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ABSTRACT

This study was conducted on Jilwa Markos and Kirstos Semra Church Forest in the northern part
of Wag Himra Administrative Zone, Amhara National Regional State. The main objective of the
study was to estimate the role of church forests on climate change mitigation through carbon
sequestration and biodiversity conservation. Both biological and social data were collected for the
study. For biological data collection, plots were laid along transect lines radiating from the peak
of JIMC and KSC forests. Accordingly, 29 plots each with 100 m2 (10 m x 10 m) tree parameter
measurement (diameter and height measurement) and subplots of 5 m x 5 m within the main plots
for woody seedling counting. For socioeconomic data collection, purposive (to select church
forests) and simple random sampling (household selection) techniques were employed. Both
quantitative and qualitative data were collected through individual interviews and focus group
discussions (FGDs) using questionnaires and checklists. The data were analyzed using descriptive
statistics and Likert scale techniques. A total of 54 species in 46 genera and 30 families were
identified from the forest, out of which 51 were new records from the JIMC and KSC floristic regions
for the flora of Ethiopia. Fabaceae, Rutaceae, Capparidaceae, Euphorbiaceae, and Tiliaceae are
the dominant families in terms of species richness. The study reveals that JIMC and KSC forests
have significant biomass and carbon stocks, with key species contributing to carbon sequestration.
Key species like Terminalia brownie in JMC and Acacia abyssinica and Ficus vasta in KSC are
crucial for supporting carbon storage and climate mitigation efforts. According to the respondents,
Ziziphus abyssinica, Terminalia brownie, and Juniperus procera were identified as important
woody species by 18.3%, 18.3%, and 9.2% of respondents, respectively, while a majority (54.1%)
of respondents recognizes all species were important for the community. Regarding the uses of
trees in the church, the household survey showed that about 47.2% of respondents explained that
providing shade during church ceremonies was their primary preference as their primary use. The
result revealed a high scare of an overall average of 3.938, which implied a generally positive
perception of the importance and benefits of church forests to the community. Based on the results
of this study, detailed ecological studies about various environmental factors such as soil type and
properties, ethnobotanical studies to explore Indigenous knowledge on the diverse uses of plants,
and sound management and maintenance of biodiversity that promote sustainable use of the forest
and its products are recommended.

Keywords: church forest, species richness, regeneration, plant community, and biodiversity.

vii



TABLE OF CONTENTS

TABLE OF CONTENTS
EXAMINERS' APPROVAL FORM ....cciiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee et iii
ACKNOWLEDGEMENTS ... .o iV
DEDICATION L.ttt %
LIST OF ABBREVIATION AND ACRONYMS .....coiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e Vi
ABSTRACT ..o bbbt b st e e et b bbbt bt Rt e ettt benn e vii
TABLE OF CONTENTS ...t viii
LISt Of TADIE ..o Xiii
S Ao ) 0 U =PSRN Xiv
LIST OF APPENDICES .......co i ittt XV
CHAPTER 1. INTRODUGCTION .....uuututtuuiuuiuiuunuennesnneennnnnesnnnnnnesnsssesnennnsnenennnnnnnn.——.———.. 1
1.1.  Background Of the STUAY ........ccooiiiiiii s 1
1.2.  Problem Statement and JUSHIFICALION ........ccooeiiiiiiie s 3
IR TR @ ] o =T £ V=TSSP 5
1.3.1.  GeNeral ODJECHIVE....c..iiiieieee ettt re e s 5
1.3.2.  SPECITIC ODJECTIVES: ....cueeeiteiteite ettt bbbt 5
1.4, RESEAICH QUESTIONS ...ttt bbbt 5
1.5, Significance of the STUAY ..o 6
1.6, SCOPE OF the STUAY ....veiiiiieiie sttt et e e e e s reeetee e 6
1.7, Limitation Of the STUAY ........cooiiiii i e 7
1.8.  Organization Of the PAPET ........cciiiiieee e 8



CHAPTER 2.LITERATURE REVIEW ... 9

2.1. Forest ResoUrce in EtNIOPIA ......cc.ooviiiiiiiiieiieeee s 9
2.2. FOrests as Carbon STOTES ........c.uiiiiiiiiieiiie et 9
2.3. EOTC and its Philosophy in the Conservation 0f FOrests..........ccccccevviieiieiesieseese e 10
2.4. The Conservation of FOrests DY EOTC .......coviiiiiiiicie e 11
2.5.  The Role of Forests in Climate Change Mitigation............cccceieveiineieninesiseeeee, 11
2.6.  Wood species diversity in ChUrch fOrests ..o, 12
2.7.  ADOVE Ground CarbON........cccoiiiiiiiiiiiii e bbb 14
2.8. Socio-Economic Importance of Ethiopian FOrests..........ccocvieiiieii e 15
2.8.1.  ECOnomic CONLrDULIONS. .......cccoiiiiiiiiieiisie e 15
2.8.2.  ECOIOQICAl SEIVICES ....cveiiiciiiite ettt sttt ene s 15
2.8.3.  SOCIAl SIGNITICANCE ......ccuiiiiiiiieiee bbb 16
2.10. Conceptual framework of the STUAY ..o, 17
17

CHAPTER 3. MATERIAL AND METHODS ...t 18
3.1. Description Of the STUAY ATE&..........oiiiiiiiiee e 18
T8 0 O I Yo L1 o o TP PR PR PP 18
312, POPUIALION. ...ttt ettt e et e re e 19
3.1.3. S0il Types and CHMALE .......c..ooiieiiiiie e 19
3.2 IMIBENOUS ... 20



321 DALA SOUICE ..o e ettt et e e e e e et e e e e e e e et eee e e e eeeeeeeeene e eeeeeeeeennnaereaeeeees 20

3.3. VEQEtation INVENTOIY ......ciuieiiiiecie ettt et e b e et e sra e reeneesraeaeeneenneas 20
3.3.1. Sampling design for vegetation inventory data..............ccccevveieiiieiicie e 20
3.3.2. Species dIVErSIty aNalYSIS.........cociviiiiiiiieie e 21
3.3.3. Population structure and regeneration..............ocvcovererererereseeieeeee e 22
3.4. Measuring of aboveground biomass carbon pool............cccccevveviviieiienieeie e 23
3.5. S0cioeconomic data COHECTION .........couiiiiiiiieiee s 25
3.6. Data Source and collection Method..............cooeiiiiiieire e 26
3.6.1. Household SUIVEY (HHS).......oiiece e 26
3.6.2. Focus group diSCUSSION (FGDS) .....cc.ccviiieiiiiie ittt sra e 26
3.6.3. Key Informants’ INTervIieW (KIIS) .......ooiiiiiiiiiiieec e 27
3.6.4. Likert scale analysis of farmers' perception ..........ccocooeveiiriniiieiene e 27
3.7. Method OF Data ANAIYSIS. .....c.ceeiiiiiierieste et 28
3.7.1. DAta @NAIYSIS ....ccvvevieiiciic et ettt e nraeneanes 28
CHAPTER 4. RESULTS AND DISCUSSIONS ... ..o 29
4.1  Tree species composition Of the StUdY SItES.........ccccvveiiiiieiiciecece e 29
4.2. Vegetation Classification 0f IMC ...........coviiiiiiii e 30
4.2.1. Acacia abyssinica - Acacia ethbica Community type (1)......ccccooeveiinennininice 32
4.2.2. Acacia totolis - Acacia albida Community type (I1).......cccoooiirieiiiiinee 32
4.2.3. Combretum molle - Syzygium guineense Community type (1) ..o 33

X



4.3. Vegetation Classification Of KSC ..o 33

4.3.1. Olea europaea sub sp - Croton macrostachyus Community type (1) .....c.ccceovevvenenne. 34
4.3.2. Euclea racemosa - Acacia totolis Community type (1) ......cccoovevveieiieiieie e 35
4.3.3. Ziziphus abyssinica - Dodonaea angustifolia Community type (IH).........cccccevvennenne. 35

4.4. Basal area Of StUAIEA FOTESES.......cuiiiiiieii s 36
4.5. Importance Value INdeX (V1) ...c.oooiiiiieee s 38
4.6. Growth habit, population structure, and regeneration status 0of SPeCies..........c.ccecvvvveinenns 41
4.6.1 Growth habits Of SPECIES ......ccviiieiice e 41
4.6.2 Population Structure Of SPECIES........couiiiiiieie e 42
4.6.3. Regeneration Status OF SPECIES........cciiiiiieii i 45

4.7. Tree biomass and Carbon StOCK .........c.ooeiiiiiiiiiieee s 48
4.8. Comparison of two studied Church fOrESES..........couiiiiiiieriieeee e 50
4.9. Socioeconomic benefits of church forests to the community .............ccooeeeeee. 51
4.9.1. DemMOQGraphiC GaLA ........coeiiiiiieieie e 51
4.9.2.  Major species and uses of church forest...........cccooveiieiici i 52
4.9.3.  Problems in ChUICh fOrESES ........ooviiiiiiiieiie e 53
4.10.  Community Perceptions on Church FOrests ..........ccceciiiiiiiie i 54
4.11.  Likert scale analysis of farmers' perception of church forest .............ccocoeniiiiiinnn, 54
4.12.  Commercially important tre€ SPECIES. ........uiuiierierieierie e 56
CHAPTER 5. CONCLUSION AND RECOMMENDATION ....cccuiiiiiiiiiiieeeciii e 58

Xi



5.1. Conclusion

5.2, RECOMMEBNUATION ...ttt et e ettt e e e e e e e e ettt eee e e e e e e eeaeeeeeaaennns 59
= o o = N[O = SRR 60
BIOGRAPHICAL SKET CH ..o e 80

xii



List of Table

Table 1 Total population Of STUAY SIES ......cceeiiiiiiiieie e 19
Table 2 List of plant families with their number of genera and SPeCIes ..........cccccevvvveieereiiiennen, 30
Table 3 Importance value of Species in €ach CIUSLEN ...........cccvieiieii e 31
Table 4 Importance value of species in €ach CIUSLEN ...........cccvvieiicii i 34
Table 5.Basal area of major tree species in DOth SIteS..........cccovveiieii i 37

Table 6.Important value index, Density and Dominance of major tree species in studied sites....39
Table 7.Species conservation Priority CIaSSES........ccciiiieiieeiiiie et 47
Table 8. Above ground biomass and carbon stock of study areas ..........c.cccccveveviveviiveiiese e, 49

Table 9.Comparison of above-ground biomass and carbon stock (ton/ha) of church forests in our

studies with other similar forest types in Ethiopia..........ccccoveiiiieiiiiicc e 50
Table 10. T-test StatiStiCal ANAIYSIS ......cc.viviiieii e 51
Table 11.Demographic characteristics of respondents (N=218)........ccccevieveiieiieie e 52
Table 12: Major species and USeS Of fOreSt treeS........coviviieeieiie i 52
Table 13:- The main Causes, problems and solutions in the church forest.............cccooevveiiiennn, 53
Table 14: Community perceptions of church forests ..........cccooveiiiiic i, 54
Table 15: Perception data reSUlt SUMMAIY ..........ccoiiiiiiiciecie e 56

Xiii



List of figures

Figure 1: conceptual framework of the StUAY............ccceiveriiiiiicce e 17
Figure 2 Map OF the STUAY @rea........ccviueiieiieiie e reenne e 18
Figure 3 Sampling design and sample size used in data collection ............c.cccevvviveiieiiccccienenn, 20

Figure 4 Dendrogram showing the vegetation of JMC (The dendrogram is produced by

Hierarchical cluster analysis using R software Version 4.1.2) ........ccccccecvviveiievesie s 31
Figure 5:- Dendrogram of the vegetation in KSC ... 34
Figure 6:- Classification of plant species based on growth habit..............ccccooeiiiiiiiiiii, 41
Figure 7 Population structure of selected tree SPECIES ........ccvveiveieiiie i 44
Figure 8. Regeneration status of IMC and KSC fOrestS..........ccccecviieiieviiie i 45

Xiv



LIST OF APPENDICES

Apendex table 1.Total plant Species recorded from the study areaError! Bookmark not defined.

XV



CHAPTER 1. INTRODUCTION

1.1.Background of the Study
The Ethiopian Orthodox Church ranks among the oldest churches globally (Birara et al., 2020).
The church has a long history of planting and protecting trees around churches (Alemayehu Wassie,
2007). These tree species, which surround religious sites, are associated with the concept of sacred

groves.

Forests confer various benefits, including economic, social, environmental, and aesthetic values,
to human beings. They supply raw materials for industries, play a crucial role in plant improvement
programs, and regulate local and global climate. (Haro-Carrion et al., 2021). For instance, tropical
forests sequestrate large amounts (half of) terrestrial carbon dioxide, and maintain atmospheric
humidity (Aerts et al., 2016). Environmentally, forests are crucial in reducing soil erosion,
maintaining soil moisture, regulating stream flow, as well as budgeting the heat of the area and

providing shelter to a diverse variety of flora and fauna (De Giusti et al., 2019).

Despite all these benefits currently, there is a high rate of deforestation especially in the tropics
(Reyes-Turcu et al., 2009). The main factors responsible for such huge destruction of natural
forests are a combination of agricultural expansion, commercial harvest, free livestock grazing,
unsustainable firewood collection and charcoal production, and inappropriate land and tree tenure
regimes (Alemayehu Wassie, 2007).

