparisons. Still, the family is a good example of this inter-continental 

imbalance: seed dispersal process of Myristicaceae species has been widely studied 

across the Neo-tropics (e.g. Howe, 1981; Forget, 1991; Forget et al., 2000; Russo, 2005; 

Forget & Cuijpers, 2008; Ratiarison & Forget, 2013; Boissier et al., 2014) compared to 

the paleo-tropics. In Africa, it has only been studied in the lowland rain forest of the Dja 

Reserve, Cameroon, on Staudtia kamerunensis (Whitney et al., 1998; Holbrook & 

Smith, 2000; Clark et al., 2001; Clark et al., 2004; Clark et al., 2005) and the effects of 

human disturbances on seed dispersal have not yet been investigated.  

Several studies show that the quantity of fruit available might influence frugivores 

visitation rate and the quantity of fruit removed at both the tree scale (crop size) and the 

neighborhood scale (Korine et al., 2000; Saracco et al., 2005; Ortiz-Pulido et al., 2007; 

Blendinger et al., 2008; Blendinger & Villegas, 2011 ; Prasad & Sukumar, 2010; 

Flörchinger & Braun, 2010; Bravo, 2012). Also, two of the African hornbill species 
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(Ceratogymna atrata and C. cylindricus) known to disperse the seeds of S. kamerunensis 

(Clark et al., 2005), are able to track fruit resources over large areas (Whitney & Smith, 

1998) and thus likely to move between forest patches.  

Here we investigated how forest fragmentation, hunting pressure, abundances of 

large frugivores and fruit availability influence seed dispersal capacities of S. 

kamerunensis in contrasted sites across a forest-savanna mosaic landscape in 

Democratic Republic of the Congo. 

 

Material and methods 

Study area and forest sites 

The study took place in western D.R. Congo, around the WWF-Malebo research 

station, in the Bandundu province, (2°26ƍ R+ 05³17ƍ D(- @mmt`k q`hme`kk `udq`fdr

1500mm. The main dry season occurs between June to August and is followed by the 

main rainy season between September to January, itself followed by the consecutive 

small rainy and dry seasons between January to May. The study area is situated in a 

forest-savanna mosaic, an ecosystem characterized by a mix of tropical semi-evergreen 

lowland rain forests and herbaceous savanna matrix, representing respectively around 

60 and 40% of the total area (Inogwabini et al., 2008). The forest cover is highly 

fragmented, characterized by a system of patches and corridors of variable sizes and 

shapes, mainly associated with the hydrographic network of brooks and small rivers. 

This landscape can be considered as semi-natural ecotone. It reflects the transitory 

vegetation between the extensive lowland rain forests of the central Congo Basin (the 

ƏCuvette CentraleƐ) and the savannas expending in the South. Still, cattle ranching 

activity and the associated yearly fire regimes maintain the fragmented structure and 

prevent the re-colonization of forest. Slash-and-burn agriculture largely encroaches on 

forest patches. 

We conducted field work in five forested study sites in a section of about 300 

km² within the mosaic landscape (Fig. 5). The two most distant sites are spaced by 30 

km. The Mbanzi and Nkombo sites are situated in an extensive forest bloc (>500 km²) 

whereas the tree others are situated 9 km lower in a more fragmented area: Minkalu is a 

forest patch of 4,6 km², Nkala N. and Nkala S. are both located in a forest patch of 17.6 

km². The 5 sites have therefore contrasting levels of surrounding forest cover. Mbanzi 

village, originally founded in 1982 as a hunting camp, and is now home to around 600 

people and still inhabited by many hunters. Therefore, the forest around is supposed to 

be subject to relatively high hunting pressure. The Nkombo forest is located further 

away from human settlements and anthropogenic pressure is probably more limited 

compared to the other sites, which are `kk o`qsr ne md`qax uhkk`fdƍr bnlltmhsx `qd vgdqd

subsistence hunting activities and slash-and-burn agriculture take place. The Nkala-

North, Nkala-South (respectively Nkala-N. and Nkala-S. hereafter) and Minkalu are 

located in a more densely populated area where hunting pressure is high, yet home to 

an ethnic group which do not hunt bonobos following a traditional taboo. As part of the 

conservation programs of the WWF-RDC (World Wide Fund) and MMT (Mbou-Mon-

Sntq( MFNƍr+ sgd Mj`k` enqdrs 'hmbktchmf sgd svnsites Nkala N. and Nkala S.) has a 

community-based conservation status and hunting pressure is theoretically limited. 

 

Study species 

Staudtia kamerunensis var. gabonensis (Myristicaceae) is a common emergent 

tree found in afro-tropical rainforests. It produces dehiscent berries composed of two 
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valves and a large seed (28.2 x 17.7mm) surrounded by a bright red-colored fleshy aril, 

which mature during the dry season (June-August). Dispersal of S. kamerunensis seeds 

seems to depend a lot on hornbills (Clark et al., 2001; Clark et al., 2005), even though 

the lipid-rich berries are known to attract bonobos (Idani et al., 1994; Beaune et al., 

2013), chimpanzees (Head, 2011) as well as other primates (Gautier-Hion et al., 1985 ; 

Poulsen et al., 2001; Poulsen et al., 2002).  

 

 
Fig. 5 Study area in the forest-savanna mosaic of Western D.R.Congo, with the five sites (Mbanzi, 

Nkombo, Nkala-N. and Nkala-S.) and the 34 Staudtia kamerunensis trees. 

 

Hunting pressure and abundances of frugivores 

We quantified the diversity and abundance of the main frugivores species 

susceptible to disperse seeds of S. kamerunensis (i.e. hornbills and primates), as well as 

hunting activity, by conducting a surveys on a system of line-transects and 

REConnaissanCE (RECCE) transects (Vanthomme et al 2010) for a total of 131 km across 

the five sites. We recorded all direct and indirect traces of frugivores presence (feces, 

ennsoqhmsr+ b`kkr+ mdrsrƕ( `mc gtmshmf `bshuhsx 'qhekd b`qsqhcfdr+ ftmrgnsr+ sq`or+ ehqdr(- @r `

mean of quantification, we summed up all observations found for each category 

(hornbills, primates and hunting activity) and calculated Kilometric Abundance Indexes 

(KAI, observations/km), a method allowing efficient inter-sites comparisons (Mathot and 

Doucet 2006). 

 

Forest fragmentation 

To quantify forest fragmentation we used a Landsat 7 satellite image of the study 

area with the software ArcGis (version 9.3). We firstly conducted an unsupervised 
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classification of the vegetation to obtain a simplified image with two classes accounting 

for forest and savanna. We then defined ring buffer zone of 3 km radius around each of 

the 34 S. kamerunensis trees. Within each of those ring buffer, we quantified the 

number of forest pixels and savanna pixels using the Thematic Raster Summary function 

hm G`vsgƍr `m`kxrhr Snnkr dwsdmrhnm- Vd bntkc ehm`kkx bnlotsd ` odqbdms`fd ne enqdrs

cover around each single tree as a way to quantify forest fragmentation. Due to the 

complexity of habitat structure in the mosaic (i.e forest patches are not clearly delimited 

but connected with a system of forest corridors and surrounded by isolated forest 

islands, and savanna inclusions are found within forest patches), we believe this method 

to be really efficient at characterizing levels of forest fragmentation around each tree. 

 

Staudtia kamerunensisƍ eqths `u`hk`ahkhsx 

To quantify fruit availability at the forest scale we recorded and measured the 

diameter at breast height (DBH) of all S. kamerunensis fruiting tree on the line transect 

system. We calculated an index of fruit availability for each site by summing up the 

basal area of all fruiting trees. The index is therefore a function of both S. kamerunensis 

fruiting tree density and trunk size (DBH). DBH is known as the most accurate way to 

estimate fruit abundance of tropical trees (Chapman et al., 1992).    

 

Fruits-frugivores interactions 

To define the diurnal frugivore assemblage feeding on S. kamerunensis fruits we 

conducted a total of 121.5 h of focal observation at fruiting trees between 2012 and 

2013 across the 5 sites. Due to dense foliage, the visibility was low and we could not 

systematically observed each feeding events. To determine the contribution of each 

frugivore species on seed removal rate we recorded the time spent in the tree by each 

individual.  We used 10x42 Nikon Monarch binocular to perform observation during 

sessions between 6 am-10 am and 3 pm-6 pm and regularly changed focal tree to scan a 

maximum of fruiting trees during each session. Observation at each tree lasted from 5 to 

40 minutes depending on the distance to the next focal tree.  

