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Abstract

Collaborative forest management (CFM) is a form of forest governance in
which local communities are involved in the management and decision-mak-
ing processes related to forest resources. It is believed that forests under such
management are better in tree diversity and conservation status and thus hold
more carbon stocks. The study assessed the impact of CFM on carbon stocks,
tree species diversity & tree species density in Mabira Central Forest Reserve.
Data were collected from plots that were systematically laid in the different
purposively selected forest areas. The study findings show that there is no dif-
ference in stem density and carbon stocks between CFM and non-CFM areas.
CFM areas had lower species richness compared to non-CFM areas. CFM ar-
eas, however, exhibited more species diversity than non-CFM areas. Climax
colonization may favor a few dominant species over others, hence lowering
species diversity despite the number of species being many in the understory,
hence at the same time increasing species richness. Likewise, disturbance in
CFM area may affect natural colonization and favor the emergency of many
species either naturally or through assisted regeneration by reforestation,
hence increasing diversity, whereas artificial selection of preferred species
through harvesting may lower species richness, as observed. Recommenda-
tions for improving collaborative forest management (CFM) areas include im-
plementing targeted interventions to enhance carbon sequestration, such as
promoting reforestation and afforestation with high-carbon-storing species
and strengthening monitoring and evaluation frameworks to assess carbon
stock changes over time. Additionally, efforts should focus on enhancing bio-
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diversity conservation by implementing more stringent protection measures
and reducing human disturbance while encouraging community participation
in biodiversity monitoring and conservation education.
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Diversity, Tree Stem-Densities, Mabira Central Forest Reserve

1. Introduction

Collaborative Forest Management (CFM) is a participatory approach to forest
management that aims to establish a mutually agreed-upon and beneficial rela-
tionship between eligible local community groups and the forest authority (NFA,
2020). In other studies, it is termed as participatory forest management (PFM)
and Kiprono et al. (2024) define participatory forest management as involvement
of communities living around the forest in the management of the forests. What-
ever the nomenclature, the concept remains the same. This research adopted CFM
because it’s the commonly used term in the area of study. CFM has been imple-
mented in several countries, including Uganda, to promote sustainable forest
management and improve the livelihoods of forest-adjacent communities (Turya-
habwe et al., 2012). Over recent times, CFM has received considerable attention
due to its potential to advance sustainable forest management, enhancing liveli-
hoods, and countering climate change by bolstering carbon stocks within wood-
land areas (Thammanu et al., 2021; Gunawan et al., 2023).

In Uganda, Mabira Central Forest Reserve (CFR) has been the focus of CFM
initiatives (Turyahabwe et al., 2012). The forest reserve is an important carbon
sink and provides various ecosystem services to the surrounding communities,
including timber, non-timber forest products, and water (Jjagwe et al., 2021;
Gumoshabe et al., 2023).

Representing 33% of the global land area (FAO, 2022) and containing more
carbon per unit area than any other land cover type (Hairiah et al., 2001), forests
comprise the biggest percentage of biomass and play a big role in mitigating
greenhouse gas emissions, especially carbon dioxide. The rate of deforestation,
estimated at 0.4% - 0.7% per year (Barlow et al., 2016), constitutes immense envi-
ronmental stress. Uganda’s forest and woodland cover has dropped from 4.9 mil-
lion hectares (20% of Uganda’s land area) in 1990 to 3.6 million (14%) in 2005,
representing a 1.9% deforestation rate (NFA, 2020).

To improve management in the forest reserve, several mechanisms have been
devised including, Collaborative Forest Management (CFM) (Tumusiime et al.,
2018). CEM, as a participatory approach to sustainable forest management, engages
a diverse range of stakeholders including local communities, civil society organiza-
tions, the private sector, and government agencies and seeks to ensure effective

planning, management and preservation of forest resources, with the ultimate goal
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of promoting sustainable practices (Jjagwe et al., 2021; Tumusiime et al., 2018).
CFM has been piloted in the Mabira Central Forest Reserve to improve forest
management, given the pressure exerted by surrounding the population (Turya-
habwe et al., 2012). However, while CFM has gained traction in Uganda, its effect
on different forest components such as carbon stocks, tree species diversity and

stem density are inadequately understood, an issue this study sought to address.

2. Materials and Methods
2.1. Study Area Location

The study was conducted in Mabira Central Forest Reserve situated between 024'
- 035'N and 32'52' - 33'07'E (Weldemariam et al., 2017). Mabira CFR (Figure 1)
covers an area of 29,974 hectares and is located in Buikwe and Mukono Districts.
According to the management plan of 1994/95, the forest is subdivided into 65
compartments numbered from 170 to 235, and four management zones: buffer
zone, recreation zone, production zone, and strict nature reserve (Mulugo et al.,
2020). The forest was selected due to its critical ecological roles, vital biodiversity
conservation functions, support for the livelihoods of local communities, and im-

plementation of CFM programs.

. Strict nature reserve
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D Recreation zone
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Figure 1. A Map of Mabira CFR. (NFA, 2020)

2.2. Study Design

The study adopted a quasi-experimental research design, and quantitative re-

search approach. The study measured, quantified and compared amounts of car-
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bon stocks and tree species diversity within forested areas under CFM with those
in non-CFM areas. The study also measured tree stem densities in areas under
different forest management strategies. The study involved both quantitative in-
situ and herbarium ex situ tree species identification.

