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Multiple and promising results open new avenues
CoForChange ends... Next episode in CoForTips!
After four and a half years in operation, CoForChange funding is coming to an end. The 
project teams are working hard to finalize their products: scientific articles, information 
system on the life traits of tree species in the area, map of stands and of their main charac-
teristics, policy brief.

The project has produced many results, some of which have major implications for forest 
management and preservation. Crossing multiple spatial information (geological maps, 
SRTM topographic data, METEOSAT climate data, MODIS data on photosynthetic 
activity, management inventories provided by partner logging companies) highlighted 
the influence of the geological substrate and soils on the distribution of tree species, and 
more generally on the floristic and functional characteristics of forest stands. Detailed 
soil, anthracological and archaeological surveys showed that some of these stands have 
been frequently disturbed in the past, particularly in areas where Marantaceae forests 
grow today, in Ouesso region in the north of the Republic of Congo. Conducted to better 
characterize the ecological requirements of the main tree species in the region, control-
led experiments showed that, in the early stages, these species are particularly resistant to 
drought, except for some pioneers. These works and the integration of the produced 
knowledge helped to propose a new forest typology of the studied area, and a first 
diagnosis on their resilience to human disturbance and drought. This diagnosis should be 
useful to specialists both in land management, who are in charge of determining priority 
areas for wood production and preservation (better log where soils are rich and forests 
productive), and in forest management (productive forests can sustain a more dynamic 
forestry).

How to extend these results to a larger area, how to predict better the future evolution of 
these forest ecosystems and their biodiversity, including their interactions with human 
societies that benefit from them, to deduce henceforth patterns of sustainable manage-
ment? These issues will now be explored in a new project funded by EraNet BiodivERsA, 
CoForTips "Congo basin forests: Tipping points for biodiversity conservation and 
resilience of forested social and ecological systems."

This project, coordinated by CIRAD1*, brings together for three years the University of 
Liege, IIASA2, IRD3 and partners of the FORENET-Central Africa network – IRAD4 Came-
roon, Douala University, University of Bangui, Gabon IRET5, INDEFOR6, Marien 
Ngouabi University –, as well as the University of Barcelona, ETH-Zurich7, the Ecole 
nationale supérieure des Mines of Paris, the University of Montpellier 2, the University of 
Rennes, and Electricité de France. The objective of CoForTips is to foster better manage-
ment of the Congo Basin forests through (i) a better understanding of the dynamics of 
forest biodiversity and of the resilience of social and ecological systems, (ii) the construc-
tion of scenarios of biodiversity, based on different scales of time and space, integrating 
social, economic, ecological, geophysical and governance aspects, and (iii) the creation 
of science/society interfaces that ensure the inclusion of research results in decision- 
making processes. The project thus aims at simulating regional development trajectories 
by including adaptation strategies elaborated by the actors. These scenarios will provide 
economic and political managers with powerful decision-making tools.
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Quantifying forests’ response
to logging: the DynAfFor* project
One of CoForChange’s major results 
highlighted the existence of various 
forest types, whose distribution is 
highly influenced by the geological 
substrate (Newsl. No 3, 8). These 
forest types present contrasted 
structures, floristic and functional 
compositions, and it is likely that their 
responses to anthropogenic distur-
bances such as those induced by 
logging are not the same. This 
hypothesis will be tested within 
DynAfFor8 project (2013-17), funded 
by FFEM9 and implemented by 
CIRAD1, Gembloux Agro-Bio Tech 
and ATIBT10. Within this framework, 
permanent plots and trails will be 
delineated to monitor forest dynamics 
in some of the forest types identified 
by CoForChange; long-term moni-
toring will be carried out in the form 
of pairs, i.e. witness (unlogged) / 
treated (logged), to quantify interac-
tions between geological substrate and 
logging-induced disturbance on forest 
change. These new studies will help 
design management methods adapted 
to the real ecological potential of 
forests.

