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Abstract
The continuous deterioration of the natural resource base has become a serious threat to
both the ecological systems and economic development in Ethiopia. These problems have
been attributed directly or indirectly to the rapid declining of the country's forest cover
which is associated with unsustainable forest use and management. Exclosing community
woodlands from human and livestock intervention to promote natural regeneration of
forests has been one of the environmental restoration strategies practiced in the
degraded hilly areas of East Shewa Zone of Oromia Region, Ethiopia where this study
was conducted. In order to assess the role of area exclosures to biodiversity conservation
and its contributions to household livelihoods, data were collected from two Area
exclosures (Old-Biyo and Young-Kelala) and Kelala open grazing land which is adjacent
to young-Kelala exclosure. Old-Biyo is more than 20 years since exclosure whereas
Young-Kelala is 7 years and the open grazing land was used as control. Systematic and
random samplings were used to collect vegetation data and households were randomly
selected from the villages where area exclosures were practiced. The analysis of
vegetation data was made for the area exclosures and adjacent open grazing land. The
result revealed that the stand densities of all woody plants in the old and young area
exclosures were 1022ha-1 and 587 ha-1 respectively. However in the open area the density
was 180 ha-1. Sorensen’s similarity coefficient indicated considerable dissimilarity in the
species compositions of vegetations among the exclosures and open area varying
between 0.19-0.26.Restoration of woody plants increases while herbaceous plants
decreases as the exclosure is aged in terms of species richness and diversity. A total of
133 species representing 107 genera and 45 families and were recorded from the study
areas where twenty species were recorded common to the exclosures and open grazing
land. The proportion of trees, shrubs and herbs accounted for 24.06%, 30.83%and
45.17% respectively from all the recorded species. The most dominant families recorded
in the exclosure areas were Poaceae, Fabaceae, Asteraceae, Lamiacese, Euphorbiaceae
and Malvaceae. However, in the respective open grazing land Poaceae, Asteraceae, and
Fabaceae were the dominant families. Commonly in both areas, Poaceae, Asteraceae
and Fabaceae were the dominant families occurred. The Shannon’s diversity index was
higher (3.66) for Old –Biyo exclosure and lowest (2.03) for Kelala open grazing land. In
general, the result revealed that management influenced the vegetation density richness
and diversity. The contribution of different livelihood strategies mainly crop production
and animal husbandry accounts for 96.93% however income from the exclosure products
accounts only for 3.07% of the annual household income. On the other hand, income
generated from the area exclosures product contribute higher amount to the poor
households but lower to the rich ones. The study showed that area exclosures not only
play potential role in enhancing the recovery of vegetation diversity of degraded areas
but also contributes to household income. However there is a need to harmonize the
economic goals of local people and the ecological recovery of degraded areas in
designing area exclosures.
Key words: Area Exclosure, Free grazing, Livelihood, Vegetation diversity
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1. Introduction
1.1

Background

Much of the earth is degraded, is being degraded or is at risk of degradation. Humans have
disturbed, preempted, or damaged much of the earth`s terrestrial ecosystems. Some of this
damage is permanent and it is clear that degradation thresholds have been crossed in many
habitats that natural succession alone cannot restore viable and desirable ecosystems without
intervention (Aronson et al., 1993; Rietkerk et al., 1997; Van Andel and Aronson
2005).Furthermore, the dispute of reversing the degradation of natural environments while
meeting increasing demands for the natural resources has been dominating the development
agenda of most developing nations, and necessitate significant changes in policies,
institutions and practices (UNEP, 1992). The problem of land degradation becomes even
more severe and interlinked in sub-Saharan-Africa (SSA), where the prevailing climate
change accelerate the expansion of desertification (Uitto and Manshard, 1993), exacerbates
land degradation which will consequently lead to lose of biodiversity.
In Ethiopia, since several decades there has been progressive degradation of ecosystem
resources. The rate of deforestation in Ethiopia, which amounts to 163,000 - 200,000 ha yr1, is one of the highest in tropical Africa (Reusing, 1998). Deforestation has been a major
problem for quite a long time with serious consequences to Ethiopia. These consequences
include decline or loss of biodiversity, degradation of land and water bodies, possible
negative effects on the local, regional and global climatic conditions as well as negative
impacts on the welfare of human beings. Conversion of natural habitats into improperly
managed agricultural landscapes is the main driver behind the widespread ecological
degradation in Ethiopia (Mulugeta Lemenih, 2004). The prolonged degradation of terrestrial
ecosystem continues to affect the productivity and genetic diversity of forest, woodland and
bushland resources. Exacerbated by the recurrent drought, the ultimate outcome of
deforestation and degradation of these resources may be desertification. Sustainable
conservation and utilization of the remaining vegetation resources and rehabilitation of those
that have already been degraded would provide economic, social and ecological benefits.
1

This requires designing economically feasible, socially acceptable and ecologically viable
management and conservation strategies of vegetation (Tefera Mengestu, 2001).
One of the areas, which have fallen victim to the land degradation problem in the central
parts of the country, is East Shewa Zone of Oromia. Deforestation has significantly
contributed to the clearance of vegetation cover and land degradation of the place. For
instance based on reports revealed by the Adaa woreda Office of Agriculture and Rural
Development (OoARD, 2004) 34.8% of the land is considered to be degraded or otherwise
unusable. This has an indication that the natural forest in the area has declined considerably
in quantity, quality and with respect to its biological richness (Assefa Kuru ,1990:Tadesse
woldemariam et al., 2001, 2002). Even though the existence of land degradation in the study
area is the main treat (Tewoldeberehan G/Egeziaber, 1989), opportunities to restore
ecosystem do exist, however nature has remarkable regenerative power and people can use
ecological knowledge, practice and experience to rebuild disrupted biological communities.
Under some conditions, exclosures that protect an area from grazers and other human
interventions promote successions and suffice to restore the vegetation in degraded areas
(Bendz, 1986; Tefera Mengestu, 2001; Emiru Birhane, 2002).
Recently, establishment of area exclosures to tackle the problem of land degradation has
been practiced in the central and highlands of Ethiopia and is considered advantageous since
it is a quick, cheap and a lenient method for the rehabilitation of degraded lands (Bendz,
1986).It has become a common phenomenon to observe acceleration of plant, but also
animal diversity with time, after the establishment of exclosures. The local people have also
reported that species that disappeared long time ago have been restored following the
establishment of exclosures. For instance, species that could not be observed for many years
in some parts of eastern Tigray, namely Olea europaea subsp. cuspidata and Juniperus
procera, reappeared, densities and diversities of the flora, particularly of grasses, and fauna
increased, soil erosion decreased and even dead springs started to flow after different
closures were established (Emiru Brihane,2002). Hence ,exclosures are becoming promising
assets as sources of not only biomass energy, which accounts for about 94% of the total
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household energy supply in the country ( EFAP,1994), but also wood for construction,
agricultural implements and several other purposes.
This study is initiated to assess the potential contribution of exclosures in the recovery of
vegetation and conservation of plant biodiversity on degraded drylands of Biyo and Kelala
areas with the objectives of investigating the species composition, density and diversity of
the above-ground component of plants, comparing the species composition of plants
between exclosures and open areas, and identifying the benefits of exclosures in contribution
to livelihoods of the community.

1.2 Statement of the problem
Extreme diversity in natural resources and ecological conditions within the Oromia Region
causes the processes of land degradation to vary significantly. Fertile soils and abundant
rainfall attracted early farmers to these highlands and exposed the land for degradation due
to high population pressures. Generally, it can be said that land degradation remains the
main threat in this area. The pressure of growing population in the area has forced landless
farmers to cultivate soils on slopes that cannot be cultivated safely without effective soil and
water conservation measures, and cannot sustain crop production at all. Hence, floristic
resources and diversity of the area are declining both in quantity due to deforestation and
quality as a result of degradation and unmanaged land use. Beside this, communities in this
area are exposed to problems like ‘’fire wood famine’’, poor quality of land productivity,
soil erosion and flooding. With the understanding of the extent and severity of the present
and future undesirable consequences of land degradation and deforestation (Tefera
Mengestu, 2001), appropriate measurements and interventions should be employed,
especially in degraded areas of the country.
Efforts to control the problem of land degradation have been made at several levels. The
main activities have been soil and water conservation works and the establishment of area
exclosures (Betru Nedasa et.al.,2005).Although soil and water conservation was one
practice attempted to combat degradation for the last decades on most parts of the degraded
3

hillsides, these efforts nevertheless, failed to avert the scene due to some inappropriate
implementation practices. But recently practice of establishing exclosures has emerged as a
promising practice in different parts of the country (Bendz, 1986) namely in Tigray:
(Kindeya

Gebrehiwot,1997;

Mitiku

Haile

and

Kindeya

Gebrehiwot,2001;Emiru

Birehane,2002;KidaneGiday,2002;TesfayeMebratu,2002),Welo:(KebromTekele,1998;Tefer
a Mengestu ,2001) and Shewa :( Tefera Mengestu, 2001).Exclosures are areas selected for
natural regeneration of the native flora as a means of land reclamation through protection of
the areas from human and animal interference (Bendz, 1986 and Alemneh Dejene, 1992).
Since the objective of most exclosures is for site rehabilitation/reclamation, they are usually
established in steep, eroded and degraded areas which had been used for grazing and crop
production in the past ( Bendz, 1986). Studies point out that plant and animal diversity in the
closures increases with time after establishment ( Bendz ,1986; Kindeya Gebrehiwot
,1997;Mitiku Haile and Kindeya Gebrehiwot,2001;Emiru Birehane,2002; Kidane Giday
,2002;Tesfaye Mebratu,2002).Consequently, establishment of exclosures have been
recognized as a promising strategy in the rehabilitation of degraded areas, where degradation
of natural resources has been considerably severe .Where they had been established,
closures are among the green spots with considerable species diversity ( Tefera Mengestu,
2001;Emiru Birehane, 2002).
Because establishment of area exclosures in the study area is new practice and involve
complex ecosystems, they need to be studied on the aspect of their potential in restoring
degraded lands and conserving plant diversity as well as its contribution to local livelihoods
and forward necessary management options in order to sustain and fully benefit from this
practice.

4

1.3

Objectives of the study

1.3.1 General objective
¾ The overall aim of the study is to examine the role of area exclosures in ecological
restoration and plant biodiversity conservation as well as to study the contribution of
area exclosure to local livelihood diversifications and support.

1.3.2

Specific objectives.

¾ To investigate and compare the floristic composition, structure, and diversity of the
above-ground flora in the area exclosures and open-grazing land.
¾ To assess the perception and involvement of communities in the area exclosures
management.
¾ To assess the contribution of area exclosures to the local livelihoods.
¾ To forward recommendations that would assist in the further development,
management and sustainable utilization of resources in area exclosures.

1.3.3 Research questions
¾ What were the major changes in vegetation composition, structure, and diversity as a
result of the practice of area exclosures?
¾ What was the perception of the communities towards the establishment of area
exclosure?
¾ What was the contribution of area exclosures to households income in the area?

5

2

Literature review

2.1

2.1.1

Land degradation, deforestation and biodiversity loss in Ethiopia

Land degradation

"Land'" includes not only the soil resource, but also the water, vegetation, landscape, and
microclimatic components of an ecosystem. According to (FAO, 1995)"Land degradation"
refers to a temporary or permanent decline in the productive capacity of the land. In recent
years, land use in Africa has been characterized by a significant amount of land degradation
and conversion (Barbier, 1999). Overgrazing and agricultural activities are major causes of
land degradation across Africa (Oldeman et al., 1990and WRI, 1992). Many poor African
pastoralists and farming households respond to declining land productivity by abandoning
their existing degraded pasture and cropland, and moving to new lands for grazing and
cultivation. Similar practices are certainly true in Ethiopia where agriculture accounts for
most land use and thus is probably the single most powerful influence on environmental
quality. At the same time, agriculture remains the principal livelihood source of the rural
poor in the country (Malik, 1999).
Soil erosion is greatest on cultivated land, where the average annual loss is 42 tons/ha,
compared with five tons/ha from pastures. As a result, nearly half the soil loss comes from
land under cultivation, even though these lands cover only 13 percent of the country. Not
surprisingly, the highest average rates of soil loss are from formerly cultivated lands that are
currently unproductive because of degradation and little protective vegetative cover (Hurni,
1990). Yet patterns of rural population growth, agricultural expansion and intensification
and income growth projected currently and for the next few decades pose serious challenges
to achieving both environmental improvements and rural poverty reduction (PinstrupAndersen et al., 1997). The present status and rate of soil erosion in Ethiopia call for
immediate action to retard and reverse this degradation process. However, the present
population growth rate of 2.9 percent, in comparison with the annual agricultural growth rate
of 2.4 percent (Hammond ,2001), will lead to even more intensive use of cultivatable and
pasture land to produce more food and feed for the growing human and livestock
6

populations. Hence, it is clear that intensification of land use must be accompanied by
technological innovations that will lead to increased productivity, while simultaneously
conserving the soil resource.
Like any degraded areas in the country, it can be said that land degradation remains the main
threat in the study area. The pressure of growing population in these areas has forced
landless farmers to cultivate soils on slopes that cannot be cultivated safely without effective
soil and water conservation measures, and cannot sustain crop production at all. Particularly
in the North and Central Highlands of Ethiopia, forest and woodlands used to be the only
“land banks” that were changed to farmland as population grew over time (Tewoldeberhan
Gebreegziabher, 1989). Indeed, urgent actions need to be taken to design management
strategies and ecologically and socially sound practices to safeguard remaining forests and
restore degraded ones. Rehabilitation measures are a requirement to restore some ecological
and economic services. Hence the practice of area exclosures was tried and found
successful, in a relatively short period of time.

2.1.2 Deforestation and major causes in Ethiopia
Like many other developing countries across the globe, significant land-cover changes have
been observed in Ethiopia since the last century. These changes are caused primarily by
anthropogenic activities, because increasing population has forced people to clear forest for
cultivation and for forest products. The consequences of such activities were perceived very
rapidly. Some changes may be of short duration and of exploitative nature while others may
be long term and stable (Gete & Hurni, 2001). In Ethiopia, although opinions vary about
forest cover, some historical studies indicate that forested area was nearly 40% at the
beginning of the 20th century (Allen-Rowlandson, 1989; EFAP, 1993).The Ethiopian
Forestry action Plan outlines the pattern of deforestation. The current rate of deforestation
on a national scale was estimated to be between 150 000 and 200 000 ha y-1; and the present
forest cover is estimated to be only 2_3% (EFAP, 1993).As Berry,(2003) indicated Forests
in general have shrunk from covering 65% of the country and 90% of the highlands to 2.2%
and 5.6% respectively (Table 1).This rapid reduction on forest coverage of the country
7

caused due to mainly expansion of agricultural land, fuel wood and charcoal making, rapid
population growth, overgrazing and fodder collection and poverty and these important
causes of deforestation in Ethiopia are explained well bellow.
Table 1. Forest Reduction in Ethiopia

Original
Extent of Forest

1950’s

1990

2000

Ethiopia

65%

16%

2.7%

2.2%

Highlands

90%

20%

?%

5.6%

Source: Berry, 2003
Expansion of agricultural land
Deforestation has been taking place for at least as long as humans have been engaging in
agriculture. The real purpose of clearing land may be to extend agriculture. While no one
argues that the extension of agriculture is necessarily bad, under certain conditions or in
fragile ecological situations, it may be non-sustainable. For instance as indicated by (Myers,
1980) Shifting agriculture alone destroys 125,000 square kilometers of forest annually in
tropical Africa and Southeast Asia.
In Ethiopia, Agriculture is the dominant sector of the economy, with 85 percent of the
population living in rural areas. Agriculture provides about 52 percent of the country's gross
domestic product, 80 percent of its employment, and 90 percent of its export earnings
(World Bank, 2000; CIA, 2001). Ethiopia's economy is largely dominated by subsistence
agriculture, and crop and livestock farming are the principal practices. The production
system is mainly rain fed, subsistence-based, and smallholder-oriented. The unsustainable
agriculture practices have been the primary causes of deforestation in Ethiopia that involves
activities like cutting of trees in order to open up new farmland to feed the ever-growing
population (Mulat Demeke et al., 2004).
Published figures from 1990 to 2000 showed that slash-and burn farming techniques
contributed to a deforestation rate of 0.93 percent per year, or a loss of 140,900 hectares of
8

