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INTRODUCTION

The Congo Basin comprises the second largest tropical rain-
forest area in the world, covering 200 million ha (Mayaux 
et al. 1998) and is home to a rich and diverse ecosystem in-
cluding several endemic species of flora and fauna. A great 
diversity of vegetation types can be found in these forests, 

caused by various climatic and edaphic conditions, creat-
ing a variety of floristic compositions and forest structures 
(Mayaux et al. 1997, De Wasseige 2012). Among these hab-
itats, the forest-savanna mosaic is a particular biotope that 
is commonly defined as a transition zone between savanna 
and forest (Mayaux et al. 1997, White & Edwards 2000). 
Previous studies have shown the influence of variations in 
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Background and aims – Forest-savanna mosaics are some of the very diverse habitat types of the Congo 
Basin; multiple factors influence their dynamics such as climatic and edaphic conditions, animal disper-
sion, and anthropogenic activities. Presently, few studies have described this type of habitat, despite their 
important role in biodiversity conservation and their fragmentation. This study identified and described 
the floristic and structural composition of eight vegetation types of a long-term study site for bonobos in a 
forest-savanna mosaic of Bolobo Territory in the southwestern Congo Basin, Democratic Republic of the 
Congo (DRC). 
Methods – We surveyed trees, lianas and terrestrial herbaceous vegetation in 51 sampling units using a 
nested plot sampling, totaling 12.75 ha for trees with diameter at breast height (1.30 m above ground level, 
dbh) ≥ 30 cm, 5.1 ha for tree species with 10 cm ≤ dbh < 30 cm, and 0.02 ha for herbaceous vegetation, 
seedlings and saplings. First, detrended correspondence analysis of floristic data allowed the discrimination 
of seasonally inundated forests from terra firma forests. Then, structural data were analyzed to discriminate 
five terra firma forest types using hierarchical cluster analysis. 
Key results – In this survey, 146 trees, 50 lianas and 42 herbaceous species were identified. Eight vegeta-
tion types were characterized. Each vegetation type was described in terms of structure (trees and lianas 
densities, basal areas, herbaceous vegetation densities) and floristic characteristics (species diversity, im-
portance value index of tree species). 
Conclusions – Some characteristics of vegetation types were particularly relevant to discuss (1) the forest-
savanna dynamics and the important role of Pentaclethra eetveldeana in the plant succession, and (2) the 
effects of anthropogenic activities on different vegetation types 
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paleoclimate, edaphic conditions and anthropogenic activi-
ties on the origin of the forest-savanna mosaic (De Foresta 
1990, Schwartz et al. 1990, 1996). Forest-savanna mosaics 
are mostly present in the northern and southern parts of the 
Congo Basin (Mayaux et al. 2004). Floristic and phytogeo-
graphic studies have described plant species associations 
observed in several forest-savanna mosaics, e.g. in the Re-
public of Congo (Koechlin 1961) or in the Democratic Re-
public of the Congo (DRC) (Duvigneaud 1949, Devred 
1957, Peeters 1965, Lubini 2001).They revealed a transition 
occurs between the guineo-congolese and sudanian regions 
in the northern Congo Basin and between the guineo-con-
golese and zambesian regions to the south. Other studies 
have been based on forest structure combined with floristic 
composition. Indeed, a 3D spatial arrangement of plant spe-
cies (trees, lianas, shrub and herbs) can be considered either 
horizontally (e.g. density, diameter size distribution), or ver-
tically (e.g. height, canopy opening) and also by its dynamics 
(Oldeman 1974, 1990). Vegetation structure vary throughout 
time and space (Spies 1998), illustrating perhaps disturbance 
(Palla et al. 2011) or plant succession (De Foresta 1990). For 
these reasons, structural analysis is particularly relevant in 
the context of a forest-savanna mosaic where forest and sa-
vanna expansion depend on climatic and edaphic conditions 
(e.g. rainfall, soil nutrients composition, etc.), anthropogenic 
activities (e.g. savanna burning, slash-and-burn agriculture, 
logging, etc.), or on seed dispersal by animals (e.g. elephant-
dependent trees, the presence of frugivorous species, etc.). 
Frugivorous species play an important role in seed dispersal 
for the majority of woody species in tropical forests and is 
influenced by the spatial and temporal availability of food 
(Hladik & Hladik 1967, 1969, McKey 1975, Howe & Small-
wood 1982). The role of great apes is particularly important 
through their large body size and the diversity of their diet 
(Wrangham et al. 1994, Lambert 1999, Poulsen et al. 2001, 
Beaune et al. 2013a, 2013b), in spite of their endangered 
status (Chapman & Chapman 1995, Muller-Landau 2007, 
Wright et al. 2007). Bonobo (Pan paniscus) is a threatened 
species endemic of Democratic Republic of the Congo and is 
not sympatric with chimpanzees (Pan troglodytes) and goril-
las (Gorilla gorilla and G. beringei). At the distribution area 
scale, fragmentation and human proximity have been found 
as the best predictors to explain bonobo range, with negative 
influence on their presence (Hickey et al. 2013). The south-
western part of their distribution range is located in a forest-
savanna mosaic, a minority habitat type in terms of surface 
for this species (IUCN & ICCN 2012, Thompson 2002). In 
this region, bonobo density is quite similar to other sites in 
continuous forests (Serckx et al. 2014, Fruth et al. 2008). Lo-
cal people, a Teke ethnic group, respect a traditional taboo on 
bonobos (Narat et al. 2015a), observed in some others areas 
where the human traditions have a positive influence on bon-
obo presence (Thompson et al. 2008). Thus, human context 
and habitat nature in the southwestern part of bonobo range, 
despite its fragmented conformation, seem to be beneficial 
for bonobo presence. The few recent studies that have been 
conducted in this area (e.g. Inogwabini et al. 2008, Serckx 
et al. 2014) involved assigning habitat names based on ty-
pologies (Evrard 1968, White & Edwards 2000) without ad-

