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Introduction 
This report is a summary of botanical survey work for LTS, as part of the European Forestry Institute 

(EFI) funded project άSupport to the development of a Common Mapping Platform in Cameroon έΦ 

It is assumed readers will be reading this report in its context, as an Annex of other project 

documents but, in case it is read out of context, a very brief overview follows. 

The overall objective of the work is to: ά!ǎǎŜƳōƭŜ ŀƴŘ ǇǊŜǎŜƴǘ ƴŜǿ ǎǇŀǘƛŀƭ ƛƴŦƻǊƳŀǘƛƻƴΣ ōŀƭŀƴŎƛƴƎ 

economic interests with social and environmental dimensions, for strategic and inclusive national 

discussion for more sustainable land use planning in the context of development of palm oil in 

Cameroon, using a methodology that can be extended to other forest-risk commodities and other 

countries in ǘƘŜ ǊŜƎƛƻƴΦέ The work consists of three components:  

Å Component 1: άDevelopment of an interactive mapping tool to support participatory land 

use planning, in the context of competing pressures on land, especially palm oil 

ŘŜǾŜƭƻǇƳŜƴǘέ  

Å Component 2: ά5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘŜǎǘƛƴƎ ƻŦ ŀ ŦƛŜƭŘ ŀǎǎŜǎǎƳŜƴǘ ǇǊƻǘƻŎƻƭέ  

Å Component 3 (cross-cutting): άInvolvement of key national stakeholders for a wider 

ǎǘǊŀǘŜƎƛŎ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ƭŀƴŘ ǳǎŜ ǇƭŀƴƴƛƴƎ ŀǘ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭΦέ  

The focus is thus on supporting better land use planning in preparation for new pressures on land 

(including, for example, oil palm development, other commodities, REDD+ projects, etc.). The 

approach will respond to the current interest of the Government to launch multi-sectoral land use 

planning in the context of the 2011 Orientation Law on Land Management & Sustainable 

Development.    

Through discussion with the many stakeholders, the priority process selected for initial testing was 

the ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ŀ άƭƻŎŀƭ ƭŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ǉƭŀƴέ ŀǘ the Council 

(municipal) level. This is the lowest geographical unit of planning envisaged in the 2011 Orientation 

Law on Land Management. It is also the only level of planning that actually engages directly with 

local stakeholders to produce spatially explicit and detailed maps.  

During Phase 2 we therefore developed and commenced testing of a tool for council level land use 

planning Nguti Municipality ς an area with high pressures on land for commodity production and an 

interest to test REDD+ - and gained feedback for further development and refinement. Based on 

initial positive feedback on the usefulness of the tool, it has the potential to be further adapted for 

other uses, such as ESIA, or preliminary screening of investment options.  

The consortium cannot actually produce the land use plan, and has no mandate to do so. Instead, it 

has compiled and reviewed existing data, assessed its relevance, and identified data gaps to be filled 

to support land use planning.   

The EFI funded project has restricted its focus to preparation of data layers that are most relevant to 

REDD+ specifically: Community rights and social values; Carbon stocks and values; Biodiversity; Cost 

of transport to markets. Other projects (in particular BGR, with German Cooperation funding) are 

collecting additional data layers that may be integrated into the mapping platform at a later date.  

Project Area  
Nguti Municipality in the South West region was selected as the Council area in which to pilot the 

mapping tool.  Key features of Nguti that contributed to its selection include:  
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¶ Typical rural area with food, cocoa and other crop production for local and international 

markets;   

¶ Significantly affected by a planned new oil palm plantation (Herakles Farms);   

¶ AfDB investment in new infrastructure - Kumba to Mamfe road that will greatly influence 

land use;   

¶ 2 Protected Areas (Banyang Mbo + Bakossi). A new Forest Management Unit (UFA 11-007).  

5 Community Forests and 1 Council Forest;  

¶ Conservation organisations are interested in developing wildlife corridors between Bakossi 

NP, Korup NP and Banyang Mbo Wildlife Sanctuary;   

¶ REDD+ could be used as tool for supporting the management of forests and corridors;  

¶ Community mapping is already being conducted by Rainforest Foundation (UK) and Forest 

tŜƻǇƭŜΩǎ tǊƻƎǊŀƳΦ  

Botanical Tasks and Deliverables    
Under guidance of the Team Leader, the HCV Forest/Field Protocol Specialist implemented the 

following activities, and contributed to the delivery of the respective outputs:  

1. Field Assessment Protocol v1 and v2: A Biodiversity Assessment & Mapping field protocol 

adapted to the specific needs of this project was developed.  Outputs: Field Assessment 

Protocol v1 + v2, and Field Tests Report.  

2. Data collection and compilation: Training was provided on field data collection methods and 

analysis to field teams, and initial Field Testing for the Floral Biodiversity (HCV) assessment 

was undertaken. Rapid data collection was conducted, including a Floral Biodiversity (HCV) 

assessment; the coordination of field data collection to support mapping of land for 

sustainable intensification; and the preparation of a final report.  

3. GIS layers incorporating results of all fieldwork were prepared for inclusion in the common 

mapping platform.  

 

Notes on Progress and context of report 
The current report covers and summarises the requirements outlined above, although the particular 

path to these deliverables has not followed that envisaged a year ago. Delays in assembly of a 

Cameroonian RBS field team, and therefore to the start of the proposed training and fieldwork, 

delayed the start of the RBS activities from Feb-March 2015 to July-August 2015, into the logistically 

challenging rainy season. This delay meant the HCV Forest/Field Protocol Specialist was not able to 

facilitate the start of the fieldwork, however an opportunity arose to instead increase the 

involvement of Cameroonian experitise in the form of Dr. Peguy Tchouto, who has good experience 

of RBS in Cameroonian. Dr. Tchouto was able to implement the field protocols provided by the 

Specialist, and use them to train and coordinate the rest of the field team (some of whom also had 

some RBS experience). The Specialist then joined the field team in Yaounde to assist them with the 

assessment and identification of the large number of mostly sterile specimens collected during the 

field work - a critical component of any RBS. Identification was undertaken at the Yaounde 

Herbarium between 3 and 13 November 2015.  The following report summarises the current findings 

from this work.  
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Methods 

Development of the database 
All data are managed using the BRAHMS database system (see http://herbaria.plants.ox.ac.uk/bol/).  