 

Estimates of seed production and seed dispersal failure 

To measure seed production and removal at fruiting trees we followed the 

method of Howe & Vande Kerckhove (1981). We set up from one to four fruit collectors 

(2,25m² each) made of plastic mesh below fruiting trees to cover at least 5 % of the 

canopy projection area on the floor. We hanged them up to the surrounding vegetation 

at 1.5 m above ground level to prevent animal to get in. We installed fruit collectors 

below the canopy of 34 trees in the five sites in 2013. From the beginning to the end of 

sgd 1/02ƍr eqthshmf rd`rnm+ vd vddjkx bnklected all fruits and seeds found in the 

collectors and classified them into four categories following Boissier et al., (2014):  (1) 

intact open fruit (naturally dehisced fruit with two valves and a seed), (2) empty fruit 

(two valves without seed), (3) single fruit valve and (4) seed. We calculated the fruit 

production as the sum of the number of whole fruits, empty fruits, and single fruit valves 

divided by 2 during the whole fruiting season. To obtain the tree crop size we 

extrapolated this estimate to the whole crown area Ca which was calculated as: 
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Where ri are the projection of the radius from the trunk to the terminal branch in 

the four cardinal directions. We derived from this count the proportion of seed dispersal 

failure SDF, i.e. the proportion of seeds which failed to be dispersed away from parent 

tree. It is calculated as: 

   
where  is the number of undispersed seeds (Sg being the number of loose seeds 

found on the ground and  the number of intact open fruits) and the number of 

fruits produced (  being the number of empty fruits and  the number of broken 

fruits (half the number of single valves)), given that each fruit contain a single seed.  

 

Statistical analysis 

We used R software. We firstly tested whether SDF could be considered normally 

distributed using the Kolmogorov-Smirnov test (fitdistrplus package of Delignette-Muller 

& Dutang 2015). To determine which variables influenced SDF, we firstly proceeded to 

univariate analysis using linear mixed models to screen out variables with statistically 

non-significant effect with the function lme of the nlme package (Pinheiro et al. 2015). 

Determination coefficients were computed using lmmR2 function of the lmmfit package 

(Maj 2011). We included a random effect of the dependent variable with an exponential 

spatial correlation structure, according to Dormann et al. (2007). This first step allowed 

us to lighten the following multivariate analysis in which we considered quadratic 

effects and two by two interactions. Due to the very high number of candidate models, 

we used the glmulti package, which allows for model selection among all possible 

candidate models by fixing a maximum number of effects to include. We fixed this 

number to five. The model selection was based on AIC but we added the condition that 

the factor t-test of the included effects must have a p-u`ktd ƫ /-/4.  

 

 

Results 

Study sites characteristics 

The five selected sites were highly contrasted in terms of mean percentage of 

forest cover (50-88.6%), fruit availability (0-5266 cm²/km), hunting pressure (0.9-1.66 

obs./km), and abundance of frugivores (hornbills: 1.76-4.36 obs./km; primates: 0.47-

4.96 obs./km) (Table 8) 

 

Fruit-frugivore interactions 

During the focal observation sessions at fruiting trees, we observed the white-

thighed hornbill, Bycanistes albotibialis (Bucerotideae), for more than 95.5% of the time 

with a frugivore present in a tree (when considering observations made at all sites 

together and at each site separately), visiting fruiting trees at a rate of 1 visit/hr. This 

result confirmed the observation made by Clark et al. (2005) in Cameroon where 

hornbills accounted for 95% of visits and B. albotibialis was the main visitor at S. 

kamerunensis fruiting trees. Another species, the black-casqued hornbill, Ceratogymna 

atrata (Bucerotideae), was observed to enter fruiting trees at five occasions, and a red-

tailed monkey, Cercopithecus ascanius (Cercopithecideae), was only observed to enter a 

tree once.  
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Seed dispersal failure 

SDF had a mean of 72.4% (± 38.9), but show great variations across the mosaic 

with value as low as 17.6% (Mbanzi) and reaching particularly high values,  above 

100% and up to 177.9% (Nkala-N.). Those particularly high percentages indicated a 

higher number of seeds found relative to fruits (i.e estimate of the number of seeds 

produced). Overall, five trees had values of seed dispersal failure above 100%. Four of 

those trees are in Nkala-N. and one in Nkala-S. Those two sites were characterized by 

the lowest mean forest cover around the study trees (51.5% ± 4.8 and 50.0% ± 2.5, 

respectively) and the highest R- j`ldqtmdmrhrƍ fruit availalibity (5266 and 2456 cm²/km). 

Inversely, the two lowest mean value of seed dispersal failure were found in Mbanzi 

(48.7% ±22.5) and Nkombo (51.1% ±10.1), the two sites in the continuous forest bloc, 

having therefore the highest mean value of forest cover around trees (Mbanzi: 71.2% ± 

9.5; Nkombo: 88.6% ± 5.8). Those two sites were also characterized by the two lowest 

values of R- j`ldqtmdmrhrƍ fruit availability (683 and 0 cm²/km, respectively). In 

Nkombo, the value of 0 cm²/km indicated that no fruiting S. kamerunensis tree was 

found on the transect system 

 

Table 8 Characteristics of five sites in the forest-savanna mosaic in Western D.R. Congo 

 

Site 

Forest 

patch 

area 

(km²) 

Mean % of 

forest 

cover* ± 

SD 

Fruit 

availability 

index 

(cm²/km) 

Kilometric Abundance Index (KAI, observations/km) 

Hunting 

pressure 

Frugivore abundance 

Bycanistes 

albotibiali

s 

All 

hornbills  

Pan 

paniscus 

All 

primates 

Mbanzi >500  71.2 ± 

9.5 

683 1.19 3.13 3.82 0 0.94 

Nkombo >5 00 88.6 ± 

5.8 

0a 0.46 4.36 5.85 0 0.47 

Minkalu 4.6 54.2 ± 

4.7 

239 1.28 2.24 2.62 1.1 1.35 

Nkala-N. 17.6 51.5 ± 

4.8 

5266 1.66 1.76 1.85 4.11 4.56 

Nkala-S. 17.6 50.0 ± 

2.5 

2456 0.9 2.23 3.08 4.28 4.96 

* Forest cover calculated within a 3km radius around each tree 
a Index calculated on the basis of fruiting S. kamerunensis trees found on the transects 
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Fig. 6 Scatter plot of percentage of forest cover against percentage of seed dispersal 

failure. Each square indicates a tree. The line indicates the model simulation. Lower 

forest covers were associated with higher proportions of seeds failing to disperse and 

trees with higher forest cover around knew lower proportion of dispersal failure (i.e. 

highest proportions of seed dispersal). 
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Fig. 7 Scatter plot level of hunting pressure against percentage of seed dispersal failure. 

Each square indicates a tree. The line indicates the model simulation. Sites with high 

hunting pressure were associated with higher proportions of seed dispersal failure and 

sites with lower hunting pressure knew lower proportion of dispersal failure. 
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Table 9 Diameter at Breast Height (DBH), mean crop size and percentages of seed 

dispersal failure for the Staudtia kamerunensis trees selected in the five sites in the 

forest-savanna mosaic in Western D.R.Congo 

 

Site Nb of 

trees 

Mean DBH ± 

SD 

Mean crop size ± 

SD 

% seed dispersal failure  

    Mean ± SD  Min- Max 

Mbanzi 8 54.6 ± 11.8  4747 ± 5264  48.7 ± 22.5  17.6- 89.1 

Nkombo 6 45.1 ± 11.3  6219 ± 7299  51.1 ± 10.1  44.3- 70.7 

Minkalu 6 50.8 ± 15.5  3629 ± 3156  64.1 ± 31  20.5- 96.3 

Nkala-N. 7 60.1 ± 19.6  2965 ± 3607  123.6 ± 

43.6 

74.8- 177.9 

Nkala-S. 7 49.2 ± 14.6  1286 ± 1109  73.6 ± 24.7  35.9- 110.1 

TOTAL 34 52.3 ± 14. 8 3730 ± 4563  72.4 ± 38.9  17.6- 177.9 

 

Model selection 

Through the first univariate analysis, tree crop size was statistically not significant 

(p=0.2703) and therefore not retained for the multivariate analysis, for which we 

considered percentage of forest cover (p=0.006), B. albotibialis abundance (p=0.041), 

primates abundance (p=0.001), hunting pressure (p=0.008) and fruit availability 

(p<0.000). Through the exhaustive model selection, the model with the best AIC and 

with all of its terms statistically significant only included forest cover and hunting 

pressure (r² =  0.7641). The model also contained a quadratic effect of hunting pressure. 

