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Abstract 

The East African Camphorwood (Ocotea usambarensis) population in the montane forests of East Africa 

has experienced heavy logging. This logging can be attributed to both historical, legal and commercial 

harvesting of the species under colonial governments and subsequent illegal selective logging. This study 

assessed the population structure of Ocotea usambarensis, as influenced by the historical logging intensity 

and elevation gradient (1800 – 2500m) on the southern slopes of Mt. Kilimanjaro. The mean stem density 

and basal area of seedlings, saplings, and adults were compared using the Wilcoxon signed-rank test. The 

age structure of Ocotea usambarensis varied along the elevation gradient and across different logging 

intensity blocks. The comparison between blocks with different historical logging intensities revealed no 

significant difference. However, significant variation in stem density and basal area of adults was observed 

along the elevation gradient. The results further indicated the population distribution of Ocotea 

usambarensis exhibited a reverse J-shaped pattern, with the highest number of seedlings and the lowest 

number of adults, indicating a positive recovery suggesting a sustainable population. These findings suggest 

that logging affects mature trees near the park boundary, highlighting the need for increased enforcement 

and participatory approaches for sustainable conservation of the species in its range areas. 
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Introduction 

Anthropogenic activities are altering the world's 

ecosystems, with forest ecosystems and their 

connectivity being the most important threat of the 

21st century. Land use and climate change, 

deforestation and habitat fragmentation, are some 

of the most important components of ecosystem 

change, acting as major drivers of biodiversity loss 

worldwide (Franklin et al., 2016; Msalilwa et al., 

2020; Said et al., 2021). Recent studies have shown 

that plant species loss is exceeding background 

extinction rates (Humphreys et al., 2019; Le Roux et 

al., 2019). The continuous decline and degradation 

of tropical rainforests is currently on the rise and 

mainly driven by land-use change such as 

deforestation (Renner et al., 2022) and the tropical 

forest ecosystems are experiencing rapid and 

alarming transformations because of escalating 

human activities taking place within them (Morris, 

2010). This degradation calls for the urgency to 

address the impacts of ecosystem change on tree 

population dynamics and species loss. Densely 

populated areas and its forests surround the 

montane forest of Kilimanjaro and woodlands 

experience different ongoing anthropogenic 

disturbances along the entire elevation gradient 

(Said et al., 2021; Renner et al., 2022). This rapid 

population expansion has led to the swift conversion 

of forests into agricultural lands, extensive logging 

activities, and increased incidences of forest fires 

(Richard et al., 2014; Renner et al., 2022). These 

activities, logging in particular, have led to the over-

exploitation forest resources, consequently causing 

alterations in the local environmental conditions 

and posing significant challenges for forest recovery 

(Kleinschroth et al., 2013). The regeneration of 

commercial timber species, in particular, has 

become increasingly difficult because of the intricate 

processes involved (Kleinschroth et al., 2013). 

 

Tropical forests are not only vital for the 

conservation of biodiversity but also offer a wide 

array of essential benefits to landscape ecosystems 

and human societies. Threes serve as invaluable 

sources of food, timber, fresh water, medicine, and 

recreational opportunities for humans (Percy et al., 

2005). Additionally, Forests provide critical 

habitats for countless other species, contributing to 

the overall ecological balance (Percy et al., 2005; 

Mohammed et al., 2021). The presence of forest 

trees plays a pivotal role in regulating floods, 

preventing soil erosion, sequestering carbon 

dioxide, and regulating climate patterns (Percy et 

al., 2005). 

 

The forest belt of Mount Kilimanjaro (hence fourth 

Mt. Kilimanjaro), holds immense significance as a 

crucial water source and provider of various 

ecosystem goods and services to communities 

residing in the East African region, particularly in 

Kenya and Tanzania (Lambrechts, 2002). 

Encompassing approximately 59% of Mt. 

Kilimanjaro's area, the forests exhibit a diverse 

range of vegetation zones, spanning from dry 

succulent forests at the foothills (800 meters) to 

tropical montane rainforests (Hemp, 2006b). These 

forests also include alpine and sub-alpine zones, 

adding to the rich ecological diversity of the region. 

 

The Mt. Kilimanjaro forest belt comprises of over 

900 plant species, and approximately 130 are tree 

species including Xymalos monospora, Ocotea 

usambarensis, Podocarpus latifolius, Ilex mitis and 

Rapanea melanophloeos (Lambrechts, 2002). 