forest annually. In some areas, the current land-use configuration has led to a dramatic and
detrimental decline in the availability of forest goods and services. In such degraded
landscapes, agricultural production tends to suffer, local shortages of timber and fuel-wood,
household income falls, and biological diversity declines (Maginnis and Jackson, 2003).In
the future, the availability of agricultural land per capita is likely to decrease which will
result a continued and increased pressure on rural resources including the remaining forests
and Woodlands unless improvement in agricultural productivity is made through
intensification of Cultivable lands.
Fuel wood and charcoal making
Forests and the benefits they provide in the form of wood, food, income, and watershed
protection play a critical role in enabling people to secure a stable and adequate food supply.
Deforestation and land degradation in Ethiopia, however, are impairing the capacity of
forests and the land to contribute to food security and to provide other benefits such as fuel
wood and fodder. Ethiopians are facing rapid deforestation and degradation of land
resources. According to Millennium ecosystem assessment, nearly two million metric tons
of fuel wood and charcoal are consumed daily in the developing countries, over two billion
people in these regions still rely on biomass energy in the form of fuel wood, charcoal, crop
residues, and animal wastes to meet their cooking and heating requirements (MEA, 2005).
A forestry policy paper by the Asian Development Bank claimed that ‘there is increasing
evidence that the biggest threat to tropical forests of the region is uncontrolled fuel wood
collection and unsustainable agriculture’, and projected an annual fuel wood deficit for the
region of 500 million cubic meters by the year 2000 (ADB, 2001). In the other hand typical
estimates of daily fuel wood consumption range from around 1.0 to 2.0 kg per person,
clustering around the 1 .5 kg level. In the African Sahel, where fuel consumption is very
high and biomass production low, the loss of many trees is attributed to the continuing
drought. However, some have argued that effects of the drought would be less severe had
the forest and ground cover not already been so extensively damaged by overgrazing, over
cultivation, brushfires, and urban fuel wood demand (Grainger, 1982).
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In case of Ethiopia, different figures revealed that the energy sector remains heavily
dependent on wood for fuel. Currently, the country is excessively dependent on traditional
fuels, consisting mainly of wood, crop residues and animal waste. Traditional fuels
(firewood, charcoal, twigs, leaves, straw, stalks, crop residues and animal dung) contribute
about 94 percent of the gross energy supply of Ethiopia, which is one of the highest, if not
the highest, in the world (Milliom Bekele, 2001). According to (EFAP, 1994) estimation on
the production and consumption of wood fuel, wood provided 78% while dung and crop
residues providing 16% of the energy required. Even though per capita energy consumption
is among the lowest in the world in Ethiopia, the gap between sustainable fuel wood supply
and demand is constantly widening. Felling of tree for various domestic uses and making
charcoal have decimated the vegetation and most of the land is now cultivated leaving the
woodlands fragmented into small patches (ZerihunWoldu et al., 1999). In addition, charcoal
making and selling is a major non-farm employment along the main roads of the country
(Mulat Demeke et al., 2004) which exposes the fragile ecosystem for severe deterioration.
The fuel wood demand and supply projection made by (EFAP ,1994) indicates that the
current demand for fuel wood is 58 million m3 whereas the supply is 11 million m3 (Milliom
Bekele, 2001) .Scarcity of firewood has become acute in many parts of the country causing a
continuous rise in prices, and thus increasing the economic burden on the household budget
and making the livelihood of the people more unsustainable. Animal dung and crop residues
are increasingly being used for household fuel rather than being added to the soil to improve
soil fertility, thus further exacerbating the problems of environmental degradation and
deforestation (Jabbar et al., 2002; Badege Bishaw and Abdu Abdelkadir, 2003; Mulugeta
Lemenih, 2004 ).
Natural forests and woodlands are the most important sources of woody biomass resources,
and it is estimated that 38 m3 tones of wood was consumed in 1995/1996 (Thomas and
Million Bekele, 2002).In Ethiopia, energy expenditure constitutes a significant portion of the
total expenditure of households. Use of fuel wood has increased as an indirect result of the
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removal of all subsidies since all alternative sources of energy are based on subsidized
prices which reversed the progress made in reducing pressures on the natural forests. Today
many people have been forced to revert to wood energy for their domestic needs. The recent
tariff increases for electricity have a dramatic effects on the natural resources base where by
many consumers of electricity have switched back from the use of electricity to biomass
fuels to meet the cooking requirements, thereby contributing to the diminishing forest cover
and environmental degradation (Million Bekele, 2001).
Rapid population growth
Population increases have resulted in extensive forest clearing for agricultural use,
overgrazing, and exploitation of existing forests for fuel wood, fodder, and construction
materials. With a current population of 72 million and growing rate of 2.92 % per annum
and a land area of 1.1 million square kilometers which is characterized by subsistence
agriculture, Agricultural productivity is in the face of declining in Ethiopia (Million Bekele,
2001).
According to census 1984, the population of Ethiopia was 42.2 million which was growing
at 2.95 % per annum (CSA, 1985). By mid of 1990, the population was estimated at 50.6
million of which about 89 % lived in rural areas (CSA, 1990). The population in 1994 was
53.5 million which grew to 61.7 million in 1999 of which 85% are rural and 15% are urban
(CSA, 1999). Based on the projection made by (Anders et al., 2000), the population is
expected to increase to 102 million by year 2020. In addition, the current population density
of 57 persons per square kilometer is expected to increase to 93 persons per square kilometer
by the year 2020. Ethiopia today has approximately 10.2 million households with about 5.2
persons per households. Urban households are smaller than rural households with a high
dependency on Agriculture. With such population growth rate if all other factors remain
unchanged, the remaining forest lands are likely to be converted to agricultural land. The
increase both in the rural and urban population means that there will be more pressure both
on forest and agricultural lands. This also means an increase in the demand for forest
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products. As a result, deforestation will continue and all the positive functions of forests will
disappear (Million Bekele, 200).
Currently some released studies indicate that the forest area per capita is decreasing which
will reduce the services rendered by the forests. Unless the technologies used result in
increasing agricultural productivity, the pressure on forests will steadily increase. There will
be a decreasing forest-population ratio in the years to come. As indicated previously the
major cause of deforestation is the rapid population growth, which leads to an increase in the
demand for crop and grazing land, wood for fuel and construction (Million Bekele,
2001a).The present status and rate of soil erosion due to deforestation in Ethiopia call for
immediate action to retard and reverse this degradation process. However, the present
population growth rate of 2.9 percent, in comparison with the annual agricultural growth rate
of 2.4 percent still (Hammond, 2001) will lead to even more intensive use of cultivatable
and pasture land to produce more food and feed for the growing human and livestock
populations. Hence, it is clear that intensification of land use must be accompanied by
technological innovations that will lead to increased productivity, while simultaneously
conserving the soil and vegetation resources.
Overgrazing and fodder collection
In Ethiopia, more than 90% of the livestock is kept on natural pastures, the composition of
which depends on altitude, rainfall and soil (Alemu Taddese, 1982). These resources consist
of a wide range of grasses, legumes, other herbaceous species and woody vegetation
(Frommann and Person, 1974) on which large populations of livestock depend on this
vegetation as sources of fodder. However, many of these rangelands in developing countries,
including Ethiopia, are presently under extensive deterioration (Tamene Yegezu, 1990).
Extensive grazing of the rangelands along with the ever-increasing deforestation for
agriculture and fuel wood gathering contribute to the rangeland and hilly side deterioration
over time and space in the study area. The destruction of the vegetation is accompanied by
increased soil erosion, decline in soil fertility, land productivity and reduced biodiversity in
rangeland ecosystem. Much of Ethiopia’s rangeland and fertile riparian (riverbank) habitat
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has been depleted by deforestation and overgrazing. According to (UNDP, 2008) between
2000 and 2005, growing demand for additional range and agricultural land caused
deforestation rate to rise to 1.03 percent.
Generally, research finding by different researchers indicated that species diversity is
negatively affected with increased deforestation and degradation of rangelands (Ahmed
Bashir, 2003). Moreover, as indicated by other investigators (Baars et al., 1997) ;( Ayana
Angassa, 1999) and (Amsalu Sisay, 2000) heavy grazing pressure causes change of plant
species composition and diversity in an orderly way.
Poverty
Numerous studies have illustrated that poverty and hunger are often related to environmental
degradation. There is also strong evidence from developing countries that environment and
poverty are closely linked. The fact that the majority of the population is dependent on
natural resources for their livelihoods, particularly on agriculture, the natural resource base
is shrinking (i.e., forest cover, grazing land, arable agricultural land, and water resources),
and the incidence of poverty tends to be greater in ecologically fragile marginal agricultural
areas with few routes to escape poverty. Ethiopia is facing challenges to properly manage
and utilize its natural resources and improve the livelihood of its citizens. Rural poverty is
considered to be both an agent and a consequence of environmental degradation in the
country (Mersie Ejigu, 2004).
Poverty affects more than half of the inhabitants of Ethiopia and this situation is probability
responsible to many activities contributing to deforestation and land degradation in the
country(Thomas and Million Bekele, 2002).This is also justified by(Chamshama and
Nduwayezu, 2002) whom reveled in their study that poverty-led environmental degradation
is responsible for much of the degradation of marginal lands, deforestation, overgrazing of
fragile rangelands, cultivation of steep slopes, consequently affect majority of the rural poor
rely heavily on forests and woodlands for income and subsistence.
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This situation generally have caused substantial reduction of vegetation cover which has
lead to a serious ecological disasters such as soil erosion, loss of fertility and violent floods
in the adjacent plains (Singh and Singh, 1992). This exposes local poor people to lack
resilience towards a fragile ecosystem and lead local communities towards absolute poverty.
The existence of poverty in the study area may be a major factor of ecological degradation
in the future as studies indicate that poverty is viewed as a cause of environmental
degradation and its consequences push the rural poor people to live in fragile ecosystems
(Shyamsundar, 2002) unless sound and sustainable ecological management actions are taken
at the moment.

2.1.3 Biodiversity loss
Article 2 of the convention on biological diversity (CBD) defined ‘‘biodiversity’’ as the
variability among living organisms from all sources including, inter alia, terrestrial, marine
and other aquatic ecosystems, and the ecological complexes of which they are part; this
includes diversity within species, between species and of ecosystems.’’ (CBD, 1992).The
diversity of species on Earth constitutes a natural heritage and life-support system for every
country and all people. But species are disappearing at 50-100 times the natural rate largely
due to human activities including the over-exploitation of biodiversity, habitat degradation
and fragmentation, global climate change, pollution, and invasion by introduced species
(Salim, 1999).As species and their habitats disappear, humanity risks losing the ecological
systems that make human life itself possible. Especially the forest ecosystems, including
tropical, subtropical, temperate, boreal and woodland, have the highest species diversity of
any ecosystems. About 45 percent of the Earth’s original forests are gone, cleared mostly
during the past century and approximately 8000 tree species, or 9% of the total number of
tree species worldwide, are currently under threat of extinction (MEA, 2005).Despite
vigorous reforestation programmes in some countries including Ethiopia, the total global
area of forests is still shrinking rapidly, particularly in the tropics.
Ethiopia is an important regional centre of biological diversity, and the flora and fauna have
a rich endemic element (Sayer et al., 1992; WCMC, 1992). The country has the fifth largest
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flora in tropical Africa. The flora of Ethiopia is very heterogeneous and is estimated to
include between 6,500 and 7,000 species of higher plants, and about 12 to 15% of these are
endemic (Shibru Tedla and Martha Gebre ,1995; WCMC, 1992). Endemism is particularly
high in the afro alpine vegetation zone and in the dry montage forest and grassland complex
of the plateau (EWNHS, 1996). The great diversity of ecological conditions, mainly
determined by topography, has created environments conducive for the development of a
wide variety of flora and fauna (EPA and MEDAC, 1997). In general, the afromontane
region is one of the seven centers of endemism of the afro tropical realm (Huntley, 1988).
But as a result of deforestation, Ethiopia’s forests and woodlands have been declining both
in size and species richness. Due to the continuing encroachment, it is highly probable that
the present fragmented forests in the highlands are much more impoverished in terms of
floristic diversity than the forests which once occupied the same site. The number of species
and intra specific genetic diversity in fragmented forests will diminish over time after
isolation owing to a variety of factors, such as inbreeding and genetic drift (Turner and
Corlett, 1996). In fact, deforestation has eroded the biological diversity to such an extent that
some plants are faced with local extinction. Some of the remnant tree species in the northern
and central highlands are endangered, since they are found as isolated individuals, and their
ability to form viable populations is very much in doubt. It has been estimated that 2.5% of
the higher plant species were lost due to deforestation in the montane regions of tropical
Africa between 1981 and 1990 (FAO,1993).The major reasons are the increasingly intensive
using of land for agricultural and livestock production and tree cutting for fuel wood and
construction materials (Demel Teketay, 1992). Areas under agriculture and pasture are
expanding often at the expense of forest.
The Millennium Ecosystem Assessment reports that agricultural land is expanding in
approximately 70% of the countries examined. The impact of agricultural expansion has
been particularly severe in tropical forest regions including Africa, where pasture and crop
lands are expected to continue to increase over the next 30 to 50 years (MEA, 2005). This
condition even gets worse in Ethiopia where the agricultural potential has been threatened
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by soil erosion and deforestation, which are taking place at a rapid pace, affecting the
country’s biodiversity (flora and fauna) and deepen poverty (EC, 2001).In combination with
its importance as a center of genetic and agricultural diversity, the conservation of
Ethiopia’s biodiversity is an issue of global importance. With the second-largest population
in Africa, limited capacity to manage natural resources, and widespread land degradation, it
is therefore important not only to understand the individual threats but also to examine them
in a holistic fashion that recognizes their interrelation and can help to propose solutions to
decrease the threats and mitigate their effects.
As Tewolde Berhan Gebre Egziabher, (1990) indicated, land degradation remains the Main
threat in the study area because of the pressure of growing population in these areas which
has forced landless farmers to cultivate soils on slopes that cannot be cultivated safely
without effective soil and water conservation measures and cannot sustain crop production
at all. This practice particularly affects forest and woodlands. Certainly, management actions
needs to be taken immediately that considers ecologically economically and socially sound
procedures to maintain the remaining forests and restore degraded ones.
2.2

Ecological restorations

Restoration ecology has developed from, and has been practices primarily on site-based
approach. The restoration of a well defined area such as a mine site, wetland or a degraded
ecosystem of some description is generally attempted. However, it is clear that relatively
large areas of the earth are in need of some form of restoration, following degradation
trough overuse or inappropriate management, which has impaired the functioning the
landscape as a whole(MacMahon,1998).
Forest restoration in passive or active processes can be a primary component of conservation
and sustainable development programs which provide people with the opportunities not only
to repairing the damaged ecology, but also to improve the human conditions by creating
livelihood diversifications and renew economic opportunities, rejuvenate traditional cultural
practices and growth the confidence of local communities (SERI, 2004).
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2.2.1 Practices of ecological restoration
Most of the Ethiopian high plateaus and the surrounding steep slopes were once covered
with indigenous species including Olea africana, Podocarpus gracilior ,Cordia africana
,Hagenia abyssinica ,Juniperus procera, and Ekebergia capensis (Legese Negash, 1993).
An estimated 10% of Ethiopia's total species are known to be endemic to the country.
Unfortunately, the indigenous (tropical) forest species of Ethiopia have rapidly been
destroyed, leaving large tracts of highlands and highland slopes unprotected. Currently, the
majority of these plateaus and steep slopes in highland and some central parts of the country
are exposed to spectacular soil erosion, and hence to concomitant soil-nutrient depletions.
The consequence of this rapid depletion of native forest species and soil erosion has been the
loss of a huge number of plant and animal species (thus seriously diminishing the world's
genetic diversity), drought and famine, flooding, water quality degradation, declines in
agricultural productivity, and an overwhelming increase in the misery and poverty of the
inhabitants of Ethiopia (Le Houe´rou, 2000).
Development and utilization of Ethiopia's natural resources must proceed apace with
conservation and restoration. Conservation and restoration must keep up with the country's
progress in order to insure that the ecological processes on which the nation depends on are
retained intact for all future generations. Lasting economic development can only be
achieved through and with environmental conservation and restorations. To combat the
process of land degradation in the country, forest restoration and plantations are aimed at
protected areas where agriculture and grazing are not permitted. Since the 1980s, especially
closures (Le Houe´rou 2000; Tefera Mengistu et al., 2005) are demarcated in degraded areas
commonly located on steep slopes. The main objective is environmental rehabilitation
through the restoration of natural vegetation. Plantations have been also taken as one major
ecological restoration practices earlier to 1970`s.
2.2.1.1 Tree planting
Forest plantations are defined by (FAO,1993) as forest stands established artificially by
afforestation on land previously did not carry forests, or forest stands established artificially
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by reforestation on land which carried forests within previous 50years or within living
memory and involving the replacement of previous crop by a new and essentially different
crops .In Ethiopia forest plantation practices have started by the turn of the 19th century,
when Emperor Menelik requested his advisor to get him a fast growing tree species to
overcome the fuel wood shortage he faced at the time. During the early 19th hundred, it was
reported most of Addis Ababa was covered by forests and there were about 13,500 hectares
of Eucalyptus plantation in 1964(FAO, 1985). Today, there are about 162, 000 hectares of
plantation forest and about 36, 000 hectares of per urban fuel wood plantation (MOA, 1991).
Ethiopia’s forest resource conservation, development and utilization today is not the product
of a long evolving process in which different land-use planning measures have been devised
and used to meet changing needs and various ecological conditions of the country. The
absence of sound and comprehensive land-use policies encompassing the identification,
selection and appropriation of suitable areas for forestry development based on production
and environmental protection is the outstanding forestry problems in Ethiopia (MOA, 1991).
Many degraded areas have been disturbed for a long period times in the past that only a
small number of relatively common species remain, in this case supplement plantation as
enrichment is very important to hasten restoration of biological diversity of the areas. Tree
planting contribute to conservation of biological diversity, both at the site and landscape
level, extensive reforestation with plantation species can help ameliorate long-term
environmental degradation in badly eroded landscapes, restoring not only ecological
functionality but also site productivity.
Sustainable conservation and utilization of the remaining vegetation resources and
rehabilitation of those have already been degraded would provide economic, social and
ecological benefits (Tefera Mengistu et al., 2004). The establishment of forest plantations
can meet a number of needs, including; carbon fixing, the provision of a wood supply source
that is an alternative to the natural forest; the restoration of degraded land and generation of
income and employment (FAO, 1999). Plantations of indigenous tree species are not the
only way to rehabilitate degraded landscapes. Monocultures of exotic tree species may be
useful at severely degraded sites, when these are the only species able to tolerate existing
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site conditions which is widely done in the northern and central parts of the country
(Mulugeta Lemenih, 2004).
Plantation of key species like Acacia saligna in extremely degraded lands is practiced by
GOs, NGOs and communities collaborations in the central parts of oromiya region before
planting indigenous trees and other exotic species that do not tolerate the environmental
stresses like water shortage and poor soil condition of degraded areas. In these cases
introducing such species help to hasten the process of natural recovery that would find it
difficult to reestablish under the passive restoration approach. According to (Maginnis and
Jackson, 2003) the presence of Acacia species improves soil quality and facilitates the quick
increment of the population of other plant species that provide income plus protection of the
area.
2.2.1.2 Area closures
Setting aside natural areas to maintain their intrinsic values is not a recent phenomenon.
Study by (Alemayehu Wasie, 2002) confirmed that in Ethiopia protecting natural forests and
rehabilitating vegetation around churches, mosques and graveyards has been practiced as
parts of human endeavor for millennia. Ecological restoration of degraded habitats is now
regarded as an effective response to check and reverse the negative effects of habitat loss,
degradation, and fragmentation on native biological diversity and ecological processes
(Shankar-Raman and Mudappa, 2006).
In addition to tree plantations, in different parts of Ethiopia, degraded lands that almost have
no production potential are set aside for natural rehabilitation. This practice is called area
exclosures. Additionally, hillsides where no farming is practiced, and livestock grazing is
not productive are set aside for communal plantation or natural regenerations. In some
places in Ethiopia these communal plantations or forests are being distributed among young
people who do not have land to farm (Kindeya Gebrehiwot, 2004).
Establishment of area exclosure has been an important strategy for the rehabilitation of
degraded hillsides. Forest restoration in protected exclosures has become a common practice
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to fight land degradation in the highlands and central parts of Ethiopia .This practice has
become very common, especially in the highlands, due to the impressive improvement of
productivity and reduction in soil erosion in the area exclosure in the early 1980s
(WFP/MoA, 2002). In Tigray region alone, a total of 262,000-hectares have been closed so
far (Betru Nedasa et al., 2005). In Ethiopian context according to (Betru Nedessa et al.,
2005) Area exclosures (AEs) can be defined as the degraded land that has been excluded
from human and livestock interference for rehabilitation.
Whereas according to (WACOT, 2007) area exclosure involves the protection and resting of
severely degraded land to restore its productive capacity .There are two major types of area
exclosure practices in Ethiopia: closing off an area from livestock and people interference so
that the natural regeneration of the vegetation can take place and closing off degraded land
while simultaneously implementing additional measures such as planting of tree seedlings,
over sowing fodder and species and, mulching and establishing water conservation
structures to enhance and speed up the regeneration process. This study involves with the
later practice of area closure.
According to bureau of agriculture and natural resource development , (Forester, 2000 cited
in Betru Nedessa et al.,2005), the objectives of area exclosures are to halt and reverse land
degradation, to check the adverse effect of run-off and create natural resources highly
demanded by livestock, human beings and the land, to improve the micro-climate of
respective places thereby maintain environmental stability in the region, as well as to create
habitat for wildlife, and conserve the diminishing biological resources mainly forest
ecosystem.
Recently there are evidences that suggest area exclosures are becoming promising
alternatives to combat desertification and conserve biodiversity in completely degraded
lands. By facilitating vegetation succession through modification of both physical and
biological site conditions (Edio Mieso, 2005 and Emiru Birhane, 2002).Area exclosure
improves soil quality mainly organic matter accumulation (Bendz, 1986; Tefera Mengistu,
2001; Descheemaeker et al., 2006) and offers viable promises for actual and potential socio
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economic and environmental benefits to the local people (Badege Bishaw, 2005; Dereje
Asefa et al., 2003; Betru Nedessa et al., 2005).
2.2.2 Major roles of area closures
Biodiversity conservation
Land abandonment or systems of fallow (Ruecker et al., 1998) are the common conservation
strategies to promote restoration of biodiversity in degraded agricultural and grazing lands
worldwide (Burel and Baundry, 1995; Duelli, 1997; Drwonko and Loster, 1998; Palik et al.,
2000; Hobbs and Harris, 2001). Restoration of degraded lands reduces the loss of
biodiversity. In the absence of restoration, the overall sustainability of ecological/ecosystem
processes, including species diversity, will be further threatened.
Recently in highland and central parts of Ethiopia establishment of exclosures is emerging
as a major and important practice to conserve vegetation biodiversity. Different studies by
different scholars indicated that area exclosures establishment has been used as a means to
maintain biodiversity in different districts of the country. In Tigray region (Kindeya
Gebrehiwot, 1997), Welo (Kebrom Tekele, 1998; Tefera Mengestu, 2001; and Shewa
(Tefera Mengestu, 2001). Biodiversity, plays a critical role in overall sustainable
development and poverty eradication, and is essential to the human well-being and to the
livelihood and cultural integrity of the people. Indeed, if degraded lands restored or
rehabilitated, have the potential to generate significant environmental and livelihood
benefits, besides the fulfillment of ecological functions and biodiversity conservation.
Soil erosion protection and enhancing productivity
Current rates of soil erosion documented in Ethiopia range from 16–300 tons/ha/year (Hurni
,1988 and Hawando ,1989, 1995). The Ethiopian highlands reclamation study (FAO, 1984)
suggested the average annual soil movement is100 tons/ha/year for the Ethiopian highlands.
The amount of annual soil movement (loss) by erosion is estimated to range from 1,248–
23,400 million tons per year from 78 million ha of pasture and range lands and cultivated
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fields throughout Ethiopia. As the bare land covered with vegetations largely influences the
infiltration rate, followed by the permeability and structure of the underlying soil. Soils with
good structure absorb water quickly, and minimize surface runoff. Soil structure determines
how easily the particles detach to start the erosion process. Steeper sites provide energy for
the scouring action of surface water run-off. Maintaining good ground cover lessens the
effect of all erosive forces. While plants absorb the impact of raindrops, their litter and roots
enhance infiltration and hold soil in place (Wild, 1993). Vegetations can also act to control
landslides and other forms of mass movement of the land surface (UNESCAP, 1997).
Rapid vegetation restoration though area closures are an efficient measure for soil and water
conservation because of their increased capacity for infiltration and sediment trapping. If
vegetation coverage is chosen to be the best alternative form of land use, not only is prevent
the loss of soil prevented, but also that it is not deposited in river bottoms, lakes and dams
(FAO, 2001). Restoration evolves returning native species to an area, stabilizing soil and
reducing soil erosion. The influence of trees in soil physical properties is also very important
in augmenting the overall capacity of the land to be productive. Currently in Ethiopia
closures are playing an important role in conserving the remaining vegetation and soil
resources and improving soil fertility. They improved soil fertility by adding soil nutrients
from decomposed plant remains. Closures also reduced nutrient loss from a site by
controlling runoff (vegetation acting as a physical barrier to soil erosion). This eventually
improves the capability of the land to support other vegetation types, including exotic
plantations and/or support livestock (Tefera Mengistu et al., 2005).
In the study of Brooks et al. (1991) it is stated that when trying to stabilize the slope by
restoring vegetation it is necessarily reduced the erosion caused by raindrop impact on bare
soils, and to establish a penetrating root system to inhibit gully erosion and soil mass
movements. Vegetation stabilizes a slope by physically increasing frictional forces and by
removing the soil water through transpiration which results in lower pore water pressures
and reduced weight of the soil mass. Vegetative filter strips do more than just help stop
erosion. If properly maintained, these filter strips of grasses, shrubs, and trees provide food
and cover for a number of wildlife species (ACES, 1995).
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Source of Non-timber forest Products (NTFPs)
Interest in NTFPs began in earnest in the late 1980s and the early 1990s, in conjunction with
Increasing global concern about environmental issues, especially deforestation, with
increased attention to rural poverty, and with the emergence of the concept of ‘‘sustainable
development” (Falconer, 1990). The dependence of people on trees and forests is unlimited.
Almost 1.6 billion people in the world rely on forest resources for their livelihood (WRI,
1985) and 1.2 billion people in developing countries use trees on farms to generate food and
cash (ILO ,2002). NTFPs have traditionally provided a source of nutrition and income for
millions of indigenous women and men in some of the most remote areas of developing
countries. In many developing countries forests represent a cheap and important source of
basic consumption goods for rural low income households (Shackle and Shackleton,
2004).This has contributed to the belief that promoting non timber forest product extraction
and improving related value chains represent an effective means to conserve forest resources
and native biodiversity. The livelihood of the communities living inside and around the
forests depends, in various ways, on the timber and non timber products and services
provided by a diversity of forests. According to (Shackleton and Shackleton,2004) NTFPs
provide livelihood benefits in assisting households to cope in times of adversity manifested
as sudden changes in the economic, social or bio-physical environments in which
households exist and function. It provides the poor quick cash or auto consumption goods
especially in the event of unpredicted shortfalls, such as failure of agricultural crop or
disasters (Angelsen and wunder, 2003).
Efforts are underway to replenish the denuded vegetation of degraded Ethiopian central and
highlands in line with the need to supply livestock fodder and other tree products. To realize
those effects, exclosing areas has been helpful towards the major goal; achieving
conservation based sustainable agriculture (Emiru Birhane, 2002). The successful
colonization of many of the native species in many of the degraded lands, underline their
potential in wasteland reclamation. These would serve as sources of fire-wood, fodder
(using cut-and-carry system) and other tree products while reclaiming the marginal lands. Its
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contribution in augmenting the high demand of tree products might be of paramount
importance (Kindeya Gebrehiwot, 2004).
Income and Local Livelihood Contributions
Natural resource livelihoods are all based on complex resource relationships, which shape
and mould people’s access to, use of, and control over, resources. Access to forest resources
helps rural households diversify their livelihood base and reduce their exposure to risk.
Earnings from forest products are often important as a complement to other income. Very
large numbers of households generate some of their income from selling forest products,
often when farm production is not enough to provide self-sufficiency year round. Income
from forest products is often used to purchase seeds, hire labor for cultivation, or generate
working capital for trading activities (Warner et al., 2008.)
As part of their fight against land degradation, communities in highlands and central parts of
Ethiopia have started establishing closures, with the hope of preventing further degradation
and promoting their re-vegetation. Establishing closures is considered advantageous since it
is a quick, cheap and lenient method for the rehabilitation of degraded lands (Bendz,
1986).Furthermore, (Emiru Birhane, 2002) has made a conclusion that establishments of
area closure has contributed a lot to improve livelihoods of local communities by ensuring
their wellbeing and capabilities. Actually, in times of special hardship, and in the absence of
a welfare state, the poor often look to the nearby forests and trees for the means to keep
going. Although not as important overall as the goods that those families can produce from
farming, trees and forests help families through the “lean season” between the end of one
harvest and the next when food is short, or through periods of seasonal unemployment
(Shimizu, 2006)
Utilizing natural resources in more sustainable way can improve community livelihood. In
Ethiopia as soil erosion is the main cause of poverty, protecting soil at the site by restoration
of vegetation cover in degraded hilly side can effectively disconnect the coarse sediment
transfer by encouraging deposition and preventing sediment supply. It also tends to reduce
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flood transmission so attenuating flood peaks through increased roughness (Medihin Zewdu,
2002). Resource restoration (e.g. hillside vegetations) help maintain valuable ecosystem
services, reduces flood damage, provides further benefits, and reinforced as a key building
block of development support of the rural communities (GACGCS, 2005). In this sense,
community forestry has positive impacts on forest conservation and livelihood improvement
of local people (Maheshwar and Misa, 2008). According to(Kindeya Gebrehiwot,2004 )area
exclosures have very high potential for agro forestry, especially with cash earning products
like fuel wood, fruits, honey, when there is good access to markets.

