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3.3.3. The Determination of Gauge Height of Zero Flow 

The datum correction (G) or the gauge height of the zero flow is the hypothetical parameter 

that represent stage (water level) at the zero flow discharge in the river or the stream 

(Subramanya, 2013). The gauge height of zero flow is one of the most important features 

in the stage discharge relationships (Braca,2008). Even through the determination of the 

exact location of the datum correction that corresponding with the flow is zero at that water 

level is difficult for the channel controlled gauging station, the place of the lowest point 

opposite the gauge may be provide the reasonable indictor of the gauge height at zero flow. 

Different literatures show that gauge height of the zero discharge was estimated by three 

techniques such as trial and error procedure, arithmetic procedure and computer based 

optimization. The most commonly analytical methods that applied for estimating the zero 

flow gauging height are as follows: 

Trial and error method :-This method was most widely used for estimating the gauging 

height at the zero flow of a stream before the coming on of computer based methods (BV 

and Hydaulic, 1999). In this method, draw the graph of measured discharges against 

corresponding stage on log-log paper and draw the median line that fitted the entire scatter 

points (Quader, 1995). Mostly this fitting line is a curved line and hence the zero flow 

gauge height should be adjusted still the median line became straight line. The values of G 

are assuming, one value from each trial is subtracted or added to the measured gauge height 

in order to obtain (H-G). If the original stage discharge plot is concave down wards, then 

a positive trial value of G is required to make it straight line and if the plot is concave up 

wards, the negative value of G is required to make a straight line (BV and Hydraulic, 1999). 

Arithmetic procedure method:-This method is based on the expression of the zero flow 

�J�D�X�J�H�� �K�H�L�J�K�W�� �³�*�´�L�Q terms of observed stages and by establishing simple mathematical 

manipulation between gauge and discharge without the consideration of power equation 

coefficients (BVand Hydraulic, 1999). Plot the measured discharge against corresponding 

stages on arithmetic paper and draw the smooth curve (median fitting line) that pass 

through the scatter points by using visual estimation or micro soft excel. From this smooth 

fitting line, select three discharge value of Q1, Q2, and Q3 on the geometric progression 

manner such as Q22 =Q1Q3. Consequently, we can have expressed Q22 =Q1Q3  as follows; 
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Consider h1, h2, and h3 are gauge heights record from the fitting line corresponding with 

Q1, Q2, and Q3, respectively and then we can obtain, 
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Figure 3.10. Diagrammatic representation of the linearization of a curve on log-log paper. 

Computer based optimization method:- This method is essential for data processing 

�D�X�W�R�P�D�W�L�F�D�O�O�\�� �E�\�� �X�V�L�Q�J�� �F�R�P�S�X�W�H�U���D�Q�G���³�*�´�L�V���G�H�W�H�U�P�L�Q�H�G���W�K�U�R�X�J�K���R�S�W�L�P�L�]�D�W�L�R�Q���S�U�R�F�H�G�X�U�H�� 

The fir�V�W���W�U�L�D�O���Y�D�O�X�H���R�I���W�K�H���]�H�U�R���I�O�R�Z���J�D�X�J�H���K�H�L�J�K�W���³�*�´���L�V���H�L�W�K�H�U���W�D�N�H�Q���E�\���W�K�H���X�V�H�U���E�D�V�H�G���R�Q��

field survey or from Johnson methods described in equation 3.23. The value G is varied 

until the minimum mean square error is obtained. Optimization method is purely 

mathematical procedure and provide the best result on the starting point of measured stage 

and discharge data probably but it is key to make confident that the result is confirmed 

where possible by physical description of the control at the gauging location (BV and 

Hydraulic, 1999). The procedure is repeated for each segment of the rating curve if the 

entire stage discharge scatter point is not fitted by one rating curve.  A trial-and- error 
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required value at�³�*, the gauge height corresponding to zero discharge (Subramanya,2013). 

In this study, the stage corresponding to zero discharge was estimated by using computer 

based optimization method because it provides the best fit curve for stage and discharge 

scattered data (BV and Hydraulic, 1999). 

The gauge height of zero flow has its own effect on the shape of rating curve. Consider the 

�Y�D�O�X�H���R�I���J�D�X�J�H���K�H�L�J�K�W���D�W���]�H�U�R���I�O�R�Z�´�*�´�� by which the plotted stage discharge rating curve 

in logarithmic paper is linear. If the control is under scouring, then the value of G is 

decrease for a given gauge height(h), the effective depth (H-G) increase, the new rating 

curve move to the right, will no straight line but will be concave down curve where as if 

the control is rise due deposition �W�K�H���Y�D�O�X�H���³�*�´���L�Q�F�U�H�D�V�H���D�Q�G���I�R�U���D given gauge height (h), 

the depth (h-G) decreases and the new rating curve moves to the left and is no longer linear 

but the curve becomes concave upward (Quader, 1995). 

3.4. Determine the Goodness of Fits 

The line of best /good ness /fit refers to a line pass through a scatter plot of observed data 

points that best expressed the relationship between stage and discharge points. The 

performance of the relationship between stage and discharge was determined in model 

development procedure. Various number of statistical measures are available that used to 

assess the performance of goodness of fitted  line (Guven, 2009). The goodness of the 

rating curve can be evaluated by adopting the coefficient determination (R2), mean square 

error (MSE), and root mean square error (RMSE) (Othman, 2019). 

R-squared is a statistics measure that represents the proportion of the variance of dependent 

variable that is explained by an independent variable or variables in fitting curve. It 

describes to what extent the variance of one independent variable define the variance of  

any other variable. The coefficient determination can be estimated by using equation 3.25. 

But in case of this study, the R2 �±R-squared values were estimated by using the Microsoft 

excel solver and after estimating the R-squared  the correlation coefficient can be estimated 

by root square of it. The correlation coefficient (r) is measure the strength of the 

relationship between two variables and its value range from -1 to1. The value of correlation 

coefficient is less than +0.8 and greater than -0.8 are not considered as significant and also 

the value at or closed to zero indicate that a weak or no linear relationship. 



33 
 

�4�6 
L �s
F �Ã �:�3�5�E
F�3�1�E�á
�Ü�@�5 �;�0�t���:�Ã �:�3�1
F �3�I �;�6�á

�Ü�@�5 -------------------------------------Eq3.25 

The value  of R2 is always between zero and one, �r 
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Where, Qsi is simulated or predicted discharge (m3/s), Qo is observed discharge (m3/s) and 

Qm is mean observed discharge(m3/s). 

Mean square error (MSE) is the average of the sum of square error and that tell us how 

close a regression line to a set of scatter points. MSE is the result of the sum of square error 

divided by degree of freedom of a fitting line i.e 
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�b�d�c
�l
�g�@�5 �á��Where, SSE is the sum of square error, def is degree of freedom. 

The SSE is estimated by using the following equation: 
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�†�‡�ˆ
L ������ 
F �• �á����For polynomial and power regression model respectively. Where, N-

number of observation, K degree of polynomial and m is the number of parameter in power 

equation. The degree of freedom  (df) is the number of data point (n) minus the number of 

parameter(m) (Motulsky, 1987) 
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The root mean square error is an estimator of the standard deviation of the random error 

term. The root mean error �4�/�5�' 
L �¾�/�5�'  is not an unbiased estimator of standard 

deviation, but it is still a good estimator. 
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Where, Qsi is simulated or predicted discharge (m3/s), Qo is observed discharge (m3/s). 

Whenever R2, MSE, and RMSE are between 0 and 1 and for higher performance R2 near 

to one and MSE and RMSE are should be near to 0 (OstertagovÆ, 2012). 

3.5. Comparison Between Stage�±Discharge Power Type and Polynomial Type 

Relationships 

The power and polynomial discharge rating curve were compared using standard deviation 

and correlation coefficient 

3.6. Association of Floating Method with Dilution Method on Discharge Measurment 

After determination of the discharge, checked the valid of discharge calculated by float 

from dilution methods. The one way mean test by using one tail t-test was used to determine 

wether a statistically significant difference of the prediction of discharge between floating 

and salt dilution methods. p-value >0.05 was considered as statistically significant 

difference between them. 

3.7. Rainfall Measurment and Estimation of Effective Rainfall  

The manual rain gauge  was installed at each station in order to record rainfall during the 

rainfall period.  Effective rainfall was determined by subtracting evapo transpiration from 

total rain fall, (P-ET) (Engda, 2009). The simple temperature method that is Enqu method 

was adopting for estimation of reference evopotranspiration using climatic data from 

Amhara metrological agency.  

3.8. Base Flow Separation  and Runoff  Prediction 

The base flow contribute to the streams was separated by using Bflow base flow filter 

program from the stream flow. The interflow phase of water cycle was included in direct 

runoff component (Yimam et al., 2018). The depth of runoff was estimated by dividing the 

volume of the runoff generated from the watershed by its area. SCS run off equation 
was adopted for simulating of the response of the watershed run off  to rainfall events to 

support prediction runoff generation mechanism. The SCS equation is  
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L
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Where Q is runoff depth (mm), Pe is effective Rainfall after the runoff  started in mm and 

Se is the effective average available storage after the first run off until the watershed is 

completed saturated in mm (Tilahun et al., 2016). According to Steenhuis et al.(1995) the 

SCS equation based on the principle of saturated excess runoff mechanism and the 

fractional area of saturation,  Af can be calculated by taking the derivative of Q, with 

respect to P. 

�ï�� 
L 
Ú
F
���


���
 �>�þ�

                                                                                                    eq 3.29. 

The initial abstraction in monsoon climate is approximately equal to water lost in dry 

period (Tilahun et al., 2016). From effective available storage (Se), the curve number can 

be estimated by using the equation, 

�%�0
L
�t�w�v�r�r

�5�A
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�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������A�M���u�ä�u�r 

In other hand, the curve numbers were estimated relating to land use or cover, hydrological 

condition and hydrological soil groups. The relationship between the CN value and the 

various Hydrological Soil-Cover Complexes is usually given for average conditions, i.e. 

Antecedent Soil Moisture Condition ClassII (Subramanya,2013). In this study hydrological 

soil groups were estimated by using Ethiopian Road Authority  soil group used as look up 

table (ERA, 2013).  The studies area have more than one soil group and different land use 

and land cover, then the weighted average curve numbers at available condition were 

adopted. Since the saturated excess runoff mechanism was dominated in Ethiopia 

highlands, then the curve AMCIII  (Antecedent Moisture Condition at Saturated Condition) 

adopted for estimation of curve number by using the following  equation, 

CNIII =
�¼�Ç���Â�Â

�4�ä�8�6�;�>�4�ä�4�4�9�;�7�¼�Ç�Â�Â
                                                               eq 3.31 
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4. RESULT AND DISCUSSION 

4.1. The Stage Hydrograph  
Stage hydrograph is the temporal variation of the water level expressed in plot. It is  stage 

or water level of stream against time. The stage data were collected from June 15, 2019 to 

September 15, 2019 by engaged the data collector at each sites and the data were shown in 

(appendix 1.1 up to 1.3).  Figure 4.1 show that the stages of the water above the reference 

datum had been changed over time in Toma Micro watershed. 

 

Figure 4.2. Daily rainfall  and stage pattern in Toma micro watershed. 

 The figure 4.2 shown that  a daily rainfalls have similar pattern to water levels.  This means 

that the stage of the stream  increased with increased rainfall. July has the highest daily rain 
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Figure 4.1. Stage Hydrograph for Toma Micro Watershed 
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Appendix 1.2. Tabular discription of Stage of Enkulal Stream with Corresponding Time. 

Date (days) Stage (m) Date (days) Stage (m) Date (days) Stage (m) 

6/17/2019 0.46 7/18/2019 0.38 8/18/2019 0.52 
6/18/2019 0.4 7/19/2019 0.32 8/19/2019 0.4 
6/19/2019 0.38 7/20/2019 0.37 8/20/2019 0.4 
6/20/2019 0.48 7/21/2019 0.28 8/21/2019 0.37 
6/21/2019 0.627 7/22/2019 0.37 8/22/2019 0.35 
6/22/2019 0.24 7/23/2019 0.37 8/23/2019 0.60 
6/23/2019 0.24 7/24/2019 0.335 8/24/2019 0.66 
6/24/2019 0.445 7/25/2019 0.27 8/25/2019 0.385 
6/25/2019 0.24 7/26/2019 0.33 8/26/2019 0.39 
6/26/2019 0.24 7/27/2019 0.36 8/27/2019 0.4 
6/27/2019 0.913 7/28/2019 0.34 8/28/2019 0.4 
6/28/2019 0.72 7/29/2019 0.65 8/29/2019 0.375 
6/29/2019 0.97 7/30/2019 0.375 8/30/2019 0.425 
6/30/2019 0.97 7/31/2019 0.54 8/31/2019 0.35 
7/1/2019 0.53 8/1/2019 0.32 9/1/2019 0.50 
7/2/2019 0.95 8/2/2019 0.31 9/2/2019 0.43 
7/3/2019 0.27 8/3/2019 0.3 9/3/2019 0.35 
7/4/2019 0.49 8/4/2019 0.285 9/4/2019 0.56 
7/5/2019 0.42 8/5/2019 0.67 9/5/2019 0.55 
7/6/2019 0.24 8/6/2019 0.45 9/6/2019 0.54 
7/7/2019 0.22 8/7/2019 0.37 9/7/2019 0.57 
7/8/2019 0.28 8/8/2019 0.35 9/8/2019 0.52 
7/9/2019 0.33 8/9/2019 0.32 9/9/2019 0.8 
7/10/2019 0.24 8/10/2019 0.86 9/10/2019 0.69 
7/11/2019 0.31 8/11/2019 0.56 9/11/2019 0.52 
7/12/2019 0.33 8/12/2019 0.6 9/12/2019 0.53 
7/13/2019 0.255 8/13/2019 0.4 9/13/2019 0.57 
7/14/2019 0.27 8/14/2019 0.39 9/14/2019 1.08 
7/15/2019 0.58 8/15/2019 0.66 9/15/2019 0.58 
7/16/2019 0.39 8/16/2019 0.52   
7/17/2019 0.32 8/17/2019  0.46   