Forest cover had a negative effect on seed dispersal failure (Fig. 6, partial r² =  0.3749). 

Trees surrounded by relatively lower forest cover were associated with higher 

proportions of seeds failing to disperse, inversely, trees surrounded by more forest knew 

lower proportion of dispersal failure (i.e. highest proportions of seed dispersed). Hunting 

pressure had a positive effect on seed dispersal failure (Fig. 7, partial r² =  0.6774 for the 

lncdk bnms`hmhmf Əgtmshmf oqdrrtqdƐ `mc hsr pt`cq`shb deedbs(- Rhsdr rtaidbs sn ghfgdq

hunting pressure were associated with higher percentages of dispersal failure.  

 

Discussion 

The present study was the first to investigate the effect of human disturbances on 

the seed dispersal of the pan-tropical and well known family Myristicaceae in Africa. 

More particularly, we asked ourselves whether and how the seed dispersal capacity of 

the zoochorous species Staudtia kamerunensis could be affected by forest 

fragmentation, bushmeat hunting, the abundance of large frugivores, and by the 

availability of fruits at the local and habitat scale.  

 

Seed dispersal system 

According to the focal observation conducted across the forest-savanna mosaic, 

seed dispersal of S. kamerunensis depended almost exclusively on the hornbill species 

Bycanistes albotibialis (Bucerotideae), and to a lesser extent on Ceratogymna atrata 

(Bucerotideae). This large-seeded species has therefore a highly specialized dispersal 

strategy, which confirms the observations made in Cameroon (Clark et al. 2005), and in 

Asia (Kitamura and Poonswad 2013) and South-America (Howe, 1981; Sabatier, 1997) 

for other Myristicaceae species. Plants with such restricted frugivores assemblages 

responsible for their dispersal are known to be particularly sensitive to human 
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disturbances (Ratiarison and Forget 2013), and especially when they have large seeds 

that only larger vertebrates can ingest and disseminate (Vanthomme et al., 2010; Markl 

et al., 2012).  

 

Effect of hunting and forest fragmentation 

Here, we brought evidence of the negative effect of both hunting pressure and 

forest fragmentation on the seed dispersal capacity of S. kamerunensis. While several 

studies reported on the effect of those two threats on a range of tree species  (e.g. Kirika 

et al., 2008; Holbrook & Loiselle, 2009; Neuschulz et al., 2011; Boissier et al., 2014), 

the present study was one the few to consider and proved the effect of both variables 

together on zoochorous seed dispersal (but see Galetti et al., 2006). The white-thighed 

hornbill,  B. albotibialis, has been reported to move across anthropogenic barriers (roads, 

villages) and heterogeneous habitats and to use disturbed secondary and fragmented 

forests (Stauffer & Smith, 2004; Chasar et al., 2014). In the forest-savanna mosaic, we 

also regularly observed this species to fly above the savanna over several hundred 

meters to travel between forest patches. B. albobilialis does not seem to be a strict forest 

specialist and is therefore likely to offer great seed dispersal services across 

heterogeneous and anthropized habitats by providing long distance seed dispersal and 

moving seeds from primary forest plant species to early successional forests and to the 

vicinity of human activities. Other hornbills (Ceratogyma atrata) and especially large 

frugivorous mammals such as primates and elephants are less likely to travel in this way 

(Laurance et al., 2006; Buij et al., 2007; Chasar et al. 2014). However, our results 

provided evidence that the extent of forest cover has a strong effect on white-thighed 

gnqmahkkƍr eqtfhunqd `bshuhsx-This finding allowed us to define a threshold of about 2,800 

ha of forest (the surface area corresponding to the 3 km-radius ring used) below which a 

diminution of forest cover will influences B. albotibialis frugivorous activity. 

Interestingly, this area corresponds to the ld`m gnld q`mfd rhydƍr drshl`shnm enq sg`s

species (2,716 ha: Holbrook & Smith, 2000). We saw that hunting pressure had a strong 

effect on the seed dispersal capacity. This finding confirms the growing threats to african 

hornbills (Trail 2007).  

The value of hornbills, and especially B. albotibialis, as seed disperser is believed 

to increase in the future compared to large frugivorous mammals whose populations are 

rapidly declining. Primates and elephants are indeed particularly sensitive to forest 

fragmentation and primarily targeted by bushmeat hunting. However, the present study 

recalled that when larger vertebrates have been extirpated, the remaining smaller 

mammals and birds become increasingly hunted (Fa et al. 2000). The long-term 

ecological role of hornbills as seed disperser should therefore be considered cautiously. 

Particularly high values of seed dispersal failure, exceeding hundred percent, 

indicated a higher number of seeds relative to fruits below tree crown. Interestingly, 

such values have only been found in the two sites Nkala-N. and Nkala-S. We propose 

two hypotheses to explain such values. Firstly, it could be the consequence of a 

methodological artifact: seeds could drop from dehiscent fruits while those would 

remain attached in the crown, leading us to count un-dispersed fallen seeds in the 

collectors but to omit the valves remaining in the crown (in which the seeds were 

initially contained). In this perspective, we would finally overestimate the proportion of 

un-dispersed seeds relative to fruit (i.e. seed) production. While we were not certain 

dehisced fruits without their seed can remain in crowns for long periods of time (i.e. 

long enough as not to fall within the duration of the sampling period), we did observed 
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dried un-dehisced (closed valves) fruits in crowns up to 6 months after the fruiting 

season. Then, why would so many fruits remained in tree crowns only in Nkala-N. and 

Nkala-S.? This could be influenced by the low abundances of B. albotibialis in those two 

sites and consequently to a low level of fruit-frugivore interactions likely to induce fruit 

fall compared to the other sites were hornbills are at higher abundances (apart from 

Minkalu). Additionally, mean crop size was lower in the two Nkala sites than in the 

three other sites (Table 9). Fruits remaining attached in crowns (i.e. not quantified here) 

could explain the lower crop size values estimated for those sites. However, given that 

neither abundance of B. albotibialis, nor crop size has been retained as explanatory 

variables, we should be cautious with this interpretation. Secondly, we highly suspected 

the high number of seeds relative to fruits to result from inter-conspecific (contagious) 

seed dispersal. Such contagious seed dispersal have been reported to be particularly 

strong in bird-dispersed tree species and especially for Staudtia kamerunensis (Clark et 

al. 2004). Also, Wang et al. (2007) showed that up to 42% of the seeds retrieved below 

crowns of the zoochorous species Antrocaryon klaineanum belonged to conspecific 

neighboring trees. Interestingly, the two lowest mean forest cover characterizes the two 

Nkala sites where we suspected high level of inter-conspecific dispersal across the five 

rhsdr- Rtbg rl`kk enqdrs eq`fldmsr bntkc sdmc sn bnmehmd gnqmahkkƍr movements within a 

limited area and induce repeated travels between S. kamerunensis trees. Additionally, 

the two Nkala sites have the highest R- j`ldqtmdmrhrƍ fruit availabity index (i.e highest 

fruiting tree densities) which would also be very likely to motivate repeated travels 

between neighboring fruiting trees and finally would induce frequent seed dispersal 

events between them.  

 

 

Evaluation of anthropogenic pressures on the establishement capacity of the 

zoochorous plant communit (Task 2.2) 

 

Authors: F. Trolliet, M.-C. Huynen, P.-M. Forget, A. Hambuckers (ULG-ENV) 

 

Introduction  

It is assumed that on the long run, deposit of endozoochorous seeds is more 

substantial below fruiting trees (Nuñez-Iturri & Howe, 2007) because frugivores spend 

lots of time in some trees. Therefore, heterospecific regeneration (the establishement of 

rddcr cdonrhsdc ax eqtfhunqdr ctqhmf sgdhq uhrhsr `s eqthshmf sqddr( adknv sgnrd sqddƍr

crown is more susceptible to be affected by shift in the frugivore community than in 

randomly selected area. 