2.2.3 Measurements of ecological restoration success
‘‘Ecological restoration is the process of assisting the recovery of an ecosystem that has
been degraded, damaged, or destroyed’’ (SER, 2004). The ultimate goal of restoration is to
create a self-supporting ecosystem that is resilient to perturbation without further assistance
(Urbanska et al., 1997; SER, 2004). But how do we know when we have reached that goal?
Various researchers have suggested that restoration success could be based on vegetation
characteristics (Walters, 2000; Wilkins et al., 2003), species diversity (van Aarde et al.,
1996; Reay & Norton 1999; Passell, 2000; McCoy & Mushinsky, 2002), or ecosystem
processes (Rhoades et al., 1998). Other authors have promoted a more integrated approach
that includes many variables to provide a better measure of restoration success .They argue
that restoration success has not been thoroughly measured unless a full range of structural,
compositional, functional, social, cultural, historical, political, aesthetic and moral indicators
have been applied (Higgs, 1997).
In practice, most studies assessed measures that can be categorized into three major
ecosystem attributes. These attributes are (1) diversity; (2) vegetation structure; and (3)
ecological processes. Diversity is usually measured by determining richness and abundance
of organisms within different trophic levels (Nichols & Nichols, 2003; Weiermans & van
Aarde, 2003). In addition, it is useful to determine the diversity of species within different
functional groups because this information provides an indirect measure of ecosystem
resilience (Peterson et al.,1998). Vegetation structure is usually determined by measuring
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vegetation cover (e.g., herbs, shrubs, trees), woody plant density, biomass, or vegetation
profiles (Salinas & Guirado, 2002; Kruse & Groninger, 2003; Wilkins et al., 2003), and
these measures are useful for predicting the direction of plant succession. Ecological
processes such as nutrient cycling and biological interactions (e.g., mycorrhizae, herbivory)
are important because they provide information on the resilience of the restored ecosystem.
The evaluation of diversity, vegetation structure, and ecological processes can reflect the
recovery trajectory and self maintenance of restored ecosystems.
In addition to evaluating these attributes in the restored site, it is necessary to compare them
with values from reference sites to estimate the level of restoration success (Passell 2000;
Purcell et al. 2002; SER 2004). Reference sites should occur in the same life zone, close to
the restoration project, and should be exposed to similar natural disturbances (Hobbs &
Harris 2001; SER 2004). Moreover, it is important to consider the variation that occurs
among reference sites; thus, it would be better if more than one reference site should be used
for estimating restoration success (Hobbs & Norton 1996; SER 2004). Including reference
sites will increase restoration costs, but they are essential for evaluating restoration success.
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3. Materials and Methods
3.1Description of the study area
3.1.1 Location
The study sites are in Ada`a wereda East Shewa Zone of Oromoia Region ,Ethiopia, located
between, 8o35'- 8

o

40'N and 39

o

00' -39

o

05’E 62km East of Addis Ababa. The wereda

covers a total area of 1610.5 km2 and is the largest district in East Shewa Zone and Bishoftu
is the Wereda capital. The Wereda constitutes a total of 28 peasant associations and Gubesay
is the PA where the study site is located.

Figure 1: Map of the study area (RPSUD, 2007)

The study area is generally characterized by moderately plain area with scattered mountains
and some degraded hills. For the present study, three hilly areas, Biyo (64 ha) (hereafter
referred to as‘‘Old-Biyo closure’’) and Kelala (hereafter referred to as-Young-Kelala) (48
ha)
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area closures and Kelala-free grazing land which is 39 ha were selected. Similar to hilly
areas in other parts of the country, many decades of cutting woody plants and uncontrolled
grazing left these hills devoid of vegetations. However in 1979, Biyo hill was planted, as
part of the plantation campaign launched by the government, and was protected (closed)
against any disturbance by humans and livestock. Since then, Biyo hill is under continuous
protection. Similarly Young-Kelala exclosure was established in 1995 E.C. with the
community participation and since then it is under continuous protection. However, Kelala
free grazing land was almost completely destroyed by grazing and cutting. Old-Biyo
exclosure is located 1 km away from Young-Kelala exclosure and Kelala -free grazing land.
The sites have an altitude ranging between 1880 and 1960m with the slope ranging between
2% and 35%.

Figure.2 Young –Kelala exclosure Area

3.1.2 Climate
The study area falls under the agro-ecological zone of dry Weina Dega with altitude ranging
from 1880 to 1960 m.a.s.l with the slope ranging between 2 - 35%.The area has a bi-modal
rainfall with a short rainy season (Belg) from March to May and with a long rainy season
(Meher) from June to September. Belg rains are mainly used for initial breaking of the soil
for Meher crops and animal feed. Meher rains which account for about 74% of the annual
precipitation are the most economically important rains for crop production. February March
and May are the hottest months and November and December are the coldest months. The
long-term (1998–2008) average maximum and minimum rainfall recorded by National
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Meteorological Agency of Mojo station in the wereda was found to be 1509.5mm and
558.1mm respectively. Mean minimum and maximum temperatures recorded for the last ten
years ranged from 8ºC to 35ºC, respectively. Mean annual temperature for the same period
was 25ºC.

Figure 3 Climatic diagrams for the study area (source Mojo meteorological station, May, 2010)

3.1.3 Topography and soil
The study area falls in the Rift Valley physiographic region, formed by quaternary of the rift
floor and recasting deposits. The land form belongs to the volcanic lacustrine plains of the
Rift Valley. Ash and pumice tuffs also exist in the floor of the valley. Flat to undulating
plain areas are associated with hill fault scarp, which dissect steep and rough land terrain,
predominantly covered with exposed rock surface (Seifu Kebede, 1999). According to the
Ada`a Wereda Agriculture and Rural Development Office (OoARD, 2004), the tropical and
temperate agro-climatic zones each cover 5% of the Wereda , and the three agro-climatic
Zones identified includes the Rift Valley zone which ranges from 1500–1800 m, and covers
about 600 km2, representing 34% of the area, the mountain zone located over 2000 m,
covering 150 km2, representing 9% of the area, and the highland zone extending over 200
km2, and representing 57% of the area at an elevation of 1800–2000 m.The single major soil
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type of Ada`a wereda is Vertisol which covers about 60.8% of the Wereda. Other soil types
are Cambisols and Luvisols (23.5%) and Rendzinas and Phaeozems (14.7%).Black clay soil,
in the area is locally called Roticha, where as light sand soil and hillside soil-locally called
Gombore,A mixture of black and red light soil, is locally called Abolse and,stony soils,
locally called Cheri. Lithosols in Ada’a-Liben are highly degraded, infertile soils while
vertisols are generally fertile with good moisture holding capacity. They are hard and crack
during dry, and sticky when wet (FAO, 1986).

3.1.4 Vegetation
The land cover is dominated by scattered trees and shrubs which are found around
settlements, in farmlands, and shrubs, trees and grasses in the exclosure areas. According to
the Ada`a Wereda Agricultural and Rural Development Office (OoARD, 2004), grazing
land shared about 6.4% while community, state and natural forests covered 7.4%. The
remaining 34.8% was degraded land and other land use type. The vegetation in the area has
been categorized under the Semi-humid woodland with a mixture of broad and narrowleaved species (Aalbaek, 1993). This vegetation type is characterized by several species of
Acacia (A. abyssinica, A. albida, A. seyal, A. tortilis, etc.), Balanites aegyptiaca, Combretum
molle, Croton macrostachyus, Dodonaea angustifolia, Erythrina abyssinica, Euphorbia
candelabrum, Olea europaea subsp. cuspidata, etc. (Aalbaek, 1993). On large hills of the
area, the vegetation is extremely threatened because of intense grazing and fuel wood
extraction.
However recently, new substantial environmental regeneration practices are emerging in
some parts of the wereda where exclosing an area from livestock and human interventions
being taken as a strategy. This strategy is enabling the degraded hills in restorations and
conservations of vegetation.

3.1.5 Farming system
The agricultural activities carried out in the area include both crop production and animal
husbandry, in which the latter plays a complementary role. The farming system in the area is
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therefore, denoted by close interdependence & integration of crop cultivation and animal
husbandry, where the production and productivity of one is not separated from the other.
The agro-ecology in the wereda is best suited for diverse agricultural production. There are a
number of rivers and crater lakes that are being used for irrigated agriculture, particularly for
horticultural crops production. The wereda is nationally known for its best quality Teff
production, which dominates the agricultural production system. Wheat is also cultivated in
sizeable quantities in medium to high altitude areas. Pulse crops, especially chickpea, are
grown in the bottomlands and on residual moisture in selected areas. Lentil is also grown to
a lesser extent. Horticultural crops, mainly vegetables, are produced under irrigation.
Livestock production is an integral part of the production system. Production of cattle,
sheep, goat and poultry is a very common practice and there is an existing market-oriented
production system. There is also a fast growing smallholder dairy production system with a
strong milk marketing cooperatives involving over 800 smallholder dairy farmers. Honey
production is another occupation of farmers in specific sites of the wereda and there are a
number of farmers’ service cooperatives in the wereda.

3.1.6 Population
Ada`a wereda is the second populous district in East Shewa Zone. Based on figures
published by the Central Statistical Agency in 2005, the wereda has an estimated total
population of 355,343, of whom 175,788 are men and 179,555 are women. With an
2

estimated area of 1,610.5 km , Ada'a wereda has an estimated population density of 217.3
people per square kilometer, which is greater than the Zone average of 181.7. According to
data obtained from the Ada`a Wereda Agriculture and Rural Development Office for the
year 2004, in the village where Young-Kelala and Old-Biyo exclosures are found, there are
about 250 households. The total agricultural population of the woreda is estimated to be
202,276. About 78% of the households who are over 10 years of age are engaged in full
agricultural activities, 19.5% in partial and 2.6% in non-agricultural activities.

3.1.7 Livelihood Activities
Sedentary mixed farming is the main stay of farmers in the Wereda. The People of the area
practice various livelihood and income generating activities mainly crop production and
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animal husbandry in addition to petty trading and daily labor. Crop production plays a
major role in income generation in the area and cereals such as teff, wheat, maize and
barley, pulse crops such as bean, pea, lentil and chickpea are the major crops grown.
Especially, the area is known for its quality teff production nationally. Crop production is
mainly rain fed. Agriculture has expanded towards steeper slopes, which are cultivated for
their marginal outputs. This has accelerated soil erosion and vegetation degradation in the
area. A survey of the land in this wereda shows that 51.4% is arable or cultivable, 6.4%
pasture, 7.4% community, regional and natural forests, and the remaining 34.8% is
considered degraded or otherwise unusable. The farmers also keep cattle, equine, but small
numbers of sheep & goats are kept by few farmers. Hillside areas are used as communal
grazing land. There is high feed shortage throughout the year, being more acute in the dry
season. There are no systematic grazing land management practices.

3.2 Study Design
Reconnaissance field survey was conducted at the middle of September 2009 in order to be
familiar with the study area and to observe vegetation distribution of study area. The vegetation

and socioeconomic sampling survey was carried out in the month of October to December,
2009. The study sites are located in East Shewa Zone of Ada`a wereda where Young -Kelala
exclosure area and Kelala-open degraded grazed land existed adjacent to each other whereas
Old- Biyo site was estimated to be one km away from the two sites. The three sites were
assumed to have more or less homogeneous soil type and slope gradient and the area
exclosures are considered to have been on the same status with the open free grazing land
before protection. The open grazing land is freely accessible to livestock grazing and used as
a control (Reay and Norton, 1999; Kebrom Tekle, 1998; Tefera Mengistu, 2001) to compare
restoration against the area exclosures.
Hence, the changes could be described using important parameters such as plant cover,
species richness, abundance, diversity, regeneration status and chemical constituents of the
soil in the area (Kebrom Tekle, 1998; Tefera Mengistu, 2001; Wolde Mekuria et al.,
2007).The area exclosures were prohibited against livestock and human intervention except
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that harvesting of thatch to supplement the community with roof construction materials and
income generation is allowed since after the third year of full protection. Secondary data had
been collected from the wereda Agriculture and Rural Development Office and other sect
oral offices. The biophysical survey was conducted by randomly and systematically laid
parallel transects in the area exclosures and in the open site. Locations of the quadrants were
marked by GPS along the line transects systematically.

3.2.1 Sampling strategy
3.2.1.1 Vegetation survey
To determine and record the floral composition, structure and diversity of the vegetation,
parallel line transects which were 150m apart from each other were laid across the study
areas. Along the transects 90 sample quadrats measuring (20 m x 20 m) were laid down at
50m intervals and compass, pegs and string were used to lay the quadrats parallel along the
transects. The locations of plots were marked using Global Positioning System to help in
future monitoring.
A total of 60 sample quadrats were inside the exclosures (30 quadrats from each sites with
the total area of 2.4 ha) and 30 quadrats from the open grazing land with total area of 1.2ha.
Similarly, five 1 m2 subplots (four from each corner and one at the center within the main
400 m2quadrats) for herbaceous species, in a nested fashion was used. In each of these
quadrants, the identity, number of all individuals and cover estimation of woody and
herbaceous species was determined and recorded. For plants, which could not be identified
in the field, herbarium specimens were collected, properly dried in a plant press, and
identified at the National Herbarium Ethiopia Addis Abeba University, where voucher
specimens were deposited. Nomenclature follows that of the published volumes of the flora
of Ethiopia and Eritrea
The height and DBH of woody species were measured using measuring stick and caliper,
respectively. Individuals were categorized into three size groups following Tefera Mengistu
et al.,( 2001). Individuals with a height greater than or equal to 2 m and DBH >2.5 cm were
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considered adult, individuals 2<1.5 m and DBH <2.5 cm were recorded as saplings, and
Individuals with a height less than 1 m were taken as seedlings and only their number was
counted. The diameter measurement was taken 1.37m of the stem above the soil surface and
percentage cover of trees, shrubs and herbs were estimated in the field by visual observation
and latter converted to cover/abundance values of Braun-Blanquet scales as modified by
(van der Maarel,1979) as follows.1 = rare, generally one individual, 2 = occasional, with
less than 5% cover, 3 = abundant, with less than 5% cover, 4 = very abundant, with less than
5% cover, 5 = 5 – 12 % cover, 6 = 12.5 – 25 % cover, 7 = 25.5 – 50 % cover, 8 = 50.5 – 75
% cover, 9 = above 75 % cover.

Figure.4 Sketch map of vegetation sampling (Old-Biyo Area exclosure)

3.2.1.2Household survey
From the village where area exclosure is practiced a list of individual households around the
exclosure areas was obtained from the Keble Administration. Then the sample size of the
households was determined the formula below following (Cochran, 1977).
n=

2

2

(z pq) /d _____
2

2)

1+1/N (z pq) /d -1)
n= is the desired sample size
N =the number of sample size when the population is less than 1000
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Z=95% confidence limit i.e. 1.96
P =0.1(proportion of the population to be included in the sample i.e., 10%)
q=1=0.1, =0.9
N= total number of population
D =margin of error or degree of accuracy desired (0.05)
Following the formula, a total of 80 households were selected using random sampling
technique. Wealth classification was performed using criteria developed by key informants,
village leaders and development agents. After listing every member of the community,
development agents together with key informants grouped the households using wealth
ranking. According to each and everyone’s wealth status, the criteria for classification were
size of land holding, farm plough, and of livestock possession (Table 2).
Table. 2 Wealth ranking criteria according to the community members classifications

Rich

Medium

Poor

Farm size in hectare

>4

3-2

<1

Number of plough oxen

>20

5-3

<2

Number of farm plough

>10

<2

1

Criteria for wealth Ranking

Source: survey data

Socioeconomic survey was used to study the contribution of area exclosures for local
livelihood and communities perceptions. To obtain the primary data, focused group
discussions, key informants, and semi structured household survey was carried out. The Key
informants include PA administrations, development agents, religious leaders, community
based organizations office bearers, and area exclosure association leaders. Whereas focus
group discussion was conducted with elders, women, youth groups, sector office experts,
religious leaders and associations directly involved with the area closures. The semi
structured questionnaire was translated into local language Afaan Oromo and household
head was interviewed by development agents in the area.
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Figure.5 Partial view of focus group discussions with the community members

The questionnaire (Annex 3) includes questions on household profile such as age,
educational level, marital status and number of individuals of the respondents household.
Regarding the community perception towards area exclosures, questions like causes of
disappearance of vegetation cover at the hillside before the establishment of area exclosure,
the important of area exclosure, protection of area exclosure, ownership, change in
vegetation cover, farmers attitude towards the establishment of area closure and the need to
protect further degraded lands were used. Whereas, to assess the livelihood contributions of
area closures, points like benefits of area exclosure products, income from the products,
erosion reduction around the exclosure area, and change in farmland productivity were
included in the questionnaire. In addition to secondary data used from previously employed
research by (Abiy Tsetargachew, 2008) on the area and from Agriculture and rural
development bureau of Ada`a woreda, direct observations were also made to assess the
current status of the area exclosure and resource base in the study site.
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3.3 Data Analysis
3.3.1 Vegetation data analysis
For structural data analysis of woody plants: species densities, height, and diameter at breast
height (DBH) were used for description of vegetation structure. The population structure
was analyzed using histograms with the grouped diameter classes following (Mekuria
Argaw et al., 1999). The purpose of using size class distributions in diameter at breast height
(DBH) was to investigate the regeneration status of the woody plant species (Peters, 1996).
The vegetation data of the woody species were calculated and summarized on Excel
spreadsheet using the following formulas.

