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ABSTRACT  
 

In 2007 the European Union suspended imports of Prunus africana, an Afromontane, 

CITES listed tree who‟s medicinal bark has been used for the last 40 years as the main 

ingredient in drugs for prostrate problems in Europe.  

 

CIFOR has been supporting the Government of Cameroon in developing a National 

Management Plan for Prunus africana. Despite years of research across Africa, critical 

data was lacking on tree recovery after harvesting and the most sustainable rotation 

period for repeated harvests, with no studies have previously been carried out on bark 

recovery rates of this multi-use tree. CIFOR, with the University of Dschang, carried 

out a study from April to August 2009 with the aim of evaluating how to sustainably 

harvest Prunus africana (Hook F.) Kalkman in the three major harvesting regions of 

Cameroon.  

 

An assessment of the recovery rate of bark growth post-exploitation was conducted to 

evaluate the potential bark yield after exploitation. 710 trees in 14 sites including 

privately owned, permanent forest domain and community forests were analysed. 

Seedling regeneration in exploited zones and tree status and health in plantations 

located at different altitudes were also assessed. The research results indicate that 

more than 60% of harvested Prunus africana trees were over-exploited (according to 

the current harvest good practice guidelines) and 9.2 % were harvested according to 

sustainable norms. Bark recovery rates were found to be significantly affected by the 

agro-ecological origin of the trees. (Ad=.12±.05; NW=.1±.03; SW=.06±.02cm/yr), 

indicating that the humid highlands in Adamaoua and the NW are the optimal zone for 

the species. Bark recovery rates reached 15% of original bark thickness during the 

first and second years after exploitation, but progressively dropped to an inflection 

point (7%) between the seventh and eighth year. A seven year rotation period is thus 

considered the most sustainable for repeated bark harvesting. This may however need 

to be adjusted for regional differences. Harvest from a breast height diameter of 30 

cm is judged to be the most sustainable because of the higher bark recovering rate 

(8%/yr) and good mean bark thickness (1.3cm) from this part of the tree upwards to 

the first branch. The growth rate of trees was faster (14±.5m compared to 9±.2m tall) 

in altitudes lower than 800m a.s.l., however insect attacks (94%) are more severe 

below 1000m a.s.l. Thus the optimum zone for plantations and regeneration planting 

is considered as being above 1000 m a.s.l. Given the rates of unsustainable harvesting 

in the wild, the importance of the Government, conservation and development 

organizations and research institutions promoting the creation of private and public 

plantations is stressed, to replace and complement the degrading natural stands. This 

supports the finding that harvesters appear more committed to use sustainable 

harvesting techniques when Prunus africana is owned and managed, than when it is 

an open access resource. 
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1: INTRODUCTION 

1.1 Background 

Cameroon is one of the countries that signed the Rio Convention of June 1992 on 

biological diversity.  This commitment is reflected in the objectives of national forestry 

policy, to assure the protection of Cameroon‟s forest heritage, protection of the 

environment and preservation of biological diversity. The natural forest has long been 

considered by humans as an unlimited reserve of natural resources, which has been 

exploited in many ways to improve livelihoods, which has also resulted in a 

degradation of biodiversity and ultimately to the security of livelihoods in the long 

term. Threats include deforestation and forest degradation, unsustainable and over 

exploitation of timber species and non-wood products for food, medicine and 

construction materials (FAO, 1999). 

 

More than 64% of the world‟s population relies on herbal medicines (Kenneth, 2006) 

and the health and welfare of many rural populations has greatly depended on the 

harvest of medicinal plants from the wild. In Cameroon, wild plants collected for their 

medicinal value include Alstonia congensis, Picralima nitida, Ancistrocladus korupensis 

and Prunus africana. In most cases the harvest of plant parts has led to a 

deterioration of the population of residual plants, particularly when the whole plant is 

uprooted or felled, or a greater portion of leaves or bark is removed. This situation has 

been accentuated by international trade, which has increased the pressure. Prunus 

africana is one such medicinal plant that has been highly affected by over exploitation, 

such that the species is believed to be threatened in the wild (CITES, 2006).  

 

More than six thousand people Cameroon depend on Prunus africana for their 

livelihood (Ingram et al. 2009). Unfortunately this multipurpose tree is present in a 

very limited area within the globe and to date the harvest of its bark has been 

believed to be mainly from the wild. This has led to a pressure on the species such 

that it has been added to “Appendix 11 of the Convention on International Trade in 

Endangered Species of Wild Fauna and Flora (CITES), imposing strict regulations on its 

harvest and trade (Cunningham et al., 1997). Cameroon has been the leading exporter 

of Prunus africana bark to international markets, providing two-thirds of international 

demand (Cunningham and Mbenkum, 1993) and on average 40% of world exports 

over the last 40 years (Ingram et al., 2009). To fulfil its obligation as a CITES 

signatory country, the Cameroon government has to provide a management plan to 

ensure the sustainability of the species.  

 

The present research on the assessment of bark recovery and exploitation methods of 

Prunus africana in Cameroon is a part of this process of ensuring a sustainable 

exploitation and setting norms of this species in Cameroon and beyond.  
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1.2 Problem statement 

Studies carried out on sustainable harvesting techniques and the minimum diameters 

for sustainable exploitation of wild populations of Prunus africana (Cunningham and 

Mbenkum, 1993; Sunderland and Tako, 1999; Hall, O‟Brien et al., 2000; Ndam, 1996) 

indicated that trees remained healthy with a period of four to five year rotations after 

harvesting. However recent experiences (Simmons 1998, Whinconet 2007, Meuer 

2007 and Stewart 2009) indicate that a period of seven to eight years, and perhaps 

longer, may be necessary due to poor post harvest bark recovery and failure.  As 

part of developing a national management plan for Cameroon, it was shown that 

harvesting methods used across Cameroon in the past are largely unsustainable 

(Ingram et al. 2009). Meuer‟s (2007) monitoring survey on Mount Cameroon also 

indicates that in the blocks surveyed only 42% were „sustainably‟ debarked and 

WHINCONET (2007) showed that 98% of trees in the community forests surveyed at 

Kilum-Ijum were unsustainably harvested.  

 

However no systematic investigation concerning sustainable harvesting techniques 

has been carried out - either in Cameroon or other Prunus africana producing 

countries. Moreover very little information exists on the bark regeneration potential 

of Prunus africana trees and therefore the sustainable rotation period for harvesting 

of bark. To set sustainable management and bark exploitation standards bark 

recovery, tree health status, bark yield and seedling regeneration after exploitation 

need to be assessed, which is the aim of the present study. 

  

1.3 Research questions 

The research feeds into the Cameroon national Prunus africana management plan 

process, by seeking answers to the following questions: 

 

1. Is the 2/4 sustainable harvest technique being applied?  

2. How fast does the bark recover compared to non-harvested bark in comparable 

trees (age, size and health)? 

3. What is the effect of the exploitation technique on the health status of exploited 

trees? 

4. Is the proposed rotation period in the 2/4 sustainable harvest technique sufficient 

to allow the recovery of exploited trees and an appreciable bark yield?  

Do planted Prunus africana trees perform equally in all altitudinal zones? 
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1.4 Objectives 
The main objective is to ascertain the sustainable management options for bark 

harvest of Prunus africana across the four major harvesting zones of Cameroon.  

Specifically this study aims to: 

1. Assess  the level of application of the 2/4 harvesting method, 

2. Assess the bark recovery ability, rate and yield after exploitation, 

3. Estimate the bark yield of exploited Prunus africana trees and seedling 

regeneration in exploited zones and: 

4. Assess Prunus africana growth and health in plantations located at different 

altitudinal zones. 

1.5 Importance of the study 

This study will provide data on the efficiency and impact of “sustainable” exploitation 

techniques promoted for Prunus africana throughout its distribution range in 

Cameroon. It aims to evaluate approaches and constraints of applying the techniques 

in the four main regions where the species occurs and is harvested in Cameroon. The 

result aims to provide input into the National Prunus africana management plan 

process by providing contextualized information for each harvest zone. 

 

This study will enable the government to improve its policy on biodiversity 

conservation and respond to the requirements of the Convention on International 

Trade in Endangered Species (CITES) for Prunus africana.  In doing so, it also 

addresses concerns raised about unsustainable harvesting by CITES authorities in the 

European Union, where the major importers of Cameroonian Prunus africana reside.  

Local harvesters and owners of Prunus africana who formerly gained a significant 

proportion of their income from bark harvest prior to the suspension of trade, may also 

be interested by this study. By influencing local knowledge and indicating the long 

term impact of harvests, future harvest of wild and domesticated trees could be more 

sustainable and contribute to alleviate poverty in the concerned communities. 

 



 4 

2: Literature Review 

 
2.1 Definition of concepts 

 

2.1.1 Normal exploitation 

„‟Normal exploitation‟‟ is the term is used for harvesting Prunus africana trees using the so 

called 2/4 sustainable harvesting technique (Hall et al. 2000), as popularised by training 

given to harvesters by the former Prunus harvesting company Plantecam and the Mount 

Cameroon Prunus Harvesters Company Limited (MOCAP), and in the extension booklet and 

associated poster shown in Annex 4. Two opposite quarters of bark representing 50% of 

the bole are stripped off trees less than 50cm diameter at breast height (dbh). For larger 

trees four opposite quarters are stripped representing 50% of the bole. 

 

2.1.2 Over-exploitation  

‘’Over exploitation‟‟ indicates that more than 50% of the tree bole is stripped – and may 

range up to complete stripping and felling of the tree.  

 

2.1.3 Under-exploitation 

„‟Under-exploitation‟ indicates harvesting of Prunus africana during in which bark stripping 

is limited to human height or ringing of the tree base. 

 

2.1.4 Sustainable management 

The management of forest resources in Cameroon is the responsibility of the Ministry of 

Wildlife and Forestry (MinFoF). Whenever a wild forest resource is harvested, particularly 

as a source of livelihood, the concept of sustainability is critical. If the resource is not 

harvested with care its population may gradually reduce, resulting up in irreversible 

extinction (Wilkie, 1998). According to Hall and Bawa (1993), a natural resource is being 

exploited in a sustainable manner when the exploitation has no negative long term effects 

on either the harvested or non-harvested populations. Though it is impossible to extract 

anything from the natural forest without creating a perceptible change (Edmunds and 

Wollenberg, 2003), sustainable management can be geared towards avoiding irreversible 

changes in ecosystem processes. Sustainable management of natural resources can be 

achieved by identifying different resources, the resource users and all other stakeholders 

involved in their use, assessing and managing conflicts between stakeholders and 

developing a partnership between local communities, government and all stakeholders 

towards expected responsibilities and rights. 

