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Abstract

This study was carried out in Kahtasa Natural Forest, Banja District (woreda), in Awi
Zone, North West Ethiopia, with the objectives of determining the floristic composition
and structure the vegetation found in the area. Data were collected from 40 quadrats, each
with 20 m X 20 m (400 m?), for trees and shrubs. In addition, 5m X 5m subplots were
laid within the main plot to sample herbaceous plants. Cover-abundance value was
estimated for all species. Height and diameter at breast height of all woody species taller
than 2 m and ticker = 2 cm were measured. Ninety four species of vascular plants were
identified which were grouped in to 70 Genera and 37 Families. Fabaceae followed by
Rosaseae and Myrtaceae were found to be the most abundant families in the study area.
Furthermore, Kahtasa Natural Forest harbors four endemic species. Five community
types were identified and described. Structural analysis of the Kahtasa Natural Forest
revealed a density of 757.39 stems/ ha and a total basal area of 65 m% ha. The most
dominant tree species relatively with the highest importance values recorded in the area
were Albiza gummifera, Ekebrgia capensis, Erytrina abbyssinica, Apodytes
dimidiata,and Croton macrostachyus, Analysis of population structure for majority of
species revealed normal distribution patterns. Floristic comparisons with other similar
forests in Ethiopia showed that Kahtasa Natural Forest is more similarity to other Dry

afro- montane forests.

Key Words/ Phrases: Floristic composition, frequency, Kahtasa Natural Forest, plant

community, SIV, vegetation structure.



1. INTRODUCTION

1.1. Back ground and justification

Ethiopia is a country of great geographical diversity with high and rugged mountains, flat
—taped plateau and deep gorges, incised river valleys and rolling plains (Ensermu
Kelbessa et al., 1992). This gives the country highly diversified climatic conditions,
topography with a wide range of habit. The topographic setting also makes the country to
have immense wealth of biological resources with vegetation types, varying from Afro
alpine to desert vegetation (IBC, 2005). As a result , Ethiopia is one of the countries in
the world with high level of plant genetic diversity and that it is indigenous forests have
been repositories of biodiversity including micro-organisms, fungi, fauna, and flora
medicinal plants, wild animals ,birds as well as insects (Tewoldberhane G/Egziabhear,
1990). Thus the flora of the country is one of the largest in the tropical Africa (EMA,
1987; Mulugata Lemenih and Demel Tketay, 2006) and an important center of diversity
and endemism particularly high in the high plateau, mountains and in the ogaden region
(Demel Tketay, 2005 and IBC, 2007).

It is very difficult to get a reliable estimate of forest cover and it is change in Ethiopia,
mainly due to limited and conflicting data sources, partly attributed to varied definitions
of forest in the country. Indeed, estimates of how much of Ethiopia’s vegetation cover is
actual forest, varies significantly. The Woody Biomass Inventory and Strategic Planning
Project (WBISPP) estimate that around 3.3 million ha of Ethiopia was covered by high
forest, which amounts to about 3% of the total land area (WBISPP, 2004 cited in FAO,
2010). Whereas the Food and Agriculture Organization of the United Nations (FAO)
estimates that total forest cover is about 12.29 million ha, this amounts to 11% of the total
land area (FAO, 2010). The FAO (2010) assessment draws on national data and a
reclassification, calibration and extrapolation of the WBISPP data. Determining the

average annual rate of deforestation is also difficult.



The FAO (2010) estimates that 141,000 ha of forest have been lost annually between
1990 and 2010 and that the average annual deforestation rate, based on forest cover
change from 2005-2010, amounts to 1.11% of total forest cover. However, by combining
a number of studies it is possible to estimate that the average deforestation rate lies
somewhere between 1.0-1.5% annually (FDRE, 2011a; Mulugeta Lemenih and Tadesse
W/mariam, 2010).

The main direct drivers of deforestation are small-scale agricultural expansion and fuel
wood consumption, and to a lesser extent, illegal logging and forest fires (FDRE, 2011b).
Another important driver has been identified as large-scale agricultural investments,
which until recently were promoted by the government as a vehicle for rural development
and economic growth. Although the federal government now promotes the Climate
Resilient Green Economy (CRGE, 2011) initiative, which aims to reduce emissions from
land use and forestry there by shifting agriculture from high carbon to low carbon areas,
it is unclear to what extent this new approach has been transferred to the country’s nine
regional states.

Reducing emissions from deforestation and forest degradation (REDD) is evolving in the
context of a policy environment that is promoting reforestation and a forestation as a way
of tackling land-degradation. For example, the former 5-year plan, the Plan for
Accelerated and Sustainable Development to End Poverty (PASDEP) 2005/6-2009/10,
promoted forest rehabilitation by setting a target to increase national forest cover to 9%
(FDRE, 2006). This was complemented by the 2007 Forest Management, Development
and Utilization Policy issued by the federal government that provides tax incentives for
farmers who plant more trees on their land. As a result trees growing outside forests,
mainly in the form of farm forestry such as agro forestry or small scale plantations of fast
growing exotic species (e.g. eucalyptus and Acacia decurrens), have significantly
increased in recent years (for an overview see Mulugeta Lemenih and Tadesse
W/mariam, 2010). Furthermore, since Participatory Forest Management (PFM) was
introduced in the mid-1990s a number of provisions have been made within the
regulatory framework to promote Participatory Forest Management (PFM) involving
local communities and non-state actors. Based on this organization reforestation is more

or less increase.



As part of the high lands of Ethiopia, many areas of the Amhara National Regional State
(ANRS) have been subjected to intensive land use changes due to deforestation as a result
of high human population pressure over several years and the soil and other biological
resources to be used extensively result up in the decline of productivity (Girma
Mengesha, 2005 and Eyayu Molla, et al., 2010 cited in Mastewal Alehegn, 2013).Thus
large areas of the country including Awi zone, the present study site, now a day are
exposed to heavy soil erosion, which results in a massive environmental degradation and
serious threat to sustainable agricultural and forestry. The main causes of forest
distraction and degradation of Awi zone in general and Banja district in particular are
extensive interference by humans in the forest ecosystem such as clearing forests for
expansion of farm lands, cutting trees for fire wood, extraction of timber and material
construction (BDAO, 2014).

In Ethiopia studies that focused on floristic composition, structures of forest are (Abate
Ayalew, 2003; Alemayehu Wassie et al., 2007; Fekadu Gurmesa, 2010; Shamble
Bentiwalu, 2010). However, there is no detail ecological investigation on the forests of
Banja district. Therefore it was with this intention that the study explored the floristic
composition and structure of Kahtasa forest in North West Ethiopia. In order to maintain
the ecological equilibrium and to meet the forest resources requirements of the
population, scientific information on the composition, structure and distribution of
species is the basis for forestry development similarly; this study could generate valuable
information on the composition and structure of plant species in the study area. It also
serves as source of relevant information and direction for those who want further
ecological investigation on the study area. Finally, it could be base line information for
the local administrative or other concerned agencies in the area to develop conservation
strategy (management) for the forest that is now under different threat.



1.2. Statement of the Problem

Kahtasa Natural forest is one of the few forest patches in Ethiopia where one finds high
number of plant species diversity and remarkable vegetation stands. This forest is highly
valued for its high economic and other ecological services. Despite all these services,
forests vegetation removal will apparently continue for some time to come for the simple
reason that forests are still the principal sources of construction and timber materials for
the rural and urban population. Therefore detailed biodiversity and ecological studies are
desirable to draw attention of policy makers to understand the ecosystem service of this
biodiversity assemblage and undertake appropriate conservation measures. The absence
of any previous ecological botanical studies is also equally vital to call for immediate and
timely scientific intervention to up hold the conservation of this natural high forest.

1.3. Objectives of the study area

1.3.1. General objectives

The general objective of the study was to assess floristic composition and vegetation

structure of Kahtasa natural forest.
1.3.2. Specific objectives

To document the floristic composition and structure of the forest.
To identify and evaluate the plant diversity and

To make phyto sociological comparisons with other related forests in Ethiopia
1.3.3. Research Questions

The objectives of the study were achieved by way of seeking answers to the
following questions.
1. What are the floristic composition and diversity of plant species in the study
area?
2. How to identify and evaluate the plant diversity and evenness?
3. How to make phyto sociological comparisons with other related forests in
Ethiopia?



2. LITERATURE REVIEW

2.1. Plant Ecology

Plant communities are conceived as types of vegetation recognized by their floristic
composition. The species compositions of the communities better express their
relationships to one another and environment than any other characteristics (Kent and
Cooker 1992). It can be defined as the collection of plant species growing together in a
particular location and show a definite association or affinity with each other (Kent and

Cooker 1992).

Plant community can be under stood as combination of plants that are dependent on their
environment, influence on another, modify their environment (Mueller-Dombois and
Ellenberg 1974). As stated in (Mueller Dombis, 1974), the floristic composition of
vegetation includes all species occurring within a plant community. However, most plant
community consists of many different species which are not particular to discover all
species with in a community. Hence, it is common to use the dominant species in naming
plant communities (kent and Cooker, 1992). Information on plant population structure
analysis helps to respect the healthy regeneration of the tree species underutilization. It
indicates the history of forest disturbances to that species and environmental and hence
used to forecast the further trend of the population of that particular species (Peters,
1996).

Vegetation classification attempts to define discrete, repeatable classes of relatively
homogenous vegetation communities (association about which reliable statement can be
made classification assumes either that natural vegetation grouping do occur, or that it is
reasonable to separate aconitum of vegetation composition and (or structure in to a

serious of arbitrary classes (Kimmins, 1997).
2.2. Vegetation Types in Ethiopia

Various authors have been attempted to study the Ethiopian forests and woody vegetation
resources employing different systems, among which (Logan, 1964); (Von Britenbach,
1963); (White, 1983); (Zerihun Woldu, 1985); (Lisanwork Nigatu, 1989); (Zerihun
Woldu et al., 1989) (Friis, 1986 and 1992); (Friis and Mesfin Tadesse, 1990); (EFPA,
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1994); (Tamerat Bekele, 1993 and 1994); (Demel Teketay and Tamerat Bekele, 1995);
(Sebsebe Demisse et al., 1996), (Friis and Sebsebe Demissew, 2001); (Kumlachew
Yeshitila and Tamerat Bekele, 2002) and (Tadesse Wolde Mariam, 2003) have made
considerable contribution toward understanding the vegetation of the country and
proposed their conservation strategies, (cited in Feyera Abdena 2010).