A database was compiled from various sources, starting with an old database (in TREMA format) that 

had been developed in around 2000 for the Mt. Cameroon Project (Ndam et al., 1997; Hawthorne, 

1998). This was translated into BRAHMS format, and updated with reference to numerous 

databases, including:  

1. A Tropical African database (Marshall, 2015), itself compiled from earlier databases, 

including;  

o A West African Brahms database (developed by Hawthorne and used e.g. in 

Hawthorne 1996; Hawthorne & Abu Juam, 1995);  

o Ecosyn database (Hawthorne & Jongkind (2005), and Poorter et al. (2004); with 

extensive updates especially pertinent to Cameroon, and kindly supplied by 

Wieringa (Naturalis, pers. comm.);  

o the African plants databases (referred to particularly for nomenclature and 

distributions); and  

2. data downloaded from GBIF (http://www.gbif.org/ ) covering Cameroon.  

A subset extracted for Cameroon from the Tropical Africa Brahms database, including many Star 

ratings (based on the global rarity of species1), was converted and gradually edited to a more 

streamlined Brahms database for the current project. This was used to prioritise the otherwise 

ongoing process of Star ratings (see below), which is nearing completion for the African continent. 

A sample set of specimens from the digitised National Herbarium in Yaounde was kindly extracted 

for the Nguti area by Hervé Chevillotte, with the agreement of Prof. Onana, and imported to 

Brahms. 

Future work will see the BRAHMS-Cameroon database placed online, using Brahms-Online (under a 

new initiative, ά¢ƘŜ hȄŦƻǊŘ tƭŀƴǘ hōǎŜǊǾŀǘƻǊȅέ όTOPO), designed to integrate data across projects 

and with a greater focus than normal herbarium databases on Bioquality and other sample plot 

summaries). 

Field Survey 
Field Protocol followed the standard RBS method (see Hawthorne & Marshall, 2015; and a separate 

field methodology update for the current project in Annex 1). This aims to provide at least a highly 

representative list of the vascular plants, ideally a complete species list, of a well-defined and 

homogeneous patch of forest or other vegetation in a discrete part of the landscape. Some team 

members were familiar with this method from previous surveys (Ndam et al., 2001; Tchouto, 2004; 

Tchouto et al., 2005) and armed with the updated guidelines, a refresher course was provided in 

Nguti by Dr. Tchouto at the start of the fieldwork in June 2015.  

                                                           
1
 The presence of globally-rare, restricted-range species in an RBS survey sample can be determined by 

comparing it with a database of such species.  Narrow or local endemics ς the most restricted and rare ς are 
ǘƘƻǎŜ ǎǇŜŎƛŜǎ ǘƘŀǘ Ƴŀȅ ōŜ άŜƴŘŜƳƛŎ ǘƻ ŀ ǎƳŀƭƭ ǇŀǊǘ ƻŦ ŀ ǊŜƎƛƻƴ όŀ Ƴƻǳƴǘŀƛƴ ǊŀƴƎŜ ƻǊ ŦƻǊŜǎǘ ōƭƻŎƪΣ ǎƳŀƭƭ ƛǎƭŀƴŘ 
groups, or corners of a region with unusual rainfall patterns) where they might be locally common, or 
scattered within a slightly wider range. The categories (defined after Hawthorne and Marshall, 2015) are Most 
ǊŜǎǘǊƛŎǘŜŘκǊŀǊŜ όά.ƭŀŎƪ {ǘŀǊέύΣ {ƻƳŜǿƘŀǘ ǊŜǎǘǊƛŎǘŜŘκǊŀǊŜ όάDƻƭŘ {ǘŀǊέύΣ LƴǘŜǊƳŜŘƛŀǘŜ ǊŀƴƎŜκŎƻƳƳƻƴƴŜǎǎ όά.ƭǳŜ 
{ǘŀǊέύΣ /ƻƳƳƻƴ ŀƴŘ ǿƛŘŜǎǇǊŜŀŘ όάDǊŜŜƴ {ǘŀǊέύ 

http://herbaria.plants.ox.ac.uk/bol/
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The members of the field team were: P. Tchouto, M. Sainge, B. Tchiengué, J.P. Ghogue, P. Mambo, E. 

Ndive and F. Achuo. 

Specimen identification 
Specimen identification occurred in three phases. Many common species well known to the field 

team were recorded directly on the field forms. Vouchers were collected for a subset of these 

records and for all other species, and after drying in the field were returned to the national 

herbarium in Yaounde, where in August-October 2015 they were sorted into species and identified 

as far as possible. In a final phase, the sorted and identified specimens were checked and an attempt 

was made over a week in November 2015 to improve the levels of identification. 

Data cleaning and manipulation 
All RBS plot data were typed into MS-Excel from field sheets at Yaounde, under the direction of Jean 

Paul Ghogue and Barthélemy Tchiengue. This was converted for import to the project Brahms 

database, cleaned up and adjusted for synonymy; and updated with new determinations as outlined 

ŀōƻǾŜΣ ōŜŦƻǊŜ Ŧƛƴŀƭƭȅ ƛƳǇƻǊǘƛƴƎ ǘƘŜ Řŀǘŀ ƛƴǘƻ .ǊŀƘƳǎ άōƻǘŀƴƛŎŀƭ ǊŜŎƻǊŘǎέΣ ǳǎƛƴƎ ǘƘŜ Ǉƭƻǘ Řŀǘŀ 

modules.  Within BRAHMS, consistency checks are enforced on nomenclature, synonymy and the 

taxonomic hierarchy. Identification of all specimens is an ongoing process. The taxonomic 

framework is ever changing, and the BRAHMS database started for the current project should be 

seen more as a tool for ongoing work rather than a finished product. 

