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INTRODUCTION

Previously, national parks and other protected areas in Africa 
were generally created to conserve the fauna in these places, 
or to put it more bluntly, only large mammals mattered. The 
last decade, however, has shown a growing importance of 
the botanical composition and floral values when new pro-
tected areas are being created or existing ones are evaluated 
or extended. In many cases (e.g. Jansen et al. 1983, Jongkind 
2010) simple species lists are being produced, and the inter-
esting species discussed, in order to ‘evaluate’ conservation 
importance of the flora. In other studies a combination of cri-
teria, such as number of endemics or rare species and differ-
ent habitat types, is used to evaluate and/or select sites for 
conservation (e.g. Doumenge et al. 2003, Sosef et al. 2004).

However, it is also necessary to evaluate the value of a 
protected area by addressing its contribution to regional or 
global conservation (Gardner et al. 2007). To do this, one not 
only needs to know which species occur within such an area, 
but also where else these species occur. This is because we 
want to know how unique the species composition is on a 
regional or even global scale. A species that is endemic to 
a national park can only be conserved in situ in that park, 
and thus it gives the park a much higher status than a species 
with a broad distribution. For this reason some biodiversity 
assessment studies (e.g. Wieringa & Poorter 2004, Küper et 
al. 2004) weigh rarity. So, an area with a flora (and/or fauna) 

that is comparatively unique, hence does not occur in other 
places, should receive high conservation priority.

Another element that may play a role when prioritizing 
areas for conservation is to what extent a protected area can 
vouch for other, unprotected areas. If a non-protected area 
has a flora that is also present in a protected area, the need to 
protect this area as well is reduced (at least from the botanical 
species-level viewpoint; of course there are plenty of other 
reasons to conserve such areas), and conservation efforts can 
better be focussed on areas who’s flora is not yet secured.

These additional considerations for conservation plan-
ning cause a major problem for most conservationists, at least 
when they are not solely interested in well-known groups like 
large mammals or birds. For plants, for example, they might 
have performed inventories and have an idea about what oc-
curs in the areas they want to assess, but they will generally 
not have information about where else these plant species oc-
cur and hence what the global importance of these areas is. In 
areas like tropical Africa, where the amount of available data 
on plant distributions is usually quite limited, such problems 
seem even more acute.

‘Relative Floristic Resemblance’, a method that uses da-
tabased herbarium records, may fill in this gap. This method 
has been tested using four recently established national parks 
in Gabon and one in the Central African Republic. These are: 
Batéké Plateaux N.P., Crystal Mountains N.P., Loango N.P. 
and Minkébé N.P. in Gabon (see fig. 1) and the Dzanga-San
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gha Reserve in the Central African Republic. These five parks 
were chosen because their flora is reasonably well known; 
the availability of a fairly complete species list is a prerequi-
site for this method. Moreover, the four Gabonese parks were 
only created in 2002, they have previously not been assessed 
for their floristic conservation value, and they are situated in 
four different corners of Gabon. Finally, we expected at least 
one of the four Gabonese parks (Crystal Mountains) to have 
a comparatively unique flora (based on the concept of rain 
forest refuges, see Sosef 1996), another two (Loango and 
Batéké Plateau) to harbour important savannah vegetations, 
while the fourth (Minkébé) together with the one in the Cen-
tral African Republic (Dzanga-Sangha Reserve) are expected 
to contain more widespread species. Hence, we hoped these 
examples would be suitable to show various aspects of this 
new method. As a further demonstration of the method and 
aid to interpret the results, the analysis was also performed 
using the species list of the country Gabon as a whole.

Most of the surface of Gabon (80%) is covered by low-
land tropical rain forest, the remainder being mostly savan-
nah. Its highest mountains reach just over 1000 m. It is a 
centre of high biodiversity for African rainforest vegetation 
(Breteler 1990, Küper et al. 2004, Sosef et al. 2006) where 
many groups of forest taxa reach their highest species rich-
ness (e.g. Wieringa 1999, Versteegh & Sosef 2007, Breteler 
& Nguema Miyono 2008, Breteler & Wieringa 2008, Breteler 
2010, 2011), rendering an analysis of Gabonese parks both 
urgent and interesting.