The studies (Abate Ayalew et al., 2006; Simon Shibru and Girma Balcha, 2004; Genene
Bekele, 2005; Motuma Didta, 2007; Alemu Abebe, 2007and Dereje Denu, 2007;Kitessa
Hundera et al., 2007; Haile Yineger et al., 2008 and Ensermu Kelbessa and Teshome
Soromessa, 2008) provided general description of the vegetation types and their floristic
composition in different parts of Ethiopia. Based on these works and other authors the
various vegetation types of Ethiopia have been grouped in to different categories.

Accordingly, the various natural vegetation type of flora area of Ethiopia have been
divided in to eight major ecosystems which are described at follows; Desert and Semi-
desert scrubland, Acacia- commiphora wood land, moist ever green montane rain forest
(which include the Afro-montane rainforest and the Transitional rain forest), Low land
semi- evergreen forest, combretum- Terminalia wood land and savannah, dry evergreen
montane forest and grassland complex, which can also be divided in to four sub types
namely; undifferentiated Afro-montane forest, Dry single- Dominant Afro montane of the
Ethiopia high lands, Afro montane wood lands, wooded grass land and grassland, Afro
alpine and sub- Afro alpine vegetation and swamp vegetation. From these vegetation
types, the current study area, Kahtasa natural forest, might fit the characteristic of Dry

afro montane forest.

2.3. Major threats of vegetation

Although Ethiopia contains huge resources of biological diversity, this diversity is
eroding under a Varity of anthropogenic (Abebe, 2001). A loss in biodiversity due to
degradation of environment and other threats to the different component of ecological
systems is the most serious problems. This losing biological diversity ultimately implies
economic losses to a country and the world as a whole. The removal of vegetation cover
also reduces the quantity of carbon that can be sequestered from the atmosphere (EFAP,
1974) and contribute to the global warming.



2.3.1. Deforestation

Deforestation is defined as clearance of large expanse of forest for agriculture and other
uses. When forest is removed, the total amount of water and minerals that flow in to the
streams increase drastically (Solomon et al., 2008 cited in Mastewal Alehegn, 2013).
This intensive logging practice seriously damages the structure and composition of
natural species and leading to the declining of forest diversity and subsequently
agricultural yield (Mersha G/Hiwote, 2003). Such activities pose a serious threat to the
conservation of biodiversity in general and plant species in particular. As many studies
suggested loss of forests contributes to the soil erosion; loss of soil nutrients; loss of
habitats; reduction of biodiversity, decline of water quality and quantity; and climate
change (Demel Teketay and Tamerat Bekele, 1995).

Deforestation is a major concern in Ethiopia, as elsewhere in many developing countries.
Ethiopia is a country that has suffered massive deforestation in the last century
(Dagnachew Gebeyhu, 2001). According to (Demel Teketay and Tamerat Bekele, 1995),
87% of the total land area above 1500m was thought original covered by dense forest but
now only 3% of the country’s fully stocked natural forest remains, and that forest is
disappearing at a rate of 7.5% per annual the forest rate of any country in the world
About 35-40 %of the land surface of the country has been covered with forest and wood
lands (Abate Ayalew, 2003; EFAP, 1994).The same source has shown that the size has
exhibited demisting trend over years, i.e.; about 16 % was left by early 1950°s;3.1 % by
1982 ;26 % by 1989 and less composition. This increasing and intensive reduction of
forest resources results in a rapid decline of different forest ecosystem and increased the
extinction of different plant and animal species (EFPA, 1994).

There are many causes of deforestation and forest degradation and they vary by forest
type, location, social and economic circumstances. Natural resources degradations,
decline in agricultural production, food insecurity and poverty are all inter woven with
each other mutually rein forcing in pushing the rural poor in dawn ward spiral (Azene
Bekele, 2007). According to (Taye Bekele et al., 2001); (Abebe Damete and Koch 2010),
the low living standard of people and luck of alternative are the major factors responsible

for the decline in forest areas in Ethiopia.



This is expressed by high population growth followed by increasing demand for crop and
grazing land, wood for fuel and construction and new settlements in forests are increasing
and have resulted in the conservation of forest land in to agricultural and other land use
systems. The intermittent wars and internal conflicts have also contributed to the
depletion of the countries’ forest resources. The few remaining high forests are at present,
threatened by pressure from, investors who are converting the forest areas in to other land
use systems such as coffee and tea plantations (Feyera Abdena, 2010).

Most of the deforestation occurred during the period in which security of land tenure and
access to natural resources were undermined by up popular policy measures such as
frequent redistribution of land and reconstruction in cutting and utilizing trees, even in
one’s own back yard (EPA, 1994). Deforestation not only removes cover, it also disrupts
the continuity of the remaining vegetation and affects ecological process within it. As a
result , the remaining forest fragments may be too small to be effective habitat units for
many species especially, dry afro montane forest of Ethiopia have forced vast
exploitation and almost all these forest have been converted to agricultural lands except
for small fragments that are left in the most in accessible areas or around churches
(Alemayehu Wassie, 2007).

Generally, there are close connections between poverty, population growth, economic
development, the over use of the environment (Woldeyohannes Enkossa, 2008). If
present trends in population growth continue, deterioration of natural resources will be

even more rapid in the future.

This rapid depletion of the forest associated with other pressing problems such as land
degradation, soil erosion, and water resources degradation (EFAP, 1994; NBSAP, 2005),
also caused by an increased demand for contraction inputs, over grazing, fuel wood and
clearing for agricultural expansion (Alemu Abebe, 2007; Million Bekele and Leykun
Berhanu, 2001; Simon Shiberu and Girma Balcha, 2004; NBSAP, 2005).The recognition
of these loss threats to biodiversity has led to draw conservation strategies at global,

regional and national levels.



2.3.2. Habitat Loss and Fragmentation

The destruction of natural forest as well as degradation of the various habitat types can
make the area to be the most vulnerable and threatened ecosystem. Poverty and
population growth are the roots for habitat destruction. Raven et al (1999) designed the
loss and fragmentation of habitat is a major threat to the continued survival of may
woody plant species. Therefore, it is the primary cause of species loss at local, regional
and global scales through urban development, over drafting of ground water, road
building, recreation, forest fires, agriculture and tree logging and also the increasing need
to produce more food, fuel wood, shelter and clothing accelerates the rate of deforestation
and habitat degradation . All these destroy and degrade woody plant natural habitats
(Silva et al., 2008). It is estimated that degradation by human activities is the primary
cause of risky for 83 % endangered plant species (Silva et al., 2008). Thus, habitat loss is
harmful not only to single species, but also to the whole community and ecosystems.
Habitat loss may be adversely affected by humans in four ways: destruction, population,
distruption and habitat fragmentation (Raven et al., 1999). In addition to these thousands
of pollutants are discharged in to the environment and lingering presence threatens plant
species diversity by affecting individual species or degrading entire ecosystem (Gibbs,
2004).

Habitat loss and fragmentation is one of the main threats to species diversity especially to
water in habitat species (River, Lake, Coastal and Ocean), that causes the death of the
flora and also destruction of ecosystems. The main source of pollutant is caused by
human activities (industries, agriculture, home activities and transportation). Therefore,

pollutant is related to the pollution growth (Jalan et al., 2009).
2.3.3. Human pressure on forest resources and its management

Forests have fragile ecosystems with species that are extremely vulnerable to habitat
change due to their limited distribution and adaptation to specific ecological niches. The
major disturbance is the extensive clearing or burning of forest and converting them in to
permanent agricultural land. This fact has caused huge loss to forest biodiversity due to
habit destruction through deforestation (Ensermu Kelbessa et al., 1992).



Deforestation in Ethiopia is estimated to take place at the rate of 200,000ha/year (Hailu
Sharew, 1992). The primary causes of deforestation are cutting tree with the aim of
opening up new agricultural land to feed the ever growing population (Alemu Bekele,
2010). The wide spread use of fuel wood as energy has also contributed to the
deforestation process.

According to (Hailu Sharew, 1992), about 95 %of the total energy consumption in
Ethiopia is composed of traditional biomass fuels, with only 5 % coming from modern
energy sources and wood provides about 62 % and 66% of this energy in urban and rural

areas respectively.

Ultimate goal enabling each NFBA become a self-financing enterprise. The total area of
these, NKPAS in, 1993 was about 4.8 million ha (Demel Teketay, 1999). According to
him about half of the NFPAs were delineated on maps, the boundaries of the majority of
the NFPAs were demarcated on the ground with the concrete pillars and management
plans were prepared for some technical support of Swedish International Development
Agency (SIDA) and German Technical Association (GI1Z). Even most of the NFPAs are
demarcated; they are not yet gazette or legally registered. This has contributed much to
the creation of an open access situation where these forests continue to be threatened by
illegal cutting, fires, poaching and encroachment (Demel Teketay, 1999).

2.4. Species diversity, evenness and similarity

According to (Whittaker, 1975) the description of plant community involves the analyses
of species diversity, evenness and similarity. Diversity index is a mathematical measure
of species diversity in a community. Diversity indices provide more information about
community composition than simply species richness (i.e., the number of species
present); they also take the relative abundances of different species into account.
Diversity and equitability of species in a given plant community is used to interpret the
relative variations between and within the community and help to explain the underlying
reasons for such a difference. Generally the diversity and evenness of a community is
calculated using Shannon diversity index (H’) since it characterizes species diversity in a
community and accounting both for abundance and evenness of the species Present
(Magurran, 1988; Kent and Coker, 1992).
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Since heterogeneity/diversity contains two separate ideas-such as species richness and
evenness, then they tried to measure the evenness component separately. Whittaker
(1975), on the other hand expressed this concept as equitability. Its base is on the fact that
most communities of plant and animals contain a few dominant species and many species
that are relatively uncommon. Evenness measure attempts to quantify this unique
representation against a hypothetical community in which all species are equally common
such that all species have equal abundances in the community, and hence, evenness is

maximal.
Examining the degree of association between species and the level of similarity between

quadrats or samples is one of the simplest means of analyzing floristic vegetation data
and the degree to which the species composition of quadrats or sample matches is alike
what is measured with similarity indices (Sorensen’s Similarity Index). (Kent and Coker,
1992).