 

2.1.5 Management plan 

A management plan can be understood as an undertaking signed between the manager of 

an area and the government, detailing the time frame and activities to be carried out 

within the area. It defines the limits of the estate as well as the responsibilities of 

stakeholders likely to be affected by activities within this area. While considering the 
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interests of all stakeholders it describes the list of operations to be realised within a given 

duration and the calendar of execution of each activity in the estate. The cost of operation 

and the indicators for follow up and evaluation are also detailed. The main aim of the 

management plan is to assure sustainable management of resources within the given area.  

 

2.2 Description and ecological distribution  

 

2.2.1 Taxonomy 

Prunus africana (Hook. F). Kalkman, also known as the African cherry or bitter almond, 

and in Cameroon as Pygeum, belongs to the family of Rosaceae, in the sub family of 

Amygdaloidal syn. Prunoideae, sub genus of Laurocerasus (Kalkman, 1965).The term 

“africana”  denotes the fact that the species is endemic to the montane forests of Africa. 

The word “Prunus” references to the shape of its fruit, called „prune‟ or „prunus‟ in Roman 

(Graham, 1960). Prunus africana has different vernacular names in Cameroon in the 

different regions where it is found and is known as wotango in Bakweri (Buea), alumty in 

Bamenda, iluo in Kom, vla in Oku, and kirah in Banso (Cunningham and Mbenkum, 1993). 

Prunus africana is a medium-sized to large canopy tree reaching 30- 45m in height 

(Letouzey, 1978) with immense, spreading crowns in older individuals. Older trees have 

dark, platy, resinous bark, while younger trees possess smoother bark with prominent 

lenticels. It has the rare ability to regenerate its bark, as long as the vascular cambium is 

not destroyed (Stewart, 2003). Leaves, twigs, fruits and bark emit a „cherry‟ odour when 

crushed, due to cyanogenic glycosides (Kalkman, 1965; Fraser et al. 1996). 

 

2.2.2 Geographical distribution of Prunus africana. 

Prunus africana naturally occurs in Central Africa and East Africa, Indian ocean (notably in 

Madagascar and Comoros Islands), where they are distributed in patches. It is also found 

in from South Africa, Angola, Burundi, Ethiopia, Fernando Po, Equatorial Guinea, 

Democratic Republic of Congo, Nigeria, Rwanda, Sao Tome and Principe, Swaziland, 

Tanzania, Uganda, Zambia and Zimbabwe (Cunningham et al, 1997; Hall et al, 2000), as 

shown in Figure 1. 
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Figure 1: Map of distribution of Prunus africana in Africa 

 

The distribution of this afro-montane tropical species is significantly influenced by altitude, 

temperature, rainfall and cloud cover (Hall et al., 2000), and although it is found in lower 

altitudes, in general is found between 900m and 3000m (Dorthe, 2003; Graham, 1960) 

where preferentially the annual mean temperatures are situated between 18 and 26°C and 

the annual mean rainfall reaches 2000mm (Achoundong, 1995; Graham, 1960). According 

to FAO-UNESCO (1977) soil classification, the soils associated with Afro-montane 

vegetation are humic cambisols and nitrosols. Cunningham and Mbenkum (1993), indicate 

that Pygeum is one of the rare species that can well adapt to montane savanna and resist 

bush fires. 

In Cameroon Prunus africana occurs in four major areas in the Southwest, Northwest and 

Adamaoua regions which have volcanic soils and a cooler high land climate (Cunningham 

and Mbekum, 1993, Ingram,  et al. 2009). All these zones are found within the sub 

montane forests of Cameroon such as Mount Cameroon (4080m), extending through the 

Kupe and Muanengouba mountains (2396m) and Bambotous (2100m) –which straddle the 

southwest-Littoral region border to the Bamenda Highlands, which peaks at Oku mountain 

(3011m) to the Tchabal Mbabo mountain (2500m) (Pouakouyou, 2000) as indicated in 

Figure 2. This volcanic chain, known as the Western Cameroon Highlands, is a recognised 

biodiversity hotspot with unique endemic animal and plant species (Bergl, Oates, and Fotso 

2007). Annex 3 contains names of the localities and Figure 2 showing the main zones. 
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Figure 2: Map of main distribution areas of Prunus africana in Cameroon 

(Source: Foahom et al., 2008) 
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2.3 Uses and economic importance of Prunus africana. 

 

2.3.1 Local and international uses 

In the Oku area, the wood is used in fabricating handles of hoes and other tools while the 

dry wood is a source of fuel for cooking (Stewart, 2003). Leaves and roots of Prunus 

africana are used for the treatment of fever, stomach aches and heart infections 

(Sunderland and Nkefor, 1997) as well as for veterinary use (Ingram et al. 2009). The dry 

bark is crushed and drunk as tea that serves as treatment for many different ailments 

(Stewart, 2003). International interest in the species began in the 1700‟s when European 

travellers learned from South African tribes how to soothe bladder discomfort and treat 

"old man's disease" with the bark (Pomatto, 2001).  Bark extract has been used in Europe 

since the mid-1960s to treat men suffering from benign prostatic hyperplasia or 

hypertrophy (BPH).  

 

2.3.2 Pharmaceutical importance 

Prunus africana has emerged as the main raw material for the international pharmaceutical 

trade in BPH treatments. In 2007 it was the most commonly used medicine in France for 

BPH treatment. At least 40 brand-name products used Prunus africana bark extracts in 

2007, which are marketed directly in 10 countries and globally through the internet 

(Pomatto, 2001; Wittemyer, 2008). Tadenan produced and marketed by Fournier 

Laboratory in France, and Pygenil produced by Indena spa. in Italy are the most popular 

pharmaceutical brands using Prunus africana extracts (Cunningham et al, 2002). 

 

2.3.3 Trade of Prunus africana products 

The price of the bark depends on the quality which varies according to humidity level and 

country of origin (Cunningham et al, 1998). In 1997, the price of a kilogram of bark was 

estimated170frs CFA and 0.20 US $ respectively in Cameroon and Madagascar (Simons et 

al, 1988). In 2006, the price at export from Cameroon for dry bark' (chips) ranged around 

660frs to 1000 frs per kilo (Ingram and Nsawir 2006). Its economic importance is indicated 

by Cameroon‟s annual export of some 7300 tonnes since 2005, providing annual export 

revenues of about 1320 million CFA (2,738,027 US$). It is also one of the major income 

sources for forest based communities in the Highlands areas of Cameroon (Ewusi et al, 

2001; Ntsama 2008).   

Nearly half of the world‟s bark supply to date has come from Cameroon. Cameroon was 

the world‟s largest exporter of Prunus africana products with 38% of the market share 

from 1995 (when WCMC trade records commenced) to 2004, and 48% since 2004, when 

Kenya stopped exporting (UNEP-WCMC database, 2009; MinFoF COMCAM database, 

2008). Cameroon is one of the major sources of all parts of Prunus africana products 

(Barks 29%, 31% extract, 34% powder and 6 derivatives and 1% dried plants from 2000 

to 2007 (Ingram et al. 2009) The main countries importing Cameroonian Prunus africana 

products from 2000 to 2008 have been France (53% of imports), Spain (31%), and 

Madagascar (11%), with India USA, Belgium and China all at 1% (UNEP-WCMC database 

2009). 
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2.4 Strategies for sustainable management of Prunus africana in 
Cameroon 
 

2.4.1 Cameroon Government’s approach 

The large scale commercial exploitation of this species started in Cameroon in 1972 in the 

Bamboutos Mountains by Plantecam, a large foreign company that had a processing 

factory at Mutengene. During this period problems of overexploitation, resource depletion 

and genetic erosion of traditional resource systems and destruction of the forest as a 

cultural heritage for the local communities were signalled (Cunningham and Mbenkum 

1993, Stewart 2003a). This period of exploitation was seen as extremely unsustainable as 

some harvesters, spurred on by the high prices per kilogram of the bark, felled trees to 

completely strip off the bark (Personal communications, Mapanja villagers, August 2008).  

 

The Forestry Administration is reported as setting rules for sustainable bark harvesting of 

medicinal plants in general, and of Prunus africana in particular in 1986 and 1992 (Ndibi 

and Kay, 1997; Ondingui, 2001), who reported that the guidelines indicated that: 

 Bark should be removed from the trunk in strips from 1.30 metres above ground 

level to the 1st branch. 

 Only trees with diameter at breast height (DBH) >30 cm can be debarked.  

 Trees with DBH <50 cm should be debarked on two strips in opposite sides, each 

strip no wider than 1/4 of the circumference of the tree.  

 Trees with DBH 50 cm should be debarked in 4 strips regularly distributed around 

the circumference, each no wider than 1/8 of the circumference. Lateral roots with a 

minimum diameter of 20 cm on trees with DBH ≥ 50 cm can also be debarked.  

 The debarking should then be done prior to clearing the root rhizosphere and 

should not exceed 1/4 of the root's circumference. 

 After debarking, the root should be recovered by soil to avoid desiccation and to 

enable a rapid reconstitution of the bark.  

 All trees with debarked roots and trunks should be marked with numbers.  

 

Copies of these standards appear no longer to exist and are not currently available within 

the MinFoF Direction of Forests or Direction for the Promotion and Transformation of 

Forest Products. However these rules are not enshrined in a legal decision or have not 

been incorporated in permits for Prunus africana harvesting under the Special Forestry 

Products regulations (Ministère des Forêts et de la Faune, 2009) since Prunus africana  

entered the CITES list in 1995.  

 

There have been a number of bans on Prunus africana exploitation at national and 

international level due to unsustainable exploitation since 1991. These bans were issued 

mainly by divisional and sub-divisional delegates in the North west region of known to be 

the major overexploitation zone in Cameroon.  The level of illegal exploitation and 

overexploitation in Prunus africana sector in Cameroon was such that CITES intervened in 

1991 with a temporal ban on the harvesting of this product in Cameroon (Cunningham and 
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Mbenkum, 1993). In order to revamp the situation the Government took a number of 

actions.  One was to regulate Prunus africana harvesting and export as a „Special Forestry 

Product‟ since 1994, through a system of annual, non-renewable, tonnage based 

exploitation permits for dried bark harvested nationwide and/or from specific regions zones 

allocated by auction. Qualifications are described in the Forest, Faunal and Fisheries 

Regime (Law No 94/01 of January 20th, 1994) and by decree (Decree No 94/436 of 

August, 23rd 1994). Permits are granted by an Inter-Ministerial Committee, based on 

technical reports from Provincial Chiefs of Forestry which should provide a „‟reasoned 

recommendation‟‟ of the species, quantities, exploitation areas and harvesting modalities‟‟. 