Forests conserved by communities due to their perceived religious or spiritual significance are
found worldwide and may represent the oldest form of protected area management (Alemayehu
Wassie et al., 2010). In addition to providing spaces for prayer, existence values, and other cultural
services (Schmitt et al., 2009), sacred natural sites also provide an array of ecosystem services,
including water filtration, reducing soil erosion, and serving as repositories of plant and animal
biodiversity (Alimbon & Manseguiao, 2021). Sacred natural sites may also provide economic
benefits in the form of fuel, construction wood, food, fodder, or other goods, with access to such
benefits subject to resource availability, and subject to local rules and norms surrounding the sacred

space (Pandian et al., 2021). From an ecological perspective, church forests represent invaluable



repositories of native species biodiversity (Pilbeam et al., 2000). Over the past century firewood
demand, agricultural expansion, livestock grazing compounded by political volatility, and insecure
land tenure (Tolera et al., 2008) as well as droughts, fires, and climate change have continued to
put pressure on native forests and inhibited natural regeneration. As a result, much of the intact
natural forest in Ethiopia’s highlands today is restricted to the church forests scattered across the

degraded agricultural land (Alemayehu Wassie, 2007).

Above-ground biomass Traditionally, biomass has been measured by ground measurement through
a collection of information on DBH (Diameter at Breast Height), number of tree species, tree
height, etc. within sample plots (Con et al., 2013). Weighing trees in the field is the most accurate
method for estimating tree biomass. One of the most important steps in estimating aboveground
tree biomass (AGTB) is choosing the right allometric model. Allometric models for biomass
usually include information on trunk diameter at breast height DBH (in cm), total tree height H (in
m), and wood-specific gravity (in g/cm3) (Alemayehu Wassie et al., 2010). The guidelines suggest
the choice of the best predictive allometric equations (models) in estimating AGTB developed by

(Mugasha et al., 2013) based on climate and forest stand types.

Species composition refers to the total number of different living organisms within a given biome
or ecosystem (Schmitt et al., 2009). In a forest, the species composition refers to all the different
plants, animals, invertebrates, vertebrates, bacteria, and fungi within the environment. In contrast,
an ecosystem refers to the interaction of all living organisms, all inanimate objects, and the climate

of the given location. All ecosystems have unique species compositions.

The socio-economic role church forests play by conserving biodiversity, regulating water resources
and climate, providing economic opportunities, preserving cultural heritage, facilitating education
and research, fostering community development, and enhancing resilience to environmental
challenges (Yalden et al., 2008). Biodiversity Conservation: Church forests often act as sanctuaries
for biodiversity, preserving indigenous plant and animal species. These forests contribute to
maintaining ecological balance, which in turn supports agriculture, water resources, and climate
regulation while benefiting local communities. Water Resource Management: Many church forests
are located near water sources such as rivers and streams. Their conservation helps regulate water

flow, reduce erosion, and maintain water quality. This is vital for agriculture, human consumption,



and sustaining aquatic ecosystems. Climate Regulation: Forests play a crucial role in mitigating
climate change by sequestering carbon dioxide and releasing oxygen through photosynthesis.
Church forests contribute to climate regulation by acting as carbon sinks, helping to offset carbon
emissions and stabilize regional climates. Economic Opportunities: Church forests can provide
various economic opportunities for local communities. Sustainable forestry practices, such as
harvesting non-timber forest products like honey, medicinal plants, and fruits, can generate income.
Additionally, ecotourism initiatives centered on church forests can create jobs and stimulate local
economies. Cultural and spiritual significance: Church forests hold cultural and spiritual
significance for many communities. Preserving these forests helps maintain cultural heritage and

strengthens community cohesion.

1.2. Problem Statement and Justification

Church forests are critical; they are important in environmental and ecological terms in Ethiopia,
including those surrounding Jilwa Markos and Kirstos Semra, which represent critical ecological
and cultural assets. These patches of forest are often the only remaining native vegetation in
otherwise deforested landscapes, making them essential for biodiversity conservation, carbon
sequestration, and local ecosystem services. However, it has been continuously exploited by the
surrounding people because encroachment and land pressure, agricultural expansion, grazing and
overuse of resources, deforestation and habitat loss, illegal logging and tree cutting, fragmentation,
biodiversity decline, loss of species, invasive species, climate change impact, drought and water
scarcity, increased fire risk, shifting climate zones, weak legal protection and conservation
management, lack of formal protection, insufficient conservation efforts, cultural and generational
shifts, erosion of traditional values, urbanization and modernization, limited awareness and
education, lack of environmental awareness, limited environmental education, economic pressures,
poverty and resource dependence, lack of alternatives, inadequate collaboration and supper, limited
government involvement, insufficient NGO and international support.

In the JIMC and KSC forest woodlands, illegal and poorly managed deforestation is the primary
cause of the persistent issue of forest degradation. After centuries of forest degradation, some of
the only native forests (remnant forests) in the JMC and KSC forests are found in small groves
surrounding church buildings ((Alemayehu Wassie, 2007). ). The JMC and KSC forest is now one

3



of the homes of small patches of old-aged church forests in the Amhara region. These forests are a
source of biodiversity and human well-being in providing ecosystem services. These church
forests, which are remnant and old-aged forests, declined from time to time mainly due to
anthropogenic factors (Alemayehu Wassie, 2007). This results in a loss of the ecological services
provided by the church forest patches, particularly in JIMC and KSC forests when it comes to
carbon storage. However, there is a chasm between these ecosystem service losses in terms of both
space and time. Therefore, studying the ecological services provided by the state of the church
forest in JMC and KSC forest. Church forests in Ethiopia are facing increasing threats from
agricultural expansion, deforestation, biodiversity loss, climate change, and insufficient legal
protection. These sacred forests, which are crucial for environmental conservation, cultural
heritage, and community well-being, are being degraded by human activities, weak management,
and economic pressures. Without urgent and coordinated action to protect and restore these forests,
the ecological, spiritual, and social functions they provide may be irreversibly lost. Aside from that,
no research was done on how the size and condition of the forest ecosystem changed over time
about the amount of carbon stored. Therefore, this research work was conducted to fill these gaps
with the objective of estimating the role of church forests on climate change mitigation through

carbon sequestration and biodiversity conservation’.



1.3.0Objectives

1.3.1. General objective
The general objective of the study was to estimate the role of church forests on climate change

mitigation through carbon sequestration and biodiversity conservation

1.3.2. Specific Objectives:
To investigate species composition and species diversity Jilwa Markos and Kirstos Semra
of church forest
To estimate the aboveground biomass of the Jilwa Markos and Kirstos Semra church forest
and determine the contribution of different tree species to biomass.
To investigate the perception and potential challenges of church forest sustainability in the

study area

1.4.Research questions
What is the diversity of plant species in the church forest?
What is the aboveground biomass of the church forest?
What are the perceptions and potential threats to the sustainability of church forests in the

study area?



1.5.Significance of the Study
Deforestation and forest degradation have been occurring in Ethiopia, especially during previous
regimes for decades, operating in the usual top-down approaches to forest management and
governance that do not guarantee effective forest conservation and improvements to forest
conditions. In this approach, forest resources are centrally controlled by the state and do not focus
on the devolution of forest tenure and management from state authorities to local communities. It
also disempowers local communities in terms of both resource ownership and responsible use. To
halt the deforestation and forest degradation problem of Ethiopia, which is a popular concern of
the current time, a new institutional set-up with proper arrangements and synergetic human-natural
influencing factors was in anticipation to bring about effective forest management and
improvements to forest conditions. Because previous regimes’ forest management and governance
policy was outdated, lacking local community involvement and willingness to forest resource
management issues as the new approach. To solve the problem, a new forest management approach
has emerged—creating a decentralized forest management system that facilitates community
involvement and consultation with the government in all aspects of local forest resource issues like
forest management, conservation, protection, and sustainability issues; awareness creation on
forest and forest environment; resource ownership and responsible use; benefit sharing as well as
decision-making, etc. So, this new forest management approach is found worthy and useful in

improving woody species regeneration and forest conditions.

1.6.Scope of the Study
Geographically, this study was limited to assessing species composition, aboveground biomass,
and socioeconomic roles of church forest in Tsagbji District, Amhara National Regional State,

Ethiopia, particularly in two Kebele, namely Tsata and Beleka.



1.7.Limitation of the Study

This study focuses on two church forests in the Tsagbji District, which highlights certain
limitations in the findings. The spatial coverage is limited, meaning the results may not represent
other church forests in the region or beyond. Additionally, temporal variation in the forest
ecosystem, such as seasonal changes or ecological succession, may influence the results. Data
collection challenges, including logistical constraints and resource limitations, can also impact the
accuracy and consistency of the findings. The reliability of socioeconomic data may present
another constraint, as it often depends on surveys or interviews that are susceptible to respondent
biases or inaccuracies in self-reporting. The study is further limited by the lack of historical data
on species composition, biomass, and socioeconomic roles, making it challenging to assess long-
term changes or trends. External environmental factors, like climate change or nearby agricultural
activities, could also influence the study’s results. Furthermore, the impact of anthropogenic
disturbances such as grazing or firewood collection may complicate biomass assessments.
Methodological constraints in the study, such as reliance on specific techniques, may not capture

all relevant aspects of forest health or community benefits.

Observer bias in ecological fieldwork can also affect species identification and biomass
measurements, potentially impacting the study's consistency. Lastly, funding and resource
constraints may limit the study’s capacity to cover all desired aspects in depth or to expand to

additional sites, potentially reducing the richness and accuracy of the results.



1.8.0Organization of the paper
This thesis consists of five chapters. Chapter one serves as a general introduction to the research.
It defines the research problem and outlines the objectives, significance, and limitations of the
research and the organization of the thesis. Chapter two deals with a literature review of the
concepts of forest resources in Ethiopia and potential related literature. The research methodology,
i.e., sampling procedure, research method, and methods in data collection and analysis are
discussed in Chapter Three. Chapter four covers the analysis and discussion of the findings of the

study. Chapter five deals with the conclusion and recommendation.



CHAPTER 2.LITERATURE REVIEW

2.1. Forest Resource in Ethiopia

The Ethiopian vegetation is classified into 8 main types (Aerts et al., 2016) where dry Afromontane
woods make up the majority of the natural vegetation and montane forest types make up the
majority of the vegetation (Wassie et al., 2005). Though available, scientific evidence is very
limited (Malmsheimer et al., 2008); it is believed that about 30-40% of Ethiopia was covered with
forest in the late nineteenth century (Bishaw & Abdelkadir, 2003). Remnant patch forests
composed of old-aged indigenous tree species in 4 religious or cultural places and inaccessible
areas of the country are living witnesses that Ethiopia had a very good forest cover. According to
the forest resource assessment of the woody biomass inventory and strategic planning
project (Jindal et al., 2008), The current Ethiopian forest is estimated to cover 4.1 Mha or 3.6% of
the whole land area of the country. Wood and shrub land, however, cover a greater portion of the
country, i.e., 56.0 Mha (48.9%), followed by plantations with 0.5 Mha (0.4%), low and high land
bamboo with 1.1 Mha (1%), and Afro-alpine land with 0.2 Mha (0.2%). Based on definitions and
classifications of the global forest resource assessment, the total woody vegetation cover of
Ethiopia reached about 60.0 Mha (Alemayehu Wassie, 2007) (, accounting for about 55.8% of the
country. This includes about 12.3 Mha (11%) of forest and about 44.7 (41%) of other wooded
lands. Currently, except for a few patch forests in the northern and central parts of Ethiopia, the
majority of remnant dense forests have retreated to the southern and western edges of the country
(Tolera et al., 2014).

2.2. Forests as Carbon Stores

Forests store large amounts of carbon, but the quantitative contribution forests make to the global
carbon cycle is still not well estimated (Tenzin & Hasenauer, 2016). A study by Smith et al., (2009)
found that forests store approximately 80% of all aboveground and 40% of all belowground
terrestrial carbon. For this reason, the UNFCCC and its Kyoto Protocol recognize the important
role forests play in carbon sequestration, and accurate biomass assessments are important for
reporting purposes. Carbon can be measured for two policy-related reasons: (1) to comply with the
requirements of the UNFCCC and (2) as part of the implementation of the Kyoto Protocol (Brown

et al., 2002). Aboveground carbon content is closely related or proportional to AGB, and carbon



storage of the forest can be derived from biomass since approximately 50% of the dry weight of
the forest is carbon. Tree biomass information is important for the assessment of forest structure
and condition. (Chave et al., 2003), forest productivity and carbon sequestration in roots, stems,
branches ,and foliage (Chave et al., 2003). Biomass assessments can establish the annual gain or
loss in carbon storage. Biomass increment contributes to annual gain, while annual losses are
caused by activities such as harvesting activities, fuel wood collection, or burning practices
(Change, 2006). Information collected from biomass assessments can be used for resource use and
environmental management purposes. The collected information can be used to quantify how much
of the resource is available for utilization purposes to ensure that management practices do not lead

to an annual loss in stored carbon (Parresol, 2015).

2.3. EOTC and its Philosophy in the Conservation of Forests

The Ethiopian Orthodox Tewahido Church (EOTC) is an ancient native and integral Christian
Church of Ethiopia, which is one of the oldest churches in the world and a founding member of the
World Council of Churches (Reynolds et al., 2017). EOTC has a long history of planting and
conserving tree species in its yard. The spiritual bond between tree plantations, conservation, and
protection is based on the holy bibles and the EOTC scholars’ thoughts (Tura et al., 2017). Church
compounds are the monasteries of trees and other biodiversity resources. Many Indigenous trees

and shrubs were destroyed almost completely over the last Ethiopian church forests.