dressing plant species composition and structure in relation 
to habitats. 

In this study, we propose to characterize vegetation types 
of a long-term study site for bonobos in a forest-savanna mo-
saic located in the southwestern part of the Congo Basin, in 
Bolobo Territory, 300 km north of Kinshasa. Eight vegetation 
types were defined using both floristic and structural data to 
provide more specific baseline data on the nature of the for-
est-savanna mosaic. Major characteristics such as densities 
of particular plant species and forest structure were examined 
in relation to plant pioneer processes and human activities, to 
analyze the complex forest-savanna dynamics.

MATERIALS AND METHODS

Study site

The present study was conducted in the Lefiri and Manzano 
forests, associated with Embirima village (2°34′S 16°22′E), 
Bolobo Territory, DRC (fig. 1). In 2010, in collaboration with 
the Congolese NGO Mbou-Mon-Tour and the National Mu-
seum of Natural History, Paris, France, a long term bonobo 
study was initiated by VN in the Manzano forest (Narat et al. 
2015b), which is a part of a community-based conservation 
area (Narat et al. 2015a).

This study site includes 224 km2 of forest-savanna mosaic 
(58% forest, 42% savanna) with an elevation of 332–557 m 
(source: ASTER data, 30 m resolution). Temperature and 
rainfall were measured from May 2012 to April 2014 in the 
traditional farm of Mamouene, located in savanna (fig. 1). 
The mean annual rainfall was 1957 mm with mean tempera-
ture at 7:00 am of 22.6°C (SD ± 0.88°C; range: 20.5–23.7°C). 
The local climate features a long dry season from May to 
August and a long rainy season in November and Decem-
ber, with annual variations (e.g. rainfall in November and 
December 2012 = 845 mm; in November and December 
2013 =384 mm).

Data collection

We used a nested plot sampling method to survey the flo-
ristic composition and structure of vegetation types within 
a 50 m × 50 m sampling unit. The plot locations were deter-
mined by a random stratified sampling method, using remote 
sensing, and performed with ENVI software version 4.5 (Ex-
elis Visual Information Solutions, Boulder, Colorado). 

