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Abstract
Vegetation Ecology and Dynamics of Land Cover CleanigAbune Yosef Mountain Range,
Lasta District, Amhara Regional State, Northernidita

Kflay Gebrehiwot
Addis Ababa University, 2020

The understudied flora, Abune Yosef mountain raisgeder pressure from land use changes.
This research was conducted to study the vasculmtgomposition, plant communities,
diversity, conservation status, species richnesttepa along elevation gradient, and
spatiotemporal land use and land cover charfyéotal of 85 nested sample plots measuring
20 X20m,5 X5 mand 1 X 1 m were establishettdes, shrubs, and herbs respectively.
Topographic, edaphic and disturbance variables vatse collected from each plot. IUCN Red
List and a combination of density of mature indixts, habitat specificity, and species local
range was considered to assess global and locatyraespectively. Two Landsat satellite
imageries from 1986 (Thematic Mapper, TM) and 2(@ferational Land Imager, OLI) were
used. Aerial photographs were used for ground esfeing of the 1986 satellite image.
Agglomerative hierarchical clustering and Shannaretsity index were employed to classify
plant communities and quantify community diveraitg evennesSanonical correspondence
analysis (CCA) was used to describe vegetationremvient-disturbance relationships.
Descriptive statistics and rarity forms ratio wearsed for vascular plants conservation status
analysis. To investigate land use land cover chahg# CC), supervised classification using
Maximum Likelihood Classifier of two Landsat ima@esn 1986 and 2017 was performed.
Ground reference points and aerial photographs wesed for accuracy assessment. One
hundred ninety nine vascular plant species belogpgm 64 families and 155 genera were
recorded in five plant communities. The most sigatid families were Asteraceae 42(21.1%),
Poaceae 15(7.5%), Lamiaceae 12(6.03%) and Fabadéée5%) respectively. Thirty two
families were represented by a single spediés. species richness followed a monotonically
decreasing pattern towards higher elevation. Ofithscular plants assessed following [UCN
Red List criteria, about 5% are threatened and téwaining are of least concern. Locally,
only 17 species (8.54%) of the plants revealed comrand the remaining entertained six
forms of rarity. The first axis explained 43.63%tlo¢ overall inertia and is correlated with
Elevation, pH, slope aspect, total Nitrogen, segamic Carbon & Clay. On the other hand,
the second axis explained 32.06% of the total iaend is correlated with bulk density, slope,
logging, & available Phosphorus. The LULCC resdksnonstrated that the area of Afroalpine
grassland has declined by -64.76% over the lasgeds, from 10, 500 ha to 3700 ha. Other



declines were seen in grazing land (-72.15%, 5880 open woodland from (-100%, 3,900
ha) and shrubland (-7.04%, 2,500 ha). On the otteard, agricultural land area has increased

from 38, 300 to 48, 700 ha (+27.15%), barren laraihf 5,400 to 8,900 ha (+64.81%), rivers,

riverbeds and gullies from 1,100 to 3,700 (+236.56ptantation forests from 2,500 to 4,700
ha (+88%) and urban settlements from 300 to 50@#&6.66%). The present study revealed
that topographic variables have a profound influeran species distribution. Exclusive to
church forests, the vegetation cover showed amieglitrend over the study period. The main
drivers of LULCC were identified as increased hurpapulation pressure, and temperature
and precipitation variability. Since the majority the plants are rare in the mountain range,
landscape level conservation approach by estalighbrridors between the vegetation types

to maintain ecological and evolutionary processesecommended.

Keywords: Elevation gradient; Floristic composition; LULC; Multivariate analysis; Plant
community; Plant Rarity; Remote sensing
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CHAPTER ONE
1.INTRODUCTION

1.1Background

Topographically complex regions are the centersspéciation, species turnover, high
taxonomic and ecological diversity (Steinbaaeal, 2016; Badgley et al, 2017). Ethiopia is
topographically complex with elevations varyingrfrabout 125 meters below sea level to
about 4533 meters above sea level (m a.s.l.). Heheepart of the Archipelago-like center of
endemism (Afromontane), Archipelago-like center eftreme floristic impoverishment
(Afroalpine) and Somalia-Masai regional center mdemism (White, 1983). Ethiopia is also
represented in Afrotropical ecoregion by the Etlaaphighlands (Olson & Dinerstein, 2002).
It also hosts two of the 36 biodiversity hotspaisely: the Eastern Afromontane and the Horn
of Africa hotspots (Mittermeieet al, 2004; Hoffmaret al,, 2016) which are regarded as the
major center of diversity and endemism for sevplaht species.

Vegetation is an unequivocally important comporwdrihe terrestrial environment. It is an
important source of genetic resources for seveoatesdticated and important wild plants.
Although species richness and diversity varies ssroegetation types depending on
environmental factors, Ethiopia is known to be ateeof plant diversity.

Anthropogenic influences altered the global pattefn biodiversity and ecosystem
processes (Ellis, 2015), carbon dynamics and pliaetsity (Sleeteet al, 2018) which plays
a major role in climate change. Land use changek a8 agricultural expansion, habitat
destruction, habitat fragmentation, drought, ovpleitation, and others are causing the
vegetation cover to nosedive at an alarming rassdLuse change intensity, particularly in
tropical mountainous regions, has a significantdotpon changing floristic composition,

modifying plant community, and negatively affecosgstem functions (Petees al, 2019).



Vegetation is highly affected by landscape connégtiLandscape fragmentation affects
vegetation in two peculiar ways namely habitat @emghectivity loss which are associated with
the area and plant dispersal (Taydoal, 1993; Fischer & Lindenmayer, 2007). These inmretu
caused a decline in floristic diversity (Tayletral, 1993), increase in species extinction risk
(MacArthur & Levins, 1967), and influence the tarmic structure of plant communities
(Uroy et al, 2019). Furthermore, Rosckéeal. (2018) reported that plant genetic erosion is a
common phenomenon in fragmented landscapes. Thid be due to the land use and land
cover changes which leads to habitat fragmentatiocreased forest/grassland/woodland
patches and decrease plant population (Lindenn&yéscher, 2013).

In Ethiopia, exclusive to forest cover dynamicgréhis a paucity of data in the dynamics
of grasslands, woodlands, and shrublands. Thetfoossr of Ethiopia in the 1900s was about
40% (Bekalo & Bangay, 2002). This has drasticadiguced to less than 3% (Badege Bishaw,
2001). Exclusive to Churches and some isolatecepred areas, the forest cover in Ethiopia is
much degraded and covered with scanty vegetation.

However, recent reports claim forest cover is iasieg to 11.4% (FAO, 2015). This shows
positive progress in the forest cover. Howeves tuuld be attributed to the change in forest
definition which considers the tree cover of 208éetheight of 2 m and above, and 0.5 hectare
coverage (Ministry of Environment Forest and Cliem@hange, MEFCC, 2016) while the FAO
definition of forest considers the thresholds o#4l6anopy cover, a 0.5 ha area and a 5 m
height. The main reason to change the nationakfatefinition is to capture thiermilania-
Combretundense woodlands found in Gambella and Benishangmu@ Regional States.

Data on the important woodland cover dynamics diidpia is very limited. The FAO
(2015) estimate of the woodland cover of Ethiopiaveed a slight decrease (0.4%) from 1990-
2015. However, studies at regional, district oressited level showed contradicting result

unlike their counterpart, forests. For examplejirmnease in woodland cover was reported in



some parts of Ethiopia (Lemlem Tadessal, 2017). On the contrary, a decrease in woodland
cover was reported in different parts of Ethiogidénew Taffeet al, 2015; Binyam Alemet
al., 2015; Kefyalew Sahlet al, 2016; Sisay Hailemariasgt al, 2016).

Similar contradictions are common in the grasskeover. While an increase in grassland
coverage was reported in some parts of Ethiopiarf@lyehu Urgesat al, 2016; Lemlem
Tadesset al, 2017), a decline in area coverage was also regdy several authors (Ermias
Teferi et al, 2013; Aramde Fetenet al, 2014; Adenew Taffet al, 2015; Tsehaye
Gebrelibanos & Mohammed Assen, 2015; Kefyalew Seh#, 2016; Sisay Hailemariaet
al., 2016). Yohannes Kidaret al. (2012) reported an increase in Afroalpine grastiahile
a decrease in Afromontane grassland cover. Heacal investigation of land cover change
dynamics could have a crucial value in helpinggolnd decision makers develop effective
management plan.

Ethiopia has 50% of all the Afrotropical lands abd®;,000 m and 80% of all the lands
above 3,000 m a.s.l. (Yalden & Largen, 1992). Abi¥iosef mountain is part of the Eastern
Afromontane biodiversity hotspot (Mittermeiet al, 2004; Hoffmanet al, 2016), Key
Biodiversity Areas, and terrestrial ecoregions. Theuntain range comprises different
vegetation types such as dry evergreen Afromorftanests and grasslands (DAF) particularly
Church forests, Ericaceous forest (EB), and Afrioedpvegetation (AA). It harbors several wild
animals, for exampleCanis simensjswhich is endangered and endemic (Saavedlral,
2009b). Characteristic plant species of Afroalparel sub-Afroalpine vegetation such as
Lobelia rhynchopetalumErica arborea Alchemilla abyssincaEuryops pinifolius and
Festucaspecies; and dry evergreen Afromontane forests asduniperus procerandOlea
europaeasubsp.cuspidataexist in Abune Yosef mountain range.

To develop conservation planning and prioritizatamal reduce biodiversity loss, empirical

data on plant composition, vegetation-environmetdtion, and land cover changes plays a



crucial role in showing the gaps. Although mosttleém are restricted on dry and moist
evergreen montane forests, several researchesndarsaspects were conducted in different
parts of Ethiopia on. Welo floristic region (WU) general Abune Yosef mountain range, in
particular, is understudied (Frigg al, 2001). Despite the researches on the treelinardias
and land use/land cover change in the Lib Amba rraons of the neighboring district (Jacob
et al, 2015a; b), research on vegetation ecology and land usedlanelr change are lacking in
Abune Yosef mountain range. Thus, the studyftfilésgap by combining floristic composition,
plant diversity, vegetation-environment relationsland cover changes along the elevation
gradient.

1.2.Problem justification and research questions
Mountains are characterized by harboring uniqudibersity though they cover only 13-25%
of the terrestrial environment (Kapes al, 2000; Kdrneret al, 2011). Tropical mountain
regions have received only marginal attention iersze and society, despite their ecological
and economic importance (Bussmann, 2002). Howemeuntain ecosystems have recently
received considerable interest based on the umdhelisig that climate change might have
serious irreversible impacts on physical and bialaigsystems in these habitats (Loadkal,,
2009).

Ethiopian mountains make a major part of the Edst@&n Mountains. The Afroalpine
region of Ethiopia, however, covers only 2% of tleeintry which is largest in the Afrotropical
area (Yalden, 1983). Grimshaw (2001) revealedtttefundamental ecology of Afromontane
plants, particularly eastern Africa, as still pgodtudied. However, extensive vegetation
studies have been conducted in Ethiopia, mostsshtfocusing on the dry and moist evergreen
Afromontane forests. Despite their ecological amehservation implications, research on

vegetation along elevational gradient including Atfimalpine ecosystem is very limited.



Elevational gradients of biodiversity have receivedewed attention because predicted
changes in climate (Desalegn Chalal, 2016; Yohannes Kidane et al, 2019) are manifested
first and most strongly at high latitudes and elieves, especially in tropical environments. The
topographic, edaphic, and disturbance parametess ataa profound leap along elevation
gradients than the latitudinal gradients in a vehort distance. Hence, research along
elevational gradient is an enlightening field ofudst (Nogues-Bravoet al, 2008).
Consequently, research on vascular plant speabegsass pattern along elevation gradient
plays a crucial role in developing conservatiomplag and prioritization in mountain regions.

About 12% of the world’s population lives in moumswhich results in moderate to high
perturbation regimes (Martinelli, 2007). Previoydlye best place for agricultural expansion
and natural resource exploitation was the areas migdium altitude though it is recently
reported nddle stone-age foragers resided in high elevatrise glaciated Bale mountains,
Ethiopia(Ossendorét al,, 2019). However, due to the population pressudegémbal warming,
these days, the high elevation areas are facingtafl pressure from encroachment,
overgrazing, and wood extraction. Consequencdsesktissues are reflected in the land cover
change. Particularly, the climate sensitivity anelsgnce of relict periglaciations of the highest
mountains is affecting the sensitive treeline arttlicover changes (Hendickk al, 2014).
Abune Yosef mountain range, thus, would not eséapa both anthropogenic and climate
change impacts.

Thus, conducting detailed investigation on the wubkmc plant diversity/floristic
composition, richness along elevation gradient, eta&tipn-environmental-disturbance
variables relations, and spatio-temporal land uskland cover changes on the understudied
floristic region (WU), particularly Abune Yosef motain range, is expected. This will have a
significant contribution to imply conservation plang and prioritization and set sound

management plan of the study area.



Hence, the following research questions are raised:

1.

Species richness species richness is an iconic measure of biodiyeused to identify
biodiversity hotspots (Magurran & McGill, 2011). ht=e, it plays a crucial role in
conservation planning and prioritizationvhat is the vascular plants species composition
and diversit?

Population structure — population structure shows the status of a pomuativhich is
crucial for management purposeDoes the population structure of the dominaeetr
species follow a regular patte?n

Vegetation-environment-disturbance relationship— vascular plant species richness,
diversity, and distribution is determined by a deugf biotic and abiotic factors such as
environmental (example: elevation, slope, and moest disturbance (example: grazing
and logging) and competitionWhich environmental and disturbance factor(s) ire(a
significantly influencing species distributi®n

Plant community - plant communities are markers of an ecosygtdirkin & Naumova,
2015). Identification and description of plant coomties are important to deal with
conservation and environmental issues of the teneat communitiesVhat are the plant
communities occurring in the study afea

Species richness pattern along elevation gradient Successful conservation and
management of plant diversity need an explicit esgilon of the plant species richness
pattern along environmental gradients and the faetich govern it in the area of interest.
Does vascular plant species richness along elematjcadient portray any particular
patterrf?

Vascular plants conservation status Understanding the threats and extinction riska of
particular species is an important step in biodiirgrconservation (Cosiawst al, 2018).