 

Despite being one of the world's most diverse 

habitats (Morris, 2010), the forest belt of Mt. 

Kilimanjaro has been significantly impacted by 

human activities and disturbances such as wildfires 

and logging, resulting in a substantial reduction of 

tree and shrub biomass and overall changes in 

vegetation structure (Hemp, 2006b; Renner et al., 

2022). Among the major human exploitations of 

forest resources in the moist East Africa mountains, 

including the Mt. Kilimanjaro forest belt, selective 

and/or illegal logging has been widely reported 

(Lambrechts, 2002). Before 1984, the Mt. 

Kilimanjaro forest belt faced immense pressure from 

legal selective logging for commercial timber 

(Rutten et al., 2015b; Renner et al., 2022). 
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However, in the early 2000s, the declining 

population of forest trees in the Mt. Kilimanjaro 

forest belt prompted the Tanzanian government to 

impose restrictions on legal tree harvesting. Since 

then, the government has been implementing 

measures to combat forest degradation, including 

the annexation of the Mt. Kilimanjaro forest belt as 

part of Kilimanjaro National Park in 2005 (Agrawala 

et al., 2003) to enhance efficient enforcement of 

conservation laws and protection of the available 

natural resources.  

 

Ocotea usambarensis, a dominant and vital species 

in moist forests below 2500 a.s.l (Willan, 1965; 

Kleinschroth et al., 2013), continues to face threats 

from illicit loggers due to its valuable timber 

(Richard et al., 2014). An aerial survey conducted in 

2002 revealed the presence of about 2,100 stumps of 

logged Ocotea usambarensis trees (Lambrechts, 

2002). Twenty years later, information about Ocotea 

usambarensis population structure remains elusive. 

The lack of information about the population status 

of Mt. Kilimanjaro's flagship forest tree species 

jeopardizes efforts to manage the forest belt as a 

source of water, tourist attraction, and carbon 

sequestration and climate regulation. 

 

Previous studies on Mount Kilimanjaro and other 

moist mountains in East Africa provide valuable 

insights into the regeneration dynamics of woody 

species like Ocotea usambarensis in response to 

elevation and disturbance gradients. (Kleinschroth et 

al., 2013) study in Mt. Kenya on Ocotea 

usambarensis regeneration patterns following 

historical logging sheds light on its adaptability to 

disturbances. The research revealed that selective 

logging impacts both the population structure and 

regeneration of Ocotea usambarensis. Despite the 

species' tolerance to shading, post-logging recovery is 

still influenced by additional factor such as soil 

compaction and root damage. (Rutten et al., 2015a) 

study on vegetation structure across different habitats 

on Mt. Kilimanjaro also contributes to our 

understanding of Ocotea usambarensis regeneration 

under varied circumstances. 

Their findings showed that selective logging exerts 

long-lasting effects on forest structure and 

composition, particularly in terms of stem density. 

The study underscored the significance of considering 

factors beyond logging, such as elevation, human 

influence, and non-timber forest product (NTFP) 

harvesting, in comprehending forest dynamics. 

(Renner et al., 2022) focused on the natural 

regeneration of woody species, including Ocotea 

usambarensis, across elevation and disturbance 

gradients, highlighting the complex interaction 

between environmental factors and regeneration 

processes. Our study builds on existing literature by 

investigating the population structure of Ocotea 

usambarensis on the southern slopes of Mt. 

Kilimanjaro. 

 

Our hypothesis examines the stability of the Ocotea 

usambarensis population despite human 

disturbances, specifically logging. Historical logging 

serves as the first blocking criterion in this study, with 

elevation as the second criterion. Plots within the 

range of 1800 m to 2200 m are categorized as Low 

Montane Forest (LMF), while we classify those 

between 2200 m and 2500 m as Middle Montane 

Forest (MMF) (Hemp, 2006a; Rutten et al., 2015b). 

To test our hypothesis, we focused on the following 

objectives: (i) Determining the stem density and basal 

area of Ocotea usambarensis seedlings, saplings, and 

adult individuals across blocks with varying logging 

intensity and elevation gradients; (ii) Comparing 

stem density, basal area of Ocotea usambarensis 

between blocks with high and low logging intensity, 

as well as along the elevation gradient. The results 

from this study are essential for assessing the forest's 

health and its role in sustaining the mountain and 

other tropical forest ecosystems. 

