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1. Introduction
1.1 Background and Justification

Ethiopia is a country that has varying agro-ecaagzones. This has given rise to a botanical
treasure house containing 7,000 different floweptants out of which 12% are probably
endemict This entire diverse flora is found in the natufalests which once covered
35% of the country’s total land aréaut has now considerably shrunk. Different studies
reveal that 3.1 million hectares of the total laridOromia, excluding desert forest and
bamboo, is covered by forest, which constitute 8d8%he region’s total land and 75% of
the country’s forest coverage. However, due atentias not been given to protection
and conservation of #t.The Ethiopian Orthodox Tewahido parish churchee gjreat
value to preservation of natural forests as inditdty the presence of dense and attractive
forests that are conserved by monasteries and ésfrc

Despite being in a much better state than othefslathe forests in and around churches
and monasteries are also declining. The land mahbgdhe monasteries and churches
has been shrinking in the course of the years duhifferent pressures. However, parish
churches and monasteries have still managed tm n@iaor portions of the areas of the

natural vegetation often limited to immediate vitjrof their compounds.

Dibri libanos’s natural forest ecosystem is one of #ngdr and most significant of the
existing Church forests. This study intends te@né a general picture of the forests to assess
their condition and the potential for further diecigmaking on conservation and protection iséues.

At present, most of the remaining forests of Etlaoare found in the south and south
western parts of the country, in some inaccessil@ remote areas of Ethiopia and
around churches and monasteries.

Patches of forest and woodland, with a species ositipn similar to that of the remaining
natural forests, are very common around churchsyard! religious burial grounddn
some places, particularly in the northern parthef ¢ountry, patches of forests are found
only in monasteries and church compounds. In méitheolandscape of northern Ethiopia,
the lush vegetation on the sides of the hill sunding a church or a monastery presents a
sharp contrast to the surrounding bare ridges amdntain slope&.The church forests
are relatively intact, especially around the moe@ss. Indigenous trees and shrubs,
which in some places were completely destroyedmisee over the last century, are still
found standing in the compounds of remote ruraractes’

The Dibri Libanos Monastery forest where the current studg warried out is part of a
forest conservation area that has been given dpojhasis for conservation of natural
forest resource¥.

* kumilign Asmare estimation Of Sex—Related Genetic Diversity Of HiigeAbyssinica (Bruce) j.f.gmel using random
amplified polymorphic dna (rapd) marker2Q05).

2 Reusing, MMonitoring of natural high forests in EthiopiMOA and GTZ, A.A, Ethiopia. (1998).

3 Oromia Forest and Wildlife Enterprise, (2011).

4 EOTC-MK (2009), Hamer the Ethiopian Orthodox TeidahChurch sandy school department of Mahibera aahu, 17" year
volume 3 and pp.27-32.

5 Alemayehu WassieQpportunities, constraints and prospects of theidian Orthodox Tewahido Church in conserving

forest resourcesMSc thesis, Wondo Genet College of Forestry, HeadJniversity, Ethiopia (2002).

5 EOTC-MK (2009), 27-32 p

7 Alemayehu Wassie (2002).

8 Taye Bekele, Kumelachew Yeshitela, Getachew Birlad Sisay Zerfu (2001)Forest Biodiversity Conservation:
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The Dibri Libanos forest has three management categoriagicBtiorest, Government
forest and Private forest. The church forest igiatly protected area for the conservation
of the church natural forest. The government foiegtart of the forest area managed by
local government, while the wooded areas withikgie forest are managed for recreational and
tourism purposes by private organizations, all maeural forest systems.

1.2 Objectives

General Objective

The general objective of the study was to invegtighe species diversity, floristic
composition and structure of woody species withn[ibra Libanos forest, central Ethiopia.

Specific Objectives

« To assess the wood species diversity dbr®Libanos forest,
e To determine floristic composition and structurenafody species

1.3 Significance of the Study

The outcomes of the study will contribute to thevalepment of sustainable forest
management practices leading to the conservatidheobiodiversity of the area. It will
contribute to designing strategies for sustainaisie of the forest by concerned bodies.
Furthermore, the study is hoped to stimulate furtwentific studies and conservation
projects in the area.

2. Materials and Methods

2.1 Description of the study area

2.1.1 Location

Dibri Libanos forest is located in NorthiBa Zone of theOromia Regional State, in
central Ethiopia. It is situated at about 106 konfrAddis Ababa and 14 km from Fiche
town, the capital of Northa8a zone, and in proximity t#\buri Tikli Haymanot Monastery.
The total area of the study was about 178.03hacbhand, 26.26ha of government land,
and the remaining 18.58ha is a private forest (a@ing to GPS of data surv@y This
study was specifically carried out in the churobvernment and private forests bordering
three settlement€Jagil, WoSa Gidil and the Monastery) which are situated within the
borders of the two districts. The specific areeaited’Aburd Takli Haymanot Monastery.

Map of Ethiopia

—z

Government, Private and Church Owned Forest

Ncnmcnmm

[ Govmment forest
(] Privateforest

Map of Oromia Region
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e

Figure 1: Location map of the study area (soutogernet and survey)
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2.1.2 Vegetation

The vegetation of the study area is of the dry Adootane type forest which has been
recently explored in Ethiopia. The forest is donabby afromontane forest tree species
Olea europaeand Juniperus procera (personal observatioifhe monasteries and the
settlement communities use the forest land forer@aon, collection of wood for fuel, and
income generation purposes.

2.13 Vegetation Survey

Based on the reconnaissance survey, the forestietiog three villages, nametyagil,
WoSadidil and Stdibsr (monastery)were chosen. These areas were chosen because
their closeness to the settlements, the proximitthe church forest to the settlements
and the comparatively extensive forest coveraghefjovernment and private forests.

A systematic sampling design was used to locatekaplots in each forest system. The
basic sampling unit was composed of three coneenircular plots each having 1m
(3.14nf), 3m (28.26rM) and 10m (314A) radius (Fig. 2). The first transect line and the
first plot was selected randomly. The circular plavere then laid out along an
environmental gradient every 200m, while the subeat trans-sectional lines were
spaced every 190m from each other. A total of 8@utar plots were investigated in all
forest systems, of which 34 plots in the churchinlthe government and 13 in the private
forests. A two stage sampling technique was emplaye determine the statistically
(Confidence interval = 95%gufficient sample size to be completed in eachstt Ac-
cordingly, eleven sample plots were taken in eaehagement zone and the number of
trees per plot was counted for the respective fagstem. The sample variance for the
number of trees was then computed using the foligidrmula (stage 1):

2

X -%)
= n-1
Where, =Number of trees in theglot, = Mean Number of trees in the eleven
sample plots andSz = Sample variante.