 

 

7/11/2019 0.88 8/13/2019 0.95 9/15/2019 0.97 

7/12/2019 0.87 8/14/2019 0.92 
  

7/13/2019 0.86 8/15/2019 1.03 
  

7/14/2019 0.89 8/16/2019 0.95 
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ABSTRCT 

Church forests in Ethiopia are vital to preserving biodiversity, mitigating climate change, 

conserving soil, and the protection of indigenous knowledge systems. Despite, these church 

forests are facing extreme threats from anthropogenic disturbances. Linking these sacred places 

with science is important to manage actively. Hence, the present study was aimed to examine the 

vegetation ecology of selected church forests and ethnobotanical study of medicinal plants in 

West Gojjam zone, Northwestern Ethiopia. A total of 26 church forests were selected using 

stratified random sampling based on agroecology, elevation, size, and proximity to population 

centers to study vegetation ecology. Vegetation data were collected along Gentry transects, with 

20 m x 20 m (400 m†) plots for matured trees diameter at breast height (DBH) ���� �������� �F�P�� �D�Q�G��

height > 2.5 m), 5 m x 5 m (25 m†) subplots for saplings, and 1 m x 1 m (1 m†) subplots for 

seedlings. Soil samples were collected from each church forest, outside church forest and 

eucalyptus plantations to analyse soil physico-chemical properties. Soil samples were 

homogenized, followed by nutrient extraction and quantification. To assess the influence of 

various factors on woody species composition, soil nutrient dynamics, and aboveground biomass 

(AGB), both ANOVA and linear regression analyses were performed. All statistical analyses 

were conducted using JMP 17 (SAS Institute Inc.). Ethnobotanical data were also collected from 

three districts (selected based on agroecology) of the West Gojjam zone. Informants were 

selected through both purposive and random sampling methods. Ethnobotanical data was 

analyzed using quantitative and qualitative ethnobotanical parameters. A total of 111 woody 

species were documented from 26 church forests, of which 82.88% were indigenous, 15.32% 

exotic, and 1.8% endemic. The most dominant family was Fabaceae. The average density of 

�Z�R�R�G�\�� �V�S�H�F�L�H�V�� �Z�L�W�K�� �’�%�+�� ���� �������� �F�P�� �D�Q�G�� �K�H�L�J�K�W��> �������� �P�� �Z�D�V�� �������� �L�Q�G�L�Y�L�G�X�D�O�V�¶�� �K�D-1. Eucalyptus 

camaldulensis was the most dominant frequented species in church forests accounted for 72.57% 

�L�Q�G�L�Y�L�G�X�D�O�V�¶���K�D-1.  Ficus vasta had the highest basal area. Human disturbances such as expansion 

of agriculture, grazing, and grave construction in church forest had considerably influence on 

forest structure and species diversity. Additionally, edge effects endorsed the invasion of exotic 

species and contributed to reduced soil fertility within the forest. Church forests had highest 

carbon stocks, with a mean AGB �R�I�������������×���×���������×�W�R�Q�V�×�K�D�q�ï���D�Q�G���D���F�R�U�U�H�V�S�R�Q�G�L�Q�J���&�2�w���H�T�X�L�Y�D�O�H�Q�W���R�I��

�����������×���×�����������×�W�R�Q�V�×�K�D�q�ï, highlighting their notable potential for climate change mitigation. The 
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study area experienced an average human disturbance of 24.35%, reflecting the impact of human 

activities on the church forests. Woody species abundance was highest in the inner (38.9%) and 

middle (39.0%) zones but lowest at the edges (22.1%), reflecting greater regeneration and 

stability in forest interiors. Soil analysis showed that church forest soils were richer in organic 

carbon, nitrogen, and phosphorus compared to soils outside church forests and in eucalyptus 

plantations, where widespread soil degradation was observed due to allelopathic effects. 

Similarly, ethnobotanical investigations were conducted in this zone and documented 97 

medicinal plant species that were used to treat human ailments and 53 species that were 

employed in ethnoveterinary practices. These findings highlight the dual role of church forests as 

biodiversity hotspots and repositories of traditional medicinal knowledge. Effective conservation 

strategies are essential to mitigate human disturbances, control exotic species, maintain soil 

fertility, and safeguard both ecological and cultural values. 

Keywords: Church forest, Plant diversity conservation, Carbon sinks, Soil properties, 

Ethnobotanical knowledge, Human disturbances, Eucalyptus plantations, Climate change 

mitigation 
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OUTLINE OF THE DISSERTATION  

This dissertation is structured into 8 chapters, outlined as follows: 

CHAPTER 1: General Introduction and Methodology: Introduces the study, highlighting the 

importance of church forests and medicinal plants in the West Gojjam zone of Northwestern 

Ethiopia. It begins with an overview of the study area, its ecological significance, and the role of 

church forests in preserving biodiversity. The chapter also includes a literature review, the role of 

church forests in conservation, and the ethnobotanical knowledge related to medicinal plants in 

the west Gojjam zone. Additionally, the methodology section describes the research design, data 

collection methods used to explore the ecological and ethnobotanical aspects of the study area. 

Chapter 2: Woody Species Diversity, Structure, and Regeneration Status of the Church 

Forests in West Gojjam Zone, Northwestern Ethiopia: examines the diversity, structure, and 

regeneration of woody plant species in the church forests. It presents an inventory of the tree 

species, assessing their richness and distribution, as well as the forest’s physical structure, 

including tree height and diameter. The chapter also evaluates the regeneration status, focusing 

on the presence of seedlings and saplings. This analysis helps to understand the ecological health 

and sustainability of these important forest ecosystems. 

Chapter 3: Estimation of Carbon Stocks of Woody Plant Species in Church Forests of West 

Gojjam Zone, Northwestern Ethiopia: Implications for Climate Change Mitigation: focuses 

on assessing the carbon storage potential of the woody plant species found in the church forests. 

It provides an estimation of the carbon stocks sequestered by these forests, which play a crucial 

role in mitigating climate change. The chapter likely includes methods for measuring carbon 

storage, such as calculating aboveground biomass and carbon content of different tree species. It 

also discusses the ecological significance of these forests in terms of climate regulation and the 

potential benefits they offer in global efforts to combat climate change. The findings emphasize 

the importance of preserving church forests as natural carbon sinks. 
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Chapter 4: Human Disturbances and their impact on woody species diversity in sacred 

church forests in West Gojjam zone, Northwestern Ethiopia: focuses on the effects of 

various human disturbances on the woody plant diversity in church forests. It examines 

disturbances such as graves, clearings, grazing, gathering, and digging, which often occur due to 

religious, cultural, and agricultural practices. The chapter assesses how these activities impact 

the forest structure, species diversity, and regeneration capacity, potentially leading to a decline 

in biodiversity and forest health. By exploring these disturbances, the chapter emphasizes the 

importance of sustainable management practices to safeguard the ecological integrity and 

diversity of these sacred forests. 

Chapter 5: Soil Fertility and Ecosystem Integrity in Wst Gojjam Zone Selected Church 

Forests: Effects of Eucalyptus Plantation and Edge Disturbance: It focuses on how human 

activities such as the planting of non-native species affect the physical (structure, moisture 

content) and chemical (e.g., nutrient levels, pH, organic matter) properties of the soil. The 

chapter also explores edge effects, where the transition from forest to adjacent land alters soil 

conditions, often worsened by the introduction of exotic species like eucalyptus. These changes 

can negatively impact soil fertility and forest health, underlining the need for sustainable land 

and forest management practices to mitigate these disturbances and protect soil integrity.   

Chapter 6: Ethnobotanical Study of the Traditional Use of Medicinal Plants Used for 

Treating Human Diseases in Selected Districts of West Gojjam Zone, Amhara Region, 

Ethiopia: explores the traditional knowledge and practices of local communities in West Gojjam 

regarding the use of medicinal plants for treating various human diseases. This chapter 

investigates the plant species commonly used for medicinal purposes, their preparation methods, 

and the specific diseases they are believed to treat. It likely includes interviews with local 

healers, community members, and farmers to document their ethnobotanical knowledge, as well 

as an analysis of the cultural significance and conservation status of these plants.  
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Chapter 7: Survey of Ethnoveterinary Practices of Medicinal Plants in West Gojjam Zone, 

Northwestern Ethiopia: focuses on the traditional use of medicinal plants for the treatment of 

livestock diseases in the West Gojjam zone. This chapter investigates the ethnoveterinary 

knowledge of local communities, documenting the plant species used to treat common diseases 

in animals. It includes information on how these plants are prepared and administered, as well as 

the specific conditions they are used to treat. The chapter also explores the cultural importance of 

these practices in supporting livestock health and livelihood, and the role of local knowledge in 

preserving animal health in the selected districts. 

CHAPTER 8: General Conclusions and Recommendations: This study highlights 

the critical ecological and cultural roles of church forests in the study area. However, human 

activities (logging, agriculture, grazing) degrade their edges, reduce biodiversity, and threaten 

their ecological functions. Conservation efforts such as buffer zones, native species restoration, 

and community-based management are urgently needed. Integrating these forests into climate 

policies (e.g., REDD+) and safeguarding traditional knowledge will ensure their preservation as 

vital refuges for biodiversity, climate resilience, and local livelihoods. 

The research presented in this study includes several chapters, four of which have been 

published, while one hs been submitted to journals for potential publication. Additionally, one 

review manuscript has been published and is included in Appendix 1. 
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CHAPTER 1: GENERAL INTRODUCTION AND METHODOLOGY  

1.1. Background and Justification 

A forest ecosystem is a dynamic and intricate community of living organisms and their physical 

environment, which together form an integrated whole within forests (van Leeuwen and 

Nieuwenhuis, 2010). It consists of biotic components such as plants, animals, and 

microorganisms, as well as abiotic components such as soil, water, air, sunlight, and climate, all 

of which regulate basic ecological processes (Reigosa and GonzÆlez, 2006). The most important 

element of all the components was vegetation which was the determinant and at the same time 

the affected factor in the ecosystem comprising of species richness, soil, moisture, temperature, 

and light (Entrocassi et al., 2019; Mandal and Chatterjee, 2021). 

The dry woodlands of Africa, which are the most remarkable ecosystems in this regard, 

showcase the interplay between factors of nature even more. That is to say, they account for a 

good share of the world’s natural vegetation (Chidumayo & Marunda, 2010; Bodart et al., 2013). 

Among them, Ethiopia is the country with the largest surface area of this woodland ecosystem. 

The country’s flora is greatly influenced by its vast altitude difference, which is from the Danakil 

�’�H�S�U�H�V�V�L�R�Q�� �D�W�� �������×�P�� �E�H�O�R�Z�� �V�H�D�� �O�H�Y�H�O�� �W�R�� �0�R�X�Q�W�� �5�D�V�� �’�D�V�K�H�Q�� �D�W�� �����������×�P�� �D�Eove sea level. This 

difference causes a variety of temperature and moisture conditions that can support more than 

50% of the Africa’s Afromontane species (IBC, 2005; Mulugeta and Teketay, 2005; Sayer et al., 

1992). Furthermore, Ethiopia harbours several endemic species, such as Erythrina brucei, 

Millettia ferruginea, and Plumbago zeylanica (Sayer et al., 1992; Fashing et al., 2022). Dry 

forests cover about 14% of the total African land surface and represent approximately 25% of 

natural vegetation. They are characterised by a seasonal climate, with a dry season of 4 to 7 

months. Large parts of these ecosystems, however, are degrading due to grazing, fire, or 

exploitation by people (Eshete et al., 2011). 

The Flora of Ethiopia and Eritrea contains approximately 6,027 vascular plant species and 

approximately 10�–12% are endemic, a higher percentage than for the neighboring countries lying 

to the west, such as Cameroon (9%) and Gabon (3%) (UNEP, 2006; Friis et al., 2010; Kelbessa 

and Demissew, 2014). Even though Ethiopia has historically had a comparatively higher forest 

cover than Kenya (7.7%) and Uganda (10.5%) (FAO, 2015).  
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Between 2005 and 2010, Ethiopia experienced an annual deforestation rate of 1.11%, 

significantly higher than the global average of 0.14% and �$�I�U�L�F�D�¶�V�� �D�Y�H�U�D�J�H�� �R�I�� ���������� �G�X�U�L�Q�J�� �W�K�H��

same period. (FAO, 2010). The primary drivers of deforestation are agricultural encroachment, 

fuelwood, charcoal production, and construction needs (Melaku et al., 2015; Oljirra, 2019). 

Despite this deforestation, church forests in Ethiopia are critical biodiversity refugia; some of the 

last remnants of indigenous vegetation (Admassie, 1995; Wassie, 2002; Bhagwat and Rutte, 

2006; Aerts et al., 2016). Although small, these forests are environmentally important as they 

represent some of the last remaining fragments �R�I�� �(�W�K�L�R�S�L�D�¶�V�� �G�U�\�� �$�I�U�R�P�R�Q�W�D�Q�H�� �I�R�U�H�V�W�V���� �P�R�V�W���R�I��

which have been cleared for agriculture (Reynolds et al., 2015; Abbott, 2018). Today, less than 

4% of these original forests remain (Wassie et al., 2010; Cardelœs et al., 2013; Reynolds et al., 

2017). There are around 35,000 church forests are found across Ethiopia, some 8,000 in Amhara, 

the majority of which are under 5 hectares (Abbott, 2018). Strong religious and cultural 

traditions uphold these sacred groves, which are protected by the Ethiopian Orthodox Tewahedo 

Church (EOTC) and provide important ecosystem services and preserve endemic species (FAO, 

2012; Aerts et al., 2016; Amare et al., 2019). The forests’ continued existence highlights the 

significant role that spiritual beliefs play in promoting long-term environmental stewardship 

(Klepeis et al., 2016). In terms of ecology, church forests are outlined by high plant and animal 

diversity, facilitating natural regeneration, indigenous medicinal plants, and ecosystem function 

like soil protection and hydrological regulation (Aerts et al., 2016; Endalew et al., 2020). Their 

conservation is longstanding, with some forests preserved for over 1,500 years, reflecting the 

enduring commitment of EOTC adherents to environmental conservation (Orlowska and 

Klepeis, 2018). 

