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Abstract 

This study investigates the impact of human activity on the diversity, abundance, and species composition of trees in 

southwestern Sierra Leone's Kasewe Forest Reserve. The specific objectives are to assess the historical use of Guibourtia 

copallifera in relation to the reserve and examine community relations with this species. Primary data were collected through a 

floristic inventory and key informant interviews, focusing on the use of forest land and floral resources. A total of 1,294 living 

specimens from 74 tree species and 12 lianas, belonging to 61 genera in 27 families, were recorded in the study. The most 

dominant species were Guibourtia copallifera, followed by Nesogordonia papaverifera, Memecylon normandii, and Gmelina 

arborea. Other species recorded at lower levels include Homalium africanum, Lindackeria dentata, Pentadesma butyracea, and 

Santiria trimera. Additionally, 675 stumps from 42 genera in 29 families were identified, with 88 trees showing harvesting 

marks. The study also recorded 147 old charcoal pits and 76 new charcoal pits. In the Kasewe Forest Reserve, 13 patches of 

Gmelina arborea plantations, along with 26 old and 11 new farms, were recorded. The study revealed that rapid anthropogenic 

activities and poor forest management have led to a decline in tree diversity. Edge communities remain crucial for the reserve's 

health, management, and future. Traditions, culture, and customs play a key role in the reserve's services and products, but the 

full historical use of the area is poorly documented. These findings highlight the urgent need for effective forest development and 

a recovery plan for degraded areas. 
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1. Introduction 

Rapid population growth in Africa became prominent in the 

20th century, with Africa's population increasing 3.7 times by 

2000, compared to 2.5 times globally [1]. The share of Afri-

cans in the world population has continued to rise in the 20th 

and 21st centuries [1]. Forest history studies typically rely on 

historical data, focusing mainly on recent centuries, which 

limits their coverage of the most recent human history [2]. 

Past utilization of forest resources is crucial for under-

standing forest history and predicting the future. Combining 

archaeological and palynological data can enhance 

knowledge of demographic changes, settlement dynamics, 

and vegetation history, offering a broader perspective for 

future forest studies. There is growing demand from re-

searchers and decision-makers for the integration of Tradi-

tional Ecological Knowledge (TEK) with traditional conser-

vation practices [3, 4]. Customs and rituals, central to indig-

enous African communities, are key social behaviors per-

formed by individuals or specialists [5]. For example, the 

Makhadzi of the Tshidzivhe clan conduct annual winter ritu-

als to pray for rain, peace, and to thank ancestors for a good 

harvest, involving the dispersal of traditional beer and tobacco 

in the forest. Similar practices have been observed in Zim-

babwe [6] and Ghana [3]. 

In Zimbabwe, breaking taboos can result in death or dis-

aster affecting an entire village [6], while in Ghana, ancestors 

may impose punishments like illness, including fever, ab-

dominal pain, limb swelling, diarrhea, fractures, and accidents 

[7]. Other punishments for violating taboos include infertility 

for women or being struck by an invisible snake [3]. 

Indigenous knowledge (IK) is primarily held by impover-

ished, informally educated populations facing significant 

environmental changes. Despite this, IK provides functional-

ity and adaptability for these communities [8]. The Yao peo-

ple, for example, observe bird behavior, plant blooming, and 

patterns in the sky to understand their environment [8]. Local 

knowledge helps communities adapt to environmental 

changes, with forest products used for food, medicine, and 

fuel in the past, and natural ecosystems harvested to improve 

living standards today [9, 8]. 

In Sierra Leone, rural communities rely on forests, wet-

lands, farmland, and communal lands for various biological 

resources, including wood, firewood, food plants, wild vege-

tables, spices, fruits, forage plants, and materials for con-

struction and crop improvement [1]. 

Humans rely on plant and animal-derived medicines for 

health, highlighting the need to protect forest diversity. Re-

viewing species diversity, composition, abundance, and his-

torical use is essential for effective forest management and 

species assessment, helping identify ecologically beneficial 

forests [10]. A greater variety of tree species increases ecolog-

ical niches and associated species [11]. Therefore, information 

on tree species composition, density, and species-rich commu-

nities is crucial when planning biodiversity protection [12]. 

Knowledge of biological resource use persists among the 

poor in rural areas near forests and wetlands, but it remains 

poorly assessed and documented. Research on the forest re-

serve has focused primarily on diversity, volume, and DBH, 

with limited study of species like G. copallifera and its 

composition. Systematic comparative data on the prevalence 

and economic impact of tree species in Sierra Leone's forests 

are scarce, and written evidence, including travelers' accounts 

and government documents, is minimal. National historical 

resources like the National Archives and Sierra Leone Mu-

seum lack evidence on the use of this species as a foreign 

exchange earner in the colonial era and this forest reserve. 