The total number of plots (stage 2) to be takeadoh forest system at 95% confidence
interval was computed as:

_[s?*t?
v
Wheres? , = as defined abovestvaluef0.0 (1.96)L* = and Half confidence interval (+ 2
trees)

The number of plots to be further sampled was takebe the difference between the
total numbers of plots (N) minus the number of pldmpled in the first stage (n).

The vegetation data was collected within the cacudlots following the International
Forestry Resources and Institutions Research (IFRthodology*? IFRI protocol involves
systematic collection of biophysical data withiframework that is common across the
IFRI network. Accordingly, three set of vegetatidata were collected within the basic
sampling unit (Fig. 2).

1 Ostrom, E. IFRI Field Manual Version 13,. Inteinatl Forestry Resources and Institutions ReseBrolgram, Indiana
University. Workshop in Political Theory and Poligypalysis. (2007).
2 Ostrom, E. (2007).
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Trees defined as woody plants having a diametéresst height (dbh) of at least 10cm
were recorded within 10m circular plots (33mSaplings defined as woody plants
having a dbh less than 10cm were recorded withincBoular plots (28.26f). Shrubs
and climbing woody plants (often called climbers)their diameter was measured at any
thickest point along their length were recordechimit3m circular plots. Seedlings were
recorded within 1 m circular plots (3.14m Seedlings are defined as woody plants
having dbh of less than 2.5cm and that do notratidieight of at least 1m. Furthermore,
clear and consistent definitions were attachedtb growth form to carry out identification
of plants without ambiguity. Accordingly, treesaronsidered to be woody plants that
grow from a single main trunk and don't branch anear the base of the plant. Shrubs
are considered to be self-supporting woody plamis have several stems at or near the
base of the plant.

Climbers are considered to be plants that grow otlegr plants. Climbers are considered
to be woody when their stems produce woody or pnsi tissue, otherwise herbaceous.

/ F,m ubs

ol saplis

10m ‘ I'm

—— = ground cover
— — — —»=shrubs/saplings
-------- » = trees

Figure 2: Layout of the sampling unit accordindRRI research protocol (Ostrom) 2009)

Tree caliber was used to measure the dbh of tneg@saplings and the maximum stem
diameter of shrubs and climbers. Diameter tape wsas at times when the trunk of the
trees to be measured exceptionally exceeded 50gpsdtheter was used to measure the
height of trees, saplings and shrubs. Furthermibeenumber of seedlings of each woody
species was counted, soil color chart was usedetatify the soil color. The geographical
location of each plot was taken from the centatdgrees using Garmin 72 GPS receiver.
Likewise, the elevation of each plot was measusdguGPS receiver while the aspect of
each plot was recorded.

Plant identification was carried out both in theldiand in the herbarium. Voucher specimens
were collected for all plant species not identifiadhe field. The plant specimens were
then properly pressed, dried, transported and deplost the National Herbarium located
in Addis Ababa University, Ethiopia, for subsequielentification. Nomenclature of species
followed the published volumes of the Flora of Bffia and Eritred®

3 Hedberg, I. and, S.Edwards (Ed$-jora of Ethiopia Vol.3. Pittosporaceae to Araliaceae. (Addis Ababa
University, Addis Ababa, Uppsala University, Up@sal989).p. 659.; Edwards, S., Tadesse, M. and |.
Hedberg (Eds.).}rlora of Ethiopia and EritreaVol 2, Part 2. Canellaceae to Euphorbiaceae. ifAddaba
University, Addis Ababa and Uppsala University, pdpla. 1995) p.456 ; Hedberg, I., Kelbessa, E.,
Edwards, S., Demissew, S. and Persson, E. (260&g of Ethiopia and Eritrea\ol. 5. Gentianaceae to
Cyclocheilaceae. (Addis Ababa University, Addis Baand Uppsala University, Uppsala, 2006) p. 690.
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2.14 Data analysis

Once the biophysical data representing the diffel@rst systems was collected, vegetation
data was entered using Excel. Statistical analysee carried out using SPSS and Excel
Bar graphs were drawn using Kyplot. Each forest avedyzed based on selected parameters
and analysis tool pack employed by vegetation eisie. Accordingly, diversity and
floristic similarity indices, density, basal aré&quency, population structures and Importance
Value Indices (IVI) were analysis for all and someody species encountered within the
studied forest systems.

Floristic Diversity

The floristic diversity indices used in data analysere the Species richness, and the
Shannon index. Furthermore, Shannon evenness imdgxsed to evaluate the evenness
of the distribution of species in each forest syst&he species richness refers to the
number of species per plots, area or communityhis study, it was used to mean the

number of observed species across the whole sgstgikein each studied forest system.

The Shannon-Wiener functignpommonly referred as Shannon diversity indea$ calculated

following.* s
H=-% P; xInp i
i=1
Where,H' = Shannon diversity indgx, = proportion of individuals found in th& i
species,S = the number of species, and = , 3..2s

The Shannon evenness was calcufatéd’accordingly to the following mathematical
relation:

3 pxl
p.xInp .
3= H :i:l I |

H max Ins

=

Where,s =Equitability (evenness) indel(,l-,,pi < andj as explained above.

The other popular diversity index used in this gtugs the Simpson'’s diversity index. It
was calculated as:

s n.(n.-1)
D=1- ¥ +—1—
i—1 NN -1)
Where,D = Simpson’s diversity indéx; = obindividuals of specieshN ,= Total
number of species in community afid = as erpthiabove.

14 Kent, M. and Coker, PVegetation Description and Analysis: A practicapapach (John Wiley & Sons,
Chichester.1992). P. 363

15 Krebs, C. J. Ecology: The Experimental Analysis of Distributiand Abundance(Harper & Row Publishers,
New York. P. 800. 1985).

'® Magurran, A. E.Ecological Diversity and Its Measuremen§hapman & Hall, London. 1988). P. 179.