Density =

Total number of stems of all trees
Sample size in hectare

 Number of individuals of tree species 
 × 100
Re lative density = 
total
number
of
individual
s


 Frequency of tree species 
 × 100
Re lative frequency = 
 frequency of all species 

Similarly, to measure similarities between two habitats, Sorensen’s similarity coefficient
was calculated using the following formula.
SC =2a / 2a + b + c,

Where,

a = number of species common to both habitats.
b = number of species present in the first habitat and absent from the second.
c = number of species present in the second habitat and absent from the first. Sørensen’s
similarity coefficient is preferred to Jaccard’s coefficient since common species are given
more weight than those confined to one type of vegetation (Kent and Coker, 1992).
Diversity, which is synonymous with heterogeneity (Krebs, 1999), comprised species
richness and evenness. Indices that combine both richness and evenness (heterogeneity) in to
a single value are diversity indices. Species diversity indices were analyzed using software
PAST (Hammer et al., 2001).
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For different plant habit (herb, shrubs and trees), Species richness was expressed as number
of species per unit area. Shannon diversity index has emerged as the most widely used
criterion to assess the conservation potential and ecological value of a site (Magurran,
1988).Hence the species diversity in the area exclosure and open-grazed land were
calculated using Shannon-Wiener Index (H’). This index takes into consideration of species
composition and evenness within the given land or community. The Shannon diversity index
was calculated as
S

Shannon Diversity Index

H ′ = −∑ pi ln pi
i =1

Where: H ′ = Diversity of species
S = the number of species
Pi = the proportion of individuals abundance of the ith species
ln =log base
Equitability or species evenness was calculated using the Shannon evenness index following
the equation:
Equitability or evenness (J) =

H ′
=
H ' max

−

s

∑

i =1

p i ln p i
ln S

Where: H ′ max= ln S

H ′ = Shannon diversity index
ln S = the natural logarithm of the total number of species in each community
S= number of species in each community (Shannon-Weiner, 1949).
For examining the consequences of management type on species richness and diversity of
herb shrub and tree, data from each area exclosure and open grazed land were compared.
Descriptive statistics, chi square and one way ANOVAs using SPSS for windows (Ver.16)
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were used for comparison. For species richness data, chi-square test was employed whereas
for the diversity index ANOVA was used. Differences were considered significant at the p=
0.05 level. To compare species richness and diversity of herbs, shrubs and trees among the
exclosures and open grazing land pair sample test was used.

3.3.2 Household survey data analysis
Data collected were checked, coded and encoded in a computer, which were then analyzed
to extract meaningful information. Descriptive statistics such as mean, percentage and
frequency were used to present the household survey results. Various data analysis
techniques were employed since both qualitative and quantitative data were collected .The
qualitative data that were obtained through key informant interviews and group discussion
were narrated and summarized. The quantitative data obtained through formal survey was
analyzed by using of Statistical Package for Social Sciences (SPSS) version 16. The results
were presented using tables, charts and frequency distributions.
The commonly used techniques for valuing the annual value of NTFPs were the income
approach or products and services approach, whereby the physical production of goods and
services is valued using actual market prices of the resource (Shylajan and Mythili, 2007).
Information was collected on each source of income of the households and each respondent
was required to give an estimate of how much was produced, consumed and sold from each
source of income during the year 2008/09. This basically depends on household’s estimation
of the amounts harvested consumed and sold rather than actually measured by researcher. In
this study, income includes both cash and subsistence income of households. Cash income
was recorded on the basis of information obtained from the respondent households. The
community uses fodder from the exclosures in allowing their livestock to graze only once in
a year, when thatch is harvested. Hence it was difficult to calculate the amount of fodder
each household uses, and service from fodder was excluded.

39

4. Results and Discussion
4.1The Role of area closures for biodiversity conservation
4.1.1 Floristic composition
A total of 133 species representing 107 genera and 45 families were recorded from the study
area all inside the sampled quadrants except three species that were recorded outside the
sampled quadrants: Ficus Sycamorus, Plantago lanceolata and Opuntia ficus-indica. The
total number of species found common to both the exclosures and open grazing land were
twenty. Out of the total species collected, about eight species were planted which are Acacia

saligna, Jacaranda mimosifilia, Eucalyptus camaldulensis, Eucalyptus saligna, Eucalyptus
globulus, Grevilea robusta, Casuarina cunninghamana,and Schinus molle. From all
recorded species, the proportion of trees, shrubs, and herbs accounted for 24.06%, 30.83%
and 45.17% respectively.
The most dominant families recorded in the exclosed areas were Poaceae, Fabaceae
Astraceae, Laminiacese Euphorbiaceae and Malvaceae represented by 14.18%, 12.69%,
10.45%, 7.46% 5.23% and 5.23% of species abundance respectively and the remaining
families were represented by only three or less species each. Relatively in the open grazing
land, Poaceae, Asteraceae, and Fabaceae represented by 25%, 20.8% and 8.3% were the
dominant families observed respectively.

The rest were represented only by a single

species. Commonly in both areas Poaceae, Asterace and Fabaceae were the dominant
families occurred. Acacia negri Acacia tortlis,Caparis tomentosa,Acacia laha ,Albizia

schimpecina,Dodonaea angustifolia,Eucalyptus camandulessis,Andropogon schirsnis,and
Hyparrhenia hirta were the most dominant species over the closures vegetations, where as
in the open grazing land the vegetation was dominated by species including Dodonaea

angustifolia,Carissa spinarum,Echinops macrochaetus,and Borthrichola insculapta.A
complete list of the floristic composition of the study area is given in(Appendix1).
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From the analysis of vegetation composition, improved species composition status was
recorded in the area exclosures (Figure 6) over that of open–grazing land. The difference in
the vegetation compositions in the study areas might have resulted from the effects of
management that assist the biological and soil factors to create conducive environment to
sustain those species with fast colonizing ability in disturbed areas. On the contrary, the
open grazing land consists of fewer vegetation compositions that could resist the disturbed
environment. Similar studies in other parts of the country and abroad showed that following
disturbed land, vegetation composition increased in the protected areas as compared to open
grazing land (Dereje Asefa et al., 2003; Oba et al., 2000).

Figure 6. Total number of species in terms of habit herb, shrub, and tree in area closures and open
grazed land

4.1.2 Structure
4.1.2.1Density of woody species
Woody species density between the exclosure areas and the open grazing land varied as
shown below (Table3).The stand density of all woody plants in the old and young exclosures
was1022ha-1 and 587 ha-1 respectively (Table 3). However in the respective open grazing area
the density was 180ha-1. From the total density of woody plants in the Old exclosure, the
proportion of seedling, sapling, and adult accounted for 14.69%, 38.87%, and 46.44%
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respectively. Comparatively, the corresponding open-grazing site had a proportion of
67.23% accounted for saplings and the remaining 37.27% for adult.
Table 3. Density ha-1 for seedling, sapling, and adult in the two area closures and open-grazing land.
Site
Old Biyo AE

Seedlings
150

Saplings
397

Adult
475

Total
1022

Young Kelala AE

188

260

139

587

Open grazing land
Source: survey data

0

121

59

180

The density of Old-Biyo exclosure was highly significant from the open grazing land in
terms of seedling (χ2=245 df=17, p<0.001), saplings (χ2=80, df=19, p<0.001), and adult
(χ2=94, df=21, p<0.001). Whereas, density comparison in terms of the seedling, sapling and
adult, among the area exclosures revealed that there was no significant difference among the
two area closures, in density of seedling: (χ2=23, df=18, p=0.192), and sapling: (χ2=24
d.f=22, p<0.37), but with density of adult,: (χ2=34, df=19, p=0.018) there exist a difference.
From the result it is possible to suggest that the significance difference in density of
seedlings sapling and adult between the exclosure area and open grazing land might have
resulted from the provision of favorable environment of low disturbance in closures to
sustain new regenerated species and the existed ones. On the contrary, constant and frequent
grazing in the open grazing land might have inhibited the propagation of seedlings from
shoots, root suckers and sprout. In addition, the available species in the open grazing land
sustained probably because they had tolerance to disturbance and hence, are very important
in the recovery of degraded vegetation in the area. Similar researcher work also reported that
(Tefera Mengistu et al. 2005) open-grazed lands had less seedling density as compared to
area closures that were adjacent to them. The result of density comparison between area
exclosures showed that there is significant different only with Adult of the exclosures. This
is probably because trough longer ages in the Old-Biyo area exclosure, regeneration of
woody species have increased.
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4.1.2.2 Population structure of woody species
Comparative population structure analysis of woody plants based on number of individuals
by DBH class was illustrated using some representative species common to both open and
exclosed sites. Accordingly, the diameter distribution of Dodonaea angustifolia indicated
that the number of individuals in the lower-diameter class is somewhat lower in the open site
and comparatively higher in the exclosure area (Figure 7). The highest numbers of
individuals were found in the diameter class of 2.5–5cm, declining with increasing diameter.
Although the number of individuals of representative species at the exclosure site was higher
than the open site, the population structure in both sites followed somewhat a similar trend
except that species were missed with increasing diameter class in the open site. The seedling
population of Carissa spinarum was much higher than the subsequent higher-diameter
classes in both open and exclosure sites and the distribution generally followed inverted
“J”shaped diameter frequency distribution indicating good status of regeneration in both
open and protected sites. The higher seedling rate of Carissa spinarum in the open site
indicated that the species is negatively influenced by livestock browsing and could serve as
an important candidate for restoration.

Figure 7. Distribution of some woody plants in DBH class both in open and closed area (1 = <2

cm; 2=2–5 cm; 3=5–7.5 cm; 4=7.5–10 cm; 5=10–12.5 cm; 6= >12.5)
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While, the remaining species which represent only their respective sites show variations
with frequency distribution of the diameter class. Population structure of species in group-I
including Acacia tortilis, Acacia seyal and Croton macrostachyus all from area exclosures
showed more or less inverted ‘‘J’’ shaped frequency distribution of the diameter class,
which indicates good regeneration status (Figure 8).However, the diameter class of species
in group-II indicated affected population structure that, only few or missing individuals
exhibited at some diameter classes. Species which show Group-II Pattern are Celtis africana
and Albizia schimperiana both from the exclosure areas and Acacia albida from open grazing
land.
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Figure 8. Population structure of some woody species in the open and closed areas (G-I=Group I and
GII=Group II; Diameter classes :( 1=<2.5 cm; 2=2.5–5.5 cm; 3=5.5–7.5 cm; 4=7.5–10; 5=10–12.5
cm; 6=12.5–15 cm; and 7=>15cm).

Even though the area exclosures have large density of trees, the observed population
structural patterns indicated that there is a variation in population dynamics. According to
Poma et al., (1988 ;cited in Tamirat Bekele, 1993), this situation could be arising from either
inherent characters of the species or interventions by human or livestock. On the other hand,
woody plant species like Acacia tortilis, Acacia saligna and Dodonaea angustifolia in the
area exclosures showed higher numbers of individuals and larger diameter classes which
indicates, that the disturbance is

moderate in the exclosure areas. Comparatively, unlike

that of exclosure areas, tree species in the open grazing site existed in a few number and
lower diameter class except some species like Carissa spinarum due to less palatability and
less favored by livestock and lower demand by fire wood collectors.

4.1.3 Species similarity and diversity
4.1.3.1 Floristic similarity index
The Sorensen’s similarity coefficient (SSC) shows considerable differences in the species
compositions of vegetation among the exclosures and open area varying between 0.190.26(Table 4).This implies that there is dissimilarity of species among area exclosures and
the respective open grazing land and within the area exclosures too. This similarity
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difference to some extent might have resulted from the management and age difference role
provided by area closure in restoration of fast growing plants in degraded lands.
Table 4. Sorensen’s similarity coefficient (SSC) between the study sites
Open-grazing land

Open
Grazing land
1

Old Area
Exclosure

Young Area Exclosure

0.26

0.23

Old Area Exclosure

0.19

1

Young Area
Exclosure

1

Different authors (Kindiya Gebrehiwot, 1997; Kidane Giday, 2002; Tefera Mengistu et al.,
2005) in similar case studies in different parts of the country also reported that area
exclosures and open-grazed lands differed in floristic composition due to the distinction in
the management.

4.1.3.2 Species richness and diversity index
Species richness, evenness and Shannon’s diversity index was computed for the two area
exclosures and open-grazing land and summarized in (Table 5)
Table 5. Species richness(S), evenness (E), and Shannon-Wiener Index (H’) for the two area
Exclosures and open –grazing land.
No
Sites
S
E
H
1

Old Area exclosure

83

0.83

3.66

2

Young Area exclosure

65

0.76

3.19

3

Open-grazing land

29

0.65

2.03

Source: Survey Data

The result revealed that Shannon diversity index for old and young area exclosures was 3.66
and 3.19 respectively indicating larger species diversity than the open grazing land.
Similarly species were rich in the exclosure areas as compared to the open grazing land. The
overall species evenness for the exclosure areas is represented by larger number of
individuals which indicated that species were distributed more or less equally in the
exclosure areas. Generally the result showed a successful restoration
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of plant species

richness and diversity in area exclosures compared with the grazed lands which is in
agreement with other studies in northern Ethiopia (Kindeya Geberehewot, 1997;Dreje Asefa

et al., 2003: Emiru Birehane, 2002 ) and central Ethiopia (Tefera Mengistu et al., 2005).
Analysis of species richness and diversity considering growth, in response to the area
exclosures and open grazing land, was conducted (Table 6). The result showed that there
was a significant difference between the two management types at p=0.05.The effect of
management

shows

significant

difference

on

species

richness

of

the

herbs

(χ2=54.8,df=11,p=0.000),Shrubs(χ2=88.67, df=9, p=0.000) and Trees((χ2=96.23, df=10,
p=0.000).
Table 6. Response of diversity of plant growth forms in terms of species richness, and diversity
index to exclosures and open land.
Diversity of life
Area closures
Open
Test
P
form
land
Old
Young
Grazed land
2
χ

SP.richnnes
Herb
Shrubs
Trees
Diversity
Herb
Shrubs
Trees

3.96+0.47
3.1+0.38
4.53+0.26

4.4+0.42
3.86+0.44
1.73+0.25

0.10+0.007
0.10+0.022
0.11+0.026

0.11+0.016
0.16+0.016
0.11+0.014

Source: survey data

1.5+0.26
1.43+0.15
0.23+0.07
0.09+0.016
0.09+0.013
0.04+0.015

54.8
88.67
96.23
F
1.93
7.62
9.65

***
***
***

NS

***
***
***P < 0.001, **P < 0.01, *P < 0.05, NS P > 0.05.

In the same way, Shannon’s species diversity index shows, diversity was significantly
higher in the exclosures for the respective plant growth forms (Shrub: F =7.62, p<0.001;
tree: F=9.65, p=<0.001) but not for herbs (F=1.93, P=0.159). This may be related to an
increase in shrubs and tree species influence on herbaceous species through competition.
Other studies also found that short-term exclusions promoted herbaceous species richness,
while prolonged period was not advantageous (Hiernaux, 1998; Degrje Asefa et al., 2003).
In the Kondoa Region in Tanzania, restoration of plant diversity in area exclosures for 20
years compared with the degraded areas was greater for tree species richness, but it did not
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improve herbaceous species richness (Mwalyosi, 2000). Similar patterns of vegetation
biodiversity change have been reported in northern Kenya (Oba et al., 2001).
Pair comparison in terms of species richness and diversity among the exclosures and open
land (Open versus young, and young versus old) was analyzed for herb shrub and tree
(Table 7).Species richness and diversity

between the pair of open versus young sites

revealed that significant difference existed in terms of herb, shrub and trees. Similarly the
second pair comparison (young versus old) shows there was only significant difference for
trees and herbs in terms of species richness and diversity but not for shrubs.

Table 7. Pair comparisons between the two area exclosures, open grazing land and young
closure (Mean + SE) for species richness and diversity index.
Open Vs young
Young Vs old
Species richness
Herb
Shrubs
Trees

***

-2.90+0.42
***
-2.43+0.43
***
-01.5+0.26

*

0.43+0.48
NS
0.76+0.5.2
***
-2.80+0.49

Diversity index
***

0.039+0.018

***

-0.012+0.030

***

-0.081+0.029

Herb

-0.067+0.023

Shrubs

-0.073+0.022

Trees

-0.072+0.023

Source: survey Data

*
NS
***

***P < 0.001, **P < 0.01, *P < 0.05, NS P > 0.05

The diversity indices among the growth forms illustrated below in Figure 9, clearly shows
the effect of different age since the area was closed and management on the diversity of the
herb, shrub and tree. The diversity of herbaceous species rises gradually up to the young
area exclosure and then starts to decline as the exclosure gets older while the diversity of
trees and shrubs steadily and progressively increases as the exclosures are ageing.
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Source: survey Data

Figure 9. Diversity indices among the area exclosures and open-grazing land for herb, shrub and tree.

The respondents also confirmed that grass production of the old exclosures has been
declining. They indicated that reason could be due to the competition with woody plants.
According to Scholes & Archer, (1997) ,the relative abundance of woody and herbaceous
species is highly dependent on different factors of environmental conditions and seasonal
and interannual variations. In additions, plant available moisture, climate, soil type and
topography seems to be the key determinant of the tree-grass balance, but structure, function
and species composition are also altered by available nutrients, herbivory and fire. Similarly,
the observed result in this study might have been caused due to the influence of several
factors, mostly could be disturbances and competition. Disturbance can be induced as
selective harvesting like cut and carry system of herbs after exclosure of 3 years by the local
people and competition among flourishing species replace most annual species by few
perennial herbs. The regular use of herbaceous plants particularly grass might have
promoted the regeneration of woody species. In most situations, without woody species
management (pruning, thinning), mature trees out-compete grasses for light, water, and
nutrients. These competitions could lead to structural instability by restricting undergrowth
and reduces the herbaceous species richness and diversity as the exclosure gets aged. The
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steep decline for herbaceous diversity while woody species diversity was getting higher
shows an inverse interaction between diversity index of trees and herbs. However, age did
not influence diversity of woody species but significantly did the herbaceous species (Figure
7).
Generally the result showed the influence of age is positive towards woody species but was
not for herbaceous in accordance with other studies. In the Northern Ethiopia, (Dereje Asefa

et al., 2003: Mulubrehan Hailu et al., 2006) obtained similar result. In central Africa, Gabon
(King et al., 1997) also showed that after three years of protection, nascent savannas were
colonized by about 45 species of tree seedlings that gradually dominated the area. They
additionally noted that high woody species cover restricts undergrowth, reducing species
richness as a result of increased competition for light and other resources.

4.2 The contributions of area exclosures to local livelihood
Livelihood strategies in the study area include crop production, livestock rearing and off
farm activities such as petty trading and daily labor. Even though extracting products from
the exclosures is not considered one of the main livelihood strategies in the area, it is
considered by the respondents that it has a contribution to the household income. Crop
production is the main stay of the people where among the sampled households, 62% are
engaged. The remaining 28.6% and 9.4% are occupied in animal husbandry and off farm
activities respectively.

Figure 10. Contribution of major livelihoods to the household income
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The study findings show that crop production plays a major role for income generations of
the area with contribution of 59.98% of the total annual household income. It is well known
that the area is a major crop producer in the country particularly TEFF. Animal husbandry
and off farm activities also contribute 23.96% and 12.99% of the total household income
being second and third sources of incomes respectively (Figure 10).Similarly, income from
the area closure products accounts for 3.07 % of the total annual income to the household.
Even though income that is derived from the extraction of Area closures products like fuel
wood and thatch don`t have significant contributions in annual households’ income, “it has
been benefiting the communities in diversifying their income Sources” as the respondents
reply.

4.2.1 Crop Production
In the study area TEFF, wheat, barley, maize, pea and chickpea are the major crops
cultivated. The farming system of the area is classified as mixed farming (crop production
and livestock rearing).Crop production plays the major role in the area being as a source of
both cash and food crops. TEFF and wheat are the dominant cash and food crops grown in
the area. Especially TEFF is the leading cash crops cultivated in the area for income
generation. The area is well known in the country for its quality TEFF production. As shown
in the Figure 11, it contributes the largest proportion of (76.34%) income being generated in
the household from the total crops produced. Wheat accounts 11.05% of the income
generated whereas other crops (barley, maize, and pea chickpea) contribute 4.32%, 3.08%,
2.84%, and 2.32% respectively in annual income generation of the households.

Figure.11. Contribution of crop production to household income.
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4.2.2 Animal Production
Even though crop production plays a major role in the study area, livestock production also
contributes a large proportion of income in the people`s livelihood strategies. Livestock such
as ox, cow, sheep, goat, and poultry are the major types reared in the study area. Usually,
livestock grazes in communal lands and in the area exclosure after thatch is harvested. The
average number of cattle owned by households was 4 with a minimum of 0 and maximum
25. The major income source in livestock production is sale of ox with average of 56.2%.
The amount of income from the remaining livestock is illustrated below (Figure12).

