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Background and aims – Eighty per cent of Gabon’s territory is covered by forest with most species
inventory work focused on these areas. However, herbaceous open vegetation types are abundant in this
country and can be found in savannas on the coast, in the centre and in the south, and on inselbergs. The
species diversity patterns of these habitats remain largely unexplored yet are targeted for both conservation
and development. Here, we evaluate the floristic diversity of savannas in Gabon, their affinities with the
inselberg open vegetation, and their contribution to the national park system in Gabon, which is currently
undergoing a gap analysis. We then use a case study from the Batéké Plateaux to demonstrate species rarity
in a single savanna.
Materials and methods – Species presence in the grassy formations of the savannas in Loango, Lopé,
Pongara, and Plateaux Batéké national parks and in Kum inselberg is compared using ordination and
clustering based on a similarity matrix (Sørensen index). For the Batéké Plateaux savannas, the species
rarity and distributions are assessed using Star ratings.
Key results – The species in the open herbaceous vegetation in Gabon account for at least 11% of the
total flora of the country (508 species out of 4,710). Except for the coastal savannas, all sites are highly
dissimilar in floristic composition (Sørensen index 0.065–0.26) and no dominant savanna type occurs
within the dataset. The inselberg site is the most dissimilar and constitutes a separate vegetation unit. Most
savanna species of the Batéké Plateaux area are widely distributed, but not weedy. A few are extremely rare
and are linked with moist habitats, substrate, and fire occurrence. Our results show the diversity and the
conservation value of open, herbaceous habitats. Currently, the Gabonese National Park network is partly
protecting the savanna and inselberg vegetation. However, several areas remain un-assessed and merit
further exploration.
Keywords – Conservation, diversity, floristics, inselberg, protected area, savanna.

INTRODUCTION
The flora of Gabon is estimated to comprise as many as
7,000 species (Sosef et al. 2006) with most of the country
being covered by forest (estimated at 80%). The highest
species diversity and number of endemics are thought to be
found in the forested montane areas (Sosef 1994) and along
the coastal plane of Gabon (Ikabanga 2010, Ngagnia Ndjabounda 2010). While several studies have focused on forest diversity patterns (Hardy & Senterre 2007, Parmentier et
al. 2007), few have considered open areas such as savannas.

Collections from these areas continue to be of low density,
and specialists working on the Central African flora are surprised that common herbaceous savanna species have not
yet been recorded in Gabon (pers. comm.: S. Phillips, Kew
Gardens, Richmond, UK and J. van der Maesen, Wageningen University, the Netherlands). Indeed, grassy formations
in Central Africa are perceived to contain only widespread
species, which has led botanists to devote less time to inventories of savannas, sometimes only spending a single day in
the field and using the literature to supplement their collec-
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tions (e.g. Cable & Cheek 1998). However, given a lack of
time spent collecting in this habitat, the ‘wide-spread species’ assumption may not be correct. Furthermore, the existing information has only marginally been used for comparative studies exploring the diversity patterns and suggesting
conservation measures. As such, it is difficult to understand
the conservation value of Gabon’s open, herbaceous vegetation, and whether it is sufficiently conserved in the protected
area system. This is an important concept to understand as
there are currently efforts both to conserve (through creating
new protected areas) and to transform (through planting oil
palm) savanna areas in Gabon.
Currently, Gabon’s protected area system is undergoing
a gap analysis to justify current areas and identify new ones
that would complement Gabon’s protected area network to
ensure that it provides adequate coverage of the country’s
habitat and species diversity (e.g. Margules & Pressey 2000).
These studies include work on bird, mammal, reptile, endemic plants, and a habitat analysis. This paper contributes
to the open habitat analysis.
Development is also planned for some savanna areas of
Gabon: in the form of oil palm plantations. Despite oil palm
having been an active industry in Central Africa since the
colonial period (e.g. Coquery-Vidrovitch 1987, Lynn 1989),
an increase in production in foreseen in Gabon. In the coming years, some 200,000 ha of Gabon will be planted, with
a focus on the southern savanna areas of Mouila, Ngounie,
Nyanga and Tchibanga (Présidence de la République Gabonaise 2010). The question then is, why conserve or develop
these open, herbaceous areas?
Koechlin (1962) described Gabon’s savannas according
to species composition and dominance of graminoid and
woody species and then classified them into three categories:
coastal, enclosed interior and vast interior savannas. White
(1983) deemed these grasslands to be mostly ‘secondary’ but
also containing some small, edaphic savannas. He indicated
that the secondary grasslands fringing the Guineo-Congolian
forest “show considerable local variation in floristic composition, but most of their constituent species are widespread
and occur both north and south of the equator”. His species
list included tree and grass species, but provided no list of
forbs. A full assessment of the floristic diversity of these savannas, including forbs, has never been conducted, though
it has been proposed by others (Dauby 2007, Harris et al. in
press). In recent years, several protected areas in Gabon encompassing savannas representative of the three types recognized in Koechlin’s classification have been inventoried,
including: Loango and Pongara National Parks on the coast;
La Lopé National Park’s large enclosed savanna in the interior; and the Plateaux Batéké’s vast continental interior savannas.
The most similar open natural habitat to savannas in Gabon are those found on inselbergs (a German term for ‘‘islands hills’’). Inselbergs are rocky outcrops standing out
from encircling plains as isolated hills or groups of hills.
Many inselbergs embedded in the rain forest are partially
covered with open vegetation including natural grassland
and herbaceous fringes (Parmentier et al. 2005). Several
studies on inselberg vegetation in Gabon, Equatorial Guinea