The history of gum copal harvesting from G. copallifera in 

the Kasewe Forest Reserve is not documented in existing 

archives. A search for historical records in regional, district, 

and community archives yielded no results. Due to this lack of 

written evidence, the study relies on field data to explore past 

utilization of the site and species. The study aims to: 1) 

evaluate the historical utilization of G. copallifera in relation 

to the Kasewe Forest Reserve, and 2) assess community rela-

tions with the species within the reserve. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted in and around the Kasewe Forest 

Reserve. The reserve is located on the border between 

Tonkolili and Moyamba District in the south-central portion 

of Sierra Leone approximately 170km east of Freetown, and 

adjacent to the Bo-Freetown highway. This lowland forest 

gives ways to medium-altitude forest on the slope and peaks 

of the Kasewe hill ridges (altitude range approximately 100 to 

500m). Kasewe Forest Reserve (centered on 8°18′53″N 

12°15′43″W is approximately 2,331 ha in size [6]. The dom-

inant vegetation is tropical forest but the Reserve contains a 

mosaic of moist semi-deciduous forest, evergreen forests and 

savanna [6]. The hills are made up of a volcanic intrusion 

standing up to about 500m above the surrounding plains and 

serve as an important water catchment area for all communi-

ties around the reserve [7, 8]. 

2.2. Methods 

Communities boarding the forest reserve were visited and 

consultation with authorities were held. The purpose of the 

visit was fully explained to the community leaders and author-

ities. The purpose was to collect information on the utilization 

pattern of the forest reserve and G. copallifera species in their 

communities before the forest patch was declared as a gov-

ernment reserve. I enquired to know whether there are still 

individuals in these communities that are still alive who 

worked (as labours or harvesters) in the forest during the peri-
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od when this species was harvested for gum copal. 

The method used for data collection was based on 

semi-structured interviews and field visits. Interviews were 

conducted after obtaining informed consent (IC) from the 

interviewees. In many cases, a variety of techniques were 

used for selecting informants with traditional knowledge 

regarding the use of this species during the period when it 

was been harvested for gum [13]. 

The full names and residential addresses of former harvesters 

or family members of workers residing in these communities 

were exhaustively identified and registered with the help of lo-

cal administrators, local people, translators and field assistants. 

Individuals who were indicated to know and witness the prac-

tice of harvesting this species were considered as informants for 

this study. A total of six (6) individuals were identified. 

Semi-structured interviews were then employed and field ob-

servations made to collect historical and practical data with the 

help of local language translators and field assistants. 

In the ecological assessment past and current use pattern 

of the forest and the species of interest were recorded. All 

farming sites were recorded and divided in to old and new 

farms. New farms are those currently under cultivation while 

old farms are those that have been harvested while the study 

was been conducted. Assessment of existing plantations 

within the forest reserve were also conducted noting the 

number of plantations patches and the species composition of 

each plantation. Charcoal processing sites within the reserve 

were assessed, each identified sites were categorised into old 

or new charcoal processing site. In the new sites, if logs have 

not been set on fire, the logs can be identified to species level, 

while photo of log can be used for later identification if it is 

not possible in the field [14]. 

2.3. Vegetation Sampling and Measurement 

In terms of stumps and gum copal harvesting marks on existing 

trees, four representative sampling sites were selected based on 

land use pattern (Farming, charcoal burning, gardening and log-

ging). These sites were chosen because they are relatively repre-

senting the various human activities ongoing in the reserve and the 

better protected aspect of the reserve. Rectangular plots were 

chosen as they tend to include more of the within-plot heteroge-

neity, and thus be more representative than square or circular plots 

of the same area. For intensive data collection of plant species 

assemblages and harvesting remains located in an ecotone of dis-

turbance across the forest, four sites were identified as representa-

tives. Sites 1 and 2 were degraded area of the reserve where human 

activities are highly evident. Intensive logging was followed by 

charcoal burning and then farming. Tree stumps are still evident as 

are charcoal pits, farms and vegetable gardens; there are small 

plantations of Gmelina arborea. Sites 3 and 4 are located in the 

well-preserved sections of the reserve where human presence and 

activities are lower. Canopy cover is very good with intermittent 

openings due to natural disturbances [15]. 

At each site, two hectares plot (100m x 100m) were laid at 

400 m apart and subdivided into ten (10) subplots each 

measuring 50m x 20m. A total of 80 sampling subplots (50 

m x 20 m) were systematically established for the enumera-

tion of trees and stumps. Trees ≥ 10cm DBH were enumer-

ated in each subplot. These were inspected for presence or 

absence of harvesting marks. The presence/absence, cover-

age, density, abundance of G. copallifera trees with harvest-

ing marks was estimated in each plot and sub-plot [16]. Ex-

istence of stumps within these subplots were inventoried and 

identification to species level was attempted [17]. Plant 

specimens, leaves, flowers, fruits and tree barks were col-

lected in triplicate during sampling. Plants are carefully ar-

ranged as they are placed in the press to maximize preserva-

tion of diagnostic features. Leaves, flowers, and fruits are 

spread out so that they do not overlap and can be observed 

from different perspectives. The confirmation of identified 

plant species was done by plant experts at the Njala Herbar-

ium (Sierra Leone National Herbarium) lodged at the De-

partment of Biological Sciences, Njala University. 

 
Figure 1. Map showing study Area. 
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2.4. Data Analysis 

Majority of the analyses on this data were done in R ver-

sion 3.6.2 (R Core 2020). The plot level data involving the 

average value of trees, stumps density, charcoal pit and 

farming site were calculated by averaging or totaling the 

individuals in the plot. The frequencies of tree size (DBH), 

stump, plantation plots and farming sites are presented in 

histograms with median values for the four sites. The har-

vesting marks for G. copallifera was analyzed using a 

graphical representation of living trees with or out marks and 

tree frequencies in histograms. The average values of har-

vesting marks, charcoal pits, plantation plots, tree numbers, 

and farming plots were compared for the site. 