 

Materials and methods 

Study area 

The study was conducted in the montane forest belt 

on the southern slope of Mt. Kilimanjaro, in Northern 

Tanzania. Mt. Kilimanjaro is located approximately 

300 km south of the Equator, straddling the border 

between Tanzania and Kenya. Its geographic 

coordinates range between latitude 2º45' and 3º25' 

South and longitude 37º00' and 37º43' East (Fig. 1). 



J. Bio. & Env. Sci. 2024 

 

27 | Moshy et al.  

 

Fig. 1. Map of the study area on the southern slopes of Mt. Kilimanjaro 

 

(Lambrechts, 2002) The region experiences a 

bimodal climate characterized by two distinct rainy 

seasons each year: the long rains occurring from 

March to June and the short rains taking place 

between November and December. The northern lee 

slopes of the mountain receive considerably less 

annual rainfall compared to the southern slopes. The 

amount of rainfall varies significantly along the 

elevation gradient, resulting in the presence of 

distinct ecological zones (Kikoti and Mligo, 2015). 

 

Sampling strategy and assessment of population 

structure 

The study area was divided into two blocks namely 

High logging intensity (HLI) and Low logging 

intensity (LLI) (Fig. 1) based on the aerial survey 

results by Lambrechts et al. (2002) The blocks were 

further divided into 143 grid cells with an area of 

1km2 each. Arc map software was utilized to randomly 

select 30 grid cells, equivalent to 20% of the total 

number of grid cells (Bailey, 1994; Msalilwa et al., 

2019, 2020) in each block. 

 

In each selected sample grid cell, we establish one 

concentric circular plot with nested subplots, each 

featuring an area of 500m² for adults, 25m² for saplings, 

and 1m² for seedlings (following the approach outlined 

by (Mueller-Dombois, 1974) and (Paudel and Mandal, 

2019)). This configuration resulted in 30 study plots for 

our research. The sampling plots were categorized based 
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on their location: those between altitudes 1800m and 

2200m were classified as Low Montane Forest (LMF), 

and we categorized those between 2200m and 2500m as 

Middle Montane Forest (MMF) (Hemp, 2006a; Rutten 

et al., 2015b). Within each plot, all trees were marked, 

enumerated, identified, and their heights were recorded. 

 

Trees were categorized based on (Mwavu and 

Witkowski, 2009) classification which asserts that 

seedlings are trees with a diameter <2cm and a height of 

less than 1m, saplings comprise trees with a diameter 

between 2 and 10 cm, and adult trees with a Diameter of 

Breast Height (DBH) > 10cm. DBH for adult trees was 

measured at 1.3m height of a stem from the ground 

(Msalilwa et al., 2020). For this study, root suckers and 

coppices were all considered seedlings given, they fit the 

above-mentioned criteria. Ocotea usambarensis has 

poor sexual reproduction, hence its propagation is 

mainly asexually from roots and stumps (Hermansen, 

1985). Therefore, the assessment of both sexual and 

asexual propagation provides a clear picture of the 

species' population structure. 

 

DBH class distribution and age prediction 

The individual tree stems were categorized into four 

(4) DBH classes, 1= 1-10 cm, 2=11-30 cm, 3=31-60 

cm, and 4=>60 cm. The categorization helped in 

identifying the differences in the age distribution of 

adults in the study area. Age prediction was done 

following  (Willan, 1965) where it was indicated that 

Ocotea usambarensis has a girth growth rate of 

approximately 30cm (1ft) per ten years and a height 

growth rate of 90cm per year. In each DBH class, 

both mean stem density (stems ha-1) and basal area 

(m2/ha) were computed. 

  

Data analysis 

The density of seedlings, saplings, and adult stems 

was calculated by dividing the total number of stems 

by the sampled area, as described in Equation 1. This 

value was then converted to the number of 

individuals in each plot per unit area of 1 ha (stems 

per hectare) following the method outlined by 

(Woldie and Tadesse, 2020). Additionally, the basal 

area of the enumerated stems was computed using 

the approach described by (Mohammed et al., 2021) 

as shown in Equations 1 and 2. 