What is the extinction debt of the plants in AbMasef mountain ran@e



7. Land cover change Although National level LULCC products are aval&afor Ethiopia,
the overall accuracy is very poor, <50% for moumdas regions (Binyam Tesfaet al,
2018). In order to manage and conserve naturaluress, empirical and quantitative
research is inevitable to understand the spatiocteahjextent and drivers of land use and
land cover change (LULCC) in a particular aMnat is the extent of spatiotemporal land

cover change in the study afea

1.3.Objectives
1.3.1. General objective
The general objective was to study the vegetatomogy and dynamics of land use and land

cover change in Abune Yosef mountain range, AmRagional State, northern Ethiopia.

1.3.2. Specific objectives

The specific objectives of this research were to:
= Document the vascular plant composition and diwersi
= Investigate the relationship of selected environtaeand disturbance variables with
species distribution
= ldentify plant community types of the study area
= Investigate vascular plants species richness pattdong elevation gradient
= Determine the conservation status of the vascugantp

= Analyze spatiotemporal land use and land covergdan



CHAPTER TWO
2. REVIEW OF RELATED LITERATURE

2.1. \egetation types and vascular plants diversity

Probably the first vegetation classification of igffia was done by Pichi-Sermolli (1957) as
part of north eastern Africa (Ethiopia, Eritreajtuti, and Somalia) as briefly discussed in
Friis & Sebsebe Demissew (2001). He divided thesteggpn types into twenty four. However,
it was not explicit because it was based on pressgeographical and botanical information.
Furthermore, it was not representative at all ¢fatial, 2010).

After two decades White (1983) classified the vatien of Africa in general including the
Ethiopian vegetation, center of endemism as ari@it®ut of the 80 vegetation types presented
by White 13 are found in Ethiopia (Frigt al, 2010). The vegetation classification of White
(1983) is as important as the vegetation classifinaof Ethiopia by Friis (1992and Friiset
al. (2010). However, the location of White’s vegetatinap lacks precision (Friet al., 2010).

Friis (1992)classified the vegetation of Ethiopia into six i) Lowland dry peripheral
semi-deciduous forest, (2) Transitional rainforé3xBroad-leaved Afromontane rainforest, (4)
Undifferentiated Afromontane forest with eithBodocarpus falcatu®r both Podocarpus
falcatusandJuniperus procera(5) Dry single-dominant Afromontane forest withniperus
procerg and (6) Transition between dry single dominambAfontane forest and east African
evergreen and semi-evergreen bushland and thicket.

Several authors (Sebsebe Demissval, 1996, 2004; Zerihun Woldu, 1999; Friis &
Sebsebe Demissew, 2001) classified Ethiopian vegetacosystem into eight viz. (1)
Afroalpine and Sub-Afroalpine, (2) Dry Evergreen mane Forest and Grassland Complex,
(3) Moist Evergreen Montane Forest, @}acia-CommiphoraVoodland, (5)Combretum-

Terminalia Woodland, (6) Lowland Semi-evergreen Forest, (7pdde and Semi-Desert



Scrubland and (8) Aquatic ecosystem; which was never included in the previous vegetation
classification systems.

A much improved and better described Ethiopian tadgm classification system was
proposed (Friigt al, 2010). These authors classified Ethiopian vegetatto twelve potential
natural vegetation (PNV) viz. (1) Desert and sdmert scrubland (SSD); (2) Acacia-
Commiphora woodland and bushland (ACB) which has two subtyé&) Acacia-
Commiphorawoodland and bushland proper (ACB), (Azaciawooded grassland of the rift
valley (ACB/RV)); (3) Wooded grassland of the western Gambella Region (WGGQG); (4)
Combretum-Terminaliawoodland and grassland complex (CTW); (5) Dry evergreen
Afromontane forest and grassland complex (DAF) whitave four subtypes viz. (5a)
Undifferentiated Afromontane forest (DAF/U), (5b)ybsingle-dominant Afromontane forest
of the Ethiopian highlands (DAF/SD), (5c) Afromonéawoodland, wooded grassland and
grassland (DAF/WG) and (5d) Transition between Afomtane vegetation anécacia-
Commiphorabushand on the eastern escarpment (DAF/TR); (6) Moist evergreen Afromontane
forest (MAF); (7) Transitional Rainforest (TRF); (8) Ericaceous belt (EB); (9) Afroalpine belt
(AA); (10) Riverine vegetation (RV); (11) Fresh water lakes, lake shores, marshes, swamps,
and flood plains vegetation (FLV) and (12) Saltevdakes, lake shores, salt marshes and pan
vegetation (SLV). This classification system isyerformative and, probably, representative.
Exclusive to vegetation types 8-12 it looks an esien of previous classification systems.

Recently, Intermediate evergreen Afromontane fdié$t) is proposed as a new vegetation
type of Ethiopia (Abiyot Berhanet al, 2018). This new vegetation type shares some apeci
from Dry evergreen Afromontane forest and moistgneeen Afromontane forest. Furthermore,
their species distribution modeling revealed thaja@ (GJ) and Gondar (GD) floristic regions,
with an elevation range between 1500-2800 m aasd.the potential areas for this vegetation

type. However, Tamrat Bekele (1994) early mentiothedtransition zone between the mosit



southwest highlands and the relatively dry Afronaomet region of north needs due research
attention.

Tropical ecosystems, especially montane forestdharanost species-rich ecosystem on
earth. This is due to the availability of optim&sources required for living organisms.
However, they are severely exploited because of dgpal importance for agriculture. The
montane forests of East Africa particularly Ethepiave exceptional species richness, high
concentrations of endemic species however theyuader great human land-use pressure
(Mittermeieret al, 2004).

Ethiopia possesses large assemblage of plant&ftthéargest floral diversity in tropical
Africa (Maczulak, 2010) consisting more than 5, gher plants with about 10% endemism
(Ensermu Kelbessa & Sebsebe Demissew, 2014). Dhirs 17% and 10% of endemic and
near-endemic plant species, respectively, of thenlabAfrica (Friiset al, 2005). Ethiopia is,

thus, considered as a center of plant diversity IN0Z1992).
2.2. Plant Community Dynamics in Fragmented Landscapes

Although the ideas might be very closely relatedplegists define plant community in
different ways. van der Maarel & Franklin (2013)ided plant community asa’relatively
uniform piece of vegetation in a uniform environtmeiith a recognizable floristic composition
and structure that is relatively distinct from tlseirrounding vegetatiaih Even though
ecologists agree that plant community is an asBoni@f plant species in an environment,
there are two plant community structure models tieatiate at certain issues. These are the
community-unit and continuum concept.

The community-unit concept states plant commurgtyetbps together as a single unit like
an organism and is driven mainly by climate (Cletaeh916). The community-unit concept
states that communities are highly structured, atgide, and identifiable associations of

species controlled by environmental gradients. Ehaften depicted graphically as a series of
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non-overlapping groups of species response cutteag @an environmental gradient (Collins
et al, 1993).

On the other hand, the proponents of continuum epnof plant community as
hypothesized by Gleason (1926) is described Ezxh species is distributed in its own way,
according to its own genetic, physiological, anfédycle characteristics and its way of
relating to both physical environment and interano8 with other species; hence no two
species are alike in distribution Continuum theory states that plant communities ghan
gradually along complex environmental gradientshdhat no distinct associations of species
can be identified.

The debates about community theories are stilligtérg. Looijen & Andel (1999)
explained three problems of ecological communities, ambiguity in defining communities,
the absence of clear boundary in communities, agtérbgeneity in the composition of
communities. Hence, these authors proposed a ni@vitide of communities as “the particular
set of individuals occurring in the intersectiontloé areas occupied by different populations
of species.” Nevertheless, this definition coulddra drawback because it could lead to an
unstable excessive humber of plant communities.

Perhaps, the pioneering research conducted init#hio test community continuum was
in the 1960s by Beals (1969). The study was comducin steep (Bati to
Combolchakombolchafrom 800 to 2050 m a.s.l.) and gentle (Awash tos8baenanne from
1000 to 1900 m a.s.l.) altitudinal gradients ofetagjon change. The result showed community
discontinuities in the steep slope than the gesitipe. Most part of Ethiopia is turning to be
anthropic landscape (White, 1983) with some remmettiral vegetation due to land use
changes.

Severe habitat fragmentation is often the causkdbitat loss or conversion into other land

use types. Temporal and spatial discontinuitieplamt community structure or vegetation
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pattern are common phenomenon in the AnthropocemeHence, the vegetation in northern
Ethiopia in general Abune Yosef mountain rangeairtipular would be rather considered either
as metacommunity (Leiboldt al, 2004) or meta-ecosystem (Loreetual, 2003). Because
most of the remnant natural vegetation is confiteed very small patches which exist in a
highly fragmented landscape. These plant commusratie connected by dispersal whereas the

ecosystem by spatial flows of energy, materials@gdnisms across ecosystem boundaries.

2.3. Multivariate data analysis: Classification and Ordination

The statistical analysis of observations and mioa@ tone variables is termed as multivariate
data analysis. Cluster analysis and ordinatiorsaree of the commonly used approaches in
environmental science in general and vegetatiofoggan particular. These approaches are
discussed in the following subsections.

2.3.1. Cluster analysis

Cluster analysis is a classification approach imnctvithings are grouped together on the bases
of their similarity. The more similar they are thmre probability to be in the same cluster. It
can be used to discover structure in data withoowiging an explanation (Zerihun Woldu,
2017). The interpretation of the clusters depamdthe knowledge of the author’s pre-analysis
data and study area. Moreover, it also dependé@ulistance methods used, grouping rules
applied, and cluster analysis method. The outputkeocluster analysis can be scatterplots,
dendrograms, trees, lineage diagrams, and silleuBtere are two types of cluster analysis
viz. non-hierarchical and hierarchical clusteriBgth of them are discussed by giving more
emphasis to hierarchical clustering.

2.3.1.1. Non-hierarchical clustering
Although non-hierarchical clustering is not comnyounsed like hierarchical classification in

vegetation ecology, there are various non-hieraethmethods (Kent, 2012). Cluster based
partitioning method is an example of non-hierarahatustering. Non-hierarchical partitioning

algorithms attempt to derive clusters from an uedéntiated set of vegetation plots directly
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without a hierarchical dendrogram (Peet & Robets 3) i.e. it produces a single partition
without any hierarchy in the group (Borcastal, 2011). The number of clusters should be

determined in advance, unlike hierarchical clustgri

2.3.1.2. Hierarchical clustering

In contrast to non-hierarchical clusteriripe members of inferior-ranking clusters become
members of larger, higher-ranking clusters. Mosthef time, hierarchical methods produce
non-overlapping clusters (Borcaetlal, 2011). The output of the hierarchical clusterlgsia

is a dendrogram which allows cutting at an arbjttagight to create a reasonable number of
clusters. Hierarchical clustering is often basedesemblance matrix or dissimilarity. There

are two types of hierarchical cluster analysis.

2.3.1.2.1. Divisive hierarchical clustering

Hierarchical divisive clustering begins with albfd in a single cluster, which is then divided
into two subclusters recursively until the clustget too small or too homogeneous to
subdivide according to criteria established by uker (Peet & Roberts, 2013). Due to this
reason, it is called a “top-down” approach. Divesmethods may be monothetic or polythetic.
Monothetic methods use a single descriptor (thetbakis considered the best for that level)
at each step for partitioning, whereas polythetthuds use all descriptors; in most cases, the
descriptors are combined into an association médaxcardet al, 2011). However, Legendre

& Legendre (2012) claimed that polythetic divisivethods are not satisfactory.

2.3.1.2.2. Agglomerative hierarchical clustering

Agglomerative hierarchical clustering begins witte tdiscontinuous collection of objects,
which are successively grouped into larger ancelactusters until a single, all-encompassing
cluster is obtained (Borcaet al, 2011). In contrast to divisive hierarchical ckrstg, it is a
“bottom-Up” approaches. It works by first findiniet clusters of the most similar items and
progressively adding less similar items until &lmis have been included into a single large
cluster (Zerihun Woldu, 2017).
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2.3.2. Diversity Indices

Species diversity could provide better informattban simply list of species since it often
considers the relative abundance of the specie®n Ehough there is no single universally
accepted diversity index, there have been sevedalds used to estimate species diversity and
evenness. Some of the widely used diversity indicelide Shannon-Weiner and Simpson
diversity index.

2.3.2.1. Shannon diversity index

Shannon-Wiener indeX() or Shannon diversity index makes the assumghanindividuals

are randomly sampled from an ‘infinitely large’ pdgation and also assumes that all the species
from a community are included in the sample (K&8t12). However, the last assumption is
not always easy to meet and presupposes that dhegest knows exactly what the species
composition of the community is.

The Shannon diversity index is calculated fromftrenula (Equation 1):

Diversity (H') = Z Pilnpi = Z[(—) ln(—)] (D

i=1
Where;sis the number of speciggi is the proportion of individuals or the abundant¢he

ith species, and In = log bage is the number of individuals belongingiteof S species in
the sample and n is the total number of individirathe sample.

Any base of logarithms may be taken, withzagd logo being the most popular choices.
The choice of log base must be kept constant wioemparing diversity between samples.
Values of the index usually lie between 1.5 and 8lthough in exceptional cases, the value
can exceed 4.5.

According to Shannon equitability or evenness in(l&x evenness is calculated as follows
(equation 2):

H _ —-¥i_,Pilnpi
- Hmax InS

(2)
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The higher the value of E the more even the spégiestheir distribution within the quadrat.

2.3.2.2. Simpson diversity index
Simpson derived an index based on the probabiidy any two individuals taken at random

from an infinitely large community will belong tbé same species (Simpson, 1949) expressed

in the following formula (equation 3):

D= zs: pi? 3)
i=1

Wherepi is the proportion of the number of individuals e tabundance of thth species. It
is usually reported as 1-0 € Y, Pi?) the complement or 1/D (I/Pi?) the reciprocal (Kent,
2012).

An evenness measure can also be obtained by diMidenreciprocal form of the index by the

number of species in the sample (S) as in equdtion

Evenness ug_m or% %)

The reciprocal is, however, widely used. The relgedt between 0 and 1 and is not influenced
by species richness, unlike the other diversitycesl
Generally, the diversity indices with their respeeformula are described in table 1.