The inventories were taken in Mabira CFR using a systematic random sampling
approach with a 0.5% sampling intensity and were applied within forty study
plots. Forty square plots, each 400 m? in size, were used for trees (>10 cm DBH),
while 50 m? plots were designated for saplings. DBH measurements were taken
with a Diameter tape, and tree and sapling heights were measured using Abney’s
level. Rigorous quality assurance was upheld to ensure the collection and manage-

ment of accurate data both in the field and post-collection.

3. Growth Parameters & Biodiversity Indices

The following growth parameters and biodiversity indices were used.

3.1. Carbon Stock

Carbon stocks from the Above Ground Biomass (AGB) were calculated using al-

lometric equations (Chave et al., 2005).

AGB = p * exp (-0.667 + 1.784 * In (D) + 0.207 (In (D))* — 0.0281 (In (D))?) [1]

where: p = wood specific gravity = oven-dry wood over green volume (g/cm?). The
mean p for tropical forests in Africa is estimated to be 0.5 g/cm?. D = tree diameter
at breast height (1.3 m).

3.2. Tree Diversity Estimation

The Shannon-Wiener index was calculated to estimate species diversity. Species
dominance was calculated using the Simpson index. Species richness was deter-
mined using the Margalefs’ richness index. Species Diversity was quantified using

the Shannon-Wiener Diversity Index (H’) according to the following equation.
SD=3" PilnPi [2]

where $D = Shannon-Wiener Diversity (H’), $= the number of species at that site,
Pi=ni/N, that is, proportion of the individual trees of the i species to the total, ni
= total number of individuals in the i species, N = total number of individuals of
all species, In = Natural logarithm to base ¢, X = is the sum of the calculations, and
S is the number of species. The values of Shannon’s diversity index, H’, typically lie
between 1.5 and 3.5, although in exceptional cases, they may exceed 4.5.

Tree Species Richness was determined by summing up the number of species
identified within the CFM compartments and non-CFM area (Kacholi, 2019).

3.3. Tree Stem Density Estimation

CFM compartment sizes encompassed both the CFM area and the intact Mabira
CFR area (Boton et al., 2021). Tree-stem density, calculated as the total stems per

unit land area, was determined by direct counting within size classes and extrap-
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olation using (Etigale et al., 2014) formula.
h
N=—xC [3]
a

where, 2= one hectare, a= Area of plot measured in hectares, c= Number of trees

in plot, V= estimated number of trees per hectare.

3.4. Data Analysis

Collected data were entered and processed in MS Excel, then exported and ana-
lyzed in R software. A one-sample K-S normality test was used to assess data dis-
tribution. Levene-tests were used to analyze variations in species diversity, stem
density and carbon stocks between CFM and non-CFM area, all at a significance
level (a) of 0.05.

4. Results
4.1. Carbon Stocks in the Study Areas

To understand the distribution of carbon stocks in the Mabira Central Forest Re-
serve, descriptive statistics were computed. The study findings reveal higher mean
carbon stock in non-CFM areas compared to CFM areas (Table 1). These distinc-
tive metrics highlight substantial variability in carbon stocks between the two
management statuses, signifying potential differing influences on carbon seques-

tration and storage.

Table 1. Descriptive statistics showing carbon stocks in CFM and non-CFM areas.

CFM Std. . . Std. Error of . Std. Error of
Mean o Minimum Maximum . Kurtosis Skewness
Status Deviation Kurtosis Skewness
CFM 6026703.05 371 34160679.95 2.2837 379571595.09 253 76.57 8.219 127
Non-CFM 7666878.15 284 37858303.56 3.5768 327996992.89 .288 35.17 5.778 .145
Total 6737862.20 655 35791937.82 2.2837 379571595.09 191 54.52 6.987 .095

The study findings further reveal notable distinctions in carbon stock distribu-
tions. The box plot (Figure 2) shows a wider Interquartile Range (IQR) for non-
CFM areas compared to CFM areas, indicating a more dispersed middle 50% of
the Carbon Stocks data in the former. Both CFM and non-CFM areas showcase
outliers, signifying extreme values in carbon stocks within the two areas. Moreo-
ver, the whiskers in the non-CFM areas appear longer than those in CFM areas,
implying a greater variability and wider spread of carbon stock values in the non-
CFM territories. Notably, the median position in both sets of areas is situated on
the lower side of the IQR, suggesting a potential skewness towards lower carbon
stock values in both CFM and Non-CFM areas. This analysis underscores the dif-
ferences in variability and distribution patterns of carbon stocks between the two
areas, with non-CFM areas displaying greater variability and a wider range of val-

ues compared to CFM areas.
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Figure 2. Variation in carbon stocks between the CFM and non-CFM areas.

4.2. Variation in Carbon Stocks According to CFM Status

The Levene test was used to assess the equality of variances in carbon stocks be-
tween CFM and non-CFM areas within the Mabira Central Forest Reserve. The
results indicate that the variances in carbon stocks display consistency across the
different statistical approaches (Table 2). Specifically, the Levene tests based on
mean values demonstrated a marginal difference in variances between CFM and
non-CFM areas (p = 0.051), suggesting a potential but not statistically significant
variance disparity. Similarly, tests utilizing median, adjusted degrees of freedom
with median, and trimmed mean values all indicated no significant differences in
variances (p > 0.05). These findings consistently imply a lack of substantial evi-
dence supporting unequal variances in carbon stocks between CFM and non-
CFM areas. Therefore, the data suggest relative similarity in the variability of car-

bon stocks across CFM and non-CFM areas.