2.5. Frequency and important value index

Frequency is defined as the proportion of sample quadrats in which individuals of a
species are recorded. Frequency measures reveal the uniformity of the distribution of the
species in the study area, which again tells about the habitat preference of the species
(Silver town and Doust, 1993 cited in Abeje Eshete et al., 2005). In other words, it gives
an approximate indication of the homogeneity of the stand under consideration (Kent and
Coker, 1992).

The important value index (IVI) permits a comparison of species in a given forest type
and depict the sociological structure of a population in its totality in the community. It
often reflects the extent of the dominance, occurrence and abundance of a given species
in relation to other associated species in an area (Kent and Coker, 1992; Kindeya
G/Hiwot, 2003; Simon Shibru and Girma Balcha, 2004). It is also important to compare
the ecological significance of a given species. Therefore, it is a good index for
summarizing vegetation characteristics and ranking species for management and

conservation practices.

11



2.6. Environmental factors and vegetation in Ethiopia

The complex interaction of environmental variables along spatial gradients will form a
complex environmental gradient that characterizes the nature and distribution of
communities along land scopes (Begon et al., 1996). Ethiopia has very diverse climatic
conditions varying from hot and dry desert in the lowland areas, part of which are as deep
as 116 m below sea level, to cold and humid alpine habitats in highlands, which rises to
over 4000 m a.s.l. Such diverse climatic conditions and habitats partly contributed to the
presence of high species diversity in plants and animals, making Ethiopia one of the top
25 richest countries of the world in biodiversity (WCMC, 1994).

The complexity arises from the great variations in altitude implying equally great spatial
differences in moisture regimes as well as temperatures within very short horizontal
distances. The potential distribution of a community can be predicted based on annual
rainfall and elevation data. At relatively low temperature and high rainfall distribution,
evergreen shrubs, herbs and grasses are dominant, while deciduous and spiny shrubs are
dominant and grasses are less abundant at low temperature and rainfall distribution
(Getachew Tadesse, 2005).

Altitude affects temperature, moisture, radiation and atmospheric pressure and there by
influences the growth and development of plants and the distribution of vegetation.
Altitude is one of the most important environmental factors that determine the type of
plant community (Whittaker, 1967; Smith and Huston, 1989).

Moreover, altitudinal factors determining the nature of soil and the prevailing moisture
and temperature conditions have a very significant effect on vegetation. According to
Zerihun Woldu et al., (1989), the most important factor that orders the tree-shrub layer
into respective vegetation type is altitude for it is positively correlated with other
environmental factors like organic matter and negatively correlated with pH, clay and

calcium.

The change of temperature gives rise to altitudinal zonation of vegetation. In addition
mountain regions usually have more rainfall, higher relative humidity and greater wind
speeds. Mountain region have mainly steep slopes and rocky soils. Therefore, altitude is

an important factor, which affects temperature, radiation, moisture and atmospheric
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pressure, and influences the growth and development of plants and vegetation distribution
and composition (Toomey, 1947; Oasting, 1956). In general, it is possible to say that
altitude affects climate and its effect on temperature varies considerably according to the
prevailing conditions specially the aspect and steepness of the slope. Altitude, exposure
to wind and to a lesser extent disturbance was found to be the major determinant of
vegetation variation where as parent rock and inclination were less important (Fernandez-

Palacious and de Nicolas, 1995).

Topographic features act on local vegetation largely through climate or edaphic features.
Polunin (1960), Riley and Young (1966) and Avila (1992) agree on the fact that strong
topographical relief tend to produce more marked local climate. Maintaining optimal
biomass at a given level may be problematic because plant productivity is sustained by
the climate, which causes high inter annual variability in forage production in arid
rangelands. This might mean that herbaceous species richness for any site fluctuates from
season to season and from year to year, with years of exceptional rainfall producing
greater herbaceous species richness than in dry years. All together climatic variation
become more and more extreme and rapid with increasing altitude, such local climate
would not take place if it were not for the topography (Hedberg, 1964; Daniel
Gemechu,1986).
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3. MATERIALS AND METHODS

3.1. Description of the study area
3.1.1. Location

The study site, Kahtasa forest (11° 92°-11° 94’ N and 37° 23’ -37° 25’ E) is one of the
afro- montane forest in Ethiopia. It is found in Banja district, Awi Zone of the Amhara

National Regional State (ANRS), North West Ethiopia (Fgurel). It is located at a
distance of 146 KM distance from Bahir Dar town, the capital city of ANRS and 32 KM
distance from Injibara town the capital city of Awi Zone. The study area is surrounded by
four rural villages, in the east Askunaabo, in the West Zufarie, in the Northeast Barie, and
South West Sankasa Kebele.
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Figure 1. The Location map of the study area
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The total area of the forest is about 2729.12 km? the study area is surrounded by three
woreda’s in the North east Fagita Lekoma, in the South east Ankesha and in the east
Banja.

3.1.2. Topography and Soil

The study area is generally characterized by plateaus and few parts of the study area are
hill, with very steep slopes especially in the North West and south west parts of the
forest. The altitude varies from 1705 to 2465 m.a.s.| (GPS reading during field work).
The north west and south west parts of the area has less soil dept due to excessive erosion
which brings about low soil productivity and low water holding capacity during periods
of irregular rain fall (BDAO, 2014). Generally, there is little visual variation in the soil
type in the kahtasa forest area. The type and density of the vegetation cover, on the other
hand, has had considerable influence on the latter development of the soil (personal
observation).

Plate 1: Partial view of the Study Area
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3.1.3. Temperature and Rain fall

The rainfall and the temperature condition of the area was described based on the data
collected from 2002--2011 (EMSA, 2011) from Dangila Metorological Station. There is a
long dry period from October to the end of February (BDAO, 2014). Dangila station is
located at 9° 34’N latitudes and 37° 06’E longitudes with an altitude of about 2453
m.a.s.l. Based on 10 years data, the mean annual rainfall in the study area is about 135.2
mm, rainfall peak period between May to October, and decreasing in November and
December with little or no rainfall in January and February (Figure 2). It is characterized
by a prolonged wet season from June to September (big rain) and a short dry spell
showers from mid February to April. The mean annual temperature is about 17.4 °C and
the mean minimum temperature is 5.3 °C whereas the mean maximum temperature is
28.1°C.

There is only slight temperature difference throughout the year. The hottest months are
from February to May maximum temperature recorded is about 28.1 and 28.0 °C (in
MAR/April) respectively and the coldest months are from July to December with the

mean minimum temperature 5.3 °C (in December).

135.2MM Jgq
1740¢

Dangila (2453 m)
(10 m)

300

Figure 2. Climadiagram for Kahtasa Natural forest (Dangila ) as Walter (1983)
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3.1.4. Agriculture and Human population

The total human population of Banja district is 101,300 (50,146 males and 51,154
females), with 1889 (853 males and 1,036 females) urban dwellers. The rest of the
population 99411 (49,293 males and 50,118 females) is rural (BDAO, 2014).

Like other parts of the high lands of the country, mixed cultivation of live stock rearing
and crop production, subsistence agriculture is the main economy development of the
community (BDAO, 2014). Due to this traditional farming systems and increased
population growth, most of the vegetation of the area has been destroyed. The dominant
agriculture in Banja district is mixed farming. Local farmers are well known in crop
production traditionally and they have been practicing this activity since the older times
live stock production and subsistence agriculture from the major lively hoods of the rural
community. As a result, these activities created a great pressure on the natural forests of
Kahtasa. Land use pattern indicates the classification of an area under different types of
socio economic uses. Patterns of land use changes from time to time depending upon
socioeconomic changes. The grazing land and natural forests are declining while the

needs for cultivated and residential lands are increase from time to time.

The most widely cultivated food crops are cereal crops such as Eragrostis teff (Teff),
Triticum aestivem (wheat), Hordium vulggre (barley) and potato are the minor cash crops
being produced by farmers (BDAO, 2014) moreover, honey production is also practiced
in the forest area. However, the traditional bee keeping activity may cause the breaking

down of tree branches and result in deforestation.
3.1.5. Vegetation and Wild Life

As it is indicated by several authors the vegetation of Ethiopia is extremely complex.
This complexity derived from the great variation of altitude implying equally great spatial
different in moisture regimes as well as temperature within horizontal distances (Friis,
1992; Kumilachew Yeshitila, 1998). The vegetation of the study area is broad —leaved
deciduous forest with important tree species in the forest including Albiza gummifera,
Ekebrgia capensis, Croton Macrostachyus, Millettia ferruginea, Acacia abyssinica and
Apodytess dimidiate and shrubs.
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The forest vegetation of Banja district hosts various species of wild animals including
mammals, Birds, Reptiles, Amphibian and Arthropods. Some of the common mammals
and birds are Hyena brunnnea (Hyena), Tragelaphus scriptus (Meneliks Bush-Buck),
Genetta abyssinic (Abyssinica Janet), Caterol vancliechin (Vervet monkey), the
Ropithecus gelada (Gelada Baboon) Gorilla beringei (apes) and Poicephals flavifons
(yellow fronted parrot), Columba albitorques (White-collared pigeon), Lybius undatus
(Banded Barbet) and Agapornis taranta (Black-winged love bird) respectively. However,
the wild life population of these animals are, under sever threat due to deforestation and
habitat fragmentation mainly because of human encroachment (BDAO, 2014).