" Kent, M. and Coker, P. (1992)

Journal of Ethiopian Church Studies, No.3 ( Audt3),© Research Centre Mahibere Kidusan



89 Hingabu Hordofa Koricho, Woody Species Diversityrigtic Composition and Structure of dabra Libaklomastery
Forests, Central Ethiopia

Floristic similarity

The Sorensen similarity index was used to exantiedloristic similarity of the different
forest systems. Like the other diversity indicesdun this study, the Sorensen’s diversitglex
was the popular orfé However, it measures how the floristic composkiofithe different
forest systems are alike. The Sorensen’s simildrilex was calculated following.
Accordingly, it was computed as:

S = 2a
(2a+ b+ c)
Where$s = Sorensen similarity coefficiet, nember of species common to both

samples, = number of species in sample 1 archumber of species in sample 2
b C

Density

The density of woody species was one of the mogtoiant structural parameters
considered during data analysis. The density petahe of woody seedlings, saplings and
shrubs (2.5cm<dbh<10cm) and trees (dbh>10cm) whsilated by summing up all
stems across all sample plots and converting iattane basis.

The ratio of the density of individuals having dbh2.5cm<dbh <10cm to that of the
individuals having dbh> 10cm was computed andriad® a measure of distribution of
the size classe®

Basal area

The other most important structural parameter ctamed was the basal area. It measures
the relative dominance of a species in a forestaBarea was calculated for each tree
having a dbh>2.5cm. It was calculated as:

2
BA = ™ dbh
4

Where,dph = diameter at breast height (cmj). arr 3.14

Frequency

Frequency is defined as the probability or charfcEnding a species in a given sample
area or quadrait. Thus, it shows the presence or absence of a gpedies within each
sample plot. Two sets of frequency were computecézh woody species encountered
within the study plots: the absolute frequency dhd relative frequency. Absolute
frequency for each woody species was computed as:

frequencyof aSpecies
Absolutefrequency= q yorasp x100 %

Totalnumbernf sampleplots

8Kent, M. and Coker, P. (1992)

19Kent, M. and Coker, P. (1992)

2Grubb, P. J., Lloyd, J. R. Pennington, J. D. & \Wiaite, J. C. A comparison of montane and lowland rain foreEauador. I. The
forest structure, physiognomy, and floristidgsEcol. 51: 567-601, 1963.

2LKent, M. and Coker, P. (1992)
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The absolute frequency of each species was thegheeiby ACFOR scafé.Accordingly,

the woody species were categorized under five &Bqgu classes: A = 60-100%
(abundant), C = 40-60% (common), F = 20-40% (fret)ue® = 10-20% (infrequent) and
R = 1-10% (rare). The relative frequency on theottand shows the frequency of a species
in relation to all other woody species constitutthg forest under investigation. It was
calculated as:

Frequency of aspecies ..o

Rel.frequency = -
Frequency of all species

Population structure

Population structure was computed for selected waiahts species. For the purpose of
studying the population structure in the differéorest systems, the diameter and height
of all or individual woody plants were categorizedo an arbitrary diameter/height
classes. Accordingly, the woody species were group five Dbh classes following:
Class: 1 =2.5-5cm; 2 =5-11cm; 3 = 11-23cm; 8=4&7cm and 5 = > 47cm) and seven
height classes (1=1-5m; 2 = 5-10m; 3 = 10-15m,1%20m; 5 = 20-25m; 6 = 25-30m; 7
= >30m). The relative distribution of individualstd different size classes was shown
using bar graphs.

Statistical analysis

Descriptive statistics was used to compute the medmes (Mean + SEM). One way
Analysis of Variance with unequal replication wa®d to test the significance variation
among different means. When variations among me&ns found to be significant, The
Fisher Least Significant Difference (LSD) test wpsrformed to test significance
variations between any two means.

3. Results

Diversity and Structure of woody plant species

3.1.1 Floristic composition and Population Structue of woody plant species

A total of 70 species, representing 62 genera éhthrilies were collected (Table 1)
within all the studied forest systems. These 7@ispens were identified at species level.

Table 1: Number of family, genera and species emieoed in the Bora Libanos forest,
Ethiopia

Taxa All forest ~ Church Government Private
systems forest Forest forest

No. of families 43 37 21 22

No. of genera 62 49 26 28

No. of species 70 59 28 32

Genera/Family 1.44 1.32 1.13 1.27

Species/genera 1.12 1.20 1.11 1.14

22Kent, M. and Coker, P. (1992)
2 Feyera Senbetdiodiversity and ecology of Afromontane rainforesth wild Coffee arabica L. population in Ethiopia.
Ecology and Development Series No. 38. (2006)44. 1
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Considering the woody vegetation of the study dfedaceaeandVerbenaceaavere the
most diverse families each represented by fiveispeéollowed byEuphorbiaceaeand
Anacardiaceaeeachrepresented by four species. Three families, nanfedyeraceae,
Moraceaeand Acanthaceaeach was represented by three species); followesklen
families (ApocyanacaeRubiaceae, Oleaceae, Crassulaceae, Myrsinaceamidceae
and Santalaceag eachrepresented by two species. The rest of the fasniliere
represented by one species each.

In the church forestAnacardiaceaeand Verbenaceaavere the most diverse families
eachrepresented by four species; followed Byphorbiaceaeand Acanthaceaesach
represented by three species. Likewise, in thergavent forest, the most dominant families
were Fabaceae,Euphorbiaceaeand Verbenaceaeeach represented by three species
followed byApocyanaca@andMoraceaeeach represented by two species. The rest of the
families were represented by one species each.dveran the private forest, the area
was dominant b¥abaceaghat was represented by four species, followeBulphorbiaceae
andVerbenaceaeach represented by three and two species resglgcti

The most dominant genera weRbusand Ficuseach represented lgree speciesRhus
retinorrhoea, R. glutinosandR. natalensis);. vasta, F. suandF. thonningi,respectively,
followed by two genera each represented by twoiepagereAcaciaandKalanchoe(A.
abyssinicaandA. albidg andK. marnorotaandK. sp.)

The distribution of the genera among the diffefergsts of Gibri Libanos was not uniform.
In the church forest, the most diverse genusRlass represented by three species, followed
by FicusandLantanaeach represented by two species.

In government forest, the most dominant genuskiess which was represented by two
species; while in the private forest, the most d@nt genera wereantanaandAcacia,
each represented by two species.

With regards to species distribution, church forgas the most species-rich comprising
59 species (84%), followed by the private forestivicomprised 32 spp. (46%) the government
forest comprised 28 species (40%). The woody [gpeties identified represented different
life forms (Table, 2). Trees accounted for aboutsg8cies (61%) being the most dominant
growth form, followed by the shrubs and climberspoised of 23 species (33%), and 4
species (6%), respectively (Table 2).