The following report of results is a snapshot of the data for December 2015, which has evolved since 

earlier versions produced for the project workshop in November. However, the changes in specific 

details during this period have not changed the substance of the workshop conclusions, and the 

main trends described below are unlikely likely to change significantly into the future. 

For this snapshot view of the results, all data within BRAHMS, whether plot data alone or combined 

with herbarium data, were exported into various summary Ψ5ƛǎǘǊƛōǳǘƛƻƴ {ǳƳƳŀǊȅ ǘŀōƭŜǎΩΣ ŦǊƻƳ 

where it is a small step to calculate the Bioquality scores reported below. For more detailed 

vegetation analysis, distribution summary tables of RBS sample data were exported from BRAHMS to 

the statistical software PCORDWIN. Maps were made in Manifold-GIS using data imported directly 

ŦǊƻƳ ǘƘŜ ŘŀǘŀōŀǎŜΩǎ 5.C ŦƛƭŜǎΦ 

The bioquality analytical process adopted here lends itself, and was in fact originally designed, to 

make the most use of any data on reliably named records of plants in particular places. As a 

demonstration of this potential, the BRAHMS database has also been enriched by specimen data 

representing all herbarium records, for the Nguti degree square, from the Yaounde National 

herbarium database, kindly exported by Prof. Onana and Hervé Chevillotte.  There is much more 

potentially useful data that exists, including data from Korup 50 ha. plot, and electronic records at 

the Royal Botanic Gardens Kew, however neither access nor permission for use has currently been 

obtained. In the future, there is much that could be added by manually typing in published 

checklists. However, these data are at best context-setting, and for the critical issue of pinpointing 

sensitive vegetation patches within specific districts, a specifically targeted RBS will in general be 

required. 

Tree Count Data 
Canopy Tree counts (counts of trees stems >30cm DBH, summed per species) were normalised, to 

yield a percent of all trees in each sample represented for each species. For the ordination of the 

whole flora, combinding the 1-3 abundance scores assessed for each understorey species, these 

percent figures were converted to abundance scores. Tree species accounting for >50% of the 
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canopy were given a canopy abundance score of 3; those accounting for 25-50% of canopy were 

scored 2, while the remainder was given a canopy abundance score of 1. The maximum abundance 

score per species was taken for each plot (e.g. a tree species recorded as an understorey sapling 

with abundance 1, but also recorded in the canopy count with a canopy abundance of 2, would have 

an overall abundance for that plot of 2). 
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Results 
A summary of the collected data is shown in Table 1. 

As summarised in Table 2, between 28 July and 8 August 2015, 25 RBS samples were surveyed. The 

location of these samples is mapped below, along with the results of the further analysis of the data. 

 Table 1 Raw statistics of plot data collection 

Field data Number /  
Amount 

Comment 

RBS Samples 25  

Vouchered records of a 
species in a sample 

2,077 2,054 voucher records have been included in the identified 
voucher file, although it is not clear whether all of these 
have been positively seen in the herbarium. C. 23 have 
been lost since being recorded e.g. in transit or because 
ǘƘŜȅ ŘƛŘƴΩǘ ŘǊȅ ǿŜƭƭΦ 

Unvouchered records 
excluding tree counts 

4,012  

Tree-count summary 
records 

549 These are single records of species x sample in the 
database, but may be a count of 1 or more individual trees 
of the particular species 

Total sp x sample records 4,561  

Total of individual trees 
counted 

1,011 Although the goal is to count and identify 40 or more 
canopy trees per sample, a few samples had <40 large 
trees. 

  

Table 2 Summary of RBS sample enumeration, date, time of daty and location 

Sample Date Start End Lat (n) Long  Alt(m) Locality Land  Vegetation 

BARO1 30/7 9.50 12.47 5.30454 9.28812 360 Baro, 
Council forest 

Flat Lowland rainforest 

BARO2 30/7 14.15 17.00 5.28941 9.32051 320 Baro, Council forest, Abat 
road 

Valley/ 
Slope 

Lowland forest 

BAYENTI1 2/8 9.25 12.23 5.36917 9.39278 270 Bayenti Gentle 
slope 

Very old disturbed 
forest with tall 
Legumes  

BAYENTI2 2/8 13.38 12.23 5.35284 9.40690 256 Bayenti  Gentle 
slope 

Lowland forest 

BAYENTIE 5/8 13.54  5.34962 9.40998 256 Bayenti Slope 
more or 
less gentle 

Riverine forest 

EDIANGO1 29/7 9.35 12.31 5.26712 9.39736 360 Ediango, 416 m from Baro 
road, MBACOF community 
forest 

Hill top Lowland rainforest 

EDIANGO2 29/7 13.04 15.00 5.26524 9.39935 350 Ediango, Mbacof 
community forest 

Slope Lowland forest on 
slope 

EDIANGO3 29/7 13.42 15.13 5.29791 9.35645 290 Ediango, secondary forest 
along the road 

Flat Secondary forest 

EKENGE1 28/7 10.30 13.15 5.28805 9.43708 237 Ekenge, 1.9 Km from 
Ekenge village, in MBACOF 
Community forest 

Flat Lowland forest with 
discontinuous 
canopy 

EKENGE2 28/7 14.00 15.05 5.28479 9.42593 263 Ekenge, 665 m from 
village, river bank in 
MBACOF Community 
forest 

 Swamp 
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Sample Date Start End Lat (n) Long  Alt(m) Locality Land  Vegetation 

EKENGE3 28/7 15.10 16.40 5.28476 9.42454 240 Ekenge, 525 m from the 
main road. 