According to the predictions of the Janzen-Connell model (Janzen, 1970), our 

hypothesis are that an increase in hunting pressure and a decrease in hornbills and 

primates abundances should be associated with a decrease in diversity and abundance 

of zoochorous species and an increase in the abundance of abiotically dispersed plant 

species.  

 

Material and methods 

We followed the method of Vanthomme et al., (2010) which consist at describing 

the community of seedlings below the crown of zoochorous species. This method 

allows to standardize the conditions between sites and to estimate heterospecific 

regeneration. We selected two focal tree species to conduct our survey. We firstly 
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selected Staudtia kamerunensis to be able to complete our study on seed dispersal 

process. This species will allow us to consider bird-dispersed species and therefore to 

investigate the impact of anthropogenic pressures affecting hornbill populations on the 

capacity of plant establishement. We then chose a tree species known to be dispersed 

by another important frugivorous taxa, primates: Dialium spp. (Fabaceae). Those two 

species will thus allow us to focus on the activity of specific frugivorous taxa and to 

drive inter-sites comparisons according to the frugivores abundances. 

@bbnqchmf sn sgd sqddƍr bqnvm rhyd+ vd rds to nmd nq svn 4/ lµ oknsr adknv sgd

crown. For each sampled tree, we also set up one or two 50 m² control plots at 50 

meters away from the tree. In every plot we systematically identified all seedling from 

50 cm to 2 m. high. To consider the potential effect of abiotic factors, we also took an 

hemispheric photography of the canopy to estimate the quantity of light reaching the 

ground, and a sample of dirt to estimate the relative abundance of important minerals. 

We surveyed a total of 5 trees for the two species, corresponding to a total of 

4900 m² across the five sites.  

 

Results 

This study being part of a PhD project (Franck Trolliet), the dataset is currently being 

analyzed and the results and conclusions will be available in the near future. 

 

Table 10. Distribution of effort sampling across the two tree species (Staudtia 

kamerunensis and Dialium spp.) and the five sites for the survey of seedling community  

 

 Staudtia kamerunensis Dialium spp. Total 

Site Nb trees 

Total surface 

area (m², with 

control plots) 

Nb 

trees 

Total surface 

area (m², with 

control plots) 

Nb 

trees 

Total surface 

area (m², with 

control plots) 

Mbanzi 7 500 6 550 13 1050 

Nkombo 7 500 5 450 12 950 

Mbominzoli  7 500 6 500 13 1000 

Minkalu 6 600 3 300 9 900 

Nkala 5 500 6 500 11 1000 

Total 32 2600 26 2300 58 4900 

 

 

 

Upgrading DVM for studying local forest production and regeneration (Task 2.3, Task 

3.3, 3.4, 3.5 and 3.6) 

 

Authors: M. Dury and L. François (ULg-UMCCB) 

 

Introduction  

We refined the tropical vegetation representation from plant functional types 

(PFTs) to individual species. As far as we know, it is the first time that a DVM simulates 

vegetation at the species levels for tropical Africa. Indeed, there are currently very few 

studies available for African plant species (Chambers et al., 2013). A list of plant species 

representative of the studied area and a list of ES-related plant species were provided 

respectively by the ULg-ENV partner and the FUNDP and UGent partners. We defined 
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the climatic requirements of 78 species confronting their present-day distribution with 

Worldclim high -resolution climatic data (see Annex of this section). The species 

occurrences were provided by Adeline Fayolle (Fayolle et al., submitted) and completed 

by GBIF database for some species (http://www.gbif.org/). The collection for some of 

these species of parameters such as the specific leaf area or the leaf C/N also helped the 

refinement of the species modelling. For the project, we finally decided not to produce a 

classification of the vegetation in bioclimatic affinity groups (BAGs) and to rather remain 

at the level of species. It allows to directly follow the future evolution of individual 

species which are sometimes directly related to some ecosystem services (WP4). 

 

Material and methods 

Owing to difficulties linked to data collection, we studied the full dynamics (i.e., 

including seed dispersal and regeneration processes, which allows modelling not only 

the temporal, but also the spatial dynamics of tree species) of only one species: Staudtia 

kamerunensis. However, future potential (climate-driven, no dispersal limitation) 

distributions of the other species were simulated in WP5. To evaluate the S. 

kamerunensis dispersal and regeneration in forest-savannah mosaic, we introduced a 

dispersal module in the CARAIB dynamic vegetation model. The dispersion module 

firstly developed off-line (Coos, 2013) has then been introduced in the CARAIB model. 

The module has been developed using data collected for the project and completed by 

literature data. 

S. kamerunensis seed production and dispersal were evaluated by the collection 

of diaspores at some fruiting trees using traps. Based on these data, different classes of 

number of dispersed seeds were created to represent different levels of productivity.  

According to field observations, the main disperser of S. kamerunensis seeds is a 

species of hornbill, Bycanistes albotibialis (> 95 % of observation time). The species 

dispersal kernel (which gives the probability that a seed is dispersed at a certain 

distance) used here is the one constructed by Lenz et al. (2011) that takes seed retention 

time and hornbill displacement in fragmented landscapes into account. Since the spatial 

resolution of the off-line simulation is 1// l+ vd enbtrdc nmkx nm Əknmf-chrs`mbdƐ ekhfgsr

with a preferred distance of about 512 m and a maximum distance of 8914 m (Fig. 8). 

For each seed, the module calculates random direction and distance. The direction is 

however influenced by the habitat type (hornbills preferring to fly over the forests) and 

the distance by the normal distribution of the kernel. 

 

Modelling seed dispersal and tropical forest regeneration:  

an application to Staudtia kamerunensis  

in the WWF Lake Tele-Lake Tumba Landscape in DR Congo 

Nowadays, climate change and human pressure threaten tropical forest ecosystems and the services they 
provide (food, wood, medicinal plants, living places, pure water and air,é). The overexploitation of these 

ecosystem services (ES) by intense slash-and-burn farming, logging or hunting has resulted in significant 
forest fragmentation and animal and plant density/diversity decrease, leading to the syndrome of "empty 

forest". This syndrome is characterized by the disappearance of "key species" essential to preserve the 

ecosystem, its regeneration and its biodiversity. Indeed, seed dispersal, at the root of the forest 
regeneration, is mainly carried by animals (endozoochory). The disappearance of some dispersers (may) 

seriously affects the forest evolution. Therefore it is necessary to understand and analyze this regeneration 
processes to establish optimal forest management. In the framework of the Belspo BIOSERF project 

(ñSustainability of tropical forest biodiversity and services under climate and human pressureò), a seed 
dispersal module has been developed off-l ine and then implemented into the CARAIB dynamic vegetation 

model (Dury et al., 2011) to assess the forest regeneration in a forest-savannah mosaic through the 

dispersal of the common tree species Staudtia Kamerunensis. The module has been developed using data 
collected for the project in the WWF Lake Tele ï Lake Tumba Landscape in DR Congo (Figures 1 and 2). 
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Class 1 - 
Primary forest  

Dense moist forest,  
edaphic forest 

0% (tree-saturated habitat) 

Class 2 - 

Secondary forest  

Forest-savanna mosaic, 

rural complex and young 

secondary forest, closed to open 

decidious woodland, 
savanna woodland-tree savanna 

6% (shaded habitat ï  

S. K. establishment) 

Class 3 - 

Savanna 

Shrubland, grassland, sparse 

vegetation, mosaic cultivated 

areas/vegetation (herbaceous  

or shrub)  

0% (sunny habitat ï  

no S. K. establishment) 

Class 4 - Water Water 0% (no establishment) 
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The main disperser of S. kamerunensis seeds is a species of hornbill, Bycanistes 
albotibialis (> 95 % of observation time, Figure 5). The species dispersal kernel 

(which gives the probability that a seed is dispersed at a certain distance) used here 
is the one constructed by Lenz et al. (2011) that takes seed retention time and 

hornbill displacement in fragmented landscapes into account. Since the spatial 

resolution of the off-l ine simulation is 100 m, we focused only on ñlong-distanceò 
fl ights with a preferred distance of about 512 m and a maximum distance of 8914 m 

(Figure 6). For each seed, the module calculates random direction and distance. The 
direction is however influenced by the habitat type (hornbills preferring to fl y over 

the forests) and the distance by the normal distribution of the kernel.  
 