Table 2: Growth form composition of the differentefst systems ofdbra Libanos, Ethiopia

Growth

form All forest system Church forest Gov't forest Private forest
No. of Percent No.of Percent No. of Percent No.of Percent
species species species species

Trees 43 61 34 57 18 64 20 63

Shrubs 23 33 21 36 8 29 10 31

Climbers* 4 6 4 7 2 7 2 6

Total 70 100 59 100 28 100 32 100

Note: *All climbers are found in all forest and alle woody plants
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The church forest harbored 34 tree species (57%rees the shrubs comprised 21
species (36%) and four species of climbers (7%he government forest was composed
mainly of tree species accounting for 64% of all thoody species recorded in it. The
shrubs constituted nearly 29% while the climbersoaated for only 7% of the species
composition of the forest (Table 2).

3.1.2 Diversity of woody species

The diversity of woody species varied among théedéht forest systems. The church
forest was relatively the most diverse, with resgeovoody species. It had the highest
species richness, according to Shannon and Singigersity indices, while government
and private forests had nearly similar number etfgs and diversity indices (Table 3).

Table 3: Diversity indices of woody species in tiheirch, government and private forests
of Debre Libanos

Debre Libanos Species Shannon  Shannon Simpson diversity

Forest type richness diversity evenness index (1-D)
index (H) (E)

Church 59 3.135 0.768 0.917

Government 28 2.741 0.822 0.910

Private 32 2.775 0.801 0.890

3.1.3 Floristic similarity of woody species

The woody species found within the church foresteatbe remnants of the undisturbed
forest. The woody species in the government foveste the result of natural forest
regeneration. The private forest was planted anmtserwved by private organizations as
recreational areas and thus to generate income.

In general, the floristic similarity between thdfeient forest systems was not highly

variable; however, the highest similarity index vedserved between the church and the
government forests (0.400) while the lowest sintjaindex was observed between the

church and the private forests (0.336) (Table 4).

Table 4: Sorensen's Floristic Similarity indices @ime number of common plant species
under the three forest categories

Management category Church  Government Private
Church - 0.400 0.336
Government - 0.355
Private -

Of the total 70 woody species identified in thefatiént forest categories, about 27%
(corresponding to 19 species) were common to afistosystems. However, the number
of common woody species varied between the diffei@est systems. For instance, 34%
(24 species) of the woody species were common tiocbhand government, while 33%
(23 species) were common to church and privatesteyeand 29% (20 species) were
common to government and private forests (Fig.3).
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ea—iPrivate (32)

Government (28]

Figure 3: Venn diagram of the woody species richmmegtern in the church, government
and private forests ofdbri Libanos

3.1.4 Population structure of woody species
3.1.4.1 Density

The total density of woody species inclusive ofdiiegs and saplings was 18,508,
13,115 and 6,961 individuals per hectare in theahugovernment and private forests,
respectively (Table 5). Among the woody specieentered in the study. abyssinica

J. procera, Aurea, C. spinarum, Maytenus senegalemsig those that had relatively the
highest relative density. Accordingly, in the chufforest,A. abyssinicaJ. procerag C.
spinarum, Aureaand Mytenus senegalenstsad the highest relative density (10.034,
10.034, 9.83, 6.8 and 6.29), respectively (Table $imilarly, in the government forest,
A. abyssinicaJ. proceraandM. senegalensisere the three species that had the highest
relative density of 19.81, 13.83 and 13.37, respelgt Likewise, in the private foresA,.
abyssinicaM. senegalensiandC. spinarumwere the three woody species with the highest
relative density of 29.33, 11.33 and 8.0, respebtiv

Table 5: Density of woody plant species frathe studied forest systems aftifti Libanos

Life forms  Management Category

Church Government Private

Small trees 18,006 12,666 6,675
Climber 52 27 118
Trees 450 422 168
Total 18,508 13,115 6,961

Note: Small trees: (1lcm<dbh<10cm & height<8m), G@nSpecies: dependant
trees, and Trees: dbh> 10cm
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In terms of growth forms of woody species, smales constituted much of the density of
woody species in all the three forest types folldug trees. The highest density of small
trees, trees and woody climbers was recorded incthech forest followed by the
government forest with the private forest having §mallest densities of all the growth
forms (Table 5).

Climbing species such allermis sps, Cissapelos pareira L., Jesmminum sl
Phytolacea dodecandreontributed to about 52 (0.28%) in the density lofirch forest,
27 (0.2%) within government forest and 118 (2%dhia private forest (Table 5). Unlike
in the church forest, the density of the tree lapethe government and private forests
was accounted for by many more species.

The mean density per plot of small trees and tréglsich means in 314frarea) in the
church forest was significantly higher than thathe& government and private forests, but
that of climbers was not significantly differentati forest types (Table 6).

Table 6: The Mean $EM *!of the density per plot of the woody species inghelied
forest systems of ibri Libanos, Ethiopia

Density/plot Management category
Church Government  Private All p-value

No. of plots 34 13 15 62

Small woody 13,208 + 8,963 + 4,192+ 10,335%£1554 0.45

plants 2,509 1893 908

Shrubs 437+76 629+83 448 + 480153 0.49
117

Trees 450 + 4F 323 +55° 186 + 365+30 0.12
26°

Note: Small woody plants and shrubs: 2.5cm<dbh<1,0Eraes dbh> 10cm at: =0.05.
(The threex -value indicates that church, government & priyate

3.1.4.2 Basal Area
The total basal area (expressed as the basal hste@nts per hectare) of woody species
with dbh > 2.5cm was 66ma’, 6.21n% ha' and 2.112rhha in the church, government
and private forests, respectively (Table 7). Unlike density of trees, basal area is a
function of size of the trees rather than the samgtém counts. Hence, much of the basal
area of the woody species was due to trees hauiidy @reater than 10cm (Fig. 4a).
Table 7: Summary of basal area(na') of woody species in the study forest systems of
Dibri Libanos

Life forms Management Category
Church Government Private
Small trees 16 0.21 0.112
Trees 51 6 2
Total 66 6.21 2.112

24 SEM is represent the probability value multiplldstandard error of mean.

Journal of Ethiopian Church Studies, No.3 ( Audt3),© Research Centre Mahibere Kidusan



95 Hingabu Hordofa Koricho, Woody Species Diversityrigtic Composition and Structure of dabré Libakosastery
Forests, Central Ethiopia

Note: Small trees are: (2.5cm>dbh<10cm), Tress:dcm
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Figure 4: Basal area distribution by diameter cte#ssl woody species within the
church, government and private forests éb& Libanos dbh Class: 1 = 1-
10cm; 2 = 10- 20cm; 3 = 20-30cm; 4 = 30- 40cm and 5 40cm

About 12% (56 species) of the basal area in thecthand 2.27% (3 species) in the
government forest accounted for by trees havinghagteater than 40cm (Fig. 4b).