Compiling and analyzing reference 
documents relating to the life traits of tree 
species (see Newsl. No 6) helped to 
design a database model, then to develop 
CoForTraits relational database with 
PostgreSQL software. This database 
already gathers reference data on about 
fifteen life traits of more than 1100 woody 
species of Central Africa. It will soon be 
available on a website where it will not 
only allow consultation of the recorded 
information on a centralized basis, but 
also provide access to trait values 
recommended by experts. It will
contribute much to the understanding of 
the patterns of species distribution in 
response to climate change.

This work was presented by A. Fayolle
at the Linking Vegetation and Plant Trait 
Databases symposium (Leipzig, 4-6 March 
2013) and continues by standardizing and 
harmonizing values from heterogeneous 
sources, their French-English translation 
and website development.
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Taking advantage of the information 
contained in the inventory database built 
during the CoForChange project, 
differences in structure and composition 
of the forests of the Sangha River interval 
were analyzed from a set of 49,657 plots 
of 0.5 hectare covering an area larger than 
6 million hectares. Four major lowland 
forest types have thus been identified and 
mapped. They are:
− Young and old-growth forests domi-
nated by species of the genus Celtis, by 
Triplochiton scleroxylon, or by Terminalia 
superba;
− Young secondary forests with Musanga 
cecropioides at the limit between forests 
and savannas around towns and along 
roads;
− Old-growth forests on sandy soils 
dominated by species of the genus 
Manilkara in the Southern Central African 
Republic and Northern Republic of 
Congo;
− Monodominant stands of Gilbertioden-
dron dewevrei along rivers.

These forests have contrasting floristic and 
functional characteristics that could make 
them more or less resilient to disturbance 
and climate change. 
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Various forest types
in the Sangha River interval

Mapping tree communities 
Information system on traits

Two cores collected in Marantaceae forest 
in the Republic of Congo were analyzed 
to unveil the history of this forest type
in the region over the last 1000 years. 
One core was collected near Pokola (70% 
open canopy) and the other near Bomassa 
(50% open canopy). We extracted fossil 
phytoliths whose usefulness in identifying 
Marantaceae vegetation has already been 
established. Preliminary results indicate 
that overall there has been a reduction
in the tree stratum. In Bomassa area,
the tree stratum has been receding since 
650 cal. years BP from 90 to 60%, and 
from 95 to 40% in Pokola area, which is 
reflected today by the degree of openness 
of the canopy on both sites. On another 
hand, Marantaceae species have only 
been appearing since 500 cal. years BP
in Bomassa area, reaching today 3.5% of 
total species composition. In Pokola area, 
Marantaceae species show two peaks at 
8% dating around 450 and 100 cal. years 
BP. We are currently analyzing potential 
relationships between Marantaceae and 
ancient fires.
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Studying the Marantaceae forest

The collaborations that were launched 
with CoForChange are long-term col- 
laborations.
They will continue in CoForTips, and 
also in DynAfFor8 and in other 
projects still in their early stages. This 
is the beginning of a long story!

1 Cirad: Centre de coopération internationale en 
recherche agronomique pour le développement 
2 IIASA: International Institute for Applied Systems 
Analysis
3 IRD: Institut de recherche pour le développement
4 IRAD: Institut de recherche agricole pour le 
développement
5 IRET: Institut de recherche en écologie tropicale
6 Indefor: Institut de développement forestier
7 ETH-Zurich: Ecole polytechnique fédérale de Zurich
8 DynAfFor: Structure et dynamique des forêts 
d’Afrique centrale
9 FFEM: Fonds français pour l’environnement mondial
10 ATIBT: Association technique internationale des 
bois tropicaux

Logging track network dynamics: 
Assessing forest degradation
and regeneration
Logging track networks form detectable 
patterns on remote sensing imagery such 
as Landsat. Fritz Kleinschroth, fellow of 
the Erasmus Mundus joint doctorate 
program FONASO, analyzes the develop-
ment of these network patterns over the 
last 30 years. His approach includes 
tracks that have been already covered by 
vegetation but are still detectable as more 
or less long-lasting “scars” in the forest 
cover. Detailed network maps at four-year 
intervals form a dynamic model of 
expansion and retrogression of the track 
networks. 

