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in village communities around
the Lobeke National Park
in Cameroon
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RESUME

LA PLACE DE IRVINGIA GABONENSIS
DANS LES COMMUNAUTES
VILLAGEOISES AUTOUR DU PARC
NATIONAL DE LOBEKE AU CAMEROUN

Le manguier sauvage, Irvingia gabonensis,
est une des essences les plus exploitées
pour des produits forestiers non ligneux
aux alentours du Parc national de Lobeke
au Cameroun. Une enquéte auprés des
cueilleurs montre que les fruits sont ramas-
sés en forét a méme le sol, ce qui entraine
des risques élevés d’attaque par des
gorilles (100 %) et nécessite de longs
séjours en campement (87 %). Tous les
cueilleurs conservent cette essence, la plu-
part (82 %) en protégeant les semis spon-
tanés, mais ne s’intéressent pas a la plan-
tation. Cependant, prés de 68% des cueil-
leurs indiquent qu’ils ’envisageraient.
L’amande de Irvingia gabonensis est
considérée par les cueilleurs comme la
deuxiéme ressource alimentaire (98 %) et
la premiére source de revenus (93 %)
parmi les quatre principaux produits fores-
tiers non ligneux de la région. Un inventaire
a été réalisé pour évaluer 'abondance de
’essence dans trois systémes forestiers : la
zone protégée, une forét de production vil-
lageoise (forét naturelle comprise dans le
domaine forestier non-permanent et gérée
par une communauté villageoise avec 'ap-
pui du service forestier) et une zone agrofo-
restiére (jachéres et associations de cul-
tures/cacao), dans 6 x 3 parcelles de 1 ha.
La production fruitiére a été estimée en
comptant les fruits pendant les collectes.
La croissance et la survie des plantules
n’ont été estimées que dans la zone proté-
gée en raison de la rareté des jeunes plants
dans la forét de production et la zone agro-
forestiére. La densité moyenne des /. gabo-
nensis s’établit a 3,3 arbres/ha, sans écart
significatif entre les trois systémes fores-
tiers. Le diamétre moyen a hauteur de poi-
trine ne varie pas significativement entre
les trois systémes, ni la production fruitiére
moyenne. Le taux de survie des semis
baisse a 70 % dans la zone protégée au
bout de 18 mois. La présence majoritaire
d’arbres de diamétre moyen a élevé
indique que la ressource se maintiendra
pendant quelque temps, mais la quasi
absence de jeunes individus permettant de
régénérer ces peuplements vieillissants
compromet la ressource a plus long terme.
Lintensité de la cueillette conduit a recom-
mander U'intégration de cette essence dans
les exploitations agricoles villageoises.

Mots-clés : /rvingia gabonensis, res-
source vivriére, productivité, Parc natio-
nal de Lobeke, Cameroun.

ABSTRACT

THE PLACE OF IRVINGIA GABONENSIS
IN VILLAGE COMMUNITIES AROUND THE
LOBEKE NATIONAL PARK IN CAMEROON

The bush mango, Irvingia gabonensis, is
one of the most heavily used non-timber
tree species around the Lobeke National
Park in Cameroon. A survey among fruit
gatherers showed that the fruits are col-
lected from the forest floor, which
involves very high risks of gorilla attack
(100%) and long camping periods (87%).
All the gatherers preserve this species,
mostly (82%) by protecting wild
seedlings, but they are generally reluctant
to plant it. However, up to 68% of gather-
ers indicated that they would be willing to
plant the species. The /. gabonensis ker-
nel was ranked by gatherers (98%) as the
second main source of food and the first
main source of income (93%) among four
major Non-Timber Forest Products in the
area. An inventory was carried out to
determine the abundance of the species
in three forest systems: the protected
area, a community production forest (a
natural forest forming part of the non-per-
manent forest domain and managed by a
village community with the assistance of
the forestry administration) and agrofor-
est (fallow land and productive
crop/cocoa plantations), in 6 x 3 1-ha
plots. Fruit production was assessed by
counting fruits during gathering. Seedling
growth and survival were assessed only
in the protected area because very few
seedlings were available in the produc-
tion forest and agroforest. The overall
mean density of . gabonensis was
assessed at 3.3 trees per ha, with no sig-
nificant difference between the three for-
est systems. The mean diameter at breast
height of I. gabonensis trees in all three
forest systems was not significantly differ-
ent. Mean fruit production in the three for-
est systems also showed no significant
difference. Seedling survival fell to 70%
in the protected area after 18 months.
The presence of mostly medium to large
diameter trees is an indication that the
resource will continue to be available for
some time but the near absence of
younger individuals to replace the ageing
population is detrimental to resource
availability in the long term. Due to the
intensity of gathering, it is recommended
that the local population should actively
incorporate this species into their farms.

Keywords: /rvingia gabonensis, resource
base, productivity, Lobeke National Park,
Cameroon.

