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Abstract

This study examines the impact of harvesting method on African bush mango (/rvingia wombulu) and African nutmeg (Modora
myristica) in the rainforest ecosystem. The research highlights that inadequate harvesting practices such as indiscriminate cutting,
premature harvesting, and lack of sustainable techniques have detrimental effects on both species' populations and the broader
ecological community. Data were collected through field surveys, interviews with local harvesters, and ecological assessments
over a six-month period. Results indicate a noticeable decline in the population of I. wombulo and M. myristica, with associated
effects on biodiversity, soil health, and local wildlife species dependent on these trees for food and habitat. The findings suggest
a pressing need for education on sustainable harvesting practices and the implementation of conservation strategies to mitigate
environmental degradation. This study aims to provide valuable insights for policymakers, conservationists, and local
communities to foster sustainable practices that ensure the preservation of the Banyang-Mbo Wildlife Sanctuary’s ecological
integrity. The study revealed that the impact of harvesting method of African bush mango (/rvingia wombulu) and African nutmeg
(Modora myristica) significantly associated to harvesting period X*=54.699 df=12 P=0.000, species population status over years
X?=5.761 df=8 P<0.05, impact of plant species harvesting on plant and wildlife population r=0.357 P=0.053, and harvesting
frequency r=0.426 P=0.019 respectively. Furthermore, there was a significant association between the local community
awareness/ involvement in managing endangered plant species and their harvesting periods X?=9.655 df=3 P=0.022.
Additionally, the local community awareness/involvement in managing endangered plant species associated significantly to their
harvesting methods r=0.306 P=0.100. While approximately 70% of local community engagement in managing endangered plant
species remains insignificant due to various challenges, there exists a robust 30% where awareness and involvement have led to
significant conservation efforts. As the populations of /. wombulu and M. myristica decline, coupled with habitat degradation,
the potential for economic returns from these species decreases. Enhancing awareness through education and training programs
about the ecological importance of /. wombulu and M. myristica can empower local stakeholders to adopt better practices.
Collaborative management approaches that incorporate local knowledge and traditional ecological practices can also foster
sustainable usage and conservation.
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1. Introduction

Cameroon is recognized for its rich biodiversity, notably
within its rainforest ecosystems, which are home to numerous
plant and animal species, including two valuable non-timber
forest products: Irvingia wombulo (wild mango steen) and Mo-
dora myristica (nutmeg) [41]. As local communities increas-
ingly rely on these resources for both sustenance and economic
benefit, the methods used in harvesting have profound implica-
tions for ecological health. This review assesses the existing lit-
erature on the impact of poor harvesting methods of these spe-
cies specifically within the Banyang-Mbo Wildlife Sanctuary,
highlighting key findings, gaps, and future research needs. /r-
vingia wombulo and Modora myristica are crucial to both local
ecosystems and economies. These species serve as essential
food sources for various wildlife, contributing to the food web
and supporting biodiversity [32]. Additionally, the fruits and
nuts are harvested for consumption and sale, contributing sig-
nificantly to local livelihoods (Akunyili et al., 2018). Beyond
ecological and economic value, both species hold cultural im-
portance for indigenous communities. They are often featured
in traditional practices and local diets, emphasizing the need for
sustainable management to preserve cultural heritage alongside
environmental integrity [39]. Local communities commonly
employ poor harvesting techniques, such as indiscriminate cut-
ting of branches, premature harvesting of immature fruits, and
using harmful tools that inflict significant damage to trees [5].
Such practices deplete tree populations and impair their ability
to regenerate.

These species are not only pivotal for ecological balance
but also hold significant economic value. Local communities
harvest their fruits and seeds for food and trade, contributing
to livelihoods and regional economies [3]. However, the in-
creasing economic pressure may lead to poor harvesting prac-
tices that could endanger their sustainability. Research has
demonstrated that the decline of Irvingia wombulo and Mo-
dora myristica leads to cascading effects on forest biodiversity.
The loss of these species directly affects various animal pop-
ulations that depend on them for food and habitat [34]. Many
key species may face extinction, undermining ecosystem re-
silience [31]. The removal of these tree species disrupts soil
health and alters microclimatic conditions. The loss of canopy
cover can lead to soil erosion, decreased water retention, and
altered habitat conditions for other plant and animal species
[29]. The repercussions extend beyond the targeted species,
disrupting the entire ecosystem. For instance, studies have
shown that such practices can lead to soil degradation, loss of
habitat, and a decline in biodiversity [34]. The reduction in
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tree cover affects the microclimate, leading to greater vulner-
ability to climate change effects. The decline in [rvingia
wombulo and Modora myristica populations has cascading ef-
fects on forest biodiversity [37].