 1. Studied area 

 2. Habitat 

 3. Seed dispersal 

 4. Forest regeneration 

S. Kamerunensis seed production and dispersal were evaluated by the collection of 
diaspores at some fruiting trees using traps. Based on these data, different classes of 

number of dispersed seeds were created to represent different levels of productivity.  
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A land cover map of the Congo Basin (Figures 2 and 3) at a 300 m resolution derived from ENVISAT MERIS (300 m) and SPOT 
VEGETATION (1 km) sensors (Verhegghen et al., 2012) was used to create a virtual landscape at 100 m resolution. The different cover classes 

were aggregated in four main habitat classes (Table 1 and Figure 4): primary forest, secondary forest, savannah and water. This landscape was 
carried out in order to study the S. kamerunensis recolonization of disturbed habitat from primary forest.  

An off-l ine simulation was driven over 10 years to assess the S. kamerunensis re-colonization of the landscape from primary forests (Figure 7). A S. kamerunensis density of maximum 2 trees per ha was assumed 
in accordance with field observations. A decrease in the amount of seed dispersed is observed from the edges of the primary forests to the center of the savannahs. Gaps in primary forests receiving a large amount 

of seeds are faster recolonized. The figure 7b shows the effective recruitment (seed number) after having applied a seed survival rate derived from Clark et al. (2013). Then the module has been implemented into 
the CARAIB model and Figure 8 shows the species re-colonization from primary forests after 10 years (above-ground biomass).  

Re-colonization percentages of 43% and 47 % were respectively obtained with the off-l ine and online module. These results were compared to two fi eld studies in order to achieve a pre-validation of the module. 

The study of Levesque et al. (2011) provides 80 % of colonization, what is signifi cantly higher than our result. However, this study was conducted in tropical dry forest. The second study (Rondon et al., 2007), 
conducted in tropical rainforests, presents a percentage between 58-73 % after 15 years. Our module will probably give a similar percentage if the simulation runs 5 more years. 
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 Conclusion 

Figure 6. Probability density function (a) and cumulative distribution function (b) of hornbill dispersal kernel 

(normal distribution).  

a 
b 

Figure 5. Bycanistes albotibialis  

512 m 

8914 m 

Figure 1. The project focuses on the WWF Lake Tele ï Lake Tumba Landscape (red rectangle), the largest area of swamp 

and flooded forest in Africa, and more specifically on the DR Congo part of the Landscape, spreading over ca.78,972 km2 

in the Equateur Province. Figure 2. Land cover over the Landscape (Verhegghen et al., 2012) and area of forest-savannah 

mosaic where forest regeneration is studied (white square). 

   
Lake Tele ï Lake Tumba Landscape  Fig. 1.  Fig. 2.  

Forest-savannah mosaic  

Table 1.  Figure 3. Land cover over an area of forest-savannah 

mosaic (cfr Fig. 2 for the legend) 

Figure 4. Habitat classes   

Primary fo rest 

Secondary fo rest 

Savannah 

Water 

Figure 7. Off-l ine simulation at 300 m spatial resolution. (a) Re-colonization of ç disturbed è habitat by S. kamerunensis after 10 years 

and (b) effective re-colonization taking seed survival rate into account (Table 1). In the absence of seed in the grid cell, the underlying virtual 

landscape appears. 

 

Primary fo rest 

Secondary fo rest 

Savannah 

Water 

The dispersal module produces likely results when they are compared with field 
studies performed in same ecosystems. It allows to calculate the seed rain by 

endozoochory across a landscape. Later, it could be used to study other plant 
regeneration as long as plant species and its dispersers are well known. 

However, these simulations are preliminary results and the module still requires 

various improvements and validation (e.g., with forest cover change estimated 
from remote sensing studies but also field observations).   
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Figure 8. Online CARAIB simulation at 1 km resolution. Re-colonization of ç disturbed è habitat by  

S. kamerunensis after 10 years. Above-ground biomass per grid-cell. (a) Initial conditions, S. Kamerunensis only 

present in primary forests. (b) Re-colonization after 10 years. 

a b a b 

Savannah re-colonization : 47 % 

Savannah re-colonization : 43 % 

 
Fig. 8 Probability density function (a) and cumulative distribution function (b) of hornbill dispersal kernel 

(normal distribution).  
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A land cover map of the Congo Basin (Fig. 9) at a 300 m resolution derived from 

ENVISAT MERIS (300 m) and SPOT VEGETATION (1 km) sensors (Verhegghen et al., 

2012) was used to create a virtual landscape at 100 m resolution. The different cover 

classes were aggregated in four main habitat classes (Table 11 and Fig. 10): primary 

forest, secondary forest, savannah and water. This landscape was carried out in order to 

study the S. kamerunensis recolonization of disturbed habitat from primary forest.  

 

Results 

An off-line simulation was driven over 10 years to assess the S. kamerunensis re-

colonization of the landscape from primary forests (Fig. 11). A S. kamerunensis density 

of maximum 2 trees per ha was assumed in accordance with field observations. A 

decrease in the amount of seed dispersed is observed from the edges of the primary 

forests to the center of the savannahs. Gaps in primary forests receiving a large amount 

of seeds are faster recolonized. Fig. 11b shows the effective recruitment (seed number) 

after having applied a seed survival rate derived from Clark et al. (2013). Then the 

module has been implemented into the CARAIB model and Fig. 12 shows the species 

re-colonization from primary forests after 10 years (above-ground biomass).  

Modelling seed dispersal and tropical forest regeneration:  

an application to Staudtia kamerunensis  

in the WWF Lake Tele-Lake Tumba Landscape in DR Congo 

Nowadays, climate change and human pressure threaten tropical forest ecosystems and the services they 
provide (food, wood, medicinal plants, living places, pure water and air,é). The overexploitation of these 

ecosystem services (ES) by intense slash-and-burn farming, logging or hunting has resulted in significant 
forest fragmentation and animal and plant density/diversity decrease, leading to the syndrome of "empty 

forest". This syndrome is characterized by the disappearance of "key species" essential to preserve the 

ecosystem, its regeneration and its biodiversity. Indeed, seed dispersal, at the root of the forest 
regeneration, is mainly carried by animals (endozoochory). The disappearance of some dispersers (may) 

seriously affects the forest evolution. Therefore it is necessary to understand and analyze this regeneration 
processes to establish optimal forest management. In the framework of the Belspo BIOSERF project 

(ñSustainability of tropical forest biodiversity and services under climate and human pressureò), a seed 
dispersal module has been developed off-l ine and then implemented into the CARAIB dynamic vegetation 

model (Dury et al., 2011) to assess the forest regeneration in a forest-savannah mosaic through the 

dispersal of the common tree species Staudtia Kamerunensis. The module has been developed using data 
collected for the project in the WWF Lake Tele ï Lake Tumba Landscape in DR Congo (Figures 1 and 2). 
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decidious woodland, 
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The main disperser of S. kamerunensis seeds is a species of hornbill, Bycanistes 
albotibialis (> 95 % of observation time, Figure 5). The species dispersal kernel 

(which gives the probability that a seed is dispersed at a certain distance) used here 
is the one constructed by Lenz et al. (2011) that takes seed retention time and 

hornbill displacement in fragmented landscapes into account. Since the spatial 

resolution of the off-l ine simulation is 100 m, we focused only on ñlong-distanceò 
fl ights with a preferred distance of about 512 m and a maximum distance of 8914 m 

(Figure 6). For each seed, the module calculates random direction and distance. The 
direction is however influenced by the habitat type (hornbills preferring to fl y over 

the forests) and the distance by the normal distribution of the kernel.  
 

 1. Studied area 

 2. Habitat 

 3. Seed dispersal 

 4. Forest regeneration 

S. Kamerunensis seed production and dispersal were evaluated by the collection of 
diaspores at some fruiting trees using traps. Based on these data, different classes of 

number of dispersed seeds were created to represent different levels of productivity.  
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A land cover map of the Congo Basin (Figures 2 and 3) at a 300 m resolution derived from ENVISAT MERIS (300 m) and SPOT 
VEGETATION (1 km) sensors (Verhegghen et al., 2012) was used to create a virtual landscape at 100 m resolution. The different cover classes 

were aggregated in four main habitat classes (Table 1 and Figure 4): primary forest, secondary forest, savannah and water. This landscape was 
carried out in order to study the S. kamerunensis recolonization of disturbed habitat from primary forest.  