RESUMEN

EL LUGAR DE /RVINGIA GABONENSIS
EN COMUNIDADES CAMPESINAS
ALREDEDOR DEL PARQUE NACIONAL
DE LOBEKE EN CAMERUN

El mango africano, /rvingia gabonensis, es
una de las especies mas explotadas para
productos forestales no madereros alrede-
dor del Parque Nacional de Lobeke en
Camer(n. Una encuesta entre los recolec-
tores muestra que los frutos se recogen en
el suelo del bosque, lo que implica un alto
riesgo de ataques de gorilas (100%) y la
necesidad de acampar durante periodos
prolongados (87%). Todos los recolectores
preservan esta especie, la mayoria (82%)
protegiendo las plantulas silvestres, pero
sin pensar en plantarla. Sin embargo,
cerca del 68% de los recolectores dice que
estaria dispuesto a hacerlo. La almendra
de Irvingia gabonensis es considerada por
los recolectores como la segunda fuente
de alimento (98%) y la primera fuente de
ingresos (93%) entre los cuatro principa-
les productos forestales no madereros de
la region. Se efectud un inventario para
evaluar la abundancia de la especie en
tres sistemas forestales: el area protegida,
un bosque de produccién comunitario
(bosque natural incluido en el dominio
forestal no permanente y manejado por
una comunidad campesina con el apoyo
del servicio forestal) y una zona agrofores-
tal (barbechos y asociaciones de cultivos
con cacao), en 6 x 3 parcelas de 1 ha. La
produccién frutal se estimé contando los
frutos durante la recoleccidn. El creci-
miento y supervivencia de las plantulas
s6lo se estimaron en el area protegida
debido a la escasez de plantas jovenes en
el bosque de producciény en la zona agro-
forestal. La densidad promedio de /. gabo-
nensis es de 3.3 arboles/ha, sin variacio-
nes significativas entre los tres sistemas
forestales. El diametro promedio a altura
de pecho no varia significativamente entre
los tres sistemas forestales, como tam-
poco lo hace la produccion frutal. La tasa
de supervivencia de las plantulas des-
ciende al 70% en el area protegida al cabo
de 18 meses. La presencia mayoritaria de
arboles de diametro medio a grande
indica que este recurso se mantendra
durante algln tiempo, pero la ausencia
casi total de individuos jovenes que permi-
tan regenerar estos rodales envejecidos
hace peligrar este recurso a largo plazo. La
intensidad de la recoleccién lleva a reco-
mendar la integracion de esta especie en
las explotaciones agricolas campesinas.

Palabras clave: /rvingia gabonensis,
recurso alimenticio, productividad,
Parque Nacional de Lobeke, Camerdn.



Introduction

Irvingia gabonensis (Aubrey-Lecomte ex O. Rorke)
Baill. is a large forest tree which grows to a height of 40 m,
and is restricted to the forested region from Nigeria to the
northern Congo Basin (Sunderland et al., 2002). It is com-
monly known as bush mango and is economically very
important in the regions where it is found. /. gabonensis
trees usually reach maturity and begin flowering when they
are between 10-15 years old, however, much earlier fruiting
has been reported as early as after six years (Ewane et al.,
2009). This species features in most lists of priority Non-
Timber Forest Products (NTFPs) in Cameroon (Ayuk et al.,
1999; Clark and Sunderland, 2004; Ingram and Schure,
2010; Egbe et al., 2012). Irvingia gabonensis has been ran-
ked first in terms of its economic and social value in the low-
land humid forest zone of Cameroon (Ndoye et al., 1997;
Nkwatoh, 1998; Clark and Sunderland, 2004; Tchoundjeu
and Atangana, 2012). The species also has enormous
potential, both in economic terms and for sustainable pro-
duction, and could play a significant role in the conservation
of the Congo Basin forests (Clark and Sunderland, 2004).