The loss of food resources impacts herbivorous species and,
consequently, their predators. Specialized species that rely on
these trees for habitat or food may face extinction threats, thus
reducing overall ecosystem resilience [39]. In the Banyang-
Mbo Wildlife Sanctuary, extensive surveys have highlighted
the detrimental effects of poor harvesting practices. There a
marked decline in the populations of both species, correlating
with unsustainable harvesting methods [2]. The sanctuary,
known for its rich biodiversity, is increasingly threatened by
overharvesting. Similar patterns of degradation have been ob-
served in other protected areas across Cameroon, such as the
Campo-Ma'an National Park. Reports indicate that local com-
munities often prioritize short-term profitability, neglecting
sustainable practices that could ensure the long-term viability
of these important species [43]. Raising awareness about the
ecological importance of Irvingia wombulo and Modora
myristica, as well as the consequences of poor harvesting, is
essential [33]. Community-based programs can promote sus-
tainable harvesting methods, empowering locals to balance
ecological preservation with economic needs. Implementing
stricter regulations on harvesting practices can help safeguard
these species and their ecosystems. Collaboration between
government, NGOs, and local communities is crucial in estab-
lishing guidelines that encourage sustainable resource use.
Further research is needed to understand the long-term im-
pacts of harvesting practices on rainforest ecosystems. Con-
tinuous monitoring can provide data necessary for adaptive
management strategies aimed at conservation [15].

Poor harvesting practices of Irvingia wombulo and Modora
myristica have significant negative impacts on the rainforest
ecosystems within protected areas in Cameroon. Sustainable
practices are critical to ensure the viability of these species and
the health of their ecosystems. Collective action involving lo-
cal communities, policy makers, and conservationists is nec-
essary to promote sustainable harvesting and mitigate ecolog-
ical degradation [37]. Community education programs fo-
cused on the ecological importance of /rvingia wombulo and
Modora myristica and the consequences of poor harvesting
methods are essential. Training on sustainable practices can
encourage more responsible harvesting and promote conser-
vation [33]. Stronger regulations governing harvesting prac-
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tices, coupled with community involvement in decision-mak-
ing, are crucial. Policies must incentivize sustainable practices
and support local livelihoods while protecting biodiversity
[43]. Continuous monitoring of the population dynamics of

2. Materials and Method

both species is necessary to assess the effectiveness of sustain-
able practices and inform adaptive management strategies.
Further research on these species’ ecological roles can also
provide insights into preserving biodiversity within the sanc-
tuary [2].
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Figure 1. Map of Banyang-Mbo Wildlife Sanctuary, Source: [43].
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2.1. Description of the Study Area

The Banyang-Mbo Wildlife Sanctuary, located in the Nguti
Sub-Division of Cameroon, is a critical rainforest ecosystem
characterized by its rich biodiversity and complex ecological
interactions. This area serves not only as a habitat for numer-
ous species but also as a vital resource for local communities.
Understanding the geographical, climatic, and ecological pa-
rameters of the sanctuary is essential for conservation and sus-
tainable management efforts [43]. Wildlife sanctuary is situ-
ated approximately between the latitudes of 5.5°N and 5.9°N
and longitudes of 9.6°E and 9.9°E (Figure 1). Covering an
area of about 64,000 hectares, the sanctuary is part of the
larger tropical rainforest belt in Central Africa, which boasts
one of the highest levels of biodiversity in the world. The cli-
mate in this area is classified as tropical, characterized by rel-
atively high temperatures throughout the year. Average tem-
peratures typically range between 20°C and 30°C, with
slightly cooler nights. The region experiences substantial rain-
fall, with annual precipitation ranging from 1,800 mm to 3,000
mm. The rainy season generally extends from March to Octo-
ber, while the dry season occurs from November to February.
The high rainfall facilitates the existence of dense rainforest
vegetation. Humidity levels are consistently high, often ex-
ceeding 80% due to the dense vegetation and abundant water
sources, which creates a humid microclimate favorable for di-
verse flora and fauna. More so, the Banyang-Mbo Wildlife
Sanctuary is characterized by various vegetation types, pri-
marily dense tropical rainforest. The primary vegetation in-
cludes: The sanctuary is home to various endemic species with
potential medicinal properties, marking it as a site of interest
for ethnobotanical research. The endemic and threatened plant
species of Banyang Mbo Wildlife Sanctuary (BMWS) have
been described [43]. The sanctuary hosts numerous mammal
species, including forest elephants (Loxodonta cyclotis), agile
mangabeys (Cercocebus agilis), and various species of dui-
kers. These mammals play vital roles in seed dispersal and
maintaining ecological balance. The area is rich in avian bio-
diversity, boasting over 200 bird species, including the endan-
gered Great Blue Turaco (Tauraco giganteus) and various rap-
tor species, which are essential for the control of prey popula-
tions. This area also features a network of rivers and streams,
including the Mbo River and several tributaries. These water-
ways are crucial for maintaining the biodiversity of the sanc-
tuary, providing essential resources for both flora and fauna.