Stem density �
���� ������ � �����

���� ������� ����
                         (Eq. 1) 

Basal area �  
#

$
 (DBH) 2                                      (Eq. 2) 

 

Data for each growth stage were initially summarized 

using descriptive statistics, including means and 

standard errors. This preliminary summary was 

conducted using Microsoft Excel before proceeding with 

further analyses. To compare the mean stem densities 

and basal areas of seedlings, saplings, and adult trees 

between the two blocks (HLI & LLI) and along the 

elevation gradient (LMF & MMF), we conducted an 

unpaired two-sample Wilcoxon signed-rank test using R 

(version 4.0.3). Before conducting the Wilcoxon signed-

rank test, a normality test was performed in R (version 

4.0.3) using the Shapiro-Wilk test, following the 

approach outlined by (Mohammed et al., 2021). 

 

Results 

Growth stages distribution of Ocotea usambarensis 

in blocks with different historical logging intensities 

Stem densities 

Seedling density was higher in both the High Logging 

Intensity (HLI) and Low Logging Intensity (LLI) 

blocks compared to other growth stages. However, 

the mean stem densities (stems per hectare) of all 

growth stages were higher in the LLI block for Adults 

(72.50 ± 21.02), Saplings (311.11 ± 208.46), and 

Seedlings (11,111.11 ± 6,549.90) than in the HLI block 

for Adults (51.82 ± 13.78), Saplings (266.67 ± 79.68), 

and Seedlings (10,454.55 ± 3,255.18) (Fig. 2). 

Fig. 2. Mean stem density (stems/ha) of seedlings 

(N=30), saplings (N=30) and adults (N=30) across 

different logging intensities 
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Our analysis revealed that there were no significant 

differences in the mean stem densities of all growth 

stages between the High Logging Intensity (HLI) and 

Low Logging Intensity (LLI) blocks, including adults 

(W = 67, p = 0.33), saplings (W = 101.50, p = 0.72), 

and seedlings (W = 102, p = 0.90) (Fig. 3A). 

 

Basal area  

The basal area for adult trees was computed in 

m²/ha. The results revealed that adult trees in the 

Low Logging Intensity (LLI) block had a higher mean 

basal area (21.1 m²/ha) compared to the High 

Logging Intensity (HLI) block (9.45 m²/ha). 

However, the differences in mean basal areas (m²/ha) 

of all growth stages between the HLI block (Adults: 

9.45 ± 3.08, Saplings: 1.12 ± 0.34, Seedlings: 2.5 ± 

1.68) and the LLI block (Adults: 21.10 ± 6.66, 

Saplings: 1.02 ± 0.67, Seedlings: 1.60 ± 1.01) were not 

significant (Adults; W=58, p = 0.16; Saplings:  W= 

103.5, p = 0.65; Seedlings: W = 102.50, p = 0.88) 

(Fig. 3B). 

 

Fig. 3. Boxplots showing comparison of mean stem 

densities (stems/ha) (A) and mean basal area (m2/ha) 

(B) between High and Low logging intensities blocks 

(N=30) 

 

Table 1. Stem density and basal area in relation to DBH classes along different logging intensities blocks 

Blocks Approximated age High logging intensity Low logging intensity 
DBH classes Years Density (Stems/ha) Basal area (m2/ha) Density stems/ha) Basal area (m2/ha) 
1-10 10< 12072.73 3.76 16600 3.28 
11-30 3-10 17.27 0.61 2.5 0.02 
31-60 10-20 22.73 3.17 20 4.52 
>60 >20 11.82 5.67 45 16.55 

 

DBH class distribution along different logging 

intensities 

The population of Ocotea usambarensis 

demonstrates significant fluctuations in the density 

(stems/ha) and basal area (m2/ha) across distinct 

age categories and logging intensities. Generally, 

the younger age categories (1-10 and 11-30 years) 

display reduced densities and basal areas, 

particularly in the HLI block. Conversely, in the 

older age categories (>60 years), there is a notable 

increase in both density and basal area, especially 

within a block characterized by low logging 

intensity (LLI) (Table 1). 

 

Growth stages distribution of camphorwood 

across an elevation gradient 

Stem densities  

The mean stem densities (stems per hectare) for all 

growth stages were observed to be higher in the 

Middle Montane Forest (MMF) for Adults (87.1 ± 

17.10), Saplings (371.4 ± 148.00), and Seedlings 

(12,666.7 ± 4,727.50) compared to the Lower 

Montane Forest (LMF) for Adults (31.30 ± 12.60), 

Saplings (200.00 ± 81.60), and Seedlings (8,750 ± 

3,637.20) (Fig. 4). 