Flat Secondary forest 

ETINKEM 8/8 8.44 12.05 5.42481 9.38007 233 Etinkem Gently 
slope 

Old degraded forest 

EYANGATEMAKU 7/8 9.35 13.20 5.38660 9.45254 294 Eyang Atemaku Flat Lowland forest 

KOKOBOMA1 31/7 10.5 13.46 5.08867 9.41206 480 Kokoboma, Mongo Ndor 
road 

Valley Lowland forest 

KOKOBOMA2 31/7 15.3 15.43 5.07778 9.21061 440 Kokoboma, forest behind 
the village 

Flat Lowland forest 

MBOKA 5/8 10.52 13.1 5.29224 9.42347 258 Mboka Flat Old rubber 
plantation 

MUNGONDOR1 3/8 12.04 15.1 5.22592 9.52440 300 Mungo Ndor Flat Lowland forest 

NFAITOK1 6/8 10.18 13.05 5.46382 9.45918 291 Nfaitok Flat Lowland forest 

NFAITOK2 6/8 13.54  5.45711 9.48158 238 Nfaitok Gentle 
slope 

Lowland forest 

NGUTIA 7/8 14.25 15.2 5.35316 9.42329 225 Nguti Gently 
slope 

Swamp forest 

NGUTIB 8/8 13.15 15.00 5.32719 9.41634 255 Nguti Steep 
slope 

Old palm plantation 

TALANGAYE1 1/8 10.06 12.00 5.15260 9.32867 300 Talangaye, SGSOL site Flat Lowland forest 

TALANGAYE2 1/8 13.12 14.56 5.15332 9.35486 380 Talangaye, Herakles farm Slope Lowland disturbed 
forest 

TALANGAYE3 4/8 10.05 12.56 5.18397 9.38758 380 Talangaye, 4.12 Km south 
of Talangaye village 

Flat and 
hill top 

Lowland rainforest 

TALANGAYE4 4/8 13.55 16.05 5.18277 9.39307 405 Talangaye 4 Gentle 
slope 

Lowland rainforest 
with scattered 
canopy 

  

Taxonomic summary 
The species identified to-date, in the field and from the specimens, are summarised in Table 3 . 

Table 3 Numbers of identified and unidentified taxa at Dec 20, 2015. 

Rank Number 

Families 193 

Genera 1143 

Species & vars. (including 1 count per genus for vague names of 
ǳƴƛŘŜƴǘƛŦƛŜŘ Ǉƭŀƴǘǎ ƭƛƪŜ ά!ƴƴƻƴŀ ǎǇΦέύ 

3034  

Species & vars excluding Vague names 2626 

 

Clearly there is more identification work to do, to account for more of the 408 (3034-2626) taxa 

which are still incompletely identified. However, many of these are one-off species records (so 

future work would not change the pattern of vegetation type seen in an ordination at all); or are 

barely identifiable sterile specimens, e.g. Carex sp., or are of unidentifiable trees with no voucher so 

it is unlikely this unidentified total will be reduced to much below 100. Although some of the 

ōƛƻǉǳŀƭƛǘȅ ǊŜǎǳƭǘǎ ŘŜǎŎǊƛōŜŘ ōŜƭƻǿ Ƴŀȅ ΨǿŀƛǾŜǊΩ ǎƭƛƎƘǘƭȅ ŀǎ ƳƻǊŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴǎ ŀǊŜ ƳŀŘŜΣ ǘƘŜ Ƴƻǎǘ 

significant families have been tackled first, and the gross patterns, established by the majority of 

species will not change. In any case, for one of the richest and most complex ecosystems in Africa, 

this level of taxonomic vagueness in even the finalised results of a one-off survey is not unusual. 
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Table 4 The most diverse genera in the RBS samples, showing number of taxa in each   

Number of Species,  
Vars etc. 

Genus 

43 Psychotria 

37 Dichapetalum 

30 Asplenium 

29 Cola 

27 Strychnos 

27 Begonia 

26 Ficus 

26 Diospyros 

22 Cyperus 

20 Dorstenia 

18 Bulbophyllum 

18 Landolphia 

17 Solanum 

17 Salacia 

16 Pavetta 

16 Polystachya 

16 Campylospermum 

15 Drypetes 

14 Aframomum 

14 Combretum 

13 Bertiera 

13 Plectranthus 

13 Vernonia 

13 Garcinia 

13 Impatiens 

13 Culcasia 

12 Rinorea 

12 Clerodendrum 

12 Rothmannia 

12 Memecylon 

12 Dracaena 

11 Chassalia 

11 Dioscorea 

11 Ipomoea 

11 Commelina 

11 Tabernaemontana 

11 Justicia 

10 Oxyanthus 

10 Hibiscus 

10 Xylopia 

 

 

Table 5 The most diverse Families in the RBS samples, showing number of taxa in each   

Number of Species,  
Vars etc. 