Table 2. Test of homogeneity of variances of carbon stocks.

L
evene df1 an Sig.
Statistic
Based on Mean 4.253 1 22 .051
Based on Median 1.157 1 22 294
Carbon Based on Median and 1.157 1 11029 305
Stock with adjusted df ' ’ '
Based on trimmed
1.893 1 22 .183

mean

4.3. Floral Composition in the Study Area

4.3.1. Species Richness

The study findings indicate a lower observed species richness in CFM compared
to non-CFM areas (Figure 3). The non-CFM area shows rapid species discovery
from plots 1 to 3, followed by a slower increase in species count from plots 3 to 6,

and a subsequent rapid rise from plots 6 to 12. In contrast, the CFM area demon-
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strates a quick discovery of species from plots 1 to 4, a slower increase from plots
4 to 5, and a stable, significant increase in species count from plots 5 to 12. Both
curves exhibit continuous ascent, suggesting ongoing species discovery, with con-
vergence at plot 12, implying similar observed species richness in both areas at
this sampling effort. This comparison underscores distinct patterns of species dis-

covery and richness between CFM and non-CFM areas.

-
o
o

CFM
— CFM
— Non-CFM

a
o

Cumulative Species Count

25 5.0 7.5 10.0 12.5
Sampling Effort

Figure 3. Rarefaction curve showing the species richness in CFM and non-CFM areas.

4.3.2. Species Diversity

The study findings reveal a lower mean species diversity index (H) in CFM areas
(1.41 £ 0.584) compared to non-CFM areas (1.86 + 0.275) (Table 3). This discrep-
ancy implies a potential association between forest management strategies and
species diversity within the reserve. Moreover, the wider range of species diversity
values in CFM areas, as indicated by the larger standard deviation, implies greater

variability in species composition within these managed zones.

Table 3. Descriptive statistics of the species diversity in CFM and non-CFM areas.

N

CFM 22
Non-CFM 15
Total 37

95% Confidence Interval for

Mean  Std. Deviation Std. Error Mean Minimum Maximum
Lower Bound Upper Bound
1.41114 .584833 124687 1.15184 1.67044 444 2.505
1.85528 275527 071141 1.70270 2.00786 1.429 2.364
1.59120 527173 .086667 1.41543 1.76697 444 2.505

The study findings further reveal that contrary to typical trend, CFM areas have
more varied Species Diversity than non-CFM areas (Figure 4). The middle 50%
of Species Diversity data in CFM areas exhibit a broader central portion, denoted
by a wider Interquartile Range (IQR), compared to the Non-CFM areas. Addi-
tionally, CFM areas are characterized by longer whiskers compared to the non-
CFM areas, suggesting a greater variability and wider spread of Species Diversity
values in CFM areas. Notably, the median in the non-CFM areas is higher than
that in the CFM areas, indicating that the middle value of Species Diversity data

is positioned at a higher level in non-CFM regions. This comparison highlights

DOI: 10.4236/0jf.2025.151004

59 Open Journal of Forestry


https://doi.org/10.4236/ojf.2025.151004

M. Phillipson et al.

the contrasting patterns of Species Diversity between CFM and Non-CFM areas,
with CFM areas demonstrating a broader central range and greater variability,
while non-CFM areas showcase a higher median value, potentially indicating a

more concentrated or elevated species richness in those regions.

3.000

2.000

Species Diversity Index

1.000

.000
CFM Non-CFM

CFM

Figure 4. Variation in species diversity between the CFM and non-CFM areas.

4.3.3. Variation in Species Diversity

Table 4 assesses the homogeneity of variances for the Species Diversity Index be-
tween different groups within the study area, and the Levene test was performed.
The findings reveal statistically significant differences in variances across groups,
as indicated by the low p-values (p < 0.01) for all tested methods (mean, median,
adjusted median, trimmed mean). The results suggest that the variances of species
diversity indices significantly vary between the examined groups, potentially in-
fluencing the reliability of certain statistical analyses and emphasizing the need
for cautious interpretation when comparing species diversity across CFM and

non-CFM areas.

Table 4. Levene test of homogeneity of variances.

Species Diversity Index

Levene Statistic df1 df2 Sig.
Based on Mean 10.697 1 35 .002
Based on Median 8.159 1 35 .007
Based on Median and with
. 8.159 1 26.323 .008
adjusted df
Based on trimmed mean 10.557 1 35 .003

4.4. Stem Density Variation

4.4.1. Stem Density Distribution in the Study Area

The descriptive statistics from the study findings reveal that the average stem den-
sity in CFM areas was higher (309 stems per hectare) compared to non-CFM areas
(239 stems per hectare) (Table 5). The variability within CFM areas, denoted by
a standard deviation of 103 stems, appears slightly lower than that within non-
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CFM areas. The confidence intervals for the mean densities illustrate a range
within which the true population mean is likely to fall, emphasizing the need for
further analysis to discern any significant differences between the CFM and non-

CFM statuses in terms of stem density distribution and forest health.

Table 5. Descriptive statistics showing stem density in CFM and non-CFM areas.