3. Results 

Knowledge of Harvesting of Gum Copal 

There are no written records of harvesting or sales of gum 

copal. But there are few old people in and around Moyamba 

Junction who took part, as children or young men (family 

labour), in gum copal harvesting. All the six informants were 

men, the youngest being in their 60’s (Table 1). Only one of 

the informants went to primary school and all of them are 

farmers. 

Table 1. Characteristics of the Former Gum Copal Harvesters. 

Categories Variables 
Number of 

Informant 

Percentage of 

Informant (%) 

Sex Male 6 100 

 Female 0 0 

Religion Traditionalist 0 0 

 Christians 2 33.33 

 Muslim 4 66.67 

Formal Educa-

tion 
Primary 1 16.67 

 Secondary 0 0 

 None 5 83.33 

Age-Groups 60–69 2 33.33 

 70– above 4 66.67 

Harvesting Permit/Permission 

In the past, harvesters of gum needed permission from lo-

cal chiefs or landholding families before entering the forest, 

particularly in Moyambawo. The Department of Forestry 

was not involved in the gum harvesting since the forest was 

not yet declared a reserve. Harvesting rights were granted for 

a year, with permits renewed before each dry season. Money 

was collected before allocating harvesting sites, and the 

community chiefs and elders controlled the proceeds. These 

were then distributed to landholding families based on their 

land share. The gum trade attracted people from across the 

country, as long as traditional obligations were met. 

Traditional Ceremony 

Gum harvesting is preceded by traditional ceremonies or-

ganized by community leaders, where harvesters and com-

munity members gather to honor their gods, spirits, and an-

cestors with kola nuts, wine, and food. Participation in the 

ceremony is mandatory for all those granted harvesting per-

mission. During the ceremony, the elders, guided by their 

gods, set the official start date for the harvesting season. 

Allocation of Tapping / Harvesting Site 

Each harvester is allocated a specific portion of the forest, 

for which the specific size cannot be determined by the in-

formants. Areas within the forest are allocated partly based 

on the amount of money paid to the authorities. Some har-

vesters would hold several patches paying for each patch 

separately. This right to harvest had to be renewed each year. 

Status and Numbers of the Plant Species Harvested for 

Gum Copal 

G. copallifera, the species harvested for gum copal, was 

not cultivated in Kasewe Forest Reserve, though small ex-

perimental plantings occurred in Tiama, Moyamba, and 

Kenema, most of which were cleared. Degraded areas in 

Kasewe were previously planted with Gmelina arborea and 

some timber species like Terminalia and Teak. Kasewe is the 

only known location in Sierra Leone where G. copallifera 

was harvested for gum copal. 

Method of Harvesting Gum copal 

Harvesting gum involves the climbing of the trees above 

30 cm DBH using a similar technique to that used in climb-

ing oil palms tree as such tapping stops at the first major 

branch. Once the tapper reaches this point a hoe like instru-

ment (an adze) called a “hisstle” is used to slash or cut 

around the trunk in a circular manner from top to bottom 

(Several cuts are made on the trunk). The climber descends 

the tree as he cuts the bark in the circular manner. While this 

is happening the area around the base of the tree is carefully 

cleared of leaves and debris so that the gum that comes out 

the tree can be easily collected later. Several trees can be 

processed in a single day. After tapping or slashing the bark, 

the trees are allowed to rest for about three weeks to allow 

the gum to dry on the trees before harvesting will start. At 

the end of the three weeks, harvesting resumes by climbing 

the tree and dislodging the solidified gum. 

Participation of Women and Children in the Process 

Women and children played a key role in the harvesting 

process. They were responsible for the gathering and collec-

tion of the solidified gum from underneath the trees while the 

climber is harvesting. Moreover, the transportation of the 

gum from the forest to the communities was their collective 
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responsible. They also had to clean and polish the gum as the 

price is a function of colour and cleanliness of the gum. 

Season and Incidents Associated with Harvesting Process 

Harvesting of the gum only occurs during the dry season 

due to the fact that the trees are very slippery during the 

raining season for the individuals climbing the trees. Sec-

ondly, the gum can easily be washed away by rain water 

from the bark of the tree before it solidifies. Gum copal har-

vesting from the trees is also a very risky job. This process 

was fraught with lots of accidents due to individual climbers 

falling off trees. Several incidents of broken arms and legs 

and even deaths were reported by the informants. 

Primary Processing 

Women and children were responsible for cleaning and 

grading of the gum. Gum was sorted into “whole tears” and 

smaller pieces, then the gum was separated by colour (lighter 

colour is more desirable) and then any pieces of bark and 

other foreign materials were removed with spoons or sharp 

knife. 

Marketing of the Gum 

The cleaned and polished gum were either sold to middle 

man who visited the villages in search of gum copal or taken 

to Yonibana, which used to be a business centre and train 

depot until 1972. Highly polished gums fetched more money 

than the crude types. Measurements, size and cost could not 

now be ascertained (none of informants were involved in the 

actual sales). The fact that some informants in their 60’s still 

remember something about the trade suggests that it is per-

sisted in some form despite the ban. 

4. Ecological Data 

Sampling sites 

Table 2. Conditions prevailing at each site. 