Family 

325 Rubiaceae 

238 Fabaceae 

120 Poaceae 

112 Apocynaceae 

98 Malvaceae 

96 Orchidaceae 

92 Euphorbiaceae 

88 Asteraceae 

82 Acanthaceae 

69 Annonaceae 

68 Cyperaceae 

61 Lamiaceae 

58 Moraceae 

46 Melastomataceae 

43 Phyllanthaceae 

42 Commelinaceae 

39 Sapindaceae 

39 Dichapetalaceae 

38 Araceae 

36 Urticaceae 

34 Meliaceae 

30 Aspleniaceae 

28 Loganiaceae 

27 Solanaceae 

27 Begoniaceae 

26 Ochnaceae 

26 Ebenaceae 

26 Celastraceae 

25 Amaranthaceae 

24 Convolvulaceae 

23 Icacinaceae 

23 Combretaceae 

22 Sapotaceae 

22 Marantaceae 

21 Dryopteridaceae 

20 Cucurbitaceae 

20 Pteridaceae 

19 Zingiberaceae 
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19 Menispermaceae 

18 Vitaceae 

18 Clusiaceae 

18 Anacardiaceae 

18 Asparagaceae 

17 Salicaceae 

16 Putranjivaceae 

16 Chrysobalanaceae 

15 Violaceae 

15 Arecaceae 

15 Primulaceae 

15 Connaraceae 

14 Myrtaceae 

14 Lecythidaceae 

14 Hymenophyllaceae 

14 Polypodiaceae 

13 Piperaceae 

13 Balsaminaceae 

12 Thymelaeaceae 

12 Dioscoreaceae 

11 Passifloraceae 

11 Loranthaceae 

11 Lauraceae 

10 Thelypteridaceae 

 

Species-Sample accumulation 
Figure 1 is a species-sample accumulation curve depicting the numbers of species found on average 

across various numbers of the RBS samples. It is clearly still rising after the 25 samples, indicating 

that even within the limited range/area of vegetation types sampled, hundreds more species are 

likely to be found after tens of extra samples. As can also be surmised from the sparse arrangement 

of samples across the maps below, the survey to date are valid as an early trial of the methodology, 

and the results may be indicative, but should not be seen as an exhaustive summary of the 

vegetation in this region. 
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Figure 1 Species accumulation curve for 1088 Species showing mean number of species accumulating in 25 samples. Red 
line shows 2 S.D. error line 

 

Vegetation classification 
The sampled flora data was ordinated using Non-Metric Multidimensional Scaling, a statistical 

summary which highlights (in a 2 or 3 dimensional graphical form) similarities and differences 

between them in terms of species composition (Borg & Groenen, 2005). . 

The field surveyors described the vegetation in the sample headers broadly using six generic terms: 

lowland rain forest; secondary forest; old or broken disturbed rain forest; plantation (oil palm or 

rubber); riverine; and swamp forest. These encompass the main variations of vegetation in the area 

(apart from roadside or current farm vegetation). These vegetation categories have been 

superimposed on the Ordination results in Figure 2.  

Plantation and secondary forests are to the left of the graph; swampier forest to the top; and 

rainforests (disturbed or otherwise) on the right. Clearly, the X-axis corresponds to a variation 

associated with increasing disturbance to the left, and increasing ground moisture is probably a 

second major factor, associated with the floristic variation up the Y-axis. It is likely that the two 

Nfaitok samples and two slightly disturbed (green symōƻƭǎύΣ Ψ¢ŀƭaƴƎŀȅŜΩ ǎŀƳǇƭŜǎΣ ŀǘ ŀǊƻǳƴŘ пллƳ 

όƻƴ ǎƭƛƎƘǘ ǎƭƻǇŜǎ ŀƴŘ ƻƴŜ ǊŜŎƻǊŘŜŘ ŦǊƻƳ ΨIŜǊŀƪƭŜǎ ŦŀǊƳǎΩύ ŀǊŜ ƻŦ ŀ ƎŜƴŜǊŀƭƭȅ ǎƭƛƎƘǘƭȅ ŘǊƛŜǊ ŦƻǊŜǎǘ ǘȅǇŜ 

than the rest of the forest samples, particularly as several species favouring the more 

semi-deciduous end of the evergreen forest spectrum are commoner in these plots (See further 

discussion of species associations below). 

 

0

400

800

1200

0 10 20

Nguti RBS

A
v
e

ra
g

e
 N

u
m

b
e

r 
o

f 
S

p
e

c
ie

s

Species



Mapping High Conservation Value - Protocol Annex 2  P a g e |  13 

Figure 2 NMDS ordination of the whole flora in 25 RBS samples, coloured (1-6) according to field summary of the 
vegetation. 1=Rainforest; 2=Old disturbed forest; 3=Riverine forest; 4=Swamp; 5=Secondary forest; 6=Tree plantations 

 

Figure 3 Ordination results as in previous figure, but with sample symbol size proportional to altitude, 
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The hills sampled are modest for this part of Cameroon, with a variation of altitude of only 225-

480m, yet the better forest was mostly sampled on the hills. Therefore, altitude also tends to be 

correlated with the floristic variation along the X-axis, as represented in Figure 3, where the larger 

symbols, mostly right of centre, represent higher altitude plots with their generally less secondary 

and less swampy rain forest. 

Although some of the perceptions of the field team of more obvious features of the vegetation type, 

i.e. the main categories summarised as VEGNUM, such as riverine and swamp forest are useful 

predictors of floristic content, plantations and younger secondary forest are somewhat blurred in 

this respect. For example, a rubber plantation can show more similarity to unplanted secondary 

forest than to another patch of secondary forest for instance. In additon, ά5ƛǎǘǳǊōŜŘ ƻǊ ōǊƻƪŜƴ 

ǊŀƛƴŦƻǊŜǎǘέ ƻǾŜǊƭŀǇǎ ƛƴ ǘŜǊƳǎ ƻŦ floristic content with undisturbed rain forest. There is rather a more 

significant spectrum along Axis 2 (the Y-axis). As noted above, this axis apparently corresponds to 

ƛƴŎǊŜŀǎƛƴƎ άǿŜǘƴŜǎǎέ όŦǊƻƳ ƴƻƴ-swamp to swamp). We can assume that within the block of forest 

species, the broad spectrum represents better-drained or drier forests at the lower right corners of 

the graphs, often on hills and slopes to wetter or lower-lying (but not strictly swamp) rainforest in 

the top right. This moisture factor appears to be a more important explanatory factor of  vegetation 

type than brokenness or openness of the canopy. 