 

Fig. 4. Mean stem density (stems/ha) of seedlings 

(N=30), saplings (N=30) and adults (N=30) along the 

elevation gradient 
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Fig. 5. Boxplots showing comparison of mean stem 

densities (stems/ha) (A) and mean basal area (m2/ha 

(B) between Middle montane forest (MMF) and 

Lower montane forest (LMF) zones (N=30) 

 

However, there was a significant variation in the 

mean stem density (stems per hectare) of adults 

along the elevation gradient (W = 41, p = 0.002). 

In contrast, for other growth stages such as 

saplings (W = 99, p = 0.53) and seedlings (W = 111, 

p = 0.70), the differences were not significant (Fig. 

5A).  

 

Basal area 

The mean basal area (m²/ha) for adults was found 

to be higher in the Middle Montane Forest (MMF) 

(19.63 ± 4.01) compared to the Lower Montane 

Forest (LMF) (6.37 ± 3.78). Furthermore, there 

was a significant difference in the mean basal area 

(m²/ha) for adults along the elevation gradient (W 

= 34, p = 0.001). However, the mean basal area of 

Seedlings (3.50 ± 2.45) in MMF and (1.05 ± 0.54) 

in LMF did not show a significant variation (W = 

110.5, p = 0.68). Similarly, there was no significant 

variation in the mean basal areas (m²/ha) of 

saplings between MMF (1.22 ± 0.49) and LMF 

(0.98 ± 0.40) (W = 106.5, p = 0.80) (Fig.  5B). 

 

DBH class distribution along the elevation 

gradient 

Significant variations in stem density and basal 

area of Ocotea usambarensis across distinct 

diameters at breast height (DBH) classes were 

revealed. Specifically, low montane forest (LMF) 

exhibits generally lower stem density and basal 

area when compared to middle montane forest 

(MMF) (Table 2). The results contribute valuable 

insights into the structural characteristics and 

dynamic processes of forest ecosystems along 

elevation gradients. 

 

Table 2. Stem density and basal area in relation to DBH classes along different elevation gradients 

Elevation gradient Approximated age Lower montane forest (LMF) Middle montane forest (MMF) 
DBH classes Years Density (Stems/ha) Basal area(m2/ha) Density (Stems/ha) Basal area (m2/ha) 
1-10 10< 8950 2.02 18228 5.47 
11-30 3-10 11.25 0.13 15.71 0.82 
31-60 10-20 5 0.82 44.29 6.63 
>60 >20 15 5.42 27.14 12.18 

 

Discussion 

Growth stages distribution of Ocotea usambarensis 

in blocks with different historical logging intensities 

The growth stages within the blocks with different 

logging intensity histories exhibited minimal 

variation with a higher density of junior adults with 

DBH between 11-30cm and 31-60cm. The forest's 

recovery has been evident despite the logging 

disturbance, demonstrating a high potential for 

regeneration and increased recruitment. Under good 

bio-physical conditions, forest patches with moderate 

disturbance are expected to have higher regeneration 

potential a finding which was also observed in studies 

done by (Koirala, 2004) and (Renner et al., 2022). 

Improved light penetration plays a key role in 

enhancing seed germination and the development of 

the understory (Renner et al., 2022). The population 

structure of Ocotea usambarensis was observed to be 

stable a finding which denotes that the logging impact 

to the Ocotea forest was not significant because 

Ocotea usambarensis is a long-lived species. Also, in 

2005, the Mt. Kilimanjaro forest belt was 

incorporated into Kilimanjaro National Park, 

resulting in improved enforcement of conservation 

laws and more effective protection of natural 

resources. A decrease in selective illegal logging cases 

in the Mt. Kilimanjaro forest belt was also reported by 

(Rutten et al., 2015a). We observed a higher density 
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of Ocotea usambarensis trees 20 years old or 

younger, a finding which also suggests annexation of 

the Mt. Kilimanjaro forest belt (approximately 17 

years of strict protection) has reduced illegal 

extraction of Ocotea usambarensis thus allowing 

saplings of the species to grow further. However, 

more mature adults with DBH equal to or more than 

60cm were observed in blocks with lower logging 

intensity. This indicates that the block has reached a 

climax state, where recruitment is expected to be 

lower due to canopy cover hindering the growth of 

seedlings and saplings in the understory (Condit et 

al., 1998). 