Table 1. Species diversity indices

Diversity index
Shanon Simpson Margalef Reciprocal | Hill's diversity
Berger Parke
Diversity | H’ s Dy D N, = exp®")
= ) pilnp; i=1 In(N) N =1 .
= OR 1-Do /5s_ pi?
1/D
Evenness H’ 1-D
E= E = ( ) OR
In(s) S
1
@)
E=—--
S

Where:S = number of specietN = number of individuatspi = the proportion of individuals

found in the ith speciedimax= number of individuals in the most abundance s=eci
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2.3.3. Ordination
The encyclopedia of ecology (Syms, 2008) definedination as a set of analyses that

collectively aim to summarize and present multa@ridata, in which multiple dependent or
response variables have been recorded, to dispiffgrences between samples graphically
into fewer dimensions than the original data’seShortly, it is a graphical representation of
the similarity of sampling units and/or attributes resemblance space (Wildi, 2013). It
transforms the vector observations into a new se¢ctor observations. In contrast to cluster
analysis that searches for discontinuities in thiaskt, ordination extracts the main trends in
the form of continuous axes (Zerihun Woldu, 20THhis provides much-focused information
of the relative position of objects by reducing dmsions. There are two ordination types viz.
indirect ordination or unconstrained (Principal Gament Analysis (PCA), Correspondence
Analysis (CA), NonMetric Dimensional Scaling (NMOSnd Detrended Correspondence
Analysis (DCA)) and direct or constrained (CanohiCarrespondence Analysis (CCA) and
Redundancy Analysis (RDA)) ordination.
2.3.3.1. Indirect or Unconstrained ordination

Indirect ordinations are based on the analysisofe units (floristic data) independently of
any preconceived notions of controlling environna¢/biotic factors or successional sequences
(Kent, 2012). It positions sample units accordiagcovariation and association among the
species (McCune & Grace, 2002).

2.3.3.1.1. Principal component analysis (PCA)
PCA is an unconstrained ordination tool which asssia linear relationship of sample units
and environmental and/or biotic relationship. leates new variables that consist of
uncorrelated, linear combinations of the originatiables by using Orthogonal Euclidian,
independent of previously extracted axagmace (Wildi, 2013; Zerihun Woldu, 2017). The most
interesting and strongest covariation among vagmbémerges in the first few axes

(components), hence "principal components" (McC&r@race, 2002). PCA works based on

16



two principles (McCune & Grace, 2002; Legendre 8gérdre, 2012; Wildi, 2013; Zerihun
Woldu, 2017) which make it a powerful tool in veg@in data analysis. First, it reduces many
variables to a smaller number of new derived vdemthat adequately summarize the original
information and can be used for further analysiscaBdly, reveal patterns in the data,
especially among objects, that could not be foundrialyzing each variable separately.

Ordinations using PCA may be subject to an effecvkn as an arch, in which a plot of
samples in ordination space of axis 1 versus axis@ays a curvilinear pattern rather than a
linear gradient along the axis (an ‘arch’), or mextreme form a bending in which samples
that are very dissimilar are closer to each othan should be expected (a ‘horseshoe’) (Syms,
2008). This effect (also known as the Guttman ¢ffeca result of the limitations of the
different distance measures preserved by PCA whempkes have been taken across long
environmental gradients and the composition ofcttmunity undergoes large changes. The
Euclidean distance preserved by PCA is insensitvdouble-zeroes — so samples that share
no species in common appear to be more similaa¢th ether, thus generating an arch in the
ordination.

2.3.3.1.2. Correspondence analysis (CA

Correspondence Analysis, formerly called reciproaaéraging (RA), is an eigenvector
technique which performs a simultaneous ordinatioboth site and species scores (McCune
& Grace, 2002). It is an eigen-analysis of a Chiesg distance matrix i.e. the eigenvalue of
the CA axis is equivalent to the correlation caméint between species scores and sample
scores (Greenacre & Primicerio, 2013; Zerihun WpR011 7). The rows are the first descriptors
and the columns are the second descriptors. Camdspce analysis is often used in
community composition analysis based on presenseraie or abundance data (Legendre &
Legendre, 2012). Like PCA, CA also suffers frora #ic or horseshoe effect. To avoid this it

is advised to detrend CA.
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2.3.3.1.3. Principal coordinate analysis (PCoA)
Although it is very similar to PCA in principle, B@ also known as metric multidimensional
scaling allows the user to choose any distance umneashich makes it more preferable
(Legendre & Legendre, 2012; Wildi, 2013). In PCQ#en the sample units are ordinated,
the eigenvalues and eigenvectors are derived speurelarity matrix is used to derive the
coordinates of the sample units and vice versadiy\2013).

2.3.3.1.4. Nonmetric multidimensional scaling (NMDS)
NMDS is applied if the aim is to plot dissimilarjebts far apart in the ordination space and
similar objects close to one another due to thegmation of ordering relationshipsnong
objects (Legendre & Legendre, 2012). It can als® msssing distance measures. The more
missing distances there are, the easier the cotigngaas long as there are enough measures
left to position each object with respect to a f@vthe others(Legendre & Legendre, 2012).
Consequently, this method is a widely used ordimettbol. Interestingly, NMDS like PCoA is
not limited to particular distance measures. Furtloge, it doesn’t have any specified
assumption. McCune & Grace (2002) claimed that ifpag the minimal stress and slow
computation with large data sets are the disadgastaf NMDS, otherwise, it should be the
choice for ecological research.

2.3.3.1.5. Detrended Correspondence Analysis (DCA)
DCA is developed as a solution to the Arc or Hdnseseffect in CA. It is an eigenvector
ordination technique based on correspondence amalyd ordinates species and sample units
simultaneously (McCune & Grace, 2002). Furthermibrayoids the tendency to compress the
axes ends relative to the middle which happensAin C

2.3.3.2. Direct or Constrained ordination

In constrained ordination, sample units are ordidabn the bases of measurements of

environmental factors in those sample units (McCé@n&race, 2002). It is applicable to
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investigate patterns along environmental gradien@onstrained ordinations are directly
influenced by a set of explanatory variables anel tésulting axes are constrained by
environmental factors since the matrix with enviramtal factors directly enter the ordination
algorithm (Zerihun Woldu, 2017 he idea of constrained ordination is to searchaféew
weighted sums of environmental variables that#t data of all species best, i.e. that give the
maximum total regression sum of squafEsr Braak & Prentice, 2004).

2.3.3.2.1. Redundancy Analysis (RDA)
RDA like PCA shows the Euclidean distance betweiges sn the ordination graphs and
assumes linear relationships. In contrast to PE@ARDA the ordination is constrained by the
environmental variables, shown in the environmentatrix (Kindt & Coe, 2005). It is a
method which combines regression and PCA (Boreasd, 2011).

2.3.3.2.2. Canonical Correspondence Analysis (CCA)
CCA finds a linear combination of variables in ea¢hhe two sets that the maximum mutual
correlation. In CCA, since species are assumedue inimodal response surfaces with respect
to linear combinations of the environmental vaisbithe species are logically represented by
points (corresponding to their approximate optimathe two-dimensional environmental
subspace), and the environmental variables by ariadicating their direction and rate of
change through the subspace (Ter Braak & Prer&i@4).

The choice of ordination approach/s depends onirpat structure and the assumed
relationships of variables. PCA and RDA are recomuhee for short environmental gradients
whereas DCA and CCA for long environmental gradig@tustin, 2013; Paliy & Shankar,
2016). Furthermore, if the goal is identifying geads of variation in a set of measured
variables and if the length of the first axis in ®& greater than 4, ordination techniques such
as CCA that assume unimodal relationships shoulddwecated (Paliy & Shankar, 2016;

Zeleny, 2018).
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2.4. Mountain Biodiversity

Mountains are characterized by their steepness ragdedness which also entertains
elevational differences (Kdrner, 2004). The steepnim particular, causes the forces of gravity
to shape them and create habitat types and distcebdypical for mountains and which make
exposure a driving factor of life (Kérnet al, 2011). Consequently, mountains are the major
hotspots of biodiversity than would be expected d@ga (Mutke & Barthlott, 2005).
Furthermore, mountains play a crucial role in Snsfale development because they are not
only sources of fresh water for people, industiregjation for downstream areas but also food
security, poverty alleviation, and, ultimately, okl stability is critically linked to mountain
resources, and hence to the development taking mhamountain areas (Mountain Agenda,
2002).

Besides all the ecological and social importancewdver, mountains are facing
anthropogenic pressures. Kohédral. (2010) claimed that mountains, which host halfhef
global biodiversity hotspots, are threatened bgnate change and anthropogenic pressures.
Thus, there should be a balance in land use, ocatgmn practices and developmental activities

around mountain areas.
2.5. Vascular plant species richness patterns along elavon gradient

The relationship between plant species richnegemednd environmental variables remains a
central issue of ecologists (Hegaayal, 2007). Dramatic variation in environmental driver
(e.g., solar insolation, temperature, precipitgtioncurs over a relatively short elevational
gradient, such that ecological mechanisms, ratteer biogeographic or historic mechanisms,
likely mold biotic responses (Willig & Presley, 281 Plant species diversity and their
distribution can be influenced by different envineental variables, to mention some among

the others, soail, elevation, slope, aspect, andtua.
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There is no rigid pattern of species richness patédong elevation gradient. However,
several studies argued that species distributiongatlevation gradient resulted in either (i)
hump-shaped (Acharyat al, 2011; Ren et al, 2012) (ii)) a monotonic decline in species
richness with increasing elevation (Mallen-coopeP&kering, 2008; Sharmet al, 2009;
Trigaset al, 2013) (iii) a monotonic increase of species richnesth wicreasing elevation
(Baruch, 1984); (iv) the lowest species richnesatatmediate elevation (Peet, 1978); and (v)
no obvious relationship between species richnedgkvation (Wilson & Sykes, 1988; Lovett,
1999). These trends have been discussed in rel&diatifferent environmental variables
(Grytnes, 2003; Kdorner, 2004; Rahbek, 2005). Néatess, Rahbek (2005) emphasized that
the hump-shaped and monotonic decline is more rezalgle.

Vascular plant species richness pattern along etevgradient does not necessarily reflect
a similar pattern for endemic vascular plant sgedighness. Usually, high altitude areas host
higher endemic plants than their respective lowkitude areas due to their spatial
heterogeneity and extreme microclimates such astorei and temperature. High endemic
plants at high elevation is attributed to isolatedrmountain zones and high species richness
at a lower elevation is attributed to evolution @mpersa(Vetaas & Grytnes, 2002; Steinbauer
et al, 2016). High endemic plants at a higher eleva{®teinbaueet al, 2016) and mid-
elevation (Wanet al, 2007; Trigas et al, 2013; Manish et al, 2017) were reported in different
continents.

2.6. The interplay: Vegetation, Land Use, and Human Impact
Biological diversity is becoming threatened at éarraing rate due to land use change and
development pressures. Declining of biodiversitg@meral and plant diversity, in particular,
could be detrimental to all living organisms in tiegrestrial environment. Considering the
several threats to biological diversity, the lioglare goes to human beings. Biodiversity

extinction rate is estimated to be 1,000-10,00@¢ihe geological background rate (Pimm
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al., 1995). This definitely creates a major disruptiohiogeochemical cycles on earth in which
it's 30 to 50% of the land surface is transformgchbbman action (Leuschner, 2005). Out of
the 7,000 plant species assessed following IUCN RsdCriteria, Brummittet al. (2015)
showed that 20% are threatened due to anthropogeeiats.

Anthropogenic impact on vegetation dynamics inctudech as overgrazing (livestock),
fire (wild or domestic), deforestation, climate ofga, the introduction of invasive alien
species, forest clearance for agricultural expamsand a variety of land use activities.
Nevertheless, deforestation is the major poterseaf vegetation cover change. Air pollution
and Nitrogen deposition which significantly influess the atmospheric composition to become
different from any that its ancestors would havpegienced is also a major threat to plants
(Corlett, 2016).

The impact of human beings on vegetation, as dtresteflected on ecosystem functioning
and network structure of interacting species (M2D10). The loss of one species could have
a profound impact on other species, especially ofexisting species. This may cause
secondary extinction (Kotet al, 2004) though some species may benefit occasjonall
Furthermore, if a species is lost from an ecosystem it is n&it lue species itself that is lost,
but its interactions, and the ecological functiotiat result from these interactions, for
example, seed dispersgMorris, 2010)

2.6.1. Deforestation
Globally, deforestation has been causing a sigmiti@rea loss of vegetation cover and land
transformation since 1850 (James, 2013). Althounginet are reports which argue the forest
cover of Ethiopia in the last $8Century was around above 40%, this was not suggday
systematic survey data (McCann, 1997). This usualyls to the ill-advised generalization
about the origins and forecast of deforestationwéier, deforestatiorsensu latois an

indicator of environmental history and a harbingdr bleak future (McCann, 1997).
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Consequently, Nyssesat al.(2004) recommended the issue of deforestationseggnt action
at all levels.

2.6.2. Overgrazing
Livestock grazing in deforested land, grassland/@ndangeland could lead to loss of
vegetation cover. Although it is widely believedthe scientific community that light grazing
could increase plant productivity and diversityaiegrazing could have a detrimental impact
on vegetation cover. This could be due to the esteegrampling of animals which cause soll
removal by wind, soil deterioration and erosionil sompaction, increased bulk density,
decrease soil organic carbon, reduced photosystlesi loss of plants, and it may facilitate
shrub encroachment in grasslands (Nysstral, 2004; Goudie, 2013). These results in
decreased water infiltration, increased erosiod,detreased biomass. Nevertheless, the effect
of grazing varies along elevation gradient (Speteal, 2013).

2.6.3. Agricultural expansion
Agriculture is the main stay of Ethiopia. The oxwlin its current form as a dominant tool
appears in rock painting dating as far back asAD@McCann, 2017). Considering beingf'2
populous country in Africa, the need for agricudtiuand grazing land expansion is persisting.
Due to degradation, however, there is no enoughkespeft and productivity is decreased
(Nyssenet al, 2004). The absence of land use policy aggravagesdeforestation and
agricultural encroachment. Hurni (1988) reported&@®per hectare per year soil loss due to
agriculture which is 25 fold higher than soil fortioa rate in Ethiopia.

2.6.4. Climate change
Man-induced climate change is causing a tremenuopact on vegetation. Although climate-
driven increase in global terrestrial net primamyduction in tropical ecosystems was reported
(Nemani et al, 2003), range shift, phenology shift, phenotyplasficity evolution and

extinction due to climate change were also repdifedmaset al, 2004; Walther, 2010). This
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might cause pollinator- phenology mismatches inigalar and disruption of trophic structure
at large.