3.2. Data collection methods

3.2.1. Sampling Sitess

Before sampling, a reconnaissance survey was carried out in the first week of October
2013 in order to attain an impression of the site conditions, to collect information on
accessibility and to identify sampling design. Sampling plate coordinates were fed in to
Garmen eTrex GPS.

3.2.2. Vegetation data

The data were collected from November 5-Dec 10/2013. A total of 40 main plots were
sampled from homogeneous stands in Kahtasa natural Forests were sampled. Woody
species were sampled with 20m x 20m quadrants (plot) and herbaceous species were
collected with 5m x 5m sub plots laid within the main plot. Sub-plot was laid in five
places, four placed at each corner and one at center. Cover abundance visually estimated
and transformed in to standard scales. A complete list of trees, shrubs and herbs was
made in each plot. Their vernacular (local) names and scientific names if known were
recorded. All plants were collected, pressed, dried and brought for identification and
verification to Bahir Dar University, Biology department temporary Herbarium and the
National Herbarium in Addis Ababa University. The identification of species and their
habits were made by using the Flora of Ethiopia and Erithera and (Azene Bekele, 2007).

All individuals of trees and shrubs with a diameter at breast height (DBH) > 2cm and

height > 2m were measured following (Feyra Abdena, 2010 and Abate Ayalew et al.,
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2006). Individuals with DBH less than 2cm, and height less than 2 m were counted as
seedling and sampling DBH of all woody plants were measured and recorded using
diameter tape and heights were estimated visually.

3.2.3. Community Classification

The Vegetation classification was made using cover abundance values as class labels. In
addition, a floristic approach of Braun-Blanquet (1983) scale was to determine the
relative cover proportion of individual species for each of the community types. This had
also been previously used by Williams and Lambert (1966), Kershaw (1973), Muller-
Dombois and Ellenberg (1974), Werger (1974) and Chapman (1976). The percentage
cover/abundance of each species was converted into 1-9 Braun- Blanquate scale. All
vascular plant species present in sampling unit were recorded and percentage Canopy
cover of each species was estimated visually and later converted in to modified 1-9
Braun-Blanquet scale (Van der Maarel, 1979) as follows: 1 = rare generally only one
individual; 2 = sporadic (few) which are less than 5% cover of the total area; 3 =
abundant with less than 5% cover of the total area; 4 = very abundant and less than 5%
cover of the total area; 5 = 5-12% cover of the total area; 6 = 12.5-25% cover of the total
area; 7 = 25- 50% cover of the total area; 8 = 50-75% cover of the total area; 9 = 75-
100% cover of the totalarea. Finally, the data were entered into the spreadsheet of the
TWINSPAN software program.

Floristic data analysis and interpretation were made following classification and
ordination techniques, as used in other similar studies such as by Digby and Kempton
(1987) and Kent and Coker (1992, to determine the dominant cover species for each
community type. Hierarchical, polythetic and divisive techniques were employed during
analysis and interpretation of generated data obtained from the computer program,
TWINSPAN, following Kent and Coker (1992) and Hill (1994).
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3.3. Data Analysis
3.3.1. Vegetation classification

Two-way indicator species analysis, which is a recommended technique for its robustness

and effectiveness (Gauch and Whittaker, 1981), was used to classify the vegetation data.

TWINSPAN is a divisive polythetic method of vegetation classification; it classifies both
relives and species. The computer program used was the TWINSPAN program (Hill,
1979). The groups obtained were characterized as local plant community types, and
described as “type”, which were provisionally characterized by dominating and/or
characteristic species, mainly trees and shrubs.

The percentage cover/abundance of each species was converted in to 1-9 Braun-
Blanquate scale. The converted data was used to multivariate numerical analysis followed
by polythetic agglomerative classification. Individuals with greatest average similarities
were fused into large group. This process is known as average linkage.The average
cover/abundance value of each species in each cluster identified was computed and then
characteristic species and local plant community types of the cluster

were recognized.
3.3.2. Diversity indices

The diversity of each cluster was calculated using Shannon-Weiner diversity index based
on cover/abundance value of the species as input source. The relative Equitability
(evenness) of the species in each cluster was also calculated.

Diversity: H’=3> Pi InPi
Where:
H’ = Shannon diversity index
> = Summation symbol:
S =the number of species
Pi = the proportion or the abundance of the i species.
Ln = Natural logarithm

Equitability (evenness): E=H’/H’ nax,
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Equitability assumes a value between 0 and 1 with one being complete evenness, (Kent

and cooker, 1992).The higher the value of evenness index, the more even the species is in

their distribution within the given area.

Where:

Similarity coefficient- the similarity of forest types with regard to species
composition was assessed using Sorensen’s coefficients as described by,
(Grieg-Smith, 1983) and computed from the formula below.

Ss =

( )

Ss = Sorensen’s similarity coefficient.
a = number of species common to both habitats.
b = number of species present in the first habitat and absent from
the second.
¢ = number of species present in the second habitat and absent from the

First. (Kent and coker, 1992 cited in Feyra, 2010).

3.3.3. Analysis of the vegetation structure

The structure of the plants was described in terms of tree density, diameter and height.

Tree density was computed by converting the count from the sample plot to a hectare

basis and basal area is the sum of the stem cross-sectional area at breast height on a per-

hectare basis. The diameter at breast height (DBH) was classified into 7 DBH classes and

the percentage distribution of trees and shrubs in each class were computed. Height was

classified in to 9 height classes and the percentage distribution of the plants in each class

was calculated.

The following parameters and index were calculated to determine the vegetation structure

and the dominant species of the forest: for those individual species having DBH greater

than 2 cm, relative frequency, relative density, basal area, relative dominance and
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importance value index (IVI) (Muller-Dombois and Ellenberg, 1974; Misra,1974) were

calculated using the following formulae:

Relative density = Number of individuals of a species/ Total number of individuals of all
species x 100

Relative frequency = Frequency of a species/ Sum frequency of all species x 100
Relative dominance = Basal area of a single species/Total basal area of all species x 100
Importance Value Index (1V1) = Relative density + Relative frequency + Relative

dominance.
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4. RESULTS AND DISCUSSIONS

4.1. Floristic composition

In this study, 94 species of vascular plants were identified from the forest. The identified
species represent 70 Genera and 37 Families. The collected species were composed

of 46. 8 % trees, 24. 46 % shrubs and 4. 25 % lianas (Figure 3).
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Figure 3. Distribution of plants into different life forms in Kahtasa forest

All the identified species were grouped in to 37 families. The most dominant families
were Fabaceae represented by 8 species (8.5 %), poaceae by 6 species (6.8%), Rosaseae
by 4 species (4.25 %), Myrtaceae by 3 species (3.95 %). But the remaining families
which accounted for (67.47) were represented by one or two species. Out of these, 9
families have two species each, 24 families have only one species each (Table 1). This
may be due to habitat homogeneity and requirements of special adaptation systems.
Similarly reported by (Maru Molla, 2010) Abay Millinium Park Northwestern Ethiopia.
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Table 1: List of Families represented by at least two species

Family Name No of % No of %
Genera species

Fabaceae 8 11.42 7 9.09
Poaceae 6 8.57 | 6 7.79
Rosaseae 4 5.71 |3 3.89
Myrtaceae 3 4.28 | 3 3.89
Rubiaceae 3 428 | 3 3.89
Acanthaceae 3 428 | 3 3.89
Lamiaceae 3 428 | 3 3.89
Cucurbitaceae 2 2.85 |3 3.89
Combretaceae 2 2

2.85 2.59
Euphorbiaceae 2 285 |3 3.89
Tiliaceae 2 2.85 | 2 2.59
Oleaceae 2 2.85 | 2 2.59
Ericaceae 2 2.85 | 2 2.59
Malvaceae 2 2.85 |3 3.89
Urticaceae 2 2.85 | 2 2.59
Asteraceae 2 285 |3 3.89
Anacardiceae 2 2.85 | 2 2.59
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4.2. Plant species endemic to Ethiopia in Kahtasa forest

Like other parts of Ethiopian, forests Kahtasa forest contains four endemic species (Table
2). The endemic species accounted for 4.25 % of the total floristic composition of the
forest, the conservation status of these endemic plant species of forest was evaluated
based on Vivero et al., (2005).

Table 2. Endemic plant species in Kahtasa forest

Scientific name Family Habit

Clematis longicaudata Ranuculaceae  Liana

Rhus glutinosa Anacardiaceae  Treee
Acanthus sennie Acanthacaea Shrub
Rhus vulgaris Amaranthaceae Tree

4.3. Vegetation community classification

Classification of vegetation has been one of widely used methods in vegetation science.
Different approaches might be used to classify communities. In some cases classification
may employ physio gnomically dominant species as they control material cycle and
energy flow in the ecosystem (Walter, 1985) or floristically dominant species such as
character species as defined by Andreucci et al., (2000). Character species are those that

show maximum abundance or frequency in a relive or groups of relives.

Five clusters were identified from the output of TWINSPAN (Two-Way Indicator
Species Analysis), which represent the plant communities in Kahtasa Natural forest
Vegetation are shown in (Table 3). The following plant communities have been named by
two dominant species based on highest mean cover/abundance value that appears within a
cluster. Each community should be named with two or more dominant species within
group (Whittaker, 1975). Based on this each cluster distinguished in this study was
described as community types and named after two dominant species. The dominant

species were those with highest cover-abundance value for a given community (Table 5).
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Each community was different in numbers of quadrants it contains, 13, 6, 12, 4, and 5:the
number of species, i.e., 61, 45, 58, 38, and 50; evenness value (E), i.e., 0.93, 0.92, 0.92,
0.91,0.94 and the diversity indices (H’) values they have, i.e., H’= 3.83, 3.52, 3.74, 3.28,
and 3.71 (Table 6) from community 1-5 respectively.