In general, it would be appropriate at this stage of analysis to subdivide the spectrum of RBS samples 

into more formal vegetation type names. However, this will need linking to the existing very detailed 

vegetation type terminology used by Letouzey and others for forest types in Cameroon, and it would 

be premature to attempt that with so few RBS forest samples. The informal terms and VEGNUM 

codes used above will therefore be retained. 

Before discussing further the variation of species across this spectrum of vegetation types, the 

overall pattern of Bioquality will be discussed. The details of species distribution are summarised in 

Annex 2: Annotated Species list from the RBS. 
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Bioquality 
Most of the species encountered during the survey have been categorised into Star ratings of global 

rarity; although these Stars will be continuously refined into the future, patterns established from 

current classification are unlikely to change greatly. 

The number of taxa of various levels of global rarity are summarised in terms of their Star rating in 

Table 6. The summary of (non-vague) taxa in the current RBS dataset is compared with the summary 

ŦƻǊ ǘƘŜ 5ŜƎǊŜŜ ǎǉǳŀǊŜ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ bƎǳǘƛ όǎǉǳŀǊŜ όфх - <10х ƭƻƴƎƛǘǳŘŜ ŀƴŘ рх - ғсх ƭŀǘƛǘǳŘŜύΣ 

combining the same records from the RBS with the older records of herbarium collections in the 

Yaounde herbarium database. 

Table 6 Summary of Stars allocated to taxa in the Nguti RBS, and in Nguti ŘŜƎǊŜŜ ǎǉǳŀǊŜ όфх-ғмлх ƭƻƴƎƛǘǳŘŜ ŀƴŘ рх -ғсх 
latitude), the latter with additional records from Yaounde herbarium database. 

Star Number taxa Weight for GHI calculation and 
note 

Number x Weight 

 Nguti RBS Nguti 
square 

 Nguti RBS Nguti 
square 

Black 47   88 27 ς Dƭƻōŀƭƭȅ Ψ[ƻŎŀƭ ŜƴŘŜƳƛŎǎΩ 
occupying on average c 2.6 
degree squares (d.s.) 

1269 2376 

Gold 82   126 9 ς Globally uncommon, often 
endemic to e.g. Lower Guinea, 
occupying on average c 8 
degree squares 

 738 1134 

Blue 323    496 3 ςNot globally widespread, 
occupying on average 24 d.s. 

 969 1488 

Green  480   858 0 - Globally widespread 
species. Average D.S. 
occuopancy hard to establish 
accurately but at least 72 d.s. 

0 0 

Total   932 1568   2976 4978 

 

The Star weights are the standard Genetic Heat Index (GHI) weights, in inverse proportion to the 

mean, occupied degree square, global range of species in each Star. The GHI can be calculated for a 

sample using the weights from Table 6. For instance, we can take the Nguti area as a whole as a 

single sample, by taking the values in Table 6.  

Overall GHI seen in Nguti RBS=     100 X (2976 /932)  = 319 

Overall GHI seen in Nguti degree square=   100 X (4978/1568)  = 317 

 

The calculated GHI of 319 is ƘƛƎƘΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ŀ άhotέ bioquality hotspot on a global scale, fully in 

line with the importance of this part of Africa based on Africa wide patterns. (The Africa-wide map 

and species-Star database is being developed by Marshall and Hawthorne in Oxford, a work in 

progress). 

Internationally, and particularly in the context of tropical forests, GHI Scores below 100 are generally 

of low bioquality, with no special presence of globally rare species on a global scale. Even GHI Scores 

above 150 are in some countries and contexts already considered hotpots, already with several, 
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Figure 5 Quarter degree square summary of GHI across 
Cameroon (Marshall & Hawthorne) 

globally rare floristic elements. For instance, in Ghana, Atewa Range Upland evergreen forest 

reserves reaches c. 150 GHI on its upper slopes, and is often cited as globally important for its 

biodiversity values (Hawthorne & Abu Juam, 2006). In Central America and the Caribbean, GHI 150 

forests are considered of modest, but significant global hotspot biodiversity value (see Hawthorne & 

Marshall, 2015).  

In all contexts, scores above 300 are considered important global hotspots. With a GHI of 317-319, 

the Nguti area as a whole therefore achieves this status.  

Figure 4 GHI patterns across tropical Africa, compiled from numerous sources of planty distribution data (Marshall & 
Hawthorne, in prep.) 

 

 

The GHI maps in Figure 4 and Figure 5 

combine all databased records, including 

herbarium specimens and plot data, with GHI 

calculated for the flora of each one-degree 

grid cell.  

Although not quite reaching the white-hot 

peaks of bioquality found particularly in the 

Cameroonian mountains, the ΨbƎǳǘƛ ǎǉǳŀǊŜΩ 

has a GHI score that represents a very high 

global biodiversity importance. Such broad 

scale patterns - degree square or combined-

sample GHI scores - are not in themselves useful for decisions about particular hectares or 

compartments within the broad area. A degree square, for instance, covers more than 10,000 km2, 

so the fact that a very high proportion of the flora is globally rare is unlikely to apply across the 
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whole area. However, a high score at the broader scale alerts us to likely occurrence of very hot 

spots (amongst low GHI patches) at a local scale within that area; these broad hotspot regions are 

priority areas for local surveys when considering the finer scale implications of the RBS. These results 

suggest that there are likely to be highly globally sensitive pockets of vegetation that will demand 

high attention to conservation in the Nguti area. The important next question is: where exactly are 

these hectares located? 

 

Fine-scale patterns of bioquality seen in the pilot Nguti RBS 
 

The GHI has been calculated for each RBS sample, in Table 7. 

Table 7 Summary of RBS vegetation content, Stars and GHI. #spp shows max. number of taxa, including counts of vague 
names for unidentified specimens. The top hotspot (GHI>300) samples are highlighted. 

sampname Landscape vegetation veg GHI Numbers of Starred taxa # 
Spp. 