NTFPs are harvested from the wild in natural forests
(SCBD, 2001; van Andel, 2006) or from wild stock preserved
by local farmers on farms in various traditional agroforestry
systems (Tabuna, 2000). Wiersum (1997) identifies three
categories of indigenous NTFP management practices inclu-
ding maintenance of the resource stock through (i) controlled
utilization and production, (i) stimulation of the production
of required products within existing vegetation, and (iii) sti-
mulating regeneration of valued species. Most farmers main-
tain mature I. gabonensis trees that are already growing on
their land and also transplant wildlings onto their farms or
grow new seedlings (Ayuk et al., 1999). According to
Tchoundjeu et al. (1999) farmers select seeds from trees that
produce high yields of good fruit and may also buy seeds
from the market, but the most common source of new stock
for cultivation is the forest. Asare (2005) identified /. gabo-
nensis among trees preferred in cocoa agroforests whereas
Leakey (1998) proposed it as appropriate for inclusion into
multi strata agroforests and for domestication. /. gabonensis
trees are one of the most widely used and economically most
important among the multipurpose tree species in West and
Central Africa (Leakey et al., 2005). Agbor (1994) indicated
that the production of bush mango in natural areas was
decreasing due to over exploitation and seedling mortality,
which points to the urgent need for protection of natural
stands because of the rapid increase in demand. According
to Marshall et al. (2006), the initial response to increased
demand for a NTFP is more intensive harvesting leading to
over-exploitation of the species; while in open access condi-
tions, increased value leads to uncontrolled competition for
resources and inefficient and damaging harvesting (Belcher
and Schreckenberg, 2007). In the same line, the increasing
market demand for /. gabonensis almonds causes over-
exploitation of trees in natural habitats which results in poor
regeneration in their postulated genetic diversity centres in
Nigeria, Cameroon and Gabon (Ude et al., 2006). The custo-
mary rules of access are also changing as the perception of
improved marketing opportunities has led to restrictions on
access to I. gabonensis (Brown and Lassoie, 2010).
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The almond of /. gabonensis is also considered a spe-
cial forestry product by the Ministry of forestry and wildlife in
Cameroon which uses the quota system to grant exploita-
tion permits for the resource (Ingram and Schure, 2010).
However, the actual quota allocated is usually far below the
annual market turnover. For example, in 2009 only one
quota was allocated for 100 tons of bush mango almonds
from the centre province of Cameroon, whereas studies indi-
cated that in 2007 over 533 tons was produced from just
five districts in the Centre, South and Littoral regions
(Awono and Manirakiza, 2008) and some 2.8 tons collected
annually from the 676 km? of the Takamanda landscape in
the South West region of Cameroon (Tajoacha, 2008).

Lack of knowledge on the availability of NTFP species in
their biotope prevents effective planning for their sustaina-
ble management which contributes to poverty alleviation
(Jiofack et al., 2012). Information on the status of the
resource base and the possible impact of harvesting I. gabo-
nensis in the study area is scanty. The lack of yield data is a
limitation to the sustainable exploitation of fruits from this
indigenous tree species. Irvingia gabonensis was identified
among priority species by local communities in the study
area because it is a very important source of food and
income. In this study, local management consists of prac-
tices carried out by local communities to ensure continuous
availability of forest products and services. Irvingia gabo-
nensis almonds have become a major object of trade in the
study area and this possibly leads to more intense exploita-
tion of the product.

The aim of this study was to assess the abundance and
fruit production of I. gabonensis in three forest systems
including the protected area, production (community) forest
and agroforest; and to detail its management and use by the
local community.

-
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Photo 2.
A Bangando family breaking /rvingia gabonensis fruits.
Photograph R. G. Caspa, 2013.
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Materials and Methods

Study plant

Irvingia gabonensis is a highly valuable, much-used
tropical African tree (Clark and Sunderland, 2004). It grows
to a height of 15-40 m, with a slightly buttressed bole and
has a dense, compact evergreen crown. It also has yellowish
to greenish-white flowers and broadly ellipsoid fruits of 5-
7.5 cm which are yellowish when ripe (Orwa et al., 2009).
Irvingia gabonensis occurs naturally in lowland forests with
2-3 trees occurring together. It is a species of dense moist
forest and occurs at an altitude of 200-500 m, with a mean
annual temperature of 25-32°C and mean annual rainfall of
1,500-3,000 mm. According to FAO (1982), it does not have
any particular soil preference, except that it avoids swampy
or marshy places. The species grow well in well drained aci-
dic soils and is native to Angola, Cameroon, Central African
Republic, Congo, Cote d’lvoire, Democratic Republic of
Congo, Equatorial Guinea, Gabon, Ghana, Guinea-Bissau,
Liberia, Nigeria, Senegal, Sierra Leone, Sudan and Uganda
(Orwa et al., 2009). The species is currently listed in the
category of the IUCN red-list IUCN, 2013).The almonds are
used as condiment and soup thickener. The fruit is of secon-
dary importance and used for juice, jelly, jams and wine
(Ewane et al., 2009) and sometimes also fed to pigs (Ayuk et
al., 1999). Irvingia gabonensis bark is also administered for
stomach pain and dysentery (Okolo et al., 1995) as well as
for hernias and yellow fever, and as an antidote to some poi-
sons (Ayuk et al., 1999).