N

CFM 12
Non-CFM 12
Total 24

309.17

Stem Density Per Hectare

Std 95% Confidence Interval for Mean
L Std. Error Minimum  Maximum
Deviation Lower Bound  Upper Bound
102.908 29.707 243.78 374.55 170 460
239.17 114.293 32.994 166.55 311.78 80 470
274.17 112.208 22.904 226.79 321.55 80 470

In terms of variation in Stem Density, both CFM and non-CFM areas exhibit
nearly the same Interquartile Range (IQR), with the non-CFM areas displaying a
narrower IQR (Figure 5). This suggests that while the middle 50% of Stem Density
values are similar between both types of areas, the non-CFM areas have a more
concentrated range of data within this middle portion. Moreover, the whiskers in
the non-CFM areas are longer than those in the CFM areas, indicating a greater
variability and wider spread of Stem Density values in non-CFM areas. Notably,
the CFM areas exhibit a higher median compared to non-CFM areas, suggesting
that the middle value of Stem Density data is positioned at a higher level in CFM
regions. This comparison underscores the differences in variability and central
tendency of Stem Density between CFM and non-CFM areas, with non-CFM ar-
eas displaying a narrower range but greater variability, while CFM areas demon-
strate a higher median value, potentially indicating a more concentrated or ele-

vated Stem Density.

500

400

w
o
=}

N
o
=

Stem Density Per Hectare

100

CFM Non-CFM
CFM

Figure 5. Box plot showing the variation in the stem density in CFM and non-CFM areas.
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4.4.2. Variation in Stem Density in CFM and Non-CFM Areas

Table 6 presents various statistics to assess the homogeneity of variances for stem
density, a Levene test was performed. The findings indicate equal variances for
stem density per hectare between CFM and non-CFM areas. This suggests a rela-
tive similarity in the variability of stem density values in CFM and non-CFM ar-

eas, irrespective of the measure used to assess variance homogeneity.

Table 6. Levene test of homogeneity of variances in stem density.

Stem Density Per Hectare

Levene Statistic df1 df2 Sig.
Based on Mean .005 1 22 946
Based on Median .004 1 22 948
Based on Median and with
. .004 1 17.806 .948
adjusted df
Based on trimmed mean .001 1 22 .970

5. Discussion
5.1. Effect of CFM on Carbon Stocks

Study findings did not provide substantial evidence supporting clear-cut differ-
ences in carbon stocks between CFM and non-CFM areas. The findings from the
analysis of carbon stocks in the Mabira CFR, comparing CFM and non-CFM ar-
eas, have nuances with most existing literature to a considerable extent but also
align with some literature warranting further exploration and consideration. This
finding diverges slightly from some literature that suggests CFM areas tend to
consistently maintain higher carbon stocks. It resonates with the broader under-
standing that the impact of CFM on carbon stocks can vary significantly based on
contextual factors, as highlighted by Melikov et al. (2023). The insignificance in
carbon stocks in both areas could be attributed to similar impacts from illegalities
from the surrounding communities based on the fact that both areas are proxi-
mate to key highly populated communities and enclaves that have a greater de-
mand for forest products. In addition, these studied areas were close to each other,
perhaps mirroring the same spatial difference. The similarity in the overall varia-
bility of carbon stocks, as indicated by the Levene test results, suggests that both
management regimes face similar environmental conditions and ecological pro-
cesses that influence carbon storage (Braga et al., 2024). This includes factors like
soil fertility, climate conditions, and natural disturbances, which can affect carbon
sequestration regardless of management practices (Ekoungoulou et al., 2018)The
diverse effects of forest management practices on carbon stocks are highlighted in
the literature, emphasizing the significance of factors beyond the management
status alone. For instance, studies have indicated that CFM doesn’t always guar-
antee higher carbon stocks compared to other management practices like Protec-
tion Forest management (PFM), as seen in Nepal (Lamsal et al., 2023). Addition-

ally, local conditions, species selection and previous land use significantly influ-
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ence the impact of CFM on carbon stocks, echoing the complexities observed in
the Mabira CFR analysis.

Moreover, forest management practices like intensive timber harvesting, ferti-
lization, or species dominance can either augment or diminish carbon stocks, sug-
gesting that the nuanced outcomes seen in the Mabira CFR might be influenced
by a multitude of such factors. The importance of active management in poten-
tially increasing carbon sequestration rates, as highlighted by Patton et al. (2022),
aligns with the variability observed in the Mabira analysis but also raises questions
about potential trade-offs in forest structural complexity.

Overall, whereas the findings from the Mabira CFR don’t support the notion
that CFM can positively influence carbon stocks, the observed variability between
CFM and non-CFM areas underscore the complex interplay of management prac-
tices, local conditions, and other factors that collectively shape carbon stock dy-
namics. This comprehensive understanding emphasizes the need for holistic ap-
proaches considering multifaceted factors beyond management status alone to ef-

fectively manage and enhance carbon stocks in forested areas.