Figure 12. Role of Livestock productions in household income

4.2.3 Off Farm Activities
Off-farm activities are the other livelihood strategy generating income in the study area. The
activities include petty trading, wage labor and draught animal rent. From the sampled
households, 9.4% of the respondents are engaged in these activities. off farm activities
contribute 12.99% of the total sampled household`s income and petty trading occupies the
leading place by contributing a major amount of income in the off farm activities (Figure
13). Rural wage employment includes both skilled and unskilled types of activities and
includes wages for agricultural operations like weeding and harvesting. It is a common
practice that rural households in Ethiopia receive transfers in kind or cash from family
members, and relatives. In this regard, 3.25% of all off farm activities incomes were derived
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from remittance. All the remittances, gifts or transfers received during the year by the
household were added and subtract the amount remitted out, if any.

Figure 13. Contribution of off farm activities to household income.

4.2.4 Area exclosure products
4.2.4.1The Contribution of Area exclosures to livelihood trough household
income generation.
Most rural household surveys, in Ethiopia only capture conventional rural activities, such as
crop production and livestock rearing, and rarely incorporate incomes from environmental
resources. The goods and services provided by environmental resources, such as forest
environmental products, are often omitted. This is because forests or grasslands tend to be
either communally owned or, if privately owned, not expressly cultivated. As a result, there
is a substantial gap in our understanding of the actual socioeconomic contribution of
environmental resources, the functioning of rural economies and the extent of rural poverty
and inequality (Bedru Babulo et al, 2010).
In the study area as indicated above, people are engaged in extracting non-timber from area
exclosure products like grass (Thatch), firewood and medicinal plants and they are earning
incomes from sale of these products which supports their livelihoods. This is also true
aboard and in other areas of the country as verified by other researchers which indicated that
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incomes from environmental sources play an important role in rural livelihoods in
developing countries. Particularly, products from forest environmental sources contribute
significantly to rural households' economic wellbeing (Reardon and Vosti, 1995; Reddy and
Chakravarty, 1999;Fisher, 2004).Getachew Mamo et al.(2007 ) have also found that forest
income contributes 39% to average household income in Dendi Wereda of western Ethiopia.
In the study area, data analysis from the sampled households response shows that income
from area exclosure products contributes 3.07 % of the total average annual household
incomes (Figure 10).

Figure 14. Contribution of Area closures products in the household income.

Grass species like Andropogon schirenis, Hyparrhenia hirta and Bothriochloa insculpta are
dominantly grown in the study area and are the major non timber area exclosure products for
income generations. Besides supplying the grass for market, the households also use the
thatch for domestic consumption like construction of house roofing. In the study area 61.2%
of the respondent`s house roof is made from thatch and 28.8% use both thatch and
corrugated iron sheet for house roof construction. From the respondents who do have access
to grass extraction, 37.75% use the harvested thatch for home consumption (Table 8) and the
thatch used for income generation accounts for 60.3% of the total income gain from area
exclosure products.
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Figure 15. House roofing from Thatch/Grass in old-biyo study site

Although extraction of firewood except thatch and medicinal plants is strictly forbidden in
the regulations set by the local communities from the area exclosures, 27.5% of the sampled
households are engaged illegally in the extraction of fire wood and indeed, these households
generate 33.9% of their income from firewood (Figure 14).
Table 8. Purpose of Area exclosure products in households
Types of Area exclosure
products

Grass/Thatch
Fire wood
Medicinal Plants
Fodder

Purpose of Products use
IncomeGeneration
Household Consumption
Frequency
%
Frequency
%

54
12
8

67.5
15
10

31
20
56
60

38.75
65
66.7
75

Source: Household survey

Medicinal plants are well accessed by the community where 13.75% of the sampled
households are engaged and derive 5.72% of their income. These households mostly are
very near to the area exclosure and use the large quantity of products harvested for
subsistence purpose (Table 8).
The two area exclosures provide different quantity of grass production according to 85% of
the sampled household respond. The household reported that the amount of grass production
of the old area exclosure was not as the earlier period, “it has been declining’’ as they said.
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They indicated that the reason could be due to the competition with woody plants. Mean
comparison of annual thatch/grass harvested from the area exclosures shows there is
significant different among the area closures (Table 9).
Table 9. Annual amount of Thatch /Grass Harvested per household (N=80)
Enclosures

Thatch Harvested/yr/Donkey
Mean
SE
t‐value

Young

3.375

0.19

Old

2.275

0.21

Significance

3.85

***

Source: HH Survey

According to communities wealth ranking criteria, from the total sampled households’ rich,
medium, and poor constitutes a percentage of 10, 50 and 40 respectively.
Table 10. Household involvement and wealth category in collection of ACs products
ACs activity
wealth category of the community
engaged
Rich
Medium
Poor
Thatch
4
26
24
Fuel wood
0
5
17
Medicinal plant
0
3
8
Source: Household survey

Gender
Male
53
19
8

Female
1
3
3

All the poor and large number of medium class households have been involved in collection
of area exclosure products, however only insignificant number of the rich households are
occupied in this activity. From those households who have been involved in the collection of
area closures products, 44.44% of the poor and 48.15 % of the medium class are engaged in
thatch collection where as

31.48% of the poor and 9.25% of the medium are engaged in

firewood collection. Those households who have involved in medicinal plant extraction
constitute 14.81% of the poor and 5.56% of the medium for traditional medication
purpose(Table10).Generally, the poor households were mainly involved in area exclosure
products collection, because they need to diversify their income and develop resilience in
the lean season when agricultural products will not be available in the house. Wealth ranking
in relation to gender analysis revealed that there is limited women participation in the
overall area exclosures products extraction representing only 3.75% of the total sampled
households. From the total women who have involved in the exclosures product extractions,
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two are in the poor class and the remaining woman is in the medium category. About
98.15% of all sampled households involved in extraction of thatch are male and the
remaining are female (Table 10).
Income generated from the exclosures products was different among wealth classes of the
communities. Area exclosures products contribute 1.46% to annual income for the rich,
3.19% for the medium and 5.16% for the poor. Even if the middle class generate more (511)
amount of income than the poor (443) (Table 11), it supports the poor more in their annual
income.
Table 11. Annual household and ACs products income distribution among wealth categories
Income sources
Total annual household income
Total annual household income of ACs
Relative ACs products (%)
Source: Household survey

Wealth category
Medium

Rich

Mean SE
26951 4169
395
102.39
1.46

Mean
16009
511
3.19

SE
1371
54

Poor

Mean
8585
443
5.16

SE
895
67

Here, proximity and rules of the community might be the major factors to access some
products (firewood) from the exclosures. But according to the discussions with the
communities in focus group, whatever distances the household of the poor is located from
the exclosures; they are always utilizing specially the firewood from the area even if it is
prohibited.
This indicates that the contribution of income from the area exclosures products to the poor
households is very important in supporting their livelihood.

4.2.4.2The Contribution of Area exclosures to local livelihood trough
reduction of soil erosion.
The potential for soil erosion increases as the amount of bare soil and the percent slope
increase. As the amount of bare soil decreases, infiltration rates can exceed rainfall intensity,
which drastically reduces the erosion rate (Dissmeyer and Foster, 1984). Soils are
particularly susceptible to raindrop splash in areas with sparse vegetation (Brooks et al.,
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1991). Sampled households in focus group discussions also reveal this situation by
explaining that, before the establishment of area closures farmers had been facing serious
erosion problems on their farmland and as result, they had losing large amount of their crop
land soils and cultivations. As the participants said, there is a wide range of difference in the
rate of soil erosion between those farm lands which are adjacent to exclosure areas and open
grazing land. About 77.78% of those respondents who owned their farmland adjacent to the
exclosure areas reported that erosion rate is very low since the restoration of vegetation in
the exclosure area. However, 91.67% those respondents where their farmland is adjacent to
open grazing land observed very high rate of erosion on their farmland (Table12). The
respondents observation was also confirmed by Abiy Tsteargachew, (2008) who had
conducted research on the rate of sheet erosion in the same area and reveled that sheet
erosion rate of Kelala free grazing land was (1.68mm/yr) significantly greater than the
adjacent Kelala exclosure area (0.37mm/yr) (P < 0.05). Similarly, he indicated that soil loss
by sheet erosion from the free grazing land was significantly greater when compared to
Kelala exclosure area. Totally, 5.2x10 -8 t/ha/yr and 2.5x 10 -7 t/ha/yr soil was lost from
Kelala exclosure and free grazing land respectively. As a consequence of high erosion rate
on those farmlands adjacent to the open grazing land, respondents have experienced very
low productivity on their farmland. Other researchers like Lester R. Brown and Edward C.
Wolf, (1984) who are authors of Soil Erosion: Quiet Crisis in the World Economy argued
that erosion affects crop production in two ways. “The loss of topsoil reduces the inherent
productivity of land, both through the loss of nutrients and degradation of the physical
structure,” as they explained. It also increases the costs of food production. When farmers
lose topsoil, they may increase land productivity by substituting energy in the form of
fertilizer. Hence, farmers losing topsoil may experience either a loss in land productivity or
a rise in costs of agricultural inputs. And if productivity drops too low or agricultural costs
rise too high, farmers are forced to abandon their land as a result may fail to work on the
basic source of their livelihood which is land.
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Table 12. Respondant`s reaction towards contribution of area exclosures in reduction of soil erosion
on their farm lands (N=80)
Frequency

Questions
Is your farmland adjacent to area closure?
Yes
No
What is the rate of erosion on your farmland?
Very low
Low
Moderate
High
What is the status of gully around your farmland?
Well stabilized
Moderately stabilized
Not stabilized
Is your farmland adjacent to Open grazing land?
Yes
No
What is the rate of erosion on your farmland?
Very high
High
Moderate
Low
What is the status of gully around your farmland?
Not stabilized
Moderately stabilized

Percent

45
35

56.25
43.75

35
8
2
0

77.78
17.78
4.44
0

37
8
0

82.22
17.78
0

12

15

68

85

11
1
0
0

91.67
8.33
0
0

12
0

100
0

Generally how do you compare the productivity of your farmland with farmland adjacent to closed area?
Very low
3
25
Low
9
75
Moderate
0
0
Source: Household survey

4.2.4.3Participation and perception of farmers on area closures
All of the respondents believe that population pressure and overgrazing are the major causes
of hillside vegetation degradation in the area. This is also confirmed by Tewolde-Berehan
G/Egeziaber, (1989) that many decades of cutting woody plants and uncontrolled grazing
left the central areas of the country`s hillsides devoid of vegetation. Significantly, a large
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proportion of the respondents (92.5%) stressed that the reason of area exclosures
establishment in their locally is to rehabilitate degraded land but the remaining few youths
groups believe it is established to restrict them from accessing large size of grazing and
farmlands. “The exclosure areas should be protected by the community” as 92.3% of the
respondents believed and only 7.7% of the sampled household responds that not only
community but also government should be involved in protection and management of the
exclosure areas.
The respondent’s attitude towards the existence of area exclosures in their locality is positive
(71.2%) because households are benefiting from products of exclosure areas in addition to
experiencing runoff reduction and gully rehabilitation and as result, yield has increased on
farmlands around the exclosure areas. Similarly,90% of the sampled households confirmed
that further introduction of area exclosures in the adjacent non closed areas should be
implemented as the main option in order to tackle the problem of land degradation in the
area. Natural vegetation cover observed to be increased according to 98.3% of the
respondents due to the closing of the area. As a result, some disappeared plant species like

Acacia spp, Dodonaea angustifolia, Carissa spinarum and animal species like hyena and
rabbits have started reappearing.

4.2.4.4 Access to area exclosures products.
Households having exclusive access rights to the restored area are those who are members
of area exclosure association and have full involvement. Community members are allowed
to harvest some forest products from the exclosures. The main forest products that
communities are allowed to harvest are thatching grass and medicinal plants through a
regulated access scheme. Livestock are also allowed to graze after periodic harvesting of
thatch/grass. Harvesting dead branches and trees for domestic energy and market supply is
also conducted by the nearest dwellers around the exclosure even though it is illegal.
Regulated cutting of mature trees for construction works such as kindergartens, public
schools, rural health posts, houses for disabled, aged people are additional benefits enjoyed
by local communities. Participants in the focus group discussions indicated that beside direct
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economic benefits, exclosures also provide environmental services such as microclimatic
regulation and soil conservation. Of the sampled households in the study area, 67.5% were
engaged in the collection of products from the exclosure area. This figure indicated that
large proportions of individuals in the study area have access to extraction of the exclosures
products either legally or illegally.

4.2.4.5 Gaps in maximizing the benefits of area exclosures.
Since the primary aim of exclosures has been ecological regeneration rather than economic
benefits, the existing forest management scheme has paid little attention to the socioeconomic attributes that condition sustainability in natural resource management in Ethiopia.
However, Ethiopia's rural environmental degradation is often driven by local household
environmental extraction and management choices (Bedru Babulo et al., 2009). As stated
above, the motivations behind the establishment of AEs were mainly regeneration and
biodiversity conservation. This assumption also observed in the study area where almost no
attentions have been given for the economic benefits of area exclosure since from its
establishment. For instance, the only benefit communities are gaining legally is grass/thatch
and or medicinal plants.
But still the community can benefit more products of area exclosure trough introduction of
beehives, and improved fodder species. According to experts from Rural Development and
Agricultural Office, there had been some efforts but were not satisfactory. For instance,
introduction of beehives in the area exclosure was once tried in the Old-Biyo exclosures but
failed due to management problems. And the experts added, “Area exclosures also lack a
clear and well-defined operational manual and do not have any channel to raise local
awareness and build community capacity”. In the other way, the community complained that
this office gives very little attention to the exclosure areas in the aspect of building their
capacity and strengthen the area closure associations. The other barrier not to benefit from
the exclosure areas was issues related to ownership and benefit sharing. Community
members were asked to specify key management problems under the current system.
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According to the participants, the current system is too weak to effectively prevent illegal
harvesters, as result, there is no equal benefit sharing among the community members.
Beside this, low incentive packages for guards, the nature of the resource system (for
instance, scale of exclosures are very large in size to monitor), weak rules, and ineffective
monitoring are mentioned as major challenges that have been barrier to fully benefit from
the exclosures in the area.
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5. Conclusion and Recommendations
5.1 Conclusions
The study generated evidence which demonstrated the potential role of exclosures in
enhancing the recovery of vegetation diversity on degraded lands of the study area. The
different floristic composition and species diversity observed in the exclosures and the
limited product income generated from exclosures enable to conclude that the establishment
of area exclosures in the degraded lands is a viable option for biodiversity conservation and
local livelihood contribution. Although there is no recorded data on original floristic
composition of the grazing land, this study provides evidence that the degraded grazing
lands have resilience to maintain vegetations of diversified floristic composition and could
serve as conservation sites if they are protected well and managed in a sustainable way.
Environmental rehabilitation and restoration trough area closure enables the community to
diversify their source of income. The revenue from the products (thatch, firewood, medicinal
plants) and reduced rate of erosion on and off sites of the exclosures due to the increment of
vegetation cover provides evidence that communities around the exclosures are gaining
benefits both in the form of products and services even if it was not satisfactory. This
implies that even with limited access of exclosure products, area exclosures products have
contributed to the local livelihood trough household income. Due to vegetation cover
increment, large gullies around the exclosures have stabilized and farmlands are now more
productive than earlier times. From management point of view, the exclosures require much
attention from all concerned bodies: the inadequate benefit gain from the exclosure products,
the fragmented farm and grazing land size, population size increment, lack of concern from
the government, and other similar factors might force the communities not to keep the sites
sustainably in the future.
Ecological restorations trough natural regenerations may need interventions in the
management to maintain and diversify the outcomes from the interaction of environmental
components. However in the study area, especially in the old exclosure regardless of its age,
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nearly no management interventions have been taken place, and as result people are
complaining about the reduction of quantity of some products like grass/thatch.

5.2Recommendations
Based on the major findings of the study the following recommendations are forwarded.
¾ The success in maintaining these exclosures with conservation of diversified vegetation

compositions highly depends on locally-specific and community-based management
systems, including maximizing the benefits to the local communities in the form of both
products and services. Hence for addressing the problem successfully, siliviculture and
enrichment planting should be implemented by the concerned bodies: namely government,
non-governmental organizations, researchers, extension workers, administrative bodies,
and local people.
¾ Even though the communities are getting benefit from the exclosures, they are

complaining that they are not satisfactory with the current quantity especially in terms of
fodder and other products. For instance they are only allowed to access grass for their
livestock once in a year. Therefore in order to increase productivity of the exclosures,
practices such as introduction of adequate forage plantations and beekeeping is necessary.

¾ The area exclosures constitutes much more enough bee forage species like Acacia

seyal,Acacia tortolis,Acacia negri,Biden spp,otostegia integrifolia and schinus molle. To
use this opportunity, early introduction of beekeeping practice in the area is ideal and
requires small finical and technical efforts to implement which could result with high
benefit return.
¾ Building the communities capacity trough provision of adequate training and experience

sharing visit of similar areas in the country could be better way of promoting area closure
as a strategy of improving the overall ecological conditions of degraded lands. In addition,
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different interventions like tree management such as pruning should be implemented as it
could be used as a source of fuel wood for local people and could make the woody plants
more productive mainly in the old closed area.
¾ Total exclusion of the exclosures may not be advantageous and sustainable; instead,

designing and implementing strategic grazing systems that are neutral or even
complementary to biodiversity in area closures are acceptable. The strategic grazing
should be implemented with consideration of selection of time of grazing, types and
number of livestock species, and the rate and nature of change in vegetation cover.

65

References
Aalbaek , A. (1993) Seed Zone of Ethiopia and Eritrea. National Tree Seed Project, Addis
Abeba. 78pp.
Abiy Testeargachew (2008) Area closure as a strategy for land management. A case at
Kelala Dalacha enclosure in the central Rift Valley of Ethiopa.Msc thesis Addis
Ababa University,Adiss Ababa 96p.
ACES (Alabama Cooperative Extension System). (1995). Agriculture and Natural
Resources Water Quality: Controlling Non-Point Source Pollution Soil
Management to Protect Water Quality Cropping and Non-Structural Agronomic
Practices for Soil Management. Alabama, USA.
Ada’a-WoredaOoARD (Office of Agriculture and Rural Development).(2004). Ada’a
Woreda Office of Agriculture and Rural Development Report. Ada’a woreda,
Debre Zeit, Ethiopia .Unpublished Report.
ADB (AsianDevelopmentBank) (2001).Participatory Poverty Assessment in Cambodia,
AsianDevelopmentBank.Availableonlineathttp://www.adb.org/Documents/Books/
Participatory _Poverty/default. asp
Ahmed, Bashir ( 2003) Soil condition and vegetation cover in human impacted rangelands
of Jijiga, Somali Regional State. MSc. Thesis Presented to the School of Graduate
Studies of Alemaya University, Alemaya. 108p.
Alemayehu Wasie (2002) Opportunities, constraints and prospects of the Ethiopian
Orthodox Tewahido Churches in conserving forest resources: the case of churches
in south Gonder, Northern Ethiopia. Masters thesis, Swedish University of
agricultural Sciences Faculty of Forestry, Sweden.
Alemneh Djene. (1992) Environment, Famine and Politics in Ethiopia: A View from the
Village, Lynne Rienner, London.
Alemu Taddese( 1982) Grassland composition and current feeding systems in Nekemite
Awraja. An MSc. Thesis Presented to the School of Graduate Studies of Addis
Ababa University, Adiss Ababa 92p.
Allen-Rowlandson, T (1989) A new approach to wildlife conservation in Ethiopia and its
relevance to the control of desertification. In: Wii, D. Verwey. (Ed.), Nature
Management and Sustainable Development (pp. 307_315). IOS, Amsterdam.
Amsalu Sisay (2000)Herbaceous species composition, dry matter production and condition
of the major grazing areas in the mid rift valley of Ethiopia. An MSc. Thesis
Presented to the School of Graduate Studies of Alemaya University, Alemaya. 78p.
Angelsen ,A. and Wunder ,S. (2003), Exploring the Forestry-Poverty Link: Key Concepts,
Issues and Research Implications. CIFOR Occasional Paper No. 40. Center for
International Forestry Research, Bogor, Indonesia.
Aronson J, Floret C, LeFloc’h E, Ovalle C and Pontanier R. (1993). Restoration and
rehabilitation of degraded ecosystems in arid and semiarid regions. I. A view from
the South. Restoration Ecology 1: 8-17.
Assefa Kuru (1990) Roots of deforestation and problems in Ethiopia. pp. 71-79. In: Palo,
M.
Ayana Angassa(1999) Range condition and traditional grazing management in Borana
Ethiopia. An MSc. Thesis Presented to the School of Graduate Studies of Alemaya
University, Alemaya, Ethiopia. 73p.
66