In practice, this has not been performed nationwide or consistently annually across all the 

main harvest areas, except inventories conducted jointly as part of the Mount Cameroon 

Project with the South west Forest Service and National Office for the Development of 

Forests (ONDEF) on Mount Cameroon in 1992, 1996 and 1999, and with the ONADEF in 

Adamaoua in 2001. ANAFOR and the Rural Forestry and Agroforestry project (PAFRA) in 

the Northwest have tracked Prunus africana planted in the region since 2004, but seedlings 

planted out have not been consistently monitored and tracked annually.  

 

A Regeneration Tax of 2% of the quota value is payable to the Government, by permit 

holders, in three or two instalments, one of which is an advance. Since 2006, the support 

and promotion of regeneration activities has been responsibility of the National Forestry 

Development Agency (ANAFOR). Felling of Prunus trees, without special permission, is 

illegal. The delivery of a license is accompanied with a report book describing clearly the 

harvesting practices according to the vegetative structure to be extracted. Prunus africana 

bark seized after having been illegally harvested (without a simple management plan in a 

community forests or sold to a person without a permit) is auctioned at a public sale. The 

buying price is usually below the current market price. The buyer, who does not need a 

permit, pays the Treasury and an additional 12% of the buying price that goes to the 

MinFoF delegation making the seizure. 

 

Following three years of consultations and participative development, MinFoF and ANAFOR, 

assisted by technical assistance from international NGOs (CIFOR, FAO, ICRAF, SNV, GTZ 

and TRAFFIC), produced a guidance document for a sustainable management plan for 

Prunus africana in Cameroon which the Minister of Forestry and Wildlife approved in 

September 2009 (Ministry of Forestry and Wildlife 2009). This plan has been submitted to 

CITES and the European Union to fulfil part of the requirements raised in the 2006 CITES 

meeting in Lima concerning Prunus africana. 

 

2.4.2 Private sector approaches  

The exploitation of Prunus africana started in Cameroon in 1972 by the sole exporter of its 

products, PLANTECAM-MEDICAM. This company employed about one hundred and eighty 

workers who were trained on improved harvesting techniques.  
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For trees between 30 cm and 50 cm dbh, Plantecam‟s standards required two sections 

representing 50% of the tree‟s circumference to be debarked from opposite sides (two 

quarters of the tree‟s circumference (Ndam and Tonye, 2001). 

 

For trees greater than 50cm dbh, four sections representing 50% of the circumference are 

debarked from opposite sides representing four on eight sections of the circumference 

(Ndam and Tonye, 2001). Just as for smaller trees, bark was only to be stripped as from 

breast height to the first large branch (Nkwinkeu and Remi, 1998).  

 

Harvesters were assigned specific quotas (≤40kg) of bark at a time. The harvest was 

systematically controlled to avoid girdling or ring barking, and only opposite quarters of the 

bole was debarked. Using this method, even though some of the trees died, most of them 

survived (Cunningham and Mbenkum, 1993). An inventory carried out by the Forestry 

department of the South west and funded by Plantecam, was found that seedling density 

ranged from 5 to 50/m2 and that the number of trees, their size and bark thickness 

reduced with altitude (Eben Ebai et al., 1992). However the long term effect on health and 

bark regeneration was not studied and shows the need to investigate the level of 

application of these methods as well as their sustainability. 

 

The majority of other major exporters and dealers in Prunus have not been involved in 

resource inventories or setting standards to date. A rapid assessment in the gallery forests 

of Samba Pelmali Boudanga near Nyamsoure in Adamaoua, was made by a private 

company, with support from MinFoF in 2008, and an inventory of planted Prunus was 

made in Bui and Donga Mantung Divisions in the Northwest, by the company CAMEP in 

2008.  

   

2.4.3 Non Governmental Institutions’ approaches 

A number of research and development organisations have also been involved in assisting 

to determine sustainable exploitation methods and quotas. At least 14 bodies of work have 

been carried out on populations of Prunus africana in Cameroon, comprising inventories, 

plot monitoring, rapid assessments, regeneration studies and surveys. This research has 

been carried out in four of the six major montane landscapes. . The Mount Cameroon area 

has been the most intensively studied area since 1992, reflected in the five inventories and 

studies conducted, As part of the long term Mount Cameroon Project, the Limbe Botanic 

Garden inventoried Mount Etinde in 1992 and performed and assessment on Mount 

Cameroon in 1994-1995 with the University of Wales, Bangor, Following criticism of the 

1996 ONADEF inventory on Mount, Cameroon, and quota of 330 tons of bark per year 

(Ewusi et al., 1996), in 1999/2000 another inventory on Mount Cameroon was carried out 

by ONADEF and the University of Reading. The study indicated that a sustainable quota of 

209 tons/year. As part of a South West Environmental Program, GTZ became involved in 

the Mount Cameroon area and assessed the state of exploitation at Bokwango Mapanja in 

2006 and performed monitoring in 2007. In the Northwest, an investigation was made by 

WHINCONET, a network of conservation NGOs into illegal harvesting in 2005, followed up 
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by training in sustainable harvesting in collaboration with MOCAP in 2007 and rapid 

assessment surveys in three community forests in Kilum Ijum in 2007 and 2008. Long term 

field work from 2003 to 2008 had also been conducted to plot inventories and monitoring 

to assess the effect of bark harvest on populations in Kilum (Stewart 2009). 

 

In 2007-2008, a Prunus africana inventory of the four main zones of Cameroon (Mount 

Cameroon, Mount Kupe and Muanengouba, Mount Kilum/Ijim and MountTchabal-Mbabo) 

was conducted by CIFOR and FAO using the ACS methodology. The result estimated a 

density of exploitable stems of 11.4 stems/ha and a sustainable quota of 528 tons/year 

(Foaham et al., 2008). Although information exists on a sustainable quota for Prunus 

africana bark exploitation, there is need to proceed with more research to determine the 

bark recovery rate at different levels of exploitation in order to propose an acceptable 

rotation period. Moreover the effects of harvesting on seedling regeneration are very 

important in order to regulate the harvesting norms. 

 

2.5 Prunus africana yield estimations 

The exploitation of Prunus africana can be considered sustainable from an economic and 

environmental perspective if at any given instance the income from the sustainable quota 

is capable of sustaining the livelihoods of those who depend on it and the resource 

remains at least in the same status as prior to exploitation. A farmer should be able to 

appreciate the economic and financial advantage of planting Prunus africana on a piece of 

land rather than another cash crop. They should therefore be able to make more accurate 

estimates of yields from measuring a few parameters of the standing tree, when all 

sustainable harvesting techniques are applied.   

 

Seven studies have been conducted on bark collected in Cameroon from different classes 

of tree size which provide a good basis for yield calculations. Five were carried out by 

Plantecam and the Mapanja Prunus Exploiters‟ Union in 1997 on Mount Cameroon and a 

joint study with the MCP in 2000. A Forestry Department study of 7717 trees harvested in 

Bui Division, North west Province, also produced yield data. Cunningham et al. (2002) 

calculated bark yields from seven felled trees in Ntingue in Menoua Division, West Region, 

the using work done on black wattle (Acacia mearnsii), a tree used in South Africa for 

tannin.  Drawing inspiration from these studies, the guidance document for a National 

Management plan (Republic of Cameroon 2009) proposed the following Sustained Yield 

calculation for a Prunus allocation Unit (an area for harvesting and permitted): 

 

Qn     =  Σ Q  Kg dry weight equivalent 

Qpau   =  Apau x Pae x RMEd x Yt x Pte  Kg dry weight equivalent 

                           Fh 

Where: 

 

Qn     = Annual Quota                  (Kg Dry weight equivalent)              

Qpau   = Annual Quota per PAU      (Kg Dry weight equivalent)     
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Apau   = Area of PAU (Prunus Allocation Unit)           (Hectares) 

Pae    = Proportion of Area Exploitable in PAU       (Percent) 

RMEd = Reliable minimum estimate of density in PAU (Stems per hectare) 

Yt      = Average yield per tree in one harvest (Kg dry-weight equivalent) 

Pte     = Proportion exploitable trees (alive & not over-exploited) (Percent) 

Fh      = Number of years between harvests (8 Years) (Years) 

 

The equation was deemed beneficial to aid Government management policy but gave little 

information on the yield that could be expected by a harvester from a single tree to be 

harvested, after measuring a few parameters. Cunningham et al (2002) measured tree 

height, diameter at breast height (dbh) and bark thickness of the tree, where bark 

thickness was an average of four readings taken at different points of the dbh,  measured 

using a Swedish bark gauge. Though the method was destructive as it involved felling 

trees, it proved that there was good correlation between dbh and bark thickness, dbh and 

bark volume and between dbh and bark mass for trees in a plantation. More research will 

be needed to prove if this equation can be applied to Prunus africana in natural stands in 

different locations and altitudes. 

 

A study carried out on Bioko Island in Equatorial Guinea revealed that the specific weight 
of Prunus africana bark was 0.57g/cm3, and bark thickness varied from 0.8 to 1.5 cm 
depending on the diameter class (CITES Secretariat Spain, 2006), which was used to 
determine dry bark yield by using diameter class and debarking height. The result 
oscillated between 15kg/tree (diameter ≤ 30 cm) and 231 kg/tree (diameter ≥ 200 cm) 
and was estimated using an average dry bark weight was based on a 50% weight loss in 
drying process. Ingram et al. (2009) highlighted that a clear distinction needs to be made 
between dry and wet weight bark in an inventory and harvest norm, yield calculations and 
subsequent quotas and permits, despite the 50% wet or „fresh‟ ratio was confirmed by 
exporters and importers (see Annex 9: Minutes of Prunus management plan Importers-
Exporters meeting 15 April 2009 in the Guidance document) and is substantiated by 
literature (Fauron 1984). 
 

2.6 Impact of exploitation on natural regeneration of seedlings 

In 1994-1995 the Limbe Botanic Garden, MCP and the University of Bangor, Wales 

sponsored a prunus seedling regeneration assessment in Mount Cameroon which aimed to 

studying the impact of cover on the regeneration of Prunus africana. Plots of 1m x 2m 

were established in 18 different sites. The results showed that regeneration was very 

patchy throughout (occurring only in 30% of the studied area) and that the mean number 

of seedlings per square meter increased with disturbance (Ndam, 1998). 