Method

To create species lists for four national parks in Gabon and 
the whole of Gabon the current Gabon-database (Sosef et al. 
2006) was used. This is a subset of the collection database 
of the National Herbarium of The Netherlands (NCB Natu-
ralis, section NHN) stored in the software package Brahms 
(Filer 2010) and can be consulted on the internet (http://dps.
plants.ox.ac.uk/bol/Gabon). The NHN database now encom-
passes over 1.1 million collections records, of which about 
340,000 relate to African specimens and 83% of these are 
geo-referenced. Of the over 74,000 Gabon records 98% are 
geo-referenced. Figure 1 shows the current collection density 
in Gabon as registered in the database. The species lists of 
all four parks are based on all geo-referenced specimens of 
vascular plants present in the database that are identified at 
least to species level and where the coordinates fall within 
the park or within a 10 km wide buffer zone around the park  
(table 1). Specimen selection was performed using ArcView 
GIS 3.3. For the Dzanga-Sangha Reserve in the Central Af-
rican Republic a species list was provided in 2009 by David 
Harris (an update of Harris 2002). All analyses are conducted 
at species level. To achieve this, all six species lists (five parks 
plus Gabon) were extended to include all subspecific taxa, 
except those that are linked as synonyms to other names in 
the database. The extension was performed using the “Extend 
tags to all related infra taxa” tool in Brahms, subsequently all 
tags of synonym taxa were removed again.

Figure 1 – Collection density in Gabon per 15° × 15° grid cell. The boundaries of the national parks are shown by black lines. The four parks 
used in the analysis are provided with their short name. Crystal Mountains N.P. consists of two separate areas.
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Using all geo-referenced and fully identified records of 
vascular plants present in the NHN collection database, a grid 
cell table covering the whole world containing the number 
of species in each cell was obtained. Similar tables were 
prepared counting only the species present in the six spe-
cies lists. These tables were prepared with Brahms 6.7 (Filer 
2010) using the DistDiv procedure on species × grid cell with 
options “exclude cultivated botanical records”, “always use 
accepted name” and “exclude vague name” on. The species 
only present in the six species lists were counted for each grid 
cell by first extracting all collection records of species from 
these lists (including synonyms) and then running the Dist-
Div procedure using the option “extracted botanical records 
only”.

We have defined the ‘Relative Floristic Resemblance’ 
(RFR) of a cell to a specific area (e.g. National Park or coun-
try) as the proportion (expressed as a percentage) of species 
present in a cell that also figure in the species list of that area. 
Thus, to obtain the RFR of each grid cell to each park and 
to Gabon the number of species in each cell that are present 
in the reference area list was divided by the total number of 
species for that cell, and expressed as a percentage. Grid cells 
that are completely covered by the reference area of course 
always result in a RFR of 100% (see e.g. fig. 2). To evaluate 
the extent of national park floras over Africa, the grid cells 
size was set to 1 × 1°. For a more detailed analysis within the 

Figure 2 – Relative Floristic Resemblance map for the flora of Gabon, on the left using grid cells of 1° × 1° (only showing grid cells with 
more than ten known species), in the centre the interpolated map for 1° × 1°, and at the right a map zooming in on Lower Guinea using grid 
cells of 15’ × 15’. The national parks are indicated by their boundaries.

Lower Guinean floristic region, cells of 15 × 15’ (c. 28 × 28 
km) were used.

Only cells with more than ten known species are consid-
ered in this analysis. The results are visualized in grid cell 
maps. But, since not all grid cells in Africa reach this number, 
and some zones are quite empty because of lack of data in the 
NHN database (e.g. Sahara, Botswana), the image is some-
times too scattered to be read easily. Therefore, interpolated 
maps have also been created. Interpolation was performed 
in ArcView using interpolating method IDW, twelve neigh-
bours, second power, and no barriers.