2.2. Research Data Collection Method

This research assessed the ecological impact of poor har-
vesting methods of African bush mango (/rvingia wombulu)
and African nutmeg (Modora myristica) in the Banyang-Mbo
Wildlife Sanctuary. Existing literature was reviewed by the re-
search team on the ecological significance of 1. wombulu and
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M. myristica, harvesting techniques, and their impacts on rain-
forest ecosystems. Primary data were collected through the
administration of structured questionnaires. The questionnaire
comprised both closed and open-ended questions designed to
capture information related to respondents’ knowledge and
use of None Timber Forest Products (NTFPs), harvesting
methods applied for Irvingia wombulu and Mondora myristica,
perceived environmental impacts of harvesting and Commu-
nity attitudes and local policies toward NTFPs management
[24]. The questionnaire was administered through face-to-face
interviews conducted in local languages (such as Bakossi,
Mbo or Pidgin English) and English where appropriate.

2.3. Data Analysis

Collected data were analyzed using descriptive statistical
methods using statistical models, such as chi-square (X?) and
correlation (r). Quantitative data were processed and pre-
sented in tables, charts, frequencies, and percentages to sum-
marize respondents’ demographic characteristics, knowledge
levels, harvesting practices, and perceptions of environmental
and policy issues.

3. Results

The study revealed that the impact of harvesting method of
African bush mango (Irvingia wombulu) and African nutmeg
(Modora myristica) significantly associated to harvesting pe-
riod X?=54.699 df=12 P=0.000 (Figure 2), species population
status over years X?>=5.761 df=8 P<0.05 (Figure 3), impact of
plant species harvesting on plant and wildlife population
r=0.357 P=0.053 (Figure 4), and harvesting frequency r=0.426
P=0.019 (Figure 5) respectively. Rainforests are among the
most complex and biodiverse ecosystems on Earth, providing
critical resources and essential services. However, the meth-
ods employed in harvesting forestry products can have pro-
found effects on these ecosystems. Rainforests play a vital role
in global biodiversity, carbon storage, and climate regulation.
They cover only about 6% of the Earth’s surface but are home
to more than half of the world’s plant and animal species [30].
The destruction or degradation of these systems through im-
proper harvesting practices can lead to loss of biodiversity, al-
tered hydrological cycles, and increased greenhouse gas emis-
sions. Poor harvesting methods are characterized by practices
that lead to excessive tree damage, soil degradation, and over-
all ecosystem disruption. Removing all trees in an area, lead-
ing to soil erosion, loss of habitat, and microclimate changes
[7]. Involves choosing specific trees to fell, but when done ir-
responsibly, it can damage neighboring trees and disrupt spe-
cies dynamics [40].
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Figure 2. Impact of plants harvesting method to rainforest ecosystem and the harvesting period.

Heavy machinery can compact soil, disrupt root systems,
and increase carbon release [23]. Poor practices can lead to
habitat fragmentation, threatening species that rely on specific
ecosystems [19]. The removal of trees exposes soil, which is
susceptible to erosion, diminishing the land's fertility over
time [26]. Degradation affects the carbon balance, with reper-
cussions for climate change. The timing of harvesting signifi-
cantly influences the ecosystem's recovery and health. Har-
vesting during wet seasons can result in increased soil erosion

and compaction, whereas dry seasons promote better soil sta-
bility [28]. Many species have specific breeding or growth pe-
riods. Harvesting during these times can disrupt reproductive
cycles, impacting population dynamics [21]. Understanding
local species’ life cycles can inform better harvesting periods
[22]. Implementing flexible harvesting schedules based on en-
vironmental conditions ensures that ecosystem health is prior-
itized [10].
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Figure 3. Impact of plants harvesting method and the plants population status over years.