 

Prunus africana is a light demanding species and does not maintain a large seedling bank 

in the forest understorey. Most seedlings were found in forest gaps Ndam (1998) as well 

as most abundant in open areas along forest margins and in disturbed areas (Ewusi et al., 

1992; Ndam, 1996). Its regeneration depends on seed production from parents when good 

conditions for seedling establishment occur. Bark harvesting could be one of the reasons 
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for poor seed production and therefore a low density of seedlings observed on Mount 

Cameroon (Ndam et al. 2000). Similar studies carried out on Mount Kilum-Ijim show that 

Prunus africana has alternate-year fruiting phenology that is not synchronous throughout 

the forest (Stewart, 2001; Stewart 2009). Observations in Madagascar reveal that virtually 

no seedlings were found near living trees, but an abundance of seedlings were found 

where adult trees had been felled. All the trees of a given site were thus assumed to have 

started growing at the time when an adult tree was cut, creating a canopy gap (Dailey and 

Fernandes, 2000). The present research will therefore build on these studies to assess if 

these can be replicated in other parts of Cameroon, as well as determine the contribution 

of harvesting methods and impact on seedling regeneration.  

 
2.7 Impact of exploitation on tree health 

Crown health is a good indicator of overall tree health (Hall et al. 2000; Stewart 2009). 

Field teams in Equatorial Guinea noticed that crowns of Prunus africana trees exploited 

using the ring harvesting technique displayed considerable senescence and dieback (21%) 

(Sunderland, 1999). Disease and pests are other variables that may also affect crown 

health of Prunus africana, particularly coleopterous borers causing wood degradation (Hall 

et al. 2000), and pathogenic fungi affecting nurseries (Infonet-biovision, 2009).  

2.8 Propagation and domestication 

The need to domesticate Prunus africana has become important with an the increased 

demand for its products, notably bark as well as its traditional uses for wood and carving, 

as well as the urgent need to protect its population from the threat of extinction (ICRAF, 

1997; Leakey, 1995). Techniques for multiplication of this species include both generative 

(by seeds) and vegetative (by budding and by cuttings) multiplication. Preliminary studies 

on the vegetative propagation using cuttings in propagators have shown that the 

percentage of rooting is highly influenced by the rooting medium, the amount of auxins 

and the surface area of the leaf (Tchoundjeu et al., 2002). Avana et al. (1999) propose  

saw dust was the best substrate for rooting cuttings (84% of rooting). Further studies on 

germinative power indicate that seeds can reach a 90% germination rate if collected at the 

mature state, the pulp is removed and they are placed in a seed bed containing a porous 

and well drained substrate, as seeds are recalcitrant and cannot be conserved  without lost 

of vitality (Avana, 2006). 

 

Two systems of cultivation are commonly practiced in Cameroon; an agroforestry system 

where Prunus africana is planted in small stands in/around homestead and farms and 

planting on boundaries and inside of forests – often community forests) and the 

establishment of pure plantations. According to Leakey (1997), the heliophilic character of 

Prunus africana facilitates its integration in agroforestry systems.  Farmers have indicated 

that other crops yields were not significantly affected by the presence of Prunus africana in 

their farms (Cunningham et al., 2002). Although pure Prunus africana plantations are still 

limited in Cameroon, with around 30 known (Ingram et al. 2009; Ingram 2008), the 

biggest being CDC at Moliwe with a surface area of 9 ha. 
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3: MATERIALS AND METHODS 

3.1 Study sites 

The study was carried out from May 2009 to January 2010 in the three major Prunus 

africana producing regions of Cameroon; the South west, Northwest and Adamaoua, where 

four zones were targeted: Mount Cameroon, Mounts Kupe Muanengouba, Mount Kilum 

Ijum and Tchabal Mbabo within which fourteen sites were selected.  These targeted zones 

are characterised by significant Prunus harvesting having taken place in the last few years 

(WHINCONET 2005; Ekatie and Mambo 2006; Foaham, et al., 2009).  Figure 3 shows the 

zones and study sites. 

 

Figure 3: Map of study sites in the major exploitation zones of Cameroon 
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3.2 Description of the study sites 

 

3.2.1 Mount Cameroon 

 

3.2.1.1 Climate 

Maximum temperatures in the Mount Cameroon zone are attained in January and 

February, reaching an average of 30°C, with minimum temperatures occurring in March 

and April at an average of 15°C. The rainy season extends from April to September with 

the rainiest months in July and August, while January is generally dry. (See Annex 2 for 

climatic data).  Due to the absence of climatic data at the top of the mountain, information 

was from the nearest metrological station (Ekona) was used, however the study sites 

appear several degrees cooler. 

 

 3.2.1.2  Soils 

This area has well drained, porous volcanic soils with rich organic top layers forming a type 

of andosol. Sites 1 and 2 of Mount Cameroon were characterised by a deep horizon 

overlaid by a thick layer of non degraded organic matter formed of dead leaves and 

grasses. Sites 3 and 4 were not similar and occasionally punctuated with medium size 

stones of basaltic origin. 

 

 3.2.1.3 Vegetation 

Sites 1 and 2 were located within the montane forest zone of Mount Cameroon 

characterised by the presence Agauria sp., Gnidia glauca, Crassocephalum mannii, 

Hypericum sp., Ilex mitis, Syzygium staudtii, Maesa lanceolata, Philippia mannii, Nauxia 

congesta, Allophyllus bullatus, with Prunus africana found in the less dense understorey. 

The forest floor was covered by a thick layer of graminae and tall herbs which were mostly 

Mimulopsis sp and some Begoniaceae.  The presence of stranglers, mostly Ficus sp. and 

Schefflera abyssinica were noted including indicators of moist forest that included mosses 

and lichens on trees.  Vegetation observations were in conformity to the general ecological 

strata described in the Prunus africana management plan (Ingram et al, 2009). 

Sites 3 and 4 were located in areas that had lost their original lowland evergreen and 

submontane forests and contained Prunus africana trees of variable equidistance ranging 

from 4 x 4m to 6 x 6m among food crops. These crops included mostly Persea americana, 

Psidium guajava, Colocasia esculenta, Xanthosoma sagittifolium, Musa spp., and several 

species of Dioscoreceae, though some species of pioneer trees especially Albizia zygia and 

Trema occidentalis were present. 

 

 

 

 

 

 

 



 17 

3.2.2 Mounts Kupe and Muanengouba 

 

3.2.2.1 Climate 

Given the unavailability of meteorological data for Kupe and the adjacent Bakossi 

mountains, weather data for Nyassosso, Edib, Koami and Ndom from May 2000 to January 

2001 were used, shown in Annex 2. These show that February is the warmest month with 

temperature reaching 28.65°C and the lowest rainfall of 17 inches.

 

 3.2.2.2 Soils 

They are well drained and porous andosols with rich organic top soils upon black basaltic 

rocks; their fertility for agricultural purposes has attracted a large population of immigrant 

farmers into the area (Cheek 2004).  

 

3.2.2.3 Vegetation 

Mounts Kupe and Maunengouba are characterised by sub-montane moist evergreen 

vegetation. The forest was rich in upland trees with a dense canopy. The understorey 

treelets and saplings were abundant but in some places at lower altitudes replaced by food 

crops. The main tree species included Pseudospondias microcarpa, Trichoscypha sp., 

Musanga cecropoides, Crassocephalum biafrae, Neoboutonia glabrescens, Aningeria 

robusta, Hommalium hypolasium, Symphonia globulifera, Schefflera mannii, Kigelia 

africana etc. The crop included Musa sp., Xanthosoma sagittifolium and Colocasia 

esculenta.  

 

Site 2 was on Mount Manengouba were the forest was more open and dominated by 

upland species and a dense undergrowth mostly of Aframomum sp, Acanthaceae, 

Brillantaceae, Begoniaceae, and Graminae. The main tree species were Harungana 

madagascariensis, Maesa lanceolata, Polyscias fulva, P.africana and a lot of shrubby 

Rubiaceae. In most of the site the understorey had been cleared and replaced by farms. 

 

Site 3 was in a private farm where Prunus africana had been mixed with cash and food 

crops. Cash crops include cocoa (Theobroma cacao) while food crops were mostly Musa 

sp. and Xanthosoma sagittifolum.  Some secondary forest species were also present and 

included, Albizia zygia, Ricinodendron heudelotii, an important NTFP cash crop. 

  

3.2.3 Vekovi, Kilum and Ijim areas 

 

3.2.3.1 Climate 

According to Cheek (2000), the general climate of North west Region has a rainy season 

between May and September and a dry season between October and April. The 

mountainous nature of the Bamenda Highlands alters this pattern to a certain extent. The 

rain bearing winds coming from the south-west are interrupted by high land causing very 

wet south-west facing slopes on the mountains and resulting in rain shadows on the north-

east sides. Temperatures inversions occur in valleys and depressions. The movement of 
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cold night air into lower areas result in lower than expected temperatures and thick mists 

in the foothills. During the day, warm air ascends and leads to cloud formation and misty 

conditions along escarpments. The combination of altitude, temperature inversion, slope 

orientation, mist and cloud leads to development of different local climatic zones, three of 

which describe the study sites. 

 

In most areas the mean maximum temperature varies from 20°C to 22°C while the mean 

minimum varies from 13°C to 14°C. November has the lowest mean minimum temperature 

and December the highest mean maximum.  Rainfall varies from 1780-2290mm per year 

(average annual rainfall for Jakiri is 2000mm). Most rains fall between July and September. 

In most summits, maximum temperature of 16.5°C-19°C and minimum temperatures of 9-

10.5°C are common. Rainfall usually exceeds 3050mm per year. 

 

3.2.3.2 Geology and Soils 

The high lava plateau is dominated by Mount Oku (3011m a.s.l), characterised by a crater 

lake, predominantly of tertiary basaltic and trachytic lava, overlying the mainly granitic 

basement complex rocks. Superficial deposits of volcanic ash and cinders occur locally. The 

very uniform, humic ferralitic soils are derived from tertiary lava parent material and may 

contain appreciable quantities of concretions. The concretions are mainly of lateritic – 

bauxitic nature. The soils have a high organic matter contain content due to altitude and 

climate. The top soil is usually black in colour while the lower layers are dark reddish 

brown passing to dark red or yellowish red at depth (Cheek 2000). 