Table 3. Twin result text (TWINSPAN output)
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Table 4. The communities and distribution of the sample plots

Community  Number of plot Plots in the community

I 13 9,16,20,21,1,18,23,29,35,39,14,38,25
I 6 5,22,30,34,2,8

Il 12 19,26,10,31,40,12,17,27,36,11,13,32
v 4 6,37,24,28

\% 5 4,7,3,15,33

A description of the five community types is given as follows:
Community I. Erytrina abyssinca—Schefflera abyssinica type:

This community was represented by 13 (32.5 %) plots and 61 (24.2 %) woody plants

species. It is located at an altitude ranges from 1981 to 2323 m.a.s.l.

In addition to the characteristics species, the other dominant large tree species includes
Ficus sycomorus, Ficus vasta, and Schefflera abyssinica were the important species in the
tree layer of the community Lippia adoensis, Maytenus arbutifolia, Millettia ferruginea,
were important species in the shrub layer. The common lianas in this community include
Stephania abyssinica, and Sporoblus africanus, Sida ternate, Sporoblus africanus were

also important herb species in this community.
Community Il. Ficus thinning—Apodytes dimidiate type:

This community was represented by six (15 %) plots and 45 (17.85 %) woody plant

species. It is located at an altitudinal range from 1705-2055 m.a.s.l.

In addition to the characteristics species, the other dominant large tree species includes
Pavetta abyssinica, Acacia abyssinica, Prunus africana, coccimia grandis, were the
important species of the tree layer of the community in the shrub layer Teminalia

brownie, Vernonia amygalina, Vernonia auriculifera, were the important species.
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Community I11. Ekebrgia capensis-Cordia africana type:

This community was represented by 12 (30 %) plot and 58 (23 %) plant species. It is
located between at an altitude ranges from 1987 to 2463 m.a.s.l.

In addition to the characteristics species, the other dominant large tree species includes
Cordia africana, Euphorbia abyssinica, Measalan ceolata, Rhus vulgaris, Sinna
didymobotrya. were the importance species of the shrub layers of the community. The

common lianas in this community include Clematis longicaudata, Clematis siminesis.
Community 1V. Calpurnia aurea— Nuxia congesta type:

This community was represented by 4 (10 %) plots and 38 (15.01 %) plant species. It is
located between at an altitude ranges from 1834 to 2144 m.a.s.l.

In addition to the characteristics species, the other dominant large tree species includes
Ficus populifolia, Croton dichogamus, Drecaena steudneri, were the importance species
of the tree layer of the community. The shrub layer is dominated by Nuxia congesta,
Millettia ferruginea, Maytenus arbutifolia.

Community V. Albiza gummifera—Allophycus abyssinicm type:

This community was represented by five (12.5 %) plots and 50 (19.84 %) plant species.
This community experienced a high level of anthropogenic disturbance.

It is located at an altitudinal range from 1714 to 2111 m.a.s.l. altitude is one of the
environmental gradient that could shape the species composition and distribution of the

plant communities.

In addition to the characteristics species, the other dominant large tree species includes
Croton macrostachyus, Croton dichogamus, Drecaena steudneri and Phytolacca
dodecandra were the importance species of the tree layer of the community. The shrub
layer is dominated by Justice shchimperiana, Embelia schimperi, Cucumis metuliferus.
The common climbers in this community include Embelia schimperi, Rhbus glutinosa,

Phytolaco dodecandra Pterollobium stellatum.
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4.4. Species diversity and Evenness

The overall Shannon-Wiener diversity and evenness of the Forest were found to be
H’=3.62 and E= 0.92, respectively (Appendix 2). There was not a big difference in
Shannon diversity index and evenness among the five communities but there is little
difference in species number. The reason for closeness of diversity and evenness of these
five communities could be attributed to relatively comparable altitudinal ranges. From
this result, one may infer that the study area is rich in floristic diversity and richness with
high similarity indicating the forest is more complex and diverse. Similar findings were
reported by (Feyera Abedna, 2010).

Table 5: Shannon-Wiener Diversity Index

Community Richness Diversity index(H’) Evenness
I 61 3.83 0.93
1 45 3.52 0.92
Il 58 3.74 0.92
Iv 38 3.28 0.91
\% 50 3.71 0.94
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As shown in table 5, above, the H’ values of community type V were higher followed by
community type | and Ill. Whereas the left have lower H’ values communities, with the
least observed at community type 1V (H’=3.28). This may be due to proximity to the
residence and exposure to disturbance, like grazing, browsing and others (personal

observation).

Community one also consists the highest species richness followed by community three
and five, the least at community four. The evenness of the communities was more or less

similar pattern.
4.5. Sorensen’s similarity for the communities

The Sorensen’s similarity index measures the degree to which the species composition of
forest or samples are alike, whereas dissimilarity coefficient assesses which two forests

differ in composition slightly varied among communities.

Although not strong the highest similarity observed between communities | and 111 (48
%), this may be due to existence of most quadrants adjacent to each other that shows
similar adaptation mechanisms and requirements for species occurring in those
communities. The least similarity was observed between community 11 and 1V (31 %),
followed by community IV and V this may as result of different factors like
anthropogenic (exploitation or disturbances), physical factors like soil, slope, etc. and
related to the altitudinal variation on which most of the classifications were based. The

overall similarity coefficient ranges from 31--48% among all the communities.

Table 6. Sorensen’s coefficient of similarity among the plant communities

community ' I I v [V
|

Ti 0.44

1l 0.48 |0.38

\V; 041 |(036 |0.34

VvV 035 |[031 |0.33 0.32
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4.6. Analysis of vegetation structure
4.6.1. Stem density

A total density was 293 stems per hectare for DBH > 10cm and 178 individuals per-
hectare for DBH > 20cm. The ratio of the density of individuals with DBH > 10cm to
those greater than 20cm showed the distribution of size class (Grubb et al., 1963). This
ratio is 1.65 for the Kahtasa Natural forest, indicating slight variation between the small
sized and large- sized stems. When this ratio was compared with other forests in the
country (Table 7), it is greater than that of, Komto, Kambo, Sankameda, Dodola about
exhibited a strong variability with Marcha-Anderacha forest. However, it is almost
comparable to Alata-Bolale, Chato, Wof-washa.

Table 7. Comparison of tree densities with other forests in Ethiopia

Forest DBH 10-20cm DBH >20cm Ratio(a/b) Reference

Marcha- 383 160 2.4 Kumelachew Yeshitila and Taye
Anderacha Bekele(2003)

Alata-Bolale 365 219 1.67 Woldeyohannes Enkosasa (2008)
Chato 333 194 1.71 Feyra Abdena (2010)

Kahtasa 293 178 1.65 Present study

Komto 330 215 1.53 Fekadu Gurmesa (2010)
Kambo 582 621 0.94 Mastewal Anagaw (2013)
Sankameda  309.29 755.71 0.41 Shamble Bantiwalu (2010)
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4.6.2. Diameter at Breast Height (DBH)

The general pattern of DBH class distribution of tree species was calculated based on the
sampled area and showed an inverted J-shape which is typically observed in natural
forest (Figure 4). With many stems compared to few large one (Nebel et al., 2001). This
pattern has good reproduction and recruitment potential. Similar results were reported by
(Abate Ayelw et al., 2006; Feyra Senbeta, 2006 and Haile Yinger et al., 2008).

280
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130 -

100 -
dengity/ha 0 I
I:I i | | | I | | | ._\

a.1-10 10.1-20 20.1-30 50.1-40 40.1-50 50.1-60 =60

DBH Class (cm)

Figure 4. size class distribution of the stem density a cross diameter classes in Kahtasa
Natural forest
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Of all the individuals sampled in Kahtasa Natural forest, about 1.9% that attended a DBH
greater than 60cm belongs to species of Albiza gummifera, Prunus africana, Cordia

africana.

In addition individuals of the above mentioned tree species with a DBH of 191cm,
227cm, 159cm, respectively, were recorded in the Kahtasa Natural forest. The percentage
distribution of DBH class was 48.37 %, 31.78%, 19.83% for the individual (density) with
DBH between 2-10cm, 10-20cm and > 20cm, respectively .The large proportion of small
sized tree individuals suggest that the forest vegetation has good reproduction potential.
Similar report was made by (Motuma Didita, 2007; Wolde yohannes Enkossa, 2008; and
Feyra Abdena, 2010).

This forest has a similar proportion (19.83%) of tree with DBH greater than 20cm when
compared to Kombo (23.78%) (Mastwal Alehegn 2013). Kahtasa Natural forest is less
dense in tree over 20cm DBH than Mengesha, Kambo, Masha-Anderacha but it is
comparable to chato, Alata-Bolale in tree density with DBH between10-20cm.

4.6.3. Height class distributions

The woody species in the study area could be conveniently classified into 9 height
classes: 2.1- 6 m, 6.1-10 m, 10.1- 14 m, 14.1-18 m, 18.1-22 m, 22.1-26 m, 26.1- 30 m,
30.1-34 m and > 40 m. The height class distribution of woody species in Kahtasa Forest
(Figure 5) showed that more than 40 % of the individuals had height less than 10 m
(Height classes | and Il). Height can be used as an indicator of age of the forest. The
percent of woody species decreased with increasing height classes showing an inverted J-
shape (Figure 5). The decrease in number of each height class towards the highest classes
showed that the dominance of small-sized individuals in the Forest, which was the
characteristic of high rate of regeneration.
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Figure 5. Height classes distribution of individuals Trees /shrubs in Kahtasa Natural

forest

The patterns of height class distribution of the woody species reveals a high proportion of
individuals in the lowest height class and few individuals in the largest height class.
Significant is that woody species with the highest DBH size were also recorded for the
highest height. Although there is selective logging of tree species at certain height,
Kahtasa Natural forest exhibited individuals of all height classes.

The developing tree species which had the height in this forest are Albiza gummifera,
Ekebrgia capensis, Apodytes dimidiate, Prunus africana, are represented by about > 30m.
There are enough individuals in the lower classes to replace the old individual’s plants
the last two height classes, 38-42m, contributed to about 12% of the total species of upper

canopy layer and they are also the dominant groups in the forest under study.