Table 8: summary of basal area ha-1, Diversitydeslj and density/ plot of three forest
systems

Foresttypes Plot  (H) (E) (1-D) BA(m?ha’) Density (ha)
Church 34 3.135 0.768 0.917 53.61+17 140752626
Government 13 2741 0.822 0.910 6.71x2.25 9915+2031
Private 15 2775 0.801 0.890 2.11+0.35 4826+1051

Few tree species with relatively very few stems Ipectare took the total basal area of
their respective forest systems. Howevkrprocerg O. europaeaandF. sur altogether
accounted for about 46% (24a) of the overall basal area in the church forasthe
government forest, 24% (0.552rha") of the total basal area of woody species was
contributed by three specied. (procera F. surandA. abyssinicawhile the rest was
accounted for byA. abyssinicaabout 15% (9.41fmha) of the total basal area of woody
species in the private forest. Unlike in the chuestd government forestd, procera
dominated the basal area of woody species, inrikiatp forest next té\.. abyssinica

The mean basal area per plot of small woody pldinh between 2.5cm and 10cm) was
not significantly different in all the forest systs; while the mean basal area per plot of
trees (dbh > 10cm) was significantly higher in gdmeirch than in the government forest.
The mean basal area of trees in the church forastsignificantly higher than those of

the government and private forests (Table 9). Hewnabhere was no significant difference

between the government and the private forestslaBynthere were not significant differences

in the mean basal area of small woody plants amadirige three forest systems.
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Table9: The mean + SEM of the basal area per plot ofwtbedy species in the studied
forest systems of ibri Libanos, Ethiopia

Basal area/plot Management
Church Government Private All P-value
No of Plot 34 13 15 62
Small woody plants 0.9 +0.52 0.7 £0.25 0.11 + 0.67+0.3 0.53
0.04
Trees 52.76+16 5.65+2 151+ 30.5+9.3 0.04
0.3

Note: woody plants (Small trees): 2.5cm<dbh< 108mees: dbh> 10cm at =0.05.
(The three p-value indicates that church, governraed private)

3.1.4.3 Frequency

The woody species in the three forest systems n@&revenly distributed throughout the
study plots (Table 10). For instance, the frequetiags distribution of the species in the
church forest revealed that 8.5% of the specieg wbundant, 8.5% were common, 10%
were frequent, 29% were infrequent and the rest &% rare. The most abundant and
common woody species in the church forest wdypoestes trifloraC. spinarum,A.
abyssinica, Aurea, Cultia abyssinica jaub and sp&hmacrostachyus, M. senegalensis
and O. europaeaWoody species which were frequent wdricea antidysenterica
Capparis tomentosaCordia africana D. viscosa Dombeya torrida F. sur, Justicia
schimperianaRhus glutinosaR retinorrhoea Stereospermurkunthianumand Viscum
nervosunwere the typical examples of the species whidhwighin the infrequent frequency
class. Woody species that were only recorded inghesstudy plot and were thus considered
a typical example of rare species wafernonia amygdalinaTeclea noblis Sesbania
sesban Senna aliexandrinaRosa abyssinicaR. natalensisPremna resinosaPouteria
adolfi-friederidi, Phytolacea dodecandra, Myrsine africana, Mesea datata, Galiniera
coffeoidesandBersama abyssinica (Table 10).

Table 10: Summary of the frequency class distrdrutof the woody species in the
church, government and private forests abi Libanos, Ethiopia

Fre- Management Category

quency Church Government Private

Class Number Rel.abun- Number Rel. abun- Number Rel. abun-
of dance of dance of spe- dance
species (%) species (%) cies (%)

A 5 8.5 6 21 3 9

B 5 8.5 2 7 2 6

C 6 10 5 18 5 16

D 17 29 5 18 7 22

E 26 44 10 36 15 47

Total 59 100 28 100 32 100

Note: Frequency Classes: A=60-100 (Abundant), B=6@@ommon), C=20-40
(Frequent), D=10-20 (Infrequent) and E= 1-10 (Rare)
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The frequency class distribution indicated thatwledy species within the government
forest were represented by all frequency classdssame of the represented frequency
classes were represented by six species, to thedabufrequency class. Five species
(18%) namely,C. spinarum, J. procetaM. senegalensis, Ocimum lamifoliuamd R.
glutinosa,belonged to the frequent class and two species (¥&6)represented in the
common frequency class. Five specéafparis tomentosa, G. ferruginea, Premna angaensi
A. albida and R. abyssinicaxonstituting18% of the woody species belonged to the
infrequent frequency clas3he ten woody species (36%) were found to be rac a
typical examples for this class wavkermis species;. africang Dombeya torridaEuphorbia
abyssinicaF.sur, Lantana trifolia, Coffee arabica, Ekebergia capsndvangifera indica
andStereospermum kunthianum.

Analysis of the woody species frequency class ibisfion within the private forest
depicted that the first frequency classes was septed by three specidd.(senegalensis,
A. abyssinicaandMillettia ferrugineg which is about 9% of the totahcacia albidawas
the only woody species representing the rare frecpelass, whereaS. spinarumand
Ocimum lamifoliumrepresented by two species (6%) of the common é&eqy class.
AureaandC. macrostachyusonstitute the frequent frequency class.

The comparative patterns of the population strect{Btem diameter and height class
distribution) of the whole woody species in thedstd forest systems are presented in
Fig. 5 and 6. Analysis of the diameter class distibn revealed similar pattern of

distribution in all forest systems. Density of sgein general was very high at lower

diameter classes and it drastically decreased asditimeter classes increased. For
instance, 43% of the individuals were found in tlh class: between (10-20cm) in the
church forest, 55% (10-15cm) in the governmentdoend 52% also (10-15cm) in the

private forest were found (Fig.5).

The higher diameter classes were comparativelyesgmted by few individuals in the
church forest (Fig.5). The number of individualsthin the largest diameter class
(>80cm) accounted for only 1% in the church foréstree with the biggest diameter at
breast height,). procera(381cm), was recorded within the church foreste biggest
trees recorded with a dbh more than 100cm wererdedoonly in the church forest by
only J. procera.