Church forest communities consist of peasants (i.e., small landholders who are subsistence-
oriented farmers); they are not groups of hermits adhering to an archaic practice. Community
members, including priests, live near their local church and usually form three to four villages. A
ring of native forests of variable size surrounds what is normally around EOTC churches
(Sewagegn et al., 2022). Consistent with sacred forests in other contexts, church forests are not
valued by the community because of their beauty or ecological conditions (i.e., ecosystem services)
(MacDicken, 2015). Instead, we find that Ethiopian church forests are considered extensions of the
church. Community members generally explain that the church forest is there to “respectfully
cover” and “shelter” the sacred tablet, which is deemed to be a replica of the Ark of the Covenant
and kept within the church building. The notion of “covering out of respect” is deeply present in

other aspects of Ethiopian culture (e.g., religious paintings are always veiled by curtains). These
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forested church compounds serve local communities as ritual and burial sites as well as gathering
spaces (Orlowska & Klepeis, 2018).

2.4. The Conservation of Forests by EOTC

Churches conserve their forest resources by using two different methods, namely religious
sanction and legal protection. The main mode is to create religious commitment and respect among
the followers. Every follower is expected to respect and protect the house of God, together with
the forest enveloping the church. A person who cuts a tree or even a dead branch for personal use
should be presented to the church community/church scholars and asked to'repent’ and vow not to
repeat the fault. If the person fails to admit their fault voluntarily or commits the offense again,
they would be alienated from the church community and would not be entitled to services from the
church. This sanction is known as "Gizet." Hence, since Orthodox Christians fear "Gizet," they do
not dare to cut trees in church forests. Since churches and their forest resources are found in a world
where there are different attitudes and perspectives, the church also uses guards and civil law to
protect their forest resources. The two modes of protection, 'Gizet' as a house of God and 'Legal
protection’ as a house of the state, serve as a two-sided blade to protect the resources. Whenever
there is a severe shortage of forest resources, people inevitably overlook religious values for their
survival. Moreover, secularism and the views of other religious sects may degrade the standards

and values of the church. Thus, legal protection—in addition to religious sanction—is important.

2.5.The Role of Forests in Climate Change Mitigation

Interest in mitigating atmospheric greenhouse gas emissions is driving concerns about managing
carbon within ecosystems (Schmitt et al., 2009). Terrestrial ecosystems can thus be seen as an
opportunity to mitigate climate change as they provide several climate change mitigation options,
especially from forest-related activities, through both the increase of removals (carbon uptake from
the atmosphere) and the reduction of emissions (Hulme & Mahony, 2010). These ecosystems,
including forests and grasslands, play an important role in sequestering carbon dioxide (co. ),
thereby helping to remove it from the atmosphere and lessening the effects of anthropogenic
climate change (UNEP, 2016). According to Alemayehu Wassie, (2007) forests currently cover
only about one-third of Earth’s surfaces, and they are important for the global carbon cycle because

they sequester carbon from the atmosphere and also emit carbon resulting from loss of biomass
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(Tolera et al., 2008). Forest has the potential to remove CO2 from the atmosphere and store it in
wood, leaves, and soil, hence reducing the effect of climate change (Bhutia et al., 2019). To
corroborate this, highlight that forests play a very important role in climate change since they store
more than half of the terrestrial carbon, approximately 60% of the total carbon stock contained in

terrestrial carbon pools (Bhutia et al., 2019).

2.6.Wood species diversity in church forests

Species are the fundamental units of biological organization, and any small changes in the species
diversity may alter to some extent ecosystem functions and services (Marchiori et al., 2016).
Species diversity, species richness, and biodiversity are widely used terms (sometimes
interchangeably) in ecology and natural resource management. Species diversity is a fundamentally
multidimensional concept that includes species richness, abundance, and evenness. It is an
appropriate term for ecologists who are interested in understanding the mechanisms and effects of
certain ecological phenomena, such as pollution, environmental disturbances, etc (Izquierdo-Tort
et al., 2021). It is also the most commonly used representation of ecological diversity, but it is not
the only measure. Niche width and habitat diversity are also key components of ecological diversity
(Hamilton & Bean, 2005). When considering the basic structure of biological systems such as
communities or ecosystems, two fundamental parameters are the number of species and the number
of individuals within each of these species (Hamilton & Bean, 2005). Ecologists have studied the
inter-relationships between them (number of individuals within species and number of species) in
considerable depth over many decades and, in doing so, have primarily been concerned with what
they call species diversity (Hamilton & Bean, 2005). Even if the concepts of species diversity and
species richness have become key in conservation biology, there is a lack of clear distinction

between these two different concepts, hence, in most cases, they are used interchangaebly.

Species diversity is a function of the number of species present (species richness or number of
species) and the evenness with which the individuals are distributed among these species (species
evenness, species equitability, or abundance of each species) (Goodin et al., 2019). In general, there
have been two approaches to measuring species diversity, both of which incorporate information
on the number of species (species richness) and the relative abundances of individuals within each

species (species abundance) (Hamilton & Bean, 2005). One method has been to construct
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mathematical indices broadly known as diversity indices, and the other involves comparing
observed patterns of species abundance to theoretical species abundance models. Species diversity
indices take two aspects of a community into account, namely species richness and evenness or
equitability (the distribution of abundance among the species) (Hamilton & Bean, 2005). In this

study, Shannon diversity index is computed to evaluate the species diversity of the study sites.

The description of plant communities involves the study of species diversity, evenness, and
similarity. Diversity and equitability of species in a given plant community are used to interpret
the relative variations between and within the community and help to explain the underlying
reasons for such a difference. The idea of species diversity involves two relatively distinct
concepts: species richness and evenness. Species richness refers to the total number of species in a
community, while evenness is the relative abundance of species within the sample or community
(Chivaura-Mususa et al., 2000). Diversity is, thus, measured by recording the number of species
and their relative abundances. The two components may be examined separately or combined in
some form of index, like the Shannon diversity index. Patterns of plant species diversity have often
been noted for prioritizing conservation activities because they reflect the underlying ecological

processes that are important for management (Kebede, 2018).

Species diversity can be viewed from different perspectives: alpha, beta, and gamma diversity.
Alpha diversity refers to the diversity of species within a particular habitat or community. Beta
diversity is a measure of the rate and extent of change in species along a gradient from one habitat
to another. It is habitat diversity that measures turnover rates. Beta diversity is sometimes called
habitat diversity (Chivaura-Mususa et al., 2000). Gamma diversity is the diversity of species in
comparable habitats long geographical transect, and it depends on the alpha and beta diversity
(Sahle et al., 2021). The species diversity index provides information about community
composition than simply species richness. Measures of species diversity are usually seen to be key
indicators for the wellbeing of ecological systems. Among many species diversity indices,
diversity, and evenness are often calculated using the shannon diversity index, which naturally
varies between 1.5 and 3.5 and rarely exceeds 4.5 (MacDicken, 2015). It is the most widely used

index that combines species richness with evenness.
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2.7.Above Ground Carbon

Among the carbon pools, aboveground carbon (AGC) is the largest component, which stores over
80% of the global terrestrial carbon (Kumar et al., 2019). Aboveground biomass includes all woody
stems, branches, and leaves of living trees, creepers, and climbers (Pandian et al., 2021). The
carbon stored in the aboveground living biomass of trees is typically the largest pool and the most
directly impacted by deforestation and degradation (Foley et al., 2005). The ecological function
and economic values of forests, which are often expressed in terms of forest biomass and volume,
require a reliable method of estimation. Direct measurement of volume and biomass, in most cases,
gives a reasonable accuracy; however, employing field measurement, especially in large-scale 24
plantation projects, is quite expensive. Labor-intensive, mostly destructive, time-consuming, and
sometimes impracticable (Bharathi & Devi Prasad, 2017). Thus, the estimation of volume and
biomass using allometric equations, which can represent the field measurement for large-scale
industrial plantations, is highly advisable (Haro-Carrion et al., 2021). Generally, two methods of
field measurement (forest inventory) are available. An allometric equation is a statistical model
that uses parameters such as tree diameter and/or height and wood-specific gravity to estimate the
biomass and the carbon stock of trees (Kumar et al., 2019). Tree allometric equation models are
used in estimating tree biomass by regressing the biomass of whole trees or their components
against some easily measured variables in the field (Sahle et al., 2021). Allometric equations
express tree biomass as a component of the parameters, for example, diameter, height, wood
density, or a combination of these (Reppin et al., 2020). Diameter at breast height is commonly
used for above-ground biomass (AGB) estimation because it is simple to be repeatedly measured
with high accuracy and generally follows commonly acknowledged forestry conventions (Kumar
et al., 2019). Nevertheless, the relationship between biomass and tree dimensions differs among
species and may also be affected by site characteristics and climatic conditions (Kumar et al.,
2019), recommended that all the trees within the plots be measured at a DBH of 1.3 m above trees

by tagging with the placement number.
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2.8.Socio-Economic Importance of Ethiopian Forests

Ethiopia has a diverse range of forest ecosystems, including montane forests, dry afromontane

forests, and lowland bamboo forests. These forests are not only biodiversity hotspots but also vital

for the socio-economic well-being of the nation.

2.8.1.

Economic Contributions

A. Timber and Non-Timber Forest Products (NTFPs); Ethiopian forests provide a significant

2.8.2.

source of timber, which is crucial for construction, furniture making, and other industries.
Additionally, forests are a source of NTFPs such as honey, coffee, spices, medicinal plants,
and gums. These products are vital for the livelihoods of many rural communities and
contribute substantially to the national economy (Alemu et al., 2016).

Employment and Income Generation; The forestry sector provides employment
opportunities for thousands of people, from logging and processing to the collection of
NTFPs. Forest-based activities are particularly important in rural areas, where employment
opportunities are limited. Income generated from these activities supports household
economies and helps reduce poverty (Teklehaimanot, 2014).

Tourism; Ethiopia's forests are home to unique wildlife and stunning landscapes, attracting
both domestic and international tourists. Ecotourism in forested areas contributes to the
national economy through job creation, foreign exchange earnings, and the promotion of
local cultures and crafts (Tadesse & White, 2010).

Ecological Services

Biodiversity Conservation; Ethiopian forests are rich in biodiversity, harboring numerous
endemic species of plants and animals. These forests are crucial for the conservation of
genetic resources, which are essential for food security, medicine, and scientific research
(Yalden et al., 2008).

Climate Regulation; Forests play a significant role in regulating the climate by acting as

carbon sinks. They absorb carbon dioxide from the atmosphere, helping to mitigate the
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2.8.3.

effects of climate change. This function is particularly important for Ethiopia, which is
vulnerable to climate-related disasters such as droughts and floods (Gessesse et al., 2015).
Watershed Protection; Forests contribute to the maintenance of water cycles by regulating
water flow and enhancing groundwater recharge. They prevent soil erosion, reduce the risk
of landslides, and maintain the quality of water in rivers and lakes. These services are vital
for agriculture, drinking water supply, and hydroelectric power generation (Gebrehiwot &
van der Veen, 2013).

Social Significance

Cultural Heritage; Forests are integral to the cultural identity and heritage of many
Ethiopian communities. They are often associated with traditional practices, spiritual
beliefs, and historical events. Preserving forests helps maintain these cultural values and
promotes social cohesion (Alemayehu Wassie, 2007).

Food Security; Forests provide food resources such as fruits, nuts, and bushmeat, which are
essential for the nutrition and food security of local communities. In times of scarcity, these
resources serve as safety nets, preventing hunger and malnutrition (Tsegaye et al., 2008).
Education and Research; Forests serve as natural laboratories for education and scientific
research. They offer opportunities for studying biodiversity, ecology, and environmental
science. Educational programs and research initiatives in forested areas contribute to

capacity building and the advancement of knowledge (Negash, 2010).
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2.10. Conceptual framework of the study

The conceptual framework of this study figure (2) below shows how the three interconnected

components, namely Ecology (Species Composition, Forest Structure, and Habitat Types),

Biomass (Biomass Estimation, Carbon Storage, and Forest Growth), Socioeconomic Roles

(Livelihood Benefits, Cultural Value, and Ecosystem Services), and Outcome (timber, non-timber

forest products, cultural values), Therefore, the researcher tried to construct a cyclical relationship

of each factor based on the above empirical literature as follows

ECOLOGY

Species Composition
Forest Structure
Habitat Types

SOCIOECONOMIC ROLES

{}

BIOMASS

Biomass Estimation
Carbon Storage
Forest Growth

N

Livelihood Benefits
Cultural Value

Ecosystem Services

N

Out come

> timber

non-timber forest products
cultural values)

Figure 1: conceptual framework of the study

Source: adopted from Alavalapti et al. (1995)
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CHAPTER 3. MATERIAL AND METHODS

3.1. Description of the Study Area

3.1.1. Location

The study was conducted in Tsagbji District, located in the northern part of the Wag Himra
Administrative Zone in the Amhara National Regional State of Ethiopia. The district is situated
between latitudes 12° 39" 30" N and 12° 42' 30" N and longitudes 39° 12' 30" E and 39° 14' 30" E
(see Figure 1). It is bordered to the west and northwest by Abregle, to the south and southeast by
Sekota, and to the east by the Tigray region. The district lies 862 km northwest of Addis Ababa

and 502 km northeast of the regional capital, Bahir Dar. Tsaghbji District comprises one urban

kebele and nine rural kebeles (Tsagbij District Communication Office, 2024).

Ethiopia by Region
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Figure 2 Map of the study area
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3.1.2. Population

Tsagibji district has a population of 47,390 and is made up of 1 urban and 9 rural Kebeles,
according to the CSA (2024). Its population density of 180.39 people per square km, which is
higher than the zone average of 158.25 people per square km, is found in an area of 768.83 square
kilometers. The total population of Tsagibji district is shown in Table 1 based on the male-female

and residence area (urban-rural) variables.