In Kahtasa Natural forest, the middle forest layer 15-30m.example Croton
macrostachyus,Cordi africana, Sida ovate, Drecaaena steudneri, Ficus vasta,Rhus
valgaris. On the other hand ,the lower forest layer < 15m are dense and formed by small
tree and shrub,Nuxia congesta,Croton dichogamus, Gnidia glauca, Calpurina aurea,

Phytolacca dodecandra.
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4.6.4. Basal area and dominance

The basal area of a tree is the measurement of the cross sectional area of tree trunks at 1.3
above the ground level inclusive of the bark breast (Elledge and Barlow, 2010). The total
basal area calculated for the study area was about 65.8 m?/ha for woody plants > 2 cm in
DBH. This is further partitioned into 2.9 m?% ha for individuals with DBH between 2-10
cm (small-sized), 4.9 m? ha for DBH 10-20 cm (medium-sized) and 58 m?/ ha for DBH
> 20 cm (large-sized). There is a considerable decrease in number of individuals with
increasing DBH size and basal area.

Individuals that attained higher DBH classes are fewer in number while they contributed
over 61% to the total basal area. Noteworthy is that a basal area of 40 m*ha was
accounted for by four important tree species, i.e. Albiza gummifera (12.9 m%/ha), Croton
macrostachyus (13.5 m?/ha), Prunus africana (7.7 m?/ha) and Ekebrgia capensis (5.9
m?/ha). The species with the largest contribution in basal area can be considered
important woody species in the forest.

The density distribution of these four tree species does not follow the same trend as that
of the basal area. For example, species with the highest basal area don’t necessarily have
the highest density depicting size differences as exemplified by Appoditus dimidiate, Sida
ovat and Syzygium guineense.

The basal area of Kahtasa Natural Forest was also compared with the basal area of other
nine afromontane forest found elsewhere in Ethiopia ( Table 8). The result indicates that
Dodolla, Masha-Anderacha, Sese and Magada Forests had greater basal area than
Kahtasa Forest. However Donkoro, Gendo, Yegof, Adey Amba and Kambo had lower
Basal area than Kahtasa forest (Table 8).
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Table 8. comparison of Kahtasa forest with other nine afro-montane forest based on their

Basal area in Ethiopia

Forest BA

in m?/ha

Source

Dodolla 129

Masha-Anderacha 81.9

Sese 88.60
Magada 68.5
Donkoro 45.3
Gendo 55.25
Yegof 25.40
Kambo 51

Kitessa (2007)

Kumelachw Yeshitela (2003)
Shiferaw Belachew (2010)
Genene Bekele (2005)

Abate Ayalew (2006)
Teshome Gemechu (2009)
Sultan Muhamod (2011)

Mastewal Anagaw (2013)

4.6.5. Species population structure of Kahtasa Natural forest

Four woody plant species from fourty four total woody plant species were selected for

this study based on various patterns of population structure, implying different population

dynamics among species (Figure 6a-d).

The first pattern is represented by Albiza gummifera, Prunus africana, Cordia africana. .

Species in this group all have high density in the lower DBH class and gradually

decreases with increasing DBH (Figure 6a). They show inverted “J” curve pattern. All

species in this pattern show good reproduction and recruitment (Bekele, 1993; Senbeta,

2006).
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The second pattern of the population structure showed some sort of unstructured pattern
of some plant species at DBH class distribution from classes 3-7, for example. Ekebrgia
capensis (Figure.6b). This could be attributed to selective removal of individuals of
preferred size of this species for the purpose of logging and constructions. Although the
number of individuals of Ekebrgia capensis. Seemed high, many stumps were observed
in the forest.

The third pattern exemplifies Grewia farruginead (Figure 6¢), Bersama abyssinica,

Euphorbia abyssinica. This pattern showed the absence or very few numbers of
individuals in the upper DBH classes. It is to be noted that the first three species are
highly exploited by the local people (community for various uses and there is selective
logging of them. This could account for the absence of the upper DBH classes of some of
the species of Kahtasa Natural forest. In this case, there are many individuals in the lower
DBH classes followed by decline in the middle and then rise again at larger size classes
Grewia ferruginead, Euphorbia abyssinica, Bersuma abyssinica exhibited good
reproduction and poor recruitment. The pattern of population structured illustrated by

Grewia ferruginead could be termed as a U-shaped.

On the other hand, the fourth pattern represented by small trees and they would not have
upper DBH classes. Example, Combretum moll,and Erythria abyssinica. This pattern
shows the highest frequency in the first or second DBH classes and gradual decreased

towards the bigger classes (Figure 6d).

37



120 +

a. Alibiza gumifera nu 30 b.Ekbergia capencies

100 - mb | 25 -
80 er 20
60 | of | 15 -
40 ]Ild.l 10
vid g -

20 1 uals
0 - 0

Nl b o
NS S S S
N S

DEH class

LN A N Y
L I
DBH class

6 - -
5 c.Grewla ferruginea 8 d. Casombretum moll
. &
a 4
2
" 3
] ] . —
S D o oD O IS
FB PP LSS RGN
oY DR AR R P o SIS S
DEH clagss DBH class

Figure 6. Four representative patterns of population structure of Kahtasa natural forest
4.6. Frequency

According to (Kent and Coker, 1992) frequency is the number of quadrants in which a
given species occurred in the study area. The frequency of all tree species in the study
area is given in (Appendix 3). It is an indication of homogeneity and heterogeneity of
vegetation, in which the higher number of species were recorded in higher frequency
classes and the lower number of species in lower frequency classes showing similar
species composition, where as the higher number of species found in lower frequency
classes and the lower number of species in higher frequency classes indicates that there is
higher heterogeneity (Shiferaw Belachew, 2010). Accordingly the percentage frequency
values of woody plant species in Kahtasa forest five frequency classes (Figure 7); and the
result indicated that the higher percentage number of species found in frequency class |
and I, (i.e., lower class frequency, and then decrease as frequency classes increase
(Figure 7). This result indicates that the existence of relatively higher degree of floristic
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heterogeneity and low homogeneity. As it is also mentioned in the study of floristic
composition and vegetation structure of Abay Millennium park (AMP), Bahir Dar Zuria
woreda, Ethiopia (Maru Molla, 2010).
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Figure 7 . Frequency distribution of woody plant species in Kahtasa forest

It is suggested that, the higher the frequency, the more important the plant is in the
community and the widely distributed (Dereje Denu, 2006). Therefore, in line with this,
the most frequently observed species in the study area were Croton macrostachyus
accounting 77%, Albiza gummifera accounting 75%, Apodytes dimidiaza accounting
86%, Cordia africana accounting 74% and Ficus thonningii accounting 70 % from the
total sample plot. On the other hand, species with the least occurrence were Gnidia
glauca accounting 5%, Sambucuscan adensis (12.5 %) Ficus vasta (2.7 %) each
(Appendix 3). This indicates that even distribution of morphological variation and the
tolerance of individual species to some harsh conditions as the species and disappearance

are associated with differences in altitude.
4.7. Importance Value (1VI)

Importance value index is the combination of data from three parameters. These are the
relative frequency, relative density, and relative dominance for each woody species the
relative ecological importance of the forest is expressed by SIV Lamprecht, (1989). The
result of Importance Value Index (IVI) showed that Cordia africana (6.56), Allophycus
abyssinicum (6.22), Albiza gummifera (6.12), Apodytes dimidiate (5.68) and
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Croton macrostachyus (5.35) were plant species with highest importance value index.
Species with low importance value index include, Rhus valgaris (0.94), Rumex
abyssinica (2.38), Phoenix reclinata (1.78), Ficus thonningiiblume (2.38) and Calpurina
aurea (3.34).

The five most dominant woody species of Kahtasa Natural forest occupied 39 % of the
total important value index (appendx 4). Those dominant species were Albiza gummifera,
Apodytes dimidiaza, Cordia africana, Croton macrostachyus, Croton dichogamus, and
Allophycus abyssinicum. (appendex 4). This figure shows that much of IVVI was attributed
by few species. About 40% of woody species had 1VI value less than 3 indicates that the
requirement of conservation management. The current study showed that both Cordia
africana and Prunus africana exhibited very low frequency in the Kahtasa Natural forest.
In the case of the former, it was so because illegal logging by local people has increased
from time to time for their daily in come. Asimilar observation was reported by (Feyra
Abdena, 2010) while the latter was determining altitudinal ranges of the forest.

4.8. Phyto-geographic comparison with other similar forest

Kahtasa forest is characterized by Dry afro-montane forest type vegetation. The dominant
tree species in the upper story are Albiza gummifera, Croton macrostachyus, Apodytes
dimidiate and Croton macrostachyus, Ekebrgia cappensis. Phyto geographical
comparison of Kahtasa forest with other forest in Ethiopia was carried out to evaluate the
relation shape between Kahtasa and other forests based on the presence of tree and shrub
species. The Kahtasa forest compared with Alemsaga (south Gonder), Yegof (South
Wollo), Sese (South west Ethiopia) and Kambo (Awi zone) (Table 9).

The overall similarity indices between Kahtasa forest and the other four forests in
Ethiopia (Table 9) ranged between 0.47 and 0.61. The highest floristic similarity was
shared with Alemsaga forest (0.61), Yegof (0.56) and Kambo forest (1) the relative high
holistic similarity of those forests with Kahtasa forest could be due to geographical
proximate similarity in altitudinal range and climatic conditions. Altitude has a decisive
role on the distribution of vegetation on east Africa Mountains (Abate Ayalew, 2003). On
the other hand the Kahtasa forest shared least floristic similarity with the sese forest
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(0.47). Similarity of the two forests may be due to different in the altitude range, the
geographic impact and over grazing.

In generally the dissimilarities between forests may arise from the different sample sizes
and methods of the study, altitudinal differences, location (far apart from Kahtasa forest)
degree of impact (anthropogenic action), over grazing and climatic conditions.