They will be overlaid with several layers 
of information: a geological map, a 
photosynthetic activity map, a map 
showing forest types, put together or 
developed during CoForChange project to 
identify relationships between environ-
mental characteristics and the dynamics of 
closing tracks. Slower dynamics might 
show evidence of the lesser resilience of a 
number of forests and the need to adapt 
the forest logging intensity at local level.
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(cont’d from p. 1) Ongoing development of tree communities

* Meaning of abbreviations p. 4

Past disturbances
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In the undergrowth of Marantaceae forests.
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Focus on
Integrate decision-making 
tools 

Dakis-Yaoba 
Ouédraogo holds
a PhD in tropical 
ecology.
She completed her 

thesis at CIRAD and worked with 
several actors of the CoForChange 
project. She is particularly 
interested in the use of functional 
groups to predict the impact of 
climate change on tropical forest 
ecosystems. Within CoForChange, 
she carries on the work started
by Rita Wania on the integration 
of the knowledge acquired within 
the project into a vegetation 
model.

Past disturbances
Forests and humans:
at the crossroads of the history
of languages and landscapes
The Bantu language group is the largest language family in 
Africa. From a common cradle located near the Nigeria-       
Cameroon border, a forest-savanna area, and probably 
starting around 4000 years BP, during the first major Holo-
cene climatic upheaval that impacted dense forests, the 
Bantu population spread out over the southern half of the 
African continent in the course of a few thousand years. 
The successive periods of Bantu expansion and the main 
pathways used during these migrations are still hypotheti-
cal. The potential crossing of the Central African forests 
seems, in particular, to have marked some of the terms used 
by today’s Bantu speakers. 

In partnership with the University of Ghent, Belgium, a 
publication in progress – crossing language data with Co- 
ForChange’s work on landscape dynamics and biogeo- 
graphy, palynology and archaeological evidence – will 
clarify some of the main hypotheses related to this shared 
history of forests and humans.
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Integrate, predict, and provide decision-making tools
The soil fertility determines deciduousness more than 
the severity of the dry season in the Congo Basin forests
To develop a model that predicts vegetation depending on the environment, the 
relationship between ecosystem traits – including deciduousness of the forest – and the 
environment must be calibrated. 

The deciduousness of tropical forests is mainly related to the severity of the dry season. 
Forests are evergreen in wetlands with no seasonality, deciduous in dry areas where 
the dry season is long and intense, and semi-deciduous in intermediate areas.               
In addition, a theoretical model showed that nutrient-poor soils promote species         
with long-lived leaves, a character incompatible with deciduousness. The relation-
ship between deciduousness and severity of the dry season should thus be lower            
on poor soils.

To test this hypothesis in CoForChange area, we identified 
three main soil types by crossing geological and soil maps 
produced by workpackages 2 and 3: (i) sandy-sandstone 
soils (low fertility), (ii) sandy-clay loam on alluvia (medium 
fertility), and (iii) clay to sandy-clay loam on acid igneous 
and metamorphic rocks (high fertility). We then developed 
a simple linear regression model to predict forest 
deciduousness (calculated here as the ratio between the 
basal area of deciduous trees and the basal area of all trees), 
in relation to the severity of the dry season, taking into 
account the soil effect. As pioneer species are mostly 
deciduous, young forests are more deciduous than mature 
forests. To remove the bias linked to the forest age, we 
calculated the proportion of deciduous trees among 
non-pioneers. The severity of the dry season is measured by 
the maximum cumulative water deficit index, which is the 
sum of climatological deficits accumulated during the main 
dry season1.