Table 1 Total population of Study sites

Residence area Population by sex

Male Female Both sex

Number  Percentage Number  Percentage Number Percentage

Rural population 20,736 50.6% 20,240 49.39% 40,976  84.35%
Town population 3,335 8.13 3,079 7.5 6,414 15.65
Total population 24,071 58.7% 23,319 56.89% 47,390 100%

Source: CSA (2024:58)

The majority of the district population (84.35 percent) resides in rural areas, making up about 15.65
percent of the overall district population. In addition, of the district's 50.6 percent male population,
49.39 percent reside in rural areas, with the remaining 8.13 percent living in cities. Additionally,
of the 50.6 percent female population in the district, 49.39 percent reside in rural areas, while the

remaining 7.5 percent live in cities.

3.1.3. Soil Types and Climate

The study area predominantly four features a variety of soil types, including soil that is 60% red,
20% brown, 15% black, and 5% gray, all of which are appropriate for growing diverse agricultural
species. This district soil type is mostly characterized by acidic reactions, with an average pH range

of 5.6 to 6.0. This woreda has very low soil fertility.

The district is comprised of 80 percent lowland (Qola) and 20 percent midland (Woynadega) agro-

ecological zones, according to the Tsagibji district communication office (2016). Additionally, it's

been determined that 25% of the district is in a valley, 10% is a plateau, and 65% of the region is

mountainous. The district has an average temperature of 18 C. According to the Amhara Livelihood
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Zone Report from 2024, the region experiences between 600mm and 700mm of yearly rainfall.
The Kiremt (summer) rain, which comes from the end of June to September first, is extremely
important for agricultural activity. However, some homes use irrigation, particularly those that

grow potatoes, sugarcane, bananas, etc.

3.2. Methods

3.2.1 Data source

For this study, the data was collected from different sources, including (1) vegetation data, which
was collected from direct field measurement or inventory; (2) socio-economic data, collected from

household surveys, focus group discussions, key informant interviews, and personal observation.

3.3. Vegetation Inventory

3.3.1. Sampling design for vegetation inventory data

A systematic sampling design was used to collect data on vegetation of different growth forms
(Coker et al., 2000). Two concentric rectangular plots were placed along the transect lines in the
forest to record data from the vegetation. Random placement was used to determine the first
transect line and the first sample plot. Concentric rectangular sample plots were laid at a 50-100
m interval along each transect. Every sample plot consisted of two rectangular plots (a larger plot

with 10 m*10 m and a small plot with 5 m*5 m) that are concentric (Figure 3).

10m

10m

Figure 3 Sampling design and sample size used in data collection
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A woody seedling was counted in 5 m x 5 m (25 m?) rectangular plots. Woody seedlings are
immature trees, shrubs, or woody climbers with < 1m height and DBH < 2 cm (Sewagegn et al.,
2022). Likewise, the trees and woody climbers (DBH >10cm) were measured in the 10 m * 10 m
(100 m?). A graded stick and a hypsometer were to measure the height of trees and shrubs/saplings.
The DBH (at 1.3m) of trees, saplings and shrubs with lower diameter sizes was measured with a
caliper. For trees with their DBH above the caliper size was measured for their circumference with
a Tape Meter at 1.3 m and converted to DBH.

In all sample plots, the common names and scientific names of encountered species were recorded.
Common names were identified with the help of elder persons while scientific nomenclature was
using plant identification Manuals (UNEP, 2016) and Volumes of Flora of Ethiopia and
Eritrea(VFEE)(Reynolds et al., 2017).

3.3.2. Species diversity analysis

The species richness indicates the number of different species in the community. A diversity index
is a quantitative or statistical measure that indicates how many distinct types of species there are
in a specific area or population. The evenness index indicates how evenly the individuals are
distributed across those sorts of species, (MacDicken, 2015). Therefore, species richness, the
Shannon-Wiener diversity index, would be utilized in this study to characterize the species variety
of the plantation forest and natural vegetation inside the church forest. The most often used
indicator of species diversity is the Shannon-Weiner diversity index since it takes into
consideration both species richness and evenness and is unaffected by sample size (Chivaura-

Mususa et al., 2000). Shannon-Wiener diversity index was calculated as follows.

Where,
H = Shannon diversity index,
S = the number of species,
Pi = the proportion of individuals and

In = logbasen
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The higher the value of H, the more diverse the community or the quadrats are sorensen’s similarity
index was used to determine the pattern of species turnover among cluster communities. It is

described using the above formula (Tolera et al., 2008).

3.3.3. Population structure and regeneration

Regeneration or recruitment status as well as the viability status of the population of species could
be best expressed by patterns of species population structures (Aerts et al., 2016). The species
structural composition of the study forest was described in terms of stem density, frequency,
dominance, basal area per hectare (BA/ha) calculated from DBH>2 cm, important value index
(IVI) and mean maximum height (calculated from the maximum height recorded in each sample
quadrants). In diameter size distribution analysis, the DBH of woody species was grouped
following (Gibru & Biru, 2022): 1=2 -10 cm; 2 = 11- 20 cm; 3 = 21-30 cm; 4 = 31- 40; 5 =41-50;
6=>51 cm, Similarly six height classes were designed as Class 1 =1-5m; 2 =6-10 m; 3 = 11-15
m; 4 = 16-20 m; 5 = 21-25 m; 6 = >26 m. Then, density — diameter and density- height graphs

were developed for trees of each studied forest patch.
The following structural parameters of the species were analyzed (Bharathi & Devi Prasad, 2017).

the number of plots in which that species occurs

F f ies = 100...... 2
requency ora species total number of plots

Frequency of species A
the total frequency of all species

Relative frequency =

the number of individuals of that species

Density of species = i 4
y otsp area sampled

. . Density of species A
Relative density = - - 100....... 5
total density of all species

nDBH?

Basal area (m2) = R 6
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Where 1=3.14 and dbh = diameter at breast height (cm) for woody species with DBH>2.5

Total basal area

Dominance = T
area sampled

. . Dominance of species A
Relative dominance = . . 100.... 8
total dominance of all species

Importance Valuedex (IVI) =RD +RF+RDO. ... ... ... .......eQ9
Where RD = Relative density
RF = Relative frequency
RDO= Relative dominance

The important value index (IV1) is the most important parameter to understand the community
organization about the competitive ability. IVI gives a more legalistic value figure of dominance
from a structural standpoint (Gibru & Biru, 2022). The species having the highest VI was
identified as dominant and the second-highest 1\VI was defined as a co-dominant species(Vargas-
Larreta et al., 2021).

3.4. Measuring of aboveground biomass carbon pool

The aboveground biomass (AGB) consists of all living vegetation above the soil that includes
stems, stumps, branches, bark, seeds, and foliage (Brown et al., 2002). To estimate the AGB
carbon, the total height and perimeter at breast height of all living stems =5 cm DBH within each
plot were measured and identified to the species level. Then, the aboveground biomass (AGB) was
estimated using allometric equations. The allometric equation is the commonly used method to
estimate forest biomass in a non-destructive way. Application of regionally developed allometric
equations is not recommended due to the high species diversity in tropical forests Chave (2014).
Thus, general allometric equations formulated by some authors have been most frequently used 41
in Africa for biomass and carbon stock assessments(Con et al., 2013). The generic allometric
equations developed by (Con et al., 2013) were considered a suitable equation to estimate
aboveground biomass in a tropical forest. This model included sites from Africa by considering 58
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study sites of woody vegetation, excluding plantations and natural forests with a total of 4004 trees
and DBH ranging from 5 to 212cm, spanning a wide range of climatic conditions and dry tropical
forest types. The model was found to hold across tropical vegetation types, with no detectable
effect of region or environmental factors (Mugasha et al., 2013). According to Henry (2010),
equations that integrate more than one tree dimension improve the reliability of forest biomass
estimation. For this, the model of (Chave et al., 2014) used by many studies and the best tropical
AGB model incorporating wood specific gravity, DBH, and total height has been the best model
for carbon stock assessment in Ethiopia (Ethiopian Forest Reference Emission Level (EFRL),
2016). Since this model performed well across forest types and bioclimatic conditions of tropical
areas, this study used this model to determine the AGB; the equation is given below (Chave et al.,
2014).

=0.0673 (p 2 )09 . . 10

Where: AGB = aboveground biomass (in kg dry matter), D = DBH, and H =stem length, (in m), p

= density. DBH and tree height were directly measured
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3.5. Socioeconomic data collection

This research followed a mixed research method (combining qualitative and quantitative data
collection methods) to address the research problem. The core assumption for using the approach
was that it provides a more complete understanding of the problem than one approach alone (Levitt
et al., 2018). From the analytical design, a cross-sectional survey was applied because it allows
data to be collected at a single point in time without repetition from the representative sample. In
this research, a household is a unit of analysis. The socio-economic data were collected from
primary and secondary data sources. Primary data sources were individual interviews, key
informant interviews, and focus group discussions about the perception of the community about
church forests using questionnaires and checklists. Secondary data were collected from published

and unpublished papers and reports.
3.5.1. Sampling Techniques and Sample Size Determination

For this study, purposive sampling and simple random sampling techniques were used. Tsagbji
District was purposely selected due to the presence of church forests in the district, and the two
kebeles were selected out of 10 kebeles, namely, Tsata and Beleka, purposely selected based on
their dominance of church forest coverage over others. Finally, a simple random sampling
technique was used to select sample households from each Kebele. The sample size was

determined using the following sample size determination formula developed by (Yamane, 1974).

N= the total number of households
n=total sample size

e= the acceptable sampling errors=10%=0.1 at a 90% confidence level

_ 480
"~ 1+480(0.052)

=218

From 218 sampled households 100 samples were from Beleka Kebele, with 70 (88.42%) being
male-headed households, and 30(11.58%) being female-headed households. While 118 households
are from Tsata Kebele, 100 (88.45%) are male-headed and 18 (11.55%) are female-headed (Begna,

2022).
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3.6. Data Source and collection method
Several data collection methods were used in this study, including a household survey, focus group
discussions (FGD), and key informant interviews (KII). Data collection was undertaken in January

2024 through a household survey using questionnaires.

3.6.1. Household Survey (HHS)

The investigator used similar questions for all the sample respondents and collected data from the
sample household heads through a semi-structured questionnaire. Administering uniform
questionnaires has less difficulty in analyzing the data as well as interpreting it. It is also
comparatively inexpensive and easy, even when gathering data from large numbers of people

spread over a wide geographic area, and it reduces the chance of evaluator bias.

The questionnaire was prepared in English first and then translated into Amharic because the
selected respondent for this research was an Amharic speaker and for information clarity during
data collection and to enhance the validity of the data. Furthermore, before using it in the main
survey, the questionnaire was pre-tested using 30 households from both sample Kebele to check
its validity and reliability. After necessary modifications following the feedback from the pilot
survey, the final version of the questionnaire was translated into English for appropriate entry into

SPSS software for analysis.

To fill out the questionnaire, two supervisors with diploma qualifications were selected in each
kebele, then, trained and assigned to the chosen Kebele for data collection. The study conducted
regular monitoring while enumerators were interviewing the respondents and daily evaluation of

the filled questionnaires was undertaken throughout the data collection processes.

3.6.2. Focus group discussion (FGDs)
A total of two focus group discussions (FGDs), one from each Kebele, were held to supplement
the findings of the household survey and to generate data about the views of the people on the
contribution of church forests to household income. The group participants were people who knew

better about the overall condition of the area. The groups comprised mainly village leaders, model
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farmers, community elders, and youth. The group size was limited to 6 to 12 people. The
discussions were held under a tree canopy in their areas, which they were comfortable with, and
facilitated by a moderator, the researcher himself, and a note-taker. Points were noted when an
agreement among group members was reached. In addition, the development agents were always
around the group for any assistance needed, including making prior communications and

appointments with the local people.

3.6.3. Key Informants’ Interview (KllIs)

The key informants (KI1Is) are specially selected individuals with a long period of experience in a
certain community or specialized knowledge or skills in a certain topic (Bhamra et al., 2011).
Consequently, key informant interviews (KII) were conducted for specialized information,
particularly about the condition of the church forest in the area. The key informants include district
experts, development agents, village elders, local leaders, and model farmers. A total of 12 key
informants, six from each kebele, were purposefully selected. These individuals were chosen
because they are supposed to have special information and knowledge about issues, local needs,
and interests that others do not possess. A semi-structured checklist with interactive conversions
was made with the informants. This interview was conducted to enrich and substantiate the

outcomes of the focus group discussions (FGDs) and household interviews..

3.6.4. Likert scale analysis of farmers' perception
Five levels of Likert scale items data for perception analysis were conducted based on the Tim

Wellt 2013 analysis technique as follows.

The sum of score = +FA+FD+ +
Where

= frequency of strongly agree
FA = frequency of agree
FD = frequency of not deciding

= Frequency of disagreeing

= frequency of strongly disagree.
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Sum score
Total sample size ™

Average score =

According to Tim willet, (2013), if the average score is greater than 3.51, farmers have a good
perception of the technology, if the average score is 2.51 — 3.50 farmers have no confidence in the
technology and if the average score is below 2.50; farmers have not good perception on that

technology.