Table 9: comparison of Kahtasa forests with other four other forests in Ethiopia

Forest Altitude A b C Ss Reference

(m.a.s.l)

Alemsaga 1500-3500 50 34 32 0.61 Alemu Shibabaw
(2010)

Sese 1476-1780 38 46 40 0.47 Shiferaw Belachew
(2010)

Yegof 1900-3014 47 37 41 056 Sultan Mohamed
(2011)

Kambo 1799-1801 - - - 1 Mastewal Anagaw
(2010)

Kahtasa  1987-2463 61 58 50 0.53 Present study

Where: a= number of species common to both forests, b = number of species in the first and absent from the second, ¢

= number of species in the second and absent from the first. Ss Sorenson similarity coefficient.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

The floristic composition and vegetation structure of woody plant species in Kahtasa Dry
afro- montane forest were described. In this study, 94 species were recorded. Of these
plant species, the most dominant family was fabaceae and Poaceae followed by Rosaseae,
Rubiaceae , mytraceae. Four endemic plant species were also recorded in the forest.

The overall Shannon-Weiner diversity and evenness community 1, community II,
community 11, community 1V, community V, were 3.83, 3.52, 3.74, 3.28, 3.71 and 0.93,
0.92, 0.92, 0.91, 0.94 respectively. These values indicate that the diversity and Evenness
of woody plant species in the forest relatively high. The total basal area of all tree and
dominant shrub species for Kahtasa forest was 65.5. The relative BA range from 0.004--
20.15. Most of the basal area was contributed by Ekebrgia cappensis, Albiza gummifera,
Croton maerosachus, Schfflera abyssinica, Apodytes dimidiate and Ficus vasta.

Based on the structural description of DBH and height class distribution, similar trends
have been observed in both diameter and height, i.e., the density of woody species
decreased with increasing DBH and height classes indicating the predominance of small
sized individuals in the forest. The DBH classes distribution also show that some species
are in poor regeneration status due to live stock grazing and browsing human
interferences for different purposes such as, fuel wood, timber, farm implement, and

others.

The analysis of frequency class in Kahtasa forest showed higher percentage number of
species in the lower than in the higher frequency class. This implies that the forest is
floristically heterogeneous. The vertical stratification of Kahtasa forest revealed the
presence of tree layers, i.e., upper, middle and lower story. Most of the woody species
found in lower strata. Analysis of population structure of the most common species
indicated that the majority of them showed a J-Shape with the economically important
tree species. on the other hand, some tree species have abnormal population structure
with no or few individuals at lower size class. These species need urgent conservation

measures that will bring about healthy regeneration.
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Results from this study indicate the despite is richness in biodiversity, the forest resources
degradation is occurring in Kahtasa forest. Since forests are central and essential to life
and provide uncountable values for humans, ecosystems and all other species, they

should be used in a sustainable.
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5.2. Recommendations

The Kahtasa forest is one of the natural forests in Ethiopia. The forest Exposed for

browsing, fire, expansion of farm land, selective cutting owing to high demand for fire

wood and building material. This indicates that the need for proper conservation
measures by the relevancy authorities. Thus the forest requires urgent need for
conservation and management strategies by consulting the concerned bodies Like
Amhara National Regional State ANRS, Banja agricultural office (BDAO).

Based on the results of the study the following recommendations are forwarded

Species that have least importance value index like Albiza gummifera, Apodytes
dimidiaza, Crotonmacrostachyus, Croton  dichogamus,and  Allophycus
abyssinicum should be given conservation priority and be conserved in situ (in
their natural habitat) through the collaboration of local communities, the (BDAO)
interested individuals and stake holders.

For much of the wood product harvested from the area are consumed for fire
wood, promotion of fuel saving staves among rural people and nearby town
community would be an important measure.

Detailed one studies are also required to explore the wealth of indigenous
knowledge on the divers of plants and their implication in conservation.

Finally, Further studies are required to fill the gap of their work such as analysis
of soil sample.
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7. List of Appendices

Appendix 1: Species list for plants identified from study in the Kahtasa Natural

Forest. C=Climbers, L=lianas, S= Shrubs, T= Trees, H= Herbs, F=Ferns, E=

Epiphyte,Ag = awgne *= No local name

Scientific name Family name Habit Local Name Code. No
Acacia abyssinica Hochst Fabaceae T Girar

DT 011
Acacia albida Delile Fabaceae T Cheba DT 042
Acanthus sennie Acanthacaea S Ymerz enchet | DT 076
Achyranthes aspera L Amaranthaceae | T * DTO056
Achyrospermum schimperi Laniaceae S * DT036
(Hochst.ex.Briq.)Perkins
Albiza gummifera  Kew bull Fabaceae T Sesa DT 033
Allophycus abyssinicm A. Rich Sapindaceae T Canabari DTO04
Apodytes dimidiate (umDakane) Icacinaceae T Dong DT 02
Dr.Whithe
Arerangis branchierpa Dur and | Orchidaceae E Yiga DTO06
Schinz
Asparagus africanus Asparagaceae S Kikaye DT024
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Encycl.Meth.Bot

Asparagus setaceus (Kunth) Asparagaceae H * DT090
Jessop

Bersama abyssinica Melianthaceae | S Azamir DTO088
Verdcourt.B

Brachiaria lata  Griseb. Poaceae H Melvesa DT09
Calpurnia aurea  Benth Myrtaceae Tls Dgta DTO10
Capparis tomentosa Hutch and Capparidaceae | C Gomeru DTO1
Dalt

Carissa edulis Forssk Apocynaceae S Agam DTO03
Clausena anisata  Hook.f.ex Rutaceae S Limich DT014
Benth

Clematis longicaudata Ranvculaceae L Azoahara DTO055
W.T.Wang

Clematis siminesis Burkill,H.M Ranunculaceae | L Gashini DT023
Coccimia grandis P. pal Cucurbitaceae T Ambalagosa DTO17
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Diphasia dainelli Rutaceae Galmatsi (Ag) | DT028

Dombeya torrid sub spp. Torrid Sterculiaceae Tsiringi (AQ) DT049

Groenkloof

Dovyalis abyssinica  A.Rich Flacourtiaceae Koshim DT030

Drecaena steudneri  Baker Draceenaceae Zagristi (Ag) DTO051

Drymaria cordata (L.) Schultes Caryophyllacea * DT 077
e

Ekebergia capensis  Suensk Vet | Meliaceae lol DTO018

Eleusine floccifolia R.Agrawal | Poaceae Akrma DTO063

Embelia schimperi  Gilg and Myrsinaceae Engoqo DTO7

Schellenb

Erytrina abyssinica L. papilionoidacea Bori DTO066
e

Euphorbia abyssinica J.F.Gmel Euphrbiaceae Kulkual DTO053

Ficus populifolia Vahl Moraceae Warka DTO038




Ficus sycomorus Mildbr and | Moraceae T Shola DTO075
Burret

Ficus thonning Blume Moraceae T Tswawi (AQ) DTO040
Ficus vasta Pehr Forsskal | Moraceae T Dugieni DTO041
Gnidia glauca  S.Ghosh Thymelaceae T Kisigi DTO072
Grewia ferruginea Tiliaceae T Tsanqui (Ag) DT043
Hochst.ex,A.Rich

Grewia villosa Kew |K| Malvaceae H Lenquata DT044
Hyparrhelia variabilis  Jan Poaceae H Sembeliet DT045
Hypoestes toriflora  (Forssk) Acantahaceae S * DTO37
Jasminum abyssinicum Oleaceae Tero—nhareg DTO08
Hochst.ex.Dc H

Justicia schimperiana Hochst. Acanthaceae S Snsel DTO048
Kalanchoe marmorata Baker Crassulaceae H Andahula DTO079
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Lippia adoensis Hochst.ex.walp | Verbenaceae S Siwi DTO050
Maytenus arbutifolia ~ A.Rich Celasteraceae S Antiwi (Ag) DTO091
Maytenus obscura  G.dasilva Celestraceae T Qoba DTO046
(Emparpari)
(Ag)
Measalan ceolata  Forssk Myrsinaceae T Kinbi (Ag) DT083
Millettia ferruginea Fabaceae S Birbira DT054
MKk.Choudhury
Nuxia congesta  R.Br Buddlejaceae T Ashikuar DT042
Oleae uropaea P. Lorite Oleaceae T Woira DTO070
Pavetta abyssinica Bridson Rubiaceae T Dengayseber DTO059
Pennisetum thunbergii  Kunth Poaceae H Serdo DTO060
Phoenix reclinata L Arecaceae T Ankuti DTO061
Phytolacca dodecandra ( L. Malvaceae T/S Endode DT092
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)Herit

Prunus africana Rosaceae T Koma DTO084
(Hook.f.)Kalkam

Pterollobium stellatum Fabaceae C Kinetific DTO065
Dr.J.P.Rotox

Pycnostachys meyeri Gilrke Lamiaceae S * DT093
Pygcum africana  Hook.f. Rosaceae T Markidi (Ag) DTO026
Rhbus glutinosa  A.pliura Rosaceae C Injori DTO015
Rhus glutinosa  R.Hirta Anacardiaceae | T Kumini DTO067
Rhus vulgaris  Meikle Amaranthaceae | T Qmmo DTO068
Rosa abyssinica Rosaceae S Qega DT069
Hochst.ex.A.Rich

Rumex abyssinica R.Br. Polygonaceae T/S Mekmeko DT082
Sambucus canadensis  R.Bolli Rubiaceae T Kurumbo DTO085
Satureja paradoxa (Vatke) Engl. Lamiaceae S * DTO71
ex Seybold
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Schefflera abyssinica  Hochst Ericaceae T Getem DTO074
Sennia didymobotrya L. Fabaceae T Zmahi (AQ) DTO035
Sida ovate L. Malvaceae T Shamli (Ag) DTO16
Sida ternate J.A.Kverett Malvaceae H Ymeratehareg | DT070
Solanum gigntum Jacq solanaceae S Cocatsfucha DTO039
Sparmannia ricinocarpa Ecklon Tiliaceae T wulkfa DTO080
and zeyher

Sporoblus africanus Robyns and | Poaceae Murie DTO081
Tournary H

Stephania abyssinica Quart,Dill Menispermacea | L Ashekble DTO032
and A.rich e

Sterospermum kunthianum Cham, | Bignoniaceae T Zinie DTO073
Sandrine, petit

Syzygium guineense  A.chev Myrtaceae T Dokima DTO064
Teminalia brownii Fres Combretaceae S Abalo DT034
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Undetermined* Undetermined* | T Entahitahi DTO086
(A9)
Urera hypeslodedron Urticaceae L Lankisho DTO057
Urtica simensis L Urticaceae H sama DTO058
Vernonia amygalina Delile Lamiaceae S Zuzini Dt089
Vernonia amygdalina Del Asteraceae S Grawa DTO029
Vernonia auriculifera Hiern Asteraceae S Gengerita DTO5
Zehneria anomala C.Jeffrey Cucurbitaceae H Aregriesa DTO012
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Appendix 2: Species diversity evenness and richness of Kahtasa forest.