Conditions Site 1 Site 2 Site 3 Site 4 

Canopy cover Opened and scattered Opened and scattered Closed Closed 

Ground cover Farm plants Farm plants Lot of leaf litters Lot of leaf litters 

Bare ground 70 % 65% Herbs and leaflitters Herbs and leaflitters 

Human interference 80% 85% >5% >5% 

Logging Ongoing Ongoing Selective (in the past) Selective (in the past) 

Fire incident Regular Regular Seldom Seldom 

Stumps density High High Very low Very low 

 

Site 1: Is a degraded area of the reserve where human ac-

tivities are highly evident. Intensive logging was followed by 

charcoal burning and then farming. Tree stumps are still ev-

ident as are charcoal pits, farms and vegetable gardens; there 

are small plantations of Gmelina arborea (an introduced 

species that coppices vigorously and is sometime invasive). 

Fire has been repeatedly used as a management tool and the 

vegetation cover is limited to individual trees, scattered 

thickets and grasses. Canopy cover is opened and scattered; 

ground cover is dominated by farm plants. Bare ground is 

about 70 % while human interference almost 80%. The case 

of logging is ongoing and fire incident is a regular occurrence 

in this reserve with stumps density very high (Table 2). 

Site 2: Is a degraded area, where logging, charcoal burning, 

hunting, pole harvesting and farming activities are present. 

Vegetation cover is similar but denser than site 1. Canopy 

cover is opened and scattered; ground cover is dominated by 

farm plants. Bare ground is about 65 % while human inter-

ference almost 85%. The case of logging is ongoing and fire 

incident is a regular occurrence in this reserve with stumps 

density very high (Table 2). 

Sites 3 and 4: Are located in the well-preserved sections of 

the reserve where human presence and activities are lower. 

Canopy cover is very good with intermittent openings due to 

natural disturbances. In these sites, stumps of large trees were 

observed and demonstrate selective logging in the past. 

Canopy cover is closed, ground cover is dominated by leaf 

litters. Bare ground is covered with herbs and leaf litter, while 

human interference is less than 5%. The case of logging was 

selectively done in the past which has been stop for ages and 

fire incident is seldom in this patch with stumps density been 

very low (Table 2). 

Stump Density of Plants Within the Sites 

Kasewe Forest is a gazette forest reserve and was estab-

lished before Independence, but unfortunately there is no 

comprehensive and detailed document on the reserve like 
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many forests in the country. In order to get a rough picture of 

it past, physical remains were examined in the forest and local 

people were interviewed. 

On the four experimental sites, site 2 recorded nearly two 

thirds of all the stumps (66.96%), (Figure 2). Other evidences 

of disturbance are; farming, stacks of boards by the track sides, 

bundles of bush-poles, bags of charcoal and so on. 

 
Figure 2. Percentage of Stumps Per Site. 

A total of 675 stumps were recorded within the sites be-

longing representing 42 genera in 29 families. Nearly 

one-third (30.5%) of the identified stumps belong to Guibou-

tia copallifera, followed by Nesogordonia papaverifera 

(24.1%) (Figure 3). The first four frequently (most) exploited 

plant species accounted for over 72% of species harvested in 

the past within the reserve. Guiboutia copallifera, Nesogor-

donia papaverifera, Trema orientale, Memecylon normandii, 

G. copallifera and N. papaverifera are vulnerable while T. 

orientale and M. normandii are listed as Lest concern in the 

IUCN redlist category. The other frequently harvested species 

are; Gmelina arborea, Anisophyllea laurina, Margaritaria 

discoideus, Diospyros heudelotii, Mammea africana and 

Oxyanthus racemosus (Figure 3). Guiboutia copallifera is the 

preferred target species by charcoal burners as it produces 

“iron coal” that is durable, long-lasting and hard which last 

longer in stoves and has less wastage in transport even with 

rough handling. 

 
Figure 3. Identification of Stumps to Tree Species. 
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Harvesting Marks on G. copallifera Trees in the Forest 

Reserve 

Harvesting of G. copallifera for copal gum leaves marks on 

the bark of the tree, these can persist for many years as scars. 

Harvesting of the gum copal from the trees was done through 

slashing the bark of the trees so that the sap from the tree can 

solidifies as time progress. The scars do not resemble those on 

rubber trees, but instead look like knife marks on the barks. 

There are still a good number of living G. copallifera trees on 

sites 3 and 4 (228 and 208) and far fewer on plots 1 and 2 (89 

and 78) (Figure 4). Harvesting marks were observed on 36 

trees on site 3 (15.8 %) and 25 (12.9 %) on site 4, with 15 and 

12 trees in sites 1 and 2 (16.9% and 15.4%) (Figure 4). The 

absence of harvesting marks in majority of this tree species in 

the sites lends credence to the fact that harvesting in this forest 

has not been practiced over a long period of time and only the 

largest trees bear scars. 

 
Figure 4. Trees with Harvesting Marks. 