In the Amhara region, church forests have long been regarded as sacred sites, deeply valued for 

their cultural and ecological importance (Aerts et al., 2016). Normally, this respect protected it 

from temporal alteration of land use over many centuries. However, in recent years, some forests 

on land belonging to religious authorities have been cleared for cultivation to finance church 

activities (Abbott, 2018). Analysis of nearly 80 years of historical aerial photographs indicates 

that church forests have remained relatively stable in size, reflecting notable resilience. However, 

despite this stability, increasing human disturbance within the forests has intensified their 

vulnerability and weakened their capacity to function as vital Afromontane refugia for ecological 
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restoration amid extensive land-use and cover (LUC) changes in the surrounding landscapes 

(Scull et al., 2016). 

Church forests hold significant value for traditional knowledge systems. They serve as refuges 

for wildlife; species of animals, food, and traditional medicines are made available; they serve as 

seed banks for native tree species; and they are hotspots of biodiversity and ecosystem services 

(Robinson, 2015; Aerts et al., 2016; Endalew et al., 2020; Wolde, 2023). Hence, these forests 

provides for the collection of many medicinal plants used in traditional medicine for treating 

physical ailments, spiritual healing, and general wellness (Anderson, 2007). With the fast rate of 

biodiversity loss and its threat to the human and environmental well-being, these sacred sites are 

vital for cultivating biological and cultural diversity, with their conservation deeply intertwined 

with their cultural significance (Doffana, 2017).  

Despite their ecologic and cultural significance, church forests are coming under growing threats 

and there have been dramatic reductions in number over recent decades (Aerts et al., 2016; 

Cardelœs et al., 2019). Deforestation has been largely driven by the expansion of agriculture, 

�Z�K�L�F�K���O�H�G���W�R���W�K�H���F�O�H�D�U�D�Q�F�H���R�Y�H�U�����������R�I���(�W�K�L�R�S�L�D�¶�V���I�R�U�H�V�W���E�H�W�Z�H�H�Q�������������D�Q�G���������������S�U�L�P�D�U�L�O�\�� �I�R�U��

cropland conversion (FAO, 2015). Overgrazing, mainly by cattle, disrupts pollination and seed 

dispersal and thereby limits natural regeneration in church forests (Aerts et al., 2016; Wassie, 

2007). The pressure of unsustainable firewood extraction from forest due to land use leading to 

soil and biological resource degradation in these forests. Furthermore, dependence on biomass 

energy for more than 90% of our national consumption can be witnessed in most parts of the 

country leading to fuel wood cutting and deforestation, promoting degrading to forests (Eshetu, 

2014). 

Land scarcity has led to encroachment and division, with some church forests halving in size 

during the last hundred years in the Amhara region (Cardelœs et al., 2013). All these threats 

underline the importance of good management of such marshland fragments, so rich in 

biodiversity but eroding without stop. Climate change further exacerbates human pressure on 

church forests, for example through the 2015�–2016 El Niæo drought that led to widespread tree 

die-offs and increased fire risk (USAID, 2017). 
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These long-term threats bring into a pressing need for effective conservation measures to protect 

church forests. However, although the pressures on such ecosystems are increasing, relatively 

low-level in-depth research has been achieved on some church forests. Earlier research reports 

different woody species diversity, ranging from 168 species in South Gondar church forests 

(Wassie et al., 2010), 39 species in Yemrehane Kirstos Church Forest (Amanuel and Dalle, 

2018), to 70 species in Debre Libanos Monastery (Koricho et al., 2020). In addition, restoration 

opportunities and challenges (Wassie, 2002, 2007), soil seed bank (Wassie and Teketay, 2006), 

tree regeneration (Wassie et al., 2009), and forest resilience (Scull et al., 2016) were studied in 

particular in South Gonder Administrative Zone church forests. 

Studies on church forests bridge sacred values with scientific knowledge, offering ecological and 

cultural benefits for both present and future generations. Similar to other parts of Ethiopia, 

church forest conservation practices were studied in some selected church forests of the West 

Gojjam zone (Woldemedhin & Teketay, 2016). However, comprehensive investigations have not 

been conducted regarding their carbon sequestration potential, the extent of human-induced 

disturbances, soil properties, and ethnobotanical aspects of church forests and surrounding area. 

Furthermore, integrating of ecological and ethnobotanical knowledge is vital to promote 

collaborative conservation planning in church forest and surrounding areas (Shrestha and 

Medley, 2017). Addressing these gaps is essential to reposition church forests not only as 

religious symbols but also as scientifically recognized and actively managed ecological 

landscapes. Therefore, the present study was aimed to evaluate the vegetation ecology of selected 

church forests and ethnobotanical assessment of medicinal plants in West Gojjam Zone.  
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1.2.3. Siginificance of the present study 

The following are the significance of the study:  

1. Conservation of Biodiversity: The church forest study showed how sacred forests in West 

Gojjam and other areas serve as vital refuges for biodiversity, preserving native species and 

ecosystems in a heavily degraded landscape. By integrating spiritual values with ecological 

stewardship, these forests empower local communities to protect nature while benefiting from 

essential ecosystem services like clean water, soil conservation, and medicinal plants. 

2. Traditional Healthcare Support: The report revealed a high number of medicinal plants (97 

human and 53 animal) that have been used by the informants. It not only confirms traditional 

information but also gives evidence for the long-term use of the species in traditional medicine. 

It forms a foundation for future drug discovery and emphasizes the need for conservation of the 

species for continued benefits in health to the community. 

3. Carbon Sequestration and Climate Change Mitigation: Church forests were found to store 

significant carbon (31.97 – 3.31 tons ha-1 biomass), contributing to climate change mitigation. 

This call attention to their role in global environmental efforts and could lead to opportunities for 

carbon credit programs (REDD+) that benefit the local community economically. 

4. Church forests enhance soil fertility by preventing erosion, adding organic matter, and cycling 

nutrients. Their integral soils benefit nearby agriculture by reducing sediment loss, improving 

water retention, and decreasing the need for chemical fertilizers. Comparing land uses shows 

these benefits, supporting sustainable land management, food security, and soil conservation. 

5. Integrated Conservation Approach: The study emphasizes the value of community-led 

conservation through buffer zones, native species restoration, and participatory management, 

which not only fosters local ownership and cultural alignment but also enables targeted 

interventions to mitigate threats like arbitrary grave construction, logging, agriculture, and 

grazing, thereby reducing degradation and preserving both biodiversity and cultural heritage. 
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1.3. Review of Related Literature   

1.3.1. Vegetation of Ethiopia 

Vegetation, the most abundant biotic element of the biosphere, refers to the plant life covering a 

region (Maarel and Franklin, 2013). In Ethiopia, characterized by different geographical 

contrasts, elevations range from 125 meters below sea level in the Danakil Depression to 4,620 

meters above sea level in the Semien Mountains (Husen et al., 2012; Mulugeta and Teketay, 

2005). This topographical diversity, combined with climate variability, fosters a wide range of 

vegetation types, from Afroalpine in the highlands to arid and semi-arid in the lowlands (Asefa et 

al., 2020). Ethiopia’s rich biodiversity, complex terrain, and climatic variations collectively shape 

its distinct vegetation patterns, which are primarily influenced by the country’s geological history 

and climate, resulting in vegetation types ranging from drought-tolerant species in the lowlands 

to cold-tolerant species in the highlands.  

Additionally, the vegetation reflects a blend of Afrotropical and Palearctic species, a legacy of 

connections established during the dry glacial period. Plant species richness and distribution 

along elevation gradients are further influenced by factors such as management intensity, 

anthropogenic disturbance, and spatial heterogeneity (Kumar et al., 2024; SÆnchez and Lopez-

Mata, 2005). Protected areas and buffer zones play a crucial role in maintaining biodiversity 

(IFAD, 2016), which is fundamental to ecosystem structure and function, providing a vast range 

of ecological goods and services essential for human well-being (Naeem et al., 2009; Leadley et 

al., 2010). Biodiversity also supports processes like photosynthesis, which contributes to oxygen 

production (Stewart and Globig, 2011) and includes plant species that serve as valuable sources 

of medicines and herbs. Conversely, a lack of diversity in ecosystems can have detrimental 

effects (Naveh, 1994). 

According to Matthews (1983) the vegetation type is classified based on their life forms, density, 

and seasonality (evergreen and deciduous) in association with altitude, climate, and vegetation 

architecture. Ethiopia’s vegetation is classified by different authors in different ways. For 

example, according to Demsew and Friis (2009), nine types of vegetation were found including 

Eritrean vegetation. Similarly, Pichi-Sermolli (1957) categorized the Ethiopian vegetation into 

twenty-four types by using physiognomic characters with little phytogeographical consideration.  
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Recently Friis et al. (2010) have classified Ethiopian, natural vegetation into 12 major types and 

subtypes based on their climate and altitude variations. These are (1) Desert and semi-desert 

scrubland, (2) Acacia-Commiphora with subtypes (2a) Acacia-Commiphora woodland and 

bushland proper, and (2b) Acacia wooded grassland of the Rift Valley (3), Wooded grassland of 

the western Gambela region (4), Combretum-Terminalia Woodland and wooded grassland (5), 

Dry evergreen Afromontane forest and grassland complex with subtypes (5a) Undifferentiated 

Afromontane forest and (5b) Dry single-dominant Afromontane forest of the Ethiopian highlands 

(5c) Afromontane woodland, wooded grassland and grassland (5d) Transition between Afromont

ane vegetation and Acacia Commiphora bushland on the Eastern escarpment (6) Moist evergreen 

Afromontane forest with subtypes (6a) Primary or mature secondary moist evergreen 

Afromontane forest (6b)  Edges of moist evergreen Afromontane forest, bushland, woodland, 

and wooded grassland, (7) Transitional rain forest, (8) Ericaceous belt, (9) Afroalpine belt, (10) 

Riverine vegetation, (11) Freshwater lakes, lakeshores, marshes, swamps and floodplains 

vegetation (11a) Freshwater lake vegetation [open water] and (11b) Freshwater marshes and 

swamps, floodplains and lakeshore vegetation, (12) Salt-water lakes, lakeshores, salt marshes 

and pan vegetation (12a) Salt-water lake vegetation [open-water] (12b) Salt pans, saline/brackish 

and intermittent wetlands and salt-lake shore vegetation. However, the vegetation of Ethiopia has 

faced a strong influence from anthropogenic factors. Because 85% of the rural population is 

dependent on natural resources for their livelihood, and this results in the decline of vegetation 

cover in the country (Fessehaie and Tessema, 2014). 

A loss of biodiversity means a loss of new inspirations that bring happiness and learning 

opportunities (Ryu et al., 2020). Therefore, biodiversity conservation is central to achieving 

�U�H�F�H�Q�W�� �J�O�R�E�D�O�� �F�R�P�P�L�W�P�H�Q�W�V�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�O�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �X�Q�G�H�U�� �‡�$�J�H�Q�G�D�� �����������·�� �D�G�R�S�W�H�G�� �E�\�� �W�K�H��

United Nations in 2015 (IFAD, 2016). The International Fund for Agricultural Development 

(IFAD) recognizes that losing biodiversity means losing opportunities for coping with future 

challenges, such as those posed by climate change and food insecurity. Successful conservation 

and management of plant diversity require an explicit exploration of plant species richness 

patterns and an understanding of the factors that govern these patterns (Gebrehiwot et al., 2019). 

Two key approaches, in situ and ex situ conservation, are vital for preserving natural vegetation.  
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Ex situ maintenance of plant species is provided by botanic gardens, while in situ conservation 

involves protecting forests and other vegetation in their natural habitats (Thomas et al., 2022; 

Corlett, 2016). The conservation of natural vegetation is essential for maintaining sustainable 

ecosystems. This involves avoiding practices such as cutting trees and clearing forests for 

excessive human needs, preventing pollution of soil, water, and air, and ensuring proper 

monitoring of these resources. Healthy ecosystems provide critical services, such as clean air and 

water, fertile soil, and climate regulation, which are indispensable for human well-being and 

survival. By conserving natural vegetation, we safeguard these ecosystem services, ensuring their 

availability for future generations (Corlett, 2016). 

The West Gojjam Zone, located in the Amhara National Regional State of Northwestern 

Ethiopia, is characterized by diverse vegetation types shaped by variations in altitude, climate, 

and land-use patterns. The natural vegetation of the zone is dominated by dry Afromontane 

forests, woodlands, and riverine vegetation, which harbor a wide range of indigenous tree and 

shrub species. However, much of the original forest cover has been converted into agricultural 

land, leaving remnant patches of vegetation mainly in sacred church forests and along steep 

slopes or inaccessible areas. These remnant forests play a critical role in conserving biodiversity, 

maintaining soil fertility, and supporting traditional ecological knowledge. Common tree species 

include Juniperus procera, Olea europaea subsp. cuspidata, Croton macrostachyus, and Cordia 

africana, while understory layers are often composed of shrubs, climbers, and herbaceous 

species. Despite their ecological significance, the vegetation resources of West Gojjam are 

increasingly threatened by deforestation, fuelwood collection, grazing pressure, and agricultural 

expansion (Woldemariam & Teketay, 2016). 

1.3.2. Forest Ecosystems, Biodiversity, and Conservation Challenges in Ethiopia 

The forest is an ecosystem characterized by a dense and extensive tree cover, often consisting of 

stands varying in characteristics such as species composition, structure, age class, and associated 

processes and commonly including meadows, streams, fish, and wildlife (FAO, 2011). 

According to the United Nation framework convention on climate change, the forest is defined 

as an area covering at least 0.5 to 1 hectare, containing tree crown cover of more than 10 to 30% 

with trees that have the potential to reach a minimum height of 2 to 5 m at maturity (UNFCCC, 

2002; CotØ, 2003).  A forest is a continuous stand of trees that may attain a height of 50 m or 
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more with crowns touching or intermingling and often interlaced with lianas (Friis, 1986). Forest 

cutting is a common type of human disturbance in different part of Ethiopia (Hishe et al., 2021). 