Baars, R.M.T., Chileshe E.C. and Kalokoni D.M. (1997). Technical note: range condition in
cattle density areas in the western province of Zambia. Tropical Grassland, 31:
569-573.
Badege Bishaw and Abdu Abdelkadir (2003)Agro-forestry and community forestry for
rehabilitation of degraded watersheds on the Ethiopian highlands. International
symposium on contemporary development issues in Ethiopia, July 11-12, 2003,
Addis Ababa, Ethiopia,pp.3-13.
Badege Bishaw (2005) Agroforestry and Community Forestry for Rehabilitation of
Degraded Watersheds on the Ethiopian Highlands College of Forestry, Oregon
State University, Corvallis, Oregon 97331, U.S.A
Barbier, E.B. (1999) The economics of land degradation and rural poverty linkages in
Africa. In: Proceedings of the UNU/INRA Annual Lectures on Natural Resource
Conservation and Management in Africa. United Nations University Press,Tokyo.
Bedru Babulo, Bart Muys, Fredu Nega , Eric Tollens ,Jan Nyssen , Jozef Deckers, Erik
Mathijs (2008) Household livelihood strategies and forest dependence in the
highlands of Tigray, Northern Ethiopia Agricultural Systems science direct 98
(2008) 147–155 Elsevier Ltd.
Bedru Babulo, Erik Mathijs, Bart Muys, (2010) Assessing the sustainability of forest
management: An application of multi-criteria decision analysis to community
forests in northern Ethiopia. Journal of Environmental Management 91 (2010)
1294-1304Elsevier Ltd.
Bendz, M.(1986).Hill side closures in Wello. Ethiopian Red Cross Society Mission Report,
Vaxjo,Sweden.
Berry, L. (2003). Land degradation in Ethiopia: Its extent and impact. Commissioned by the
GM with World Bank support.
Betru Nedessa, Jawad Ali and Nyborg I (2005) Exploring ecological and socio-economic
issues for the improvement of area enclosure management a case Study from
Ethiopia. DCGreport No. 38, May 2005, pp.3-30.
Bezuayehu Tefera, Gezahegn Ayele, Yigezu Atnafe, M.A. Jabbar and Paulos
Dubale.(2002)Nature and causes of land degradation in the Oromiya Region: A
review Socio-economic and Policy Research Working Paper 36.International
Livestock Research Institute Addis Ababa,Ethiopia.
Brooks, K.N., Ffolliot, P.F., Gregerson, H. M. and Thame, J.L .(1991) Hydrology and the
management of watersheds. Iowa University press.
Burel F, Baundry J. (1995). Species biodiversity in changing agricultural landscapes: a case
study in the Pays d’Ange, France. Agriculture Ecosystem and Environment 55:
1993–2000.
Chamshama, S. A. O. and Nduwayezu, J. B. (2002). Rehabilitation of degraded sub-humid
lands in Sub-Saharan Africa: A synthesis. Sokoine University of Agriculture,
Morogoro, Tanzania, pp.3-35
CIA (2001). The World FactbookEthiopia http://www.cia.gov/cia/ publications/fact
book/geos/et.html.
Convention on Biological Diversity (CBD). (1992). Convention on Biologica Diversity,
available at: www.biodiv.org/ (accessed 25 May 2010).
67

CSA (Central statistics Office) (1985 ).Report on the Result of the 1981 Demographic
Survey,Statisical Bulletin46.Addiss Ababa:Cental Stastistical Office Ethiopia.
CSA (Central Statistical Authority) (1990). Population and Housing Census of Ethiopia
Vol. I: Part I, statistical report on population size and characteristics. Addis Ababa,
Ethiopia, p. 39.
CSA (Central Statistical Authority) .(1999). Summary reports on the 1999 population and
housing census of Ethiopia. Various statistical abstracts, Addis Ababa, Ethiopia.
p280.
Demel Teketay (1992) Human impact on a natural montane forest in southeastern Ethiopia,
Mountain Research & Development, Volume 12, Issue 4, 1992, Pages 393-400
Dereje Asefa , G. Oba, R. B. Weladji, and J. E. Colman ( 2003) An assessment of restoration
of biodiversity in degraded high mountain grazing land in northern Ethiopia. Land
Degradation and Development 14: 25–38.
Descheemaeker, K., B. Muys, J. Nyssen, J. Poesen, D. Raes, M. Haile, J. Deckers.
(2006).Litter production and organic matter accumulation in exclosures ofthe
Tigray highlands, Ethiopia. Forest Ecology and Management 233:21–35.
Dissmeyer, G. E., and G. R. Foster. (1984) A Guide for Predicting Sheet and Rill Erosion on
Forest Land. U.S.D.A. Forest Service, Southern Region, Atlanta, Georgia.
Drwonko Z, Loster S. (1998). Dynamics of species richness and composition in a limestone
grassland restored after tree cutting. Journal of Vegetation Science 9: 387–394.
Duelli P. (1997). Biodiversity evaluation in agricultural landscapes: an approach at two
different scales. Agriculture Ecosystem and Environment 62: 81–91.
EC (European Community) (2001). Country Strategy Paper and Indicative Program for the
Period 2002-2007, Brucels.
Ediyo Mieso (2005) Assessment of plant biomass in area closure at Tonqua abergelle
Woreda in Central Tigray Ecological Rehabilitation of Degraded dry land Forest
Project.
Emiru Birhane(2002) Actual and potential contributions of enclosures to enhance
biodiversity in drylands of eastern Tigray, with particular emphasis on woody
plants. M.Sc.Thesis. SLU, Sweden.
EFAP (Ethiopian Forestry Action Program) (1994) Ethiopian forestry action program:
synopsis report. Transitional government of Ethiopia, Ministry of natural resources
developmentand environmental protection. Addis Ababa, Ethiopia.
EFAP, (Ethiopian Forestry Action Program) (1993) Ethiopian Forestry Action Program: The
Challenges for Development, Vol. 2., Addis Abeba, Ethiopia. Ministry of Natural
Resources Development and Environmental Protection.
Emiru Birhane(2002) Actual and potential contributions of enclosures to enhance
biodiversity in drylands of eastern Tigray, with particular emphasis on woody
plants. M.Sc. Thesis. SLU, Sweden.
Ensermu Kelbessa, Sebsebe Demissew, Zerihun Woldu and Edwards, S. (1992) Some
threatened endemic plants of Ethiopia In: (Sue Edwards and Zemede Asfaw
eds),Botany 2000: East and Central Africa. NAPRECA Monograph Series No. 2.,
PP. 35-55.
EPA(Environment Protection Authority) and MEDAC (Ministry of Economic Development
and Cooperation) .(1997). The Conservation Strategy of Ethiopia. Volume I. The
68

Resource Base, its Utilization and Planning for Sustainability. Addis Abeba,
Ethiopia.
EWNHS(Ethiopian Wildlife and Natural History Society) .( 1996). Important Bird Areas of
Ethiopia. Semayata Press, Addis Ababa, 300 p.
Falconer, J. (1990). The major significance of minor forest products Examples from West
Africa. Appropriate Technology, 17(3), 13–16.
FAO (Food and Agricultural Organization) (1984) Ethiopian highlands reclamation study
(EHRS). FinalReport, Vols. 1–2, Rome.
FAO (Food and Agricultural Organization) (1985). Tree Growing by Rural People. FAO,
Forestry Paper 64. FAO, Rome
FAO (Food and agriculture organization of the United Nations) (1986), Ethiopia, Highland
Reclamation study final report, volum 1. FAO, Rome, 334 pp.
FAO(Food & Agricultural. Organization) (1993). Forest resources assessment 1990.Tropical
countries. FAO Forestry paper series 112. FAO, Rome. 59 p.
FAO(Food and Agriculture Organization of the United Nations) (1995). Planning for
sustainable use of land resources. Towards a new approach. FAO Land and Water
Bulletin, No. 2.
FAO (Food and Agriculture Organization) (1999). Tropical forest management techniques:
A review of the sustainability of forest management practices in tropical countries
working paper: FAO/FPIRS/04 prepared for implementation review and strategy
by B. Dupuy, H63 F Maitre and I Amsallem, CIRAD, FAO Forestry policy and
planning Division. Rome, Italy.
FAO (Food and Agriculture Organization) (2001). News & highlights: Forestry forum
spotlightspoverty alleviation. Rome, Italy.
Fisher, M., (2004). Household welfare and forest dependence in Southern Malawi.
Environment and Development Economics 9 (2), 135–154.
Forester, H. (2002). Guidelines for the Development of Management Plans for Area
Closures in Tigray. Bureau of Agriculture and Natural Resources. Tigray, Ethiopia.
Frommann, B. and S. Persson, (1974). An illustrated guide to the grasses of Ethiopia CADU
(Chilalo Agricultural Development Unit). Assela, Ethiopia.
Hammer, B., Harper, D.A.T. and Ryan, P.D. (2001). PAST: Palaeontological Software
Package for Education and Data Analysis. Palaeontologica Eloctronica. 4(1): 9.
Hammond, L. (2001). Lessons Learned Study: Ethiopia Drought Emergency 1999–
2000.Commissioned by USAID/Food and Humanitarian Assistance. Addis Ababa:
USAID.
Hawando, T. (1989). Increasing agricultural production in Ethiopia through improved soil,
water and Crop management practices. In: Towards a Food and Nutrition Strategy.
The Proceedings the National Workshop of Food Strategies of Agriculture, 243–
275.
Hawando, T. (1995). The survey of the soil and water resources of Ethiopia. UNU/Toko.
Hiernaux, P. (1998) Effects of grazing on plant species composition and spatial distribution
in rangelands of the Sahel. Plant Ecol. 138, 191–202.
Higgs, Eric S. (1997). What is Good Ecological Restoration? Conservation Biology11(2):
338-348.
69

Hobbs RJ, Harris JA. (2001) Restoration ecology: repairing the earth’s ecosystems in the
newmillennium. Restoration Ecology 9: 239–246.
Hobbs, R. J., and D. A. Norton. (1996). Towards a conceptual frameworkfor restoration
ecology. Restoration Ecology 4:93–110.
Huntly, B.J. (1988). Conserving and monitoring biotic diversity: Some African examples.
In:Wilson, E.O. and Peter F.M. (eds.). Biodiversity. National Academy Press,
Washington, D.C., pp. 248-260.
Hurni, H. (1988). Degradation and conservation of soil resources in Ethiopian highlands.
Mountain research and development No. 8, pp. 123-130.
Hurni, H. (1990). Degradation and conservation of the resources in the Ethiopian Highlands.
Mountain Research and Development 8: 123–130.
GACGCS (German Advisory Council on Global Change Secretariat) (2005). Development
needs environmental protection: Recommendations for the Millennium +5 Summit,
Policy Paper No. 4, Berlin, Germany
Getachew, Mamo, Sjaastad, E., Vedeld,P.,(2007). Economic dependence on forest
resources: a case from Dendi district, Ethiopia. For. Policy Ecol. 9 (8), 916–927.
Gete Zeleke, Hurni H. (2001) Implications of land use and land cover dynamics for
mountain resource degradation in the northwestern Ethiopian highlands. Mountain
Research and Development 21(2):184–191.
Grainger, A. (1982) Desertification: how people make deserts, how people can stop, and
why they don't. London. Int. Inst. for Environ. and Develop.
ILO, (2002). http://www.ilo.org Accessed date April20, 2010
IPMS (Improving Productivity and Market Success) (2004.) Ada’a-Liben Woreda pilot
learning site diagnosis and program design. ILRI (International Livestock
Research Institute), Addis Ababa, Ethiopia.
Jabbar, M. A., Ahmed, M., Benin, S., Berhane Gebremedhin and Ehiu S. (2002) Livestock,
Livelihood and land management issues in the highlands of Ethiopia, International
Land and Resource Institute. Addis Ababa, Ethiopia.
Kebrom Tekele. (1998) Ecological rehabilitation of degraded hill slopes in Southern Welo,
Ethiopia. Ph.D. Dissertation, Uppsala University, Uppsala.
Kebrom Tekle, Backéus, I., Skuglund, J. and Zerihun Woldu. (1997) Vegetation on Hill
slopes
of Wello. Ethiopia: Degradation and regeneration. Nord. J. Bot. 17(5)
483-493.
Kent, M. and Coker, P.(1992) Vegetation Description and Analysis. A Practical Approach.
Belhaven Press, London Pp.351.
Kidane Giday,(2002) Woody Biomass Estimation in Community Managed Closure areas in
Tigray: contribution in sustainable management. Sweden SLU MS Thesis, with
WGCF in Ethiopia.
Kindeya Gebrehiwot (1997) Area enclosures as an approach in the management of dryland
biodiversity: a case study in Tigray region, northern Ethiopia. Proceedings of the
Workshop on management of Dryland Biodiversity. 30 July – 1 August, 1997,
Nairobi, Kenya.
Kindeya Gebrehiwot (2004) Dryland agro-forestry strategy for Ethiopia. Mekelle, Tigray,
Ethiopia, pp.1-20.
70

King, S.L.Keeland, B.D.(1999) Evaluation of reforestation in the Lower Mississippi River
Alluvial Valley. Restoration Ecology. 7: 348-359
Krebs, C.J. (1999) Ecological methodology. 2nd edition. University of British Colombia,
Harper
Kruse, B. S., and J. W. Groninger.( 2003) Vegetative characteristics of recently reforested
bottomlands in the lower Cache River watershed, Illinois, U.S.A. Restoration
Ecology 11:273–280.
Le Houerou HN (2000) Utilization of fodder trees and shrubs in the arid and semiarid zones
of west Asia and north Africa. Arid soil Res. and Rehabilitation. 14: 101-135.
Legesse Negash (1993) Investigation on the germination behavior of wild olive seeds and
the nursery establishment of the germinant. SINET: Journal of scince16:71-81
Lester R,Brown and Edward C, Wolf. (1984) Soil erosion:Quiet Crisis in the World
Economy Washington, D.C.: World watch Institute paper 60, c1984. 49 p.
MacMahon.J.A (1998) Empirical and theoretical ecology as a basis for restoration: an
ecological success story. In successes, Limitations, and Frontiers in Ecosystem
science, eds.M.L.Pace & P.M. Groffman.New York:Springer-verlag.
Maginnis, S. and Jackson, W. (2003) The pole of planted forests in forest landscape
restorationUNFF inter-sessional experts meeting on the role of planted forests in
sustainable forest management. New Zealand, 25–27 March 2003, pp.88-96.
Magurran, A. E. (1988) Ecological diversity and its measurement. Chapman and Hall,
London.
Maheshwar DHAKAL and Misa MASUDA (2008) Role of participatory forest management
in rural livelihood improvement: a case of Nawalparasi district, Nepal Graduate
School of Life and Environmental Sciences, University of Tsukuba, Japan.
Malik, S.J., (1999) Rural poverty and land degradation: what does the available literature
suggest for priority setting for the Consultative Group on International Agricultural
Research? Report prepared for the Technical Advisory Committee of the CGIAR,
Vienna, Virginia.
McCoy, E. D., and H. R. Mushinsky (2002) Measuring the success of wildlife community
restoration. Ecological Applications 12:1861–1871.
MEA (Millennium Ecosystem Assessment) (2005) Ecosystems and Human Well-Being:
Policy Responses. Volume 3, Ch. 8. Island Press, Washington, DC.
Medhin Zewdu (2002) Sustainable development in Ethiopia: Report of assessment of
activities and issues relevant to the review process of the Earth Summit 2002 in
Ethiopia for Heinrich Boell Foundation, Institute of Biodiversity Conservation and
Research. Addis Ababa, Ethiopia, pp. 6-25.
Mekuria Argaw, Demiel Teketay ,Olsson,M.(1999) Soil seed flora, germination and
regeneration pattern of woody species in an Acacia woodland of Rift Valley in
Ethiopia. Journal of Arid Environment 43,411-435.
Melaku Girma, Shifa Ballo, Azage Tegegne, Negatu Alemayehuand Lulseged Belayhun.,
(2008) Approaches methods and processes for innovative apiculture development:
Experience from Ada’a-Liben Woreda, Oromia Regional State,Ethiopia Working
Paper No. 8 International Livestock Research Institute.

71

Mersie Ejigu (2004) Environmental security and conflict: the quest for sustainable peace and
development in Africa. A summary of the main report of the PAES four-country
study: findings, conclusions and recommendations. Series Paper No. 84, pp. 5-20.
Mery, G.(1978)Deforestation or Development in the Third World? Vol. II. Finnish Forest
Research Institute, Helsinki.
Million Bekele (2001)Forest finance: The forest revenue system and government
expenditure on forestry in Ethiopia. Ministry of Agriculture, Addis Ababa,
Ethiopia, pp.5-25.
Mitiku Haile, Kindeya Gebrehiwot (2001) Local initiatives for planning sustainable natural
resources management in Tigray, northern Ethiopia. Ethiopian Journal of Natural
Resources 3, 303.326.
Mulat Demeke, Fantu Guta and Tadelle Ferede (2004)Agricultural development in Ethiopia:
Are there alternative to food aid? Addis Ababa, Ethiopia, pp.12-62.
Muluberhan Hailu, Gufu Oba1, Ayana Angass and Robert B. Weladji.(2006)The role of
area enclosures and fallow age in the restoration of plant diversity in northern
Ethiopia. Blackwell Publishing Ltd, Afr. J. Ecol., 44, 507–514
Mulugeta Lemenih(2004) Effects of land use changes on soil quality and native flora
degradation and restoration in the highlands of Ethiopia. Doctoral Dissertation of
forest soils, SLU. Acta Universitatis Agriculturae sueciae. Silvestria Vol. 306, pp.
3-16.
Mwalyosi, R.B.B. (2000) Vegetation changes following land reclamation in the Kondoa
Eroded Area, central Tanzania. Afr. J. Ecol. 38, 265–268
Myers, N. (1980) Conversion of Moist Tropical Forests: Report for the Committee on
Research Priorities in Tropical Biology of the National Research Council.
Washington, DC Nat\. Acad. Sci.
Nichols, O. G., and F. M. Nichols ( 2003) Long-term trends in faunal recolonization after
bauxite mining in the jarrah forest of southwestern Australia. Restoration Ecology
11:261–272.
Oba G.,Stenseth N.C. and Lusigi W.J.,(2000) New perspectives on sustainable grazing
management in arid zones of Sub-Saharan Africa. Bioscience 50: 35–51.
Oba, G., Vetaas, O.R. & Stenseth, N.C. ,(2001) Relationships between biomass and plant
species richness in arid-zone grazing lands. J. Appl. Ecol. 38, 836–845.of Illinois
Press, Urbana, Illinois.
Oldeman, L.R., van Engelen, V.W.P., Pulles, J.H.M., (1990) Extent of human-induced soil
degradation. In: Oldeman, L.R., Hakkeling, R.T.A., Sombroek, W.G. (Eds.), World
Map of the Status of Human-induced Soil Erosion: An Explanatory Note, 2nd
Edition, Annex 5. International Soil Reference and Information Centre,
Wageningen, The Netherlands.
Palik BJ, Goelbel PC, Kirkman LK, West L. (2000) Using landscape hierarchies to guide
restoration of disturbed ecosystems. Ecological Applications 10: 189–202.
Passell, H. D. (2000) Recovery of bird species in minimally restored Indonesian thin strips
mines. Restoration Ecology 8:112–118.
Peters, MC (1996): The ecology and management of non-timber forest products. World cup
technical paper no. 322. Washington D.C.
72

Pinstrup-Andersen, P., Pandya-Lorch, R., Rosegrant, M., (1997) The world food situation:
recent developments, emerging issues, and long-term prospects. 2020 Vision Food
Policy Report, International Food Policy Research Institute, Washington.
Purcell, A. H., C. Friedrich, and V. H. Resh. 2002. An assessment of a small urban stream
restoration project in northern California. Restoration Ecology 10:685–694
Reardon, T., Vosti, S.A., 1995. Links between rural poverty and the environment in
developing countries: asset categories and investment poverty. World Development
23 (9), 1495–1506.
Reay, S. D., and Norton D. A. (1999) Assessing the success of restoration plantings in a
temperate New Zealand forest. Restoration Ecology 7 (3):298-308.
Reddy, S.R., Chakravarty, S.P., (1999) Forest dependence and income distribution in
subsistence economy: evidence from India. World Dev. 27 (7), 1141–1149.
Reusing M .(1998) Monitoring of Forest Resources in Ethiopia. Ministry of Agriculture,
Addis Abeba.
Rhoades, C. C., G. E. Eckert, and D. C. Coleman. (1998) Effect of pastures trees on soil
nitrogen and organic matter: implications for tropical montane forest restoration.
Restoration Ecology 6:262–270.
Rietkerk M, van den Bosch M and van de Koppel J., (1997) Site-specific properties and
irreversible vegetation changes in semi-arid grazing systems. Oikos 80: 241-252.
Salim, E. (1999) our forests our future: Summary report of the world commission on forest
and sustainable development. Manitoba, Canada, pp. 6-34.
Sayer, A.J. Harcourt, S.C. and Collins, M.N. (1992). The conservation atlas of tropical
forests Africa. IUCN, Cambridge, UK. 288 p.
Scholes R.J. and Archer S.R. (1997)Tree-grass interactions in savannas. Annu. Rev Ecol.
Syst. 28, 517-544
Shannon, C. I. and Wiener, W. (1949).The Mathematical theory of communication.
University of Illinois Press, Urbana, Illinois.
Salinas, M. J., and J. Guirado. (2002). Riparian plant restoration in summerdryriverbeds of
southeastern Spain. Restoration Ecology 10:695–702.
Seifu Kebede (1999)Hydrology and hydrochemistry of Bishoftu crater lakes(Ethiopia):
Hydrological, hydrochemical and oxygen isotope modeling.M.Sc. Thesis, Addis
Ababa University, Addis Ababa.
SER(Societyfor Ecological Restoration) Science&PolicyWorking Group.( 2004).The SER
International Primer on Ecological Restoration (available from http//www.ser.org)
accessed in May 2010. Society for Ecological Restoration International, Tucson,
Arizona.
SERI (The Society for Ecological Restoration International) (2004) Society for ecological
restoration international science and policy working group. (Version 2: October,
2004). Suite 1 Tucson, Arizona, U.S.A.
Shackleton, C.M., Shackleton, S.E. (2004) The importance of non-timber forest products in
rural livelihood security and as safety nets: a review of evidence from South
Africa. South African Journal of Science 100, 658–664.
Shankar-Raman, T. R. and Mudappa, D. (2006) The role for ecological restoration in
conservation of biological diversity. Chennai, Tamil Nadu, pp.4-36.
73