 

3.2.3.3 Vegetation 

Prunus africana occurs within the lower to upper montane dense tropical sub-montane and 

montane mixed forests (Ndam and Ewusi 2000, Foaham et al 2009).  Highest densities are 

found in forest savannah transition zones and in secondary forests (Ndam 1998). In the 

North west region, Prunus africana trees occur around Bamenda, Fundong, Kumbo, Ndu 

and Oku in the forest and also found in mixed farm/agro-forest mosaics, around 

compounds and in small plantations (Foaham et al 2009), in gallery forests and valleys 

between 1500m and 3000m above sea level. The main canopy tree species associated with 

Prunus africana include Zanthoxylum rubescens, Cuviera longifolia, Entandrophragma 

angolense, Pouteria altissima, Strombosia scheffleri, Garcinia smeathmannii, Symphonia 

globulifera, Newtonia camerunensis, Alangium chinense, Ficus spp., Chassalia laikomensis, 

Coffea liberica etc as well as some common fire resistant species such as Albizia 

gummifera, Gnidia glauca, Bridelia speciosa and Croton macrostachyus. 
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3.2.4. Tchabal Mbabo  

3.2.4.1 Climate 

This area falls within the tropical Soudanian climate where annual rainfall reaches about 

1500mm, lasting from March to November with storms at the beginning of the rainy 

season and August the rainiest month (270mm). Five months are dry (November to 

March). Temperatures are fairly cool at an average of about 22°C but the difference 

between minima and maxima are quite large,  the average maxima in March is 34.6°C and 

of the minima in January is 9.9°C. 

 

3.2.4.2 Soils 

The soils of the area have a marked red and rust colour, being fersiallilitic and ferruginous 

with little organic matter due to fast decomposition.  In the fersiallic homogenous soils the 

clayey portion forms stable and saturated complexes with the oxides while in the 

ferruginous soils the sesquioxides tend to concentrate individually, they are slightly leached 

soils (small amounts of clay and iron) (Gavaud and Muller, 1973). 

 

 3.2.4.3 Vegetation 

The vegetation is more or less the same as in the other montane forests, except that the 

forest here is mainly gallery forest in valleys. Each patch can cover from a few acres of 

land to several square kilometres. The main tree species are Croton macrostahyus, 

Polyscias  fulva, Macaranga occidentalis, Prunus africana, Gnidia glauca, Crassocephalum 

mannii, Syzygium staudtii, Allophyllus bullatus, Schefflera abyssinica, Pavetta hookerana 

and a lot of Rubiaceae of the genus Psychotria. Many epiphytes were found growing on the 

trees especially ferns, mosses and Lichens. This corresponds with the vegetation 

assessments by Chapman et al. 2004 and Chapman et al. 2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 1:  Yangare forest patch, Tchabal Mbabo 
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3.3 Methodology 

3.3.1 Criteria for zone, site and tree selection 

 

A total of 710 uneven-aged trees located in fourteen sites within the three main Prunus 

africana producing regions of Cameroon (South west, Northwest and Adamaoua regions) 

were selected for the study. The four zones targeted were Mount Cameroon, Mounts Kupe 

and Manengouba, the Kilum Ijum forest and Tchabal Mbabo. In each zone at least two and 

a maximum of four sites were surveyed during which way points and altitudes in metres 

were recorded using the Garmin-Geko-201 GPS unit. Within the different zones, the data 

collection sites were chosen based on availability of information concerning harvesting 

chronology as well as availability of those harvesters who had been involved in the 

harvesting process. In each of these sites a meeting was held with village councillors, 

traditional authorities and Prunus africana resource persons, as shown in ANNEX 1. The 

aim of the meeting was to introduce the research to the villagers and also identify those 

who had been involved in Prunus africana exploitation and who know the forest well. 

Based on this indigenous knowledge concerning the sites, a plan of work was then 

established, former harvesters and porters were then chosen as well as the specific sites.. 

 

In each site up to 60 trees with breast height diameters above 30cm and 5cm (in the 

forest and planted respectively) were measured. However some sites were poorly 

represented with insufficient trees found, the maximum of 60 trees could not be attained 

in the two Mount Manengouba and Kupe sites (Ndom and Foungoe).  Small bark samples 

(approximately 100g) were collected from 10 trees at each site for weight and volume 

measurements. 

 

3.3.2 Tree location  

The research aimed at recording data from a maximum of 60 trees per site. The sites were 

sampled to include eight natural forests with different tenure arrangements (permanent 

forest domain, private forest and community forests) and four plantations or areas of 

planted Prunus africana, shown in Table 3. When the site was a Prunus africana plantation, 

the trees were easily identified but when a forest, a search for trees with breast height 

diameters equal or above 30cm was necessary. This required the using transects and 

cutting paths or the use of hunters paths to encounter the trees. Given the mountainous 

environment,  and commonly patchy distribution of Prunus africana in the study sites 

(Ingram et al. 2009), binoculars were used to locate and identify Prunus africana trees in 

the canopy across valleys. 

 

3.3.3 Estimating the level of application of normal exploitation method 

For each tree the information recorded included:  

1. Number of trees debarked  (0), when bark of tree was not harvested (control trees);  

2. Number of trees underexploited (1) when less than twice ¼ of bark was removed;  
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3. Number of trees normally exploited (2) when only twice ¼ of bark was removed  

4. Number of trees overexploited (3) when more than twice ¼ of bark was removed. 

See Annex 4 for normal exploitation method. 

 

Figure 4: Opposite quarters exploitation method 

 

                
 

 (Source: Ingram et al, 2009) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Source : Tsobeng 2009)  
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3.3.4 Estimating the recovery rate and the bark yield after exploitation. 

For each tree the bole height was measured using a Bitterlich relaskope . Breast-height 

diameters were measured using the diameter tape. Diameters at 2m intervals were 

measured with the relaskope to calculate volume of tree. Bark thickness was measured at 

breast-height levels using a Priestler bark gauge on both recovered and normal, un-

harvested bark and the recorded values were the average of four readings taken at four 

different points along the breast height. The difference between the recovered and normal 

bark values indicated the level of recovery after a given period.  

 

To determine the rotation age, a graph of recovery rate on ages was traced based on the 

fact that each tree corresponded to a specific age after exploitation. The same reasoning 

was applied to determine the sustainable diameter for exploitation since the mean recovery 

rates per diameter class were computed. Samples were taken from some trees to measure 

and compare dry weights. The bark yield volume per tree was calculated following the 

equation developed by Burkhart (1977) as follows: 

 

Vb = (Dm2/4 X П X H) -(Dm – 2t)2/4 X П X H  

          Where: Vb= Volume of bark  

Dm= Mid height diameter (average of diameters at different                                        

heights using a relaskope 

           t = bark thickness 

          H = Trunk height (up to first branch) 

          П = 3.1416 

 

The weight of a given sample volume (Ndam 2000) of bark was measured using an 

electronic scale balance (Sartorius) to enable the conversion from harvested fresh weights 

to exported dry weights as well as bark volumes to weights. 

 

3.3.5   Assessing the health status of residual Prunus africana trees 

The health status of each tree was evaluated and classified following the method proposed 

by Biodiversity International/ BFW (2007) to assess crown condition, shown in Figure 5. 

 

Each of the 710 trees was examined for pests and diseases in the bark and on the leaves. 

Pests included phytophagous and xylophagous insects. Descriptions of salient effects on 

the trees were noted. 
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Figure 5 Classification of tree crown health status 

(Source:  Biodiversity International /BFW, 2007) 

 

3.3.6 Assessing seedling regeneration rate in exploited zones 

Regeneration was defined as all Prunus africana trees below the exploitable diameter (< 

30cm diameter) found within a diameter of 20m from the enumerated tree but excluding 

seedlings.  The classification system used was: 0 stem = no regeneration, < 2 stems = 

poor, 3-4 = average, and > 5 = good. The distance of 20m was obtained based upon the 

findings of regeneration and recruitment by Stewart (2009).  The aimed for 60 enumerated 

trees per site in each of the above categories was used for the analysis. 

 

3.3.7 Data analysis 

Data analysis was carried out using two main distinctions, to enable a comparison between 

data obtained from harvested areas of wild Prunus africana and that from planted areas.   

Wild trees at eight sites (Foungoi, Yangare, Kilum CF, Bikhov CF, Nsoung, Kupe, Man 

Spring and Viambi) were analysed first with an exploratory analysis of the measured trees 

was summarized in terms of means and standard deviations over the sites sampled. Means 

were compared to assess the effect of the measured parameters on the recovery rate. 

For trees in the four planted sites (Ichim, Vikhovi, Bova and CDC), there was also an 

exploratory analysis of measured parameters sampled. To compare tree performance 

across the four sites taking into account their different altitudinal levels, the measured 

parameters were standardized by taking their rates according to age. For example height 

increase rate was obtained by dividing the actual height measured by age of corresponding 

individual. At both levels growth rate data were analysed using a Multivariate Analysis of 

Variance (MANOVA) using the General Linear Models procedures of the Statistical Analytical 

System (SAS) statistical package. For comparison purposes, area means were separated 

using the Duncan multiple range test.  
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4: RESULTS AND DISCUSSIONS 
 

4.1.1 Sampled trees in natural forest sites 

 

The number of harvested trees within the eight sampled sites in natural forests is 

presented in Table 3. 

 

Table 3. Samples of harvested trees  

Site Type Zone Region Sampling 

Frequency 

Percentage 

Bikhov CF 

  

Community 

forest 

Kilum Ijum NW 
60 14.6 

Kilum CF Community 

forest 

Kilum Ijum NW 
60 14.6 

Foungoi Forest  Tchabal 

Mbabo 

Adamaoua 
44 10.7 

Vangare Permanent 

domain 

Tchabal 

Mbabo 

Adamaoua 
60 14.6 

Man Spring Permanent 

domain 

Mt Cameroon SW 
60 14.6 

Viambi Permanent 

domain 

Mt Cameroon SW 
60 14.6 

Kupe Permanent 

domain 

Mounts 

Manengouba 

SW 
7 0.02 

Nsoung  Mounts 

Manengouba 

SW 
60 14.6 

Total    411 100.0 

 

The target of 60 trees per site could not be attained on Mount Kupe, which had only 0.02% 

of the total number of harvested trees enumerated or in Foungoi where only 10.7% of the 

total trees sampled were found. These discrepancies might have been due to the fact that 

Prunus africana, being a light loving species does not regenerate sufficiently in the closed 

canopy forest of Mount Kupe and densities are extremely low. This finding confirms the 2008 

CIFOR inventory which found a density of 1.9 stems/ha (Foaham et al. 2009), the lowest of 

the three areas studied .  In contrast, at the Foungoi site most of the trees had died due to 

poor exploitation method with a low representation of trees from 30cm dbh upwards. The 

total of 411 enumerated trees was distributed within the diameter classes as shown in Figure 

6. This shows that the most frequent diameter class encountered during the survey was the 

30-40 dbh size class with 161 trees, followed by the 40-50 dbh class with 96 trees and very 

few trees of the higher classes. A typical reverse J shaped curve could be expected for long 

lived tropical forest tree populations, where the smallest size classes have the most 

individuals and their number decreases with dbh (Peters 1996). However the average 
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structure of all  the trees sampled  shows a shift towards predominantly smaller sized 

classes, which are not economically viable to harvest but do represent a future resource. 