Irvingia wombulu, commonly known as African Bush
Mango or Wild Mango, produces edible fruits that are rich in
fat and proteins. Additionally, it has garnered interest in the
health and beauty sectors for its potential medicinal properties
[1]. Traditional uses include its role as a source of food and in
herbal medicine, anchoring its importance in local diets and
economies. Also, Monodora myristica, known for its aromatic
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seeds, is used in culinary dishes, traditional medicine, and as
a spice in various food preparations. It holds significant eco-
nomic potential, particularly in international markets [38].
The spice trade inherently affects its harvesting, often priori-
tizing quick gains over long-term sustainability. Historically,
local communities employed traditional harvesting methods
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that were often sustainable and supported regeneration. Har-
vesters typically collected fruits during specific seasons when
they were ripe, ensuring that trees could replenish their fruit
stocks annually [14]. This practice was rooted in a profound
understanding of the trees' biological cycles, allowing popula-
tions to remain stable [17].

Studies have shown that unsustainable harvesting practices
have led to notable declines in /. wombulu populations. For
instance, areas subjected to heavy harvesting report a signifi-
cant reduction in fruit production and tree health, which is ex-
acerbated by subsequent harvests [36]. Over time, this cycle
can lead to localized extirpation of trees. Monodora myristica
populations have also been negatively impacted by unsustain-
able harvesting. The mechanical harvesting of fruits has been
cited as a primary factor in population declines [16]. The re-
moval of mature trees from these populations limits genetic
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diversity and inhibits the adaptive capacity of the species, ul-
timately threatening their survival. Research indicates that
both species have a certain resilience to harvesting if sustain-
able practices are adopted [27]. For example, plots subjected
to traditional harvesting methods displayed improved recov-
ery rates and maintained stable populations compared to those
subjected to mechanized harvesting. An essential aspect of the
population status of 1. wombulu and M. myristica is their re-
productive health. Harsh harvesting methods that deplete seed
stocks can lead to significant genetic bottlenecks, limiting fu-
ture regeneration capabilities. Longitudinal studies demon-
strate that populations that retain older trees—crucial for seed
production—tend to survive better than those subjected to ag-
gressive harvesting strategies [18].
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Figure 4. Impact of plants harvesting method on plants and wildlife population.

The harvesting methods employed for African Bush Mango
and African Nutmeg significantly influence plant health and
wildlife populations within the Banyang-Mbo Wildlife Sanc-
tuary. Implementing sustainable harvesting practices while in-
corporating local knowledge is essential for the preservation
of these species and their ecosystems. Future research should
focus on monitoring ecological impacts over time and devel-
oping community-driven conservation strategies to ensure
both the livelihoods of local populations and the health of the
wildlife sanctuary. African Bush Mango is valued not only for
its nutritional benefits but also for its economic potential as
bush food and a raw material for cosmetics and pharmaceuti-
cals [1]. Its role in the local economy makes it a target for har-
vesting, but over-exploitation can threaten its sustainability.
African Nutmeg, known for its aromatic seeds, is similarly im-
portant. Its spices are sought after both locally and internation-
ally [38]. The socio-economic reliance on these species makes
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understanding their harvesting vital to conservation efforts.
Traditionally, harvesting of both 1. wombulu and M. myristica
involved sustainable practices, often carried out by local com-
munities who had knowledge of seasonal cycles [14]. This
method fosters biodiversity as it ensures that the trees are not
damaged and can regenerate. However, unsustainable harvest-
ing practices, such as the use of heavy machinery, have
emerged due to increasing demand [6]. These methods lead to
habitat destruction and have been linked to declining popula-
tions of both species and associated wildlife. Research shows
that unsustainable harvesting practices can reduce the repro-
ductive capacity of I. wombulu and M. myristica [18]. Over-
harvesting can decrease seed availability, limiting regenera-
tion and ultimately threatening the genetic diversity of these
species.
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Figure 5. Impact of plants harvesting method and the harvesting frequency.