2.6.5. Drought
Tracing the historical drought events happened thiogia, it is a frequently recurring
phenomenon that affect the environment and foodrggcMore than 30 drought events were
recorded since 1970 covering either the whole natioin part. After 1970 drought visits the
country at least at 10 years interval in which hemh Ethiopia is the most exposed (Tagel
Gebrehiwotet al, 2011). In recent years, however, the frequemuy spatial coverage is
increasing.

Although the impact of drought varies based onrtfagnitude, frequency, and duration,
the disaster of drought is not confined to sociadl @conomic crises. Rather, biological
diversity is greatly affected vis-a-vis ecosystewductivity. Research from northern Ethiopia
reported drought as the major driver of LULCC imegeal and loss of vegetation cover in

particular (Diress Tsegay al, 2010).
2.7. Plant conservation status

Plants play a crucial role in the ecosystem. Thieyasithe center of ecosystem stability, services
and functions. Economic and cultural values are thls presents of plants to the people. Food,
fiber, forage, oxygen, medicinal, water purificatioprevention of soil erosion, carbon
sequestration, religious and aesthetics are sotine @conomic and ecological values of plants.
However, plants are facing major threats in theofanthropocene.

Out of the 310, 343 described plant (including graad red algae, and mosses) species,
24, 230 (8% of the described plant species) haga bealuated by the International Union for
Conservation of Nature (IUCN). The threatened glapecies increased from 5328 in 1996/98
to 12, 505 in 2017 (IUCN, 2017). This two-decadwaddnows plants are at an ultimate threat.

Considering, the number of species assessed anerttaning unassessed and undescribed
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species, the global coverage of floristics, thi€NJwork is the tip of the iceberg. Furthermore,
regional, national and local evaluation are vemyitied.

According to the world conservation union repodCN 1997, [UCN (1998) 163 (2.5%)
of the vascular plants in Ethiopia were threatefgd@N Red List of endemic trees & shrubs
of Ethiopia and Eritrea assessed 135 endemic p(&itsrees and 104 shrubs) and revealed
that 116 of them are threatened (Vivezb al, 2005). However, assessment edfdemic
flowering taxa assessed 596 taxa covering 550 ap&diich are 9.7% of the estimated plants
in FEE (Viveroet al, 2006) and found 77.4% of them are threatened.

2.7.1. Rarity
Understanding the rarity of a species plays a afuole in developing conservation priority
by reasonably allocating the limited budget for semvation (Sisket al, 1994). The term
“rarity is frequently used as a synonym for low atance or small range, and as the converse
of common or widespread, without any attempt teaglaard limits on where rarity ends and
commonness begihgGaston, 1994)Rarity is often determined by species geographical
distribution, population, and habitat specific{Babinowitz, 1981; Gaston, 1994; Flather &
Sieg, 2007). Rarity studies can be performed fatthocal spatial scales, regional, and
biogeographical scales (Gaston, 1994).

Although the spatial scale should be taken int@ant rare species have a great extinction
risk than common species (Matthiesal, 2004). However, if the spatial scale is very $mal
this argument may have a flaw. Certainly, a spexiesd be regarded as rare on a local scale,
yet common at a regional or global scale (Flath&i&g, 2007). Moreover, rarity forms don’t
consider the underlying causes of rarity (Jesu®819hich makes inferring about the
differences between common and rare species uhutigis case, it might be complemented
by the resource demanding IUCN Red List assessment.

The causes of rarity and threats of extinction regabglobally are almost similar. The major
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causes include habitat conversion, habitat destruydbabitat fragmentation, overexploitation,
invasive alien species, overgrazing, over-harvgstiire either wild or man-induced and
climate change are some of the major threats totpBrummittet al, 2015). Habitat loss
and degradation, alien species, intrinsic factoid @xploitation are the major threats which
caused 91%, 15%, 9%, 8% threats respectively gbldmets assessed (Hilton-taylor, 2000).

Land transformation, per se habitat loss and fragatien (Sisket al, 1994; Wilcove et al,
1998; Honnay et al, 2005; Flather & Sieg, 2007; Brummitt et al, 2015), direct exploitation of
a species (Partet al. (2005), exotic and invasive species (Wilcateal, 1998), intrinsic
characteristics of a species and habitat spegifi€itather and Sieg, 2007) are some of the
leading causes of rarity either locally, regionatiyglobally.

Loss of plants could lead to the loss of ecosystentifunctioning (Faniret al, 2017) such
as provisioning ecosystem services (food, watehér, medicine fiber, soil, fodder), cultural
services (aesthetic, spiritual, recreation), agdleging services (water purification, preventing
soil erosion, climate).

2.8. Land use and land cover change (LULCC)

Land use and land cover change is a very complegegs which is highly influenced by
biophysical, socio-economical and economic faci{@mwsanjani, 2012) such as long-term
natural changes in climate conditions; geomorpho@dgand ecological processes; human-
induced alterations of vegetation cover and lanoissainterannual climate variability; and
human-induced greenhouse effect (Lambin & Strahl®94). Land cover refers tahe
physical and biological cover over the surfacetd tand, including water, vegetation, bare
soil, and/or artificial structure’s(Molders, 2012; Ellis, 2013). Whereas, Land useolves
“both the manner in which the biophysical attribudéthe land are manipulated and the intent
underlying that manipulation—the purpose for whileld land is uséd(Turnerll et al, 1995).

Land use and land cover change is a global resegemda (Lambiet al, 2006) because

26



it causes loss of biodiversity, increase pollutimcrease climate variability (Mahmoed al,
2010; Arsanjani, 2012) and affects the moisture and temperature statekl@vs, 2012). Thus,
it has a potentially strong influence on ecosyssemvices and functions (Wamg al., 2015).
The multiple impacts of LULCC include loss of prewnal services i.e., lack of food, feed,
fiber, and timber; increased disease risks; atmospheric chemistry, climate change, and life
support functions; loss of agrodiversityand biodiversity; degradation of soil quality; and
alteration to freshwater hydrology, agriculturalterause, and coastal zones (Chhadtral,
2006).

Of particular importance are anthropogenic infllensuch as agricultural expansion,
deforestation, and urbanization, as these are neajatributors to C@emissions. According
to the IPCC (IPCC, 2007), about one-third of ththespogenic C@emissions since 1750 has
come from land use changes. Hough&tral (2012) estimated the net flux of carbon from
LULCC from anthropogenic carbon emissions to b& p2rcent from 1990 to 2010. However,
Arneth et al (2017) claimed that the estimations of £@missions from LULCC are
underestimated and, perhaps, are larger than wedslymed. Furthermore, Benredtal. (2005)
predicted LULCC to be a major driver of changethmprovision of ecosystem services up to
2050.

In Ethiopia, land degradation associated with LULE@esponsible for the annual loss of
about $4.3 billion (Samuel Gebreselassieal, 2016). Ethiopia is the 2and 29 populous
country in the world and Africa respectively withpapulation of over 107.5 million people
and this population is increasing at a rate of Z4@ar* (Worldometers, 2018).

More than 80% of the population of Ethiopia reloesrain-fed agriculture for subsistence.
Consequently, LULCC is occurring at an alarming r&esearch in some parts of Ethiopia has
revealed that the major drivers of LULCC are population growth and settlement; agricultural

expansion; deforestation and land clearing; and fire (Yohannes Kidanet al, 2012; Alemayehu
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Urgeseet al, 2016). Reconstruction of pre-agricultural expansiegetation cover of Ethiopia
by Binyam Tesfawet al. (2015) showed that more than one-third of todégienlands were
previously covered mainly by broadleaved evergaamhdeciduous forest.

Agricultural land expansion in the Ethiopian higida has been increasing since 1860 at
the expense of forests, shrublands, and grasslé@dgsvot Menker & Rashid, 2014).
Agriculture plays a significant role in alleviatimmpverty, but the absence of a ratified policy
on land use planning in Ethiopia is contributingrapid land cover changes without a full
understanding of the social, economic, and ecoébgmepacts.

2.8.1. Image Processing and Classification
Land use and land cover change detection couldfeeted by image registration, differing
atmospheric conditions, sensor differences, aniéréifit viewing conditions (Cheat al,
2012). Thus, image preprocessing is crucial tochbmas arising from noise and instrument
artifacts.

Among the various steps of data preprocessinghfange detection, multi-temporal image
geometric correction (Toutin, 2004) and radiometocrection (Chandest al, 2009) are the
most important. Tools and techniques are needddttrt, describe, and predict these changes
to facilitate sustainable management of naturaluees (Chemwt al, 2012). After the image
preprocessing information is extracted by differapproaches such as unsupervised and
supervised classification. These approaches acastied in the next sub-sections.

2.8.1.1. Unsupervised classification
The theory behind unsupervised classificationimsilar pixel values are organized into groups
without interpretive guidance from the analyst (Aga& Gillespie, 2006). These groups are
the bases for the different land uses classes, thérefore, at the hands of the investigator to
identify and name the different LULC classes. Umesuised classification could be helpful if

the investigator is not familiar with the study arélowever, care must be taken since the
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unsupervised classification may create some ureteslusters (Hansen, 2012).
2.8.1.2. Supervised classification

Unlike unsupervised classification, in superviskssification interpretive guidance from the
analyst is mandatory. The analyst selects a gréwomiguous pixels from part of an image
known as a training area that defines the digitahiber values in each channel for a class
(Adams & Gillespie, 2006). Thus, supervised classifon works on the bases of the ground
reference data.

2.8.2. Accuracy Assessment
If we want to apply our output into management picas, the map should be as accurate as
possible. Thus, an approach which assesses theaagcof the map generated should be
applied in both unsupervised and supervised clagdn. An accuracy level of 85% was
introduced by Andersoet al. (1976) and it is now widely accepted and used stargdard in
map accuracy assessment. However, an accuracyet86ld be more than enough in some
cases but may not be satisfactory in other casasg@ton & Green, 2009). Thus, the accuracy

level cutoff should be set based on the objectivberesearcher.
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CHAPTER THREE
3. MATERIALS AND METHODS

3.1. Study area description

Abune Yosef mountain range is located in North Wa@bne, Amhara Regional State which is
part of a high basaltic plateau situated west efrtfain Ethiopian Rift (Coltor&t al, 2007).
The area ranges from °BI’00” to 1215’00” latitude and 3830’00” to 39°25’00” longitude
(Figure 1). Its elevation reaches up to 4284 meibve sea level (m a.s.l.) at the mountain
peak. The ridge of Abune Yosef mountain range cmes northwards to the Tigray Plateau
and westwards to the Simien Mountains. This mouanisithe source of rivers that provide
water for the downstream population which includeesal Districts and it is the origin of the
Tekeze river.

The name abune Yosef comes after the Saint AbursefMeho established and lived in
Abune Yosef church at the top of the mountain. €hera folk told by the community and
religious groups, the priests and Monks. Hereasfditk.

Once up on a time a poor man in the Abune Yosefrilin lost his mother. However, he
wasn’t lucky enough to attend his mother’'s bureeznony. He would have lost his cereals
due to the herds dfheropithecus geladéGelada Baboon) which could left his family bafe o
food if he had left the farmland for the burial @@ony. Hence, he was forced to stay in his
farmland keeping th&heropithecus gelad@Gelada Baboon) from destroying his cereals.

Saint Abune Yose$aw the poor man crying in his farmlar&t. Abune Yosef then asked
“young man why are you crying”? The poor man replie have lost my mother, but | am
couldn’t to attend my mom'’s burial ceremony”. The Abune Yosef asked why? The poor
man replied “If | leave my farmlantiheropithecus gelad@elada Baboon) herds will destroy

my cereals as a result | can’t feed my family.’bhit deserve to be migrated.
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Then St. Abune Yosef ordered the poor man to gaattiedid his mother’s burial ceremony.
He then forbid thé heropithecus geladéGelada Baboon) not to feed on the cereals and the
people not to collect remnants of the cereals. Hitovers of the cereals are for the
Theropithecus gelad@elada Baboon) species.

Even though the time when is not known, Theeropithecus gelad@elada Baboon) don't
feed on the cereals and the people don’t collectédreal remnants starting from the forbid of
St. Abune Yosef. Both th€heropithecus geladéGelada Baboon) and the people are keeping
their promises.

The mountain range hosts 43 mammals of which 7ispace endemic ( 22% of the known
endemic mammals in Ethiopia and Eritrea) (Saavetah, 2009b). The endemic mammals in
the study area include Ethiopian wd|€anis simens)s Gelada baboonTheropithecus
geladg, Bailey’s shrew Crocidura bailey), Long-eared batRlecotus balens)s Gray-tailed
narrow-headed rat Stenocephalemys griseicagdaUnstriped grass rat(Arvicanthis
abyssinicuy andDega rat Pesmomys harringtoji

It also has 221 bird species of which 6 specieseagemic ( 35% of the endemic bird
species reported from Ethiopia and Eritrea) (Saaetdal, 2009a). The endemic bird species
reported from this massif includes Yellow-frontearot Poicephalus flavifrons Ankober
serin Serinus ankoberengjsErlangefs lark Calandrella erlangen, Abyssinian longclaw
(Macronyx flavicollig, Black-headed siskinSgrinus nigriceps and Abyssinian catbird
(Paroplasma galinieii

3.2. Demographics

Ethiopia has conducted a population census in 18894, and 2007. It is not possible to get
the census data of Lasta district of 1984 becawsdational population census was done at
zonal level. Even though the National populationstes of 1994 was done at district level, the

study area was merged with other kebeles undemBudistrict. As a result, the only population
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data which is part of the current administrativefaeary is Lalibela town with a population of
8, 484 (CSA, 1994which almost doubled to 17, 367 in 20QCSA, 2007). The total
population of Lasta district is about 117, 777 dfietr 58, 451 are men and 59, 326 women.

Only 17, 367 or 14.75% are urban inhabitants (CZR7).
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Figure 1. Map of the study area. The inset map shows EthiapibLasta district.

3.3. Climate
The rainfall data of 1993-2014 was obtained fromidgtian National Meteorological Agency

(ENMA) (ENMA, 2017) Lalibela station, 2500 m a.sllhe weather data from the guage
stations provide little information about the Afhpiae belt because it is installed at 2500 m
a.s.l. Thus, the temperature data is collected fgoich and satellite data from ENMA at an
elevation of 4284 m a.s.l. The mean annual temperaif the study area is 196. This
corresponds to the monthly minimum and maximum tnaore of 7.9 °C
and 24.7 °C respectively. The climate diagram showed that thdysarea receives a bimodal

mean annual rainfall of about 790 mm/year in whighest rainfall is received during summer
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(June to September) and small rain is receivedhdwgpring (March and April) (Figure 2).