Figure 6. Diameter class distribution of sampled trees for overall sites, zones and regions. 

 

Stewart (2009) highlighted similar findings in Kilum forest, that the largest and oldest trees 

were more susceptible to damage from harvest. Though this finding was generally true at 

all sites across Cameroon, it was most accentuated at Nsoung, Mount Kupe Muanengouba, 

where the largest trees were within the 50-60 class and more than 30 large dead Prunus 

africana trees were found in the forest, as shown on Photo 2. Tree mortality might also 

have been caused by overexploitation or uncontrolled bush fires which were reported to be 

rampant in the area resulting from slash and burn clearance for farming. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 2: Nsoung, Mount Kupe Muanengouba, South west 

0

20

40

60

80

100

120

140

160

180

[30-40[ [40-50[ [50-60[ [60-70[ 70+

Diameter classes

N
o

 o
f 

tr
ee

s 
p

er
 d

b
h

 c
la

ss
.



 26 

4.1.2 Bark thickness of un-harvested trees within natural forest sites 

The overall mean bark thickness of un-harvested trees in diameter classes within the 

permanent, private and community forests sites are shown in Table 4. This shows that 

there was an increase of bark thickness of un-harvested trees from smaller to greater 

diameters, with the 30-40 dbh class is considered as the most sustainable diameter class 

for exploitation, considering the decreasing increase in mean bark thickness (1.3Cm) 

compared to the 20-30 cm class (0.6Cm). 

   

Table 4. Mean bark thickness of Prunus africana per diameter class. 

Dbh classes 20-30 30-40 40-50 50-60 60-70 70+ 

Mean bark thickness (cm) 0.6 1.3 1.4 1.5 1.6 1.7 

 

 
4.2 Application of  harvesting methods 

The „sustainable harvesting method‟ proposed in Cameroon to date and indicated as „the‟ 

method used by community forests in the Northwest, MOCAP on Mount Cameroon and 

generally by the major harvester enterprises is the 2/4 quarters method for 50% of the 

bole for trees less than 50cm dbh and four quarters for those above 50cm. Figure 7 shows 

that in the forest this method however was applied to 9% of trees sampled. „Unsustainable‟ 

methods dominated with over 60% of trees sampled being over-exploited. These included 

the stripping of opposite sites of the bole  to about 50cm above breast height  and 

complete ringing of the trunk or felling of the tree (over exploitation).  Less than 1% of 

trees were not exploited at all, despite having exploitable diameters of over 30 dbh.  

 

Figure 7.  Percentage use of harvesting methods on sampled Prunus africana  

60.80%

29.20%

9.20%
0.80%

Over-exploitation

Under-exploitation

Normal-exploitation
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In the sites has been unsustainably harvested, over -exploitation dominated in natural 

forests especially when access was easier i.e. close to a path or track. Normal exploitation 

was practiced mostly in privately owned plantations and some (but not all – cionfirming 

Meuer‟s 2007 report) parts of Mount Cameroon where exploitation was controlled by 

MOCAP. Under-exploitation 29.2% of tree appeared mostly in cases where trees were 

situated in difficult terrain and there were long trekking distances from harvesting sites to 

transport, for example in the Yangare site in Adamaoua. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Photo 3. Over-exploited Prunus africana in Kilum CF, Kilum Ijum, Northwest  

 
4.3 Assessment of effect of site on bark recovery rates 

Using ANOVA and the Student-Neuman- Keuls test on bark recovery rate means for 

different sites shows how bark recovery rates differ by site and is shown in Table 5. 

 

Table 5. Student-Neuman- Keuls grouping of means of bark recovery rate according to the 

different sites 

   SNK Grouping        Mean            N               Altitudes     Sites              

 

                               0.155 a           52                  2097        Yangare 

                               0.099 b           59                  2435        Kilum CF                 

                               0.098 b           59                  2448        Bikhov CF 

                               0.071 c           44                  1945        Foungoe 

                               0.066 d           57                  2342        Man Spring 

                               0.062 e           50                  2358        Viambi 

                               0.060 f            59                  1806        Nsoung 

    (Alpha  = 0.05         Means with the same letter are not significantly different)  
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Table 5 shows that bark recovery rates were significantly affected depending on the site (P 

<.05) except for Prunus africana sampled in Kilum CF (0.099b) and Bikhov CF (0.098b) 

Community Forests where the differences were not significant. These two sites are found 

within the same climatic zone and almost same altitude and similar harvesting methods 

have been used, promoted by the Kilum Ijum Forest Project and the Association of Oku 

Forest Management Institutions (ASSOFOMI) (Whinconet 2005).  Bark recovery rates were 

not influenced by altitude, but appear to be more significantly affected by harvesting 

pressure, the age of trees and method of harvesting used. This is especially clear at the 

Yangare site in Adamaoua, which shows the highest recovery rate of 0.155cm/year. This 

high rate of recovery is interpreted to be due to the long distance from villages, transport 

and access routes, which have prevented the trees from being subjected to harvesting 

pressure, in doing so preserving a large proportion of old and larger trees.  Stewart (2009) 

also found that the location of a harvested plot in the Kilum Ijum forest was a significant 

predictor of death, which has a high correlation with recovery rate. 

 

4.3.1 Estimate of bark yield after exploitation 

Bark recovery rates per year are shown in Figure 8.   During the first and second years 

after harvest rates were above 0.15cm (15%) per year, dropping rapidly to around 7% 

during the seventh year, when the rate decreased to less than 1% per year. The seventh 

year is therefore considered as the inflection point of the bark growth curve, representing 

the most suitable period for harvest rotation periods, since after the seventh year, the 

annual gain in bark thickness is minimal as the curve begins to flatten out.  

Figure 8 Bark recovery rates per year after exploitation 
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4.3.2 Recovery rate of Prunus africana per diameter class 

The means of recovery rates of the normally exploited trees enumerated in each of the 

diameter classes were calculated and are presented in Figure 9. They show a general 

increase of recovery rate (0.065-0.098cm/year) for normally harvested trees from lower to 

higher diameter classes. This confirms personal observations in the field where larger trees 

had thicker recovered bark than smaller ones. For example, in Viambi after fifteen years 

Prunus africana trees in diameter classes 30-40 and 40-50 had recovered a mean thickness 

of 0.917cm and 0.927cm respectively. Likewise, in Yangare normally harvested trees of 

diameter classes of 30-40 and 50-60 had reached a mean thickness of 0.275cm and 

0.333cm respectively after a period of two years. Figure 9 also illustrates the inflection 

point for diameter class 30-40,  where the curve reaches the steepest gradient with the 

highest bark recovering rate (above .08cm/year). This class can therefore be considered as 

the most sustainable diameter class for exploitation.  

 

The mean bark thickness for unexploited Prunus africana trees in the 30-40 class attained 

a mean bark thickness of 1.3cm. This is a greater yield for the debarked area when 

compared to trees of the 20-30 diameter class, which had a mean thickness of less than 

0.6 cm. This class also contains the greatest number of trees enumerated during the 

surveys, which may have been one of the reasons why harvesters in Kilum according to 

Cunningham and Mbengkum (1993) thought that the trees that gave the best bark were 

medium aged trees. 

   

Figure 9. Mean bark recovery rate per diameter class for normally exploited trees 
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4.4 Health status of residual Prunus africana trees. 

The health status of residual Prunus africana trees was classified using the Biodiversity 

International /BFW (2007) rating shown in Figure  5.  

 

4.4.1 Assessment of the health status of harvested Prunus africana 

The overall assessment of the health status of 377 residual harvested trees in all the sites, 

by dbh classes and taking into account harvesting methods used is shown in Table 6. This 

illustrates that of the 150 trees in the critical 30-40 dhh class, 16% (25 trees) were in a 

critical health condition and likely to die, and 65% (92 trees) were within the perfect to 

tolerable categories.  Of the over-exploited trees (81% of this class), the majority 71% 

were in a perfect to tolerable state, 41% were in a poor to dead state. Higher dbh classes 

showed the reverse trend where a larger number of harvested trees were found in critical 

conditions, especially those from dbh 70+ where all 9 over-exploited trees were likely to 

die. This indicates that the younger, smaller trees are more able to withstand over-

exploitation and that larger size trees are considered most vulnerable, with exploitation, 

particularly over-exploitation, resulting in poor health or death. The results also indicate 

that the majority of normally exploited trees were in perfect condition and none had died. 

This supports the observation by Cunningham and Mbenkum (1993) that Prunus africana 

does indeed have a remarkable ability to withstand bark removal.  

 

Table 6. Health status of trees harvested in dbh class by harvest methods  

Dbh 

Class HM Perfect Good Tolerable Poor Very poor Dead 

30-40 Normal 5 3     
30-40 overex 15 26 31 25 14 11 

30-40 undex 12 5  3   
40-50 Normal 3 3     
40-50 overex  5 23 17 2 3 

40-50 undex 16 12 1 2  2 

50-60 Normal 6 1 2 1   
50-60 Overex  1 8 8 8 8 

50-60 undex 11 11 5 4   
60-70 Normal 2 2     
60-70 overex   2 9 8 1 

60-70 undex  4 4 1   
70+ Normal 2      
70+ overex     5 4 

70+ undex 1 3 7 1   
Normal = normal exploitation; undex= under exploitation and overex =over exploitation. 
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Long-term monitoring of tree mortality post-harvest is needed to confirm these 

conclusions, as poor health and tree mortality may not always result from harvesting 

techniques.  