As expected, the model shows that the relationship 
between deciduousness and the severity of the dry season 
is lower on nutrient-poor soils. Poor soils hold fewer 
deciduous trees. The model also revealed that, in agree-
ment with workpackage 2 results (see Newsl. No 3),                 
in CoForChange area deciduousness is a lot more related  
to the soil type (87%) than to the severity of the dry         
season (6.5%). We can therefore predict that a change          
in the severity of the dry season will have little impact on 
the deciduousness of the mature forests of the area.        
However, the impact of such a change on logged forests 
remains unknown and will be the subject of on-coming 
investigations.

Dakis-Yaoba Ouédraogo
dakis.ouedraogo@gmail.com

Charly Favier
charly.favier@univ-montp2.fr

1 Climate deficit: difference between monthly rainfall
and evapotranspiration 

Fig. 1: SCGLR data and goal.

Fig. 2: Correlation plot of covariates (black arrows)
and linear predictors (red arrows) best correlated
with components 1 and 2.

Mapping tree communities
SCGLR: a component-based multivariate regression
method to model species distribution
Understanding how plant communi-
ties are structured in space was one of 
the objectives of the CoForChange 

project and is of primary impor-
tance in community ecology. 
The very large data sets we 
faced required the use of 
relevant statistical methods that 
were not available at the begin-
ning of the project but have 
been developed since then. 
CoForChange offered the possi-
bility to test such new methods 
and particularly the supervised 
component generalized linear 
regression (SCGLR).

The classical generalized linear 
regression (GLR) is frequently 
used to model species distribu-
tion. This approach suffers from 
several limitations: (i) only one 
species at a time can be mod- 
eled; (ii) for want of regulariza-
tion, it cannot deal with many 
possibly correlated covariates – 
regardless of the relevant causal 
factors they may represent – and 

thus requires some preliminary 
selection of covariates; (iii) the degree 
of realism of the model and the robust- 
ness of the prediction may be highly 
influenced by this selection. We devel- 
oped SCGLR to overcome these limita-
tions. SCGLR is a multivariate exten-
sion of the partial least squares regres-
sion to the generalized linear 
framework. It extracts, from the covar- 
iates, common components that both 
materialize environmental traits and 
predict, as best as possible, the distri-
bution of the multiple species in the 
community (Fig. 1). Because species 
data can be output by various measure- 
ment processes, SCGLR had to allow 
simultaneous modelling of several 
types of distributions. For example, 
some species may only be measured 
according to their presence/absence, 
others by their number count (bino- 
mial or Poisson distributions). 

SCGLR performance is illustrated 
through a dataset built from CoForChange 

database. It gives the abundance of        
27 common tree genera in the tropical 
moist forest of the Congo Basin and       
40 georeferenced environmental var- 
iables on one-thousand 8-by-8-km 
plots (observations). The data of each 
plot was obtained by aggregating the 
data measured on a variable number  
of previously sampled 0.5-ha sub- 
plots. Georeferenced environmental 
variables were used to describe physi-
cal factors as well as vegetation charac-
teristics. We used 14 physical factors 
pertaining to the description of the 
topography, geology and rainfall of 
each plot. The vegetation was charac-
terized by enhanced vegetation index 
(EVI) data measured every sixteen days. 
The overall surface of the subplots 
observed in a plot is not constant and 
must be used as an offset in the model, 
which SCGLR allows. 

Figure 2 presents a correlation circle 
spanned by the first two components, 
in the same way as by a principal 
component analysis. The circle dis- 
plays only those covariates that were 
best represented on the plane and plots 
the linear predictors of responses. The 
first component is mainly built upon 
oppositions between contrasted climat- 
ic areas: the north, with low rainfall 
during the dry season (unimodal 
regime), and the south, with more 
regular rainfall all along the year 
(bimodal regime). The second axis is 
related to forests with high photo-
synthetic activity during the dry season 
versus forests with high photosynthetic 
activity during the wet season. Seven 
genera have their locations best ex- 
plained by the bimodal rainfall regime 
and forests with low photosynthetic 
activity during the dry season. 
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