3.7. Method of Data Analysis

3.7.1. Data analysis

The survey data was entered and processed (summarized, categorized, and coded) with the help of
Statistical Software (SPSS). The data was checked and precisely edited before being subjected to
analysis. Descriptive statistics (frequency and percentage) were used to analyze the data.
Descriptive statistics were used to describe the socioeconomic characteristics of households. Data
collected through focus group discussion (FGD) and key informant interview (KI1I) were narrated

qualitatively.
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CHAPTER 4. RESULTS AND DISCUSSIONS

4.1 Tree species composition of the study sites
A total of 54 plant species, which belong to 46 genera and 30 plant families, were recorded from
both study sites, Jilwa Makros Church Forest (JMC) and Kirstos Semra Church Forest (KSC), in
the 29 quadrats. Of the 54 species, 51 were recorded within the sampling quadrat, and three species
were recorded outside the sampling quadrat but inside the church forest. Of the total species, 15
(27.8%) were shrubs, 9 (16.7%) were herbs, 28 (51.9%) were trees including grasses, and 2 (3.7%)
were climber (Appendix 1).
Of the 30 plant families, Fabaceae had the highest number of species (6), followed by Rutaceae,
Capparidaceae, Euphorbiaceae, and Tiliaceae with three species. Of these, 33.3% of the total
species recorded from the area were included under these five families; hence, the dominance of
these families in this study is in agreement with their general dominance in tropical forests
(Sewagegn et al., 2022). There are 18 plant families represented by two species and 18 plant
families that were represented by only one species each (Table 2). At the genus level, Acacia
(Fabaceae) and Grewia (Tiliaceae) accounted for the highest, which contained three species, and
the second was Citrus (Rutaceae) and Grewia (Tiliaceae), with three species each.
Fabaceae family is well-known for its broad range and ecological relevance; it frequently aids in
the fixation of nitrogen and supplies a home and food for a variety of creatures (Musila et al.,
2010). On the other hand, only one or two species were found in several plant families, indicating
that their range or abundance may be limited by certain ecological niches or specialized adaptations
(Getachew et al., 2023). Understanding the distribution patterns of plant families and their species
richness contributes to our knowledge of plant community composition and ecosystem functioning.
It enables us to identify key plant families that play essential roles in supporting the overall
biodiversity and ecological processes within the church forests. Our study can focus on the role of
church forest for species conservation.
of these plant families to ensure the long-term health and diversity of these valuable forest
ecosystems (Senbeta & Teketay, 2002).
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Among the identified tree species three of them found to be indigenous to Ethiopia. These were

Echinops kebericho and Bidens pachyloma, recorded from JMC forest and Justicia heterocarpa

found in KSC forest which account for 5.6% of total species. From 3 indigenous species two

species are listed in the IUCN RED lists as vulnerable and threatened conservation status Based on

available literature(Luedeling et al., 2014), the endemic species and the level of their threat. These

are Justicia heterocarpa as vulnerable and Echinops kebericho as near threatened. Echinops

kebericho, Bidens pachyloma, and Justicia heterocarpa are unique to the country, indicating giving

great attention to save from eliminating.

Table 2 List of plant families with their number of genera and species

No. Family Genera Species (%)
1 Fabaceae 4 6 11.1
2 Rutaceae 3 3 5.6
3 Capparidaceae 3 3 5.6
4 Euphorbiaceae 2 3 5.6
5 Tiliaceae 1 3 5.6
6 Acanthaceae 1 2 3.7
7 Asteraceae 2 2 3.7
8 Combretaceae 2 2 3.7
9 Boraginaceae 1 2 3.7
10 Cupressaceae 2 2 3.7
11 Vitaceae 1 2 3.7
12 Oleaceae 2 2 3.7
13 Anacardiaceae 2 2 3.7
14 Rhamnaceae 2 2 3.7
15 Others 18 18 33.3
Total 46 54 100

4.2. Vegetation Classification of IMC

Based on our results, JMC had three clusters or plant community types. These clusters, designated

by roman numbers (I-111), and descriptions of the community types are given by the dominant

species in each cluster and thus the communities named accordingly (Figure 3).
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Figure 4 Dendrogram showing the vegetation of JMC (The dendrogram is produced by

Hierarchical cluster analysis using R software version 4.1.2)

Table 3 Importance value of species in each cluster

Species Communities
I I i

Acacia abyssinica 145 12.1 115
Acacia ethbica 12.3 14.2 10.5
Acacia totolis 10.3 18.2 6.4
Acacia albida 8.6 16 5.6
Combretum molle 7.5 7.2 13.5
Syzygium guineense 6.2 5.8 12.2

31



4.2.1. Acacia abyssinica - Acacia ethbica Community type (1)

This community was composed of 1 quadrat and 12 species. The community is distributed between
the altitudinal ranges of 1527 - 1660 m . This community had three indicator species (Aloe elegans,

Barleria eranthemoides, and Asparagus africanus).

Acacia abyssinica and Acacia ethbica are prominent species in a community, contributing
significantly to its structure, composition, and ecological dynamics. The community has 12 species,
each with unique environmental traits. Three indicator species, Aloe elegans, Barleria
eranthemoides, and Asparagus africanus, are identified, highlighting the community's
distinctiveness and ecological characteristics. Understanding these characteristics is crucial for
conservation and management, allowing for targeted strategies to preserve habitat and promote the
persistence of dominant species. These findings also provide insights into the ecological processes

and environmental factors influencing the community's altitudinal distribution patterns.

4.2.2. Acacia totolis - Acacia albida Community type (I1)

This community type is composed of 12 quadrants and 23 species. It has four indicator (dominant)
species (croton macrostachyus, syzygium guineense, ziziphus abyssinica, combretum molle). Most
of these dominant species were trees, and the altitudinal range of this community type is between
1555m and 1636 m.

The Acacia totolis — A acacia albida community type has a diverse assemblage of 23 species,
indicating a complex ecological structure and potential interactions among organisms. Four
indicator species, such as Croton macrostachyus, Syzygium guineense, Ziziphus abyssinica, and
Combretum molle, play significant roles in shaping the community's structure, composition, and
ecological dynamics. The majority of dominant species are trees, highlighting the importance of
woody vegetation and potential vertical stratification. The altitudinal range of this community type
is between 1555m and 1636 m above sea level, providing insights into its distribution patterns and
ecological dynamics. This knowledge is valuable for conservation planning, management
strategies, and ecosystem monitoring efforts to preserve the biodiversity and ecological integrity

of this community type.
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4.2.3. Combretum molle - Syzygium guineense Community type (111)

This community type is composed of 3 plots and 25 species. The indicator species of this
community type are Terminalia brownii, Euphoribia tirucallis, Euclea racemosa, and

Commiphora Africana. The altitudinal range is between 1529m and 1657 m.

The Combretum molle - Syzygium guineense community type, located between 1529m and 1657m
above sea level, is influenced by the species Terminalia brownii, Euphorbia tirucallis, Euclea
racemosa, and Commiphora Africana. These species play a crucial role in shaping the community's
structure, composition, and ecological dynamics. Understanding the species composition,
dominant species, and altitudinal range of this community type is essential for conservation
planning, management strategies, and ecosystem monitoring to preserve biodiversity and

ecological integrity.

4.3. Vegetation Classification of KSC

The study in KSC identified three clusters or plant community types. Figure 4 below presents these
clusters, designated by roman numbers (I-111), and descriptions of the community types are given
by the dominant species in each cluster and thus the communities named accordingly. By
examining the distribution of community types, we can gain insights into the spatial patterns and
composition of these communities. This information contributes to our understanding of the
ecological dynamics and species interactions within each community type, facilitating targeted
conservation and management efforts for preserving their unique characteristics and promoting

biodiversity conservation (Malmsheimer et al., 2008).
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Figure 5:- Dendrogram of the vegetation in KSC

Table 4 Importance value of species in each cluster

Species Communities
| I 1l

Olea europaea sub sp 13.7 11.2 10.7
Croton macrostachyus 11.9 12.4 94
Euclea racemose 9.6 19.3 54
Acacia totolis 8.3 14.5 4.9
Ziziphus abyssinica 7.6 6.2 15.3
Dodonaea angustifolia 5.2 4.7 11.6

4.3.1. Olea europaea sub sp - Croton macrostachyus Community type (1)

This community was composed of 9 quadrats and 23 species. The community is distributed
between the altitudinal ranges of 2060- 2089 m.a.s.l. This community had five indicator species

(Acacia totolis, Acacia ethbica, Euphoribia tirucalis, Euphorbia abyssinica, Cordia monoica).

The Olea europaea sub sp - Croton macrostachyus Community's ecological characteristics and
potential adaptations are better understood by examining its altitudinal distribution. The
identification of key indicator species, such as Acacia totolis, Acacia ethbica, Euphorbia tirucalis,

Euphorbia abyssinica, and Cordia monoica, is crucial for understanding its structure, composition,
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and dynamics. This knowledge is crucial for conservation planning, management strategies, and

ecosystem monitoring to preserve biodiversity and ecological integrity.

4.3.2. Euclea racemosa - Acacia totolis Community type (1)

This community type is composed of 1 quadrant and 12 species. It has four indicators (dominant)
species (Jasminum abyssinicum, euphoribia tirucallis, Terminalia brownii, cordia africana). Most
of these dominant species were trees and the altitudinal range of this community type is between
2072m-2086 m.a.s.l.

The Euclea racemosa - Acacia totolis Community is dominated by trees, which play a crucial role
in its structure, composition, and ecological dynamics. Their presence suggests complex
interactions, such as competition and resource partitioning among tree species. The community's
altitudinal range spans from 2072m to 2086 m.a.s.l., providing insights into its elevation
preferences and environmental conditions. Jasminum abyssinicum, Euphorbia tirucallis,
Terminalia brownii, and Cordia africana are key indicator species, playing key roles in nutrient
cycling, habitat provision, and species interactions. Understanding these factors helps in
conservation planning, management strategies, and ecosystem monitoring, preserving biodiversity

and ecological integrity in this community.

4.3.3. Ziziphus abyssinica - Dodonaea angustifolia Community type (111)

This community type is composed of 3 plots and 25 species. The indicator species of this
community type were (Echinops kebericho, Grewia flavescens, Acacia totolis, Acacia ethbica).

The altitudinal range is between 2062m-2088 m a.s.l.

The Ziziphus abyssinica - Dodonaea angustifolia Community is a diverse ecosystem with 25
different species, highlighting its importance in its structure, composition, and ecological
dynamics. The community's altitudinal range, ranging between 2062m and 2088m a.s.l., provides
insights into its elevational preferences and environmental conditions. Echinops kebericho, Grewia
flavescens, Acacia totolis, and Acacia ethbica are key species in the community, playing crucial
roles in pollination, seed dispersal, and habitat provision. The community's diversity and

complexity of interactions contribute to its overall diversity and complexity. Understanding these
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factors is crucial for conservation planning, management strategies, and ecosystem monitoring to

preserve biodiversity and ecological integrity.

4.4. Basal area of studied forests

Based on our results, in JMC, the total basal area was 1299.07m?/ha and Acacia abyssinica,
Commiphora Africana, Syzygium guineense and Acacia albida were the most dominant and most
important species because of their higher basal area (Table 7).

The total basal area of KSC forest was 1464.5 m?/ha, and the most dominant species were Ficus
vasta, Acacia abyssinica, Cordia Africana, and Croton macrostachyus (Table 7). A comparative
contribution of the different DBH classes to the total basal area is presented in Table 7. It is evident
from the table that, even though about 42% of all the individuals had DBH less than 30 cm (DBH
class 3), the percentage contribution of these classes to the total basal area was only 3.87%.
Conversely, individuals in the DBH classes greater than 42 cm had a density of about 14% of the
total, but they contributed to about 69.64% of the total basal area computed for the forest. Similar
findings were also reported by Cherinet & Lemi, (2023).

The KSC forest shows a significant difference in the contribution of smaller DBHSs to the total
basal area, while larger DBH classes, despite their lower density, significantly influence it in the
opposite of my results. The predominance of this species in the forest was probably because of its
low demand for timber and other purposes by the local people (Hundera & Gadissa, 2008).
Understanding this relationship is crucial for assessing structural dynamics and biomass
distribution, which can help in forest management, conservation efforts, and sustainable resource

utilization because of a similar reason(UNEP, 2016).
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Table 5.Basal area of major tree species in both sites

JMC KSC
No  Species Basal area Species Basal Area
1 Acacia abyssinica 156.2 Acacia abyssinica 122
2 Acacia albida 1115 Acacia albida 85.2
3 Acacia ethbica 111.3 Acacia ethbica 51.3
4 Acacia totolis 95 Acacia totolis 60
5 Boscia angustifolia 56.7 Boscia angustifolia 92.7
6 Combretum molle 61.3 Commiphora Africana 82.1
7 Commiphora Africana 143.3 Cordia Africana 137.9
8 Cordia monoica 98.06 Cordia monoica 63.02
9 Croton macrostachyus 80.02 Croton macrostachyus 74.08
10 Ehretia cymosa 43.1 Ehretia cymosa 35.01
11 Euphorbia tirucalli 49 Euclea racemose 34.9
12 Maytenus senegalensis  72.06 Euphorbia abyssinica 57.02
13 syzygium guineense 161.03 Euphorbia tirucalli 92.032
14 Terminalia brownie 53.02 Ficus vasta 147.03
15 Ziziphus abyssinica 87.8 Maytenus senegalensis 41.04
16 Olea europaea sub sp 98.03
17 Syzygium guineense 108.09
18 Ziziphus abyssinica 83.06
Total 1299.07 1464.5

The total basal area calculated for Jilwa Markos Church forest was 1299.07 m?/ha, of which more
than 45.2% (572.03 m?/ha) was contributed by four species (Acacia abyssinica, Syzygium
guineense, Commiphora Africana, and Acacia albida (Table 7). Whereas the total basal area of
Kirstos Semra was 1464.5 m?/ha, of which more than 613.05 m?/ha (46%) was occupied by five
dominant species, such as Acacia abyssinica, Cordia Africana, Croton macrostachyus, Ficus vasta,

and Syzygium guineense (Table 7).
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Table 7 shows that certain species significantly contribute to the basal area of their forests. In Jilwa
Markos Church forest, four species, including Acacia abyssinica, Syzygium guineense,
Commiphora Africana, and Acacia albida, accounted for a significant portion of the total area,
indicating their ecological importance. In the Kirstos Semra site, five major species, including
Acacia abyssinica, Cordia Africana, Croton macrostachyus, Ficus vasta, and Syzygium guineense,
accounted for a significant portion. These findings offer insights into forest management and

conservation strategies.