An off-l ine simulation was driven over 10 years to assess the S. kamerunensis re-colonization of the landscape from primary forests (Figure 7). A S. kamerunensis density of maximum 2 trees per ha was assumed 
in accordance with field observations. A decrease in the amount of seed dispersed is observed from the edges of the primary forests to the center of the savannahs. Gaps in primary forests receiving a large amount 

of seeds are faster recolonized. The figure 7b shows the effective recruitment (seed number) after having applied a seed survival rate derived from Clark et al. (2013). Then the module has been implemented into 
the CARAIB model and Figure 8 shows the species re-colonization from primary forests after 10 years (above-ground biomass).  

Re-colonization percentages of 43% and 47 % were respectively obtained with the off-l ine and online module. These results were compared to two fi eld studies in order to achieve a pre-validation of the module. 

The study of Levesque et al. (2011) provides 80 % of colonization, what is signifi cantly higher than our result. However, this study was conducted in tropical dry forest. The second study (Rondon et al., 2007), 
conducted in tropical rainforests, presents a percentage between 58-73 % after 15 years. Our module will probably give a similar percentage if the simulation runs 5 more years. 
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 Conclusion 

Figure 6. Probability density function (a) and cumulative distribution function (b) of hornbill dispersal kernel 

(normal distribution).  

a 
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Figure 5. Bycanistes albotibialis  
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8914 m 

Figure 1. The project focuses on the WWF Lake Tele ï Lake Tumba Landscape (red rectangle), the largest area of swamp 

and flooded forest in Africa, and more specifically on the DR Congo part of the Landscape, spreading over ca.78,972 km2 

in the Equateur Province. Figure 2. Land cover over the Landscape (Verhegghen et al., 2012) and area of forest-savannah 

mosaic where forest regeneration is studied (white square). 
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Table 1.  Figure 3. Land cover over an area of forest-savannah 

mosaic (cfr Fig. 2 for the legend) 

Figure 4. Habitat classes   
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Savannah 
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Figure 7. Off-l ine simulation at 300 m spatial resolution. (a) Re-colonization of ç disturbed è habitat by S. kamerunensis after 10 years 

and (b) effective re-colonization taking seed survival rate into account (Table 1). In the absence of seed in the grid cell, the underlying virtual 

landscape appears. 
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The dispersal module produces likely results when they are compared with field 
studies performed in same ecosystems. It allows to calculate the seed rain by 

endozoochory across a landscape. Later, it could be used to study other plant 
regeneration as long as plant species and its dispersers are well known. 

However, these simulations are preliminary results and the module still requires 

various improvements and validation (e.g., with forest cover change estimated 
from remote sensing studies but also field observations).   
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Figure 8. Online CARAIB simulation at 1 km resolution. Re-colonization of ç disturbed è habitat by  

S. kamerunensis after 10 years. Above-ground biomass per grid-cell. (a) Initial conditions, S. Kamerunensis only 

present in primary forests. (b) Re-colonization after 10 years. 

a b a b 

Savannah re-colonization : 47 % 

Savannah re-colonization : 43 % 

Modelling seed dispersal and tropical forest regeneration:  

an application to Staudtia kamerunensis  

in the WWF Lake Tele-Lake Tumba Landscape in DR Congo 

Nowadays, climate change and human pressure threaten tropical forest ecosystems and the services they 
provide (food, wood, medicinal plants, living places, pure water and air,é). The overexploitation of these 

ecosystem services (ES) by intense slash-and-burn farming, logging or hunting has resulted in significant 
forest fragmentation and animal and plant density/diversity decrease, leading to the syndrome of "empty 

forest". This syndrome is characterized by the disappearance of "key species" essential to preserve the 

ecosystem, its regeneration and its biodiversity. Indeed, seed dispersal, at the root of the forest 
regeneration, is mainly carried by animals (endozoochory). The disappearance of some dispersers (may) 

seriously affects the forest evolution. Therefore it is necessary to understand and analyze this regeneration 
processes to establish optimal forest management. In the framework of the Belspo BIOSERF project 

(ñSustainability of tropical forest biodiversity and services under climate and human pressureò), a seed 
dispersal module has been developed off-l ine and then implemented into the CARAIB dynamic vegetation 

model (Dury et al., 2011) to assess the forest regeneration in a forest-savannah mosaic through the 

dispersal of the common tree species Staudtia Kamerunensis. The module has been developed using data 
collected for the project in the WWF Lake Tele ï Lake Tumba Landscape in DR Congo (Figures 1 and 2). 
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Habitat classes Vegetation types Survival rates 

Class 1 - 
Primary forest  

Dense moist forest,  
edaphic forest 

0% (tree-saturated habitat) 

Class 2 - 

Secondary forest  

Forest-savanna mosaic, 

rural complex and young 

secondary forest, closed to open 

decidious woodland, 
savanna woodland-tree savanna 

6% (shaded habitat ï  

S. K. establishment) 

Class 3 - 

Savanna 

Shrubland, grassland, sparse 

vegetation, mosaic cultivated 

areas/vegetation (herbaceous  

or shrub)  

0% (sunny habitat ï  

no S. K. establishment) 

Class 4 - Water Water 0% (no establishment) 
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The main disperser of S. kamerunensis seeds is a species of hornbill, Bycanistes 
albotibialis (> 95 % of observation time, Figure 5). The species dispersal kernel 

(which gives the probability that a seed is dispersed at a certain distance) used here 
is the one constructed by Lenz et al. (2011) that takes seed retention time and 

hornbill displacement in fragmented landscapes into account. Since the spatial 

resolution of the off-l ine simulation is 100 m, we focused only on ñlong-distanceò 
fl ights with a preferred distance of about 512 m and a maximum distance of 8914 m 

(Figure 6). For each seed, the module calculates random direction and distance. The 
direction is however influenced by the habitat type (hornbills preferring to fl y over 

the forests) and the distance by the normal distribution of the kernel.  
 

 1. Studied area 

 2. Habitat 

 3. Seed dispersal 

 4. Forest regeneration 

S. Kamerunensis seed production and dispersal were evaluated by the collection of 
diaspores at some fruiting trees using traps. Based on these data, different classes of 

number of dispersed seeds were created to represent different levels of productivity.  
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A land cover map of the Congo Basin (Figures 2 and 3) at a 300 m resolution derived from ENVISAT MERIS (300 m) and SPOT 
VEGETATION (1 km) sensors (Verhegghen et al., 2012) was used to create a virtual landscape at 100 m resolution. The different cover classes 

were aggregated in four main habitat classes (Table 1 and Figure 4): primary forest, secondary forest, savannah and water. This landscape was 
carried out in order to study the S. kamerunensis recolonization of disturbed habitat from primary forest.  

An off-l ine simulation was driven over 10 years to assess the S. kamerunensis re-colonization of the landscape from primary forests (Figure 7). A S. kamerunensis density of maximum 2 trees per ha was assumed 
in accordance with field observations. A decrease in the amount of seed dispersed is observed from the edges of the primary forests to the center of the savannahs. Gaps in primary forests receiving a large amount 

of seeds are faster recolonized. The figure 7b shows the effective recruitment (seed number) after having applied a seed survival rate derived from Clark et al. (2013). Then the module has been implemented into 
the CARAIB model and Figure 8 shows the species re-colonization from primary forests after 10 years (above-ground biomass).  

Re-colonization percentages of 43% and 47 % were respectively obtained with the off-l ine and online module. These results were compared to two fi eld studies in order to achieve a pre-validation of the module. 