Historical sources indicated that Ethiopia land area was covered about 35-40% by forests (EFAP, 

1994). Currently, the country has about 17.35 million hectares of forests (15.7% of the country’s 

area), which include bamboo, dense woodland, natural forests, and planted forests (EBI, 2015). 

Rapid population growth, poverty, deforestation, shifting agriculture, demand for fuelwood and 

charcoal, human-induced fires, forest cutting, and lack of proper policy frameworks are among 

the major factors contributing to deforestation (Dinkayoh, 2016; Xi et al., 2021). Habitat loss due 

to deforestation not only reduces the number of species in the ecosystem but also the number and 

location of species living together (Mwakalukwa et al., 2014). Human disturbances have an 

impact on the biodiversity of forest communities (Laurance et al., 2014).  

The forest biodiversity is an important renewable natural resource serving tremendous values of 

scientific, agricultural, medical, pharmaceutical, educational, cultural, and ecological importance 

(Mewded et al., 2019). Botanical assessments such as floristic composition, species diversity, 

and structural analysis provide information on species richness of the forest, useful for forest 

manage-ment purposes, and help in understanding forest ecology and ecosystem function 

(Zaman et al., 2011).  

The status of species composition and structure of forest vegetation are important indicators to 

understand the trends of threats on local plant communities (Misganaw et al., 2021). To ensure 

the sustainable use, conservation, and ecological management of natural vegetation, an in-depth 

study of the remaining forest lands in Ethiopia is urgently needed as basic information are 

lacking (Gebrehiwot et al., 2019). Thus, studying plant diversity in the forest area is essential for 

evaluating and documenting species composition, diversity, structure, regeneration status, 

ecological aspects, and associated traditional knowledge. This information is crucial for the 

effective management, sustainable utilization, and conservation of the forest before it is lost 

(Birhanu et al., 2021).  
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1.3.3. Significance and conservation of Forest 

1.3.3.1. Significance of Forest 

Forest is important for our survival starting from the air we breathe to the wood we use. It also 

providing habitats for animals and livelihoods for humans, watershed protection, prevents soil 

erosion, in sustaining water supply and rainfall, and mitigates climate change (Ekhuemelo et al., 

2016). Forests are invaluable assets, offering a wealth of resources. These include timber, 

fuelwood, fodder, fiber, fruits, medicinal plants, cosmetic ingredients, and raw materials 

essential for various industries (Chamberlain et al., 2020; Mondo et al., 2024). Wood is also 

essential in the production of paper. The rubber extracted from trees is used to make several 

products (Ramage et al., 2017). A diverse array of mammals and birds inhabit these forests, 

constituting vital living resources. Furthermore, forests play a crucial role in soil formation, 

water conservation, and the replenishment of oxygen. In general, the importance of forest can be 

categorized into different major headings as economic, ecological and social significance (Botkin 

and Keller, 2014; Chamberlain et al., 2020).  

The economic significance of forest including making houses, furniture, matches, ploughs, 

bridges, and boats, etc, and as the source of forest products such as tannins, gums, spices, waxes, 

honey, and musk. The flora and fauna of the forest also hold the key to numerous life-sustaining 

products such as pharmaceuticals, insecticides, and pesticides. According to FAO (2012), about 

350 million of the world’s poorest people, including 60 million indigenous people, use forests 

intensively for their subsistence and survival. Forest is significant in ecology through moderation 

of global climate by stabilizing global climate and hydrological and carbon cycles. Because 

forests could absorb carbon dioxide from the atmosphere (source of carbon sink) (Psistaki et al., 

2024). Forests are the greatest repository of biodiversity on the land as they provide ideal 

conditions for the survival and growth of living organisms. Similarly, forest is significant as part 

of our social and cultural ethos by providing aesthetic, recreational and spiritual value for the 

people (Pillay et al., 2022). Therefore, forests play an important role in the well-being and 

survival of the community by providing the necessary materials economically, ecologically, 

socially and culturally entities. 
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1.3.3.2. Conservation of Forest 

According to FAO (2015), Ethiopian has lost more than two million hectares of forest cover with 

an annual average loss of 140, 000 ha from 1990-2005. According to the World Bank assessment 

of the forest cover from 1990-2018 vary from previous reports. In 1990, the Ethiopian forest had 

covered a total of 204,085.6 square kilometers. However, in 2018, the forest cover reduced to of 

172, 145 square kilometers. This trend has shown drastically decrease through the years. 

Consquently, this may result in the expansion of drought, deforestation and expose the people                               

to famine. Deforestation refers to the removal or destruction of forests. The major causes of 

deforestations are population explosion, forest fires, grazing of animals, and pest attacks.  Forests 

�D�U�H���Y�L�W�D�O���W�R���W�K�H���F�R�Q�V�H�U�Y�D�W�L�R�Q���R�I���W�H�U�U�H�V�W�U�L�D�O���E�L�R�G�L�Y�H�U�V�L�W�\�����D�V���P�R�U�H���W�K�D�Q���D���T�X�D�U�W�H�U���R�I���W�K�H���H�D�U�W�K�¶�V���O�D�Q�G��

surface is covered by �I�R�U�H�V�W�V���� �D�Q�G�� �P�R�U�H�� �W�K�D�Q�� �K�D�O�I�� �R�I�� �W�K�H�� �H�D�U�W�K�¶�V�� �W�H�U�U�H�V�W�U�L�D�O�� �V�S�H�F�L�H�V�� �G�Z�H�O�O�� �L�Q�� �R�U��

depend on these forests (Hassan et al., 2005; FAO, 2012). However, in many regions, natural 

forest cover is limited due to human activities (Eycott et al., 2006), making modified forests 

crucial for biodiversity conservation. Preventing further forest loss requires preserving existing 

forests and restoring degraded and deforested areas (CØsar et al., 2020). 

 

1.3.4. Church Forests in Ethiopia 

According to FAO (2012) in Ethiopia, significant forests are found in and around churches, 

monasteries, graveyards, mosque compounds, and other sacred sites. Forests in the church are 

sacred because church is believed to be the house of God and everything in its compound is 

sacred and respected (Aerts et al., 2016 Amare et al., 2019). Church forests represent an unusual 

form of community-based protection that integrates locally controlled common property with 

external institutional arrangements this hybrid system is highly effective at protecting the forest 

while maintaining cultural practices (Klepeis et al., 2016). Hence, church forests provide a safe 

habitat for plants and animals, sources of food and traditional medicine, seed bank for native tree 

species, reduce soil erosion, and are rich in biodiversity (Aerts et al., 2016; Endalew et al., 2020). 

For centuries, the core religious values of Ethiopian Orthodox Tewahido Church communities 

have ensured the protection of church forests (Orlowska and Klepeis, 2018). 
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Ethiopia’s church forests, sacred woodlands that encircle EOTC, are the remaining pieces of the 

vast highland forests that have dwindled to a mere 4% of their original size after centuries of 

agricultural development. These forests, estimated at 35,000 nationwide (with about 8,000 in the 

Amhara region), vary in size from 3 to 300 hectares, averaging around 5 hectares, and act as vital 

havens of biodiversity within a severely deforested region (Wassie et al., 2010; Cardelœs et al., 

2013; Reynolds et al., 2017). Maintained for more than 1,500 years by religious customs 

connecting churches and forests, these groves demonstrate a longstanding model of conservation 

driven by faith, despite facing increasing risks to their ecological health from fragmentation and 

changing land use (Abbott, 2018). The continued existence of these forests highlights the need to 

combine cultural heritage with ecological conservation to protect these distinctive ecosystems. 

1.3.4.1. Floristic composition and vegetation structure of some church forests in Ethiopia 

The Ethiopian orthodox churches play a pivotal role in conserving and protecting forest 

resources and they harbour diverse flora and fauna (Wassie et al., 2002). Despite this fact, there 

is inadequate knowledge on the floristic composition, diversity and regeneration status of woody 

plants in most of the church forests in Ethiopia (Kifle et al., 2022). This implies that, church 

forests are important refugia of woody species biodiversity in central Ethiopia.  

The overall conservation status is higher in older church forests. This is because the church 

forests have woody species populations with good recruitment potential. Numerous studies have 

been conducted in Ethiopia to assess the diversity and composition of church forests across 

different regions. For example, Wassie et al. (2010) documented 168 woody plant species in the 

South Gondar Zone, including 100 tree species, 51 shrubs, and 17 lianas. Similarly, Amanuel 

and Dalle (2018) recorded 39 species in Yemrehane Kirstos Church Forest (Lasta Woreda), with 

19 (50%) trees, 5 (13%) shrubs, and 14 (36.8%) tree/shrubs. Koricho et al. (2020) identified 70 

species in Debre Libanos church forests, consisting of 34 (57%) trees, 21 (36%) shrubs, and 4 

(7%) lianas. Birhanu et al. (2021) reported 73 species in Dangila church forests, categorized as 

43.06% trees, 12.5% tree/shrubs, 36.11% shrubs, and 8.33% climbers. Additionally, Tadesse 

Kifle et al. (2022) found 52 species in selected churches of central Ethiopia, with 56% trees, 41% 

shrubs, and 3% lianas. 
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1.3.4.2. The importance of Ethiopian church forests 

The oldest EOTC date back to the 4th century and contain 35,000 churches and monasteries, 

some of which are about 1660 years old (Getnet, 1998; Abbot, 2018). The church forests in 

Ethiopia are small fragments of forest surrounding EOTC. Because these church forests house 

water supplies, biodiversity (including pollinators of local crops), conserve soil, store carbon, as 

well as the local churches which represent important spiritual centers. These forests are an 

important legacy to the health of the Ethiopian people (Wassie et al., 2009, 2010). They are a 

source of freshwater springs, a place for soil and water conservation (Abiyou et al., 2015). They 

are important in ecology, ecosystem services. In general, church forests have the following major 

importance. 

For conservation of biodiversity 

Vegetation surveys of church forests indicate that they are house of a large proportion of the 

vulnerable plant species (Wolde, 2023). In many parts of northern Ethiopia, large trees are 

mainly found in church compounds (Woldemedhin and Teketay, 2016). Church forests are the 

ideal sites to be chosen for species afforestation programs in their specific localities (in-situ) and 

that could serve as models of sustainable forest management and biodiversity conservation 

(Amare et al., 2019).  

According to Wassie (2002), indigenous trees and plants are mostly found in the EOTC church. 

The church community protects the existing plants and the clergy initiate the community to plant 

trees in the church. This implication is important for the conservation of biodiversity. Therefore, 

churchyards are safe places for trees and other biodiversity resources for in situ conservation of 

both endemic and vulnerable plant species (Amare et al., 2019). 

Ecosystem services of church forests 

Church forests are vital to local communities, providing crucial ecosystem services such as fresh 

water, pollination, honey production, shade, and spiritual enrichment (Wassie et al., 2010; 

Reynolds et al., 2017). Functioning as cultural, ecological, and economic assets, these unique 

ecosystems support a wide array of plants, and animal life (Amare et al., 2019). Furthermore, 

they play a significant role in preserving forest sustainability, promoting biodiversity, and 

enhancing social welfare. 
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One important ecological function of church forests is mitigating climate change through carbon 

sequestration. Afforestation and sustainable forest management can help counteract climate 

�F�K�D�Q�J�H���� �Z�K�L�F�K�� �L�V�� �O�D�U�J�H�O�\�� �F�D�X�V�H�G�� �E�\�� �L�Q�F�U�H�D�V�L�Q�J�� �D�W�P�R�V�S�K�H�U�L�F�� �&�2�w�� �O�H�Y�H�O�V�� �I�U�R�P�� �K�X�P�D�Q�� �D�F�W�L�Y�L�W�L�H�V��

(Kabir et al., 2023; Miripanah et al., 2019). Church forests serve as carbon sinks by absorbing 

�&�2�w�� �W�K�U�R�X�J�K�� �S�K�R�W�R�V�\�Q�W�K�H�V�L�V�� �D�Q�G�� �V�W�R�U�L�Q�J�� �L�W�� �Z�L�W�K�L�Q�� �W�K�Hir biomass, soil, and litter (Alongi, 2012). 

Plants are essential in this process, stabilizing ecosystems while simultaneously decreasing 

atmospheric carbon concentrations (Tadesse, 2008). Ethiopian forests are estimated to store 2.76 

billion tons of carbon in aboveground biomass, with church forests contributing substantially to 

this total (Eshetu, 2014). A study conducted on seven church forests in Addis Ababa reported 

that the mean aboveground and belowground biomass carbon stocks ranged from 129.85 – 

15���������� �W�� �K�D�q�ï�� �D�Q�G�� ������������ ���� ������������ �W�� �K�D�q�ï���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �X�Q�G�H�U�V�F�R�U�L�Q�J�� �W�K�H�L�U�� �F�U�L�W�L�F�D�O�� �U�R�O�H�� �L�Q�� �F�O�L�P�D�W�H��

regulation (Tura, 2013). 

1.3.5. Threats and major causes of church forests depletion in Ethiopia 

Loss of forest cover and biodiversity due to anthropogenic activities is a growing concern in 

many parts of the world (Hegde and Enters, 2000). Deforestation and forest degradation, 

overgrazing, an ever-increasing demand for forest products, forest fire and conversion of forest 

to farmland, etc. are becoming the main challenges threatening forest development and 

conservation efforts in Ethiopia (Melkie, 2020). According to Abiyou et al. (2015), the major 

constraints of church forest depletion are anthropogenic pressure, invasive species, and 

overgrazing by livestock. Anthropogenic pressure accounts for the largest share of forest 

destruction followed by grazing by domestic animals and then farm expansion and charcoal 

production. Human pressure is highly intensified in Mitak Amanuel and Abune Zena Markos 

natural forest. Farm expansion is also the main problem of Mida Abune Melketsiediek monastery 

forest forests (Abiyou et al., 2015).  The destructive impacts of invasive alien species have been 

identified in Kewet, Yifratana Gidim districts towards Afar and Dessie. Among the invasive 

species, Lantana camara has replaced all the shrubby plant species at a very rapid rate.  