Results and discussion

The wetter zones of tropical Africa are roughly divided into 
four phytogeographical regions, three are part of the Guineo-
Congolian regional centre of endemism: Upper Guinea (Li-
beria to Togo), Lower Guinea (southern Nigeria to northern 
Angola) and Congolia (most of the Republic of Congo and 
D.R.Congo), where the fourth is formed by some isolated 
forest patches in the Zanzibar-Inhambane regional mosaic 
(White 1979, 1983). The RFR maps of Gabon (fig. 2) show a 
high resemblance of the flora of both Lower Guinea and Con-
golia to that of Gabon, much stronger than to that of Upper 
Guinea. In the latter area the highest resemblance is found in 
the SE corner of Liberia which is the wettest part of West Af-
rica. The more detailed 15 × 15’ grid cell map shows that the 
vegetation in the whole of Equatorial Guinea and southern 
Cameroon resembles the Gabonese flora to a very high de-
gree, except in the mountainous areas of West Cameroon and 
Bioko which harbour a mountain flora not present in Gabon. 
This also shows how to read the maps: the resemblance of a 
grid cell to the ‘source area’ only shows which proportion of 
the species in that cell also occurs in the checklist area (in this 
case Gabon). It does not show how many Gabonese species 
are not found in that grid cell, nor if this grid cell is relatively 
rich or poor in species. So, it only tells you what percentage 
of the flora of the grid cell is ‘covered’ by the flora of Ga-
bon; hence what proportion of its species are conserved if the 
whole of Gabon was a protected area. 

The species lists for the five national parks (table 1) show 
an enormous difference in species numbers. Crystal Moun-
tains is by far the richest park with 1351 species, followed 

locality collections species

Batéké 861 473

Crystal Mountains 4223 1351

Loanga 1418 782

Minkébé 1099 609

Dzanga-Sangha c. 5600 1012

Gabon 57713 5197

Table 1 – Number of collections and resulting species number 
for each National Park and for Gabon. 
Collections are only considered if identified to at least species level 
and from within a 10 km radius of the Park. For the Gabon list all 
identified records from Gabon have been used. 
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by Dzanga-Sangha (1012), Loango (782) and Minkébé (609). 
Batéké Plateau has the lowest species number with only 473 
species. Both Batéké Plateau and Minkébé are presumably 
richer than is shown by these numbers because for both parks 
some botanical collections have not yet been included in the 
NHN database and in both only a very limited part has been 
explored botanically. A provisional species list for Batéké 
Plateau (Walters 2007) that includes many non-vouchered 
records already shows slightly more names (522, but only 
461 identified to species level) while there have been many 
new identifications since. The species lists for Batéké Plateau 
and Minkébé can thus be used in this study to evaluate the 
effect of incomplete species lists.

The maps showing the results of the RFR analyses for the 
five parks (fig. 3) show quite different pictures. Some parks 
like Loango and Batéké Plateau have a flora that apparently is 
quite unique and hardly extends outside of these parks. Oth-
er parks like Crystal Mountains and Dzanga-Sangha have a 
high resemblance over vast areas of central Africa. Strikingly 
enough, these last two parks do not show a lot of overlap in 
resemblance area; they are quite complementary to one an-
other. Although it does not have the largest species number, 
the Dzanga-Sangha reserve does show the largest area with 
a high resemblance in Africa. We may thus conclude that 
thanks to the protection of the Dzanga-Sangha reserve, a fair 
portion of the flora of the entire Congo Basin has been se-
cured, at least at species level. In the 1° grid cell analysis the 
cells of the Minkébé N.P. show a fairly high resemblance to 
Dzanga-Sangha. However, in the more detailed analysis the 
RFR’s are not that high, and although Minkébé shares a lot 
of species with Dzanga-Sangha, Minkébé apparently also has 
a set of locally more common species (represented in sev-
eral 15’ cells) that it does not share. Since we know that the 
Minkébé inventory has a strong emphasis on woody plants, 
especially large trees, this may well be the cause of this ef-
fect. This is corroborated by the result that the more western 
grid cell in the park, where the sampled flora is based on the 
last part of the A-transect (van Valkenburg et al. 1998) and 
hence consists solely of large trees, has a lower resemblance 
to Dzanga-Sangha than the two cells along the Nsing River, 
where general collecting also took place. This apparent ef-
fect, that large trees show more local diversity patterns than 
plant species in general, should be analysed in further studies.