5.2. Effect of CFM on Tree Species Diversity

Study findings revealed that non-CFM areas exhibit higher species richness and
diversity compared to CFM areas. The rarefaction curve indicates more rapid spe-
cies discovery in non-CFM plots, suggesting less human disturbance. In terms of
species diversity, non-CFM areas have a higher mean diversity index (1.86) than
CFM areas (1.41), with non-CFM areas showing less variability in species compo-
sition. The Levene test confirms significant differences in variances across groups,
underscoring the influence of management strategies on diversity outcomes. Ad-
ditionally, species evenness is slightly lower in CFM areas (0.688) compared to
non-CFM areas (0.726), with greater variability observed in CFM areas, as evi-
denced by broader interquartile ranges and longer whiskers. This suggests that
human activities in CFM areas contribute to greater variability in species distri-
bution and abundance, whereas non-CFM areas benefit from more stable and
higher species diversity due to reduced disturbance.

The disparity in species diversity between CFM and non-CFM areas is largely
attributed to the varying levels of human disturbance and resource utilization
(Turyahabwe et al., 2012). CFM areas, which involve active human engagement
through sustainable harvesting and utilization of forest resources, experience hab-
itat disruption that can reduce species richness and diversity (Boton et al., 2021).
In contrast, non-CFM areas, with less direct human interference, maintain more
stable and diverse ecosystems (Sassen & Sheil, 2013). Furthermore, distinct man-
agement practices play a crucial role; CFM areas often balance conservation with
economic benefits for local communities, leading to selective logging and other
practices that negatively impact species diversity (Ellis et al., 2019). On the other
hand, non-CFM areas, governed by stricter conservation policies, prioritize eco-

system preservation, resulting in higher species richness and diversity (Fleishman
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et al.,, 2006). Additionally, non-CFM areas are at more advanced stages of ecolog-
ical succession, providing more mature forests that support a greater number of
species due to increased habitat complexity and resource availability (Chazdon,
2017). This advanced ecological succession is evidenced by the quicker species
discovery in non-CFM plots, suggesting well-established habitats that support di-
verse flora (Brazier et al., 2020).

Monarrez-Gonzalez et al. (2020) indicate that intensive management interven-
tions can decrease tree diversity. This aligns with the study’s findings, which show
lower observed species richness in CFM areas than in non-CFM areas. Both
sources highlight the potential impact of management interventions on reducing
floral diversity. The spatial comparison in the study showcases distinct patterns
between CFM and Non-CFM areas. Despite convergence at the 12th plot in terms
of observed species richness, the spatial analysis reveals a consistently lower ob-
served species richness in CFM areas compared to Non-CFM areas, emphasizing
spatial disparities in floral composition influenced by management practices.

Despite differences in management practices, both CFM and non-CFM areas
exhibit similarities in species richness and diversity due to shared ecological char-
acteristics, such as climate, soil type, and topography, which influence species
composition (Thammanu et al., 2020). These common ecological features can re-
sult in similar baseline species richness and diversity over time, as shown by the
convergence of species richness curves in plot 12. Additionally, increased com-
munity engagement and conservation awareness in CFM areas can lead to protec-
tive measures that enhance biodiversity (Fielding et al., 2023). Community mem-
bers, recognizing the long-term benefits of biodiversity, may engage in activities
like planting native species and protecting key habitats, which mitigate some neg-
ative impacts of resource utilization and promote species richness (Salmi et al.,
2023). Furthermore, both CFM and non-CFM areas benefit from natural regen-
eration processes, where natural disturbances create opportunities for new species
to establish, maintaining a dynamic equilibrium in species diversity (Shono et al.,
2007). This natural resilience allows ecosystems to recover from disturbances,
leading to similar levels of species richness over time.

Wood etal. (2019) and Ramos et al. (2019) support the idea that CEM positively
impacts biodiversity conservation. The study findings align with this perspective
by showcasing CFM’s role in mitigating forest loss and maintaining biodiversity,
albeit at lower species diversity indices in the spatial analysis. Despite lower ob-
served species richness in CFM areas, the study indicates a convergence in diver-
sity at the 12th plot, suggesting CFM’s role in mitigating forest loss and maintain-
ing certain aspects of biodiversity. This highlights CEM’s spatial impact on overall
floral composition, reinforcing its positive contribution to biodiversity conserva-

tion within specific spatially managed zones.

5.3. Effect of CFM on Stem Density

Study findings reveal similar variability in stem density values across both forest
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management types. The similarities in stem density between CFM and non-CFM
areas can be attributed to several factors. In CFM areas, active human engagement
through sustainable harvesting and resource utilization often leads to average
stem densities; these practices encourage planting and maintaining more trees to
support both community needs and conservation goals (Boton et al., 2021). Con-
versely, non-CFM areas, with less direct human interference, may experience av-
erage stem density as well due to natural thinning processes and less intervention-
ist management practices (Giuggiola et al., 2012). Additionally, CFM areas typi-
cally balance forest utilization with protection, resulting in a managed increase in
stem density. Community-led initiatives often include reforestation and afforesta-
tion efforts, enhancing stem density (Bowler et al., 2010). Similarly, non-CFM ar-
eas, which prioritize conservation, might not have the same level of active natural
regeneration mirroring the same conditions as CFM squarely stem density. More
s0, both CFM and non-CFM areas share similar ecological characteristics such as
climate, soil type, and topography, contributing to baseline similarities in stem

density.