In addition, livestock grazing is the major factor limiting seedling establishment, survival, and 

growth in church forests (Abiyou et al., 2015). This grazing practice will increase the erosion of 

soil. Therefore, another appropriate and alternative measurement must be made to stop the major 

constraints that hinder the green spot of the church forest. According to Cardelœs et al. (2017), 
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human disturbance (e.g., trails, plantations, exotic planting; 37%); and that forests close to 

markets (e.g., cities) have increased in area due to planting of eucalyptus (exotic), indicating a 

potential threat to their persistence and value as shelters of the church.  

The other threatening factors includes shifting cultural practices, the changing economic status of 

church forest communities and the increasing influence of outside actors (Reynolds et al., 2017). 

A shift over time among church communities away from desiring extractive uses such as 

firewood and towards renewable uses including medicines, honey, shade and prayer (Orlowska 

and Klepeis, 2018). It is possible that these changes in self-reported desires for extractive 

resources might reflect increased hesitance to report what are increasingly seen as prohibited 

uses of the church forest (rather than actual changes in behavior concerning forest uses). The 

depletion of church forests has been increasing annually, unless appropriate measures are 

implemented (Reynoldse et al., 2017).  

1.3.6. Conservation status of Church forests in Ethiopia 

Churches and monasteries have a long history of planting, protecting and conserving of trees 

(Woods et al., 2017). For centuries, the core religious values of EOTC communities have 

ensured the protection of church forests (Klepeis et al., 2016). Church forests have a very 

important role in carbon sequestration, mitigate climate change and biodiversity conservation, 

and thus scaling up the long-term maintenance and management of such small-sized forests in 

urban green spaces is vital (Yilma and Derero, 2020). Understanding the conservation value, 

particularly for woody plant species diversity and composition such efforts in relation to other 

forest management practices in and around church forests is crucial for devising appropriate 

conservation strategies (Koricho et al., 2020). This is showed that a conservation approach, 

scientific studies on floristic composition, vegetation structure, and regeneration status of a given 

forest patches are needed to determine the status of the church forest and take appropriate 

conservation measures (Kifle et al., 2022). 

Only 8 percent of tropical forests are formally recognized as conservation areas (Morales-Hidalgo 

et al., 2015), however globally, there is a network of sites that are protected because they are 

�V�D�F�U�H�G�� �D�Q�G�� �D�V�� �D�� �U�H�V�X�O�W�� �D�F�W�� �D�V�� �µ�V�K�D�G�R�Z�¶�� �F�R�Q�V�H�U�Y�D�W�L�R�Q�� �I�R�U�� �E�L�R�G�L�Y�H�U�V�L�W�\�� ���&�D�U�G�H�O�~�V�� �H�W�� �D�O������ ��������������

Minimizing exotic tree planting by church authorities would be one approach for improving the 
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regeneration of forests.  Reducing forest degradation is more difficult given the active use of 

these forests by the community (Klepeis et al. 2016). One approach that has been shown to 

reduce disturbance and increase forest regeneration in these forests is the erection of walls 

(Woods et al. 2017). The walls reduce grazing by animals and human foot traffic, allowing for 

seedlings to germinate.  

Today there are some 8,000 church forests in the Amhara Regional State, located in the 

highlands of northern Ethiopia (Cardelœs et al., 2017). Church forest communities have 

preserved the core religious ideas allowing forest protection while being exposed to external 

influences throughout their history (Orlowska and Klepeis, 2018). Church forests provide 

invaluable contribution in conserving of high floral and faunal diversity with many indigenous 

and rare species (Reynolds et al., 2017).  Church forests provide important ecosystem services to 

local communities. Church forest harbors various wildlife including mammals, birds, reptiles, 

and amphibians.  

Indigenous knowledge and attitudes and practices in the Orthodox Tewahedo church forests 

contribute positively to conserving and effective management strategy of the biodiversity. A 

holistic study on role of Ethiopian Orthodox church forests in conserving wildlife, and 

Knowledge of communities should be expanded in other church forests of Ethiopia (Reynolds et 

al., 2017). Some of the only Afromontane Forest in northern Ethiopia today is on lands managed 

by followers of the Ethiopian Orthodox Church, where for centuries priests and communities 

have conserved forest groves around church buildings (Reynolds et al., 2017; Sahle et al., 2021). 

The ecological value of the thousands of church forests in Ethiopia has been widely 

acknowledged, but little is known about the diverse local institutions that govern these resources, 

�R�U�� �K�R�Z�� �V�X�F�K�� �L�Q�V�W�L�W�X�W�L�R�Q�V�� �P�L�J�K�W�� �E�H�� �F�K�D�Q�J�L�Q�J�� �L�Q�� �U�H�V�S�R�Q�V�H�� �W�R�� �(�W�K�L�R�S�L�D�¶�V�� �U�D�S�L�G�� �U�H�F�H�Q�W�� �H�F�R�Q�R�P�L�F��

development (Reynolds et al., 2017; Teku et al., 2024).  

1.3.7. Soil ecology 

Soil is a complex and dynamic natural component composed of minerals, organic matter, liquids, 

�D�Q�G���J�D�V�H�V�����Z�K�L�F�K���W�R�J�H�W�K�H�U���R�F�F�X�S�\���V�S�D�F�H���R�Q���W�K�H���(�D�U�W�K�¶�V���V�X�U�I�D�F�H���D�Q�G���I�R�U�P���D���Y�L�W�D�O���S�D�U�W���R�I���W�H�U�U�H�V�W�U�L�D�O��

ecosystems (Schoonover and Crim, 2015; Baveye et al., 2016). It is distinguished by its layered 

structure, or horizons, that develop over time due to the combined effects of physical, chemical, 
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and biological processes (Currie, 1999). These processes are influenced by environmental factors 

such as climate, organisms, topography, parent material, and time (Brady and �:�H�L�O�������������������6�R�L�O�¶�V��

ability to support plant growth is a key characteristic that defines its role as a fundamental 

resource for life on Earth (Gama, 2023).  

Soil is far more than just a medium for plants to anchor their roots; it is a dynamic and essential 

component of Earth’s environmental systems, playing a fundamental role in global 

biogeochemical cycles such as the carbon, water, and nutrient cycles (Smith et al., 2015). It 

serves as both a reservoir and a transformer of vital nutrients such as carbon, nitrogen, and 

phosphorus that are indispensable for sustaining life on Earth.For instance, soils act as a massive 

storage system for carbon, holding it in both organic forms (like decomposed plant and animal 

matter) and inorganic forms (such as carbonates).  

This storage capacity makes soil a cornerstone of the global carbon cycle and a key regulator of 

atmospheric carbon dioxide levels, which directly influences climate change (Lal, 2004). The 

role of soil in the nitrogen cycle is equally critical, as it facilitates the transformation of 

atmospheric nitrogen into bioavailable forms through microbial processes like nitrogen fixation, 

nitrification, and denitrification. These processes enable nitrogen to move through ecosystems, 

supporting plant growth and sustaining food webs (Galloway et al., 2008). Similarly, soil plays a 

crucial role in the phosphorus cycle. Phosphorus, a nutrient essential for DNA, RNA, and ATP in 

living organisms, undergoes complex transformations in soil. Its availability is controlled by 

interactions with minerals and organic matter, influencing how much of this nutrient is accessible 

to plants and microorganisms (Johan et al., 2021). 

The decomposition of organic matter within soils is a key driver of these nutrient cycles, and soil 

organisms are at the heart of this process (Swaminathan et al., 2021). A diverse community of 

organisms, including bacteria, fungi, and invertebrates such as earthworms, work to break down 

dead plant and animal material (Griffiths et al., 2021). This decomposition releases nutrients back 

into the soil, making them available for plant uptake and continuing the cycle of life. These 

organisms not only help recycle nutrients but also play a vital role in maintaining the physical 

structure of soils. Through actions such as bioturbation where organisms disturb the soil by 

burrowing or moving through it, they enhance soil aeration, improve water infiltration, and 

create pathways for roots to penetrate deeper into the ground (Gabet et al., 2003). 
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1.3.7.1. Nutrient Dynamics in Forest Soil 

Forest stands produce 100�–500 ton ha-1 stand total biomass on dry matter that contains 60-80% 

stem wood, 10-20% branches, 5-10% barks, 5-10% roots, and 1-5% leaves (Granier et al., 2000; 

Osman, 2013). Around 58% of the biomass is carbon. To produce such enormous amounts of 

biomass, forest cover requires 200-2, 500 kg ha-1 N, and the same amounts of K and Ca, and 20�–

200 kg ha-1 P (Osman, 2013). Such enormous amounts of nutrients absorbed to be recycled back 

into the forest ecosystem annually are by a sequence of processes such as litter fall, stem flow, 

throughfall, root rot and death and decomposition of soil organisms (Granier et al., 2000). What 

this implies is that forests have a functioning nutrient cycle system in which nutrients absorbed 

by trees and other organisms are finally returned to the environment to preserve productivity and 

ecosystem processes.  

Litter falls features as the key path of return of nutrients to the forest environment. This is also 

confirmed by Panwar (2013) that supplies 3-15 tons of litter per hectare reaching the ground 

annually, indicating its vital role in soil nutrient recycling. Second, forest tree yearly nutrient 

intake is not constant and varies enormously with variables such as tree species and soil fertility. 

This diversity shows biological and environmental regulation of the recycling of nutrients within 

the forest ecosystem. The evidence for this kind of diversity is provided by Salazar et al. (2010), 

showing the role of site-specific factors in determining the nutrient dynamics in forest 

ecosystems. Together, these results give an image of the intricate link between nutrient recycling, 

uptake, and the sustainability of forest ecosystems.  

1.3.7.2. Chemical Properties of Forest Soils 

The chemical properties of forest soils are influenced by factors such as land use, soil depth, and 

environmental condition, which are the major contributory factors for the fertility of the soil, 

organic carbon storage, and the health of the ecosystem (Hansson et al., 2020).  Forest soils tend 

to be more nutrient-rich and have higher organic carbon content compared to other non-forest 

soils, with New Zealand, Karnataka, Bangalore, and Brazilian research showing increased 

organic carbon, nitrogen, phosphorus, and major minerals like calcium, sulfur, manganese, zinc, 

and copper in the surface layer (Durai, 2023; Loretta et al., 2024; Brasileiro et al., 2023).  
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These soils prefer vegetation by providing required nutrients, but weather disturbance such as 

fire, overgrazing, and human actions alter the soil characteristics and undermine ecosystem 

health as observed in Algeria and the Czech Republic (Dahmani et al., 2023; NeudertovÆ et al., 

2024). Soil structure comprises inorganic and organic material, with significant elements such as 

oxygen, silicon, and aluminum, along with a wide range of chemical compounds, nutrients, and 

ions under dynamic biochemical activity (Buchanan, 2014; Reddi et al., 2012).  

Soil solution contains dissolved organic nitrogen (DON), which often represents the dominant 

form of nitrogen leached from both coniferous and deciduous forest floors (Sollins & 

McCorison, 1981). The chemical composition of forest soil DON can vary considerably 

depending on tree species and the degree of organic matter decomposition. Different types of 

plants have litter which not only varies in composition but also in water-extractable compound 

concentrations (Don and Kalbitz, 2005). The physical and chemical properties of Ethiopian 

forest soils are greatly influenced by land use change, which can reduce or enhance soil quality 

based on the adopted management measures (Asmare et al., 2023). �3�O�D�Q�W�V�� �X�W�L�O�L�]�H�� �&�2�w�� �Guring 

�S�K�R�W�R�V�\�Q�W�K�H�V�L�V�� �I�R�U�� �F�D�U�E�R�Q���� �D�Q�G�� �D�E�V�R�U�E�� �1�2�x�q�� �D�Q�G�� �1�+�y�p�� �I�R�U�� �Q�L�W�U�R�J�H�Q�� �D�Q�G�� �3�2�y�æ�q�� �I�R�U�� �S�K�R�V�S�K�R�U�X�V��

through their roots during growth to build essential biomolecules like sugars, proteins, and DNA 

Forest soils tend to be less dense (bulk density of 1.10 to 1.61 g/cm‡) and more porous (39.37% 

to 58.49%) than agricultural fields, reflecting a superior structure and increased aeration of the 

soil (Regasa, 2023). This is moderated by higher clay content that facilitates water retention and 

enhances nutrient availability (Bitew, 2024). Forest soils also contain higher organic matter 

(0.64% to 5.91%) and nitrogen (0.04% to 0.31%) compared to cultivated soils, whose nutrient 

content is drained due to intensive cultivation (Regasa, 2023). Forest soils with a pH of 4.92 to 

5.55 are more favorable to nutrient availability compared to the higher acidity forest soils 

associated with overgrazing or agricultural soils (Regasa, 2023).  

However, forest conversion to agricultural land or eucalyptus plantations can lead to soil 

declines. These changes are often associated with declining nutrient levels, soil compaction, and 

overall degradation (Cardelœs et al., 2020). Edge effects, particularly in church forests, also 

increase soil nutrient loss and loss of carbon (Cardelœs et al., 2020), highlighting the need to 

carry out sustainable land management practices to prevent further degradation. Ethiopian forest 

soils have chemical and physical properties that vary. They are low to moderate in terms of soil 
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organic matter (SOM) content, slightly acidic to neutral in pH, and have a moderate to high 

cation exchange capacity (CEC) (Gebrehiwot et al., 2009; Solomon et al., 2014). Physically, the 

soils are sandy to clayey in texture and have granular or crumb structure in normally well-

conserved forests (Hurni, 1985; Lal, 1986). However, nutrient supply, especially phosphorus, is 

limiting in others (Haile et al., 2012). 

1.3.8. Ethnobotany 

Ethnobotany refers to the scientific investigation of changing interdependencies of human beings 

with plants, such as how plant resources are classified, cultivated, and utilized by human 

societies (Martin, 1995). It particularly studies how various cultural and geographic groups 

utilize indigenous plant species for food, medicine, habitat, and other traditional purposes (Hill, 

1989; Cotton, 1996; Balick and Cox, 1996; Turner, 2000). In its simplest form, ethnobotany 

relies on everyday ecological information in the form of vernacular classificatory systems and 

utilitarian plant uses (Martin, 1995). The primary goals of ethnobotanical fieldwork are to 

document and promote sustainable use of traditional plant knowledge.  