Shibru Tedla and Martha Gebre 1995. Biodiversity Management in Ethiopia. Regional
Workshop on Biodiversity Management in Africa: Creating National Systems of
Conservation and Innovation.
Shimizu, T. (2006) Assessing the access to forest resources for improving livelihoods in
West and Central Asia countries: In Food and Agriculture Organization of United
Nations Livelihood Support Program working paper 33, Access to Natural
Resources Subprogram,pp. 5-21.
Shyamsunder,P.(2002) Poverty-environment indicators. World Bank Environment
Economics.
Singh, J. S. and Singh, S. P. (1992) Forests of Himalaya: Structure, functioning and impacts
ofman. Gyanodaya Prakashan, Nainital.
Tadesse Woldemariam (2003) Vegetation of the Yayu Forest in SW Ethiopia: impacts of
human use and implications for in situ conservation of wild Coffea arabica L.
populations. Center for Development Research, University of Bonn.
Tadesse Woldemariam, Demel Teketay, Denich M and Thomas B., (2001) Diversity of
traditional coffee production systems in Ethiopia and their contribution to the
conservation of coffee genetic diversity. pp 1-11. In: Anonymous (ed.) Proceedings
of the Conference on International Agricultural Research for Development.
Deutscher Tropentag-Bonn, Bonn.
Tadesse Woldemariam, Denich M, Demel Teketay and Vlek PLG., (2002) Human impact
on the Coffee arabica gene pool in Ethiopia and the need for its in situ
conservation. pp 237-247. In: Managing Plant Genetic Resources. (Engels,
J.M.M., Brown, A.H.D. and M.T. Jackson (Eds) CAB International, Wallington.
Tamene Yegezu (1990) Population dynamics of the problem shrubs: Acacia drepan, A.
lobium and A. brevispica in the southern rangelands of Ethiopia. An M Sc. Thesis
Presented to the School of Graduate Studies of Addis Ababa University, Addis
Ababa, Ethiopia. 115p.
Tamrat Bekele, (1994) Studies on remnant Afromontane forests on the Central Plateau of
Shewa, Ethiopia. Ph.D. Dissertation, Uppsala University, Uppsala.
Tefera Mengstu ( 2001) The role of enclosures in the recovery of woody vegetation in
degraded dry land hillsides of central and northern Ethiopia, Sweden MSc Thesis,
SLU with WGCF in Ethiopia
Tefera Mengistu, Demel Teketay , Hulten H. and Yonas Yemshaw(2004) The role of
enclosures in the recovery of woody vegetation in degraded dryland hillsides of
Central and Northern Ethiopia. Forestry Research Center, Addis Ababa, Ethiopia
Tefera Mengistu, Demele Teketay, Hulten H. and Yonas Yemishaw (2005) The role of
communities in area closure management in Ethiopia. Mountain Research and
Development. 25 (1): 44-50.
Tesfaye Mebratu(2002) Environmental rehabilitation efforts in IFSP-Shire supported
Woredas (Districts), lessons learnt and recommendations: enclosures. In: Teketay,
D. and Yemshaw, Y., Editors, 2002. Proceedings of the Fourth Annual Conference
of Forestry Society of Ethiopia, Addis Abeba, pp. 38–50.
Tewoldeberhan Gebre Egziabher(1989)The Environmental variables which led to the
ecological crisis in Ethiopia. Coenoses 4:61–67.
74

Tewolde Brhane Gebre Egziabher(1990) Diversity of Ethiopian flora. In: plant Genetic
resources of Ethiopia (Engles, J. M. M., Hawkes, J. G. and Melaku Worede, eds.)
pp. 75-81. Cambridge University Press, Cambridge.
Thomas, I. and Milliom Bekele(2002) Government of Republic of Ethiopia and FAO
Netherlands partnership program support to sustainable forest management in low
forest cover countries: Role of planted forests and trees outside forests in
sustainable forest management. 27 March - 23 April, 200, Addis Ababa, Ethiopia.
Turner, I.M. and Corlett, R.T. (1996). The conservation value of small, isolated fragments of
lowland tropical rainforest. Trends in Ecology and Evolution 11: 330-333.
Uitto, J.I. and W. Manshard (1993) Sustainable environmental and resource management
futures for Sub-Saharan Africa. GeoJournal 31(1): 105-6.
UNDP(Unite Nation Development Program) (2008) Human Development Report,
WWW.undp.org.
UNEP [United Nations Environmental Program],( 1992)Studies Requested by General
Assembly Resolution 44/172 on the Implementation of the Plan of Action to
CombatDesertification.ReportoftheSecretaryGeneral.http://www.na.unep.net/des/d
esfintoc.php3; accessed on May 2010.
UNESCAP (United Nations Economic and social Commission for Asia and the Pacific)
(1997). Guidelines and manual on land-use planning and the practice in watershed
management and disaster reduction. Woocheon small watershed development
Project, Haeng Sung County, Gongwon Province, Republic of Korea (courtesy of
Farmland Rearrangement Division, Ministry of Agriculture and Forestry, Republic
of Korea), pp.18-43.
Urbanska, K. M., N. R. Webb, and P. J. Edwards., (1997)Why restoration? Pages 3–7 in K.
M. Urbanska, N. R. Webb, and P. J. Edwards, editors.Restoration ecology and
sustainable development. University Press, Cambridge, United Kingdom.
Van Andel J and Aronson J (Eds) (2005) Restoration Ecology: The New Frontier. Oxford:
Blackwell Publishing.
Vander M.(1979) Transformation of cover-abundance values in phytosociology and its
effect on community similarity. Vegetation 39: 97-114.
van Aarde, R. J., S. M. Ferreira, J. J. Kritzinger, P. J. van Dyk, M. Vogt, and T. D.
Wassenaar. (1996) An evaluation of habitat rehabilitation on coastal dune forest in
northern KwaZulu-Natal, South Africa. Restoration Ecology 4:334–345.
WACOT.(2007)Area closure for rehabilitation, at Bilate River catchments, Alaba S.Ethiopia
Walters, B. B. (2000) Local mangrove planting in the Philippines: are fisherfolk and
fishpond owners effective restorationists? Restoration Ecology 8:237–246.
Warner, k .McCall, E. and Garner.S. (2008)The Role of NTFPs in Poverty Alleviation and
Biodiversity Conservation Proceedings of the international workshop on the theme
in Ha Noi, June 2007 February, 2008 Ha Noi, Viet Nam.
WCMC(World Conservation Monitoring Center) (1992) Global Biodiversity: A status of the
earth’s living resources. World Conservation Monitoring Center. Chapman and
Hall, London
Weiermans, J., and R. J. van Aarde. (2003)Roads as ecological edges for rehabilitating
coastal dune assemblages in northern KwaZulu-Natal, South Africa. Restoration
Ecology 11:43–49.
75

Wendwessen Girmay(2009 )Area closure as a Strategy of Biodiversity Conservation and
Degraded Land Rehabilitation: The Cases of Gubo and Ninikotto, North Wello.
MSc Thesis summated to Adiss Ababa University.Adiss Ababa.
Wild, A. (1993). Soils and the environment: An introduction. Cambridge University, pp. 4085.
Wilkins, S., D. A. Keith, and P. Adam., (2003) measuring success: evaluating the restoration
of grassy eucalypt woodland on the Cumberland Plain, Sydney, Australia.
Restoration Ecology 11:489–503.
Wolde Mekuria, E. Veldkamp, Mitiku Haile, J. Nyssen B. Muys and Kindeya Gebrehiwot (
2007) Effectiveness of exclosures to restore degraded soils as a result of
overgrazing in Tigray, Ethiopia. Jornal of Arid Environment. Vol. 69, pp. 270284.
World Bank (2000) The World Bank Group Countries: Ethiopia. Washington, D.C.
http://www.worldbank.org/afr/et2.htm.
World Food Program/Ministry of Agriculture (WFP/MoA) (2002) Impact assessment of the
ETH-2488/MERET Project (Interim Report). Ministry of Agriculture. Addis
Ababa, Ethiopia.
WRI (World Resource Institute) (1985) Tropical Forests: A call for Action. Report of a Task
Force of WRI, World Bank and United Nations development Programme WRI.
Washington.
WRI(World Resources Institute) (1992) World Resources 1992–1993. Oxford University
Press, New York.
Zerihun Woldu, Mesresha Fetene and Asferachew Abate (1999) Vegetation under different
tree species in Acacia woodland in the Rift Valley of Ethiopia. SINET:
Ethiop.J.Sci. 22: 235- 252, Faculty of Science Addis Ababa, Ethiopia.

76

Appendices
Annex.1List of Plant species recorded in the study area.

S.No

Botanical Name

Family

1

Abutilon figarianum Webb.

Malvaceae

shrub

2

Acacia etabica Schweinf.

Fabaceae

Tree

3

Acacia abyssinica Hochst.ex.Benth.

Fabaceae

Tree

4

Acacia lahai Steud.S.Hochst.ex.Benth.

Fabaceae

Tree

5

Acacia albida Del.

Fabaceae

Tree

6

Acacia negrii Pic.-Serm.

Fabaceae

Tree

7

Acacia saligna (Labill)Wendl.

Fabaceae

Tree

8

Acacia tortilis (Forssk.)Hayne.

Fabaceae

Tree

9

Achyranthes aspera L.

Amaranthaceae

Herb

10

Albizia schimperiana Oliv.

Fabaceae

Tree

11

Andropogon schirenis Hochst.ex.A.Rich.

Poaceae

Grass

12

Arthraxon prionodes (Steud.)Dandy.

Poaceae

Grass

13

Asparagus africanus Willd.

Asparagaceae

Woody climber

14

Balanites aegyptiaca (L.) Del.

Balanitaceae

Tree

15

Biden prestinaria (Sch.Bip.) Cufod.

Asteraceae

Herb

16
17

Bidens sp.
Bothrichloa insculpta (Hochst.ex.A.Rich)A.Camus.

Asteraceae
poaceae

Herb
Grass

18

Brassica carinata A.Br.

Brassicaceae

Herb

19

Cadaba farinosa Forssk.

Capparidaceae

shrub

20

Capparis tomentosa Lam.

Capparaceae

Shrub

21

Casuarina cunninghamiana Miq.

Casuarinaceae

Tree

22
23
24
25

Carissa Spinarum (Forssk.) Vahl.
Calpurnia aurea (Ait) Benth.
Celosia trigyna L.
Celtis africana Burm. F.

Apocynaceae
Fabaceae
Amaranthaceae
Ulmaceae

shrub
Tree
Herb
Tree

26

Chenopodium murale L.

Chenopodiaceae

Tree

27

Clerodendrum myricoides (Hochst)Vatke.

Lamiaceae

28
29
30
31
32
33

Combretum sp1.
Combretum sp2.
Crepis rueppellii Sch.Bip.
Crotalaria dumosa Franch.
Croton macrostachyus Del.
Cynodon dactylon (L.)Pers.

Combretaceae
Combretaceae
Asteraceae
Fabaceae
Euphorbiaceae
poaceae

Datura stramonium L.

Solanaceae

34
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Habit

shrub
Tree
Tree
Herb
Woody shrub
Tree
Grass
Herb

35

Desmodium gangeticum (L.)DC.

Fabaceae

Grass

36

Dichanthium annulatum Forssk.

Poaceae

Grass

37
38

Dodonaea angustifolia L.F.
Echinops macrochaetus Fresen.

Sapindaceae
Asteraceae

shrub
Shrub

39

Enneapogon persicus Boiss.

Poaceae

Grass

40

Eragrostis persicus Boiss.

poaceae

Grass

41

Erhulia gracilis Del.

Asteraceae

Herb

42

Erianthemum drege(Eckl Zeyh)Tieghem.

Loranthaceae

43

Erogrostis tenuifolia (A.Rich.)Steud.

Poaceae

Grass

44

Eucaluptus saligna Smith.

Myrtaceae

Tree

45

Eucalyptus ficifolia F.Muell.

Myrtaceae

Tree

46

Eucalyptus camaldulensis Dehnh.

Myrtaceae

Tree

47

Euclea divinorum Hiern.

Ebenaceae

Tree

48

Euphobia pulcherrima Wotzesh.

Euphorbiaceae

Herb

49

Euphorbia schimpeliana Scheele.

Euphorbiaceae

herb

50

Euphorbia tirucalli L.

Euphorbiaceae

Bush

51

Ficus Sycomorus L.

Moraceae

Tree

52

Felicia ilicifolia (A.Rich) Dandy.

Asteraceae

herb

53

Flueggea virosa (Willd.)Voigt.

Euphorbiaceae

shrub

54

Gladiolus sp

Iridaceae

Shrub

55

Gloriosa superb L.

Colchicaceae

Herb climber

56

Gomphocarpus fruticosus (L.)Ait.F.

Asclepiadaceae

Herb/suculent

57

Grevillea robusta R.Br.

Proteaceae

Tree

58

Grewia ferruginea Hochst.ex.A.Rich.

Tiliaceae

shrub

59

Guizotia scabra (Vis.)Chiov.

Asteraceae

Herb

60

Helichrysum glumaceum DC.

Asteraceae

herb

61

Helichrys schimperi (Sch.Bip.ex.A.Rich)Moeser.

Asteraceae

Herb

62

Helitropium cinerascens DC.and A.DC.

Boraginaceae

Herb

63

Hibiscus macranthus Hochst.ex.A.Rich.

Malvaceae

shrub

64

Hibiscus pycnostemon Hochst.

Malvaceae

Herb

65

Hyparrhenia hirta (L.)Staff.

poaceae

Grass

66

Indigofera ambelacensis Schweinf.

Fabaceae

Herb

67

Indigofera arrecta Hochst.ex.A.Rich

Fabaceae

Herb

68

Jacaranda mimosifolia Guenter.

Bignoniaceaae

Tree

69

Jasminum abyssinicum Hochst.ex.Dc.

Oleaceae

Climbing shrub

70

Jasminum stans Pax.

Oleaceae

Woody climber
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Parisite

71

Justicia odora (Forssk)Lam.

Acanthaceae

Herb

72
73

Justicia schimperiana (Hochst.ex.nees)T.Anders.
kalanchoe glaucescens Britten.

Acanthaceae
Crassulaceae

Shrub
Herb/Succulent

74

Laggera crispata (Vahl.)Hepper.J.R.I. Wood.

Asteraceae

herb

75

Lantana camara L.

Verbenaceae

shrub

76
77

Launaea intybacea (Jacq.)Beauv.
Leonotis ocymifolia Burm.

Asteraceae
Lamiaceae

Herb
Shrub

78

Leptadenia hastate (Pers) Decne.

Asclepiadaceae

79

Leucas nubica Benth.

Lamiatae

Herb

80

Leucas urticifolia (Vahl)Sm.

Lamiatae

Shrub

81

Leucas martinicensis (Jacq.)R.Br

Lamiatae

Herb

82

Maerua angolensis DC.

Capparaceae

Tree

83

Maerua triphylla A.Rich.

Capparaceae

Shrub

84

Maytenus angolensis (Exell.) Mendonca.

Celastraceae

Shrub

85

Melinis minutiflora P.Beauv.

Poaceae

Grass

86

Nerium oleander L.

Apocynaceae

Shrub

87

Ocimum urticifolium Roth.

Lamiaceae

Herb

88

Opuntia ficus-indica (L)Miller.

Cactaceae

Succulent/ shrub

89

Osyris quadriparita Decn.

Santalaceae

Shrub

90

Otostegia tomentosa A.Rich

Lamiaceae

Shrub

91

Oxalis radicosa A.Rich.

Oxalidaceae

Herb

92

Panicum coloratum L.

Poaceae

Grass

93

Parkinsonia aculeataL.

Fabaceae

Tree

94

Parthenium hysteriophorousL.

Asteraceae

Herb

95

Pavetta oliveranaHiern

Rubiaceae

Shrub

96

Pavetta sp.

Rubiaceae

Shrub

97

Pennisetum divisum (Gmel.) Henr.

Poaceae

Grass

98
99

Pennisetum setaceum (Forssk) Chiov.
Pennisetumsphcelatum (Nees) Th.Dur.S.Schina.

Poaceae
Poaceae

Grass
Grass

100

Pennisetum thumbergii Wunth.

Poaceae

Herb

101

Phaulopsis imbricate (Foessk) Sweet.

Acanthaceae

Herb

102

Phyllantus reticulates A.Radcliff.smith.

Euphorbiaceae

Shrub

103

Plantago lanceolata L.

Plantaginaceae

Suc/shrub

104

Premna schimperi Engl.

Lamiaceae

Shrub

105
106

Pseudechinolaena polystachya (Kunth)Staff.
Pterolobium stellatum (Forssk.) Brenan.

Poaceae
Fabaceae

Grass
Shrub

107

Reichardia tingitana (L.)Rothcr.

Asteraceae

Herb
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climber

108

Rhus natalensi Kraus.

Anacardiaceae

shrub

109

Rhynchelytrum repens (Kunth)Staff.

Poaceae

Grass

110

Rhynchosia elegans A.Rich.

Fabaceae

Woody climber

111

Ricinus communis L.

Euphorbiaceae

shrub

112

Rubus steudneri Schweinf.

Rosaceae

Shrub

113

Rumex abyssinicus (Jacq.)

Polygonaceae

herb

114

Satureja abyssinica (Jacq.)

Lamiaceae

Herb

115
116

Satureja punctata (Benth)Briq.
Schinus molle L.

Lamiaceae
Anacardiaceae

Shrub
Tree

117

Senna baccarinii (Chiov.)Lock.

Fabaceae

Shrub

118

Sesbania sesban (L.)Merr.

Fabaceae

Shrub

119

Sida cordifolia L.

Malvaceae

Shrub

120

Solanum incanum L.

solanaacee

Shrub

121

Solanum sp.

Solanaceae

shrub

122

Sonchus oleraceus L.

Asteraceae

Herb

123

Sporobolus africanus (Poie).Robyns.

Poaceae

Grass

124

Striga hermonthica(Der.)Benth.

scrophulariaceae

Grass

125

Stylosanthes fruticosa (Retz.)Alston.

Fabaceae

126

Tagetes minuta L.

Asteraceae

Herb

127

Tephrosia linearis (Willd)Pers.

Leguminosea

Herb

128

Teramnus micans (Bak.)Bald.f.

Fabaceae

Woody climber

129

Themeda triandra Forssk.

Poaceae

Grass

130

Verbascum sinaiticum Benth.

131

Vernonia karaguensis Oliv.S.Hiern.

Asteraceae

Shrub

132

Withania somnifera (L)Dunal.

Solanaceae

Shrub

133

Zaleya pentandra (L.C).C.Jeffrey.