Study site

This study was carried out at the Lobeke National Park
in Cameroon. It is situated between latitudes 2°05’ to 2°30’
North and longitudes 15°33’ to 16°11’ East (figure 1). The
Lobeke National Park (LNP) has a surface area of about
217,854 hectares and is found in the Moloundou Sub
Division of the Boumba and Ngoko Division of the East
Region of Cameroon. It forms part of a trans-boundary pro-
tected area (the Sangha Tri-National Landscape) with the
Dzanga-Sangha National Park in the Central African Republic
and the Nouabalé-Ndoki National Park in the Republic of
Congo (Gwet, 2004). It is also a UNESCO World heritage site.
The climate of the area is typically equatorial with four sea-
sons - two rainy and two dry seasons. The long rainy season
extends from September to November with its peak in
October while the short rainy season extends from late
March to June with its peak in April. The long dry season
extends from December to February while the short dry sea-
son is between July and August (Ekobo, 1995). The annual
rainfall averages 1,500 mm. The mean monthly temperature
varies between 23 and 25°C with a mean annual tempera-
ture of 24°C. The relative air humidity also varies from 60 to
90% (WWF, 2006). This area was chosen for the study
because of the increasing importance of NTFPs to the local
population in the Lobeke landscape.

Par :TSAKEM SC., Aout 2014
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Figure 1.

Location map of the Lobeke National Park. Adapted from Tsakem et al. (2014).




Survey

A survey was conducted in nine villages (Koumela,
Mambele, Yenga, Dioula, Mbateka, Mbangoye 2, Zega, Kika
and Libongo) within the Lobeke landscape. These villages
were chosen based on their close proximity to the park.
Semi structured questionnaires were administered to collec-
tors who have been involved in the exploitation of I. gabo-
nensis for at least five years, with the objective of getting the
perceptions and attitudes of inhabitants towards the mana-
gement and use of the resource.

Ecological Assessment

Site description

Three sites were used for this assessment including
protected area, production forest and agroforest. The crea-
tion and management of protected areas and the zoning
plan carried out between1999 and 2001 by the Cameroon
government with the support of World Wide Fund for Nature
(WWF) and German Technical Cooperation (GTZ) came with
many restrictions on resource and land use (Njounan
Tegomo et al., 2012). The protected area is the core area of
the park which forms part of the permanent forest domain
and experiences very limited and controlled human access.
It was considered as having undergone minimal disturbance

Photos 3.
Irvingia gabonensis planted (@), fruit as food (b),
cakes for consumption (c).

Photograph R. G. Caspa, 2013.
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and having a closed canopy. The production forest plots
were established within a community forest in which there is
active exploitation of timber and non-timber forest
resources. A community forest in Cameroon is a natural
forest that forms part of the non-permanent forest estate,
which is covered by a management agreement between a
village community and the forestry administration.
Management of such forest which should not exceed
5,000 ha, is the responsibility of the village community
concerned, with the help or technical assistance of the
forestry administration. The agroforest plots were set up
within the agroforestry zone which is classified as non-per-
manent forest. This area is characterized by fallows and
active agricultural land including cocoa plantations. It is
relatively open, with most of the tree cover removed as a
result of the practice of slash and burn agriculture which is
predominant in the area.

Inventory

An inventory was carried out to assess the structure,
abundance and regeneration of /. gabonensis in the study
area. Eighteen plots (6 x 3) of 1 ha separated from each
other by a distance of 200 m were systematically set in each
of three systems including protected area, production forest
(community forest) and agroforest (fallow land and active
agricultural land/cocoa plantation). All individuals of
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I. gabonensis with at least 10 cm diameter at breast height
(DBH) were tagged, counted and measured for DBH in each
plot. Each plot was divided into sub plots of 5 x 100 m.
Younger trees of 5-9 cm DBH and saplings (young plants of
I. gabonensis greater than 1 m height but less than
5 cm DBH) were counted and measured in ten alternating
sub plots per plot. Regeneration plots of 2 x 2 m were set at
50 m into each sub plot for enumeration and height measu-
rement of seedlings (Wong, 2000). Fifty seedlings were
selected and tagged under five widely separated productive
trees (within and out of sample plots depending on availa-
bility) in the protected area making a total of two hundred
and fifty seedlings. Seedling survival and growth were deter-
mined by counting number of surviving seedlings, number
of leaves per seedling and measuring seedling height and
collar diameter every three months for eighteen months.
Very few seedlings of /. gabonensis were found in the pro-
duction forest and agroforest probably due to the high level
of fruit collection in these areas and so were excluded from
this assessment. Fifteen trees (both within and outside of
sample plots) were identified and tagged for fruit production
estimate in each forest system. Since the fruits of /. gabo-
nensis are highly collected in the area, fruit production was
estimated by counting fruits from each tree during fruit fall
(between June and August) before they were collected. This
is because people were likely to collect the fruits in our
absence if the trap and count method was used.

Data Analysis

Data were analyzed using the SAS statistical package
Version 9.0, with the General Linear Model Procedure (GLM)
and the Student-Newman-Keuls test used to compare the
means at the level of & = 5%.

Photos 4.
I. gabonensis almonds for sale in heaps (a), in “kombo” (b),
Photograph R. G. Caspa, 2013.