Abune_Yosef (4254 m)
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Figure 2. Climate diagram of Abune Yosef mountain range N\ 2017)

3.4. Geology and Soils
The high plateaus of Ethiopia formed 45 million sgeeago from tertiary uplift followed by

volcanism and form basalt layers (Rosqvist, 1996ndHckx et al, 2014). The Enduring
volcanic activity resulted in the building up ofghi mountain of northern Ethiopia which
includes a few of the highest peaks such as Abwsef¥fmountain (Billi, 2015).

These mountains consist of a high basaltic plasgaated west of the main Ethiopian Rift
(Coltorti et al, 2007). These basaltic plateau are aged to thedkgocene to early Miocene

also known as Oligo-Miocene (Zaneteh al, 1974). Abune Yosef mountain is geologically
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characterized as Miocene volcanic rift tiled lal@vs with sedimentary sequences (Abbette
al., 2015).

The typical soils found at lower elevations in thesalt-dominated highlands are reddish
Skeletic Cambisols and black Pellic Vertisols (Desmaekeet al, 2006; Van De Wauwt
al., 2008); whereas; Andosols form the prevalenttgpis in the Afroalpine zone with a lower

limit at 3400—-3600 m a.s.l. (Hurni & Messerli, 19&iurni, 1989; Weschet al, 2000).

Soil research in Afroalpine and sub-Afroalpine aedetation in Ethiopia are very scanty;
except the study in the Bale Mountains (Miehe & Mie1994; Menassie Gashaw & Masresha
Fetene, 1996). The soils of Afroalpine belts anmgaratively porous with low water-holding
capacity but offering good drainage. The soil ctods in the lower part of the Afroalpine belt
are different, where the closed vegetation hagitiseid accumulation and retention of more
fine-textured material.

The soil types of the study area are dominantlyaals. Vertisols and Ferralsols were also
observed at lower elevations in the agriculturatiand bare lands. However, the harmonized
world soil database version 1.2 recognized only saibtypes viz. the dominant mountain soil
type Leptosols and Cambisols (FAO, 2012) (Figurg. 3Ae soil texture triangle showed that

the dominant particle size distribution is loamgiife 3B).

3.5. Vegetation

The District consists of four potential natural g&gion types (Friigt al, 2010; van Breugel
et al, 2015) (Figures 4A & B and Plate 1-3). These angd¥ergreen Afromontane forest and
grassland complex (DAF), Ericacious Belt (EB), Adigine Belt (AA), andCombretum
Terminaliawoodland and wooded grassland (CTW). Due to iteoessability and conversion
into other land uses, particularly agricultural astttubland, the CTW is excluded from

vegetation-environment relationship study.
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The lower and middle elevation are prone to anthropogenic disturbances and most of it is
converted into agricultural land and settlements. The DAF is one of the overexploited
ecosystems in Ethiopia and is known for its declined forest cover and shallow soil depth
(Zerihun Woldu, 1999). The main reason is the prevailing climatic factors are favorable for

agricultural practices and the livelihood of the people.
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Figure 3A & B. Dominant soil types (FAO, 2012) (A) and Soil texture triangle (B) in the study area

The lower elevational belt which is moderately warm zone and highly disturbed vegetation
type is found at elevations between 1,581 and 2,500 m a.s.1., is Afromontane woodland, wooded
grassland and grassland (DAF/WG). Very scattered Acacia species such as Acacia abyssinica,
Acacia etbaica, Acacia tortilis; Croton macrostachyus, Cordia africana, Euclea racemosa,
Otostegia integrifolia, Dodonaea angustifolia and species such as Hyparrhenia spp. are
commonly found in this vegetation type. Fuclea racemosa, Otostegia integrifolia, and

Dodonaea angustifolia are some of the species indicating environmental degradation.
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Figure 4A & B. (A) Potential natural vegetation types of Abune Yawmefintain range according to
the potential natural vegetation types of Ethiquan Breugekt al, 2015). The red dots are the sample
plots for the ecological study: AA Afroalpine vegetation, EB = Ericaceous belt, DAF = Dry evergreen
Afromontane forest and grassland complex and evergreen or semi-evergreen bushland and thicket at
lower margins, and CTW = Dry Combretum wooded grassland. (B) Vegetation types where ecological
data were sought from: AA =Afroalpine grassland, EB = Ericaceous forest, DAF = Dry evergreen
Afromontane forest and grassland complex. The legend shows the LULC classes of the study area (AAG

= Afroalpine grassland, AGL =Agricultural land, BRL = Baren land, EFS = Ericaceous forest/shrub,
GRL = Grazing land, PLN = Plantation forest, RBG = River, river beds and gullies, SRL = Shrubland,
CHF = Church forest, and URS = Urban settlements)
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Dry single-dominant Afromontane forest of the Ethiopian highlands (DAF/SD) found at
elevation between 2500-3000 m a.s.l. Dry single-dominant Afromontane forest of the Ethiopian
highlands (DAF/SD) vegetation type is represented by characteristic species such as Juniperus
procera, Olea europaea subsp. cuspidata, Acokanthera schimperi (dominant species), Carissa
spinarum, Calpurnia aurea, Clausena anisata, Clutia abyssinica, Discopodium penninervium,
Euclea racemosa subsp. schimperi, Grewia ferruginea, Maesa lanceolata, Myrica salicifolia,
Psydrax schimperianum, Teclea nobilis, Rhus natalensis, Hagenia abyssinica, Hypericum
revolutum and Urera hypselodendron (Friis et al., 2010).

However, a considerable characteristic species such as Acokanthera schimperi, Clausena
anisata, Euclea racemosa subsp. schimperi, Grewia ferruginea, Myrica salicifolia, Psydrax
schimperianum, Teclea nobilis, Hagenia abyssinica, and Hypericum revolutum are missing

from the present study. Furthermore, Myrica salicifolia, Hagenia abyssinica and Hypericum

revolutum were still found in the Ericaceous forest.
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Plate 1A-C. Dry evergreen Afromontane forest and grasslamapdex vegetation type. (A & B) shows
the herbaceous layer (€2elphinium dasycaulgrand the tree layed{niperus proceraand
(C) shows one of the DAF characteristic woody ckmbe.,Urera hypselodendron

Eventhough both the lower and upper limits of thied€eous belt may vary within a
small range, the ideal range of EB is between 20@03200 m a.s.|. (Friet al, 2010). Despite
the elevation range differences, several authad ddferent terminology such as “Ericaceous
belt” (Hedberg, 1964; Friis et al, 2010), “ Ericaceous bushland” (White, 1983) oritBceous
scrub” (Tewolde B. G. Egziabher, 1988; Sebsebe Bsemet al, 1999). In the present study,
this vegetation type is found in a very small rentnaatural vegetation within a very steep
slope. Hence it is disturbed and fragmented larmsadnich makes using the term “Ericaceous
belt” difficult. Thus, in this dissertation, therin Ericaceous forest is used.

The characteristic species of this vegetation typtudesErica arborea, Hypericum
revolutum, Myrsine melanophloeos, Alchemilla hauniiarGeranium arabicum, Anthemis
tigreensis, Erigeron afroalpinum, Haplocarpha rueflp, Helichrysum citrispinum,
Helichrysum splendidum, Helichrysum gofense, Hel&lm formosissimum, Senecio schultzii,
Romulea fischeri, Satureja biflora, Thymus schimpeFrifolium acaule, Trifolium
burchellianum, Aloe steudneri, Kniphofia folioaadPrimula verticillata (Friis et al,, 2010)
Nevertheless, considerable characteristic spedids®ecEB were found to be a characteristic
species of the Afroalpine vegetation at elevatioove 3700 m a.s.l. in the present study. These
are Anthemis tigreensis, Haplocarpha rueppellii, Hefigdum citrispinum, Senecio schultzii,
Kniphofia foliosaandPrimula verticillata

On the contrary, this vegetation type shared séwbaacteristic species with DAF/SD.
Some of the shared species compdaaiperus proceraQlea europaeasubsp.cuspidata,
Clutia lanceolata Discopodium penninerviunMaesa lanceolata, Rhus natalensis, Hagenia

abyssinicaandHypericum revolutum.
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The elevation above 3,500 m, which is considered potentially Afroalpine belt, is much
converted into agricultural land. In the Abune Yosef mountain range, the Afroalpine ecosystem
has been reduced over the last decades and it currently remains above 3700 m a.s.l. Agricultural

practices are not uncommon at an elevation of near 3800 m a.s.l. Currently, the Afroalpine

ecosystem covers only 3700 ha.

Plate 2A-D: The Ericaceous forest in the EB. (A) Shows the steep slope, (B) & (C) partly shows the
Erica dominated forest and adjucent agricultural land, and (D) shows Festuca species at the
forest margin.

The Afroalpine belt is characterized by its large numbers of geographically vicarious taxa
and high endemic plant species (Hedberg, 1969). The Afroalpine belt host plant species with
life forms often different from the other vegetation types (Hedberg, 1964). These life forms are
giant rosette plants, tussock grasses (and sedmEs)lescent rosette plants, cushion plants,
and sclerophyllous shrubs (and dwarf-shrubs). AltfoFriiset al. (2010) reported that the

lower belt is dominated by small trees and shrtifxs,Afroalpine vegetation in the present

39



study which is dominantly above 3700 m a.s.l. isvabtree line. However, some tree species
such asJuniperus proceraand Hagenia anyssinicavere observed around Abune Yosef
monastery and homesteads at an elevation aboutr8206.1.

The characteristic species of this vegetation gneemostly herbs such as the giaobelia
rhynchopetalum, Carex monostachyandFestucaspp. The conspicuous and endemic giant

rhynchopetalum was not previously reported from Welo floristigien (WU). However, it is

very common in the Afroalpine belt.

Plate 3A-D: Afroalpine Belt Vegetetation type. (A) Shows tfiant Lobelia Lobeliarhynchopetalum),
(B) shows the herbaceous pl&darex monostachydC) shows the dominant shrub/subshrub
(Euryops pinifoliu} of the AA, and (D) shows the livestock grazingtla¢ plateau of the
mountain and stump d&fobeliarhynchopetalum.

3.6. Data collection methods
3.6.1. Vegetation data collection
A reconnaissance survey was made in March 2016 to select appropriate sites. A combination
of preferential and systematic sampling method was employed to collect vascular plants and
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environmental data. The preferential method wasehdo select the remnant natural or semi-
natural vegetation distributed in the fragmentedizape due to two reasons. The vegetation
types that appear were typical to the researcle:ttase were the only onse readily available
(Orloci and Kenkel, 1987). The systematic samplivasg, however, to establish the sample
plots in each vegetation types. Hence, the analyassperformed based on the data extracted
from the systematic sampling. Sample plots of 2B 20 m, 5 m X5 mand 1 m X 1 m for
trees, shrubs, and herbs respectively were edtabli@Mueller-Dombois & Ellenberg, 1974)
at 100 m interval in different vegetation types einDAF/SD, EB, and AA (Table 2). Sample
plots for the herbs were collected from five replés i.e., four at each corner and one at the
center. Vascular plants in all sample plots wecemged. Vascular plants in the surrounding but
absent in the sample plots were recorded for tresfic list.

Vegetation data required for plant community stuee{frequency, density, and dominance)
were recorded. Diameter at Breast Height (DBH).atrh was measured using diameter tape
for all tree species. Basal area was calculated D&8H. On the other hand, Importance Value
Index (IVI) was computed from the summation of teka frequency, relative density, and
relative dominance. Species cover abundance insauople plot was estimated visually in the
field and later transformed according to van deahf(1979) ordinal transform values (OTV).

Plant specimen identification was performed biottsitu and in the national herbarium
following flora of Ethiopia and Eritrea (FEE) (vohe 1-8). For some species regional floras
such as Flora of Tropical East Africa were congll#l plant specimens are deposited in the
National Herbarium (ETH).

3.6.2. Environmental and Anthropogenic disturbance data ciection

Environmental variables data, which could haveegith direct or an indirect impact on
vegetationwere collected. These are; elevation, slope, aspect, soil texture, bulk density, soil

pH, Organic Carbon (SOC), total Nitrogen (TN), @wailable phosphorus (avP).
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a. Elevation and Aspect: Elevation and aspect of saatple plot were recorded using hand-
held Garmin GPS72H and Suunnto compass respectiksfyect was given a code
according to Zerihun Woldet al. (1989) N =0; E=2; S = 4; W = 2.5; and Tamrat Bekele
(1994) NE = 1; SE = 3; SW = 3.3 and NW = 1.3. Thedde and longitude plus UTM
coordinate were also recorded.

b. Slope: the slope was measured by using Clinometer.

c. Soil samples were taken from five subplots of thengle plots laid for vegetation
sampling at a depth of 0-30 cm. Soil samples frap®ts were mixed to form soil
composite and only one sample was taken for argalysi

d. In order to determine the anthropogenic disturbgntee following parameters were
considered. These are tree/shrub logging and gragihe parameters were codified
conventionally as tree/shrub logging (0 = no loggledib/tree, K 2, 2< 4, and 3> 5).
Visual observation of the ground, domestic aninmasig, and footprints were considered
for estimating the livestock grazing intensity. Bbpeople were also consulted to identify
if the dungs and some footprints are either froradtock or wild animals so as assign the
ordinal scale. Thus, the level of livestock grazimas given a conventional range as a
slight modification of Kebrom Teklet al. (1997) and Zerihun Woldu & Backéus (1991)
i.e., 1 = slight grazing intensity, 2 = moderatazing intensity, 3 = heavy grazing intensity.

Table 2 Vegetation types characteristics from where dataweught

Characteristics of DAF/SD EB AA
vegetation types
Plots sampled 15 (17.65%) 25 (29.41%) 45 (52.94%)
Area (ha) sampled 0.6 1 0.1
Elevation (m a.s.l.) | Range 2571-2973 3014-3285 3834-4168
Mean 2740.6:131.5 3189.471.2 3993.2+95.7
Slope range®} 3-20 2-35 5-24
Disturbance lev Medium Medium High
Management type Church forest *Privately Community-based
managed conservation

*It is only protected privately with no guidelinest on the management and utilization
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3.6.3. Plants conservation status

The global conservation status of plants in thdysarea was assessed based on the IUCN Red
List of threatened species (Viswanathan 1986; IUCN, 1997; Oldfield et al 1998; Vivero et al
2005).