As much as there has been increased academic interest, the knowledge corpus is dispersed and 

poorly recorded due to challenges such as sociocultural transformations, reluctance by traditional 

healers to communicate, and declining application of local practices. In Ethiopia, various 

ethnobotanical studies point to the prevalence of medicinal plants in traditional healthcare 

systems and their effectiveness in the treatment of a range of diseases (Simegniew et al., 2017; 

Tilahun, 2018; Netsanet et al., 2020). Cotton (1996) highlights that ethnobotany offers 

information on plants’ multidimensional use in addition to subsistence and medicine for rituals, 

construction, and identity. Ethnobotany is also a vital tool in establishing community needs and 

guiding biodiversity conservation policy (Martin, 1995). Information on plant uses documented 

by indigenous plant knowledge represents culturally embedded patterns of utilization like food 

preparation, medicines, preservation, and pest control. Specifically, ethnobotany also helps the 

pharmaceutical sciences by facilitating the discovery and lead finding of medicinal plants as 

drugs through the isolation and characterization of active compounds (Balunas and Kinghorn, 

2005). 
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1.3.8.1. Medicinal Plants in Ethiopia 

Plants have been a critical component of world medicine for decades as first-line therapeutic 

material for different cultures (Fitzgerald et al., 2020). Medicinal plants are plant species used to 

prevent, diagnose, or treat physical, mental, or social imbalances according to the World Health 

Organization (WHO, 2002, 2009).  

Their shared use persists, particularly among rural populations where they remain an affordable 

and culturally accepted form of healthcare (Oteng et al., 2019; Welz et al., 2018). This reliance is 

especially pronounced among developing countries, where it is difficult to access modern 

medicine, which makes plant medicines even more important (Peters et al., 2008). Globally, 

there are estimated to be 50,000�–80,000 plant species employed in medicine, and around 15,000 

under threat of extinction by over-exploitation as well as habitat destruction (Ross, 2005). Those 

notwithstanding, they still support health systems alongside conservation of biodiversity. In 

Ethiopia, traditional medicine heals human and animal illnesses as well as ecological 

preservation, as observed in the back-yard cultivation of medicinal plants (Abebe and Hagos, 

1991). Both natural and spiritual approaches to wellness are part of Ethiopia’s great botanical 

diversity and old healing customs (Kassaye et al., 2007). Wide use of medicinal plants across 

large areas is supported by extensive studies. 

For example, 43 species were noted in Abaya, Guji Oromia (Bekele and Ramachandra, 2015), 

whereas Ada’a in the East Shewa Zone reported 131 species (Alemayehu et al., 2015). Similarly, 

Chilga in Northwestern Ethiopia reported 101 species (Mekuanent et al., 2015), and Kunama in 

Northern Ethiopia reported 115 species (Meaza et al., 2015). Other notable studies include Ganta 

Afeshum in Eastern Tigray (173 species; Kidane et al., 2018), Gera in Amhara (63 species; 

Netsanet et al., 2020), Gubalafto in Northern Amhara (135 species; Chekole, 2017), and the 

Wolaita Zone in Southern Ethiopia (102 species; Takele Bassa, 2018). The highest diversity was 

reported in the Sheka Zone, SNNP State, with 266 species (Kassa et al., 2020), followed by 

Seharti Samre of Southern Tigray (90 species; Aray et al., 2015). They emphasize the 

importance of medicinal plants within the traditional healthcare system in Ethiopia. 
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1.3.8.2. Ethnobotanical Studies of Medicinal plants in the Amhara Region  

The Ethiopian highlands of the Amhara are extremely rich in ethnobotanical heritage because, 

according to many study reports, the people extensively applied medicinal and wild food plants. 

Accordingly, many studies have been undertaken in this region. For example, in Delanta Woreda 

(Mmisganaw et al., 2016), 78 medicinal plant species were enumerated, and in Hulet Eju Enese 

(Abebe Birhanu and Chane, 2021), 67 were documented, adding that Justicia schimperiana and 

Ocimum lamiifolium are employed on a day-to-day use to cure gastrointestinal and respiratory 

diseases. 

In Gozamin Woreda (Nigussie et al., 2018), 94 medicinal plants were reported, where decoction 

was a common method of preparation. In Gubalafto District survey conducted by Chekole 

(2017), reported 89 species such as Echinops kebericho and Ruta chalepensis for their 

antimicrobial application. In addition, Tenta Woreda Tefera and Yihune (2019) accounted for 68 

medicinal plants including Withania somnifera that has been used traditionally to heal diabetes; 

83 medicinal plants accounted for by Alemayehu et al. (2015) in the Manjar-Shenkora. Ankober 

Woreda was well documented (Lulekal et al., 2014) and accounted for 135 medicinal plant 

species, and Eucalyptus globulus was tapped occasionally for respiratory conditions.  

Moreover, Menz Gera Midir (Yohannis et al., 2018) documented 62 species identifying the role 

played by elderly toward conservation of such traditional knowledge. Besides medicinal plants, 

wild edibles are equally significant in the local food system, as depicted by research in Chilga 

(Mekuanent et al., 2015), with a total of 36 species that included Carissa spinarum. In Quarit and 

Yilmana Densa, 45 wild food species that enhance food security were documented (Alemneh, 

2020). All these ethnobotanical studies together emphasize the crucial contribution of plant 

resources to health and nutrition in the Amhara region. They also emphasize the danger of 

environmental degradation and loss of traditional knowledge and the need to emphasize the 

conservation activities and further studies to safeguard this rich ethnobotanical data. 

1.3.8.3. Indigenous Knowledge (IK) 

Indigenous Knowledge (IK) is a collective repository of knowledge, beliefs, and practice gained 

over the centuries with intense interface with nature (Witharana et al., 2025). IK is cultural 

practice, environmental care, and use of technology (Bruchac, 2014). Conservation of IK is 
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crucial for biodiversity conservation and forms a valuable wealth for sustainable development 

(Duria et al., 2023). Owing to this, its conservation is threatened due to enhanced socio-

economic and environmental change. Documentation of IK is significant in saving cultural 

heritage and advancing sustainable solutions to indigenous problems (Emery, 2000). 

1.3.8.4. Role of Church Forests in Medicinal Plant Conservation 

Church forests are used for medicinal plant species conservation as biodiverse refugia in the face 

of widespread deforestation (Tadesse, 2020). Studies have indicated that such sacred places have 

amazingly high density of endemic and medicinal species compared to those in adjacent 

agricultural fields (Aerts et al., 2016). Spiritual and cultural emptiness of the region is a barrier to 

exploitation, which aids in the preservation of the existence of plants that otherwise would be 

pushed to extinction by agricultural encroachment and over-harvesting (Fullas, 2001). 

Furthermore, ethnobotanical surveys document that local communities derive between 80% of 

medicinal herb needs from these forests, further indicating their socio-ecological utility (Abebe 

and Ayehu, 1993). For instance, Fitsumbirhan (2018) conducted an ethnobotanical study in 

church-based forests of Tahtay Koraro Wereda, Northwestern Tigray, Ethiopia, documenting 

102 medicinal plant species used by local communities, primarily for treating human and 

livestock diseases. The research highlights the critical role of church forests as sanctuaries for 

conserving diverse medicinal plants and preserving indigenous knowledge vital for local 

healthcare systems. Even in protected areas, however, encroachment and climate change threaten 

these ecosystems, just like elsewhere in the world where some 15,000 medicinal plant species are 

threatened with extinction (Ross, 2005). Strengthening protection by law and the conservation is 

thus key to securing these irreplaceable hotspots of biodiversity and traditional knowledge. 
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1.4. GENERAL METHODOLOGY  

1.4.1. Description of the study area 

The research was conducted in 26 selected church forests to study vegetation ecology (Fig. 1.1), 

along with an ethnobotanical study carried out in three selected districts, located in the West 

Gojjam zone, Amhara region, Northwestern Ethiopia (Fig. 1.2). The capital town of the zone, 

Finote Selam, is located 388 kilometers northwest of Addis Ababa. West Gojjam Zone is 

bordered to the south by the Abay River, which separates it from the Oromia and Benishangul-

Gumuz Regions, to the northwest by Alefa District in Central Gondar Zone, to the east by East 

Gojjam Zone, to the north by South Gondar Zone, and to the west by Awi Zone (Worku, 2023). 

West Gojjam Zone covers a total area of 13,312 km† with a total population of 2,106,596 

consisting of 1,058,272 males and 1,048,324 females. Approximately 89% of the populations are 

members of the Ethiopian Orthodox Tewahedo Church (EOTC) (CSA, 2007). West Gojjam 

Zone is a highly dissected plateau (1,200�–3,000 m.a.s.l.) with flat-topped plateaus, deep gorges 

of the Abay River, and erosion-prone slopes, dominated by fertile Nitosols and heavy Vertisols. 

According to Motbainor et al. (2016), the mean annual temperature varies from 22�–27°C in the 

lowlands and 10�–22°C in the highlands, with bimodal rainfall marked by the main Kiremt season 

(June�–Sept, >1,200 mm), a shorter Belg season (Feb�–Apr), and a dry period (Oct�–Jan). The 

potential natural vegetation is Afro-montane forest, but centuries of agricultural expansion have 

left mainly anthropogenic cover; remnant native trees such as Juniperus procera and Podocarpus 

falcatus survive in sacred church forests (Woldemedhin & Teketay, 2016), while croplands 

dominate the landscape alongside widespread Eucalyptus globulus plantations and grazing 

grasslands.  

Agriculture is the backbone of the economy, with most land devoted to crops and communal 

grazing, producing teff, maize, wheat, barley, pulses, and niger seed, as well as cash crops like 

potatoes and eucalyptus, while integrated crop-livestock systems (cattle, sheep, goats, poultry) 

�V�X�S�S�R�U�W�� �E�R�W�K�� �V�X�E�V�L�V�W�H�Q�F�H�� �D�Q�G�� �P�D�U�N�H�W�� �S�U�R�G�X�F�W�L�R�Q���� �7�K�H�� �]�R�Q�H�� �L�V�� �R�Q�H�� �R�I�� �(�W�K�L�R�S�L�D�¶�V�� �P�R�V�W�� �G�H�Q�V�H�O�\��

populated rural regions, with densities often exceeding 200 persons/km†; settlement is 

predominantly rural with scattered homesteads.  
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The climate and living conditions also shape health challenges: malaria is widespread in low-

lying gorges, while respiratory infections, diarrheal diseases, intestinal parasites, meningitis, and 

malnutrition remain common among humans. Livestock face major threats from bovine 

pasteurellosis, blackleg, anthrax, foot and mouth disease, and heavy burdens of internal and 

external parasites, reducing productivity and food security. West Gojjam Administrative Zone 

(WGAZ) contains a high density of church forests with relatively extensive forest cover when 

compared to other parts of Ethiopia, protected by traditional Ethiopian Orthodox Tewahedo 

Church conservation practices supported by the predominantly EOTC-following population 

(Woldemedhin and Teketay, 2016). The study focused on 26 church forests across highland 

(upper montane) and midland (montane) agroecological zones, as no forested churches were 

found in the kolla zone based on Google Earth Pro searches. Hence, the study was focused only 

two agroecological zones. Agriculture dominates the area, with teff, maize, and millet as major 

crops, and some church lands are cultivated, contributing to forest degradation (Ayele et al., 

2024) 

 

Figure 1.1. Map of study sites for vegetation ecology data collection in the West Gojjam zone 
church forest 
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The ethnobotanical survey was conducted in three districts. However, the vegetation ecology 

survey was conducted in 26 church forests distributed across nine districts. The previously 

studied districts were not included for ethnobotanical study. Because although some of church 

forests were found within previously surveyed ethnobotanical districts, they were excluded from 

this ethnobotanical component of the study to avoid redundancy. Hence, the ethnobotanical study 

was conducted in three districts of West Gojjam zone; namely: Dembecha, Sekala and South 

achefer. Dembecha is one of the districts found in the West Gojjam Zone and has an altitude 

range of 1400- 2083 masl. Its annual rainfall and temperature are 1100 mm and 22.8 ° C, 

respectively. Dembecha is bordered in the west by Bure, in the northwest by Jabi Tehnan, on the 

north by Highland Damot, and on the east and south by the east Gojjam zone. The main 

agricultural crops include sorgum, wheat, teff, maize, and other legume groups (Mekonnen et al., 

2017). South Achefer is another district found in the West Gojjam zone and lies in an altitude 

range of 1500- 2500 masl. Its annual rainfall and temperature are 1452mm and 21oC, 

respectively.  

The South Achefer is bordered on the south and west by the Awi Zone, on the north by the North 

Achefer and on the east by the Mecha; the Lesser Abay River defines the eastern boundary (Fig. 

1.2). Sekela is also one of the districts of the West Gojjam Zone and is in the altitude range of 

1800- 2744 masl. Its annual rainfall and temperature are 1700 mm and 18oC, respectively. Sekela 

is bordered in the southwest by Bure, in the west by the Agew Awi Zone, on the north by Mecha, 

on the northeast by Yilmana Densa, on the east by Kuarit, and on the southeast by Jabi Tehnan 

(Fig. 1.2). 
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Figure 1.2. Map of Study areas for ethnobotanical study (Note: SK= sample kebeles; 
S.Achefer=South achefer; DK= district kebele) 

1.4.2. Research methods for Ethnobotanical data collection 

1.4.2.1. Reconnaissance survey 

Before any data collection was undertaken, the ethical clearance and legal evidence were 

obtained from the three study districts by show the supporting letter written from Biology 

department of Bahir Dar University. Then, the district administration official wrote a letter for 

each kebele leader. Finally, directly contacted the leader of each kebele and introduced the 

objective of the research, aiming to ensure the community had a shared understanding of the 

research. Then, the ethnobotanical data was collected. The data was collected from June 2021 to 

September 2021 and from November 2021 to February 2022.  