The study of Levesque et al. (2011) provides 80 % of colonization, what is signifi cantly higher than our result. However, this study was conducted in tropical dry forest. The second study (Rondon et al., 2007), 
conducted in tropical rainforests, presents a percentage between 58-73 % after 15 years. Our module will probably give a similar percentage if the simulation runs 5 more years. 
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 Conclusion 

Figure 6. Probability density function (a) and cumulative distribution function (b) of hornbill dispersal kernel 

(normal distribution).  

a 
b 

Figure 5. Bycanistes albotibialis  

512 m 

8914 m 

Figure 1. The project focuses on the WWF Lake Tele ï Lake Tumba Landscape (red rectangle), the largest area of swamp 

and flooded forest in Africa, and more specifically on the DR Congo part of the Landscape, spreading over ca.78,972 km2 

in the Equateur Province. Figure 2. Land cover over the Landscape (Verhegghen et al., 2012) and area of forest-savannah 

mosaic where forest regeneration is studied (white square). 

   
Lake Tele ï Lake Tumba Landscape  Fig. 1.  Fig. 2.  

Forest-savannah mosaic  

Table 1.  Figure 3. Land cover over an area of forest-savannah 

mosaic (cfr Fig. 2 for the legend) 

Figure 4. Habitat classes   

Primary fo rest 

Secondary fo rest 

Savannah 

Water 

Figure 7. Off-l ine simulation at 300 m spatial resolution. (a) Re-colonization of ç disturbed è habitat by S. kamerunensis after 10 years 

and (b) effective re-colonization taking seed survival rate into account (Table 1). In the absence of seed in the grid cell, the underlying virtual 

landscape appears. 
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The dispersal module produces likely results when they are compared with field 
studies performed in same ecosystems. It allows to calculate the seed rain by 

endozoochory across a landscape. Later, it could be used to study other plant 
regeneration as long as plant species and its dispersers are well known. 

However, these simulations are preliminary results and the module still requires 

various improvements and validation (e.g., with forest cover change estimated 
from remote sensing studies but also field observations).   
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Figure 8. Online CARAIB simulation at 1 km resolution. Re-colonization of ç disturbed è habitat by  

S. kamerunensis after 10 years. Above-ground biomass per grid-cell. (a) Initial conditions, S. Kamerunensis only 

present in primary forests. (b) Re-colonization after 10 years. 
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Savannah re-colonization : 47 % 

Savannah re-colonization : 43 % 

 

Fig. 9 Land cover over the WWF Lake Tele Ɗ Lake Tumba Landscape Landscape (Verhegghen et al., 2012) 

and area of forest-savannah mosaic where forest regeneration is studied (white square). 

 

Table 11 Vegetation classes and types constraining re-colonization in off-line and on-

line simulations 
 

HABITAT CLASSES VEGETATION TYPES SURVIVAL RATES 

Class1 

Primary forests 

 

Dense moist forest, edaphic forest 

  

0 % (tree-saturated habitat, no 

establishment) 

Class 2 

Secondary forests 

Forest-savannah mosaic, rural complex, 

young secondary forests, closed to open  

deciduous woodlands, savannah woodland Ɗ 

tree-savannahs 

 

6 % (shaded habitat,  

establishment) 

Class 3 

Savannahs 

Shrublands, grasslands, sparse vegetation, 

mosaic cultivated areas / vegetation  

(herbaceous or shrub) 

0 % (sunny habitat, no 

establishment) 

Class 4  

Water 

 No simulation - 
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Modelling seed dispersal and tropical forest regeneration:  

an application to Staudtia kamerunensis  

in the WWF Lake Tele-Lake Tumba Landscape in DR Congo 

Nowadays, climate change and human pressure threaten tropical forest ecosystems and the services they 
provide (food, wood, medicinal plants, living places, pure water and air,é). The overexploitation of these 

ecosystem services (ES) by intense slash-and-burn farming, logging or hunting has resulted in significant 
forest fragmentation and animal and plant density/diversity decrease, leading to the syndrome of "empty 

forest". This syndrome is characterized by the disappearance of "key species" essential to preserve the 

ecosystem, its regeneration and its biodiversity. Indeed, seed dispersal, at the root of the forest 
regeneration, is mainly carried by animals (endozoochory). The disappearance of some dispersers (may) 

seriously affects the forest evolution. Therefore it is necessary to understand and analyze this regeneration 
processes to establish optimal forest management. In the framework of the Belspo BIOSERF project 

(ñSustainability of tropical forest biodiversity and services under climate and human pressureò), a seed 
dispersal module has been developed off-l ine and then implemented into the CARAIB dynamic vegetation 

model (Dury et al., 2011) to assess the forest regeneration in a forest-savannah mosaic through the 

dispersal of the common tree species Staudtia Kamerunensis. The module has been developed using data 
collected for the project in the WWF Lake Tele ï Lake Tumba Landscape in DR Congo (Figures 1 and 2). 
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The main disperser of S. kamerunensis seeds is a species of hornbill, Bycanistes 
albotibialis (> 95 % of observation time, Figure 5). The species dispersal kernel 

(which gives the probability that a seed is dispersed at a certain distance) used here 
is the one constructed by Lenz et al. (2011) that takes seed retention time and 

hornbill displacement in fragmented landscapes into account. Since the spatial 

resolution of the off-l ine simulation is 100 m, we focused only on ñlong-distanceò 
fl ights with a preferred distance of about 512 m and a maximum distance of 8914 m 

(Figure 6). For each seed, the module calculates random direction and distance. The 
direction is however influenced by the habitat type (hornbills preferring to fl y over 

the forests) and the distance by the normal distribution of the kernel.  
 

 1. Studied area 

 2. Habitat 

 3. Seed dispersal 

 4. Forest regeneration 

S. Kamerunensis seed production and dispersal were evaluated by the collection of 
diaspores at some fruiting trees using traps. Based on these data, different classes of 

number of dispersed seeds were created to represent different levels of productivity.  
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A land cover map of the Congo Basin (Figures 2 and 3) at a 300 m resolution derived from ENVISAT MERIS (300 m) and SPOT 
VEGETATION (1 km) sensors (Verhegghen et al., 2012) was used to create a virtual landscape at 100 m resolution. The different cover classes 

were aggregated in four main habitat classes (Table 1 and Figure 4): primary forest, secondary forest, savannah and water. This landscape was 
carried out in order to study the S. kamerunensis recolonization of disturbed habitat from primary forest.  

An off-l ine simulation was driven over 10 years to assess the S. kamerunensis re-colonization of the landscape from primary forests (Figure 7). A S. kamerunensis density of maximum 2 trees per ha was assumed 
in accordance with field observations. A decrease in the amount of seed dispersed is observed from the edges of the primary forests to the center of the savannahs. Gaps in primary forests receiving a large amount 

of seeds are faster recolonized. The figure 7b shows the effective recruitment (seed number) after having applied a seed survival rate derived from Clark et al. (2013). Then the module has been implemented into 
the CARAIB model and Figure 8 shows the species re-colonization from primary forests after 10 years (above-ground biomass).  

Re-colonization percentages of 43% and 47 % were respectively obtained with the off-l ine and online module. These results were compared to two fi eld studies in order to achieve a pre-validation of the module. 

The study of Levesque et al. (2011) provides 80 % of colonization, what is signifi cantly higher than our result. However, this study was conducted in tropical dry forest. The second study (Rondon et al., 2007), 
conducted in tropical rainforests, presents a percentage between 58-73 % after 15 years. Our module will probably give a similar percentage if the simulation runs 5 more years. 
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 Conclusion 

Figure 6. Probability density function (a) and cumulative distribution function (b) of hornbill dispersal kernel 

(normal distribution).  

a 
b 

Figure 5. Bycanistes albotibialis  

512 m 

8914 m 

Figure 1. The project focuses on the WWF Lake Tele ï Lake Tumba Landscape (red rectangle), the largest area of swamp 

and flooded forest in Africa, and more specifically on the DR Congo part of the Landscape, spreading over ca.78,972 km2 

in the Equateur Province. Figure 2. Land cover over the Landscape (Verhegghen et al., 2012) and area of forest-savannah 

mosaic where forest regeneration is studied (white square). 

   
Lake Tele ï Lake Tumba Landscape  Fig. 1.  Fig. 2.  
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Table 1.  Figure 3. Land cover over an area of forest-savannah 

mosaic (cfr Fig. 2 for the legend) 

Figure 4. Habitat classes   

Primary fo rest 

Secondary fo rest 

Savannah 

Water 

Figure 7. Off-l ine simulation at 300 m spatial resolution. (a) Re-colonization of ç disturbed è habitat by S. kamerunensis after 10 years 

and (b) effective re-colonization taking seed survival rate into account (Table 1). In the absence of seed in the grid cell, the underlying virtual 

landscape appears. 
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Secondary fo rest 

Savannah 

Water 

The dispersal module produces likely results when they are compared with field 
studies performed in same ecosystems. It allows to calculate the seed rain by 

endozoochory across a landscape. Later, it could be used to study other plant 
regeneration as long as plant species and its dispersers are well known. 