S B Church forest® Government forest™ Privet forest

300 A
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100 -
50 A L
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1 2 3 4 5 5] r B =]
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Abundance

Figure 5: Diameter class abundance distributioalloffoody species within the church,
government and private forests aftidi Libanos Diameter at breast height (dbh)
Class: 1 =1-10cm; 2 = 10- 20cm; 3 = 20-30cm; 4 =&m, 5 = 40-50cm, 6 =
50-60cm, 7 = 60-70cm, 8 = 70-80cm and 9 = > 80cm
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Analysis of the height class distribution patteofishe woody species under the different
management systems revealed that the highest piamparf individuals were relatively
concentrated in the lower height classes and thedbproportion of individuals were in
the highest height classes (Fig. 6). For instamdmut 34%, 37%, and 51% of the
individuals in the church, government and privatee$ts respectively, represented in the
height class of 5 to 10m, whereas only 1% of tlviduals in the church, less than 1%
in the government and no one in the private forests represented in the height class of
greater than 30m (Fig. 6)

300 - ™ Church forest® Government forest™ Private forest

250
200
150
100
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Figure 6: Height class distribution of all woodwapts within church, government and
private forests of Debre Libanéteight class in m: 1=1-5m; 2 = 5-10m; 3 = 10-
15m, 4 = 15-20m; 5 = 20-25m; 6 = 25-30m; 7 = >30m

Population structure of selected woody species

The patterns of diameter class distribution indictie general trends of population
dynamics and recruitment processes of a given epethe evaluation of selected tree
species in the church forest revealed four maitepag of population distribution (Fig.
7). These are almost near to Jshape @ugeg, an inverted Jshape (e.Garissa spinarum)
almost Ushape (e.gluniperus procerpand a broken inverted Jshapée@ europaehn

ra
W

[
[=]

B Aurea 40 W Carissa spinarum{c.edulis)
35
_ 30
s ERRE
= =
3 £ 20
Eo g 1s
3 &
- 10
5
5 — g Mm _u_
B 9 2345 7 &8
D'l:lh class Dbh class

Journal of Ethiopian Church Studies, No.3 ( Audt3),© Research Centre Mahibere Kidusan



99 Hingabu Hordofa Koricho, Woody Species Diversityrigtic Composition and Structure of dabra Libakomastery
Forests, Central Ethiopia

20 B Juniperus procera 60 - B Olea europaea

30 1

30 1

Density (ha'!)

Density (ha'!!

20 4

10 1

1 2 3 4 5 6 7 B
Dbh class

Figure7: Diameter class distribution of selected treecisein the church forest ofibra
LibanosDbh class: 1 = 1-5cm; 2 = 5- 10cm; 3 = 10-15cm; 415-20cm, 5 = 20
- 25cm, 6 = 25-30cm and 7 = >30cm.

The evaluation of the population structure of woagecies within government forest
revealed two population structures (Fig.8). Thesethe inverted U-shape (e fcacia
abyssinicd and a J-shape population structure (Empton macrostachyis

. .. B Croton macrostachyus
B Acacia abyssinica &5 -

25 -~

20 A

15

Density (ha'!)

10

Density (ha'!)
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Figure 8: Diameter class distribution of selectea tspecies in the government forest of
Debre Libanos Dbklass: 1 = 1-5cm; 2 = 5- 10cm; 3 = 10-15cm; 4 =-28cm, 5 = 20-
25cm, 6 = 25-30cm and 7 = >30cm

Woody species population structures within priviatest revealed two main patterns of
population structures described for the privatesarFor instancé. abyssinicaevealed
Ushape with the first dbh and the third class wigh;HDodonea viscosamore J-shape
with the third dbh classes (Fig. 9).
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Figure 9: Diameter class distribution of selecteg tspecies in the private forest aititi
LibanosDbh class: 1 = 1-5cm; 2 = 5- 10cm; 3 = 10-15¢cm; 415-20cm, 5 =
20- 25cm, 6 = 25-30cm and 7 = >30cm

In general, the population structure of the setbat®ody species in the three forest
systems depicted the presence of at least one resegied class except in the church
forest where (e.gJd. proceraandO. europaepare represented by all diameter classes.

3.1.5 Importance Value Index (IVI) of woody species

The summary of the VI of the woody plant specigthin the church, government and
private forests is provided in Table 11 and thaitletare presented in. It showed that
proceraandO. europaedad IVI of 81.45% and 38.63%, respectively wiileabyssinica
andCarrissa spinarunhad nearly equal IVICultia abyssinicehad the smallest IVI. Few
tree species had the highest IVI and accountednfoch of the overall VI of their
respective forest type. For instance, 71% of theof\the woody species in the church
forest was accounted for by 10 species: abyssinica Aurea C. spinarum
C.macrostachyysC. abyssinica jaub & spad-. sur, J. procera M. senegalensjsO.
europaeaandO. Compressarlhe rest 49 species (29%) contributed overallMable 11).

Table 11: Summary of the IVI of 10 most common wosgecies in the church, government
and private forests ofdbri Libanos, Ethiopia (T — Tree, C — Climber, B- ¢hrB - sapling
and S —seedling)
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Managment  Botanical name RF RDen RD VI Growth

category (%) (%) (%) form

Church Acacia abyssinic 5.882 10.034 0.625 16.542 T
Aurea 5 6.802 0.381 12.183 T
Carissa spinarum 6.764 9.863 0.366 16.995 T
Croton macrostachyus 4.117 5.612 0.357 10.087 T
Cultia abyssinica 4,117 2.380 0.012 6.511 P
Ficus sur 1.764 2.551 3.033 7.349 T
Juniperus procera 8.235 10.034 63.182 81.451 T
Maytenus senegalensi 7.058 6.292 0.420 13.771 T
Olea europaea 7.941 3.401 27.287 38.630 T
Osyris compressa 4117 3.911 0.194 8.223 T
Total other species (49 44.96 39.91 4.21 88.258
Total 100 100 100 300

Government  Acacia abyssinica 1193 1981 22.451 54.19 T
Carissa spinarum 6.422 3.687 2.327 12.43 T
Croton macrostachyus 5.505 5.069 3.025 13.59 T
Dodonea viscose 4.587 3.687 1.709 9.983 T
Euclea racemosa 6.422 5.530 2.367 14.32 T
Juniperus procera 9.174 13.83 43.051 66.05 T
Maytenus senegalensi 9.174 13.37 6.221 28.76 T
Ocimum lamifolium  8.257 7.834 0.350 16.44 B
Osyris compressa 6.422 5.069 1.803 13.29 T
Rhus glutinosa 7.339 7.834 4.405 19.57 T
Total other species (18 24.77 14.28 12.285 51.34
Total 100 100 100 300