Research indicates that the harvesting frequency of both
species is closely linked to seasonal cycles. For 1. wombulu,
fruits are typically harvested during the rainy season when
they are fully mature, which usually occurs between June and
August in Cameroon [18]. In contrast, M. myristica fruits are
harvested primarily during the dry season, reflecting their dif-
ferent maturity timelines and market demand. The frequency
of harvesting has direct implications for the population dy-
namics of both 1. wombulu and M. myristica. Excessive and
frequent harvesting can lead to reduced fruit set and dimin-
ished genetic diversity [36]. Studies have shown that trees
subjected to high-frequency harvesting exhibit decreased
growth rates and reproductive success compared to those har-
vested sustainably. The ability of both species to regenerate is
crucial for their long-term survival. Research indicates that /.
wombulu tends to exhibit stronger resilience when harvested
once a year as opposed to multiple times [18]. In the case of
M. myristica, the regeneration capacity is significantly hin-
dered when fruits are collected before they reach full maturity,
leading to poorer seed viability. The economic reliance of lo-
cal communities on 1. wombulu and M. myristica drives in-
creased harvesting frequency. As these species become more
commercially valuable, pressures to harvest more often grow,
often at the expense of sustainability [36]. Community educa-
tion plays a crucial role in regulating harvesting frequency.
Programs that inform local populations about sustainable
practices and the long-term impacts of overharvesting have
been shown to encourage more sustainable behavior [35]. Har-
vesting education can create awareness that aligns economic
benefits with ecological health.

Implementing policies that regulate harvesting frequency is
essential for the conservation of 1. wombulu and M. myristica
in Cameroon. Establishing legal frameworks that enforce sea-
sonal restrictions and promote sustainable harvesting methods
can help preserve these vital species [6]. Community involve-
ment in the management of NTFPs can foster sustainable
practices. Empowering local harvesters through training and
benefit-sharing initiatives can lead to enhanced conservation
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outcomes [14]. Programs that incentivize sustainable harvest-
ing can motivate communities to protect their natural re-
sources. The harvesting frequency of African Bush Mango (Zr-
vingia wombulu) and African Nutmeg (Monodora myristica)
in Cameroon is influenced by various ecological, socio-eco-
nomic, and cultural factors. While traditional harvesting prac-
tices promote sustainability, rising commercialization poses
significant threats to their population status. To ensure the fu-
ture viability of these important species, it is imperative to
adopt sustainable harvesting practices and empower local
communities through education and effective management
policies.

SIGNIFICANT
27%

INSIGNIFICANT
73%

Figure 6. Local community awareness and involvement in managing
endangered plant species.

While approximately 70% of local community engagement
in managing endangered plant species remains insignificant
due to various challenges, there exists a robust 30% where
awareness and involvement have led to significant conserva-
tion efforts (Figure 6). By understanding the barriers to effec-
tive engagement and fostering successful collaboration and
education, conservationists can enhance local participation,
leading to sustainable outcomes for endangered plant species.
Local communities are often the first custodians of plant spe-
cies and their habitats. Their traditional knowledge, cultural
practices, and relationships with the land are invaluable for
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biodiversity conservation. Studies have shown that communi-
ties who actively participate in conservation efforts can signif-
icantly enhance the survival of endangered species [8]. Engag-
ing local communities in conservation initiatives can yield so-
cio-economic benefits, such as sustainable harvesting, eco-
tourism, and the preservation of cultural heritage. By creating
economic opportunities linked to plant conservation, commu-
nities become motivated to protect their local resources [11].
A significant challenge to effective community involvement is
the lack of awareness about endangered plant species and the

25
20

15

10
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importance of their conservation. Many community members
do not fully understand the ecological or economic value of
these species, leading to a lack of engagement. Studies indi-
cate that when awareness levels are low, even well-meaning
conservation efforts can falter. Cultural beliefs and practices
can also impede local community involvement. In some cases,
traditional practices may conflict with conservation objectives.
For example, if a community views a species as a resource for
subsistence use without recognizing its endangered status,
conservation efforts may be undermined [20].
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Figure 7. Usefulness of the plant species and their harvesting frequency.