6. Conclusion

It acknowledges that collaborative forest management (CFM) affects forest dy-
namics (carbon stock, species diversity, and species stem density) differently ac-
cording to prevailing conditions that are both naturogenic and anthropogenic.
The study was justified by the need to empirically assess the ecological effects of
CFM, a strategy intended to balance forest conservation with community benefits.
Understanding these impacts is crucial for informing forest management policies
and practices that can effectively sustain forest ecosystems while supporting local
communities. The nuances in results, especially from the norm, highlight the need
to conduct comparative studies on CFM practices in different regions/forests to
understand contextual factors influencing their effectiveness. Investigations of
both short-term and long-term ecological impacts of CEM on forest health and
resilience, as well as exploration of the socio-economic benefits of CFM to local
communities and how these relate to ecological outcomes, are key areas for fur-

ther research.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

Barlow, J., Lennox, G. D., Ferreira, J., Berenguer, E., Lees, A. C., Nally, R. M. et al. (2016).
Anthropogenic Disturbance in Tropical Forests Can Double Biodiversity Loss from De-
forestation. Nature, 535, 144-147. https://doi.org/10.1038/nature18326

Boton, D., Mensah, S., Egeru, A., Yamungu, A. B. B., Houedegnon, P., & Namara, B. (2021).
Performance of Collaborative Forest Management on Forest Status and Contribution to
Adjacent Community Livelihoods in Uganda. Makerere University Journal of Agricul-
tural and Environmental Sciences, 10, 123-143.

DOI: 10.4236/0jf.2025.151004

65 Open Journal of Forestry


https://doi.org/10.4236/ojf.2025.151004
https://doi.org/10.1038/nature18326

M. Phillipson et al.

Bowler, D. L. B., Healey, J., Jones, J., Knight, T., & Pullin, A. (2010). The Evidence Base for
Community Forest Management as a Mechanism for Supplying Global Environmental
Benefits and Improving Local Welfare. Collaboration for Environmental Evidence.

Braga, C. L, Petrea, S., Radu, G. R,, Cucu, A. B., Serban, T., Zaharia, A. et al. (2024). Carbon
Sequestration Dynamics in Peri-Urban Forests: Comparing Secondary Succession and
Mature Stands under Varied Forest Management Practices. Land, 13, Article 492.
https://doi.org/10.3390/1land13040492

Brazier, R. E., Puttock, A., Graham, H. A., Auster, R. E., Davies, K. H., & Brown, C. M. L.
(2020). Beaver: Nature’s Ecosystem Engineers. WIREs Water, 8, e1494.
https://doi.org/10.1002/wat2.1494

Chave, J., Andalo, C., Brown, S., Cairns, M. A., Chambers, J. Q., Eamus, D. et al. (2005).
Tree Allometry and Improved Estimation of Carbon Stocks and Balance in Tropical For-
ests. Oecologia, 145, 87-99. https://doi.org/10.1007/s00442-005-0100-x

Chazdon, R. L. (2017). Tropical Forest Regeneration. Elsevier.
https://doi.org/10.1016/b978-0-12-809633-8.02053-7

Ekoungoulou, R., Niu, S., Folega, F., Nzala, D., & Liu, X. (2018). Carbon Stocks of Coarse
Woody Debris in Central African Tropical Forests. Sustainability in Environment, 3,
142-160. https://doi.org/10.22158/se.v3n2p142

Ellis, E. A., Montero, S. A., Herndndez Gomez, 1. U., Romero Montero, J. A., Ellis, P. W.,
Rodriguez-Ward, D. et al. (2019). Reduced-Impact Logging Practices Reduce Forest Dis-
turbance and Carbon Emissions in Community Managed Forests on the Yucatdn Pen-
insula, Mexico. Forest Ecology and Management, 437, 396-410.
https://doi.org/10.1016/j.forec0.2019.01.040

Etigale, E. B., Ajayi, S., Udofia, S. I., & Moses, M. U. (2014). Assessment of Stand Density
and Growth Rate of Three Tree Species in an Arboretum within the University of Uyo,
Nigeria. Journal of Research in Forestry, Wildlife and Environment, 6, 8-16.

FAO (2022). Review: The World’s Forests. Geographical Review, 14, 165-166.
https://doi.org/10.2307/208372

Fielding, K. S., Prober, S. M., Williams, K. J., & Dean, A. J. (2023). Developing an Indicator
of Community Appreciation of Biodiversity. Environmental and Sustainability Indica-
tors, 19, Article 100278. https://doi.org/10.1016/j.indic.2023.100278

Fleishman, E., Noss, R., & Noon, B. (2006). Utility and Limitations of Species Richness
Metrics for Conservation Planning. Ecological Indicators, 6, 543-553.
https://doi.org/10.1016/j.ecolind.2005.07.005

Giuggiola, A, Rigling, A., & Dobbertin, M. (2012). Reduction of Stand Density as a Man-
agement Tool to Mitigate the Effect of Drought. Geophysical Research Abstracts, 14,
Article 12847.

Gumoshabe, M., Anywar, G., & Tugume, P. (2023). Access to Provisioning Services by Lo-
cal Communities from Mpanga Central Forest Reserve in Central Uganda. Frontiers in
Forests and Global Change, 6, Article 1021664.
https://doi.org/10.3389/ffgc.2023.1021664

Gunawan, B., Abdoellah, O. S., Hadj, F., Alifi, G. J., Suhendi, R. N., Aisharya, I. Y. et al.
(2023). From Laborers to Coffee Farmers: Collaborative Forest Management in West
Java, Indonesia. Sustainability, 15, Article 7722. https://doi.org/10.3390/su15097722

Hairiah, K., Sitompul, S. M., van Noordwijk, M., & Palm, C. (2001). Carbon Stocks of Trop-
ical Land Use Systems as Part of the Global C Balance. Effects of Forest Conversion and
Options for Clean Development Activities. International Centre for Research in Agro-
forestry.