The application of IUCN Red List criteria for locabnservation status assessment could
not be managed due to time, available data, gebgraxpertise, and budget constraints.
Consequently, an alternative method, point-scommeghod, which incorporates total density
of mature individuals, species range and habitetifipity (Table 3) was employed to assess
the local conservation status or rarity of plantébune Yosef mountain range. This is a slight
modification of the seven forms of rarity (Rabintmyil981) to suit the landscape of the study
area. The lower the score the higher priority fonservation i.e., scarce density of mature
individuals, restricted habitat spesficity and spedocal range.

Total density of mature individuals: it is the number of individuals known to be calpads
reproduction. Species with more than 100 matur&vithdlals is abundant whereas those with
less than 100 individuals are said to be scarce.

Species local range (realized rangeijt is the elevation range where the species iireatly
found in the mountain range. A species is considi@ridely distributed if it is at least found
along an elevation of greater than 500 m. On theraoy, narrow distribution is related to a
realized range of a species of less than 500 m.

Habitat specificity: habitat specificity mainly refers to the part@ulegetation type where
the species is currently found. If a species istbin only one vegetation type, its habitat
specificity is restricted. On the other hand, wptead habitat specificity is related to the

distribution of a species in more than two vegetatype.
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Table 3. Rabinowitz’s rarity forms (RF = rarity form)

Specie local range Wide Restricted
Habitat specificity WidespreadRestricted Widespread Restricted
Abundant population | Common RF2 RF4 RF6
Scarce population RF1 RF3 RF5 RF7

RF1: It is characterized by a low density of maturdiwiduals, wide species realized range, and
widespread habitat specificity.

RF2: This rarity type is described by a wide specesdized range, resrtricted habitat specificity, and
abundant mature individuals.

RF3: The third rarity type of rarity form is explained a low (scarce) density of matured individuals,
wide species local range, and restricted habietiBpity.

RF4: The fourth Rabinowitz’'s rarity form is explained widespread habitat specificity, abundant
density of matured individuals, and restricted ggetocal range.

RF5: The fifth Rabinowitz’s rarity form is explained avidespread habitat specificity, scarce density
of matured individuals, and restricted speciesllcamage.

RF6: The sixth rarity form is explained as restrictebitat specificity, abundant density of matured
individuals, and restricted species local range.

RF7: This rarity form is explained as restricted habdpecificity, scarce density of matured individua
and restricted species local range.

3.6.4. Land use and Land cover change
Eventhough the ecological study encompasses tlegeation types, the LULCC study covers

the whole district. However, emphasis was givethéovegetation types in which the ecological
study was performed. Geo-processed satellite imagge obtained from United States

Geological Survey (USGS) Earth Explorer homepaggtp(/earthexplorer.usgs.ggv/

Whereas, aerial photographs were collected from EMA

3.6.4.1. Data acquisition
Two Landsat satellite imageries from 1986 (ThemMtepper, TM) and 2017 (Operational
Land Imager, OLI) were downloaded from the Unite¢at&s Geological Survey (USGS) Earth

Explorer fttps://earthexplorer.usgs.g®vAerial photographs were obtained from Ethiopian

Mapping Agency (EMA) and used for ground referegaifthe 1986 satellite image. Detailed

information about the satellite imageries used@s in Table 4.
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Table 4. Information about earth observation data usetigstudy

Path & Row Date of acquisition Earth observatiatad Image
resolution/scale
Path 169, Row 052 1986-01-28 Thematic Mapper, TM 30m
2017-02-02 Operational Land Imager, OLI 30m
1982 Aerial Photograph 1:50,000

3.6.4.2. Image preprocessing, image classification, changeetgction
and accuracy assessment
The overall analysis of image pre-processing, dlaaion, change detection and accuracy
assessment was performed based on the designedptwasicframework demonstrated in
Figure 5.
3.6.4.2.1. Image pre-processing

The digital numbers of the satellite imageries @@ were converted to radiance (equation 5)
and then to reflectance (equation 6) and the radiaf the satellite image of 2017 was

converted to reflectance (equation 7 & 8) beforpssing classification.

- ( LMAXA — LMINA
~ \QCALMAX — QCALMIN

) * (QCAL — QCALMIN) + LMINA (5)
Where L = Spectral radiance, LMAX =Highest radiandeMIN= Lowest radiance,
QCALMAX= Calibrated maximum cell values, QCALMIN =alibrated minimum cell values,
QCAL = Digital number

o mxly xd?
~ ESUN, * COSH;

P (6)

Wherep) =Reflectance, L =Spectral radiance, d = Distance from the earthasun, ESUN=

Mean solar exoatmospheric irradianée = Solar zenith angle=90-sun elevation

RI' = M|Qcal + A, 7
Where R = Reflectance without correction for solar andyle, = Band-specific multiplicative

rescaling factor from the metadatasa@ Quantized and calibrated standard product pixel
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values (DN), Ap = Band-specific additive rescaling factor from the metadata

R;,
" cos(solar zenith angle)

8)

R,

Where R; = Reflectance, Ri' = Reflectance without correction, Solar Zenith angle = 90 - Solar
Elevation angle

The aerial photographs were scanned with a photographic scanner at 300 dots per inch (dpi)
and saved in Tif format. The autosync tool in ERDAS IMAGINE 2015 was used for
georeferencing and orthocorrection of the aerial photographs. An orthorectified aerial
photographs mosaic covering the study area were created. Because the orthorectification was
performed in synchrony with the digital elevation model (DEM), it improved the accuracy of

the aerial imagery and terrain distortions.

Figure 5. A conceptual framework for LULCC Analysis
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3.6.4.2.2. Image classification and change detection
A supervised classification approach using a marirtikelihood algorithm was employed to
classify the images based on the ground refereaicespcollected. Supervised classification
allowed us to categorize the landscape accordirggdond reference points of land use land
and cover classes that are of high interest indg®n for the ecosystem services and functions
provided (Table 5). Ground reference points wettlected from field survey using GPS with
+5 m accuracy. These were supplemented with fewngroeference points taken from Google
Earth because the lowlands were largely inaccessiBiven though Congalton (1991)
recommended at least 50 ground reference pointsafch class, the present study used 30-50
ground reference points by considering the coverach LULC classes. Image classification
was conducted using the Image Analysis toolbarrtGAS 10.5.

Table 5. Description of land use and land cover classes

No. | Land use and landDescription Code
cover type
1 Afroalpine Lobelia rhynchopetalum Euryops pinifolius Alchemilla| AAG
Grassland species, and Festuca species are the dominanespetiiis
found above 3500 m.a.s.l.
2 Ericaceous Erica arborea Hypericum quartinianumMyrica salicifolia, | EFS
Forest/Shrubland | Rosa abyssinicatc. are some of the dominant species in |this
land cover type. It is found between 3000 and 380@s.I.
3 Church Forest* Some characteristic species @f @rergreen AfromontaneCHF
forests are found in this area such Amiperus procera
Allophylus abyssinicaandOlea europaeaubsp cuspidata It
is found surrounding the Ethiopian Orthodox chusche
4 Plantation forest | EucalyptusandCupressuplantations which cover above 0.5 hBLN
5 Shrubland Euclea racemosaDodonaea angustifoliaSenna singueana SBL
andOtostegia integrifoliaare the dominant species. Plants less
than two meters high, with crown cover less tha#10
6 Agricultural land Arable or fallow land of aredcrops AGL
7 Grazing Land Grasslands which primarily sengegrazing land for livestockGRL
8 Urban settlements| Urban areas including towrdtries, and other institutiong ~ URS
9 Barren Land Areas dominated by exposed soiledrdzks BRL
10 | Rivers, riverbeds & Rivers are either annual, biannual or perenniate®ieds are RBG
gullies bare of water when the river is dry. However, gdlare areas
created by erosion which are often bare of water.
11 | Open Woodland Land covered by herbaceous végetafith scattered treeswDL
where the canopy cover is less than 3%
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* “Land spanning at least 0.5 ha covered by tredsbamboo, attaining a height of at least 2
m and a canopy cover of at least 20% or trees thghpotential to reach these thresholds in
situ in due course” (MEFCC, 2016).

3.6.4.2.3. Accuracy assessment
An accuracy assessment was conducted before amglyfze change (Congalton & Green,
2009). A confusion matrix for 2017 image using grdueference data was created. The
reference data for the 1986 image was collectad 6 aerial photographs obtained from the
Ethiopian Mapping Agency. Fifty sixphotograph scenes were brought from EMA;
georeferenced and orthocorrected using 30 m DEMtifs@¢d random sampling was applied
to generate random points and assess classificationracy. Stratified random sampling
affords the option to increase the sample sizdasses that occupy a small proportion of an
area to reduce the standard errors of the classfigpmccuracy estimates for these rare classes
(Olofssonet al,, 2014).

3.6.4.2.4. Driving forces, Pressures, State, Impact and Respesa (DPSIR)

Framework

A semi-quantitative DPSIR framework (Smeets & Wielgs, 1999) was used to address the
causes of LULCC as demonstrated in the schemer@gju This framework was designed to
assess the relationship between driving forces siscpopulation and climate change and
pressures such as agricultural expansion and w@isable resource utilization. These
interrelationships cause transformations in lanel arsd land cover, which affects ecosystem
goods and services; and human wellbeing. A rolpication of this framework connects the
driving forces and pressures with policy measwesidress them. Climate data (precipitation
and temperature) spanning 22 years (1993 — 2014 re&rieved from the Ethiopian National
Metrological Agency. Furthermore, population datarevobtained from central statistical

agency of Ethiopia.
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< LULCC Dynamics >

Drivers (D)
eRapid population growth
.Precnpltatlon and temperature variabili

Pressures (P)
eUnsustainable resource utilization
e Agricultural expansioin
e Settlements
e Deforestation

Impacts (l)
e Ecosystem function,
goods & services
e Human wellbeing

State (S)
o . LULC converted/transformed
« Loss of Biodiversity
« declined vegetation cover
3

¥
Response (R)
o Restoration activities
e Land use policy

Figure 6. DPSIR Framework modified from Smeets and Weterings (1999)

3.7. Data analysis
3.7.1. Plant community structure

Structural parameters (relative frequency, relative density, dominance, basal area, and IVI)
were computed following the formula described by Kent (2012). The basal area and population
structure were analyzed only for tree species with DBH > 2.5 cm. A bar graph of DBH classes
was generated.

3.7.2. Plant community classification

Plant community classification was achieved through cluster analysis using agglomerative
hierarchical clustering (AHC) using Ward’s minimum variance clustering methods (Borcard et
al., 2018). Association of species and sample plots was described by indicator species (Caceres
& Legendre, 2009). Plant community clusters or groups were tested by using Multi-Response
Permutuation Procedure (MRPP).The distance matrix used for classification and MRPP is the
same. Plant community names were assigned based on synoptic cover-abundance value. The

analysis was done using R version 3.5 (R Core Team, 2018). The R packages used for the
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analysis aré/egan, ecodist, cluster, ggplot2, labdsv, dendektScales, lattice, latticeExtra,
BodiversityR, grid, and indicspeci€&erihun Woldu, 2017; R Core Team, 2018).

3.7.2.1. Vascular plants species richness and diversity
To estimate vascular community diversity and evean&hannon-Wiener index of diversity

and evenness was computed. Species richness @stiraad rarefaction were computed by
using vegan package and function estimateR. Th#&aeship between elevation and species
richness, Chaol, ACE, and growth forms was betterchined by running linear models

(LMs).

3.7.2.2. Vascular plant species turnover f§-Diversity)

Vascular species turnoverg(— diversity) along the elevation gradient were deiaed
following Wilson and Shmida (1984) which is quaietif as (equation 9):

b+c

BT:2a+b+c

9
wheref; is Wilson and Shmida’s beta diversity/turnoveis ¢ghe total number of species that
occur in both sites, b represents species occuesetusively in the second site, and c those
found only in the focal site. This diversity indesxchosen because it is not influenced by alpha
diversity and sample size.

Comparison of floristic composition of the thregetation types was computed following

Sgrensen’s coefficient of similarity (Sgrensen,894quation 10). It is calculated as:

§= 22 (10)
2a+b+c

Where a = the species found both in site b and=cthe species found in site b, and ¢
= the species found in site c. The cloSerensen’s coefficient of similarity to 1 the more
similar the sites are. This similarity coefficiemhs selected because it gives weight to species
that exist in both sites. Outliers, seven spedtiaspresent in all vegetation types are removed
from the analysis.

The plant diversity, endemic richness and vasqulkamt species richness of the vegetation
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types were compared using one-way analysis of meeigANOVA) and Tukey’'s honestly
significant difference [HSD] test.

3.7.3. Soil analysis
Soil samples were oven dried at P05or up to 24-48 hours. The samples were sieved to

remove the coarse soil particles, and the <2 mrmtifna was analyzed for physical and
chemical properties. The following soil physicatiarthemical properties were analyzed.
a. Soil texture:The soil particle was determined following the Bougos hydrometer
method.
b. Bulk density: the bulk density was measured follogvbulk density measurement of
forest soils byMaynard & Curran (2008)
c. Soil pH: Standard measurement of soil pH in wat2b Iw/v) method was followed.
d. Soil Organic Carbon (SOC): to determine soil orga@arbon the Walkley & Black
(1934)procedure was followed.
e. Total Nitrogen (TN): it was determined by Micro-Kgjahl digestion method.
f. Available phosphorus (avP): to determine availgblesphorus Bray Il method was
used.

3.7.4. Multivariate numerical analysis

3.7.4.1. Data analysis: Statistics and Ordination
Descriptive statistics such as minimum, maximum,ameand standard deviation were
computed for all environmental variables exceptthar nominal and ordinal variables (slope
aspect, grazing and logging). Furthermore, paievidearson’s correlation coefficient of the
environmental variables were also computed.

3.7.4.2. Canonical Correspondence Analysis
If the length of the first axis, which is considéte be the measure of heterogeneity, is longer

than 4 in DCA, it is assumed that the data seeterbgeneous and is suitable for unimodal

richness pattern (Zeleny, 2018). Furthermore,eriWoldu (2017) claimed the unimodal
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model is appropriate for high species turnover iandoser to the reality of ecological data
along a long gradient.