Of the four assessed Gabonese parks only Crystal Moun-
tains has an enormous species count and the conservation ef-
fect extents over a large area. However, all eleven other ter-
restrial national park grid cells show only between 25 and 
67% resemblance to this park, meaning all these parks still 
harbour quite a lot of species not present in Crystal Mountains 
N.P. and hence none of these parks becomes superfluous. The 
same is true for the other three Gabonese parks that were as-
sessed: none of the other parks show a lot of resemblance to 
any of these three parks, and it thus seems the park areas have 
been very well chosen. The parks that have a flora with a 
very limited extent (Loango and Batéké) not only show very 
low resemblance from other parts of Gabon, but these parks 
likewise show less resemblance to other parks (like Crys-
tal Mountains). This combination points to the unique flora 
these two national parks harbour. Although both parks have a 
large savannah component, their floras do not resemble each 

other either. This conclusion is corroborated by the study of 
Walters et al. (submitted); the flora of Loango is discussed 
in more detail by Harris et al. (submitted). For Batéké Pla-
teau it is striking that it has a much higher correlation with 
some parts of Congo-Kinshasa than with nearby Gabonese 
cells. Since most of the park soil consists of Kalahari sands, 
Walters et al. (2005) expected a relative high correlation with 
other areas with Kalahari sands like eastern Angola. But since 
no grid cells in eastern Angola reach eleven species, we do 
not have any data points to corroborate that hypothesis.

As stated above, the species lists for Batéké Plateau and 
Minkébé are relatively incomplete. Incomplete species lists 
will have the effect that a grid cell may have some species 
that will be scored as “not occurring in the reference area”, 
while in fact they do occur there. This results in lower re-
semblance values. However, one may expect the effect to be 
equal for all cells; for example if 32% of the real number of 
species in a park is not yet on its species list, the RFR values 
will also, on average, be 32% lower. So, in theory, the map for 
that park will show a paler image than if a complete list were 
available. Indeed fig. 3 shows us that the maps for these two 
parks are in general paler than the other maps. However, the 
image that starts emerging for e.g. Minkébé is as was expect-
ed for this park: high affinities with south-eastern Cameroon, 
northern Congo-Brazzaville and parts of the Congo Basin. 
That the overall image does appear (though paler) proves that 
the method can be used for parks with a partially incomplete 
species list. But, judgements regarding the uniqueness of 
their flora should be made with extreme caution. A second 
effect, however, will be that this error will introduce its own 
variation by chance, on top of the variation introduced by the 
subset of known species for a grid cell, resulting in ‘spotty’ 
maps. Both types of variation will be smaller if the number of 
known species of a grid cell is larger. The interpolated maps 
for Batéké Plateau and Minkébé indeed show a spotty image, 
especially in the Congo Basin, an area where in our database 
the number of collections per grid cell is usually quite low. 
On the other hand this does not yet disturb the overall impres-
sion obtained about the resemblance patterns for these parks. 
If the increased variation is judged to be too disturbing, it is 
possible to set the minimum number of species in a grid cell 
to fifteen or twenty instead of eleven as was used here. Where 
to place this cut-off value will always be a compromise be-
tween getting results from more grid cells against possibly 
getting some grid cells with extreme results caused by ran-
dom variation in cells with few data. Therefore, the ‘ideal’ 
cut-off point will tend to be higher for analyses of parks with 
incomplete species lists.