and Cameroon have been conducted in the last decade (Reitsma et al. 1992, Ngok Banak 2005, Parmentier & Müller
2006, Parmentier et al. 2006a, 2006b).
The creation of protected areas in Gabon began during
the colonial era but was formalised under the Gabonese administration starting in the early 1960s with the recognition
of a series of hunting reserves (Wilks 1990). Wilks (1990)
proposed new areas for protection, including the savanna areas of Ozouri (coastal lakes area) and the Batéké Plateaux
around Lékoni. He also mentioned two savanna areas in
south-western Gabon that were then classified as ‘Réserves
Naturelles’ but that have since been declassified, viz. Kouri
and Ndende. Prior to the establishment of thirteen new national parks (NPs) in Gabon in 2002, gap analyses indicated
that the protected area system was not representative of the
country’s biodiversity and habitats; the forest-savanna mosaic was considered to be under-represented and of ecological
importance for conservation (Doumenge et al. 2001, 2003b).
Other sites have since been proposed, including two for the
forest-savanna mosaic at Okandja (northern Batéké Plateaux) and Fouari (southern Tchibanga forest-savanna mosaic) (Doumenge et al. 2003a). The current protected area network of Gabon includes thirteen national parks and several
protected areas, of which eight that contain areas of savanna:
Batéké Plateaux NP, La Lopé NP, Pongara NP, Loango NP,
Mayumba NP, Moukalaba-Doudou NP, Arboretum de Ra
ponda Walker, and the Wonga Wongue Presidential Hunting
Reserve. Only one contains inselbergs (Minkébé NP).
Botanists continue to place national floras within a global
context by citing numbers of species and rates of endemism
(e.g. Davis et al. 2009). Such comparisons help the scientific
and conservation communities to identify diverse areas and
gaps in their knowledge, thereby orienting future collecting
and conservation efforts (Sosef et al. 2006). However, these
accounts usually do not take into consideration the global
distribution of taxa. The use of Star ratings makes it possible
to evaluate taxa (and the communities in which they occur)
based on their distribution range, and has been used in Cameroon (Cable & Cheek 1998, Tchouto et al. 2006), Gabon
(Sosef et al. 2004), Ghana (Hawthorne & Abu Juam 1995)
and Central America (Gordon et al. 2004). Nearly every previously published approach using this system has, however,
focused on forest communities; this paper presents its first
proper publication for herbaceous vegetation.
Both savannas and inselbergs contain herbaceous vegetation, however, the similarity between the inselberg and the
savanna floras has not been formally tested and their relative
contribution to species and habitat conservation in Gabon
has not been analysed. We present here the first floristic comparison of the open herbaceous vegetation of Gabon, asking
five questions: (1) what is the overall contribution of these
species to Gabon’s floristic diversity, (2) how does species
composition differ amongst geographic areas, (3) are inselbergs grassland savanna islands? (4), do some savannas contain globally rare species? and (5) what is the contribution of
these floras to Gabon’s national park system?
47
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Table 1 – Summary of study site characteristics.