A Landsat 7 image (ETM+, 12/05/2002, 30 m resolution) 
was resized to focus on the study site (2°33′55″–2°41′33″S 
16°17′59″–16°26′24″E). Principal component analysis 
(PCA) was performed to condense spectral information to 
a few bands. Unsupervised classification by the K-Means 
method (10 iterations) was applied on the first three PCA 
neo-canals (representing 96.8% of variability in the data) to 
discriminate ten spectral classes (five forest and five savanna 
classes) (fig. 1). A total of 51 plots were randomly placed in 
the five forest classes, proportionally to the extent of each 
class, outside a 150 m buffer zone around the edge between 
forest and savanna (fig. 1). In addition, to characterize forest 
edge and savanna, two plots were placed in edge forest veg-
etation, two plots in edge savanna vegetation and two plots 
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were placed within two savanna patches at 300 m from the 
edge.

We used nested strip widths of 20 m and 50 m to iden-
tify, count and measure stems of different size classes and 
life forms within each plot using the protocol described in 
Bortolamiol et al. (2014) adapted from Potts et al. (2009). 
Inside large-size plots (50 × 50 m), all trees with diameter at 
breast height (dbh: 1.3 m above ground) greater than 30 cm 
and all lianas with dbh greater than 10 cm were identified 
and measured (dbh measured with dbh-meter and height esti-
mated). Within medium-size plots (20 × 50 m), all trees with 
dbh between 10 cm and 30 cm and all lianas were identified 
and measured. In each large-size plot, four small-size plots 
(1 m × 1 m) were located 5 m from the plot middle line, al-
ternatively on the left and right sides and at 10 m intervals. 
These were used to identify and count herbaceous species 
and to count seedlings and saplings (woody species < 1 m) 
without identification. Finally, each large-size plot contained 
one medium-size plot and four small-size plots.

Each plot was also described by the dominant vegetation 
type represented. Vegetation types used by Inogwabini et al. 
(2008) were assigned for a larger scale study (Lac Tumba-
Lac Mai Ndombe landscape, approx. 80,000 km2) using the 
typology proposed by White & Edwards (2000). Because of 
the smaller scale of this study, we combined vegetation types 
from this typology with descriptive factors such as canopy 
opening and dominant species (White & Edwards 2000). 
Thus, the six vegetation types used here were: (1) mixed 

terra firma forest with open canopy, (2) mixed terra firma 
forest with closed canopy, (3) seasonally inundated mixed 
forest, (4) seasonally inundated forest with Gilbertiodendron 
dewevrei, (5) edge forest, and (6) savanna.

Between February and April 2013, 51 plots (45 in forest, 
six in savanna) were inventoried by FP and two field assis-
tants totaling 12.75 ha for trees with dbh ≥ 30 cm (51 large-
size plots), 5.1 ha for trees with 10 cm ≤ dbh < 30 cm (51 
medium-size plots) and 0.02 ha for herbaceous vegetation, 
seedlings and saplings (51 × 4 small-size plots). Trees and lia-
nas were recorded using local names; herbaria vouchers were 
collected in duplicate when possible during vegetation census 
and by opportunistic collections. These were identified with 
the assistance of CLA at the herbarium of National Institute 
for Agronomic Studies and Research (INERA)/ University of 
Kinshasa (UNIKIN), Kinshasa and with the assistance of AH 
at the National Museum of Natural History, Paris. Herbaria 
samples were deposited at the INERA/UNIKIN herbarium 
(IUK), Kinshasa, DRC and at the ethnobotanical herbarium 
of the National Museum of Natural History (PAT) in Paris, 
France. Scientific names of plants are following The Plant 
List (2013) nomenclature. 

Data analyses

Multivariate analysis was conducted to characterize vegeta-
tion types based on floristic and structural data. The first step 
was to discriminate vegetation types using floristic and struc-

Figure 1 – Vicinity maps of the study site and results of spectral unsupervised classification performed on a Landsat 7 image (ETM+, 12 May 
2002, 30 m resolution) and locations of the randomly stratified sample plots