 

A comparison of health status of the 377 residual Prunus africana trees enumerated, taking 

into account the different exploitation techniques is presented in Table 7. The results 

indicate that all harvesting methods used have some impact on health. After normal 

exploitation, 3% of trees were in very poor health, but 90% (51+31+9) of the harvested 

trees were alive and in a tolerable health condition. Over exploitation however resulted in a 

greater percentage of mortality (10%) than any other method. This is less than with 

Stewart‟s (2009) findings that 46% of harvested trees died over a period of ten years in 

the sample plots in Oku and that all trees had the same chance of dying regardless of their 

size classes. This could be explained by the fact that over exploitation dominated in Kilum 

Ijum throughout the harvesting periods. Under-exploitation was associated with ringing of 

the base of the tree and led to 2% mortality in the sample, being more common when the 

tree was very large and when the harvesting site was far from camping sites and paths. 

The health of harvested and un-harvested trees in both plantations and natural forests was 

affected by xylophagous insects, rodents and parasitic plants. 

 

Table 7. Health status of residual harvested Prunus africana trees per  harvest method 

Harvest 

method 

Health status of 377 trees enumerated 

Perfect Good Tolerable  Poor Very 

Poor 

Dead Total % 

Normal 51 31 9 6 3 0 100 

Over 

exploitation 

7 14 27 26 16 10 100 

Under 

exploitation 

41 32 16 10 0 2 100 

 

4.4.2 Xylophagous insects 

These insects bore holes through the barks of living trees, as shown in Photo 4. They not 

only reduce bark and wood qualities but also render the tree very fragile and susceptible to 

wind fall. This was however a rare situation in the wild plants because less than 0.02% 

were attacked, but very common in plantations and appears to be related to altitude. At 

the lower altitudes (240m asl) in the CDC plantation, 100% of the trees were attacked 

meanwhile at 800m a.s.l. in Bova 11 and 1000m a.s.l. in Nyasoso only 45% and 14% of 

the trees respectively were attacked. 
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Photo 4.    Prunus africana tree attacked by borers in CDC plantation, South west 

 

4.4.3 Parasitic plants infestation 

Loranthus sp. infestation was the most common parasite seen during the survey, found in 

two cases in a plantation where Prunus africana was growing among other food crops, as 

shown in photo 5. The attack might have been influenced by the abundance of this 

parasite on neighbouring fruit trees.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 5. Farm based Prunus africana tree attacked by Loranthus sp.  
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Another less common cause of mortality observed was by stranglers, mostly Schefflera 

abyssinica and Schefflera africana which had engulfed living trees and finally killed them, 

as shown in photo 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 6. Prunus africana tree strangled by S. Abyssinica, Bikhov CF, Northwest 

 

4.4.4 Rodent attack 

The barks of a small number of trees were eaten by unidentified rodents, causing damage 

of up to 10% of the exploitable volume of bark. This was only observed on Mount 

Cameroon zone. 

 

 

 

     

 

 

 

   

 

 

 

 

                                             

 

Photos 7 and 8: Rodent damage to Prunus africana, Viambi,  Mount Cameroon (new scar 

to the left (7), old scar to the right (8))  
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4.5 Seedling regeneration in harvested sites 

Seedling regeneration at each of the sites showed a different tendency for seedling 

regeneration. Figure 10 displays the number of stems found in each “seedling regeneration 

category”, where the categories used were: 

0 stem = no regeneration 

< 2 stems = poor 

3-4 stems = average  

> 5 stems = good 

Fig10. Regeneration status of 60 trees harvested per site. 

 

Fig 10 shows that Viambi had more than 40 trees in the “no stem category” while in 

Nsoung there were no trees in this category. This is explained by the Viambi site having a 

more closed canopy than Nsoung, a more an open forest. Generally there was an 

abundance of seedlings and pole staged trees in open forest and forest edges. This 

confirms the findings of Ewusi et al. (1992), Ndam (1998) and Ngunje (1996) in Hall et al. 

(2000), Dailey and Fernandes (2000) in Madagascar which indicate the seedlings are light 

loving and few no seedlings have been found near living trees, but are in abundance 

where an adult tree had been felled.  However there were lots of newly germinated 

seedlings underneath some trees, but those above 5cm tall were seldom seen in under 

canopies in closed areas. 
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4.6 Growth rates of planted Prunus africana 

Tree growth was assessed by measuring growth rates and sensitivity to insect infestation 

of even aged trees in plantations at different altitudinal levels. 

 

4.6.1 Tree DBH increase 

The mean dbh of trees enumerated in each site are presented in Table 8.  Dbh varied by 

site according to altitude of the area and age of the trees. Trees with larger dbh were 

found at the CDC site (23.85 ± 0.58 cm) situated at lower altitudes, while those of 

comparable age at higher altitudes had smaller diameters (17.72 ± 0.48cm, 18.78 ± 0.75 

cm and 16.15 ± 1.00 cm) respectively for Bova,Vikovi, and Ichim which are all above 

800m asl. CDC and Bova had smaller standard errors, suggesting that at low altitudes trees 

have a more homogenous diameter than at high altitude.  Prunus africana being a light 

loving species implies it grows faster in lower altitudes where temperatures are higher; 

there is less cloud cover and thus longer periods for photosynthesis than in higher 

altitudes. 

 

Area Altitude 

m asl 

Age 

(yrs) 

Number Mean Standard 

error of 

the mean 

Minimum Maximum 

Ichim 1888 13 
60 16.15 1,00 6,00 36,00 

Vikovi 2123 20 
60 18.80 0,748 6,00 29,00 

Bova  896 13 
59 17.72 0,49 10,50 26,00 

CDC  242 13 
60 23.85 0,577 15,00 32,80 

Table 8 Mean DBH of planted trees per site.  

 

4.6.2 Tree Height 

The mean heights of even aged planted Prunus africana trees measured at different 

altitudes were measured and as presented in Figure 11. As for diameter, trees were higher 

in lower altitudes than higher altitude, with thirteen year old trees reaching 13.72 ± 0.51m 

at the CDC site (low altitude), while equivalent aged trees at Vikovi (high altitude) were 

9.24± 0.24m. This may again be explained by increased photosynthesis at lower altitudes.  
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Figure 11 Mean heights of 13 year old planted Prunus africana trees at different altitudes 

 

4.6.3 Sensitivity to borer attack 

The presence of borers was noted in 4 sites, with the incidence evaluated as the number 

of trees attacked, as shown in Figure 12.   

 

Figure 12: Prunus africana sensitivity to borer attack in planted stands 
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The findings indicate that 94% of the planted trees in lower altitudes were affected by 

borers, while equivalent aged trees at higher altitudes (Vikovi) were 100% healthy. It 

appears that borers attacks are more severe at 1000 m altitude and lower, and it is 

hypothesized that this is due to lower higher temperatures and atmospheric humidity 

creating favourable conditions for borers. This matches observations by Hall et al., (2000) 

that although P.africana is found at lower altitudes, it is predominantly a montane species. 

In Cameroon it is found between 600 and 300m, but the highest densities were found from 

1700 and especially above 2000m in Adamaoua (Ingram et al., 2009).  

 

Stem borers not only affect bark quality but render the tree fragile and exposed to 

windfall, which lead to Cunningham and Mbenkum‟s (1993) suggestion that estimated 

costs for Prunus africana plantations at lower altitude should not include their timber value 

as the high rates of borer infestation rendered the timber only suitable for firewood. 

 

Personal observations in the forest highlighted that trees at lower altitudes developed 

several ground level branches at an early age, indicating higher air humidity and favour the 

development of early shoots and branches, as shown in Photos 9 and 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 9               Photo 10 

Prunus africana trees with borer attack and early branching at lower altitudes, CDC 

plantation, South west  

 
4.7 Relationship between bark volume and weight 

The mean masses and corresponding volumes of samples collected per sites were evaluated 

and are presented in figure 13. 
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Fig 13: Relationship between weights and volumes of Prunus africana bark samples 

 

This indicates that mass and volume is closely related and was not affected by site specific 

variables, ages or tree size. The mean 6.1ml of Prunus africana fresh bark weighed 6.8g,  

giving a ratio of volume to weight of fresh bark as 1:1.1.  Personal communication from 

AFRICAPHYTO , a company buying and exporting Prunus africana, the weight of tested fresh 

bark in Cameroon contains 50% humidity, while after air-drying before export, dry bark 

contains 20% humidity. The reduction from 50% to 20% humidity leads to a drop in weight 

of 60% or a ratio of 1:0.4. Therefore 1 ton of fresh, „wet‟ Prunus africana bark at harvest, 

weighs 0.4 tons at export.  
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5  CONCLUSION AND RECOMMENDATIONS 
 

5.1 Conclusions 

In the three zones studied, predominantly unsustainable harvesting methods of Prunus 

africana were practiced, with 60% of trees overexploited and 9% of trees sustainably 

harvested in the fourteen survey sites.  

 

Bark recovery rates of over 0.15cm/year (15% growth of original thickness per year) were 

found during the 1st and 2nd years after a normal harvest, which then dropped rapidly to 7% 

in the 7th year and then subsequently less than 1% per year. There was a general increase 

of the recovery rate (0.065 - 0.098cm/year) of normally harvested trees from lower to 

higher diameter classes. After normal exploitation, more than 90% of harvested trees were 

in healthy or reasonable condition with no mortalities. Under exploitation and over 

exploitation led to the death of 6% and 18% respectively of harvested trees. This study was 

not able to demonstrate if the normal harvesting method is sustainable, however it can 

concluded that compared to under or over-exploitation, when harvested using the 2/4 

„sustainable‟ technique, more trees remain healthy and bark growth is sufficient for a second 

harvest after seven years. 

 

The seven year period is interpreted from the inflection point on the curve of mean bark 

thickness against time (years), and is seen as the most suitable period for rotation. After 

seven years an average harvested tree recovers more than 80% of its total bark. Thus two  

rotation periods over 14 years, with further increments at much reduced rate of less than 

0.05% allow bark re-growth a rate which appears not to endanger the tree health. A period 

of longer than seven years, when the growth curve begins to flatten out, does not appear to 

provide significantly more benefits in terms of growth or tree health. However, further study 

is needed to assess if the yield of Prunus africana remains constant or increases after the 

rotation period, since increase yields resulting from increase in diameter at breast height 

would be compensated by health deterioration. 

 

An inflection point was found in the 30-40cm diameter at breast height class of trees, where 

the curve had the steepest gradient with a good bark recovery rate (above 0.08cm/year). 

This class is therefore judged to be the lower limit of the diameter class for sustainable 

exploitation. It was also found that the mean bark thickness of unexploited Prunus africana 

in this class attained 1.3cm.  