Site

GPS
coordinates

Rainfall
(mm per year)

Altitude
(m)

Species in each
grassy, open
formation

Total number
of collections
(specimens from
all habitats)

References

Batéké
Plateaux
NP

2°07’S
14°03’E

2,000–2,890

400–700

175

~ 1,725

Bout 2006, Walters 2010

Kum
inselberg

1°50’N
11°38’E

1,843

740

68

347

Parmentier et al. 2006a,
2006b, Parmentier & Müller
2006

Loango NP

1°50’S
9°20’E

2,000–2,363

0–100

136

~ 1,954

Harris et al. in press

Lopé NP

00°12’S
11°36’E

1,500

100–700

217

> 2,500

Korte 2007, Leal 2004,
McPherson et al. (unpubl.
res., Missouri Botanical
Garden, St. Louis, USA)

Pongara NP

00°16’N
9°19’E

2,000–3,100

0–40

85

586

Dauby et al. 2008

STUDY SITES
The savannas of four National Parks and the grassy formation in one inselberg in Gabon were chosen for this analysis:
savannas of Loango and Pongara on the coast, La Lopé and
the Kum inselberg in the centre and north, and the Batéké

Figure 1 – Location of the 5 study sites in Gabon (West Central
Africa): four savanna areas and one inselberg (Koum).
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Plateaux in the south-east (fig. 1). Gabon is located on the
Equator and has one long dry season (June–September)
during which anthropogenic and sometimes natural fire is
prevalent in the savannas; there is a long rainy season (October–May), punctuated by one to two small dry seasons (December–March). In these mesic savannas, there is a mixture
of trees (reproducing via post-fire re-sprouting rather than
from seed), herbs, and C4 grasses (eg. Ratnam et al. 2011).
The study sites receive 1,500–3,100 mm of rainfall per year
and are located between elevations of 0–740 m (table 1). On
the inselberg, due to shallow soils, environmental conditions
vary from very dry, with high temperatures and high levels
of evapotranspiration, to very humid where water flows and
accumulate (Parmentier & Müller 2006). Given that there are
no existing estimates of the size of the study areas and that
there is no accurate vegetation map reliable for all study areas in order to use a GIS to calculate these areas, we include
the ‘total number of collections’ as a measure of collection
effort of each of the study areas and so an estimation of size
and completeness of the floristic lists compared.
Despite the debate over the use of the word ‘savanna’ to
describe African herbaceous formations which seeks to categorise them according to the percentage of woody cover
(see Lowry et al. 1997, White 1983), these formations in
Gabon vary in cover and height of vegetation within short
distances making the utilisation of this classification difficult
without good woody cover estimations or precise collection
notes using the same system (see Walters 2010). For those
following White’s classification, the herbaceous formations
described in this paper correspond to shrubland, grassland,
wooded grassland, transition woodland, herbaceous freshwater swamp and aquatic vegetation types (as described in
Lowry et al. 1997, White 1983). Here we use the word savanna for all of these categories where (1) graminoid species are continuous, interrupted by trees and shrubs, (2) fires
occur, and (3) growth is closely associated with alternating
wet and dry seasons (Bourliere & Hadley 1983). We do not
consider roadside vegetation or saline herbaceous formations
in this work. All of the savannas under study here have been
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Table 2 – Star ratings detailed by range of distribution (Hawthorne 1996).

Black
Gold

Estimated range in no.
degree squares in Africa
1.6 ± 0.5
7.8 ± 3.8

Blue

24.5 ± 12.6

Green

69.2 ± 49.8

Star

Notes
Rare globally and rare in Gabon. Urgent conservation attention required.
Rather rare globally and locally. Conservation attention required.
Widespread globally but rare in Gabon; or widespread in Gabon but rare globally.
Some conservation attention from Gabon required.
No conservation concern.