 

Nonetheless, the study observed higher densities of 

Ocotea usambarensis seedlings compared to its other 

growth stages across all the study blocks. This could 

be due to the low survival rates of Ocotea 

usambarensis seedlings, which face competition from 

the light-demanding pioneer species like Macaranga 

kilimandscharica, Hagenia abyssinica, and Agarista 

salicifolia (Bussman, 2001; Renner et al., 2022). In 

particular, Macaranga kilimandscharica, as an early 

successional species, exhibits a growth rate 50% 

higher than that of Ocotea usambarensis, failing 

Ocotea usambarensis seedlings and saplings to 

survive due to limited/low light intensity (Bussman, 

2001; Koirala, 2004). 

 

Growth stages distribution of Ocotea usambarensis 

across an elevation gradient 

The mean stem density and basal area of adult Ocotea 

usambarensis varied significantly between the plots 

found in lower and higher altitudes. This indicates 

that selective illegal logging decreases as the elevation 

increases, with more logging activity concentrated at 

lower altitudes. Similar findings were reported by 

(Richard et al., 2014) who observed a higher presence 

of anthropogenic disturbances near or along the 

boundaries of forest reserves compared to higher 

altitudes located further away. Forest patches in 

proximity to human settlements are more susceptible 

to human exploitation, as illegal logging often serves 

as a primary source of income in many communities 

(Koirala, 2004; Richard et al., 2014) and individuals 

can easily navigate to and from the forest, evading 

forest rangers. Lower altitudes also experience 

prolonged periods of drought and higher rainfall 

seasonality, which significantly affects soil moisture 

content. Soil moisture content is a crucial factor for 

the regeneration of woody species following 

anthropogenic disturbances (Renner et al., 2022). 

 

We further noted significant differences among 

different (DBH) classes along the elevation gradient. 

The mean stem density of Ocotea usambarensis with 

DBH classes 31-60cm and greater than 60cm was 

higher in the higher altitudes than in lower altitudes. 

This suggests that illegal logging in the Mt. 

Kilimanjaro forest belt primarily targets adult trees 

with a DBH exceeding 30cm for timber production. 

Furthermore, there were no significant differences in 

stem densities for seedlings and saplings along the 

elevation gradient, indicating that the current logging 

practices specifically target adult Ocotea 

usambarensis trees. 

 

Population distribution of Ocotea usambarensis  

The population distribution of Ocotea usambarensis 

exhibited a reverse J-shaped pattern, with a higher 

number of seedlings compared to saplings and adults. 

Similar findings were reported by (Paul et al., 2019) 

in their study comparing population structures of 

disturbed and undisturbed mixed broadleaved forests 

in India. The reverse J-shaped pattern indicates a 

stable population with robust reproductive and 

recruitment capabilities (Ahmed et al., 2017; 

Msalilwa et al., 2020; Balemlay and Siraj, 2021) 

suggesting a favorable regeneration status for Ocotea 

usambarensis (Paul et al., 2019). 

 

The observed reverse J-shaped population 

distribution can be attributed to several factors, 

including disturbances such as selective logging of 

adults and competition for limited resources (such as 

light, water, and minerals) among species, which 

significantly impact seedlings (Hitimana et al., 2004). 

This could also explain the population dynamics of 

Ocotea usambarensis, as selective logging combined 

with other human disturbances create favorable 
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conditions for Macaranga kilimandscharica to 

outcompete Ocotea usambarensis seedlings and 

saplings (Bussman, 2001). 

 

Conclusion 

A thorough understanding of forest tree species' 

population structure is paramount for effective 

conservation planning and management. This study 

specifically focused on the population structure of 

Ocotea usambarensis, providing vital insights into the 

management of the Mt. Kilimanjaro forest belt, which 

plays a crucial role in tourism, watershed management, 

climate regulation, and carbon sequestration. While the 

reversed J-shaped population distribution suggests the 

overall sustainability of the forest belt's tree population, 

it is evident that adult Ocotea usambarensis trees, 

especially those near the park boundary, remain 

vulnerable to exploitation. Addressing this issue 

necessitates increased community participation in forest 

protection and management through conservation 

education and awareness campaigns. This will impart to 

the local communities a sense of ownership, thus 

enhancing compliance with the park's conservation 

strategies. These efforts will contribute to the 

conservation of the Mt. Kilimanjaro forest belt, ensuring 

its long-term sustainability and the provision of its 

valuable ecosystem services. 
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