 

Further studies are needed to determine the maximum exploitable diameter, since death 

resulting from exploitation appears to be correlated with increased diameter. Yield 

maximisation could be achieved by felling. For wild Prunus africana, the effect of felling on 
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seed generation would need to be assessed given the correlations between age, size and 

seed production. 

 

The growth rates of planted Prunus africana trees were found to be significantly correlated 

to altitude, with a tendency for faster growth rates at lower altitudes. Sensitivity to borer 

attack was lower in higher altitudes above 1000m a.s.l., compared to lowlands, which 

showed 100% insect infestation below 800m a.s.l. A tendency was also found for higher 

growth rates at lower altitudes. This trade off between health and growth would need to be 

studied more in plantation settings, and correlated with bark growth.  Similarly, parasitic 

infections passing from crops to Prunus africana, as in Mount Manengouba site, also needs 

further study to confirm if this is a health risk for the trees or if intercropping is possible. 

 

A 60% reduction in weight of P. Africana was found when fresh bark was dried. This is a 

higher rate than the 50% weight reduction commonly used by exploiters. This finding could 

be significant in the calculation of bark harvested and exported.  This aspect also needs 

more research, with seasonal factors such as background humidity in each region and 

humidity in the drying/storage location taken into account.  

 

5.2 Recommendations 

 

5.2.1 Harvest norm 
 

A harvesting norm enshrined in Cameroon regulatory framework is strongly recommended. 

This should builds on the results of this study to remove the uncertainty about the previous 

standards and set a clear signal to the stakeholders – particularly harvesters, managers and 

owners of Prunus africana as well as clarifying for the regulatory authorities and support 

organizations involved in training, exactly what techniques appear sustainable given current 

knowledge and the known impacts bark harvest.  

 

It is also strongly recommended that on-going retroactive monitoring of harvested and un-

harvested trees at same sites continues. For example under the supervision of ANAFOR, 

MinFoF and perhaps academic organizations who are members of the CITES Scientific 

Advisory board in Cameroon. This would to provide much needed long-term data on tree 

health, mortality and seed regeneration. It is recommended that newly harvested trees are 

also preemptively monitored at the same sites to enable a comparison- and provide data 

missing in this study. 

  

5.2.2 Harvesters 

Harvesters should be included in the introduction of standards and need full training to 

ensure comprehension of the standard, the implications of over-harvesting and general 

management e.g. planting, regeneration and tree health).  In the long term, if felling is not 

practiced, sustainable bark harvest appears to offer harvesters and tree owners higher 

economic benefits than a short term un-sustainable exploitation which leads to higher rates 
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of poor tree health and mortality- decreasing the yield of bark and therefore economic 

returns. 

 

5.2.2. Government of Cameroon 

The Government is encouraged to use this study as part of the its guidance for a national 

management plan process and particularly introducing a harvest norm , with a strong 

emphasis and controls on the „normal‟ sustainable harvesting method, which, given the 

currently available data, appears the best technique  if harvesting of live trees is to continue. 

 

The Government – particularly forestry, agroforestry and agricultural extension agencies 

may also consider encouraging private or state plantations from above 1000m a.s.l and 

disseminating information about the regeneration, growth patterns and pests of Prunus 

africana. 

 

5.2.3 Prunus africana exploiters 

Exploiters need to be trained in sustainable harvesting techniques, and be well controlled or 

monitored to ensure that these are used. Allowing only trained, registered harvests under a 

permit system, as proposed in the Guidance for a National Prunus africana Management 

Plan is also counselled, given the findings of this study with high levels o unsustainable 

harvest techniques used. Practical tips include ensuring camping sites in the forest used by 

harvesters are as close to exploitation zones as possible, to allow harvesters sufficient time 

to harvest properly. 

 

5.2.4.  Academic and research institutions 

The research gaps identified in this study need to be addressed to enable ongoing and 

improved understanding of the nature of Prunus africana and implications of its bark 

harvesting.  

1. Testing the Sustained Yield calculation for a Prunus allocation Unit (an area for 

harvesting and permitted) to prove if this equation can be applied to Prunus africana 

in natural stands in different locations and altitudes. 

2. Testing more samples to verify the 60% reduction in weight of P. Africana when fresh 

bark was dried. This is a higher rate than the 50% weight reduction commonly used 

by exploiters and could be significant in the calculation of bark harvested and 

exported. Research should focus on the impact of seasonal factors such as 

background humidity in each region and humidity in the drying/storage location taken 

into account.  

3. The conduct of this study and long time scales for harvest and growth indicate that 

the creation and maintenance of permanent Prunus africana sample plots within 

different exploitation sites would be beneficial to ensure monitoring of parameters 

used in this study such as growth, health, bark thickness, bark regeneration after 

harvest and seedling.  Similar research could be improved if investigations were 

carried out on even-aged trees to provide a more comparative study. 
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Annexes 

 

Annex 1.  Prunus survey interviews 

 

No Names Address 

1 Ndive Elias Botanic Garden 

2 Luma Francis Mocap 

3 Njie Collins Mocap 

4 Ekema Marcus Mocap 

5 Njie Peter Mocap 

6 Mbella Elive Bova 11 

7 Kale Litie Mocap 

8 Joseph Ekati Mocap 

9 Ngaleme John Ndom 

10 Ewang James Ndom 

11 Mbode Thomas Ndom 

12 Teku Richard Okala 

13 Ngah Donald Okala 

14 Messango Bonaventure Nsoung-Manjo 

15 Nkwelle Roger Nsoung-Manjo 

16 Ngando Emmanuel Nsoung-Manjo 

17 Ndope Pierre Nsoung-Manjo 

18 Ngwesse Thimothé Nsoung-Manjo 

19 Njume René Nsoung-Manjo 

20 Etuge Martin Nyasoso 

21 Ebong Clifford Nyasoso 

22 Njume Kingsley Nyasoso 

23 Jakiri Kongnyuy Vekovi 

24 Mbulav Anthony Tata Vekovi 

25 Ngoran Christopher Vekovi 

26 Bailak Samuel Oku 

27 Banejim Godlove Oku 

28 Nkainbi Paul Fung Oku 

29  Bah Peter Ngwanse Oku 

30 Mainemo Charles Banyo 

31 Wodzeka Justin Banyo 

32 Zifac Henri Banyo 

33 Tayim Ernest University of Dschang 
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Annex 2. Climatic data  

 

Mount Cameroon 

 
Maximum temperatures in °C 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2005 30.3 30.9 29.3 29.9 28.6 26.6 25.3 24.6 27.1 27.3 28.8 28.1 

2006 30 31 29 30 27.8 26.4 25.8 25 27.6 27.7 28.7 28 

2007 29.8 30.1 29.2 29.7 28.5 26.8 26 25.4 28.4 27.6 28.5 27.9 

Source: Agro meteorological station Ekona, June 2009 
 
Minimum temperatures in °C  
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2005 16.8 17.6 15.9 16.6 16.9 17.8 16.9 17.7 18.1 18.2 18.4 18.8 

2006 17.5 18.1 17.3 16.5 16.8 18.3 17.5 18.1 18.8 18.6 18 18.2 

2007 18.1 18.7 18 16.4 16.5 18.5 18.3 18.8 18.5 17.6 18.3 18 

Source: Agro meteorological station Ekona, June 2009 
 
Rainfall in mm 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2005 8.3 26.2 191.2 77.3 127.4 180.3 324.7 280.4 296.9 226.3 60.8 31.8 

2006 2 38.3 88.5 214.4 193.8 222.3 646 383.9 462.1 123.9 82.8 27.2 

2007 o.o 11.2 25.5 369.3 158.6 340.3 347 359.6 214.1 274.1 224.9 7.1 

Source: Agro meteorological station Ekona, June 2009 
 
Mount Kupe and Muanengouba 

 

Minimum and maxium Temperatures in °C 
 May Jun Jul Aug Sep Oct Nov Dec Jan 

Min 16.43 16.57 16.14 17.38 16.33 17.12 16.54 17.38 14.04 

Max 27.62 27.34 25.95 24.68 24.88 27.15 27.69 24.66 28.65 

Source: Ekwoge (2001) 
 
Rainfall in inches 

May Jun Jul Aug Sep Oct Nov Dec Jan Feb 

1076 1601 1554 518  1694   17 17 

Source: Ekwoge (2001) 
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Annex 3. Distribution of Prunus africana in Cameroon 

  

Regions Divisions Locations 

South West 

 

 

 

Fako  

Meme 

Kupe Muanengouba 

Lebialem 

 

 

Manyu 

 

Mount Cameroon 

Mount Cameroon 

Mount Kupe, Mount Manengouba 

MountBamboutous (Bamumbu,Fossimondi,Finaua 

M`mock, Wabane. 

Akwaya and environs (Amassi, Mbassa, 

Tchinnatchom) 

North west Bui 

 

Boyo 

 

Ngoketunjia 

Momo 

 

Mezam 

Menchum 

Donga Mantung 

Nbiame, Kumbo, Jakiri, Oku, Kom, Kilum Ijim 

massif, Nvem. 

Fundong, Njinikom, Belo, Ngene Kigem. 

Sabga 

 Njikwa, Acha-Tugi, Menka, Oshey,Gouzang, Ngui. 

Bafouchu, Medankwe, Santa, Awing, Njong 

Kidjiogam, Mbot, Adon. 

Abizenaku, Abor, Adou 

 Furawa, Akweto, Tabenkem. 

Western 

 

Menoua 

 

Noun 

 

Bamboutos 

Haut Nkam 

Nde 

Haut Plateau 

Santchou, Gwata 

Malanttoue 

Malantouem, Bangourain, Kutupit, Mbam massif. 

Mount Bamboutos, Babadjou. 

Mount Bana, Bafang. 

Bagangte, (Balmbo, Bangaloup, Bassmba, 

Baham, Bapa, Badenkop. 

Littoral Moungo Mount Muanengouba and Kupe, Barouka area, 

Mount Nlonako (village Barondo) 

Central Mbam et Kim 

Mefou et Akono 

Mount Ngora, Mount Yangba, Mount Golep. 

Mount Eloumdem. 

Adamaoua Mayo-Banyo 

 

Faro et Deo 

Tchabal Mbabo (Gandwa, Niamsounre, Sambo 

Labo, Mayokelele. 

Galim, Tignere 

Source: Avery et al. (2001) 
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Annex 4. Sustainable bark harvest: 2000 Guidelines from the Mount 
Cameroon Project 

 

Source; Hall et al. 2000 