formed under previous climatic conditions which favoured
the expansion of savannas (Delègue et al. 2001, Maley
2001). Many of these savannas are part of the country’s cultural heritage, containing sites of archaeological and anthropological value (Oslisy 2001, Dupré & Pinçon 1997, Walters
2010). As a prime example, La Lopé NP is classified as a
mixed biological and cultural UNESCO World Heritage site.
METHODS
Fieldwork and dataset composition
The analyses in this paper are the result of data obtained
from fieldwork by GW in the Batéké Plateaux conducted between 2000 and 2009, by GW in Loango National Park in
2005 and by IP in the Kum Inselberg area in 1999 and 2002.
For other sites, we used data from the checklists of Pongara (Dauby et al. 2008) and La Lopé (McPherson & White
1995). Specimen identifications were made at BR, K, LBV,
MO, and WAG.
The taxa from the open habitats of each site were extracted from the species lists, and names were standardized according to the Gabon Checklist (Sosef et al. 2006). The data
from the different sites were pooled into a global list of 508
taxa that was used to calculate the proportion of the species
in the Gabon Checklist that are present in the savanna and in
the inselberg sites included in our study.
Floristic similarity of all sites
A cluster analysis was conducted on the species lists of each
of the five sites (Group average, Sørensen similarity index)
using Primer6© (Clarke et al. 2006). Species similarity between site pairs, i and j, was estimated using the Sørensen
similarity index Cij (Sørensen 1948) because it is regarded
as one of the most effective for comparing presence/absence
data between samples (Southwood & Henderson 2000). The
index was calculated as follows:
Cij =

2a
2a + b + c

where a is the total number of species present in both samples, b the number of species present only in sample i and c
the number of species present only in sample j. Clustering
was made using the group average method (Clarke 1993). An
ordination analysis of the five sites was then completed using Non-metric Multi-Dimensional Scaling (NMDS) using
Primer6© based on the Sørensen similarity matrix. Options
used for NMDS were: Kruskal stress formula = 1; minimum
stress = 0.01; number of restarts = 100. The hierarchical classification obtained by Clustering was represented on the or-

dination diagram using the 10 and 20% similarity cut. The
geographical distance between pairs of sites was calculated.
Correlation was then used to infer the relationship between
the Sørensen similarity index and inter-site distance.
Evaluation of species distribution and rarity in the
Batéké Plateaux
The distribution for each species of the Batéké Plateaux list
was obtained from botanical references such as national
or regional floras (e.g. the Flore du Gabon) and on occasion from the original species description. Only species that
were fully identified were used thus removing fourteen species from the list. Using the Star rating system and the same
degree-square assignments proposed in Hawthorne & AbuJuam (1995), these distributions were then categorised. The
four main Stars in the Star rating are summarized in table 2.
RESULTS
Floristic similarity of all sites
The species of the five study sites represent 10.8% of the currently known flora of Gabon (508 of 4,710 species), with savanna species alone representing 9.6% (453 species) of the
flora. The floristic composition is highly different among all
sites, with Sørensen similarity indices ranging between 0.065
and 0.26. Only one species (Sauvagesia erecta L.) is shared
among the five sites, and just eighteen species have been recorded at four sites. The inselberg site has the most distinct
species composition and the two coastal savannas are the
most similar to one another, although even these still exhibit
a high level of dissimilarity (fig. 2).
There is only a weak correlation of floristic similarity
with inter-site distance when all sites are considered (r2 =
0.08). However, when Kum inselberg is excluded (leaving
only savanna sites), the correlation value slightly increases
(r2 = 0.28).
Evaluation of species distribution and rarity in the
Batéké Plateaux
A total of 183 herbaceous and woody species have been
recorded from the savannas of the Batéké Plateaux. Fortyseven of these species (26%) are rare in Gabon, known only
from Haut Ogooué Province, although all of them have
distributions extending beyond the borders of the country.
When considering the global rarity of these species, 89%
correspond to the Green Star category, i.e. they are widely
distributed; 6% were classified as blue species, 1% were as49
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Table 3 – Batéké Plateaux globally rare species.
Family

Species

Star

Factors apparently limiting distribution

Apocynaceae

Asclepias occidentalis Goyder

Gold

Post-fire emergence; Kalahari Sands Specialist
(Goyder 2009)

Cyperaceae

Scleria baroni-clarkei De Wild

Gold

Unknown (Piérart 1953)

Eriocaulaceae
Eriocaulaceae

Syngonanthus ngoweensis Lecomte
Syngonanthus schlechteri Ruhl.