BK GD BU GN ANY 

BARO1 Flat Lowland rainforest 1 211 5 5 50 96 156 173 

BARO2 Valley/Slope Lowland forest 1 287 5 13 51 72 141 159 

BAYENTI1 Gentle slope Very old disturbed forest with tall 
Leguminosae-Cesalpinioideae 

2 371 9 17 65 68 159 186 

BAYENTI2 Gentle slope Lowland forest 1 318 8 15 54 84 161 181 

BAYENTIE Slope more or less 
gentle 

Riverine forest 3 170 1 8 26 69 104 120 

EDIANGO1 Hill top Lowland rainforest 1 247 7 5 67 97 176 190 

EDIANGO2 Slope Lowland forest on slope 1 271 5 11 55 76 147 169 

EDIANGO3 Flat Secondary forest 5 116 2 1 19 81 103 128 

EKENGE1 Flat Lowland forest, discontinuous canopy 2 241 5 13 48 98 164 173 

EKENGE2  Swamp 4 189 0 7 20 38 65 69 

EKENGE3 Flat Secondary forest 5 57 0 2 11 76 89 90 

ETINKEM Gently slope Old degraded forest 2 205 3 11 48 96 158 179 

EYANGATEMAKU Flat Lowland forest 1 288 9 13 56 105 183 204 

KOKOBOMA1 Valley Lowland forest 1 283 8 12 46 97 163 184 

KOKOBOMA2 Flat Lowland forest 1 222 3 12 37 83 135 150 

MBOKA Flat Old rubber plantation 6 145 1 7 34 90 132 143 

MUNGONDOR1 Flat Lowland forest 1 308 7 9 58 70 144 160 

NFAITOK1 Flat Lowland forest 1 208 3 11 49 94 157 175 

NFAITOK2 Gentle slope Lowland forest 1 176 1 8 43 77 129 142 

NGUTIA Gently slope Swamp forest 4 95 1 2 7 59 69 77 

NGUTIB Steep slope Old palm plantation 6 61 0 3 11 83 97 105 

TALANGAYE1 Flat Lowland forest 1 323 5 16 61 61 143 158 

TALANGAYE2 Slope Lowland disturbed forest 2 205 1 6 40 51 98 110 

TALANGAYE3 Flat and hill top Lowland rainforest 1 225 3 12 70 92 177 196 

TALANGAYE4 Gentle slope Lowland rainforest, scattered canopy 2 187 1 4 27 45 77 90 

 

There is a very clear correlation between vegetation type and GHI, with the highest GHI in samples 

of άwetterέ (see above) and less disturbed types of forest, in the top right of the ordination diagram 

of Figure 3. The undisturbed lowland rainforest on gentle slopes or flat land, but on elevated ground 
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above swamp forests per se, hold the hottest GHIs in the Nguti area so far. The secondary and 

swamp-loving flora is, overall, unremarkable in turns of global rarity.  

It is probably the case that the GHI recovers or returns over decades or centuries after the last 

clearance, and that some of the Lowland forest might have been cleared centuries ago. In Liberia, 

GHI on secondary forest on old farms has ΨǿŀǊƳŜŘ ǳǇΩ ǘƻ ƳƻŘŜǎǘ ƭŜǾŜƭǎΣ ŎΦ мрл-200, after 50-100 

years (see Hawthorne et al. 2010). Minor disturbances, and certainly local extraction of non-timber 

forest products is not incompatible with high GHIs; whereas, major clearance for industrial 

plantation is. 

 

Table 8 RBS ordination as shown in previous Figures, but with Symbol size in proportion to GHI, showing a clear trend 
towards higher GHI in less disturbed and possibly moister forests (higher axis 2, but not swamps or riversides)  

 

The results are mapped in Figure 6,Error! Reference source not found. with circles representing RBS 

sample points, sized and coloured according to GHI. It can be seen from the topographic shading 

that the two hottest sample areas (GHI >300 are both on the edge of extensive hilly areas. Figure 7 

shows a more zoomed out version to reveal the GHI of earlier samples from Mt Cameroon, for which 

the GHI has been recalculated and updated to use the same Star scheme as for the current Nguti 

ǎŀƳǇƭŜǎΦ {ŀƳǇƭŜǎ ŦǊƻƳ aǘ /ŀƳŜǊƻƻƴ ǿƛǘƘ ŦŜǿŜǊ ǘƘŀƴ пл ǎǇŜŎƛŜǎ όŜΦƎ aŀƴƴΩ {ǇǊƛƴƎύ ƘŀǾŜ ōŜŜƴ 

excluded. 
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Figure 6 Map showing location and GHI of RBS samples, and boundary of the Nguti area 
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Figure 7 Map showing RBS samples as in previous, but zoomed out slightly to reveal older Mt. Cameroon RBS samples 
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Previous ESIA in context of current survey 
Previous RBS survey work in this area was reported in an Environmental and Social Impact 

Asseessment (ESIA) report for SG Sustainable Oils Ltd, publicly available via Herakles Farms website: 

http://www.heraklesfarms.com/docs/SGSOC-ESIA.pdf  

The ESIA reports a similar number of RBS samples to the current RBS survey, in similar landscape 

positions, across an overlapping area, and with at least some representatives of each of the same 

vegetation classes discussed above. The RBS results reported there have been copied into Table 9. 

However, compared to Nguti flora summary in Table 6, there are less than 33% of the species (403 

vascular plant species belonging to 272 genera and 81 families). Even more surprisingly, only one 

Black Star (e.g. endemic) species (Cylicomorpha solmsii) was reported and only six Gold Star species 

(Afrostyrax lepidophyllus, Amanoa strobilacea, Cola buntingii, Dicranolepis disticha, Dasylepis 

racemosa and Dichapetalum tomentosum).   

The reported Herakles GHI scores are mapped, as squares with size in the same proportion to GHI as 

the circles of our current RBS samples (circles) in Figure 8 and against the broader picture in Figure 9. 