Private Aurea 2.083 4.000 0.555 6.639 T
Acacia abyssinica 15625 29.33 38.788 83.75 T
Carissa spinarum 8.333 8.000 9.6393 25.97 T
Dodonea viscose 6.250 4.667 6.233 17 T
Euclea racemosa 4.167 2.667 3.1488 9.982 T
Lantana trifolia 4,167 2.667 0.257 7.090 T
Maytenus senegalensi 10.43 11.33 10.732 32.48 S
Ocimum lamifolium  7.292 6.667 0.6426 14.60 T
Osyris compressa 6.250 4.667 5.2695 16.18 T
Rhus glutinosa 5.208 3.333 4.177 12.71 S
Total other species (22) 34.38 25.33 20.55 73.46
Total 100 100 100 300
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The majority of the IVI of woody species in the govment forest was taken Byprocera,
A. abyssinicaand M. senegalensiand accounted fad. procera, A. abyssinicand M.
senegalensi$6.05, 54.19 and 28.76 respectively. The speci#stire lowest VI in the
government forest wad.viscosawith IVI of 9.98. In general, the IVI of most dfi¢ 10
most common woody species in the government favasthigher than in the church for-
est. Next toA. abyssinicaandJ. proceraeight species(. spinarumC. macrostachyy®P.
Viscosa Euclea racemosaM. senegalensjOcimum lamifoliumO. Compressand R.
glutinosa)override the IVI of the government forest accourftedabout 83% of the IV
(Table 11). The rest 18 species (17%) contributettié overall IV of woody species.

In private forest,A. abyssinicaM. senegalensjsC. spinarum Osyris compressand
Ocimum lamifoliumwere the five woody species with the highest IVB.{®, 32.48,
25.97, 16.18 and 14.60, respectively) (Table 11).

4. Discussion
4.1 Diversity and structure of woody plant species

The variation in management intensities in theedéht forest systems caused variation
in the floristic composition, diversity and similgrof the forests. The floristic composition
in the church forest was greater than those of bwéhgovernment and private forests.
The church forests have been under managementdogar period of time than both the
government and private forests, which might exptha higher floristic composition and
diversity. Moreover, species suchJagprocera, O. europaeandC. spinarumwere introduced
into the forest by the monastery administration.

The dominance of some families comprising certaé® tspecies in the church forests
may be deliberately retained within church foreatdike the small trees and shrubs. For
instance,Rosaceads recorded only in government forest ahsteraceae, Solanaceae,
Arecaceae, Proteaceaand Hypericaceaeaccounted in private forest the rest more
diverse within church forest.

The small trees (sapling and shrubs) layer in theah forest was relatively occupied by
more number of species than in the government andtp forests. For instance, while
21 species of woody plants contributed to the divdemsity of the sapling and seedling
layer in the church forest, while only nine andhtigpecies in the government and the
private forests, respectively contributed to thensity of the sapling layer of their
respective forest systems.

According to the current study, small trees coand about 97%, 96% and 95% of the
woody species composition in the church, the gavemt and private forests, respectively.
That is actually an indication of the status of plopulation, which seemed to be promising.
For instance, the diameter class distribution &f mhost prominent species such/as
abyssinica C. spinarum J. procera Croton macrostachyy$odonea viscosdisplayed
inverted Jshape or nearly so which means that tvasea good level of recruitment of
seedlings and saplings. However, from the currewlys it was obvious that the population
structure of one of the most important tree spe€@esuropaeavas represented by higher
diameter classes rather than the smaller ones.ig hatindication of poor recruitment status
and most of the trees are getting old. Generalberdity values were comparatively very
high in the church and very low in the governmet private forests, which is indicative of the
high dominance of a few species in both the goverirand private forest systems.
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For instance, the relatively low Shannon diversdiues of the government and the private
forests are due to a numerical dominance dfl.asenegalensiand A. abyssinica
individuals.

The diversity of Gbri Libanos church forest is (H' =3.135 & E =0.768)awer than
that of Zige church forest (H' =3.74 & E =0.84) as reportgd\lemayehu Wassi&. The
variation in management adopted within the studtieelst systems influenced the density,
frequency, basal area and VI of woody species. démsity of the church forest was
greater than those of the government and privatests. The comparatively very high
density of woody species within the church foresild be due to the fact that the forest
is set aside entirely for conservation purposef waiimost no human interference over a
long time. The other finding inage (3,318) reported by Alemayeffis less than that of
the Dabra Libanos forest. The impacts of forest agement on the density of woody
plants within government and private can be vieWwgdomparing their density against
the density of woody species within the church $ar&or instance, about 0.43% of the
original density of small trees in the church foneas removed due to the purpose of fuel
wood consumption in the monastery for the purpdgeaking local bread calleDabbe.
However, there are no significant variations in mekensity per plot of small trees,
climbers, saplings and shrubs among the studiessfaystems. This is because of the
conservation of woody plants in the sapling lagetdmpensated by increasing the density
of small treeplants within the church and private forests. Famtiore, the selective removal
or harvesting ofC. spinarumtree species for monastery fuel wood in the chdiocast
affected the density of trees (dbh> 10cm). Foraims¢, about 0.43% of the original
densities of woody plant species were removed duiatensive uses of fuel wood by
monastery. The intensive use@fspinarunfor fuel woodyalso impacted on the density
of seedlings.

The results of the present study depicted thatl#resity of woody species in the church
forest (18,508 HY is less than the ones reported in other Afrommatainforests. It is
less than the density of Yayu forest; undisturb&®, (130 hd) and other Afromontane
rainforests such as Bonga (21, 540)h@srhane-Komor (24, 296 hd)*’ but by far greater
than Zige (3,318Y? Harinna (8, 937 hd) and Maiji forest (7, 273 Ha.*° This variation
might be due to methodological differences in vatimt survey or else the better protection
of the forest system that might have contributethtohiked density at present.

The frequency distribution of woody species wa® atfluenced by the variations in
management of the three forest systefasabyssinicais the species belonging to the
highest abundant frequency class in government pi¢ate forest systems. The
predominance of th®. europaeavithin the church forest is mainly attributed te ihtensive
management of A. abyssinica.