Black
Gold

Moist Savanna (Kimpouni 1992)
Moist Savanna (Kimpouni 1992)

Fabaceae

Eriosema batekense van der Maesen & G.M.Walters

Black

Kalahari Sands Specialist
(van der Maesen & Walters 2011)

Verbenaceae

New species

Gold

Kalahari Sands Specialist
(P. Bamps, Meise, Belgium, pers. comm.)

signed a Gold star, and another 1% a Black Star. The distribution of these rare Black and Gold species appears to be
limited by edaphic conditions (related to the presence of the
Kalahari Sands substrate), periodic inundation, or burning
(table 3). All star ratings and the data matrix can be found in
the online supplement (electronic appendix).
DISCUSSION
This analysis suggests that despite the fact that open herbaceous vegetation is present on inselbergs (grasslands and
herbaceous fringes, Parmentier & Müller 2006), the flora of
these inselberg micro-habitats is very different from the savanna flora. Open inselbergs and savanna floras clearly represent separate vegetation units.
Inselberg are not savanna islands in the rain forest
Very low floristic similarity between savannas and the open
herbaceous inselberg vegetation of the Kum inselberg reinforces the results of earlier studies in which inselberg vegetation in Gabon, Equatorial Guinea and Cameroon was described in detail (Parmentier & Müller 2006, Parmentier et
al. 2006b). The flora of the inselberg grasslands and herba-

Figure 2 – Ordination of the five sites using Non-metric MultiDimensional Scaling obtained from a Sørensen similarity matrix.
Lines delineate groups obtained by clustering and applying a cut of
10 and 20% of similarity.
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ceous fringes is a different mix of species from the rain forest, ruderal and secondary forest elements, strictly saxicolous
taxa and species restricted to the inselberg habitat (e.g.
Epistemma rupestre H.Huber, Euphorbia letestui J.Raynal,
Plectranthus inselbergi B.J.Pollard & A.J.Paton, Tricarpelema africanum Faden). Inselbergs surrounded by rain forest
show insular properties, with species similarity between sites
declining with distance (Parmentier et al. 2005). At a local
scale, species composition is best explained by the edaphic
conditions along the forest-inselberg ecotone, corresponding to an array of ecological niches (Parmentier 2003), but
at the regional scale, theses ecological niches are occupied
by different species. These sub-regional species pools probably result from the history of past vegetation changes due to
climatic fluctuations (Parmentier & Hardy 2009). The inclusion of floristic data from other inselberg sites in Gabon (of
which there are many) would therefore certainly contribute
additional species to the overall list of taxa from open grassy
vegetation in Gabon.
Floristic similarity among savannas
This analysis shows that, as indicated by White (1983), the
savanna floras of Guineo-Congolia are floristically varied,
even when the forb component is considered. The dissimilarity in composition of the sites studied here is probably related to a variety of factors including substrate age and type,
savanna age, phytogeography, and inter-site distance. Since
our sample size is not sufficient to elucidate cause, we will
just note some observations for further investigation.
Both edaphic and climatic factors have shaped savanna
floras in Gabon (Droissart 2009, Delègue et al. 2001, Maley
2001, Delire et al. 2008). Limited seed dispersal may also
explain species dissimilarity between sites, as it did for inselbergs. While the correlation for similarity of species among
the four savanna sites was linked to inter-site distance, it was
weak; this relationship might become strengthened with the
addition of more study sites.
Given the floristic dissimilarity, it should also be noted
that the woody dominants and edge colonisers in each savanna are also different thus requiring locally adapted management approaches (Mouandza-Membo & Walters 2007, Jeffery et al. 2011). Recent studies suggest that the savannas in
each of these areas are being encroached by forest (Delègue
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et al. 2001, Leal et al. 2007, Nana 2005), a common occurrence also in Cameroon (Mitchard et al. 2009), and the Republic of Congo (Dowsett & Dowsett-Lemaire 1991, Favier
et al. 2004, Schwartz et al. 1996). This phenomenon is particularly relevant to protected areas established to preserve
savanna, as in the case of La Lopé (Palla 2011, Walters
2010).
Evaluation of species distribution and rarity in the
Batéké Plateaux
Vegetation work in the Batéké Plateaux savannas began in
earnest in the 1970s (e.g. Makany 1972, 1976). However
these studies were conducted prior to the discovery or description of most of the area’s endemic species, many descriptions of which included historic and new collections
(eg. Goyder 2009, van der Maesen & Walters 2011, Kimpouni 1992). This study takes into account these recent discoveries. The results presented here indicate that savanna vegetation contains six globally rare species which are classified as
Black or Gold Stars. Moreover, the six globally rare species
in the Batéké Plateaux are those restricted to either the Kalahari sands substrate or moist savannas, or among those subjected to fire; these species can be added to the list of those
that are endemic to the southern Kalahari sands (e.g. Walters
et al. 2006).
The rarity of some species in the Batéké Plateaux savannas suggests that more collection effort should be made in
these habitats. This result is similar to observations for the
coastal, wet savannas in Equatorial Guinea (Phillips 2000),
for both the Niari and Plateaux Batéké savannas in Gabon
(Descoings 1975), and for the Loango savannas (Harris et al.
in press). The discovery of these species comes through collection and identification efforts in savanna areas by specialists in herbaceous floras; indeed, recently more than thirty
new records for the flora of Gabon have come from savannas, including the discovery of rare species (Harris et al. in
press, Walters et al. 2011).
Star Ratings were not available for all species in all sites
in this study meaning that the associated Genetic Heat Index
could not be calculated. Future work in using the Star Rating system to generate Genetic Heat Indices will be helpful
in assessing the relative value of areas for conservation (e.g.
Tchouto et al 2006). It is suggested that future work focus on
assigning Star rating for the species in these and other areas.
Current protection of savanna and inselberg sites
Representation of a nation’s biological diversity is one reason for which protected areas are created (Margules & Pressey 2000). Many assessments of Gabon’s protected area system have focused only on evaluating the species diversity of
forests; however, savannas and inselbergs also deserve conservation attention. Recent work on assessing the floristic
similarity of both forest and savanna taxa from four national
parks (Minkébé, Monts de Cristal, Loango, and Batéké Plateaux) in Gabon has found that the floras of these parks are
extremely different (Wieringa & Sosef 2011). Our study produced similar results for the open, herbaceous vegetation in
the five sites in this study; indeed, with the present level of