DOI: 10.4236/0jf.2025.151004

66 Open Journal of Forestry


https://doi.org/10.4236/ojf.2025.151004
https://doi.org/10.3390/land13040492
https://doi.org/10.1002/wat2.1494
https://doi.org/10.1007/s00442-005-0100-x
https://doi.org/10.1016/b978-0-12-809633-8.02053-7
https://doi.org/10.22158/se.v3n2p142
https://doi.org/10.1016/j.foreco.2019.01.040
https://doi.org/10.2307/208372
https://doi.org/10.1016/j.indic.2023.100278
https://doi.org/10.1016/j.ecolind.2005.07.005
https://doi.org/10.3389/ffgc.2023.1021664
https://doi.org/10.3390/su15097722

M. Phillipson et al.

Jjagwe, A., Kakembo, V., & Bernard, B. (2021). Land Use Cover Types and Forest Manage-
ment Options for Carbon in Mabira Central Forest Reserve. In N. Oguge, D. Ayal, L.
Adeleke, & 1. da Silva (Eds.), African Handbook of Climate Change Adaptation (pp.
2733-2754). Springer International Publishing.
https://doi.org/10.1007/978-3-030-45106-6 145

Kacholi, D. S. (2019). Assessment of Tree Species Richness, Diversity, Population Structure
and Natural Regeneration in Nongeni Forest Reserve in Morogoro Region, Tanzania.
Tanzania Journal of Science, 45, 330-345.

Kiprono, C. P., Kalekye, M. G., & Wafula, O. J. (2024). Implications of Gender Relations
on Forest Management among the Indigenous Ogiek of Mau Forest in Nakuru County,
Kenya. Open Journal of Social Sciences, 12, 127-147.
https://doi.org/10.4236/jss.2024.121009

Lamsal, P., Aryal, K. R, Adhikari, H., Paudel, G., Maharjan, S. K., Khatri, D. J., & Sharma,
R. P. (2023). Effects of Forest Management Approach on Carbon Stock and Plant Diver-
sity: A Case Study from Karnali Province, Nepal. Land, 12, Article 1233.
https://doi.org/10.3390/1and12061233

Melikov, C. H., Bukoski, J. J., Cook-Patton, S. C., Ban, H., Chen, J. L., & Potts, M. D. (2023).
Quantifying the Effect Size of Management Actions on Aboveground Carbon Stocks in

Forest Plantations. Current Forestry Reports, 9,131-148.
https://doi.org/10.1007/s40725-023-00182-5

Monarrez-Gonzalez, J. C., Gonzalez-Elizondo, M. S., Marquez-Linares, M. A., Gutierrez-
Yurrita, P. J., & Perez-Verdin, G. (2020). Effect of Forest Management on Tree Diversity
in Temperate Ecosystem Forests in Northern Mexico. PLOS ONE, 15, €0233292.
https://doi.org/10.1371/journal.pone.0233292

Mulugo, L. W., Galabuzi, C., Nabanoga, G. N., Turyahabwe, N., Eilu, G., Obua, J. et al.
(2020). Cultural Knowledge of Forests and Allied Tree System Management around Ma-
bira Forest Reserve, Uganda. Journal of Forestry Research, 31, 1787-1802.
https://doi.org/10.1007/s11676-019-00961-6

MWE (2010). The Republic of Uganda Ministry of Water and Environment Revised Forest
Management Plan for Mabira Central Forest Reserves (Mabira, Nandagi, Namukupa,

Namawanyi, Namananga & Kalagala Falls Central Forest Reserves).

National Forestry Authority (NFA) (2020). A Review of Collaborative Forest Management
in Uganda.
https://www.nfa.go.ug/images/A REVIEW OF COLLABORATIVE FOREST MAN-
AGEMENT IN UGANDA.pdf

Patton, R. M., Kiernan, D. H., Burton, J. I., & Drake, J. E. (2022). Management Trade-Offs
between Forest Carbon Stocks, Sequestration Rates and Structural Complexity in the
Central Adirondacks. Forest Ecology and Management, 525, Article 120539.
https://doi.org/10.1016/j.foreco.2022.120539

Ramos, Y. A., Aguiar, B. A. C,, Silva, M. V. C., Matos, R. E. S., Coelho, M. C. B., & Giongo,
M. (2019). Structure and Floristic Composition in a Dense Ombrophilous Forest AREA
under Forest Management. Floresta, 49, 793-802. https://doi.org/10.5380/rf.v49i4.59264

Salmi, A., Quarshie, A. M., Scott-Kennel, J., & Kdhkonen, A. (2023). Biodiversity Manage-
ment: A Supply Chain Practice View. Journal of Purchasing and Supply Management,
29, Article 100865. https://doi.org/10.1016/j.pursup.2023.100865

Sassen, M., & Sheil, D. (2013). Human Impacts on Forest Structure and Species Richness
on the Edges of a Protected Mountain Forest in Uganda. Forest Ecology and Manage-
ment, 307,206-218. https://doi.org/10.1016/j.foreco.2013.07.010