3.7.5. Plant conservation status

Habitat specificity, density of mature individua#md species local range were computed for
each species. Descriptive statistics were usedatyze the rarity forms (local rarity) and
global conservation status of the vascular plants.

3.7.6. Land use and Land cover change

The common post-classification comparison changectien approach was used to compare
maps of the different years sources and providislde “from-to” change class (Ermias Teferi
et al, 2013). It is explained in the extent of changehentare (ha) basis, percent and rate of
change. The percent and rate of LULCC were compfdedach LULC classes based on
equation 11 and 12.

poc =241 100 11
o =—¢ (11)

A2 — A1 1

= X
Rol =—01 (T2 —T1)

X 100 (12)

Where RoC = rate of change, PoC = percentage of ehaing particular LULC class, Al =
area of the previous land use and land cover diks;, area of the recent land use and land

cover class and T2 = current year, and T1 = prewyeas.
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CHAPTER FOUR
4. RESULTS

4.1. Taxonomic compaosition

One hundred ninety nine vascular plant specieseig to 64 families and 155 genera were
recorded in Abune Yosef mountain range (AppendixThie most species rich families
Asteraceae 42 (21.1%), Poaceae 15 (7.5%), Lamidi246.03%) and Fabaceae 11 (5.5%)
comprise about 41% of the species recorded. Orotiher hand, thirty-two families were
represented by a single species. Of these 21 gaaceendemic. This consists of 7.7% of the
544 endemic vascular plants of the FEE. Thirteetigs, with 2 endemic species, distributed
in 11 families were also recorded outside the pistablished (Appendix ).

The growth form showed trees, shrubs, herbs, amwh$ comprise 17 (8.54%), 32
(16.08%), 146 (73.37%) and 4 (2.01%) respectiviElhough very few species have a wide
distribution, most of the species have a very isti distribution along the elevation gradient.

4.2. New records to the floristic region
Welo floristic region (WU) is one of the 16 floristegions in the flora of Ethiopia and Eritrea.
About 93 (44%) of the vascular plant species are meords to WU (Appendix I). These are
distributed in 32 families and 89 genera. Furtheem@2 endemic vascular plant species were
also documented as new records to this floristgore Lobelia rhynchopetalupArisaema
polydactylum, Bartsia decury&arex monostachy&otula abyssinicaFestuca macrophylla
Haplocarpha rueppelljiHelichrysum citrispinumimpatiens rothij Primula verticillata and
Oreophyton falcaturare some of the new records to WU floristic region

4.3. New record to the flora of Ethiopia and Eritrea
A new speciesPapaveraff. decaisneHochst. ex Steu§Papaveraceae) (Figure 7) is recorded
from the Afroalpine Belt. The lectotype of this plas found in Naturalis Biodiversity Centre,

formerly Leiden University (L)The lectotype revealed the specimen was colléoved Tigray
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(TU), Sinai. However, there is no place known toSieai in Tigray. Furthermore, there is no

geographic coordinates in the lectotype. Globatlyis distributed in Egypt, Gulf States,

Pakistan, Iran, Palestine, Saudi Arabia, Russiaefation, Jordan, and Sinai.
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Figure 7. Papaveraff. decaisnei

4.4. Plant community structure

4.4.1. Frequency

The most frequent species in the study area waredfdo beErica arboreaand Euryops

pinifolius consisting a relative frequency of 96 and 89% eespely. Few species (8%)

includingBecium grandiflorumAchyranthes asper&lutia lanceolataJuniperus procerand

Rosa abyssinicdave a relative frequency of > 50%. However, thgontg (92%) of the

species such aA&rtemisia schimperiCarduus macracanthuyshamnus stadd@®reophyton

falcatum andHerniaria abyssinicahave a relative frequency of < 50%. The DAF andaege

accompanied by species with relatively higher fesany than the Afroalpine grassland.
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4.4.2. Density
The total density of trees and shrub species wBiHD 2.5 cm was found to be 761.76 stem

ha'. EricaarboreaandJuniperus proceraccounted for about 20.84% and 14.62 % of thé tota
density in the study area. Several species subtagikenus arbutifoliaMaesa lanceolataRhus
retinorrhoeg Dombeya torridaRhamnus staddéicus vastaandFicus sycomoruaccounted

for less than one percent of the total densithengtudy area.

4.4.3. Importance Value Index (IVI)
The highest and lowest IVI of the tree species foaad to be 126.64 fdErica arboreaand

4.46 forRhus natalensigzspectively. About 58.8% of the tree species hezabove 20 while
the remaining 41.2% have IVI of less than 20 (T&d)le

Table 6. IVI of the tree species (RF=Relative frequendy=Relative Density, RDO=Relative
Dominance, and IVI= Importance Value Index)

S. No. | Species RF | RD RDO | VI

1 Allophylus abyssinicus 13 1.27 | 013 | 144
2 Bersama abyssinica 7 0.21 | 0.12| 7.33
3 Discopodium penninervium 25 423 | 0.09| 29.32
4 Dombeya torrida 7 0.21 | 0.30| 7.51
5 Erica arborea 96 | 30.44] 0.20
6 Ficus sycomorus 7 0.21 | 0.65| 7.86
7 Ficus vasta 7 0.21 | 0.01 | 7.22
8 Hagenia abyssinica 8 1.06 | 0.38 | 9.44
9 Hypericum quartinianum 16 | 529 | 0.16 | 21.45
10 Juniperus procera 56 21.35/0.43 | 77.78
11 Hypericum revolutum 63 3.59 | 3.78 | 70.37
12 Myrica salicifolia 36 359 | 0.71| 40.3
13 Nuxia congesta 20 296 | 0.13| 23.09
14 Olea europaeaubsp cuspidata 28 | 0.21 | 0.84| 29.05
15 Rhus natalensis 4 0.42 | 0.04 RS
16 Rhus retinorrhoea 5 18.39| 0.02 | 23.41
17 Vernonia rueppellii 52 6.34 | 0.20| 58.54
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4.4.4. Diameter at Breast Height and Basal Area
The study area is dominated by small or medium DBi&#¢ trees (Figure 8). The first DBH

class, 2.5-10 cm, consists of about 50% of thd @B sizes followed by the second DBH
size class, 10.5-18.5 cm, which accounted for a8 of the DBH size classes. The DBH
size class above 50 cm comprised only about 1296.i3falso dominated by few tree species
such asl. proceraH. revolutumH. quartinianum andM. salicifolia.

The basal area of tree species with DBH > 2.5 cifaand to be 18.54 tha'. The basal
area is entirely attributed to the DAF and EB sitheeplants with DBH > 2.5 cm were entirely
recorded from these vegetation typRsiiperus procergerica arboreg Hypericum revolutum
Hypericum quartinianupVernonia rueppelliiandDiscopodium penninerviueontributed the

most to the basal area of the present study.
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Figure 8. DBH size Classes distribution (cm)

4.4.5. Population structure of some selected tree species
The population structure of the selected tree sgaeivealed either a reverse J-shape or J-shape
pattern.Erica arboreg O.europaeasubspcuspidata, N. congestandH. revolutunfollowed

a reverse J-shaped population structure. On theérasgn). procera followed J-shaped
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population structure (Figure 9). Plant species sastM. salcifolia showed an episodic
recruitment with relatively high individuals in tk@wver DBH size classes than the higher DBH
size classes. However, some DBH size classes hotlihe lower and higher are

episodic/missing.
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Figure 9. Population structure of tree species with high IV

4.5. Plant community classification
Five plant communities were identified from the laggerative hierarchical cluster analysis
(Figure 10a). The MRPP test indicates a signifiahffiérence in the floristic compositions
among the five plant communities (R = 0.862, P <00)0The homogeneity within groups

(chance-corrected within-group agreement, A) i90.@igure 10b). The synoptic table and P-
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value of indicator species of the plant commurstghown in Table 7. The descriptive statistics
of topographic and soil variables of the commusitiad the corresponding richness, diversity,
and evenness is shown in Table 8. Each commumtyitydescribed below.

1. Euryops pinifolius - Kniphofia folioseommunity
This community is found in the Afroalpine vegetatithat entertains relatively extreme
weather condition. The elevation range of this camity is between 3834-4168 m a.s.l. The
slope in this community is relatively flat. Exclusito livestock grazing, other anthropogenic
disturbances are limited in this community typeisThommunity is represented .
pinifolius (shrub) andK. foliosa Cardamine hirsuta, Artemisia abyssinica, Festuca
macrophylla andSenecio farinaceu$erbs)

2. Lobelia rhynchopetalum - Festuca simerasmunity
Community 2 is found at an elevation range of 38084 m a.s.l. Likeeuryops pinifolius-
Kniphofia foliosacommunity, it is found in the Afroalpine vegetatitype, which includes
the top of the mountain range. A thicketofpinifoliusdominates the shrub layer whereas the
herbaceous layer is dominated By simensis Epilobium stereophyllumHaplocarpha
rueppellii Festuca abyssingaand Senecio schultziiHowever, the cover-abundance Bf
pinifolius is not as dense as in community 1.

3. Becium grandiflorum - Olea europaé&asubsp cuspidatacommunity
Unlike community 1 and 2, community 3 has a widerge, which is found in three-vegetation
type viz. EB, DAF, and AA between 2629-4006 m athdugh most of the plots are from the
AA. Community 3 comprises 12 plots and 60 spedibgs community entertained tree, shrub
and herb growth forms. While the shrub layer is ohated byB. grandiflorumand Rumex
nervosusthe tree layer is dominated blypericum quartinianurandOlea europaea Lsubsp

cuspidataThe herbaceous layer is coveredHhypoestes forskaolii
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4. Erica arborea- Vernonia rueppellicommunity

This community is found at the mid-elevation aldhg gradient between 3014-3275 m a.s.|.
It is found in the EB which has a very steep sldpelatively this community comprises
numerous plots and species with 23 and 68 respdgtiMypericum revolutumand Rosa

abyssinicaare some of the commonly found woody speciesigciimmunity. A very common

fern Dryopterisschimpetiana, is also found in this community

Table 7. Synoptic table and P-value of indicator species

Cl1({C2|C3| C4| C5| P-value
Euryops pinifolius 7.24]1 6.92| 6.67 0 0 0.001
Kniphofia foliosa 5.82 5| 55 0 0 0.001
Cardamine hirsuta 4.33 3| 55 0 0 0.006
Artemisia abyssinica 4 0 0 0 0 0.738
Senecio farinaceus 4 1 0 0 0 0.774
Ranunculus multifidus 4 1/5.33 0 0 0.014
Festuca macrophylla 4 0| 45 3 0 0.032
Lobelia rhynchopetalum 4.62]16.77| 6.33 0 0 0.001
Festuca simensis 2.5 5|4.67 0 4 0.17
Epilobium stereophyllum 1 4 0 0 0 0.493
Haplocarpha rueppellii 3.43 41275 0 0 0.095
Festuca abyssinica 4.14 4 5 0 0 0.102
Senecio schultzii 313.14 5 0 0 0.045
Hypericum quartinianum 0 0 913.75 0 0.355
Becium grandiflorum 0 0 714.42 0 0.001
Rumex nervosus 0 0 6 0 6 0.83
Hypoestes forskaolii 0 0 6 0| 267 0.003
Olea europaed. subsp cuspidatay 0O 0 6 1 4| 0.001
Erica arborea 0 0 0]6.29 0 0.001
Vernonia rueppellii 0 0 0]5.43 0 0.001
Myrica salicifolia 0 0 0]5.22 0 0.001
Nuxia congesta 0 0 0| 5.2 0 0.01
Hypericum revolutum 0 0 0]5.08 0 0.001
Hagenia abyssinica 0 0 0 5 0 0.211
Juniperus procera 0 0 0|4.08(7.14] 0.001
Osyris quadripartita 0 0 0]1.33 6 0.036
Calpurnia aurea 0 0 0 0| 52| 0.001
Buddleja polystachya 0 0 0| 45 5 0.477
Allophylus abyssinicus 0 0 1 5 5| 0.373
Thalictrum schimperianum 0 0 0 0 5 0.483
Asplenium aethiopicum 0 0 0 0 5 0.073
Hypoestes triflora 0 0 0 0| 46| 0.001

n
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5. Juniperus procera — Osyris quadripartite — Calpurnia aurea community
This community is found in the Ethiopian Orthodox Tewahido Church in a DAF/SD vegetation
type where the J. procera is the dominant tree. It is found between 2571-2953 m a.s.1. It consists
of 13 plots and 100 species. O. europaea and Clutia lanceolata are some of the dominant
woody species next to J. Procera, Allophylus abyssinicus, Buddleja polystachya, Calpurnia
aurea and Osyris quadripartita. Achyranthes aspera, Thalictrum schimperianum, and

Hypoestes triflora are some of the common herbaceous plants in this community.
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Figure 10. (a) Plant communities dendrogram and (b) MRPP test indicates a significant difference in
the floristic compositions among the five plant communities

4.5.1. Vascular plants species richness and diversity
Following the Shannon diversity analysis, the richness, diversity, and evenness of each
community accompanied by descriptive statistics of topographic and soil variables were
revealed (Table 8). As a result, community 5 and 2 have the highest and lowest diversity with

3.90 and 2.43 respectively. This also corresponds to the higher and lowest evenness with 85
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and 66% Shannon evenness respectively. Furtherthereninimum and maximum Shannon
diversity for each plot range from about 0.5 to B8pectively (Figure 11). Consequently,
individual plot diversity was found highest in tB8 and DAF while the lowest was found in
the Afroalpine grassland.