All reported Herakles GHIs are strikingly cold, with GHI below 105 (the small blue squares also stand 

out as atypically small on the map), so it can be concluded with some confidence that this was a very 

far from complete RBS. The Star classification used was apparently not complete for the vegetation 

surveyed (maybe it referred only to an old Mt. Cameroon or Ghanaian Star list, but even this 

limitation would not have made such a significant impact on the apparent GHIs). Presumably, 

therefore, the results were based on very superficial survey data, a possibility supported by the 

much higher proportion of tree species, compared to herbs and lianes, than would be expected and 

is apparent from the new RBS). It is also possible that sample sites may have been chosen in a way 

that avoided the higher GHI vegetation. There are probably several such sources of error, inaccuracy 

and misrepresentation, but the required information is not included in the survey report so we are 

not in a position to fully understand the difference. It is, however clear that the conclusions are 

unreliable and misleading, and this provides a warning note when planning future RBS survey work: 

¶ If bioquality and GHI are to be surveyed as a basis for sound land use planning, it has to be 

done thoroughly and properly by competent and somehow certified surveyors; quality 

control systems need to be in place in Cameroon that will prevent the bioquality being 

misrepresented by sub-standard survey work. 

  

http://www.heraklesfarms.com/docs/SGSOC-ESIA.pdf
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Table 9 GHI resultsreported in Herakles ESIA  

SAMPNAME LANDSCAPE LOCATION UTM-N UTM-E ALT SPP GHI 

SGSL_01 Slope ± 1.5Km along Fabe - Meangwe-2 road Open upper-canopy 
secondary forest with dense undergrowth     

498016 560253 353 90 48.8 

SGSL_02 Slope 02 Slope Pale-brown sandy ± 6km NE of Mokango village 
Relatively good multi-story forest with thin undergrowth      

512616 568877 487 81 48 

SGSL_03 Slope Slope Dark sandy- clay Undefined Disturbed forest with open 
upper canopy and few emergents  

550015 567344  509  80  57.5 

SGSW01 Slope Swamp Dark clay ± 2km North of New Konye Swamp 
dominated by Raphia, Uapaca and Hallea species  

551594  571007  507  71  83.0 

SGRS01 Riverside Riverside Rocky ± 1km East of Beboka Disturbed riverine 
vegetation with clumps of Bamboo dominant  

507421  558776  632  91   52.7 

SGRS02 Riverside Riverside Rocky Nursery site; 1 0.5km SE of Talangaye Good 
multi-story close canopy forest  

542365  569831  366  86  77.9   

SGRS03 Riverside Riverside Pale sandy B/n Mungo Ndor & Bombe Konye 
Degraded riverine forest  

558312  577968  292  46  36.9   

SGRS04 Riverside  Riverside Gravelly ± 2km NW of Mungo Ndor Disturbed 
forest; open canopy and shrubby undergrowth  

556298  577952  329  105  58.0   

SGHT01 Hilltop Hilltop Rocky boulders ± 5km NE of Mokango Fairly good 
multi-story forest; undergrowth dense with climbers  

511539  569570  664  94  97.8   

SGHT02 Hilltop Hilltop Rocky hard pan ± 2km NE of Mokango Degraded forest 
patch; trees short & shrubby; Millettia spp dominant  

511044  568525  684  79  35.4   

SGHT03 Hilltop Hilltop Pale sandy- clay ± 6km East of Talangaye Very good 
close canopy, multi-story forest; undergrowth thin  

544511  570791  447  75  97.3   

SGHT04 Hilltop Hilltop Dark sandy- clay ± lkm NE of Bombe Konye Degraded 
forest patch surrounded by farms; undergrowth shrubby with 
dense climber tangles  

561155  578549  335  98  39.7   

SGFL01 Flat Flatland Dark sandy-clay ± 3km SW of Fabe Secondary forest 
patch; undergrowth being cleared prior to tree felling for 
farming  

494932  559812  263  68  32.3   

SGFL02 Flat Flatland Brown sandy-clay ± 3km W of Ndiba village Fallow 
farmland or farm bush; <10 yrs old, being cleared for farming  

502371  559376  589  85  58.8   

SGFL03 Flat Flatland Dark sandy-clay ± 6km W of Lipenja village Relatively 
good multi-story forest with emergents; undergrowth thin  

507441  564749  631  83  56.6   

SGFL04 Flat Flatland Dark brown sandy clay On Ayong road; ± 4km off the 
junction Secondary forest; undergrowth dense with climbers 
tangles  

539124  574745  263  84  52.3   

SGFL05 Flat Flatland Yellowish clay ± 8km East of Talangaye Heavily logged 
forest with disrupted canopy; climbers and pioneer species 
dominant  

544495  571304  438  91  47.2   

SGFL06 Flat Flatland Pale brown sandy-clay ± 6km East of Talangaye 
Disturbed forest on recovery from logging damage  

546000  569162  498  82  52.4   

SGFL07 Flat Flatland Pale brown sandy clay 1 2km NE of New Konye village 
Degraded secondary forest; undergrowth herbaceous & 
shrubby  

552416  570086  534  89  68.5   

SGFL08 Flat Flatland Reddish sandy clay 1 5km SW of Mungo Ndor 
Relatively good multi-story forest with emergents; 
undergrowth thin  

556479  575010  381  90  36.6   

Source: http://www.heraklesfarms.com/docs/SGSOC-ESIA.pdf  

N.B. X and Y coordinates published in the Herakles Farms ESIA were inversed ς these have been 

corrected for use in production of the maps below. 

http://www.heraklesfarms.com/docs/SGSOC-ESIA.pdf
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Figure 8 Map of Nguti area showing GHI of current RBS (Circles) and those reported in Herakles ESIA (Squares, see legend) 
