analysis, it is impossible to identify any dominant savanna
types in Gabon, if they exist. These studies suggest that the
savanna and forest floras currently protected are different
and contribute to representing Gabon’s flora; as such, their
protection is justified. However sufficient data to analyse all
savannas and inselbergs in Gabon are lacking as a result of
low collection density in other sites (Sosef 2010). While the
savannas studied here have been well prospected, three key
savanna areas in Gabon need further collections in order to
be assessed: Tchibanga, Franceville-Boumango, and Wonga
Wongue. This includes some of those savannas currently
proposed for oil palm plantations.
Most of the country’s inselbergs are found in the continental forest that extends east of the Monts de Cristal towards
Minkébé NP. Only a group of inselbergs in Minkébé NP are
currently protected, while the site examined in this study
remains unprotected. With the exception of a single study
(Ngok Banak 2005), almost nothing has been published
about the inselberg flora of the Medouneu area, which harbours hundreds of inselbergs, as indicated by an aerial survey
conducted in 2001. The conservation value of the inselbergs
in this area was recognized by USAID’s Central African Regional Program for the Environment when defining the Monte Alén and Monts de Cristal inselbergs Landscape. However, most of these sites are located in logging concessions
and lack any conservation status. We therefore suggest that
inselbergs should be a priority in management plans submitted by forest companies to the Gabonese government.
The open, herbaceous areas of Gabon are variously being conserved or developed; however, our results indicate
diversity and potential rarity of some species in these areas. This underscores the importance of study before action.
However, until better specimen coverage is made available
through additional inventory work across all sites, the data
for analysing aspects of the flora, including the geographic
distribution of herbaceous and woody floristic diversity, will
remain limited.
SUPPLEMENTARY DATA
Supplementary data are available at Plant Ecology and
Evolution, Supplementary Data Site (http://www.ingentaconnect.com/content/botbel/plecevo/supp-data), and consist of a
list of star ratings and a species matrix used for ordination
analysis (pdf format).
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