�������������������6�H�O�H�F�W�L�R�Q���R�I���V�W�X�G�\���V�L�W�H�V�����V�D�P�S�O�L�Q�J���P�H�W�K�R�G���D�Q�G���L�Q�I�R�U�P�D�Q�W�V�¶��selection 

Selection of study sites: In the West Gojjam Zone, there are 14 districts. From these, three 

potential districts were selected based on the agroecological representation (Highland, Midland, 

and Kolla). For ethnobotanical data collection on medicinal plants were collected from a total of 

30 kebeles (i.e., 10 kebeles per district) (Table 1.1). The selection of these kebeles was based on 

crietria such as population density, availability of traditional healers, distance from the main 
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Subtotal  67,943 86 46 132 
South achefer Yebodenabashema 7929 8 5 13 

Kaire 1288 3 2 5 
Guta 9789 12 5 17 
Keltafadebretsion 13406 11 10 21 
Lalibela 10461 10 10 20 
Korench 6094 10 6 16 
Kurbaha 7510 7 7 14 
Luhidi 6767 8 5 13 
Dilamo 5309 10 5 15 
Qat 7933 9 6 15 
Subtotal 76,486 88 61 149 

Sekela Surbabifeta 9511 13 5 18 
Gitimtrara 8906 10 7 17 
Abiyotchora 4873 6 3 9 
Lijamberateta 9023 4 8 12 
Belakirach 6925 7 6 13 
Kolelicha 6483  8 4 12 
Sewsa 4079 4 3 7 
Magearegira 2385 3 2 5 
Gundil 8512 9 4 13 
Lelimadedana 5385 7 5 12 
Subtotal 66, 082 71 47 118 
Total  210,511 245 154 399 

 

In this study, the total number of households in three districts were summed and calculated 

(Table 1.1). Thus, the sample size was determined based on the sum of total number of 

households in three districts. Hence, the sample size for the study was determined using 

Cochran’s formula, resulting in a total of 429 informants (399 general and 30 key informants) 

being interviewed.  According to Martin (1995), key and general informats serve as a 

complementary in study of ethnobotany. Key informants are traditional healers that have in-

depth knowledge about plants while general informants are provide commonly shared 

knowledge across the community. Including both ensures a balanced understanding key 

informants offer detailed, expert insights, while general informants help validate these and reveal 

broader cultural practices, ensuring data accuracy, diversity, and representativeness (Martin, 

1995; Cotton, 1996; Alexiades, 1996).  
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1.4.2.3. Ethnobotanical data collection and semi-structured interviews 

Ethnobotanical data were collected between November 28, 2021 to December 22, 2022. A total 

of 429 (399 general and 30 key informants) informants were interviewed. Data were collected 

from key 30 (22 males and 8 females) and general 399 (245 males and 154 females) informants 

�D�J�H�G�� ���� ������ �\�H�D�U�V����Semi- structured interviews, focus group discussions, and field observation 

were employed to get vital information from the informants. Semi-structured interviews were 

conducted with general and key household informants based on a questionnaire previously 

prepared in English and subsequently translated into the local Amharic language. The content of 

the questionnaire incorporated the plant parts used, diseases treated, method of remedy 

preparation and route of remedy administration. The informants were interviewed twice to 

validate the information. On average, 30 focus group discussions were conducted, 6 in each 

kebele. Groups of informants were assembled to talk about medicinal plants that are used to treat 

human and livestock diseases. The informants mentioned many medicinal plants that are used to 

treat various diseases. The parts and uses of medicinal plants were listed. The preparation 

techniques for the medicinal plants, however, were not thoroughly explained by the informants 

during group discussion. They claimed not to have discussions in groups about the techniques for 

preparing medicinal plants. They kept each other’s preparations confidential and secret. Finally, 

field observation was undertaken to visit and collect the medicinal plants. 

1.4.3. Site selection and sample size determination for vegetation data collection 

Site Selection 

To assess the current state of church forests in West Gojjam, detailed approach that was included 

reconnaissance surveys, stratified sampling, and systematic data collection. The reconnaissance 

survey, conducted from February 29 to March 6, 2023, provided an overview of the study area 

and guided the selection of districts and church forests based on key parameters such as 

agroecological zones, elevation, forest size, and proximity to population centers. The 

development of a strong sampling framework was directed by this preliminary assessment. Using 

a stratified random sampling approach, 26 church forests were selected to capture ecological 

variability. Stratification of church forests based on elevation was done following Cardelus et al. 

(2017).  
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1.4.4. Methods in vegetation, disturbance and soil data collection 

Sampling Design and vegetation data collection 

The sampling design followed a systematic approach based on the methods outlined by Mueller-

Dombois & Ellenberg (1974). Gentry transect lines were established in three cardinal directions 

(60°, 180°, and 300°) surrounding the church (Fig. 1.3). These gentry transect lines were laid 

down purposively from the inner wall of the church center to the edge of the forest. The length of 

gentry transect lines was determined based on the size of the church forest. In each selected 

church forest, plots of 20 m x 20 m (400 m†) were established for mature trees, 5 m x 5 m (25 

m†) for saplings, and 1 m x 1 m (1 m†) for seedlings. The gentry transect lines were spaced 50 

meters apart, and the plots were spaced 20 meters apart. The number of plots varied depending 

on the size of the church forest, with a minimum of six and a maximum of sixteen plots per 

forest. In total, 175 plots for mature trees, 875 plots for saplings, and 875 plots for seedlings 

were laid down to collect vegetation data. All woody plant species within each sampling plot 

were recorded, using both their vernacular and botanical names. Species occurring outside the 

sampling plots but within the forest were noted as present but were not included in the 

subsequent vegetation data analysis. The height of the tree was measured by clinometer, and it 

was used to measure the angle to the top of the tree from a known distance. When difficulty to 

measure by clinometer, calibrated bamboo stick was used for direct height measurement and 

visual estimation above the bamboo and impossible to measure. If trees or shrubs branched 

around breast height, the circumference was measured separately, and an average value was used 

for DBH. The population structure of woody plant species was categorized into seedlings, 

saplings, and adult plants, based on height and DBH classes (Chinasho et al., 2015; Temesgen 

and Serekebirhan, 2019). Specifically: seedlings: Height < 1 m and DBH < 1 cm; saplings: 

Height between 1 m and 2.5 m and DBH < 2.5 cm; adult plants: Height > 2.5 m and DBH > 2.5 

cm. The DBH of each woody species were measured at 1.3 meters above the ground. A multi-

stem tree was considered a single individual if the stems converge above 1.3 meters, but each 

stem below this height was treated as a separate individual (Atsbha et al., 2019; Eyasu et al., 

2020). 
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1.4.4.2. Plant Specimens Identification 

Specimens collected from the study area were numbered, pressed, and dried for further 

identification. The identification process involved comparing the collected specimens with 

authentic specimens, illustrations, and taxonomic keys from the Flora of Ethiopia and Eritrea 

(Volumes 1-7). Identification was carried out both in the field and at Bahir Dar University, 

where voucher specimens were deposited for further reference and validation. 

The analyses of the data are presented in detail within each chapter. 

Figure 1.3. Sampling design for vegetation data collection 
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ABSTRACT 

Widespread deforestation is still a challenge to �(�W�K�L�R�S�L�D�¶�V���G�L�Y�H�U�V�H���H�F�R�O�R�J�\�����:�Kile church forests 

are experiencing agricultural, grave house construction, and climate-related pressures, they are 

still faring better than other areas. The present study was aimed to assess the composition and 

structure of woody species as well as the regeneration status in church forests of West Gojjam 

Zone. Based on agroecology, elevation, size of the forest, and distance to the center of the 

population, 26 church forests were selected through stratified random sampling. For mature tree 

data collection, a total of 175 main plots of 20 m x 20 m (400 m†) were laid down. In addition, 

875 subplots to saplings of 5 m x 5 m (25 m†) and 875 subplots of 1 m x 1 m (1 m†) for seedlings 

were established. DBH was recorded for woody plants wi�W�K���’�%�+���������������F�P���D�Q�G���K�H�L�J�K�W��> 2.5 m. 

The collected data was analyzed using vegetation structural parameters. A total of 111 woody 

species, representing 95 genera and 51 families, were recorded. These included 72 tree species 

(64.86%), 23 shrubs (20.72%), 8 shrub/tree species (7.2%), and 8 lianas (7.2%). Among them, 

82.88% were indigenous, 15.32% exotic, and 1.8% endemic species. The Fabaceae family was 

the most dominant in these forests. Species richness ranged from 7 to 45, with a mean of 23.81 

species per site. The average density �R�I���Z�R�R�G�\���V�S�H�F�L�H�V���Z�L�W�K���’�%�+���������������F�P���D�Q�G���K�H�L�J�K�W��> 2.5 m 

�Z�D�V�����������L�Q�G�L�Y�L�G�X�D�O�V�¶���K�D-1. The overall tree stem density was about 5,880 individuals per hectare, 

while saplings and seedlings were 5,923 and 6,136, respectively, per hectare. The most abundant 

species included Eucalyptus camaldulensis, Calpurnia aurea, and Juniperus procera. The 

average basal area across all forests was 29.268 m†/ha. Ficus vasta had the highest individual 

basal area. Juniperus procera and Rhus vulgaris had the highest IVI . The forests had a good 

regeneration status even they exhibited significant differences in woody species composition and 

diversity among church forests. This study emphasizes the importance of church forests not only 

for the conservation of plant biodiversity, but also for sustainable forestry. On the other hand, the 

transformation of some church forest regions into farmland as a strategy for income generation 

endangers the survival of endemic species while accelerating deforestation. Thus, these churches 

need to be encouraged most strongly to adopt alternative sustainable income solutions in order to 

avoid further ecosystem damage. 

Keywords: Church forests, Deforestation, West Gojjam Zone, Regeneration, woody species  
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2.1. Introduction 

Africa, being the second largest continent on our planet, has the most amazing biodiversity with 

a variety of different environments ranging from thick rainforests to massive deserts (Myers et 

al., 2000). Its diversity is provided by the variety of different aspects, including its size, 

diversified landscape, and distinct evolutionary past. Africa, being an international hub of 

biodiversity, houses a high proportion of world plant species, resulting in ecological stability and 

human well-being (Sintayehu, 2018). Since centuries, researchers have been interested in the 

botanical richness of the continent and, therefore, extensive research has been conducted to 

reveal the mysteries of its exclusive vegetation. Africa’s fluctuating climatic conditions and 

biomes, ranging from Sahara deserts to Congo Basin rainforests, are home to between 30,000 

flowering plant species, a treasure of botanical diversity guaranteeing ecological integrity and 

with medicinal, agricultural and environmental prospecting (Linder and Verboom, 2015). Most 

African plant vegetation is endemic in nature, symbolising their uniqueness and biodiversity 

�F�R�Q�V�H�U�Y�D�W�L�R�Q���Y�D�O�X�H���R�I���E�L�R�G�L�Y�H�U�V�L�W�\�����3�U�R�F�K�H�œ���D�Q�G���5�D�P�G�K�D�Q�L�����������������&�D�W�D�U�L�Q�R���D�Q�G���5�R�P�H�L�U�D�V����������������

Turner, 2014). They play crucial roles in food security, medicine, and culture and must be used 

sustainably.  

Diversity exists in diverse ecoregions, for instance, diverse cape floristic region and Central 

Africa to eastern Africa tropical rainforests. The variable ecosystems and landforms of eastern 

Africa support variable flora (Asefa et al., 2020), which is crucial to its ecological and human 

health (Kokwaro, 1993). Ethiopia’s landscapes, the Great Rift Valley, and grasslands boost 

biodiversity with rare vegetation species that are maintained in situ (Haile, 2016). East and 

Central African forests are faced with several threats, including change in floristic composition 

of Echuya Central Forest Reserve owing to human interference (Bitariho et al., 2023). Climate 

change does not appear to ravish forests; the major threats are in fact overexploitation of its 

resources and conversion of forest lands into agricultural lands (Banana et al., 2010; Jolly et al., 

1997). East African forest decentralization reforms in forest management have been met with 

varying degrees of successes (Tebkew and Atinkut, 2022). 
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Deforestation has significantly reduced Ethiopian forests, which were once dense with a variety 

of tree species such as Podocarpus falcatus, Croton macrostachyus, Olea europaea subsp. 

cuspidata, and Vachellia abyssinica (Kewessa et al., 2022; Atsbha and Wayu, 2020), resulting in 

negative environmental and economic effects. Despite this, woods are still important in 

Ethiopian society, supplying energy, food security, and boosting the agricultural sector and GDP 

(Cherinet and Lemi, 2023). Monitoring and management strategies are critical for preventing 

further deforestation and promoting sustainable forest management (Eshetu and Högberg, 2000; 

Newton et al., 2021), particularly in the northern and central regions where land use changes, 

urbanization, and agricultural practices have depleted forest cover, biodiversity, and soil fertility 

(Manaye et al., 2021; Deribew and Dalacho, 2019).  

Notably, natural forest patches contained within church forests provide vital conservation 

functions in the Ethiopian Highlands, from the standpoint of Orthodox Tewahido Churches’ 

protection (Bhagwat and Rutte, 2006). These forests accommodate many plant and animal 

species (Wassie, 2002), conserve native plant diversity (Sewagegn and Abate, 2022; Wolde, 

2023; Abebe et al., 2023), conserve biodiversity (Alem et al., 2022), and play a key role in 

climate change mitigation through carbon sequestration, while the biotic community in the 

region gains almost all of its direct ecosystems services from these forests (Wolde, 2023; 

Cherinet and Lemi, 2023).  

Numerous studies have examined the diversity and composition of church forests in Ethiopia, 

with various studies reporting varying levels of woody plant species. For example, Wassie et al. 