Existence of Charcoal Pits in the Sites 

Kasewe forest reserve has become a major supply point for 

Freetown charcoal markets and trade in charcoal is one of the 

most viable livelihood activities for edge communities. This is 

especially true of the youth and “strangers” who have diffi-

culty in accessing good quality farm land, but it has led to 

massive land clearing. There are no attempts by the burners to 

replant or encourage new growth in any way. Old pits are 

distinctive and easy to observe, new coal burning pits are very 

common. Site 1 had the highest numbers (75) of old pits, with 

34 new charcoal pits. Sites 2 has more new pits (42), but fewer 

old ones (Figure 5). There is evidence of a few (4 and 2) very 

old pits on Sites 3 and 4, but fortunately not new ones and 

these sites still hold good secondary forest with good canopy 

cover (Figure 5). 

 
Figure 5. Number of New and Old Pits. 
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Presence of Gmelina arborea Plantations 

There are still a good number of G. arborea plantations within 

the reserve. G. arborea trees were observed on increase in sites 1 

and 2, with 255 trees (38.8%) and 125 (32.9%) respectively of all 

trees recorded within these sites. Site I, holds 8 different patches 

(61.54%) of G. arborea plantations while site 2 recorded 5 

patches (38.46%) G. arborea plantations, whilst sites 3 and 4 

lacks G. arborea plantations (Table 3) Several small patches of 

G. arborea plantations exist in the sites, this is an introduced 

species that has previously been promoted as a multi-use tree 

(boards, firewood and animal forage). It is an invasive species 

especially where there are fires (and cattle). 

Table 3. Presence of Gmelina arborea Plantations. 

Sites Frequency Percentage (%) 

S_1 8 61.54 

Sites Frequency Percentage (%) 

S_2 5 38.46 

S_3 0 0 

S_4 0 0 

Presence of farm plots within the Forest reserve 

Site 1 had the highest numbers (14) of old farms, with 4 

new farms cultivated. Sites 2 has more old farms (9), but 

fewer new ones (Figure 6). Site 2 has the highest number of 

new farms cultivated during the period of this research. There 

is evidence of a few (2 and 1) very old farms on Sites 3 and 4, 

but fortunately not new ones and these sites still hold good 

secondary forest with good canopy cover. 

 

 
Figure 6. Number of New and Old Farms. 

5. Discussions 

Historical records, such as forest surveys, cultural practices, 

and traditions, are valuable for studying vegetation changes 

over time. However, their use in historical ecology is con-

strained by what was recorded, as it depends on the original 

purpose of data collection. Significant changes in forest use 

were observed in the study site and nearby areas of the forest 

reserve. The role of Traditional Ecological Knowledge (TEK) 

in promoting sustainable use and conservation of ecosystem 

services has gained attention due to increasing concerns over 

unsustainable forest resource use. TEK, through customs, 

rituals, myths, and taboos, has proven effective in conserving 

natural resources globally [5]. 

Both men and women are involved in harvesting forest 

resources, with women comprising about 75% of forest users 

globally due to their roles as caretakers and housekeepers [18]. 

Women possess extensive knowledge about forest species, 

including their abundance, location, and decline rates, and are 

often affected by negative forest management policies [18, 

19]. In Nigeria, women identified a wide range of forest 

products, demonstrating greater versatility in forest resource 

use and management compared to men [20, 21]. Local people, 

including herbalists with specialized knowledge of medicinal 

plants and practices, are aware and willing to participate in 

forest management, which contributes to the success of 

community-based or participatory forestry [22, 23]. 

In sub-Saharan Africa, charcoal production for urban 

consumption is a major driver of forest degradation, often 

through clear-felling or selective cutting in forests and 

woodlands [24]. Clearcutting is typically linked to agricul-

tural cultivation, with charcoal production as a secondary 
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activity [25]. Charcoal harvesting negatively impacts soil 

hydrological properties, with larger open areas being more 

damaging than smaller ones [26]. Selective logging targets 

wood species with high calorific value, but this practice can 

also lead to forest degradation and the potential extinction of 

preferred species [27, 28]. 

Studies on charcoal composition provide evidence of fire in 

various ecosystems. Daniau et al. [29] found that charcoal 

from paleo fires in the Luk profiles indicated rainforest fires. 

Neumann et al. [30] identified charred endocarps of E. guin-

eensis mixed with charcoal from other taxa at specific inter-

vals. The oldest charcoal assemblage was predominantly from 

a single species, likely Guibourtia [31]. Thomson et al. [32] 

observed macroscopic charcoal in 96.5% of sites, suggesting 

local burns across various land uses, except in two sloping 

fields in Karula National Park, Estonia. Harvey et al. [33] 

recorded 12,488 charcoal pieces from 47 samples during road 

construction in Western Hungary. 

Gmelina arborea is native to tropical moist forests in Asia, 

including India, Burma, Sri Lanka, and southern China, and is 

widely cultivated in tropical regions across Africa, Asia, 

Australia, the Americas, the Caribbean, and Pacific islands 

[34, 35]. It is a prominent plantation species in Nigeria [36] 

and thrives in the tropical climates of West Africa, including 

Nigeria, Ivory Coast, Sierra Leone, and Ghana [36]. G. ar-

borea is an economically important tree, valued for its strong 

yet lightweight timber, and is used in construction, instrument 

making, and paper production [37, 34]. Additionally, it plays 

a significant role in agroforestry, with benefits such as carbon 

sequestration and use in home gardens [38]. 