The importance of plant species showed a significant link
on their harvesting frequency X?=11.839 df=4 P=0.019 (Fig-
ure 7). The influence of harvesting frequency on the useful-
ness of plant species is profound and multifaceted. While
high-frequency harvesting can lead to detrimental ecological
and economic effects, sustainable practices that advocate for
seasonal and rotational harvesting can enhance plant regener-
ation and maintain both biodiversity and the usefulness of
these species over time. It is essential to implement strategies
that encourage sustainable practices, community involvement,
and education to ensure the long-term viability of valuable
plant species. High-frequency harvesting without adequate re-
covery time can lead to depletion of plant populations. This
not only threatens the species' survival but also diminishes
their economic and nutritional value. For example, continuous
harvesting of medicinal plants has shown to severely impact
local populations, reducing the availability of these crucial re-
sources [12]. These methods promote healthy growth and re-
generation, enhancing the long-term usefulness of the species.
Studies indicate that rotating harvest sites can lead to in-
creased biomass and higher yields over time, maintaining both
ecological balance and economic value.

Furthermore, there was a significant association between
the local community awareness/ involvement in managing en-
dangered plant species and their harvesting periods X?=9.655
df=3 P=0.022 (Figure 8). The influence of harvesting periods
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on local community awareness and involvement in managing
endangered plant species is multifaceted. Understanding the
ecological implications of harvesting timing can enhance
community awareness and encourage active participation in
conservation. By fostering educational initiatives and recog-
nizing the value of traditional knowledge, stakeholders can
better engage local communities in sustainable harvesting
practices, ultimately benefiting both the plants and the com-
munities that depend on them. Local communities are often
the primary stewards of plant species in their environments.
They possess traditional knowledge of these plants, including
their ecological roles, uses, and the consequences of overex-
ploitation. Engaging communities in the conservation of en-
dangered species helps to integrate this local knowledge into
broader conservation efforts [8]. The economic dependency
on local resources can motivate communities to participate ac-
tively in conservation initiatives. When communities perceive
a direct benefit from sustainable practices, their willingness to
engage increases [11]. This is particularly relevant in the con-
text of endangered plant species that may have economic, me-
dicinal, or cultural significance. Overharvesting can favor the
survival of certain species while leading to declines in others,
disrupting ecosystem balance [4]. The removal of dominant
plant species affects relationships between plants and animals,
further complicating regeneration efforts and diminishing util-
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ity for wildlife reliant on these plants [42]. Sustainable har-
vesting practices can increase the market value of plant prod-
ucts. For instance, certified organic or sustainably harvested
products often fetch higher prices due to growing consumer
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WEEKLY

demand for eco-friendly goods. Over-exploitation leads to lo-
calized scarcity, which can drive prices up or reduce the avail-
ability of products derived from the overharvested species
[13]. This economic instability can threaten livelihoods, espe-
cially in communities reliant on specific plants for income.
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Figure 8. Local community awareness/involvement in managing endangered plant species and their harvesting period.
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Figure 9. Local community awareness/involvement in managing endangered plant species and their harvesting method.

Additionally, the local community awareness/involvement
in managing endangered plant species associated significantly
to their harvesting methods r=0.306 P=0.100 (Figure 9). Local
community awareness and involvement are crucial for the ef-
fective management of endangered plant species and play a
significant role in shaping harvesting methods. By increasing
awareness and fostering participation, conservation efforts
can be more sustainable and better aligned with local ecolog-
ical and cultural contexts. Addressing challenges and imple-
menting strategies to empower communities will enhance
their capacity to manage plant species responsibly, benefiting
both local ecosystems and livelihoods. Local communities of-
ten have a profound understanding of their natural environ-
ment, including the ecological roles of specific plant species.
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This traditional knowledge is invaluable for conservation ef-
forts, allowing for more effective management practices tai-
lored to local conditions [8]. Involving local communities in
the management of endangered plant species can yield signif-
icant socio-economic benefits. Sustainable harvesting prac-
tices can enhance livelihoods by providing reliable sources of
food, medicine, and income through eco-friendly products
[11]. This creates a vested interest in conservation, encourag-
ing practices that protect plant species from overexploitation.
Community awareness regarding the ecological significance
of endangered plant species often leads to the adoption of
more sustainable harvesting methods. For example, education
programs focusing on the life cycles of plants can encourage
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seasonal or selective harvesting rather than reckless overex-
ploitation.