However, these simulations are preliminary results and the module still requires 

various improvements and validation (e.g., with forest cover change estimated 
from remote sensing studies but also field observations).   
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Figure 8. Online CARAIB simulation at 1 km resolution. Re-colonization of ç disturbed è habitat by  

S. kamerunensis after 10 years. Above-ground biomass per grid-cell. (a) Initial conditions, S. Kamerunensis only 

present in primary forests. (b) Re-colonization after 10 years. 

a b a b 

Savannah re-colonization : 47 % 

Savannah re-colonization : 43 % 

 

Fig. 10 Land cover over an area of forest-savannah mosaic (a; see Fig. 9 for details) and habitat classes (b). 

 

Re-colonization percentages of 43% and 47 % were respectively obtained with 

the off-line and online module (Fig. 12). These results were compared to two field 

studies in order to achieve a pre-validation of the module. The study of Lévesque et al. 

(2011) provides 80 % of colonization, a value significantly higher than our result. 

However, this study was conducted in a tropical dry forest. The second study (Rondon 

et al., 2008), conducted in tropical rainforests presents a percentage between 58-73 % 

after 15 years. Our module would probably give a similar percentage if the simulation 

were run over 5 more years. 

 

Modelling seed dispersal and tropical forest regeneration:  

an application to Staudtia kamerunensis  

in the WWF Lake Tele-Lake Tumba Landscape in DR Congo 

Nowadays, climate change and human pressure threaten tropical forest ecosystems and the services they 
provide (food, wood, medicinal plants, living places, pure water and air,é). The overexploitation of these 

ecosystem services (ES) by intense slash-and-burn farming, logging or hunting has resulted in significant 
forest fragmentation and animal and plant density/diversity decrease, leading to the syndrome of "empty 

forest". This syndrome is characterized by the disappearance of "key species" essential to preserve the 

ecosystem, its regeneration and its biodiversity. Indeed, seed dispersal, at the root of the forest 
regeneration, is mainly carried by animals (endozoochory). The disappearance of some dispersers (may) 

seriously affects the forest evolution. Therefore it is necessary to understand and analyze this regeneration 
processes to establish optimal forest management. In the framework of the Belspo BIOSERF project 

(ñSustainability of tropical forest biodiversity and services under climate and human pressureò), a seed 
dispersal module has been developed off-l ine and then implemented into the CARAIB dynamic vegetation 

model (Dury et al., 2011) to assess the forest regeneration in a forest-savannah mosaic through the 

dispersal of the common tree species Staudtia Kamerunensis. The module has been developed using data 
collected for the project in the WWF Lake Tele ï Lake Tumba Landscape in DR Congo (Figures 1 and 2). 
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The main disperser of S. kamerunensis seeds is a species of hornbill, Bycanistes 
albotibialis (> 95 % of observation time, Figure 5). The species dispersal kernel 

(which gives the probability that a seed is dispersed at a certain distance) used here 
is the one constructed by Lenz et al. (2011) that takes seed retention time and 

hornbill displacement in fragmented landscapes into account. Since the spatial 

resolution of the off-l ine simulation is 100 m, we focused only on ñlong-distanceò 
fl ights with a preferred distance of about 512 m and a maximum distance of 8914 m 

(Figure 6). For each seed, the module calculates random direction and distance. The 
direction is however influenced by the habitat type (hornbills preferring to fl y over 

the forests) and the distance by the normal distribution of the kernel.  
 

 1. Studied area 

 2. Habitat 

 3. Seed dispersal 

 4. Forest regeneration 

S. Kamerunensis seed production and dispersal were evaluated by the collection of 
diaspores at some fruiting trees using traps. Based on these data, different classes of 

number of dispersed seeds were created to represent different levels of productivity.  
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A land cover map of the Congo Basin (Figures 2 and 3) at a 300 m resolution derived from ENVISAT MERIS (300 m) and SPOT 
VEGETATION (1 km) sensors (Verhegghen et al., 2012) was used to create a virtual landscape at 100 m resolution. The different cover classes 

were aggregated in four main habitat classes (Table 1 and Figure 4): primary forest, secondary forest, savannah and water. This landscape was 
carried out in order to study the S. kamerunensis recolonization of disturbed habitat from primary forest.  

An off-l ine simulation was driven over 10 years to assess the S. kamerunensis re-colonization of the landscape from primary forests (Figure 7). A S. kamerunensis density of maximum 2 trees per ha was assumed 
in accordance with field observations. A decrease in the amount of seed dispersed is observed from the edges of the primary forests to the center of the savannahs. Gaps in primary forests receiving a large amount 

of seeds are faster recolonized. The figure 7b shows the effective recruitment (seed number) after having applied a seed survival rate derived from Clark et al. (2013). Then the module has been implemented into 
the CARAIB model and Figure 8 shows the species re-colonization from primary forests after 10 years (above-ground biomass).  

Re-colonization percentages of 43% and 47 % were respectively obtained with the off-l ine and online module. These results were compared to two fi eld studies in order to achieve a pre-validation of the module. 

The study of Levesque et al. (2011) provides 80 % of colonization, what is signifi cantly higher than our result. However, this study was conducted in tropical dry forest. The second study (Rondon et al., 2007), 
conducted in tropical rainforests, presents a percentage between 58-73 % after 15 years. Our module will probably give a similar percentage if the simulation runs 5 more years. 
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 Conclusion 

Figure 6. Probability density function (a) and cumulative distribution function (b) of hornbill dispersal kernel 

(normal distribution).  

a 
b 

Figure 5. Bycanistes albotibialis  

512 m 

8914 m 

Figure 1. The project focuses on the WWF Lake Tele ï Lake Tumba Landscape (red rectangle), the largest area of swamp 

and flooded forest in Africa, and more specifically on the DR Congo part of the Landscape, spreading over ca.78,972 km2 

in the Equateur Province. Figure 2. Land cover over the Landscape (Verhegghen et al., 2012) and area of forest-savannah 

mosaic where forest regeneration is studied (white square). 

   
Lake Tele ï Lake Tumba Landscape  Fig. 1.  Fig. 2.  

Forest-savannah mosaic  

Table 1.  Figure 3. Land cover over an area of forest-savannah 

mosaic (cfr Fig. 2 for the legend) 

Figure 4. Habitat classes   
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Figure 7. Off-l ine simulation at 300 m spatial resolution. (a) Re-colonization of ç disturbed è habitat by S. kamerunensis after 10 years 

and (b) effective re-colonization taking seed survival rate into account (Table 1). In the absence of seed in the grid cell, the underlying virtual 

landscape appears. 
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The dispersal module produces likely results when they are compared with field 
studies performed in same ecosystems. It allows to calculate the seed rain by 

endozoochory across a landscape. Later, it could be used to study other plant 
regeneration as long as plant species and its dispersers are well known. 

However, these simulations are preliminary results and the module still requires 

various improvements and validation (e.g., with forest cover change estimated 
from remote sensing studies but also field observations).   
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Figure 8. Online CARAIB simulation at 1 km resolution. Re-colonization of ç disturbed è habitat by  

S. kamerunensis after 10 years. Above-ground biomass per grid-cell. (a) Initial conditions, S. Kamerunensis only 

present in primary forests. (b) Re-colonization after 10 years. 

a b a b 

Savannah re-colonization : 47 % 

Savannah re-colonization : 43 % 

 

Fig. 11 Off-line simulation at 300 m spatial resolution. (a) Re-colonization of « disturbed » habitat by S. 

kamerunensis after 10 years and (b) effective re-colonization taking seed survival rate into account (Table 

11). In the absence of seed in the grid cell, the underlying virtual landscape appears. 

 

 

 

Fig. 12 Online CARAIB simulation at 1 km resolution. Re-colonization of « disturbed » habitat by S. 

kamerunensis after 10 years. Above-ground biomass per grid-cell. (a) Initial conditions, S. kamerunensis 

only present in primary forests. (b) Re-colonization after 10 years. 
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