Self and Parker [39] suggested that selective marking is 

most effective after the first or second thinning, as lower tree 

density reduces effort. Petersons [40] found that night thin-

ning and marking trees with fluorescent dye increased 

productivity by 15%. However, Kuitto and Mäkelä [41] 

recommended operator selection as a better approach for 

crop-thinning operations. Sainoi et al., [42] highlighted the 

importance of choosing the right tapping system to optimize 

rubber plant physiology and yield, typically favoring 

high-frequency systems. Aun et al., [43] emphasized that 

sustainable rubber production relies on proper felling methods 

and selecting healthy trees with appropriate tapping marks. 

Poor tapping was identified as the main cause of low latex 

yields in the Philippines [44]. 

The growing demand for woody biomass for energy pro-

duction in Europe has driven the search for innovative log-

ging systems to thin young, dense forests. This includes ex-

ploring alternative strategies and switching to smaller tree 

diameters to boost production and resource mobilization for 

energy [45, 46]. Eliasson [47] and Bergström et al. [48] used 

simulation models to examine the impact of cutting levels on 

harvester productivity. Bergström et al. [45] also highlighted 

the benefits of surface harvesting systems in dense young 

stands, particularly for biomass acquisition. The debate on 

tree selection methods in thinning operations, including op-

erator-based selection versus prior tree marking, has been 

extensively discussed [39]. 

6. Conclusions 

Collecting information from local communities is crucial 

for assessing the true value of species and making informed 

decisions on their sustainable use. Local knowledge of vege-

tation use is key to developing effective conservation strate-

gies. Research highlights the importance of edge communities 

for the condition, health, and management of Sierra Leone's 

Kasewe Forest Reserve. Tradition, culture, and rituals play a 

significant role in the services and products of the reserve. A 

historical account of gum copal pricing and marketing re-

mains a neglected aspect of Sierra Leone's history. The study 

also reveals that deforestation and charcoal production con-

tinue to negatively impact species diversity, vegetation cover, 

and soil hydrological properties, emphasizing the need to 

consider interactions with other land uses in forest manage-

ment. 

The repeated occurrence of Gmelina arborea plantations in 

the Kasewe Forest Reserve indicates that human activity has 

influenced the dynamics of plant communities. Using rem-

nants of G. copallifera to estimate its historical abundance 

offers a quantitative approach to measure changes in its den-

sity, though limitations exist due to anthropogenic disturb-

ances and unidentified remnants. This method also helps 

estimate historical species levels where early records are 

unavailable. The current state of G. copallifera trees with no 

harvesting marks in the non-degraded areas reflect the re-

covery of the vegetation cover in the reserve from past human 

disturbances. 

In the Kasewe Forest Reserve, soil samples from degraded 

areas contained more charcoal than those from non-degraded 

areas, with charcoal present in over 49% of samples. The 

charcoal footprint in soil correlates with the duration and 

intensity of agricultural land use. Charcoal in non-degraded 

sites settles deeper than in degraded sites, though differences 

are not significant in sloping or agricultural areas. Cultivation, 

logging, and charcoal burning significantly weaken the 

forest's structure and composition, leading to lower floral 

diversity, species richness, and less developed communities in 

disturbed areas. Increased human activity in these areas was 

associated with higher charcoal production pressure, defor-

estation, and soil degradation, all linked to disturbance inten-

sity. 

There is an urgent need for sustainable management of 

local forests to mitigate deforestation and agricultural impacts. 

All stakeholders must recognize the connections between 

biodiversity, ecosystem services, and the destructive effects of 

human activities. Understanding the harm caused by our ac-

tions could drive change. Ultimately, establishing a sustaina-

ble relationship between humans and nature is essential for 

ensuring that future generations can enjoy these areas. 

Degraded areas in the Kasewe Forest Reserve exhibit low 

http://www.sciencepg.com/journal/jps
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species richness due to intensive logging, charcoal burning, 

and agricultural activities, including annual ploughing. Key 

native species such as Guibourtia copallifera, Hannoa 

klaineana, Harungana madagascarisensis, Nesogordonia 

papaverifera, and Phyllocosmus africanus are crucial for 

future research. Overharvesting of mature wood has hindered 

the recovery of these species, with one-third of identified 

stumps belonging to G. copallifera and N. papaverifera. More 

than 72% of the plant species used in the area were previously 

collected from the protected zone, with G. copallifera being a 

preferred target for charcoal production. 

Guibourtia copallifera trees are more abundant in 

non-degraded areas compared to degraded ones, where 

charcoal pits are more prevalent. Charcoal production remains 

active in these areas. G. copallifera is a sensitive species, as 

the collection of its plant parts negatively impacts its habitat, 

population, and regeneration process. The species' regenera-

tion depends on key factors like pollination, seed develop-

ment, germination, and plant growth, which are disrupted by 

overharvesting. 

The study found that Guibourtia copallifera is selectively 

targeted for harvest, which, if continued, could lead to local 

extinction and negative ecological consequences. The popu-

lation structures of G. copallifera and other species in de-

graded areas have been severely disrupted, limiting their 

recovery unless anthropogenic disturbances are reduced or 

eliminated. The study recommends strict measures to combat 

illegal activities, enhanced forest fire control, and a compre-

hensive recovery plan to restore and maintain the degraded 

areas of the forest reserve. 

Abbreviations 

IC Informed Consent 

DBH Diameter at Breast Height 

TEK Traditional Ecological Knowledge 

IK Indigenous Knowledge 
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L., Laur én, A., Hynynen, J., Lehtonen, M., Valsta, L., 2014. 