4.5. Importance Value Index (IVI)

The importance value index (IVVI) of 33 species was calculated. The result showed that Acacia
abyssinica, Acacia ethbica, Acacia totolis, Boscia angustifolia, Croton macrostachyus,
Combretum molle, Cordia monoica, Terminalia brownii, Euclea racemosa,and Syzygium
guineense were the first ten most important species with higher IV1 values (Table 8). VI analysis
is used for setting conservation priority. Those species that receive lower IVI values need high

conservation efforts, while those with higher VI values need monitoring and management.

The study emphasizes the importance of ten species in the ecosystem, highlighting their significant
impact on vegetation and ecosystem balance. Allocating resources and implementing conservation
measures is crucial for their long-term survival. Lower IV species may require more intensive
conservation efforts due to threats like habitat loss or population decline. By considering these
species' IVI values, conservation practitioners and policymakers can make informed decisions
about resource allocation, planning, and monitoring, promoting biodiversity preservation and

ecosystem sustainability (Ajayi & Ajayi, 2021).

Analysis of the relative density indicated that Euclea racemosa, Acacia ethbica, Acacia totolis,
Acacia abyssinica and Croton macrostachyus were the four most abundant species and constituted
about 29.7% of the total density (Table 8). Hence, Euclea racemosa, Acacia ethbica, Acacia totolis,
Acacia abyssinica and Croton macrostachyus were the most frequently occurring species (Table
8).
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Table 6.Important value index, Density and Dominance of major tree species in studied sites

JMC  Species Freq RF D ReD(%) Domin ReDom vl
Acacia abyssinica 68.75 11.7 68.75 12.9 2826  21.19 45.8
Acacia albida 56.25 9.6 37.5 7.06 9.6 7.2 23.86
Acacia ethbica 100 17.02 100 18.8 9.6 7.2 43.02
Acacia totolis 100 17.02 100 18.8 5.9 4.4 40.22
Boscia angustifolia 6.25 1.06 6.25 1.17 4.9 3.7 5.93
Combretum molle 62.5 10.6 50 9.4 5.9 4.4 24.4
Commiphora Africana  6.25 1.06 6.25 1.17 11.04  8.28 10.51
Cordia monoica 18.75 3.19 12.5 2.35 7.06 5.3 10.84
Croton macrostachyus 12.5 2.12 12.5 2.35 7.06 5.3 9.77
Ehretia cymosa 18.75 3.19 1875 35 4.9 3.7 10.4
Euphorbia tirucalli 43.75 7.44 37.5 7.06 9.6 7.2 21.7
Maytenus senegalensis  6.25 1.06 6.25 1.17 7.07 5.3 7.53
syzygium guineense 43.75 7.44 31.25 5.88 7.07 5.3 18.62
Terminalia brownie 12.5 2.12 12,5 2.35 7.07 53 9.77
Ziziphus abyssinica 31.25 53 31.25 5.88 8.3 6.2 17.4

Total 100 100 100 300

KSC  Acacia abyssinica 146 19.2 154 244 6.05 1.5 23.14
Acacia albida 46 6.04 61.5 9.8 17.8 4.4 20.24
Acacia ethbica 61.5 8.08 61.5 9.8 17.8 4.4 22.28
Acacia totolis 69.2 9.09 69.2 11 28.8 7.12 27.21
Boscia angustifolia 7.7 1.01 7.69 1.2 34.9 8.6 10.81
Commiphora Africana  15.4 2.02 1538 24 155 3.8 8.22
Cordia Africana 23.07 3.03 1538 24 17.8 4.4 9.83
Cordia monoica 15.4 2.02 1538 24 24.2 5.98 10.4
Croton macrostachyus  84.6 111 92.3 14.6 24.2 5.98 31.68
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Ehretia cymosa 23.07 3.03 23.08 3.7 34.9 8.6 7.33

Euclea racemose 100 13.1 100 15.9 43.03 10.6 39.6
Euphorbia abyssinica  30.8 4.05 30.8 4.9 24.2 6 14.95
Euphorbia tirucalli 46 6.04 38.5 6.01 17.8 4.4 16.45
Ficus vasta 154 2.02 154 2.44 7.9 1.95 6.41
Maytenus senegalensis 7.7 1.01 7.7 1.22 24.2 6 8.23
Olea europaeasubsp  38.46 5.05 38.046 6.04 20.6 5.06 16.1
syzygium guineense 7.7 1.01 7.7 1.22 24.2 6 8.23
Ziziphus abyssinica 23 3.03 15.4 2.44 20.6 5.09 10.56
Total 100 100 100 292

Dominant species were selected based on their rank in VI values indicated in Table 8. Species
having IVI value above 5.00 are referred to as dominant because of the relative ecological
importance they played in the forest ecosystem and also their abundance in distribution, and high
basal area within the forest. Accordingly, Acacia abyssinica, Acacia ethbica, Acacia totolis, Boscia
angustifolia, Croton macrostachyus, Combretum molle, Cordia monoica, Terminalia brownii,
Euclea racemosa, syzygium guineense, were identified as dominant species in both church forests
(Table 8).

The dominant species in a forest ecosystem are highly abundant, widely distributed, and
significantly influence the structure, composition, and functioning of the forest. Identifying these
species is crucial for understanding ecosystem dynamics, designing effective conservation and
management strategies, and promoting the long-term conservation and sustainability of church
forests. This recognition also aids in land-use planning, restoration initiatives, and sustainable

resource management, ensuring the resilience and integrity of the ecosystem.
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4.6. Growth habit, population structure, and regeneration status of species

4.6.1 Growth habits of species

In this study, a simple classification of growth forms was adopted to categorize the recorded species
in both the Jilwa Makros Church forest (JMC) and the Kirstos Semra Church forest (KSC).
Information gathered from the field and relevant literature were used to classify the species into
four distinct growth forms: trees, shrubs, herbs, and climbers. This approach differs from more

complex classifications, such as those proposed by (Fuller, 1934).
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Figure 6:- Classification of plant species based on growth habit

In both the JIMC and KSC study areas, four types of life forms were identified. The presence of
multiple life forms indicates the ecological diversity and complexity of the studied ecosystems.
These life forms play essential roles in shaping the structure and functioning of the forest

communities (Fuller, 1934).

Understanding the distribution and abundance of different life forms provides insights into the
ecological dynamics and ecological niches within the study areas. It allows us to assess the
contributions of each life form to the overall biodiversity and ecosystem services provided by the
forests. Our study analysis and research can delve into the specific characteristics and ecological

interactions associated with each life form. This knowledge can inform conservation strategies and
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management practices that aim to promote the sustainable coexistence of these diverse life forms
within the JIMC and KSC forests.

4.6.2 Population structure of species

The patterns of diameter class distribution indicate the general trends of population dynamics and
recruitment processes of a given species. Analysis of the population of 33 tree species in both
church forests revealed irregular shapes (Figure 6). This pattern indicates poor reproduction and
recruitment of species, which may be associated with intense competition from the surrounding

trees. Similar findings were also reported by (Feleke, 2000).

This suggests an imbalance in the population structure, with certain species experiencing
suboptimal conditions for successful reproduction and recruitment. Intense competition from
neighboring trees may limit the availability of resources, hindering the establishment and growth
of new individuals. Understanding these dynamics is crucial for effective forest management and
conservation, as it highlights the need to address factors contributing to poor reproduction and
recruitment of species, which may be associated with intense competition from the surrounding
trees. (Senbeta & Teketay, 2002) have also reported similar justification for inverted J-curve
population structure. Implementing appropriate management strategies, such as selective thinning
or creating canopy gaps, can promote regeneration and enhance the overall health and resilience of
the forest ecosystem. Monitoring changes in diameter class distribution over time can provide
insights into long-term trends, allowing for adaptive management practices and proactive

conservation efforts.
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Figure 7 Population structure of selected tree species

Most of the species with irregular distributions are tree species that are hunted by the local people
selectively for logging, house construction, firewood and charcoal production or over grazing
which affects the seedlings under the mother tree. For example, Cordia Africana and Terminalia
brownii at their small and medium size are highly needed for construction (personal

communication with the local people and personal observation).
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According to the results, it was found that over 76% of the individuals in the Jilwa Markos forest
had a height of less than 10 m, indicating the dominance of low-status individuals within the forest.
The frequency distribution of individuals across different height classes displayed an irregular
pattern. In terms of diameter at breast height (DBH), the highest number of individuals per hectare,
accounting for more than 42%, was recorded in DBH class Three, which ranges from 21 cm up to

30 cm. This class consisted of 388 trees per hectare (Figure 6).

4.6.3. Regeneration status of species

The composition and density of seedlings and saplings of selected tree species in both JMC and
KSC forests were included in this study. The total seedling and sapling woody tree densities of 33
selected tree species were about 319 seedlings/ha from JMC and 577 seedlings/ha from KSC
(Appendix I).

We select four main common tree species to identify the regeneration status of both JIMC and KSC
forests. These selected tree species were, Acacaia abyssinica, Cordia monoica, Croton
macrostachyus and Syzygium guineense. In JMC, the Acacaia abyssinica tree had an inverted “J”
shape. This is the indicator of good regeneration status. So Acacaia abyssinica had good or healthy
regeneration status. Whereas Cordia monoica, Croton macrostachyus and Syzygium guineense had
different shapes. This implies that this species had no normal regeneration status (Figure 7). In
KSC, Cordia monoica and Syzygium guineense had relatively good regeneration status. But

Acacaia abyssinica and Croton macrostachyus had no healthy regeneration status (Figure 7).
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Figure 8. Regeneration status of JMC and KSC forests
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According to our study, two tree species have no tree seedlings or saplings in JMC forest. These
species were Commiphora Africana and Commiphora abyssinica. On the other hand, in KSC forest
three species had less than 10 seedlings or saplings per hectare. These were Euphorbia abyssinica,

Juniperus procera and Ziziphus abyssinica.

The absence or the low density of seedlings and saplings in JMC and KSC forests raises concerns
about their future population dynamics and sustainability. These issues may affect reproduction,
seed dispersal, germination, and survival under the prevailing ecological conditions. Our study
investigation is needed to understand the reasons behind these observations, including ecological
factors like competition, habitat suitability, seed predation, and disturbance regime. Similar
findings were also reported by (Thorlakson & Neufeldt, 2012). Human activities like selective
harvesting, livestock grazing, and habitat degradation should also be evaluated. Identifying tree
species with poor regeneration potential can help develop conservation planning and management
strategies (Vargas-Larreta et al., 2021). Possible reasons for insufficient seedlings and saplings for
the above tree species in the forest might be seed predation, grazing and browsing, lack of safe site
for seed recruitment, nature of seeds of certain trees which seek dormancy period, litter
accumulation, pathogens, species specificity, and moisture stress or probably they might have other
alternative adaptations for propagation and reproduction rather than seed germination similar
findings were also reported by (Teshager et al., 2018).

Based on these results, we can group the tree species of Jilwa Markos Church Forest are categorized
into two priority classes for conservation: Class 1 (no seedlings or saplings) and Class 2 (low
seedlings or saplings per hectare). These classes require immediate attention and conservation
efforts to prevent local extinction. By categorizing these species, conservation efforts can be
focused on the species at greatest risk, implementing targeted interventions like habitat restoration,
seedling establishment programs, protection from disturbances, and monitoring population
dynamics to effectively conserve these species and prevent their local extinction (Balliu et al.,
2017).
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Table 7.Species conservation Priority Classes

Priority Class 1 Priority Class 2
Commiphora Africana Euphorbia abyssinica
Commiphora abyssinica Juniperus procera
Boscia angustifolia Ziziphus abyssinica

Croton macrostachyus
Syzygium guineense
Euclea racemose

Acacia totolis
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4.7. Tree biomass and carbon stock

The total above-ground biomass (AGB) of IMC was 599.6 tons/ha, and the total C stock was 299.8
t/ha. From 599.6 tons/ha, more than half was covered by only four species, such as Terminalia
brownie, Combretum molle, Ehretia cymosa, and Cordia monoica, contributing 471.9 tons/ha
(61.5%) of total AGB in JMC. Among the species found in the JMC forest, Terminalia
brownie stands out with remarkably high above-ground biomass and carbon stock values,
indicating its substantial contribution to carbon sequestration. Additionally, species
like Combretum molle and Ehretia cymosa exhibit notable capabilities in storing carbon efficiently
within this forest (Table 10). Whereas, in KSC, the total AGB and total C stock were 478.45 tons/ha
and 239.225 t/ha, respectively. In this study site, more than 50% was composed of five species
such as Acacia abyssinica, Ficus vasta, Cordia monoica, Acacia ethbica, and Commiphora
Africana, contributing 388.34 tons/ha (50.2%) total AGB of KSC. The KSC forest showcases
species such as Acacia abyssinica and Ficus vasta with commendable above-ground biomass
values and significant carbon stocks, suggesting a strong carbon sequestration potential within this

ecosystem (Table 10).
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Table 8. Above ground biomass and carbon stock of study areas

JMC KSC
No Species AGB C stock | Species AGB C stock
1 Acacia abyssinica 16.4 5.2 Acacia abyssinica 1235 61.75
2 Acacia albida 9.2 4.6 Acacia albida 8.3 4.15
3 Acacia ethbica 120 60 Acacia ethbica 19.04 9.52
4 Acacia totolis 42 21 Acacia totolis 3.1 1.55
5 Boscia angustifolia 2.8 1.4 Boscia angustifolia 10.8 5.4
6 Combretum molle 130 75 Commiphora Africana 96.2 48.1
7 Commiphora Africana 6.8 3.4 Cordia Africana 8.1 4.5
8 Cordia monoica 10.6 53 Cordia monoica 16.1 8.5
9 Croton macrostachyus 8 4 Croton macrostachyus 6.04 3.02
10 Ehretia cymosa 90.4 45.2 Ehretia cymosa 5.3 2.65
11 Euphorbia tirucalli 7.6 3.8 Euclea racemosa 9.03 4,515
12 Maytenus senegalensis 7.8 3.9 Euphorbia abyssinica 9.5 4.75
13 Syzygium guineense 8.2 4.1 Euphorbia tirucalli 7.5 3.75
14 Terminalia brownie 1315  65.75 Ficus vasta 1335  66.75
15 Ziziphus abyssinica 8.3 4.15 Maytenus senegalensis 5.4 2.7
16 Olea europaeasubsp 6.3 3.15
17 Syzygium guineense 4.04 2.02
18 Ziziphus abyssinica 6.7 3.35
Total 599.6 299.8 478.45  239.225

When comparing the two church forests in terms of carbon sequestration efficiency, the data

suggests that Jilwa Markos may hold a slight edge over Kirstos Semra due to the presence of species

like Terminalia brownie, which significantly contribute to carbon storage. However, Kirstos semra

also demonstrates notable capabilities, especially through species like Acacia abyssinica and Ficus

vasta, highlighting its importance in the context of carbon sequestration efforts. Both Kirstos Semra
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and Jilwa Markos church forests play crucial roles in carbon sequestration, with their unique

species compositions contributing to the overall carbon storage capacity of these ecosystems.
Similar findings were also reported by different authors in (Tablel11).