Results

Survey

The outcome of the survey revealed that respondents
(collectors of I. gabonensis) had varying ethnic origins.
Collectors of I. gabonensis came from two major ethnic
groups Bangando (53%) and Baka (29%). A small propor-
tion of collectors came from six other groups in the East
region of Cameroon including Mbimo (8%), Bapwele (6%),
Baya (1%), Essel (1%) Kako (1%) and Kounabembe (1%).

Collection of Irvingia gabonensis

All respondents in this study indicated that they collect
I. gabonensis fruits by picking from the forest floor. This is
probably sustainable as no harm is done to the parent plant.
Up to 65% of respondents collect fruits of /. gabonensis
daily when trees are located in farms or nearby forest
patches, but go camping in the forest for periods of two
weeks to one month when the resource is far in the forest.
This enables them to collect and break large quantities of
fruits to extract the almond which is the most desired pro-
duct. Respondents indicated that the resource is more
abundantin the forest than around homesteads or farms. All
good fruits are collected.

Some 35% of respondents indicated that they collect
the resource two to five times per week. It was also indica-
ted that people from different households can collect fruits
from the same /. gabonensis trees at the same time.
Although collectors had free access to the product, they
highlighted some problems encountered in the collection of
fruits of I. gabonensis. All (100%) respondents indicated
that they suffered attack from wild animals (especially




Photo 5.
I. gabonensis tree in secondary forest.
Photograph M. N. Ngwa, 2013.

Gorilla gorilla) which also feeds on the fruits while 87%
observed that they camped for too long in the forest to be
able to collect an appreciable quantity of the product. On
the other hand, 24% of collectors indicated that they had to
walk long distances to the forest which also made transpor-
tation of the produce back home very difficult. Some 15% of
collectors indicated that they ran out of food supply while
camping in the forest while 10% said that there was no fruit
production in some years. Some 4% of respondents indica-
ted that they lacked authorization to collect the resource
from the protected area while another 4% indicated that
there was much pressure on the resource as many people
collected fruits from the same tree at the time. It should be
noted here that responses were not mutually exclusive as
most respondents cited more than one problem.

Conservation of Irvingia gabonensis by collectors

All respondents in this study indicated that they
conserve . gabonensis and a majority (82%) did so by pro-
tecting wildlings. They weeded or cleared around the young
plants in their farms or forest and also placed pegs around
them to show their presence. A small proportion (6%) howe-
ver planted /. gabonensis on their farms. The planting mate-
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rials were generally seedlings uprooted from the forest.
Nevertheless, it was observed that one male respondent
owned a nursery with mostly conventional fruit tree seed-
lings and some indigenous trees seedlings like /. gabonen-
sis produced from seeds or collected from the forest and
nurtured in polythene bags. He did not have a market for the
seedlings so he planted some on his farm and also offered
some as gift. Others (11%) indicated they protected produ-
cing trees by not felling or burning around them when ope-
ning up new forest areas during farm creation. Up to 85% of
respondents indicated they had less than 10 trees of /.
gabonensis in their farms while only 15% of respondents
had between 10 and 20 trees of this species in their farms.

As concerns respondents’ attitudes towards planting /.
gabonensis trees, 68% indicated that they were willing to
plant while 32% of respondents indicated they were not wil-
ling to plant. Of those who were willing to plant, 22% were to
plant for future generations while 19% of collectors were to
plant to facilitate access to the product. Other reasons were
to increase production (10.8%), increase income (7.4%),
ensure ownership (6.5%) and to improve quality through
selection (2.4%). Of those who were not willing to plant,
18.7% thought that /. gabonensis was abundant in the
forest, 7.3% thought that the tree grows naturally or are plan-
ted by God, 4% indicated that the trees take too long to grow
while 2% indicated that they were ignorant on how to plant.

Uses of Irvingia gabonensis in the Lobeke landscape

The greater part of collectors (93%) ranked /. gabonen-
sis almonds as first major source of income among other
priority NTFPs in the study area including Gnetum buchhol-
zianum Engl., Gnetum africanum Welw., Ricinodendron heu-
delotii (Baill.) Heckel and Aframomum pruinosum Gagnep.
All respondents indicated that the proceeds from the sale of
almonds are used mainly for the education of their children
through payment of tuition fees and provision of school
needs, for healthcare through payments for medication and
for the provision of household needs such as utensils and
other food items which they do not produce and basic
necessities such as salt and kerosene. Almost all NTFP col-
lectors (98%) ranked /. gabonensis almonds as the second
most important source of food. Less than half of respon-
dents (45%) indicated they prepared up to 0.5 kg of /. gabo-
nensis almonds in a meal and consume this product almost
on a daily basis during production period (June to August),
while 55% prepared about 0.25 kg per meal for about two to
five times per week during production period. The quantity
prepared at a time generally depends on desired thickness
of soup and family size to a smaller extent. The almonds are
usually crushed in a mortar and pressed in a basket to
extract edible oil. The resulting cake/lump is put in a bag
and stored in a traditional drier over a fire place to avoid
spoilage and may last up to a year. Pieces of this cake are
chopped off, further crushed and used to prepare soup in
periods of scarcity of the product. All respondents also indi-
cated that they preferred /. gabonensis almonds for food to
its conventional substitutes (groundnuts, palm nuts, melon
seeds, okra pods) because it is collected freely from the
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forest and forms part of their traditional meals. They also
revealed that soup prepared with /. gabonensis almonds
does not easily get bad.