Spp. Name AB pi Inpi Pi* Inpi

Albiza gummifera 356 0.138252 -1.97867 -0.27356
Ekebergia capensis 198 0.076893 -2.56534 -0.19726
Erytrina abbyssinica | 122 0.047379 -3.04958 -0.14449
Apodytes dimidiaza 106 0.041165 -3.19017 -0.13132
Croton macrostachyus | 86 0.033398 -3.39926 -0.11353
Calpurina aurea 81 0.03145 | -3.45916 -0.10881
Ficus thonningii 78 0.030291 -3.4969 -0.10593
Croton dichogamus 76 0.029515 -3.52287 -0.10398
Acacia abyssinica 65 0.025243 -3.67922 -0.09287
Allopycus abyssinica | 64 0.024854 -3.69472 -0.09183
Schefflera abyssinica | 62 0.024078 -3.72647 -.08972
Commifera africana 55 0.021359 -3.84627 -0.08215
Coccinia_grandis 50 0.019417 -3.94158 -0.07654
Vernonia amygdalina | 49 0.019029 -3.96178 -0.07539
Combretum molle 46 0.017864 -4.02496 -0.0719
Clematis longicaudata | 44 0.017087 -4.06942 -0.06954
Urera hypeslodedron | 43 0.016699 -4.0924 -0.06834
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Prunus africana 43 0.016699 -4.0924 -0.06834
Rhus valgaris 42 0.016311 -4.11594 -0.06713
Diphasia dainelli 39 0.015146 -4.19004 -0.06346
Urtica simensis 39 0.015146 -4.19004 -0.06346
Sterospermum 38

kunthianum 0.014757 -4.21602 -0.06222
Acacia albida 37 0.014369 -4.24269 -0.06096
Phoenix reclinata 37 0.014369 -4.24269 -0.06096
Pavetta abyssinica 36 0.013981 -4.27009 -0.0597
Justice shchimperiana | 35 0.013592 -4.29826 -0.05842
Millettia ferruginea 34 0.013204 -4.32724 -0.05714
Maytenus arbutifolia | 33 0.012816 -4.3571 -0.05584
Undetermined 32 0.012427 -4.38787 -0.05453
Rumex abyssinica 32 0.012427 -4.38787 -0.05453
Maytenus obscura 31 0.012039 -4.41962 -0.05321
Dricaenast eudneri 29 0.011262 -4.48631 -0.05053
Phgcum africana 29 0.011262 -4.48631 -0.05053
Ficus populifolia 28 0.010874 -4.5214 -0.04916
Olea europaea 27 0.010485 -4.55777 -0.04779
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Ficus populifolia 26 0.010097 -4.59551 -0.0464
Ficus sycomorus 25 0.009709 -4.63473 -0.045
Rhus glutinosa 25 0.009709 -4.63473 -0.045
Pterollobium stellatum | 24 0.00932 -4.67555 -0.04358
Sambucus canadensis | 23 0.008932 -4.71811 -0.04214
Syzygium guineense 22 0.008544 -4.76256 -0.04069
Sennia didymobotrya | 21 0.008155 -4.80908 -0.03922
Ficus vasta 20 0.007767 -4.85787 -0.03773
Lippia adoensis 19 0.007379 -4.90917 -0.03622
Apodytes dimidiaza 18 0.00699 -4.96323 -0.03469
Euphorbia abyssinica | 17 0.006602 -5.02039 -0.03314
Grewia ferruginea 16 0.006214 -5.08102 -0.03157
Sida ovate 15 0.005825 -5.14555 -0.0997
Sparmanniaricino 14

carpa 0.005437 -5.21455 -0.0835
Nuxia congesta 13 0.005049 -5.28866 -0.0267
Pennisetum thunbergii | 12 0.00466 -5.3687 -0.02502
Zehneria anomala 11 0.004272 -5.45571 -0.02331
Gnidia glauca 10 0.003883 -5.55102 -0.02156
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Sida ternate 9 0.003495 -5.65638 -0.01977
Teminalia brownii 8 0.003107 -5.77416 -0.01794
Phytolacca 7

dodecandra 0.002718 -5.90769 -0.01606
Morusme sozygia 6 0.00233 -6.06185 -0.01412
Dombeya torrid 5 0.001942 -6.24417 0.01212
Measalancea lata 4 0.001553 -6.46731 -0.01005
Kalanchoemarmorata | 3 0.001165 -6.75499 -0.00787

2575 3.66
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Appendix3: Frequency distribution of woody species in the Kahtasa forest

Scientific name No of FR FR RFR
quadrant %
Apodytes dimidiaza 11 0.86 86 4.50
Cordia africana 34 0.85 85 4.45
Phytolacca dodecandra 33 0.82 82 4.29
Croton macrostachyus 21 0.77 77 4.03
Maytenus obscura 31 0.77 77 4.03
Prunus Africana 31 0.77 77 4.03
Albiza gummifera 10 0.75 75 3.93
Grewia ferruginea 30 0.75 75 3.93
Phoenix reclinata 29 0.72 72 3.77
Ficus thonningiiblume 28 0.7 70 3.67
Croton dichogamus 27 0.67 67 3.51
Dombeya torrid 24 0.6 60 3.14
Dricaena steudneri 24 0.6 60 3.14
Diphasia dainelli 23 0.57 57 2.98
Allopycus abyssinica 22 0.55 55 2.88
Clematis longicaudata 39 0.52 52 2.72
Sida ovate 21 0.52 52 2.72
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Ficus sycomorus 19 0.47 47 2.46
Commifera Africana 17 0.43 425 | 222
Olea europaea 17 0.42 42 2.20
Pavetta abyssinica 16 0.4 40 2.09
Sparmannia ricinocarpa 32 0.4 40 2.09
Acacia abyssinica 15 0.37 37 1.94
Phgcum Africana 15 0.37 37 1.94
Sennia didymobotrya 15 0.37 37 1.94
Acacia albida 14 0.35 35 1.83
Rhus glutinosa 13 0.32 32.5 | 1.70
Combretum molle 13 0.32 32 1.67
Schefflera abyssinica 13 0.32 32 1.67
Rhus valgaris 12 0.3 30 1.57
Rumex abyssinica 12 0.3 30 1.57
Syzygium guineense 40 0.3 30 1.57
Sterospermum 36 0.25 25
kunthianum 1.31
Erytrina abbyssinica 9 0.22 225 | 1.17
Coccimia grandis 8 0.2 20 1.04
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Measalan cealata 8 0.2 20 1.04
Calpurina aurea 7 0.17 17 0.89
Ficus populifolia 7 0.17 17 0.89
Euphorbia abyssinica 6 0.15 15 0.78
Nuxia congesta 6 0.15 15 0.78
Ekebergia capensis 5 0.12 125 | 0.65
Sambucus Canadensis 5 0.12 125 | 0.65
Gnidia glauca 2 0.05 5 0.26
Ficus vasta 1 0.05 2.7 0.13
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Appendix 4. Importance Value index of woody species of Kahtasa forest vegetation

Species RF | RD RDO | SIV
% % %

Cordia africana 41 |081 |165 | 6.56

Allopycus abyssinica 2.64 | 1.00 | 258 | 6.22

Albiza gummifera 1.16 | 055 |4.41 | 6.12

Apodytes dimidiaza 0.16 | 0.89 |4.61 |5.68

Ficus sycomorus 2251194 |130 | 549

Croton macrostachyus 0.87 | 055 | 395 | 535

Dricaena steudneri 28 | 100 |1.48 |5.28
Grewia ferruginea 36 |027 |122 | 5.09
Maytenus obscura 3.7 |016 |119 | 5.05

Phytolacca dodecandra 39 099 |0.13 |5.02

Croton dichogamus 32 |022 |156 | 4.98
Ficus thonningii 116 | 244 | 130 | 4.93
Acacia abyssinica 1.7 | 055 |249 | 474
Prunus africana 3.7 1023 | 031 | 424
Combretum molle 15 055 |[191 | 3.96
Pavetta abyssinica 19 |065 |113 | 3.68
Coccimia grandis 096 | 0.27 | 232 | 3.55
Calpurina aurea 081 011 |238 | 3.34

74



Acacia albida 16 |002 |156 | 3.17
Olea europaea 20 001 |115 | 3.16
Diphasia dainelli 27 |016 |0.01 | 2.87
Ficus populifolia 08 |077 |130 | 2.87
Ekebergia capensis 06 |0.77 |148 | 2.85
Euphorbia abyssinica 0.72 | 033 | 133 | 2.38
Rumex abyssinica 06 |172 |0.09 | 2.38
Ficus vasta 0.12 | 1.05 |1.23 | 2.37
Rhus glutinosa 14 1066 |025 | 231
Phgcum africana 1.7 |0.07 |023 |223
Measalan cealata 096 | 0.01 |1.19 | 2.16
Nuxia congesta 0.7 |011 | 115 | 1.96
Gnidia glauca 024 | 038 | 124 | 1.86
Phoenix reclinata 0.77 1023 | 7.78 | 1.78
Dombeya torrid 0.19 |0.05 | 151 | 1.75
Rhus valgaris 032 1233 |449 | 0.94
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