Table 9.Comparison of above-ground biomass and carbon stock (ton/ha) of church forests in our
studies with other similar forest types in Ethiopia

Study sites AGB Carbon stock  Source

JMC 599.6 299.8 (current study)

KSC 478.45 239.225 (current study)

Church forests in Dangila 79.2 39.6 Geremew et al., 2022)
Alemsaga forest 183.8 91.9 Esubalew et al (2019)
Zequala Monastery Forest 474.4 237.2 Girma et al, (2014)
Sekele-Mariam forest 75 37.5 Mekonen and Tolera (2019)
Church forests in Addis 260 130 Yilama and Dererso ( 2020)
Ababa

As we can see in the table, our both study sites showed that better in AGB and Carbon stock than

other studies. This difference may be from the size of the study site or tree species difference.

4.8. Comparison of two studied church forests

We tried to compare two research areas (JMC and KSC) in terms of species richness, species
diversity index, aboveground biomass, and carbon stock. Therefore, based on our result, there is
no statistically significant difference in all parameters. For example, the P-value of species richness
was 0.5; this indicates there is no significant difference between Jilwa Markos (JMC) and Kirstos
Semra (KSC) church forests (Table 12).
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Table 10. T-test statistical analysis

Mean Df P-Value
Species richness 43 4 0.5
Species diversity 35 4 0.074
Above ground biomass 81.9 19.6 0.072
Carbon stock 41 19.6 0.71

The study compared the mean values and statistical significance of four parameters - species
richness, species diversity index, above-ground biomass, and carbon stock - between two research
areas, Jilwa Markos Church Forest (JMC) and Kirstos Semra Church Forest (KSC). The results
showed no significant differences in any parameters. For species richness, there was no significant
difference in the number of species. The species diversity index showed a borderline difference in
species diversity. Above-ground biomass showed potential differences, but the p-values did not
reach statistical significance. Carbon stock showed no substantial difference. However, the results
suggest potential similarities or subtle differences between JMC and KSC, potentially influenced
by various ecological factors. The study suggests a better understanding of the environmental

dynamics of these church forests.

4.9. Socioeconomic benefits of church forests to the community

4.9.1. Demographic data

The demographic characteristics of the respondents revealed that 46.3% of the households are
between the ages of 25-60, while the majority, 53.7%, fall within the >61 age range. In terms of
gender, a majority of the households are male-headed, accounting for 60.09%, whereas female-
headed households comprise 39.9%. Regarding educational status, the majority, 46.3%, have basic
literacy skills (able to read and write), followed by adult education (31.2%) (Table 13).
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Table 11.Demographic characteristics of respondents (n=218)

Questions Responses Frequency Percentage

Age of household 25-60 101 46.3
>61 117 53.7

Sex of the household Male 131 60.09
Female 87 39.9

Education of status Illiterate 1 0.5
Read and write 101 46.3

adult education 68 31.2

modern education 24 11.0

church scholar 24 11.0

Source: Survey data 2024

4.9.2. Major species and uses of church forest

The major species and uses of forest trees reveal significant preferences and functions within the

community. Among the major species of forest trees, Ziziphus abyssinica, Terminalia brownie, and

Juniperus procera are specifically identified by 18.3%, 18.3%, and 9.2% of respondents

respectively, while a majority, 54.1%, recognize all species as important. Regarding the uses of

trees in the church context, 47.2% of respondents, cite their primary use as providing shade during

church ceremonies. A larger proportion, 52.8%, acknowledges multiple uses for the trees in the

church. This indicates a broad appreciation for various forest tree species and their multifunctional

roles, especially within communal and religious settings (table 14).
Table 12: Major species and uses of forest trees

Questions Responses Freq.
Ziziphus abyssinica 40 18.3
Major species of forest trees Terminalia brownie 20 9.2
Juniperus procera, 40 18.3
All 118 54.1
What are the use of trees inthe  Fuel wood 0 0
church Construction 0 0
As shade during church ceremonies 103 47.2
All 115 52.8

Source: Survey data 2024

The FGD participants also confirmed that the church forest significantly benefits the local

community. Due to the forest's water presence, the community can utilize it for growing fruits

and grains. The forest is used for beekeeping production as the source of nectar and preventing
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soil erosion. While the contributions of the forest might not always be immediately apparent,
it provides substantial advantages to the local community, both directly and indirectly.
Additionally, the forest is used for preparing various memos, meetings, and discussions. It also
plays a crucial role in imparting church teachings to the community and serves as both a

beautifying element and a natural fence for the church.

4.9.3. Problems in Church forests

The main problems facing the church forest are multifaceted. The causes of these problems include
land shortages (11.4%), unreliable market conditions (4.6%), and high prices of agricultural inputs
(39%). The primary problems identified within the church forest itself are the expansion of
agricultural land around the church (11.5%) and illegal tree harvesting by the community (39%),
with 45% of respondents acknowledging all these issues as significant. To address these challenges,
the majority suggest multiple solutions, including employing a guard for the church (33.9%) and
66.1% advocating for all these solutions combined. Notably, no respondents recommended fencing
the church compound as a standalone solution. This data shows the complexity of the problems
and the preference for multifaceted solutions to protect the church forest (table 15).

Table 13:- The main Causes, problems and solutions in the church forest

Questions Responses Freq. %
Cause of church forest problems Land shortage 25 114
Unreliable market 10 4.6
High prices of agricultural inputs 85 39
All 98 45
Main problems in the church forest Grazing Land 10 4.6
Agricultural land expansion 25 115
Illegal tree harvest in the church forest 85 39.0
All 98 45.0
A possible solution to protect such a| Employ guard for the church 74 33.9
problem Fencing of the church compound 0 0
All 144 66.1

Source: Survey data 2024

The FGD participants also identified several key challenges facing the church forest.

Among these, the illegal expansion of farmland poses a significant threat, as encroachment

reduces the forest's size and disrupts its ecosystem. Additionally, free-grazing contributes

to the degradation of the forest, causing damage to both vegetation and wildlife habitats.
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Another pressing issue is the unauthorized cutting of the forest by children, which occurs
without permission and further exacerbates the forest's decline. Each of these challenges
undermines the forest's health and its ability to provide essential benefits to the church

community.

4.10. Community Perceptions on Church Forests

The community's perceptions of church forests are overwhelmingly positive and highlight their
significant role in local biodiversity and environmental conservation. An impressive 96.3% of
respondents believe that church forests can provide more species of local trees than public forests—
additionally, 93.6% extract tree species from church forests, indicating their practical value.
However, 95% of respondents acknowledge that church forests in their kebele are degrading over
time in terms of quality and quantity. Despite this degradation, none of the respondents feels that
the existence of church forests causes problems. Instead, there is unanimous agreement 100% that
conserving church forests is essential to reducing environmental degradation. This strong
consensus underscores the community's recognition of the ecological importance of church forests
and the urgent need for their preservation.

Table 14: Community perceptions of church forests

Questions Responses Frequency Percentage
Church forests can provide more species of local trees No 8 3.7
than public forests. Yes 210 96.3
tree species you extract from church forests No 14 6.4
Yes 204 93.6
Church forests in your kebele are comparatively No 11 5.0
degrading over time/decreasing in quality and quantity. Yes 207 95.0
Faced a problem due to the existence of church forests? No 6 2.8
Yes 212 97.2
Believe that the conservation of church forests is one No 0 0
method of reducing degradation. Yes 218 100.0

Source: Survey data 2024

4.11. Likert scale analysis of farmers' perception of church forest
The difficulty of measuring attitudes, character, and personality traits lies in the procedure for
transferring these qualities into a quantitative measure for data analysis purposes. The recent

popularity of qualitative research techniques has relieved some of the burden associated with the
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dilemma; however, many social scientists still rely on quantitative measures of attitudes, character,
and personality traits. In response to the difficulty of measuring character and personality traits,
Likert (1932) developed a procedure for measuring attitudinal scales. The original Likert scale
used a series of questions with five response alternatives: strongly disagree (1), disagree (2), neutral
(3), agree (4), and strongly agree (5). The perception data summary table outlines community
opinions on various aspects of church forest management and conservation. The mean scores,
derived from a Likert scale where higher scores indicate stronger agreement, provide insight into

community attitudes toward church forests.

The overall average score of 3.938 indicates a generally positive perception of the importance and
benefits of church forests. The high mean scores for most statements, especially regarding
protection, expansion, and reforestation, highlight strong community support for active
conservation measures. Lower scores on statements like non-forest product harvesting and climate
importance may indicate areas where more community education and engagement are needed. The
Cronbach’s alpha of 0.764 suggests good internal consistency among the survey items, indicating

that the questions reliably measure the community’s perceptions.
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Table 15: Perception data result summary

Statements SDA | DA N A | SA | Sum | Average
score Score
The church forests should be protected. - - - 111 | 107 979 4.491
One did not harvest trees from the 129 | 89 961 4.408
church forests.
The church forest area should be 75| 143 | 1015 4.656
expanded.
The community should contribute 118 | 100 972 4.458
money for the protection of the forest.
New trees should be planted in the 94 | 124 996 4.569
church forest area.
Non forest products should not be| 70 | 148 366 1.679
harvested
Church forest area should be fenced. 129 | 89 961 4.408
The church forest is very crucial for | 66 71 59 2| 20 493 2.261
climate
Church forests can protect against 106 | 112 984 4514
environmental change
Total average score 3.938
Cronbach’s Alpha 0.764

Source: Survey data 2024
Note: SDA = Strongly Dis-agree, DA= Dis-Agree, N=Neutral, A=Agree and SA= Strongly Agree

4.12. Commercially important tree species

Jilwa markos And Kirstos semra church forest also contained 9 (37.5%) out of 24 major
commercial indigenous tree species. Similar findings were also reported by (Alemayehu Wassie,
2007) but different in species. These tree species include Ziziphus abyssinica, Terminalia brownie,
Combretum molle, Acacia abyssinica, Cordia Africana, Croton macrostachyus, Juniperus procera,

Olea europaea sub sp, and Acacia totolis.
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The church forests of Jilwa Markos Church Forest and Kirstos Semra Church Forest are home to
nine major commercial indigenous tree species, which are economically significant and often
exploited for timber production and medicinal purposes. These forests demonstrate their potential
contribution to local economies and livelihoods, emphasizing the need for sustainable management
and resource conservation. The inclusion of these species also signifies the ecological richness and
diversity of the areas, emphasizing the multifunctionality and ecological significance of these
forests. Conservation efforts should focus on the sustainable utilization of these species, ensuring
their ecological integrity and long-term sustainability. Thus, these findings underscore the
importance of conservation measures for the sustainable use and preservation of these valuable tree

species.
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CHAPTER 5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

The study has resulted in the documentation of 54 plant species representing 46 genera and 30
families. Fabaceae were found to be the most dominant families, followed by Rutaceae,
Capparidaceae, Euphorbiaceous, and Tiliaceae families, which also made significant
contributions to the overall species composition of the forest. The study shows that the JIMC and
KSC forests have substantial above-ground biomass and carbon stock, indicating their potential for
carbon sequestration. In JMC, 61.5% of biomass was contributed by four key species, while in
KSC, over half was concentrated in five species, demonstrating significant carbon sequestration
capacity, indicating the forest's potential as a significant carbon sink. The structural description of
the forest indicated the predominance of small-sized individuals, which asserts that JIMC and KSC
forests are at a stage of secondary regeneration. In addition, the density of woody species (trees,
shrubs, and lianas) in JMC and KSC forests decreases with increasing DBH and height classes
(high density of trees and shrubs in the lower classes), implying good recruitment. The total basal
area for JIMC and KSC Forest was 2763.57 m2/ha, but most of the basal area was contributed by a
few large-sized individuals (basal area increases with increasing DBH). Analysis of the population
structure of the most common species of trees and shrubs revealed different patterns of population
structure, indicating a high variation among species population dynamics within the forest.
Accordingly, four population patterns have been observed—one normal irregular shape in both
JMC and KSC forests. The socioeconomic data analysis indicated that the church forest faces a
range of complex challenges. Key factors contributing to these issues include land shortages,
unstable market conditions, and the high cost of agricultural inputs. Within the forest itself, the
primary problems are the encroachment of agricultural land around the church and unauthorized
tree harvesting by the local community. These factors collectively undermine the health and
sustainability of the church forest. The overall positive average score of 3.938 reflects strong
community support for the importance and benefits of church forests, particularly regarding
protection, expansion, and reforestation. However, lower scores on non-forest product harvesting
and climate importance suggest a need for increased community education and engagement in these

areas.
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5.2. Recommendation

JMC and KSC forests afford a great economic and social value for the rural communities living
around the forests, as a source of timber and non-timber products. Therefore, to ease the present
human influence on the natural forest, and for future management of the forest on a sustainable

basis, the following recommendations are forwarded:

To minimize deforestation within church communities, plantation forests are essential due
to their numerous benefits. These include carbon sequestration, timber production, soil and
water conservation, biodiversity support, energy production, rehabilitation of degraded
land, reduced pressure on natural forests, and provision of fuelwood and construction
materials.