Bush mango also has cultural and medicinal values in
the Lobeke landscape. Few collectors (18%) indicated that
the macerate of bark of this species is used for ceremonial
cleansing when a person loses a parent or spouse while
44% indicated that it had medicinal values. The decoction
of its bark was said to be used for treating some ailments
notably lower abdominal pain in women.

Inventory

Figure 2 shows the mean diameter at breast height of /.
gabonensis in three forest systems around the LNP.
According to figure 2, no significant differences were obser-
ved in the diameters at breast height of /. gabonensis trees
in all forest systems.

The results of I. gabonensis density in the three forest
systems (figure 3) show that the protected area had a signi-
ficantly higher mean density of seedlings (2.6a) than the
production forest which also had a significantly higher
mean density of seedlings (1.5b) than the agroforest (0.6¢)
at P<0.0001. On the other hand, the agroforest had a signi-
ficantly higher mean density (0.3a) of trees with DBH of less
than 10 cm, than the production forest (0.1b) and protected
area (0.1b) which were not significantly different from each
other at P<0.0001. The agroforest had a significantly higher
mean density (2.1a) of I. gabonensis trees with DBH bet-
ween 10 and 50 cm than the production forest which also
had a significantly higher mean density (1.6b) of trees of the
same size class than the protected area (1.5c) at P<0.0001.
For I. gabonensis trees of 51 to 100 cm DBH, the mean den-
sity is significantly higher (1.3a) in the protected area than
in the agroforest (1.0b) and production forest (1.0b) bet-
ween which there was no significant difference at P<0.0001.

There was equally no significant diffe-

rence in the mean density of /. gabo-
100 nensis trees of greater than 100 cm
90 DBH in the agroforest (0.3a), produc-
tion forest (0.3a) and protected area
80 (0.3a) at P < 0.0001 . The standard
€ 70 error was zero (0) in all cases proba-
\; 60 - bly because the values of the data
o were very close to the mean or
a 50 = .
- = because the population mean was
g 40 close to 0 (McHugh, 2008). The ove-
= 30 rall mean tree density for all forest
20 systems was 3.3 trees per hectare.
10 The Student-Newman-Keuls test was
used at the level of & = 5%.
0 . The results of fruit production
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Figure 3.

Mean density of /rvingia gabonensis trees in three forest systems around the LNP.
Means with with the same letter are not significantly different. Size class is expressed in diameter at breath height (DBH).



2,566.6 * 363.9a for the protected area and
2,892.3 £ 508.8a for the agroforest. With the Student-
Newman-Keuls test, there was no significant difference in
fruit production in the three forest systems at
& 5=% (P=0.7774).

An assessment of I. gabonensis seedling growth para-
meters in the protected area showed a steady but significant
increase in mean seedling height with time (P <0,001) (table
). A progressive and significant increase was also observed
in the mean number of leaves and mean seedling collar dia-
meter of I. gabonensis seedlings with time. On the other
hand, seedling survival was observed to fall from 100% to
about 70% after 18 months. It is not certain if these seed-
lings resulted from germination of seeds of the previous
year’s fruit fall.

Discussion

The outcome of the survey reveals the importance of /.
gabonensis to the communities in the study area. The
Bangando and Baka pygmies form a major proportion of col-
lectors because they are the original inhabitants of the area.
The fact that other tribal groups are involved indicates that
access to the product is still relatively free, unlike in the
South West region of Cameroon where only primary inhabi-
tants of a village are allowed to collect the resource freely
while settlers/foreigners pay some fee to the village council
to be allowed access to the resource (Sunderland et al.,
2002; Tajoacha, 2008).The diversity of ethnic groups could
constitute a source of difference and disunity concerning the
creation of common initiative groups or cooperatives
through which NTFPs and agricultural products are better
valorized for the benefit of collectors or producers as the
case may be.