Whole-tree harvesting with stump removal versus stem-only 

harvesting in peatlands when water quality, biodiversity con-

servation and climate change mitigation matter. Forest Policy 

Econ. 47, 25–35.  

https://doi.org/10.1016/j.forpol.2013.08.005 

[16] Kershaw, J. A., Ducey, M. J., Beers, T. W., Husch, B., 2017. 

Forest mensuration, fifth ed. Wiley/Blackwell, Chichester, UK; 

Hoboken, NJ. 

[17] Rahman, A., Khanam, T., Pelkonen, P., 2019. Is stump har-

vesting for bioenergy production socially acceptable in Fin-

land? J. Clean. Prod. 229, 1233–1242.  

https://doi.org/10.1016/j.jclepro.2019.05.045 

[18] Coulibaly- Lingani, P., Savadogo, P., Tigabu, M and Oden P. C. 

2011. Factors influencing people's participation in the forest 

management program in Burkina Faso, West Africa. Forest 

Policy and Economics, Volume 13(4): 292–302.  

https://doi.org/10.1016/j.forpol.2011.02.005 

[19] Omomoh BE, Adekunle VAJ, Aigbe PD, Ademoh FO and 

Omomoh BM 2020. Evaluation of soil seed bank-vegetation 

and regeneration potential of Tectona grandis L. f. plantation 

(Taungya farm) in Akure forest reserve, Ondo State, Nigeria. 

Tropical Plant Research. 7(1): 37–45  

https://doi.org/10.22271/TPR.2020.V7.I1.006 

[20] Oloruntoba, A. and Adetokumbo, O., 2006. Determinants of 

household’s participation in social forestry in a zone of north-

ern Nigeria. Journal of food, Agriculture and Environment 

4(2)320-326. 

http://www.ecologyandsociety.org/vol16/iss1/art17/ 

[21] Eneji, C. V. O., Ajake O. A., Mubi, M. A., Husain, M. A. 2015. 

Gender Participation in Forest Resources Exploitation and 

Rural Development of the Forest Communities in Cross River 

State, Nigeria. Journal of Natural Sciences Research 5(18): 1–

12. ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online). 

[22] Chu, T. V.; Thoai, T. Q.; An, C. Q.; Toai, P. M.; Camacho, L. 

D.; Sam, H. Van 2019. Contribution of forest to rural house-

holds’ livelihood: Evidences from da river basin in the north-

west mountainous region of Vietnam. For. Soc., 3, 235–247. 

https://doi.org/10.24259/fs.v3i2.7050 

[23] Wang, L.; Wen, C. 2021. Traditional villages in forest areas: 

Exploring the spatiotemporal dynamics of land use and land-

scape patterns in enshi prefecture, China. Forests, 12: 1–14. 

https://doi.org/10.3390/f12010065 

[24] Sedano, F., Silva, J. A., Machoco, R., Meque, C. H., Sitoe, A., 

Ribeiro, N., Anderson, K., Ombe, Z. A., Baule, S. H., Tucker, 

C. J., 2016. The impact of charcoal production on forest deg-

radation: a case study in Tete Mozambique. Environ. Res. Lett. 

11(9), 1–12. https://doi.org/10.1088/1748-9326/11/9/094020 

[25] Jew, E. K. K., Dougill, A. J., Sallu, S. M., O’Connell, J., Benton, 

T. G., 2016. Miombo woodland under threat: Consequences for 

tree diversity and carbon storage. For. Ecol. Manage. 361, 144–

153. https://doi.org/10.1016/j.foreco.2015.11.011 

[26] Lulandala L, Bargu és-Tobella A, Masao C. A., Nyberg G, 

Ilstedt U. 2023. The size of clearings for charcoal production in 

miombo woodlands affects soil hydrological properties and 

soil organic carbon. Forest Ecology and Management 529: 1–

10. https://doi.org/10.1016/j.foreco.2022.120701 

[27] Chidumayo E. N, and Gumbo D. J 2013. The environmental 

impacts of charcoal production in tropical ecosystems of the 

world: A synthesis. Energy for Sustainable Development 17: 

86–94. https://doi.org/10.1016/j.esd.2012.07.004 

[28] Silva J. A, Sedano F, Flanagan S, Ombe Z. A, Machoco R, 

Meque C. H, Sitoe A, Ribeiro N, Anderson K, Baule S and 

Hurtt G 2019. Charcoal-related Forest degradation dynamics in 

dry African woodlands: Evidence from Mozambique. Applied 

Geography 107: 72–81. 

[29] Daniau, A.-L., Harrison, S. P., Bartlein, P. J., 2010. Fire regimes 

during the Last Glacial. Quaternary Science Reviews 29, 2918–

2930. https://doi.org/10.1016/j.quascirev.2009.11.008 

[30] Neumann, K., Bostoen, K., Höhn, A., Kahlheber, S., Ngo-

manda, A., Tchiengué, B., 2012a. First farmers in the Central 

African rainforest: a view from southern Cameroon. Quater-

nary International 249, 53–62.  

https://doi.org/10.1016/j.quaint.2011.03.024 

[31] African Plants Database, 2011. African Plants Database Ver-

sion 3.3.3, Conservatoire et Jardin botaniques de la Ville de 

Genève and South African National Biodiversity Institute, 

Pretoria. Published on the internet [accessed August 2023].  