Shono, K., Cadaweng, E. A., & Durst, P. B. (2007). Application of Assisted Natural Regen-

DOI: 10.4236/0jf.2025.151004

67 Open Journal of Forestry


https://doi.org/10.4236/ojf.2025.151004
https://doi.org/10.1007/978-3-030-45106-6_145
https://doi.org/10.4236/jss.2024.121009
https://doi.org/10.3390/land12061233
https://doi.org/10.1007/s40725-023-00182-5
https://doi.org/10.1371/journal.pone.0233292
https://doi.org/10.1007/s11676-019-00961-6
https://www.nfa.go.ug/images/A_REVIEW_OF_COLLABORATIVE_FOREST_MANAGEMENT_IN_UGANDA.pdf
https://www.nfa.go.ug/images/A_REVIEW_OF_COLLABORATIVE_FOREST_MANAGEMENT_IN_UGANDA.pdf
https://doi.org/10.1016/j.foreco.2022.120539
https://doi.org/10.5380/rf.v49i4.59264
https://doi.org/10.1016/j.pursup.2023.100865
https://doi.org/10.1016/j.foreco.2013.07.010

M. Phillipson et al.

eration to Restore Degraded Tropical Forestlands. Restoration Ecology, 15, 620-626.
https://doi.org/10.1111/j.1526-100x.2007.00274.x

Thammanu, S., Han, H., Marod, D., Srichaichana, J., & Chung, J. (2021). Above-Ground
Carbon Stock and REDD+ Opportunities of Community-Managed Forests in Northern
Thailand. PLOS ONE, 16, €0256005. https://doi.org/10.1371/journal.pone.0256005

Thammanu, S., Marod, D., Han, H., Bhusal, N., Asanok, L., Ketdee, P. et al. (2020). The
Influence of Environmental Factors on Species Composition and Distribution in a Com-
munity Forest in Northern Thailand. Journal of Forestry Research, 32, 649-662.
https://doi.org/10.1007/s11676-020-01239-y

Tumusiime, D. M., Turyahabwe, N., Byakagaba, P., & Tumwebaze, S. B. (2018). Impact of
Collaborative Forest Management on forest Status and Local Perceptions of Contribu-
tion to Livelihoods in Uganda. Journal of Sustainable Development, 6, 36.

Turyahabwe, N., Godfrey, J., Tweheyo, M., & Balaba, S. (2012). Collaborative Forest Man-
agement in Uganda: Benefits, Implementation Challenges and Future Directions. In J.
Martin-Garcia, & J. J. Diez (Eds.), Sustainable Forest Management—Case Studies (pp.
51-74). InTech.

https://www.researchgate.net/publication/224830124 Collaborative Forest Manage-

ment in Uganda Benefits Implementation Challenges and Future Directions
https://doi.org/10.5772/28906

Weldemariam, E., Jakisa, E., & Ahebwe, D. (2017). Implication of Forest Zonation on Tree
Species Composition, Diversity and Structure in Mabira Forest, Uganda. Environment,
Earth and Ecology, 1, 112-122. https://doi.org/10.24051/eee/69224

Wood, A., Tolera, M., Snell, M., O'Hara, P., & Hailu, A. (2019). Community Forest Man-
agement (CFM) in South-West Ethiopia: Maintaining Forests, Biodiversity and Carbon
Stocks to Support Wild Coffee Conservation. Global Environmental Change, 59, Article

101980. https://doi.org/10.1016/j.gloenvcha.2019.101980

DOI: 10.4236/0jf.2025.151004

68 Open Journal of Forestry


https://doi.org/10.4236/ojf.2025.151004
https://doi.org/10.1111/j.1526-100x.2007.00274.x
https://doi.org/10.1371/journal.pone.0256005
https://doi.org/10.1007/s11676-020-01239-y
https://www.researchgate.net/publication/224830124_Collaborative_Forest_Management_in_Uganda_Benefits_Implementation_Challenges_and_Future_Directions
https://www.researchgate.net/publication/224830124_Collaborative_Forest_Management_in_Uganda_Benefits_Implementation_Challenges_and_Future_Directions
https://doi.org/10.5772/28906
https://doi.org/10.24051/eee/69224
https://doi.org/10.1016/j.gloenvcha.2019.101980

	Effect of Collaborative Forest Management on Carbon Stocks, Species Diversity and Stem Density in Mabira Central Forest Reserve, Uganda
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods 
	2.1. Study Area Location 
	2.2. Study Design 

	3. Growth Parameters & Biodiversity Indices 
	3.1. Carbon Stock 
	3.2. Tree Diversity Estimation
	3.3. Tree Stem Density Estimation
	3.4. Data Analysis 

	4. Results 
	4.1. Carbon Stocks in the Study Areas 
	4.2. Variation in Carbon Stocks According to CFM Status 
	4.3. Floral Composition in the Study Area 
	4.3.1. Species Richness 
	4.3.2. Species Diversity 
	4.3.3. Variation in Species Diversity 

	4.4. Stem Density Variation 
	4.4.1. Stem Density Distribution in the Study Area
	4.4.2. Variation in Stem Density in CFM and Non-CFM Areas 


	5. Discussion 
	5.1. Effect of CFM on Carbon Stocks
	5.2. Effect of CFM on Tree Species Diversity 
	5.3. Effect of CFM on Stem Density 

	6. Conclusion 
	Conflicts of Interest
	References