4. Discussion

The harvesting methods employed for /. wombulu and M.
myristica often include clear-cutting and selective logging
without proper planning. Clear-cutting leads to complete re-
moval of vegetation in specific areas, resulting in immediate
habitat loss. Selective logging, although less invasive in intent,
can still cause significant harm if not conducted sustainably.
The damage it inflicts on surrounding flora, particularly on
non-target species, can undermine the structural integrity of
the rainforest [7]. The removal of trees disrupts soil stability,
leading to increased erosion and nutrient depletion. This not
only reduces soil fertility but also affects water retention in the
ecosystem—both critical for healthy forest regeneration.
Studies show that such degradation can have long-term reper-
cussions on plant diversity and health [26], directly impacting
the growth and sustainability of I. wombulu and M. myristica
populations. The harvesting of 1. wombulu and M. myristica
contributes to habitat fragmentation, a critical issue in the
Banyang-Mbo Wildlife Sanctuary. As these trees are integral
to the ecosystem, the removal of even a small number can cre-
ate significant holes in the forest structure, leading to dis-
turbed microclimates that further impede other species' sur-
vival. Many animals rely on the fruits and seeds of I. wombulu
for sustenance. The reduction in availability of these food
sources leads to declines in frugivore populations, such as cer-
tain bird species, which play crucial roles in seed dispersal
(Peres et al., 2006). As animal populations decline, further
cascading effects on plant diversity and ecosystem health be-
come evident [17].

Local communities depend heavily on 1. wombulu and M.
myristica for both nutrition and income. The economic value
of these species extends beyond their direct uses as food and
medicine; they also contribute to local and regional economies
through informal markets. Poor harvesting methods threaten
these economic foundations, leading to decreased availability
and rising costs [13]. As resources dwindle, communities may
resort to more aggressive harvesting practices to meet their
needs, further exacerbating the problem. This creates a vicious
cycle where economic necessity drives unsustainable prac-
tices, leading to further ecological degradation. In effect, local
communities become trapped in a cycle that limits their long-
term socio-economic viability while adversely affecting bio-
diversity. Local traditions often dictate specific harvesting pe-
riods for African bush mango (/rvingia wombulu) and African
nutmeg (Modora myristica), which may align with ecological
considerations or be based on cultural norms. Harvesting dur-
ing off-peak growth periods allows plants to recover and
maintain healthy populations, ultimately creating a sustaina-
ble source for future harvesting. Some plants provide essential
habitat or food for wildlife. Poor timing can lead to declines
in both plant and animal populations, disrupting ecological
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balance [20]. Communities often become more aware of the
ecological needs of plants when informed about their growth
cycles and the consequences of poor harvesting practices. Ed-
ucational initiatives that emphasize the importance of timing
can enhance local understanding of the sustainability of plant
species. By linking traditional harvesting periods with ecolog-
ical principles, communities can develop a deeper understand-
ing of plant life cycles and the benefits of sustainable practices
[8]. Traditional harvesting practices often reflect a deep un-
derstanding of local ecology.

The findings indicate that without intervention, the unsus-
tainable harvesting of 1. wombulu and M. myristica poses a
significant threat to the ecological integrity of the Banyang-
Mbo Wildlife Sanctuary. Effective management practices, in-
cluding regulated harvesting periods and sustainable tech-
niques, are critically needed. Such frameworks could include
community scrutiny and involvement in management deci-
sions, ensuring that local needs are met without compromising
ecological health [9]. Educational programs aimed at raising
awareness about sustainable harvesting techniques and the im-
portance of these species can foster community stewardship.
Incorporating traditional ecological knowledge into conserva-
tion strategies can facilitate a more holistic approach to man-
aging local resources. The impact of poor harvesting methods
on [rvingia wombulu and Modora myristica in the Banyang-
Mbo Wildlife Sanctuary serves as a microcosm of larger envi-
ronmental challenges faced in tropical ecosystems. The inter-
play between ecological, economic, and social dimensions un-
derlines the necessity for holistic conservation strategies that
not only protect endangered species but also support local
communities. Sustainable harvesting practices, community in-
volvement, and education are essential components for ensur-
ing the long-term viability of both the rainforest ecosystem
and the livelihood of the communities that depend on it. The
collaboration among various stakeholders, including local
communities, conservationists, and governmental bodies, is
vital for the successful management of these invaluable re-
sources [24].