Implement sustainable management practices that promote the conservation of church
forests while supporting local communities.

Preserve high-biomass species like Terminalia brownie, Combretum molle, Ehretia
cymosa, Cordia monoica, Acacia abyssinica, Ficus vasta, and Commiphora africana in
JMC and KSC for carbon sequestration and ecosystem stability.

Finally, this study focused only on species diversity, above-ground biomass (AGB), and
socioeconomic roles. Further research is needed to estimate below-ground biomass (BGB)
for the benefit of present and future generations.
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Appendix Table 1. Total plant Species recorded from the study area

No | Species Genera Family Endemism Habit
1 | Acacia abyssinica Acacia Fabaceae indigenous | Tree
2 | Acacia albida Acacia Fabaceae indigenous | Tree
3 | Acacia bussei Acacia Fabaceae indigenous | Tree
4 | Aloe elegans Aloe Aloaceae indigenous | Shrub
5 | Asparagus africanus Asparagus Asparagaceae | indigenous Shrub
6 | Barleria eranthemoides Barleria Acanthaceae | indigenous Herb
7 | Barleria ventricosa Barleria Acanthaceae | indigenous Herb
8 | Bidens pachyloma Bidens Asteraceae endemic Herb
9 | Boscia angustifolia Boscia Capparidaceae | indigenous | Tree
10 | Cadaba farinose Cadaba Capparidaceae | indigenous | Shrub
11 | Caesalpinia decapetala Caesalpinia Fabaceae introduced Cliber
12 | Calpurnia aurea Calpurnia Fabaceae indigenous Shrub
13 | Cappairs tomentosa Cappairs Capparidaceae | indigenous Climper
14 | Casimiroa edulis Casimiroa Rutaceae Introduced Tree
15 | Citrus limon Citrus Rutaceae Introduced Tree
16 | Citrus medica Citrus Rutaceae Indigenous | Tree
17 | Coffea Arabica Coffea Rubiaceae indigenous | Shrub
18 | Combretum molle Combretum Combretaceae | Indigenous | Tree
19 | Commicarpus Commicarpus | Nyctaginaceae | indigenous Herb
pedunculosus

20 | Commiphora Africana Commiphora | Burseraceae indigenous Tree
21 | Cordia Africana Cordia Boraginaceae | indigenous | Tree
22 | Cordia monoica Cordia Boraginaceae | indigenous | Tree
23 | Croton macrostachyus Croton Euphorbiaceae | indigenous Tree
24 | Cupressus lusitanica Cupressus Cupressaceae | Introduced Tree
25 | Cynodon dactylon Cynodon Poaceae indigenous Herb
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26 | Cyphostemma adenocaule | Cyphostemma | Vitaceae indigenous | Herb
27 | Cyphostemma junceum Cyphostemma | Vitaceae indigenous Herb
28 | Datura stramonium Datura Solanaceae Introduced Herb
29 | Dichrostachys cinerea Dichrostachys | Fabaceae Indigenous | Shrub
30 | Dodonaea viscosa Dodonaea Sapindaceae Indigenous | Shrub
31 | Echinops kebericho Echinops Asteraceae Endemic Herb
32 | Ehretia cymosa Ehretia Boraginaceae | Indigenous | Tree
33 | Eucalyptus viminalis Eucalyptus Myrtaceae Introduced Tree
34 | Euclea racemosa Euclea Ebenaceae Indigenous | Shrub
35 | Euphorbia abyssinica Euphorbia Euphorbiaceae | indigenous | Tree
36 | Euphorbia tirucalli Euphorbia Euphorbiaceae | indigenous | Tree
37 | Ficus vasta Ficus Moraceae indigenous | Tree
38 | Grevillea robusta Grevillea Proteaceae Introduced Tree
39 | Grewia erythraea Grewia Tiliaceae indigenous | Shrub
40 | Grewia flavescens Grewia Tiliaceae indigenous Shrub
41 | Grewia villosa Grewia Tiliaceae indigenous | Shrub
42 | Jasminum abyssinicum Jasminum Oleaceae indigenous | Shrub
43 | Juniperus procera Juniperus Cupressaceae | Indigenous | Tree
44 | Justicia heterocarpa Justicia Acanthaceae | Endemic Shrub
45 | Mangifera indica Mangifera Anacardiaceae | Introduced Tree
46 | Maytenus senegalensis Maytenus Celastraceae indigenous | Tree
47 | Olea europaea sub sp Olea Oleaceae indigenous | Tree
48 | Otostegia integrifolia Otostegia Lamiaceae indigenous | Shrub
49 | Persea Americana Persea Lauraceae Introduced Tree
50 | Rhamnus prinoides Rhamnus Rhamnaceae | indigenous | Shrub
51 | Schinus molle Schinus Anacardiaceae | Introduced Tree
52 | Strychnos spinosa Strychnos Loganiaceae indigenous Tree
53 | Terminalia brownie Terminalia Combretaceae | indigenous | Tree
54 | Ziziphus abyssinica Ziziphus Rhamnaceae | indigenous | Tree
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Appendix 2: Questionnaire for Households (HHSs) in the Formal Survey

Dear respondents, this study were conducted to estimate the role of church forests on
climate change mitigation through carbon sequestration and benefits provide to the church
community. Therefore, the objective of this questionnaire is to collect primary data on
socioeconomic and development-related issues that are helpful to assess the benefits and
roles of the forest in the livelihood of the church community in the study area and fully fill
a Master of sciences degree in agroforestry program. It is proposed for households that have
harvested any crop around church , tree, and including any source full of a year and your
household was selected randomly from a list of households living in this area. Thus, all
information you are going to provide for the researcher will be kept confidential and used
only for Academic purposes. Your response will not be released for any other else.

Lastly, I thank you for your cooperation!

Part I: Personal Information

Demographic Characteristics of Household’s

1. Church: , Zone: , woreda: Name of Rural
Kebele

2. Sex: male=1 Female=0

3. Respondent’s Age Years

4. Marital Status: Single=1, Married=2, Widowed=3, Divorced=4
5. Household family size
6. Education status: (0) Illiterate , (1) Read and write (2) Adult education (3) Modern education,

4 church scholar

PART A: Questionnaires for church Community ( eg monks who live in the church)
1. Which type of fuel is the main source of energy for cooking and heating for the family?

1) Wood 2) Cow dung 3) wood, cow dung, crop residuals, plant leaves and charcoal

4) Biogas 5) wood and charcoal. 6)others specify
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How do you get those fuel woods or cow dungs? 1) With buying, 2) collecting in the forest
or field , 3) Both) with and with out

Which cooking practice you used 1). Local/with three stone stove 2) improved stoves 3 both
What were the existing and previous land use/land cover types along the border of the forest?
What is the main crop production for the church? If crop please the main crops you

produdce

If Fruit list the main fruits

6.

10.

11.

12.

What is the main income source of the church community? 1. Selling crops 2) selling fruits
3) selling tree planation 4, Local community
What are the main tree species found in church

What are the use of trees in the church 1) fuel wood 2) construction, 3 as shade during
church ceremonies 4 others

specify

What are the main problems in the church forest ( put with rank)

1) Grazing

2) Agricultural land expansion around the church

3) Illegal tree harvest in the church forest by the community

4) Others specify

What could be the possible solution to protect such problem 1) Fencing of the church compound

2) Employ guard for the church 3) others,specfy

What economic benefits do you reap from church forests? (please encircle all possible answers)
a) Fuel wood
b) Fodder grass
c) Tree seeds source
d) Vegetables or fruits
e) Beehive establishment
f) Medicinal plants
If get benefits from church forests, how you acquired

a) freely, if there are list benefits

b) Payment, if there are list benefits

c) If you get fruits/vegetables? 0.is it for home consumption 0. for market
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13.

14.

15.

16.

17.

Do you believe that church forests can provide more species of local trees than public forests?
0.No 1.Yes

Avre there any tree species you extract from church forests? 0. No 1.Yes. If yes, what are

they?

Do you feel that church forests in your kebele are comparatively degrading over
time/decreasing in quality and quantity? 0.no 1. Yes

If yes, what do you think is the cause of this degradation?

Do you think you faced a problem due to the existence of church forest? 0.No, 1 Yes

If yes, list
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PART B: Questionnaires for the local community around the church
1. Religion: (1) Orthodox Christian (2) Muslim (3) Protestant (4) Other specify

2. Main source of income for the family

1=crop production, 2= livestock production 3= Forest production 4= off farm and Non-farm
employment 5. Other (specify)
3. Did you or any of your household members get income from off- farm activities? (1=Yes,
0=No)
4. What are the major Uses of church forest in study area ? Why? (Multiple answers are
possible).
A. Charcoal making
B. Fuel wood
Construction
Medicinal value
Wild fruit production
As food crop climber
Farm tool
Shade
Bee Keeping

I G mmGo o

J. Timber production
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I. Part: Opinions and Attitudes on Conservation
1. Do you believe that conservation of church forests is one method of reducing degradation?

0.No 1.Yes 1 If yes, what kind of conservation

1. The church forests should be protected. 0. Strongly disagree 1. Disagree 2. Neutral 3. Agree
4. Strongly agree

2. No one should be allowed to harvest trees from the church forests. 0. Strongly disagree 1.
Disagree 2. Neutral 3. Agree 4. Strongly agree

3. The church forest area should be expanded. 0. Strongly disagree 1. Disagree 2. Neutral 3.
Agree 4. Strongly agree

4. The population should contribute money for the protection of church forests. 0. Strongly
disagree 1. Disagree 2. Neutral 3. Agree 4. Strongly agree

5. New trees should be planted in the church forest area. 0. Strongly disagree 1. Disagree 2.
Neutral 3. Agree 4. Strongly agree

6. Non forest products should not be harvested. 0. Strongly disagree 1. Disagree 2. Neutral 3.
Agree 4. Strongly agree

7. Church forest area should be fenced. 0. Strongly disagree 1. Disagree 2. Neutral 3. Agree
4. Strongly agree

8. The church forest is very crucial for my livelihood. 0. Strongly disagree 1. Disagree 2.
Neutral 3. Agree 4. Strongly agree

9. Distinction of the church forest is destruction my livelihood. 0. Strongly disagree 1. Disagree

2. Neutral 3. Agree 4. Strongly agree

10. Do you know about the socioeconomic role of church forest? Yes=1 No=0

11. Do you practice the socioeconomic role of church forest in your area? Yes=1 No=0

12. If your response for Q2 is ‘yes’, what size of the land is allocated for the socioeconomic

role of church forest? ----------- (local measurements).

13. What are the constraints towards practicing the socioeconomic role of church forest in
your area? (Rank them) 1. Land shortage 2. Low capital 3. Unreliable market 4. Inadequate

extension services 5. High prices of agricultural inputs 6. Others (specify)
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Part C: Checklist for Key Informant Interviews

1. When was the church forest established?

4. What is the most important reason for the socioeconomic role of church forest practicing

implementation in your locality? --------------=mmmmmmmm e -

5. What are the factors that affect practicing of the socioeconomic role of church forest in your area
(RanK them)? =--m-mmm oo

6. What solutions you will suggest for improving the socioeconomic role of church forest to

household income contribUtiONS? ------=-mmmm e oo

Part D: Chalkiest for Focus Group Discussion (FGD)
1. What is you’re feeling about the benefits of the socioeconomic role of church forest?

2. Can you describe the contribution of the socioeconomic role of church forest to household

income in your area?

3. What are the constraints towards the contribution of the socioeconomic role of church forest to

household income (please prioritize them)?

4. What measures you will suggest improving the contribution of the socioeconomic role of church

forest to household income contributions?

5.List the woody species in your studyarea?
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6. Which tree species, you used for traditional medicinal, construction, soil fertility

improvement purpose? Which parts of the tree and for what diseases?

7. What are the selection criteria of tree species to be incorporate into around church forest ?
A. used for shade,

B. used for bee fodder,

C. used for beehives keeping,

D. used for construction,

E. used for making beehives;

F. others (specify).

8. The area of the church forest for the last 30 years

A, increased

B, decreased

C, no changed Why?

10. What are the benefits that you get from the forest?

End of the questionnaire. Thank you very much!
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Appendix 3: Photo was taken from the study area during data collection time

@ NFNfiors LiTe
0D AN TRIPLE CAMERA

B. Key Informant interview image at the study area
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Mensuration part /biological data collection
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