(2010) found 168 species in the South Gondar Zone, while Hordofa Koricho et al. (2020) found 

70 species in Debre Libanos. Abunie and Dalle (2018) found 39 species in Yemrehane Kirstos 

Church Forest, while Kifle et al. (2022) found 52 species in central Ethiopia. Similarly, Birhanu 

et al. (2021) found 73 species in Dangila woreda church forests. Church forests of South Gondar 

Administrative Zone have also been studied and the opportunities and difficulties for restoration 

have been identified (Wassie, 2002; Wassie and Teketay, 2006; Wassie et al., 2009; Scull et al., 

2016). 
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West Gojjam church forests, though small in size, fragmented, and isolated from their 

surroundings by extensive small-scale farmlands and a challenging landscape, are highly 

vulnerable to edge effects and various forms of disturbance. These growing threats highlight the 

need to assess the current status of woody species composition, density, diversity, vegetation 

structure, and regeneration potential within the church forests. In this study, we also examined 

how elevation (montane and upper montane), forest size (small, medium, and large), proximity 

to population centers (near or far), the presence or absence of protective walls, and the degree of 

human disturbance influence woody species composition, richness, density, diversity, and 

structural patterns in West Gojjam church forests. This study was aimed to fill this gap of 

knowledge by measuring woody species diversity, structure, and regeneration status in these 

distinct ecosystems, hypothesizing significant variations amongst the church forests. To 

accomplish these goals, the following research questions were derived: (1) what is the diversity 

of the woody species in the church forests of West Gojjam zone? (2) How are church forests 

structured in terms of, tree density, basal area, and size class distribution? (3) What is the 

regeneration status of woody species in church forests, including the number and density of 

seedlings and saplings?  

2.2. Materials and Methods 

2.2.1. Description of study area 

The study area was well described in chapter 1, General methodology, Section 1.4.1 of the 
general methodology, including a map of the study area. 

2.2.2. Site selection and sample size determination 

A total of 26 church forests were selected using stratified sampling methods based on forest size, 

elevation, the presence or absence of stone wall, and distance from population centers. In 

addition, the sample size was determined. These were briefly described in chapter 1, General 

methodology, section 1.4.3 and Table 1.2. 
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J=H’/Hmax=H’/lns Where Hmax is the maximum level of diversity possible within a given 

population, which equals ln (number of species). J (species evenness) is normally ranges 

between 0 and 1, and with 1 representing a situation in which all species are equally abundant 

(Magurran, 1988). 

2.2.4.2. Structural data analysis   

DBH, basal area, species density, evenness, frequency and importance value index (IVI) were 

analyzed to show the vegetation structure of woody plant species (Mucheye and Yemata, 2020; 

Birhanu et al., 2021).  

DBH:  To calculate DBH (above ground 1.3 m) >2.5 cm of trees, lianas and shrubs was measured 

and recorded in each plot by diameter tape. For multiple stems, the DBH of the thickest stem was 

measured and undertaken (Wassie et al., 2010). To analyze the population structure of woody 

plant species, the DBH tree was classified into seven DBH classes as DBH > 2.5 cm based on 

Kent and Coker (1992).  Based on this, the DBH classes were classified into seven: A= 2.5-14.5 

cm, B = 14.51-26.5 cm, C = 26.51-38.5cm, D=38.51-50.5cm, E=50.51-62.5cm, F=62.51-

74.5cm, G=>74.51cm. 

Height: The height of the tree was measured by clinometer, and it was used to measure the angle 

to the top of the tree from a known distance.  Then, we use trigonometry to calculate the tree’s 

height, and the formula is as follow: h = Tan A x d + eye height, where h is the tree height, A is 

the angle to the top of the tree, and d is the distance from the tree.  When difficulty to measure by 

clinometer, calibrated bamboo stick was used for direct height measurement and visual 

estimation above the bamboo and impossible to measure. Based on the height of tree and shrubs, 

height classes were classified according to height class frequency distribution of trees and shrubs 

in the area. Based on the height of trees they were classified into six height classes: A=< 7m, 

B=7.1-14m, C=14.1-21m, D=21.1-28m, E=28.1-35m, F>35.1m. 

Species density refers to the number of individuals of plant species in a plot. It is measured in 

individuals per unit area. Tree density was computed by converting the count from the total plots 

into hectare basis (Mueller-Dombois and Ellenberg, 1974) and calculated by summing of all 

trees in the sample and changing into the hectare and compute by the following formula: 
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Singh et al. (2016); the regeneration status is good, if seedlings >saplings >adults; Fair 

regeneration, if seedlings >or ����saplings ����adults; the status is poor regeneration, if the species 

survives only in sapling stage, but no seedlings (saplings may be <, > or = adults); and if a 

species is present only in an adult form it is considered as not regenerating.  

2.3. Results 

2.3.1. Woody species diversity 

A total of 111 woody species belonging to 95 genera and 51 families were identified from 26 

church forests (Appendix 4). Of which, 72, 23, 8 and 8 were found to be trees, shrubs, 

shrubs/trees and lianas, respectively. In the study sites, the woody plant species consist of 

82.88% indigenous, 15.32% exotic, and 1.8% endemic species. The Fabaceae family exhibited 

the highest diversity, comprising (12) species. Rosaceae, Euphorbiaceae, and Myrtaceae, each 

represented by (6) species, followed this. Rutaceae included (5) species, while Moraceae, 

Rubiaceae, and Asteraceae were each represented by (4) species. Families such as 

Capparidaceae, Acanthaceae, Celastraceae, Myrsinaceae, and Oleaceae contained (3) species 

each. Additionally, Cupressaceae, Ebenaceae, Flacourtiaceae, Lamiaceae, Malvaceae, Meliaceae, 

Poaceae, Rhamnaceae, Salicaceae, and Sapindaceae were represented by (2) species apiece. The 

remaining (29) families were each represented by a single species.  

The Shannon diversity index varied considerably across the 26 studied church forests. Before 

�U�D�U�H�I�D�F�W�L�R�Q�����7�L�H�P�W���%�D�W�D���/�H�P�D�U�L�D�P���H�[�K�L�E�L�W�H�G���W�K�H���K�L�J�K�H�V�W���U�D�Z���G�L�Y�H�U�V�L�W�\���Y�D�O�X�H�����+��� �����������������I�R�O�O�R�Z�H�G��

�E�\�� �*�H�G�H�P�D���0�D�U�L�D�P�����+���� � �� �������������� �&�D�U�H�� �$�U�H�J�D�Z�L ���+���� � �� �������������� �D�Q�G���$�E�F�K�L�N�L�O�L���0�D�U�L�D�P�����+���� � �� ��������������

However, because the number of plots differed among forests (ranging from 6 to 16 plots), 

diversity values were standardized to account for sampling effort using a proportional rarefaction 

method following Magurran (2004). Therefore, after rarefaction to a common minimum of six 

�S�O�R�W�V���� �*�H�G�H�P�D�� �0�D�U�L�D�P�� ���+���� �D�G�M�X�V�W�H�G�� � �� �������������� �&�D�U�H�� �$�U�H�J�D�Z�L�� ���+���� �D�G�M�X�V�W�H�G�� � �� �������������� �D�Q�G�� �$�E�F�K�L�N�L�O�L��

�0�D�U�L�D�P�� ���+���� �D�G�M�X�V�W�H�G�� � �� ������������ �P�D�L�Q�W�D�L�Q�H�G�� �W�K�H�� �K�L�J�K�H�V�W�� �G�L�Y�H�U�V�L�W�\�� �O�H�Y�H�O�V���� �,�Q�� �F�R�Q�W�U�D�V�W���� �W�K�H�� �D�G�M�X�V�W�Hd 

�G�L�Y�H�U�V�L�W�\�� �I�R�U�� �7�L�H�P�W�� �%�D�W�D�� �/�H�P�D�U�L�D�P�� �G�H�F�U�H�D�V�H�G�� �V�X�E�V�W�D�Q�W�L�D�O�O�\�� ���+���� �D�G�M�X�V�W�H�G�� � �� �������������� �U�H�I�O�H�F�W�L�Q�J�� �W�K�H��

inflation effect caused by its initially larger number of plots.   Overall, forests such as Merawi 

�.�L�G�D�Q�H�� �0�L�K�U�H�W�� ���+���� �D�G�M�X�V�W�H�G�� � �� �������������� �*�X�D�\�� �0�L�N�D�H�O�� ���+���� �D�G�M�X�V�W�H�G = 2.99), and Boldin Arbayitu 

�(�Q�F�H�V�D�����+�����D�G�M�X�V�W�H�G��� ���������������D�O�V�R���H�[�K�L�E�L�W�H�G���U�H�O�D�W�L�Y�H�O�\���K�L�J�K���G�L�Y�H�U�V�L�W�\���D�I�W�H�U��standardization.  
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Hence, rarefaction method is important in correcting for sampling effort when comparing 

biodiversity across forest patches of varying sizes. The variation in individual distribution among 

species within each forest is reflected in the evenness values, which range from 0.50 in Debre 

Mihret Mesk Kidanemihret to 0.96 in Care Aregawi. The diverse number of plant species present 

in each church forest was represented by species richness and ranged from 7 to 45 (Fig. 2.1). 

Collectively, these parameters offered a comprehensive understanding of the ecological diversity 

among the church forests in the West Gojjam zone. 

 
Figure 2.1. Species richness limit summaries across 26 church forests 

Based on altitude, the church forests in the study area were divided into montane and upper 

montane regions (Cardelus et al., 2017). As a result, the species richness and composition of 13 

montane and 13 upper montane church forests were compared. Much of the woody species were 

found in the upper montane zone. The upper montane regions generally exhibited 

higher abundance values compared to montane areas (Fig. 2.2).  
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Figure 2.2. Diversity of woody species across the elevation zones in the study sites:  

Table 2.1. Analysis of Variance (ANOVA) for church forest variables across elevation levels 

Variable df F-value P-Value 
Richness 25 1.125 0.042 
Density 25 28.836 0.000 
Wall 25 0.695 0.509 
Size of the forest 25 1.356 0.278 
Abundance 25 4.397 0.024 
Biomass 25 0.439 0.415 

One-way ANOVA showed that some of the ecological variables changed differently at various 

elevations in the church forests. There was a significant difference in species richness with 

elevation (p = 0.042). Tree density also showed strong variation (p = 0.000) indicating strong 

variation in the number of trees per unit area with elevation. On the other hand, wall similar 

across elevations (p = 0.509) and forest size (p = 0.278) did not vary with elevations. Tree 

frequency was significantly different among elevations (p = 0.024). Elevation was not 

siginificatly affect the biomass (p= 0.415).  
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2.3.2. Vegetation and population structure of church forests 

Population structure describes the separation of tree types (like species, or by size or height, or 

new growth) and shows how they live and are capable of living.  Vegetation structure explores 

the configuration of communities of plants (in other words how they live in density and 

composition based on degrees of cover or density and rank across the area).  Both structures will 

examine tree height and tree diameter or both. Population structure shows trends for a single type 

while vegetation structure shows the fact that types compete for dominance. Together, they 

provide an understanding of the way which nature acts and how we define the boundaries we 

should try to protect in church forests. 

2.3.2.1. Density of woody species 

The average density of woody species �Z�L�W�K�� �’�%�+�� ���� �������� �F�P�� �D�Q�G�� �K�H�L�J�K�W��> 2.5 m was 840 

�L�Q�G�L�Y�L�G�X�D�O�V�¶�� �K�D-1. The least average density was 18 individuals ha-1 from Debre Mihret Mesk 

Kidanemihret. On the other hand, Tiemt Bata Lemariam had the highest average density among 

the listed church forests, with a value of 88.71. The most and least dense woody stems inside 

church forests were 621 and 126 individuals per hectare, respectively. Species wise, Calpurnia 

aurea (1315), had the highest density followed by Albizia schimperiana  (743), Croton 

macrostachyus (621), Coffea arabica (434), Olea europaea subsp. cuspidata (416), Eucalyptus 

camaldulensis (398), Juniperus procera (380), Carissa spinarum (376), Cordia africana (246), 

Euphorbia abyssinica (210), counted in the study church forests. In contrast, Salix mucronata 

subsp. subserrata, Allophylus abyssinica, Arundo donax, Carica papaya, Malus 

sylvestris, Prunus persica, Senna singueana and Stereospermum kunthianum had the least woody 

plant density represented by one species in each church forest.  

Similarly, a total of 5923 saplings and 6136 seedlings ha-1 were recorded for 83 and 66 

representative woody plant species, respectively. The average density of saplings and seedlings 

were 846.14 and 876.57 individuals ha-1, respectively. Most of the sapling density was covered 

by Justicia schimperiana, Gymnosporia arbutifolia, Calpurnia aurea, and Vachellia 

polyacantha, had the highest density in increasing order, the highest density of seedlings was 

recorded in Justicia schimperiana, Vachellia polyacantha, Vernonia auriculifera, Calpurnia 

aurea, Gymnosporia arbutifolia, Clausena anisata species. Among the species surveyed in the 
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study sites, Calpurnia aurea exhibited the highest density of 187.86 individuals per hectare, 

followed by Albizia schimperiana with 106.14 individuals per hectare (Fig 2.3).  

 
Figure 2.3. Average density of ten selected woody species in the study sites 

2.3.2.2. Diameter at breast height (DBH) and Height class distribution  

The Diameter at breast height (DBH) of woody species was classified into seven classes: (1) 2.5-

14.5 cm; (2) 14.51-26.5 cm; (3) 26.51-38.5 cm; (4) 38.51-50.5 cm; (5) 50.51-62.5 cm (6) 62.51-

74.5 cm; (7) >74.51cm. Most of woody species were found under the first DBH class, which 

accounted for a total of 3810 individuals of 88 woody species. The seventh DBH class had the 

least individuals (34 ha-1). According to the DBH class distribution, the study forests had an 

inverted J- shape pattern of regeneration (Fig.2.5). Likewise, the tree heights were classified into 

six classes based on their height. Thus, 1.  < 7 m, 2. 7.1-14 m, 3. 14.1-21 m, 4. 21.1-28 m, 5.  

28.1-35 m, 6. > 35.1 m. Most individuals of each species were found in the first height class of 

distribution, which accounted for 102 woody plant species. The least number of individuals were 

counted in the sixth height class, represented by 13 species. The height class distribution of these 

church forests also had J-shaped pattern (Fig. 2.4).  
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