Awareness of the importance of maintaining biodiversity
often leads communities to adopt selective harvesting meth-
ods. This approach minimizes environmental impact and pro-
motes the regeneration of endangered species. Communities
that are informed about sustainable practices may innovate
new harvesting methods that align with ecological conserva-
tion. For instance, participatory approaches can lead to the de-
velopment of techniques that enhance yield while preserving
plant populations [20]. In Andean communities, local aware-
ness of the importance of medicinal plants has led to sustain-
able harvesting practices. Educational campaigns emphasiz-
ing the ecological and cultural significance of these plants
have resulted in reduced overharvesting and the adoption of
seasonal harvesting techniques. In Madagascar, involving lo-
cal communities in the management of endangered plant spe-
cies has demonstrated positive effects on harvesting methods.
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By integrating local knowledge and practices into forest man-
agement plans, communities have adopted strategies that bal-
ance their needs with conservation goals, leading to improved
sustainability [25]. Communities that are actively involved in
decision-making processes regarding the management of en-
dangered species are more likely to adopt sustainable harvest-
ing practices. Empowerment fosters a sense of ownership, en-
couraging responsible use of resources [9]. Active involve-
ment in management can lead to capacity-building among
community members. Training and involvement in monitor-
ing harvesting impacts enable communities to implement best
practices effectively [8]. When local communities collectively
engage in resource management, they can develop guidelines
for sustainable harvesting tailored to specific species and eco-
systems. This collective action can lead to the establishment
of community-led conservation areas with regulated harvest-
ing [11].

Community involvement can facilitate conflict resolution
among different user groups, ensuring that harvesting methods
are equitable and sustainable [29]. When all stakeholders have
a voice, it promotes shared responsibility and accountability
[43]. In several West African nations, community involvement
in agroforestry has led to remarkable success in the manage-
ment of endangered plant species. By integrating traditional
practices with modern agroforestry techniques, communities
have enhanced biodiversity while improving agricultural
yields [44]. In the Amazon, participatory forest management
that includes local communities has led to the development of
sustainable harvesting methods that reduce habitat destruction
and improve species vitality. Awareness and involvement have
resulted in effective monitoring and regulation of harvesting
practices. Many communities lack the necessary resources for
education and capacity building, limiting their ability to im-
plement sustainable practices. External funding and support

are often required to develop effective awareness programs [9].

Policies that do not incorporate local knowledge or fail to pri-
oritize community involvement can undermine conservation
efforts. A disconnect between governmental regulations and
local practices can lead to conflicts and ineffective manage-
ment [43]. Implementing educational programs that focus on
the ecological roles of endangered plant species can enhance
community awareness and promote sustainable harvesting
methods [41].

5. Conclusion

The findings indicate that unsustainable harvesting prac-
tices, including clear-cutting and inadequate planning, signif-
icantly contribute to habitat degradation within the Banyang-
Mbo Wildlife Sanctuary. These methods result in the loss of
canopy cover, which is essential for maintaining the microcli-
mate and biodiversity of the rainforest. The removal of key
species like 1. wombulu and M. myristica disrupts the ecolog-
ical balance, adversely affecting various dependent species
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and leading to diminished habitat quality. The harvesting prac-
tices employed for economically important tree species such
as Irvingia wombulu (African bush mango) and Modora
myristica (African nutmeg) have significant impacts on the
health and sustainability of rainforest ecosystems, particularly
in biodiversity-rich areas like the Banyang-Mbo Wildlife
Sanctuary in Cameroon. Poor harvesting methods have direct
implications for the biodiversity of the rainforest ecosystem.
The selective removal of these species has been shown to alter
species compositions, leading to declines in populations of an-
imals that rely on these plants for food and shelter. For in-
stance, species that are frugivorous depend heavily on the fruit
produced by I. wombulu, and their decline poses risks not only
to the frugivores but also to the seed dispersal and regenera-
tion processes that are crucial for healthy forest dynamics. The
reliance on unsustainable harvesting practices poses risks not
only to the ecological integrity of the sanctuary but also to the
local communities that depend on these resources for their
livelihoods. As the populations of I. wombulu and M. myris-
tica decline, coupled with habitat degradation, the potential
for economic returns from these species decreases. This cre-
ates a cycle of poverty and resource depletion that can lead to
further over-exploitation as communities seek alternative live-
lihoods. In light of these findings, it is essential to propose and
implement sustainable harvesting practices that involve local
communities in the management of these species. Enhancing
awareness through education and training programs about the
ecological importance of I. wombulu and M. myristica can em-
power local stakeholders to adopt better practices. Collabora-
tive management approaches that incorporate local knowledge
and traditional ecological practices can also foster sustainable
usage and conservation [31].
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