% Alemayehu WassieQpportunities, constraints and prospects of thédfian Orthodox Tewahido Church in
conserving forest resourcédSc thesis, Wondo Genet College of Forestry, Haadniversity, Ethiopia. 2002.

% Alemayehu Wassie (2002).

2" Tesfaye GonfaAssessment of forest conditions under differentagement intensitieMSc thesis, Wondo
Genet College of Forestry, Hawassa University, dtia, (2010).

28 Alemayehu Wassie (2002).

29 Feyera SenbetaBiodiversity and ecology of Afromontane rainfoneith wild Coffee arabica L. population

in Ethiopia. Ecology and Development Sefi&s 38. (2006). P. 144.
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But, the presence of abundadt europaea, C. spinarum J. proceaamd Aureawithin the
church forest is in agreement with the documentsi@fastery administration which stated
that the Gbri Libanos monastery forest is home for abundantaisihein O. europaea
populations.J. procerawhich belongs to the abundant frequency clasténgbvernment
became common in the private forest. Rarity of wosgecies was more pronounced
within the private (46%) and church (44%) thandgbgernment forests (33%).

The basal area Haf individual stems of each species within theal#ht management
systems was calculated to evaluate the degreernindomce of each species in terms of
the area rhit occupied. In the church forest system studiadje trees with a relatively
fewer number of stems hgredominate their respective basal area. Thosesjpecies
with the highest dominance values (for instanteprocera M. senegalensiand O.
europaea)vere common to both the church and the governnogast. This could be due
to a number of reasons which includes the econani environmental reasons for
which these species are highly valued, the fadt ttie two species may be among the
remnants of the dry afromontane forest speciesbimaeéfited from the protection activities
of the two forest management strategies. The tmsal hd of the woody species varied
from one forest system to another. However, théatian compared between the church
forest and the government and the private forests wery large between the church and
the government and private forests but very lowveen government and private forests.
The basal area Haof the woody species in the church on the othedheas higher than
that of the government and the private forest %89

This could be because the government and privaest® were relatively younger than
the church forest and or the level of disturbancéhie government and private forests
was higher than in the church forest as indicatgdhe outcome of the focus group
discussion. Moreover, the private forest was ewstiaddi through planting very recently as
indicated by the fact that most individuals in tbeest were found in the lower size classes.

The basal area of the church forest @bB Libanos (66rhha’), was higher than that of
Calomo forest (27.3fhha) and that of Hainna forest (49fha').%° On the other hand,
the basal area of the government and private f¢6el and 2.112fha’) respectively,
were less than that of theaMvasa (100.3rhat). 332

The relative importance of woody species as weidhetheir abundance, dominance and
frequency in relation to all other constituent ajody species in a forest is an important
parameter to compare the relative ecological dicarite of a species. It enables to
prioritize a species for conservation interventidis

In all the forest systems considered in the curstatly, only a few species of woody
plants dominated the IVI of their respective foregstem which is indicative of their
high ecological significance.

*Feyera Senbeta. (2006)

3! Feyera Senbeta. (2006)

32 Tamrat BekeleStudies on Remnant Afromontane Forests on therald?iateau of Shewa, Ethiopia. Acta
Universitatis Upsaliensis, 1994.

33 Simon Shibru and Girma Balch&omposition, structure and regeneration status abdy species in Dindin
natural forest, South east Ethiopia: An implication conservationEthiopian Journal of Biological Science,
2: 31-48, (Addis Ababa, Ethiopia, 2004).
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For instance, 71% of a species in the church, 88fta government and 76% in the private
forests contributed to the IVI of their respectiferest systems. In church and
government forests]. Procerais by far the most important tree species as twvest
management activities by nature and monastery cortynare gifted and the planting,
and also maintaining of the plant within the fosesdn the other hand, small trees and
woody climbers were much more important within tieirch forest as compared to the
government and private forests in which they weglbdrately removed to promote the
C. spinarum However, the high IVI of few small trees and wgadimbers in the forest
systems was due to the abundance of their seedlindgheir frequency of occurrence
within the forests.

In all the forest systems, the aggregate patteforest structure indicates a high number
of individuals in the lower size classes that dcaflyy decreases towards the higher classes.
Almost a similar inverted J-shape finding has baeZige reported by Alemayehu®
Thus, such a population structure gives the fosestd a more or less inverted J-shape
which is indicative of good reproduction and retngnt potential of the forests. However,
the population structures of individual woody spscidepict different patterns. For
instance,C. spinarumis among a species in the church forest which h&hevn an
inverted J-shapél. proceraandO. europaean the church forest andl. abyssinican the
government forest depict a broken J shape populatioch shows hampered regeneration
and good recruitment. The J shape population streicof C. macrostachyusn the
government forest andodonea viscosi the private forest shows the selective removal
of medium sized trees.

In general, in the case df procerapopulation which was dominated by individuals in
the lowest size classes indicates that it was sbveffected perhaps by logging.
However, the future of the population seems to bemjsing. On the contraryQ.
europeaavas dominated by higher size classes which anedécation of poor regeneration
and recruitment, and there form requires some mati@rvention.

5. Conclusions and Recommendations

5.1 Conclusions

From the investigations and analysis made durirgy ¢brrent study the following

conclusions were drawn:

« Among the forest types considered in the studyedam all the diversity indices
calculated for the forests, the church forest veamd to be the most diverse of the
three followed by that of the government forest.

*  The population structure of the church forest wasegally found to have a pattern
that is expected of any natural population charamtd by the presence of most of its
individuals in the lower size classes rather tHedpposite. That is, the population
displayed for most of the prominent species an riede J-shape. However, it is
emphasized here th&. europaeahad populations with most of the individuals in
the larger size classes rather than in the lowassels. The government and private
forest also had similar patterns of size clasgidigion.

e The forests also displayed such features as dowgnaina few species in population
structural parameters as IVI, density, frequenay laasal area. In the different forest
types, different woody species dominated all tihecstiral parameters.

« The floristic composition of the three forests aligplayed different levels of similarity.
The government and private forests were more simildaheir species composition
than the church forests.
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5.2 Recommendations

Active intervention in the form of enrichment plangt should be carried out with
particular emphasis to important tree species@keuropaeavhich have very low
natural regeneration.

The management of both the private and governnweasts of Gbri Libanos is in
urgent need of finding mechanisms to change theatheyg attitude of the local
communities, in order to avert undesirable negativeact on the forests due to the
activities of the surrounding communities.
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