Aizoaceae

Herb

Scrophularicuceae
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creeping Herb

Herb

Annex.2 List of woody species recorded at old-Biyo and young-Kelala site with their densities and frequencies
Enclosures
Old
Density/ha Frequency

Open Area

Young
Density/ha Frequency

Grazing Land
Density/ha Frequency

Botanical Name

Family

Habit

Abutilon figarianum
Acacia etabica
Acacia .Abyssinica
Acacia lahli
Acacia negrii
Acacia saligna
Acacia senegalensis
Acacia tortilis
Albizia schimpeliana

Malvaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae

Shrub
Tree
Tree
Tree
Tree
Tree
Tree
Tree
Tree
Tree

-37
-33
11
65
32
-86
42

-43
-27
17
63
40
-53
37

7
-28
---93
4
---

3
-40
---53
3
---

-----------

-----------

Asparagus africanus
Balanites aegyptiaca
Cadaba farinosa
Capparis tomentosa
Casuarina cunninghamiana
Carissa spinarum
Calpurnia aurea
Celtis Africana
Clerodendrum myricoides
Combretum sp.
Combretum sp.
Croton machrostachus
Dodonaea angustifolia
Erhulia gracilis

Asparagaceae
Balanitaceae
Capparaceae
Capparaceae
Casuarinaceae
Apocynaceae
Fabaceae
Ulmaceae
Lamiaceae
Combretaceae
Combretaceae
Euphorbiaceae
Sapindaceae
Asteraceae

Woody/Clim
Tree
Shrub
Shrub
Tree
Shrub
Tree
Tree
Shrub
Tree
Tree
Tree
shrub
Herb

28
-27
40
-28
13
-15
--43
61
17

10
-30
27
-13
17
-27
--40
50
17

-13
-18
26
22
-11
11
5
-32
101
--

-10
-30
13
23
-7
3
7
-33
77
--

5
----18
----9
-53
--

14
----20
----5
-47
--

Acacia albida
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Erianthemum drege
Eucaluptus saligna
Eucalyptus ficifolia
Euclaptus camaldulensis
Euclea divinorum
Ficus Sycomorus
Flueggea virosa
Grevillea robusta
Grewia ferruginea
Hibiscus micranthus
Jacaranda mimosifilia
Jasminum abyssinicum
Justicia schimperiana
Laggera chispata
Lantana camara
Leptadenia hastate
Maerua angolensis
Maerua thiphylla
Maytenus heterophylla
Opuntia ficus
Osyris quadriparita
Otostegia tomentosa
Parkinsonia aculeate
Pavetta oliverana
Pavetta sp.
Phyllantus reticulates
Plantago lanceolata
Premna schimperi

Loranthaceae
Myrtaceae
Myrtaceae
Myrtaceae
Ebenaceae
Moraceae
Euphorbiaceae
Proteaceae
Tiliaceae
Malvaceae
Bignoniaceaae
Oleaceae
Acanthaceae
Asteraceae
Verbenaceae
Asclepiadaceae
Capparidaceae
Capparidaceae
Celastraceae
Cactaceae
Santalaceae
Lamiaceae
Fabaceae
Rubiaceae
Rubiaceae
Euphorbiaceae
Plantaginaceae
Lamiaceae

Parasite
Tree
Tree
Tree
Tree
Tree
Shrub
Tree
Shrub
Shrub
Tree
Clim shrub
shrub
Shrub
shrub
climber
Tree
shrub
Shrub
Shrub
Shrub
Shrub
Tree
Shrub
Tree
Shrub
suc/shrub
shrub

26
-8
41
27
4
13
-24
8
-23
31
-13
35
-22
-2
-1
1
22
10
10
12
6
82

13
-7
40
10
7
7
-30
10
-27
13
-17
13
-30
-3
-3
3
27
7
8
13
7

-12
-----18
23
-20
--14
8
-11
-7
-8
13
-13
13
-13
--

-10
-----10
23
-17
--23
10
-3
-10
-10
17
-17
4
-13
--

-----------27
--14
--------------

-----------18
--10
--------------

Pterolobium stellatum
Rhus natalensis
Rubus steudneri
Satureja punctata
Schinus moll
Senna baccarinii
Sesbania sesban
Sida cunejfolia
Vernonia karaguensis
Total

Fabaceae
Anacardiaceae
Malvaceae
Lamiaceae
Anacardiaceae
Fabaceae
Fabaceae
Malvaceae
Asteraceae

Shrub
Shrub
Shrub
Shrub
Tree
Shrub
Shrub
Shrub
Shrub

30
20
--35
4
--27

10
20
--17
7
--17

--15
8
-18
9
3
--

1022

860

587

“----”Absent
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--7
10
20
10
7
--

-----23
--30

-----13
--12

516

180

126

Annex.3 Semi-Structured Household Questioner
Questionnaire No: ___________________
Survey Area: Region: ____________ Zone: ____________ Woreda: ____________
PA: ______________ Village: _____________
Date of interview: ___________________
Name of interviewer: _________________
I. Personal information
1. Name of head of Household: ______________________
Respondent’s Name (if different from the head): ____________________________
2. Gender classification F=
3. Age-Set: <20
4. Marital Status

M=
20-40

Single

40-60

>60

Married

II. Perception and involvement of community
2.1 Perception of the local community about Area enclosures.
1. Who established area enclosure in your locality?
1. Government
2.Comunity
3. NGO
2. Why was area closure established in your area?
1. To restrict the local community from accessing land 2.To rehabilitate degraded area 3. Other (Specify?)
3. Who is primarily responsible for the area closure protection?
1) Community 2) NGOs 3) Government 4) all
4. Who own the enclosed areas?
1. Government 2. Associations related with area closures 3. Community
4.NGO
5. What types of area closure ownership exist in your area?
1) Individual 2.PA administrator 3. Community 4.NGO 5. Others
6. What do you think about the closure of such an area?
1. It computes with farm land
3.It prevents from accessing firewood
2. It computes with grazing land 4.other (Specify)
7. Is there wild life in your area? List them ______________________
8 .Have you seen new wild animals after area closure establishment? List them _________,__________
9. What are the key management problems of Area closure? List____________________
2.2 Involvement of Local people in Area closure
1. Is there any associations related with area closure in your locality?
1. Yes________ 2.No___________
2. What role do you have in the Association?
1. Office bearer
3.Member
2. Committee Member
4.other (specify)
3. Do the associations have legal body?
1. Yes___________ 2.No___________
4. If No how the association manage or govern issues related with the protected area?
Please indicate_________________________________________________________________________
5. Are there any rules to manage illegal users of the closed area?
1. Yes______________ 2.No__________________
6. Does the bylaw punish illegal users? 1) Yes________ 2) No______
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7. If yes, how they manage the inputs collected from the illegal users?
____________________________________________________________________
III. Livelihood related information
3.1 Land
1. Do you have access to land for agricultural use?
1=Yes_______, 2=No_______
2. If yes, how did you get access to it? (Multiple responses are possible):
1. Through land redistribution 2. Shared with relatives
3. Inherited from parents
4. Purchased
5. Others (specify
3. What are the total sizes of the following land types that you use?
Land type
Unit in local measure
Hectare
(timad)
Cultivated land
Fallow land
Grazing land
Others
4. Is your Agricultural land Adjacent to the closed area? 1. Yes_____ 2.No__________ (If No Go to
Question #11
5. If yes when did you start to use the land adjacent to area closure?
1. Before 5years_________ 2.10years___________3.15years_______4.20years___________
6. What was the status of your agricultural land before the establishment of area closure?
1. Very bad 2.bad 3.Moderate 4. Good 5. Others (specify) __________
7. What is the condition of the fertility of your farm land now?
1. Very fertile 2. Fertile 3.moderate 4. Declining 5. Others (specify) _______
8. What did you observe about crop yields on your farmland after area closure?
1. Increased 2.decrased 3.No change
10. If increased what do you think is the reason?
1. Since the adjacent area closed, erosion is minimized 3.becuase of using other inputs like fertilizers
2. Since the adjacent area closed, Gullies rehabilitated 4.other (specify)
11. Is your farm land adjacent to Grazing land?
1.Yes_____2.No______
11. How do you compare your Agricultural land productivity with agricultural land adjacent to the closed
area? 1. Bad 2.Moderate3.better 4.other (Specify?)
12. For what purpose do you use adjacent non-closed area?
1) Fuel wood collection 2) grazing 3) 1 and 2 4.others specifies?
13. What should be done in the adjacent non-closed area?
1. Leave it as it is 2) Introduce area closure 3) Others Measures. Please list and specify
why_____________________________________________________________
14. Are you willing to protect further additional area closure in the future?
1) Yes_______ 2) No_______ If yes, why___________ if no, and why___________
15. Do you think that the availability of fodder after area closure has changed?
1) Increased 2) decreased 3) non change
16. How do you feed your livestock’s? 1. Cut and carry 2.Tie system 3.Free grazing 4.other
3.2 Vegetation
1. What changes have you observed in the area enclosed vegetation cover since the last 5 years? ------10
years--------------? 20 years-----------------? 30 years---------------?
1Natural vegetation has disappeared
3.plantation has increased 5.Natural vegetation has increased
2. Natural vegetation has decreased
4.Plantation has decreased
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2. Has the change positively affected your land, adjacent land and the uplands in general? 1. Yes ------------------, 2.No -----------------3. If yes, can you mention some of the changes?
1. Stream flow increased
2.Run-off decreased
3.More gullies and rills rehabilitated
4. Yield has increased
5.others (specify)
4. Is there anything that you have started to acquire as result of the change in the vegetation cover?
1. Yes ----------- 2.No -----------------.
5. If yes please list some of
them__________________,__________________,______________________
6. Is there any Natural plant species you used to know but regenerated as a result of Area closure
establishment? 1. Yes _______2.No_________
7. IfyesListthem__________________,_______________________,______________________
8. Is there any fodder plant species you know disappeared but came to existence as result of area closure
establishment? 1. Yes_____ 2.No______
If Yes list them_____________,__________________,____________________,_____________
9. What are the sources of fuel for the household? ________________.
1=Wood; 2.cow dung 3.charcoal
4.Crop residues 5.Kerosene
10. Where do you get wood and charcoal? __________________.
1. from own farm
2.From nearby forest 3.Community forest (land) 4.From Market
5.others
(specify)
3.3Benefits from the closed area Products
1. What Products
Do you harvest
from closed area
as of last year
(2001E.C)?
Tick in front of
products

2. How often
do you Harvest
products/year
(1=once,
2=twice,
3=three times,
4=four times).

3.How
much is
the
amount of
products
in local
unit* or
kg

4. How
much is
the
current
market
price per
unit? (in
Birr)

5. How much
is the total
amount of
income
generated? (in
Birr)/harvest.

6. How
much is
the total
amount of
income
generated
Annually?
(in Birr)

7. how much was
consumed in the
household?

Human Foods
Feed for
livestock
Construction
materials
Honey
Firewood
&Charcoal
Human
Medicinal plants
Livestock
medicinal plant
Other(Specify)

8. Generally how do you express the benefits you gain from area closure in quality and quantity?
1. High in amount and quality 2.low in amount &quality 3.Moderate4.Below expectation 5.other
(Specify)
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IV. Household profile
4.1 Demography
ID
Code

1. Name
(permanent
HH member)

2.Relationshi
p to the head
(Code a)

3. Age
(Years)

4. Sex
Male= 1
Female=2

5. Education
Illiterate=0
Literate=
Grades:1,2,31…

6. Marital
status
(Code b)

7. Member’s
main
activity
For ages >8
(Code c)

1
2
3
4
5
6
7
8
9
Code a:Spouse/Husband =1; Daughter/Son =2; Father/Mother = 3; Sister/Brother = 4; Niece/Nephew= 5;
Grand Child= 6; Grandparents=7 Others (specify)= 8 Code b: Single=1; Married=2; Divorced=3
Code c:Farm work= 1; Domestic work= 2 (in the house); Off-farm work=3 (skilled & unskilled
4.2Household Assets
1. How many houses/cottages do you have and what types of materials were used for the construction?
Number of cottages +
number of rooms

Wall materials (wood
and mud, bricks, brush
wood)

Roof
Source of income to
Materials(Corrugated construct(1cropproduction,
sheet/ Thatch)
2-livestocksale, 3-closed
area product sale, 4-petty
trading, 5-other, specify)

2. Is there a separate cottage or stall for animals? 1. Yes ----------------, 2.No ----------------3. If yes, what was the source of income to construct the cottage?
1. Crop production, 2.livestocksale, 3.closed area product sale, 4.petty trading, 5.other, specify)

1

If the person is still studying, put a mark‘s’ along with his grade.
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4. Could you tell us what type and number of domestic animals you have?
Type

Number

How
How
many did much?
you sold?

How much was
consumed in the
house?

cows
Oxen/Bull
heifers
calves
sheep
goats
mules
horses
donkeys
chicken
camels
bee hives
6. Have you stored grains of any cereals or pulses at present? Yes---------------1, No--------------2, Ques. #
10
11. What types
12. What was the
9. Are you storing 10. What type and
7. Which type
8. What
amount of yield
amount of commercial of other inputs
for future sale?
of grains have
amount in
did you use?
you obtained?
fertilizer did you
you stored?
local units* or Yes--------------1,
apply?
Which type?
kg
(Code a)
No------------2
Ques. # 11
Coffee
Type
Amount
Amount Unit**
(Urea
or DAP)
Maize
Teff
Barley
Wheat
Haricot bean
Sorghum
Faba bean
Chick pea
Others(specify)
Code a: Improved seed=1, Pesticides and herbicides=2, others (specify)=3 *Local units = Timad =1,
Gasha = 2, Kert = 3, Gemed = 4, hectare = 5, Massa = 6 Estimate of 1 ____(local unit) =__________kg.
** Local units: Kuna, Silicha, Ensira, Akmada, Dawla, Tasa, others
Estimate of 1 ____________
(local unit) = _______________kg.
10. How many and what type of grain stores do you have? 1.Modern/improved____________________,
2.Traditional/Cultural ________________.
11. Where do you obtain the sources of income to construct the stores if you have modern /improved
stores?
1. Crop production, 2.livestocksale, 3.closed area product sale, 4.petty trading, 5.other, specify)
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12. Which of the following equipments, household goods and valuables are owned by the household or
any member of the household?
S/
N

Household assets

Equipments
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

How
money

13. Did you sell any of these items in the last 2 years?

Which
(mark)

How
many?

Yes -----1,

No-------2,
How much?

Why (Code a)?

Which (mark)

Hoe (doma)
Plough (maresha)
Cart (gari)
Saddle (korcha)
Mill (wofcho)
Weaving materials
(shimena)
Machete (Gejera)
Household Goods
Bed (alga),
metal/wooden
Chair (wonber)
Table (terepeza)
Radio/tape player
Stove (gaz mudeja)
Valuables and Jewels
Watch
Gold jewels
Others (specify)

Code a: To pay for school = 1; to pay for labor= 2; To pay tax= 3; To buy an ox=4; To buy grains for food=5; To
buy inputs= 6; Medical care = 7

4.3 Credit
1. Do you or members of your households have a saving Account? 1. Yes ___________2.No __________
2. If yes what mechanisms do you use to save your Money?
1. Bank 2.Ekub 3. Others (specify?)
3. Generally do you think incomes from area closure changes your saving capacity? In what
1. Increased 2.Decreased 3.No change
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way?

4. Did you give any kind of loan to others in the past two years? 1. Yes ----------------, 2.No------------------

5. Which year did
you lend?

6. Reasons for giving
the loan?
For interest gain=1
For cooperation=2

7. Amount lent
In
In
Cash kind

Amount Unit

8. Is loan paid back? Yes --------------1
No ----------------2

9. Is any member of the household a member of ‘ekub’? Yes -----------------1, go to 14; No ---------------2, Next section.
10. Household member
ID code

11. Total contribution in
the last five months?

12. How many times do
you contribute per
month? How much?

13. How much was
paid out to you in the
last five months?

14. Are you a member of any community based organizations?
1. Yes _______________ 2.No__________
15.if yes in which CBO are you participating?
1. Idir 2.Maheber 3.Debo 4.If there is any (specify)
4.4 Income and Expenditure
1. Would you tell us the size of farmlands and the amount of crops you harvested as of 2001E.C?
Annual
Amount of
Income
N Crop type
Farm
Income
harvest
from sells
o
size
of
(timad/
grains/quint
ha)
al/kg
Amoun Unit
t
1 Barley
2 Teff
3 Wheat
4 Maize
5 Sorghum
6 Horse bean
7 Peas
8 Chickpeas
9 lentils
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2. Would you tell us the number of stock you own?
Type
Number

Equivalence in cash (in birr)

How many?
How much?
Annual Income
Why? (see below)
cows
oxen
bulls
heifers
calves
sheep
goats
mules
horses
donkeys
chicken
camels
bee hives
(1= for school, 2= for labor, 3= tax, 4=grains 5=for food, 6= for inputs, 6= for health7=, others (specify)).
3. Did you get any income from the sale of fuel-wood or charcoal in the last 12 months? Yes ------------------1, No ---------------------2, Ques.#12
4. What are the sources 5. How many (..Local
6. How much is the
7. How much is the total
of fuel wood or
unit..) Of fuel-wood or
price of (…local unit..)
amount of income
charcoal for sale?
charcoal did you sale?
of fuel-wood or
generated? (in birr)
charcoal?
(Code a)

Local units: Joniya, Madaberia, Shekim, Esir, Kimir, others (specify). Estimate of 1 _______ (local unit)
=______kg
Code a: Natural forest=1
Community woodlot=2 Private woodlot=3
Farm trees=4 Crop
residues (straw)=5
Cow dung=6 Others= 7
8. Does any member of the household have an off-farm income earning activity? Yes -------------------1,
No -------------------2, Ques. #8
9. Which type of activity?

10. How many days has the
household member worked
in the past 12 months?

Weaving/Shimena
Pottery/Shekla
Grain trade
Petty trade
Hand crafts (Blacksmith)
Livestock trade
Renting of pack-animals
Employment (labor)
Others (specify)
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11. How much has the
household earned in the
past 12 months?

12. Has the household received any other income (remittances, gift or other transfers) in the last 12
months? Yes ------------------1, No ----------------2,
14. Who sent the
15. How much is received
13. What is the type of
remittance or gift?
in the last 12 months?
receipt?
Refer #1 below
(refer#2b)

1: Remittance1= (eda sireza),; 2= Gift= 3=Others (specify)
2: 1=Non-resident household member, 2= Close relative 3=Friend 4= Government/NGO, 5= others
(specify)
16. Did the household spend on any of the following activities in the last 12 months?
Expenditure

How much is the total expenditure?
(Birr)

17. Cloths for adults and children?
18. Furniture, equipment or other household goods? (furniture,
torch, fanos, utensils, radio, bed, maresha, doma ,etc…..)
19. Building materials, transport or house construction?
20. Ceremonies or religious (church or mosque) contributions?
(wedding, funeral, mahiber, idir, senbete, etc….)
21. Tax or other development contributions to your PA or other
organizations?
22. Medical care? (visit to a doctor, medicines, etc…)
23. Education for any member of the household? Yes (school
fees, materials, etc….)
24. Agricultural inputs? (Fertilizer, Improved seeds, pesticides,
insecticides etc…..)
25. Credit or loan repayment?
26. Food items, fuel-wood (charcoal) and water?
27. Land management and erosion protection measures?
(Composting, Terracing, Tree planting, Diversion ditches
etc…..)
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Annex.4 Socioeconomic characteristics of household (HH Profile (%) of respondents Age, sex, Marital
status, and family size (N=80).
Demographic
Percentage
Information
Frequency
Sex
Male
69
96.2
Female
11
3.8
Age Category
<20
6
7.5
20-40
49
61.25
40-60
25
31.25
Marital
status
single
15
18.75
Married
61
76.25
Divorced
4
5
Family Size
1-5
47
58.75
6-10
32
40
11-15
1
1.25
House head
Activity
Farm work
75
93.75
Off farm
5
6.25
Source: Household Survey
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Annex.5 Picture of some plant species in the study sites

Acacia albida

Acacia saligna

Acacia seyal

Calpurnia

aurea

Casuarina equisetifoliad
Croton macrostachyus
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Dodonaea

angustifolia

Schinus molle
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Appendix.6 Altitudes and coordinates of vegetation sample plots of the closures and open site
Old biyo closure
Young Kelala closure
Open grazing land
Plot Number

Altitude

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1882
1884
1890
1891
1895
1896
1898
1899
1908
1897
1886
1936
1937
1942
1944
1944
1945
1948
1950
1953
1888
1895
1905
1905
1910
1910
1912
1912
1928
1999

Coordinates
X
Y
3904736
3904764
3904705
3904607
3904799
3904902
3904903
3904919
3904900
3904649
3904828
3904776
3904779
3904631
3904766
3904775
3904741
3904700
3904691
3904669
3904854
3904863
3904879
3904872
3904857
3904866
3904867
3904886
3904814
3904862

838968
838983
838977
838975
839003
839878
839036
839061
839844
838994
839325
839093
839124
839099
839167
839148
839184
839163
839134
839106
839302
839244
839146
839211
839057
839085
839108
839181
839088
839269

Altitude
1947
1950
1954
1955
1965
1972
1972
1976
1979
1980
1943
1946
1955
1958
1960
1970
1972
1977
1984
1985
1973
1975
1983
1985
1986
1987
1994
1994
1997
2000

Source: Survey data
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Coordinates
X
Y
3903272
3903300
3903289
3903290
3903246
3903124
3903218
3903147
3903180
3903103
3903206
3903214
3903124
3903123
3903133
3903192
3903146
3903136
3903243
3903212
3903095
3903116
3903058
3903141
3903075
3903037
3903079
3903166
3903053
3903032

838508
838584
838617
838544
838611
838574
838614
838601
838622
838553
838509
838543
838622
838634
838643
838600
838594
838593
838644
838642
838574
838663
838530
838624
838551
838498
838521
838646
838499
838477

Altitude
1922
1927
1932
1932
1942
1952
1983
1985
1987
1990
1925
1927
1934
1938
1946
1952
1955
1964
1970
1972
1934
1954
1956
1967
1968
1978
1978
1990
1993
1998

Coordinates
X
Y
3902861
3902953
3902961
3902973
3902965
3902951
3902972
3902942
3902961
3903807
3903042
3903028
3903023
3903052
3903084
3904016
3903049
3903983
3903082
3903089
3903064
3903035
3902967
3902937
3903016
3902989
3902967
3902977
3902972
3902927

838367
838475
838353
838465
838356
838345
838425
838535
838365
838446
838252
838265
838282
838282
838267
838294
838222
838308
838296
838256
838298
838313
838482
838426
838348
838371
838345
838472
838466
838393
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