Since collectors are interested in the almonds contai-
ned in fruits, coupled with the fact that most productive
trees are tall and large, climbing is precluded as ripe fruits
fall from the trees naturally. Collectors’desire to go home
with as much fruits/almonds as possible push them to
gather all available fruits without any thought of leaving
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some behind to regenerate the forest. This is detrimental to
the sustainability of the species. On the other hand, the few
undesirable fruits left under trees may be of poor genetic
quality to regenerate the forest. Likewise, Ndoye et al.
(1997) observe that the harvesting of /. gabonensis fruits is
sustainable and non-destructive, but point out that it may
have a long-term effect on the tree and could affect the
population structure of the species. Gorillas (Gorilla gorilla)
eat the fruits but discard the seeds which also contribute to
regenerating the forest. This is a clear indication that most of
the fruits are gathered from trees that have not been delibe-
rately planted. Majority of the problems raised by collectors
are linked to the fact that most /. gabonensis collection sites
are far off from the villages and accessed mostly through
foot paths. I. gabonensis fruits make up a large part of the
diet of gorillas (Beaume et al, 2012; pers. obs., 2013),
hence they are a major source of conflict as concerns the
collection of this resource.

The fact that all respondents try to conserve /. gabo-
nensis is an indication of their recognition of its importance
in sustaining their livelihoods. Shifting cultivation/slash
and burn agriculture is the predominant agricultural practice
in the area, so collectors encounter /. gabonensis trees
when creating new farms and protect them. The poor atti-
tude of collectors towards planting /. gabonensis can be
explained by the fact that collectors have also been used to
gathering this product for generations and the small number
of trees on their farms may be as a result of very few availa-
ble wildlings to protect as collection of fruits is very inten-
sive. Baka pygmies who form up to 29% of collectors are tra-
ditional forest migrants moving from place to place
(although they are now getting settled in villages) and living
solely on gathering of forest products and hunting, with no
culture of planting trees or even crops.The small proportion
of collectors who indicated that they had more than ten
trees on their farms are possibly those who own cocoa plan-
tations with large surface areas and preserve/plant this spe-
cies not only for its fruits but also for shade provision.
Irvingia gabonensis is one of the NTFPs species found in
most cocoa agroforests in Cameroon (Mbile et al., 2009).

Table .

Mean growth parameters and survival of Irvingia gabonensis seedlings in the protected area.

Time
Parameter T T2 13 T4 15 Té
Mean seedling height (cm) 32 (x0.33)a 37( 0.35)b 43 (£ 0.39)c 48 (+ 0.38)d 54 (£ 0.4)e 60 (+ 0.41)f
Mean leaf number 3.6 (+0.04)a  4.5(x0.05)b 5.7 (£ 0.06)c 7.1 (0.07)d 8.3 (x 0.08)e 9.6 (+ 0.08)f
Mean seedling diameter (mm) 3(x0.01)a 3.1 (£ 0.02)b 3.9 (£ 0.02)c 4.7 (£0.03)d 5.3 (£ 0.02)e 5.9 (£ 0.09)f
Seedling Survival (%) 100 94.4 91.6 83.2 80 78

Means with different letters between periods (T) are significantly different.
Note: figures in brackets represent the standard error.
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The fact that up to 98% of respondents ranked /. gabo-
nensis as first major source of income among four major
NTFPs could be due to the fact that it is one of the available
few income sources as there are very few or no formal jobs in
the area that can yield a monthly salary. The presence of log-
ging and mining companies in the area also attract settlers
who seek jobs in these companies but remain in the zone
when these companies close their activities and resort to the
collection of NTFPs.In this study, all respondents indicated
that the proceeds from the sale of I. gabonensis almonds are
used to pay for education of children, provide healthcare and
household needs. This is in line with the findings of Ingram
et al. (2012) and Tieguhong and Ndoye (2006), who found
that incomes from forest products play important roles in
buying agricultural implements and purchasing basic house-
hold needs as well as sending children to school. The fact
that all respondents preferred soup prepared with /. gabo-
nensis almonds to other conventional thickeners indicates
that there is a strong tie between the local population and
forest products which they have been used to consuming.
This is supported by (Tieguhong and Zwolinski, 2008) who
observed that dependence on forest products is not related
to individual household incomes, as wealthier households
remain dependent on forest-derived products. This indicates
that the traditional link to forests cannot be easily changed
through subsidies and compensations.

Inventory showed no significant differencein mean tree
DBH for . gabonensis in all forest systems. This is probably
because this tree species is being protected by locals
because of its economic benefits such that the level of forest
degradation or human interference does not affect its popu-
lation structure in any of the forest systems. According to van
Dijk (1997), I. gabonensis prefers undisturbed lowland tropi-
cal forest. There was also no significant difference in the
mean density of I. gabonensis with a mean density of
3.3 trees/ha. According to Ghazoul and Sheil (2010), factors
that control tree density and diversity in rain forest include
natural and anthropogenic disturbances, climate, soil drai-
nage, other soil characteristics, most of which do not differ
much between the three forest systems. /. gabonensis has a

Photo 6.
Fruiting branch of /. gabonensis.
Photography R. G. Caspa, 2013.

moderate density in the South of Cameroon, with an average
of 2.1 stems/ha, an even distribution and found in every
habitat type (van Dijk, 1997). On the other hand, Sunderland
etal. (2002) reported that there were relatively few large-dia-
meter individuals (> 10cm DBH) at the Takamanda forest
reserve, indicating that there were less productive trees in
the area as a result of poor recruitment and probably due to
significant over-harvesting of fruit over time. In like manner,
Agbor (1994) relates that the density of the species in the
tropical moist forest zone of Nigeria is low, as a consequence
of high mortality of younger trees, low recruitment rate into
the mature age classes and the absence of intensive cultiva-
tion of this species and suggesting that this may be the case
for most areas in which . gabonensis grows.