An interesting effect that can be observed in the resem-
blance maps of Gabon is that some low altitude, isolated 
oceanic islands like the Seychelles, the Maldives and Cape 
Verde show a higher resemblance than other areas at the 
same distance (best shown in the interpolation where the 
sea is coloured to show what would have been expected if 
it were land). These low oceanic islands usually have a rela-
tively poor flora with few endemics and comparatively high 
numbers of pan-tropical weeds and beach species. So, due to 
this their flora concurs for a fair part with the Gabonese flora. 
Most national park analyses do not show this effect, point-
ing to a low number of pan-tropical weeds collected in these 
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Figure 3 – Relative Floristic Resemblance maps for the protected areas Batéké Plateau, Loango, Minkébé, Crystal Mountains and Dzanga-
Sangha. From left to right as in fig. 2.
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parks. The only exception is the coastal park Loango that 
does show elevated values in all these islands. Upon closer 
examination, the common elements indeed prove to be some 
weeds and pan-tropical grasses.

Relative Floristic Resemblance can also be used to evalu-
ate which parts of a region or country have a flora that is not 
yet protected by the present park system. If Gabon were to 
have such areas, they should be considered for conservation. 
However, such an analysis, where we can assess which part 
of the Gabonese flora has not been covered for by the present 
park system, can only be performed if fairly complete species 
lists are available for all of the present parks, and this is not 
yet the case. At the moment there is even one park (Mwagne) 
where not a single plant species is known from within its bor-
ders, and quite a number of parks where very few collections 
are known (e.g. Birougou) or only a small part of the park 
has been visited by botanists (Minkébé, Batéké Plateau, Pon-
gara and Ivindo). Although such a combined analysis would 
be most welcome, at present it cannot be properly performed 
and more inventory work in the above mentioned parks, as 
well as to yet uncollected areas in Gabon, is needed.

Conclusions

‘Relative Floristic Resemblance’ using digitized and georef-
erenced herbarium specimen data proves a powerful and use-
ful tool to assess the botanical conservation value and extent 
of protected areas. This method works well if the total plant 
species content of the protected area is fairly well know. 
For protected areas where the included species are only 
partly known, the resulting map is paler (overall lower re-
semblance) but the general resemblance pattern does appear. 
Users should be aware that in such cases the image is too 
pale and compensate for this prior to drawing conclusions. To 
avoid too much variation for some grid cells due to data arte-
facts, the user may increase the cut-off value for the minimal 
number of species per grid cell. This method does not need a 
lot of data for areas in the rest of the region addressed to work 
properly. Occurrence data of fifteen to twenty species per grid 
cell will be enough for analyses of incomplete species lists, 
while as few as ten may work for complete lists; for many 
areas often no more data than this is available, and for such 
areas this method will be the only one available. Grid cell size 
of an analysis will depend on the research question (local or 
more general) and the amount of available data.

The conservation value of the Dzanga-Sangha appears to 
extend well into the Congo Basin; hence, a considerable part 
of the Congo Basin forest flora is probably under protection 
thanks to this park.

The four Gabonese parks analysed appear to have very 
different and unique floras. These parks cannot vouch for any 
of the other terrestrial Gabonese parks. On the other hand, the 
flora of some parks is so poorly known that even their resem-
blance to well-known parks cannot be assessed. These parks 
urgently need to be inventoried. When all parks have fairly 
complete species lists, a combined analysis can be performed 
to assess which part of the Gabonese flora has not been cov-
ered by the present park system, and which areas need protec-
tion in order to overcome this shortcoming. This will prove 

very useful advice to governmental agencies, NGO’s and 
conservationists on where to plan or move future parks.

The power of this method may be improved substantially 
if all data available in collection databases of herbaria around 
the world is pooled (as is already the case for the Gabon da-
tabase). Then more detailed 30’or 15’ grid cell analyses can 
be performed over larger areas, and analyses performed for 
protected areas in countries where single herbaria databases 
hold insufficient data.
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