[32] Thomson, D. K., Simpson, B. N., Whitman, E., Barber, Q. E., 

Parisien, M. A., 2021. Peatland hydrological dynamics as a 

driver of landscape connectivity and fire activity in the Boreal 

plain of Canada. Forests 10: 1–21. 534;  

https://doi.org/10.3390/f10070534 

[33] Harvey W. J, Nogué S, Stanse N, Adolf C, Long P. R, Willis K 

2021. A palynological perspective on the impacts of European 

contact: Historic deforestation, ranching and agriculture sur-

rounding the Cuchumatanes Highlands, Guatemala. Vegetation 

History and Archaeobotany, 30: 395–408.  

https://doi.org/10.1007/s00334-020-00790-2 

http://www.sciencepg.com/journal/jps


Journal of Plant Sciences http://www.sciencepg.com/journal/jps 

 

20 

[34] Anuagasi, C. L; Onuorah, J. A. and Okigbo, R. N. 2017. Fun-

gal Pathogens Affecting Seedlings of Gmelina arborea Roxb 

and Tectona grandis L. F. and Effect of Three Plant Extracts. 

International Journal of Agricultural Technology 2017, 13(3): 

307-330 ISSN 2630-0192 (Online). 

[35] PROTA 2016. Gmelina arborea Roxb. ex Sm. Plant Resources 

of Tropical Africa. Wageningen, Netherlands. Accessed 9 

August 2023. 

[36] Umana, E. J., Akwaji, P. I., Markson, A. A. and Udo, S. E. 

2015. Gmelina arborea Roxb: Associated Mycoflora and Dis-

eases in Cross River State, Nigeria. Global Journal of Science 

Frontier Research 15: 2249-4626. Online ISSN: 2249-4626 & 

Print ISSN: 0975-5896. 

[37] Azeez MA, Andrew J E, Sithole B. B (2016) A Preliminary 

Investigation of Nigerian Gmelina arborea and Bambusa vul-

garis for pulp and paper production. Maderas. Ciencia y 

tecnología 18(1): 65–78.  

http://dx.doi.org/10.4067/S0718-221X2016005000007 

[38] Verma, P Bijalwan, A, Shankhwar A. K, Dobriyal, MJR, Jacob, 

V and S. K, Rathaude 2017. Scaling up an Indigenous Tree 

(Gmelina arborea) Based Agroforestry Systems in India. In-

ternational Journal of Science and Qualitative Analysis, 3(6) 

Pp. 73-77. https://doi.org/10.11648/J.FEM.20170306.11 

[39] Self A. B., Paker R. C. 2017. Thinning pine trees by the 

leave-tree method. Mississippi State University. Extension. 

Publication 2832 (POD-05-17). Publication Number: 

P2832. 

[40] Peterson J. 2010. Factors affecting harvester productivity in 

forest thinning in Latvia. Annual 16th International Scientific 

Conference Proceedings, Research for rural development 2010. 

Jelgava, Latvia, 1: 183–187. 

[41] Kuitto P., Mäkelä M. 1988. Kuormainharvesteri en-

simmäisessä ja toisessa harvennuksessa. [Boom-mounted 

harvester in first and second thinnings]. Metsätehon katsaus. 

[In Finnish]. FI-89-003061; EDB-89-061630. 

[42] Sainoi, T., Sdoodee, S., Lacote, R., & Gohet, E. 2017. Low 

frequency tapping systems [applied to young-tapped trees of 

Hevea brasiliensis (Willd. ex A. Juss.) Müll. Arg. In Southern 

Thailand. Agriculture and Natural Resources, 51(4), 268–272. 

https://doi.org/10.1016/j.anres.2017.03.001 

[43] Aun, S., Touch, V., San, V. and Chhun, T. 2010. Rubber 

Farmers’ Perception of Rubber Technologies in Dambae and 

Peam Cheang, Kampong Cham. International Journal of En-

vironmental and Rural Development. 1-1: 25-30. 

[44] Alcala, T. B., Taponsok, L. A., Testado, A. M., & Testedo, R. A. 

(2005). Assessment of the status, problems and constraint of 

the Philippine rubber smallholders. Proceeding of the National 

Rubber Conference, Philippines. Pp: 1-91. 

[45] Bergström D., Bergsten U., Hörnlund T., Nordfjell T. 2012. 

Continuous felling of small diameter trees in boom-corridors 

with a prototype felling head. Scandinavian Journal of Forest 

Research 27(5): 474–480.  

https://doi.org/10.1080/02827581.2012.663404 

[46] Jylhä P., Bergström D. 2016. Productivity of harvesting dense 

birch stands for bioenergy. Biomass and Bioenergy 88: 142–

151. https://doi.org/10.1016/j.biombioe.2016.03.016 

[47] Eliasson L. 1999. Simulation of thinning with a single-grip 

harvester. Forest Science 45(1): 26–34. 

[48] Bergström D., Bergsten U., Nordfjell T. 2010. Comparison of 

boom-corridor thinning and thinning from below harvesting 

methods in young dense Scots pine stands. Silva Fennica 44(4): 

669–679 https://doi.org/10.14214/sf.134 

 

http://www.sciencepg.com/journal/jps