The presence of more seedlings in the protected area
could be due to limited access such that people do not
gather as much fruits here as in the agroforest and produc-
tion forest which are freely accessed. This notwithstanding,
the total number of seedlings observed was small. This
could also be as a result of poor recruitement (Agbor, 1994).

Photos 7.
Young seedling of /. gabonensis (a). Seedlings of I. gabonensis (b).
Photograph R. G. Caspa, 2013.



Mainly productive individuals of this species are found in
the forest in the study area. This is possibly due to younger
plants being hindered at some point in their growth process
by some physical or biological factor from attaining the lar-
ger size classes. Intensive fruit collection by the local popu-
lation and the fact that large mammals like elephants and
gorilla who eat the seed and fruit respectively either destroy
the seed completely or predidpose it to attack by microorga-
nisms leading to decay. According to Peters (1994), the
extraction of commercial quantities of fruits and seeds as is
the practice in the study area can cause notable changes in
the structure and dynamics of a tree population, which are
typically precipitated by a reduction in seedling establish-
ment due to over-harvesting. Tchamba and Seme (1993),
and Beaune et al. (2012) observed that local people gather
the fruits of Irvingia gabonensis and Irvingia wombolu,
while many other mammals consume the fruits in the forest.
They further pointed out that /. gabonensis fruits constitute
a significant part of the diet of forest elephants, whereas
Harris (1996) observed that squirrels and other rodents, as
well as red forest pigs open the fruits to feed on the seeds,
while gorillas eat the fruit. Beaune et al. (2012) observed a
high mortality of /. gabonensis seeds and recruits resulting
from a seed loss of 54% to predation, 76% to pathogens
and seedling loss of 100% due to predation and pathogens.
They further pointed out that this is due to density-depen-
dent effect where the mortality of seeds, eggs or other
immobile organisms is correlated with their density, which
attracts predators and pathogens. Low density resources
produce low yield per unit area, and are extremely suscepti-
ble to over harvesting (Peters, 1994).

The similarity in fruit production in the three forest sys-
tems could probably be that fruit production was more
dependent on genetic constitutions of the particular trees
involved and to a smaller extent to environmental factors
which may not be very different in the three systems. Ladipo
etal. (1996) observed a tree-to-tree variation in /. gabonen-
sis fruit yield over a period of two years and pointed out that
fruit set may depend on the availability of pollen and the
efficiency of pollinators; but that the development of viable
seeds from the ovules of pollinated flowers depends on
endogenous factors and their interaction with the environ-
ment, and are both under genetic control.

The decrease in seedling survival could be attributed
probably to high moisture level in the forest which provides
a favorable environment for microorganism to breed and
consequently affect seedlings. According to Khurana and
Singh (2001), seedling population behaviour, that is recruit-
ment, growth and survival in forests is influenced both by
exogenous and endogenous disturbances. Some seedlings
were observed to be eaten by animals and insects. In the
same light, Peters (1994) point out that during its first year
of life, a seedling is exposed to problems such as low light
levels in the forest understory, the high probability of being
eaten by animals and insects, outcompeted by its neigh-
bors, smashed by a falling branch, attacked by fungal patho-
gens, or wilted by fluctuating moisture levels.
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Conclusion

This study was carried out to assess the abundance
and fruit production of /rvingia gabonensis in three forest
systems, and its management and use by the local commu-
nity. The goal was to determine the importance of the
resource to the inhabitants of the Lobeke landscape and the
availability of the resource to sustain local livelihoods.
Irvingia gabonensis almonds have been indicated in this
study to be a very important source of food as it is highly
consumed even on a daily basis when it is available by
majority of inhabitants and also constitute a major source of
income. It is also available when other major food and
income sources such as farm produce and cocoa are out of
season thereby serving as a safety net and thus, fill the gap
of food shortage and reduce malnutrition. The bark also has
some medicinal and cultural values. I. gabonensis is mana-
ged by protecting wildings and mature trees during farm
creation by not burning around them and very little direct
planting carried out. Coupled with the low mean density of
this species per hectare, it is important to sensitize collec-
tors on the necessity to integrate /. gabonensis into different
farming systems and train them on techniques of vegetative
propagation through which improved planting materials can
be produced in large scale.
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