As depicted in Figure 11, the Shannon diversitynglelevation gradient linearly declined

towards higher elevation.
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Figure 11 Shannon diversity along elevation gradient
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Table 8 Descriptive statistics of topographic and soiiiadles of the communities (BD = Bulk density, Notal Nitrogen, SOC =soil organic
Carbon, avP = available Phosphorus, S = speciesass, H’

= Shannon diversity, E = Shannon evenness

Community Statistic | Topographic variables Soil variables Diversity

1 Elevation Slope| BD| pH N| SOC avP Clay Sit Sand |S H'E
Minimum 3834 51 0.49| 5.29| 0.52| 6.08 3.6| 5.25|33.75|16.25/58 | 3.05| 0.75
Maximum 4168 19| 1.06| 6.03| 0.87| 11.83| 33.86| 25.75| 67.25| 47.5
Mean 3986.33 12.24| 0.76| 5.68| 0.69| 8.45 8.61| 17.36| 51.05| 31.6
Std. Dev 81.8§ 4.13| 0.15| 0.25| 0.1 1.51 6.94| 5.82| 7.69| 8.14

2 Minimum 3904 3] 058|523 04| 468 5.491| 5.25|41.25|26.25/39 |2.43| 0.66
Maximum 4164 20| 0.91| 6.03] 0.87| 9.2 32.97|23.75| 67.25 40
Mean 4075.5 11| 0.77| 5.67| 0.66| 7.45| 10.09| 16.06| 53.57| 30.37
Std. Dev 94.6 5.29| 0.11| 0.27| 0.15| 1.37 7.55| 559| 7.6| 4.85

3 Minimum 2629 2| 0.7] 5.3]|046| 2.67 7.8 10| 23.75| 13.75| 60 | 3.74| 0.91
Maximum 4006 13] 1.32| 6.93| 0.79| 14.88| 33.94 30| 71.25| 66.25
Mean 3799.33 9.17| 0.86| 5.63| 0.68| 9.48| 13.76| 20.27| 49.63| 30.1
Std. Dev 418.03 3.1/ 0.17| 0.44| 0.12| 3.44 7.63| 5.39|10.95| 12.64

4 Minimum 3056 8]0.49| 5.7|0.27| 3.59 3.84 10| 18.75| 26.25| 70 | 3.51| 0.83
Maximum 3275 35| 1.06| 6.58| 1.05| 11.22| 91.53| 43.75| 48.75 70
Mean 3193.22 22.87|0.77| 6.1| 0.6| 7.47 9.39| 18.02| 36.03| 45.95
Std. Dev 60.9 7.46| 0.14| 0.21] 0.19| 1.87| 18.09| 7.71| 7.87| 9.42

5 Minimum 2571 5] 0.66| 6.32| 0.12| 3.9, 7.958| 7.5|13.75/41.25/100|3.9 | 0.85
Maximum 2953 19| 1.53| 7.22| 0.8| 16.2|123.385 22.5| 38.75| 66.25
Mean 2731.69 11.31] 1.23| 6.87| 0.42| 6.73 28.9| 13.85| 32.12| 54.04
Std. Dev 120.59 4.44| 0.3]| 0.28| 0.21| 3.07| 35.47| 4.72| 7.35| 6.62
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4.5.2. Vascular plants turnover (-Diversity)
The lowest and highest Wilson and Shmida'sdiversity reaveled 0.27 and 1.0 respectively.
The mearp —diversity was found to be 0.86. Although compledplacement of species
composition § = 1) was documented in all of the vegetation typesat pronounced between
the Afroalpine grassland and DAF/SD. The ternaot gFigure 12) showed that there is high

species turnover along the elevation gradient.

B diversity

Figure 12. Species turnovef{diversity) in Abune Yosef mountain rang® € continuity
(shared specied), = species gains, = species losses)
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The degree of shading in the ternary plot represte value of a given beta diversity
measure (darker shading for larger values for whiggiity measures, lighter shading for
similarity measures), relative to the valuesapf’ andc’ (each of which increase in the
direction of the appropriate letter at the corrarthe plot). The magnitude af the degree of
species continuity between the two quadrats ineseé®m the base of the plot towards its
apex, and for a given value afthe lateral position of a point reflects the relatcontribution
of species gaind() and lossesc() (Koleff et al, 2003).

4.6. Multivariate numerical analysis

4.6.1. Correlation analysis of the variables
A strong positive correlation was revealed between elevation and silt; bulk density and pH,
sand angH; and SOC and TN. On the other hand, a strong negative correlation was revealed
between elevation and pH; and elevation and sand. A very negligible correflativas found

between avP and slope; avp and TN; TN and clay (Table 9).
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Table 9. Correlation analysis of variables: BD, Bulk Density; pH, soil pH; TN, soil total Nitrogen; SOC, soil organic carbon; AvP, soil avalil
phosphorus and *significance at the 0.05 levah{2d); **significance at the 0.01 level (2-tailed)

Variables Elevation Slope Aspect BD pH TN SOC AVP Clay Silt ang
Elevation 1

Slope -.310 1

Aspect 421 -.245 1

BD -.357" -.289" -.055 1

pH -.808" 254 | -363 | 426 1

N 404" -.245 126 -271 -.505" 1

SOC .309 -221 .195 -.239 -.357" 533" 1

avP -323 -.075 -.120 423 240 .005 -.031 1

Clay .185 -.005 .374 -.056 -.251 -.029 -.140 -.029 1

Silt 773 457" 231 -.196 -.651 331" .376 -.167 -.019 1

Sand - 775 .396" -.380" .203 684 -.265 -.284" 171 -.457 -.876" 1
Grazing -.062 -.016 .003 .046 -.03 .159 AR7 -.014 .008 .039 -.027
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4.6.1.1. Detrended correspondence analysis (DCA)
The length of the first DCA axis 83526 In addition to the length of the DCA axis, thedst
area also entertained high species turnover asistatection 4.52. Since the length of the first
axis is greater than 4, a constrained ordinatiothate CCA which assumes unimodal
distribution of species was retained.

4.6.1.2. Canonical correspondence analysis (CCA)
The constrained (CCA) ordination explained 26%haf variance. The first two CCA axes
explained 21 of the variance for significant vales(Table 10).

Community 1-3 are highly associated with elevati8@C, slope aspect, BD, and slope
(Figure 13). These communities are particularlynfibun the Afroalpine vegetation type.
Community 4, on the other hand, is significantlg@sated with slope and logging. This
community is dominantly the Ericaceous forest. Camity 5 is strongly influenced by bulk
density avP, and pH. This community representsitiméperuschurch forest. The CCA biplot

is presented in Figure 13.

Table 10 Canonical Corresponding Analysis (CCA1-6) and @sesponding constrained and
unconstrained axes

CCA CCA axes for significant variables
Axis Eigenvalue Proportion| Cumulative| Eigenvalue| Proportion| Cumulative
Explained | Proportion Explained | Proportion
CCAl
0.8864 0.07851( | 0.0785: 0.8860: 0.0784 0.0784
CCA2 0.62761 0.055590] 0.13410 0.60801 0.05385 | 0.13232
CCA3 0.28900 0.025600 0.15970 0.2879 0.0255 0.1578
CCA4 0.25922 0.022960] 0.18265 0.24736 0.02191 @a79
CCA5 0.23286 0.020620] 0.20328 0.21387 0.01894 6.2198
CCAb6 0.18970 0.016800] 0.22010 0.16442 0.01456 Q213
Total CCAaxes | 2.48 0.22 2.41 0.21
4.6.1.3. Forward selection analysis and Permutation tests fo

environmental factors
Forward and backward stepwise selection of enviemtal variables revealed ten out of

thirteen variables are significant though elevatpih, BD, and slope are the strongest variables
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(p < 0.001) in influencing species composition and distribat(Table 11).

Table 11 Forward selection, a permutation test and cor@iadi environmental variables with
the two first axes

Variables| CCA1 | CCA2 | Chi Squareg F | Pr(>F)

Elevatior | -0.99 | 0.11¢ 0.8787 | 7.743( | 0.001***
Slope 0.37 | 0.673 0.4181| 3.6843| 0.001 ***
Aspect | -0.58 | -0.266 0.1723| 1.5180| 0.020 *

BD 0.40 | -0.724 0.2850| 2.5112| 0.001 ***
pH 0.83 | -0.390 0.2627| 2.3146| 0.001 ***
TN -0.49 | 0.235 0.1665| 1.4676] 0.021 *
SOC -0.37 | 0.064 0.2017| 1.7777| 0.004 **
avP 0.26 | -0.292 0.2096| 1.8470| 0.020 *
Clay -0.27 | 0.184 0.1515| 1.3348| 0.058.

Logging | 0.37 0.676 0.1700| 1.4980| 0.017*
Significance level: 0 ***', 0.001 **', 0.01 *, 0.05 .

The variance explained after running forward sedectand ANOVA doesn’t show
significant variation with the variance explaineddil the variables (Table 11). The first axis
explained 43.63% of the total inertia (variancdgv@ation, pH, slope aspect, TN, SOC, and
clay explained 34.14, 28.62, 20.0, 16.9, 12.76 @3d percent of the constrained variance
respectively. Elevation, slope aspect, TN, SOC,daywere negatively correlated to the first
axis while pH was positively correlated. On theaesthand, the second axis explained 32.06%
of the total inertia (variance). Bulk density, sopogging, and AvP explained about 24.97,
23.21, 23.31, and 10.07 percent of the variancdk Bensity and avP were negatively

correlated to the second axis while slope and fugygiere positively correlated to this axis.
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Figure 13. CCA biplot

4.7. Elevation gradient vascular plant species richnespattern and comparison
between the vegetation types

Only seven species (3.5%) have wide elevationajeawe., that are found in all the vegetation
types in the current study. These atehemilla pedataArabis alping Geranium arabicum
Phagnalon abyssinicunsatureja imbrictaScabiosa columbarjaandThymus schimperOn
the contrary, about 74.37% are found in one otthinee vegetation types. Furthermore, about

22 .13% are found in two vegetation types.

68



The pattern of observed species richness, Shannon diversity and Shannon evenness along
the elevation gradient followed a monotonic decline towards higher elevation (R?= 0.50, P <
0.05, R?=0.47, P < 0.05, R? = 0.06, P < 0.05 respectively) (Figures 14A, D, & E). Similarly,
the non-parametric species richness viz. Chaol and ACE showed a monotonic decline (R? =
0.38, P <0.05, R?=10.39, P < 0.05) towards higher elevation with a peak at about 3000 m a.s..

(Figures 14B & C).
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Figure 14. Elevation pattern of vascular plants (A) Species richness observed, (B) Chaol, (C) ACE, (D)
Shannon diversity, (E) Shannon evenness, and (F) Endemic species richness

Average species richness was 18.46 (SE =1.05) in DAF, 17.36 (SE=1.10) in EB, and 9.15
(SE =0.46) in AA. Vascular plants species richness was lower in the AA than the DAF and EB
(P = 0.01) (Figure 15). Similarly, vascular plant species diversity was lower in AA than the
DAF and EB (P < 0.05). On the contrary, the endemic vascular plants richness was significantly
higher in the AA than the DAF and EB (P < 0.01). The average endemic richness of DAF, EB
and AA was 3.13 (SE = 0.4), 2.84 (SE = 0.28) and 3.9 (SE = 0.21) respectively (Figure 15).
Elevation showed a significant impact on the richness, diversity, and endemism of the vascular
plants (P < 0.05).
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The species shared between Dry evergreen Afromontane forest and Ericaceous forest,
Ericaceous forest and Afroalpine grassland, Dry evergreen Afromontane forest and Afroalpine
grassland are 26, 8 and 4 respectively. The Serensen’s coefficient of similarity revealed that
the highest similarity is recorded between the Dry evergreen Afromontane forest and
Ericaceous forest (32%) followed by Ericaceous forest and Afroalpine grassland (16%). Only
6% similarity is recorded between the Dry evergreen Afromontane forest and Afroalpine
grassland (Table 12).
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Figure 15. Comparison of vegetation types: Average (a) species richness, (b) endemic species richness,
and (c) Shannon diversity index in the vegetation types (ANOVA and Tukey’s HSD; P < 0.05).

Table 12. Number of shared species and Sgrensen’s similarity between vegetation types

Vegetation types | Number of shared species Serensen’s similarity
AA EB DAF AA EB DAF
AA 50 8 4 1 0.16 0.06
EB 31 26 1 0.32
DAF 73 1
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4.7.1. Pattern of vascular plants endemism along elevatiogradient

Vascular plant species endemism pattern along tdevgradient may or may not correspond
to vascular plant species richness pattern. Theraiwdvascular plants distribution showed a
linearly increasing pattern towards higher elevat{&igure 14F). Higher endemic plant
species richness was recorded at about 3000 artdMQ0s.l. Interestinglylagetes minuta,
Chenopodium murajendGalinsoga quadriradiatarethe only exotic species recorded along the
gradient.

4.7.2. Growth forms pattern along elevation gradient
The growth forms showed different patterns aloregdlevational gradient (Figure 16). Trees
species richness unlike the overall pattern of wascplants species richness along the
elevation gradient followed a slight hump-shapettigpa. It followed a monotonic increase up
to a certain elevation, however, it followed a mimmic decline towards the higher elevation
in which no single tree species was recorded aB808 m a.s.l. which is above the treeline in

the mountain range. Maximum tree species richnessfeund at about 3100 m a.s.l.

= Tree
= Shrub
15 Herb

—— Liana

Abundance

te - ++ o et
+H+ e ++
B O & Hes @EmE
04 MHE C@mE B B BE Em @ EE

2500 3000 3500 4000
Elevation

Figure 16. Growth forms pattern along elevation gradient
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Shrubs also followed an almost similar trend wittes except the shrubs are distributed in all
vegetation types although. pinifolius was the dominant shrub found in the Afroalpine
grassland. Maximum shrub species richness is redaatlan elevation of about 3100 m a.s.l.
like the tree species richness. Herb plant spekeess followed a different pattern from all
other growth forms. Low herbaceous species richwassobserved at medium elevations. The
herbaceous plant species richness showed an idveurap-shaped pattern. Both the lower
and higher elevations entertained higher herbacspesies richness. However, the r squared
value is only 7.9%. The lianas followed the sarattgun to trees, with a monotonic increase
up to a mid-elevation and monotonic decline towdnidgber elevation.

4.8. Plant conservation status

The majority, 77%, of the vascular plants from #tedy area are unassessed following the
IUCN Red List criteria. However, the remaining 23%re assessed in different years by
different researchers both nationally and globallfythese, about 5% are threatened and the
remaining are least concern (Table 13). Herbs @¢8)&vere the most threatened growth forms
followed by shrubs (27.27%). Out of the 42 endepiants reported only 6 (14%) were
assessed and 4 (9%) are threateMerbascum arbusculuis the only species with CR status.
Three species viEuryops pinifolius, Pentarrhinum abyssinicamdPlantago lanceolatare
VU. On the other hand, the endemic shrBlesium grandiflorunandInula confertifloraare
NT. I[UCN 1997(IUCN, 1998) documentefisplenium aethiopicum, Kalanchoe schimperiana,
Rhynchosia stipulosa, Scabiosa columbainia Felicia dentataas possibly threatened plants
4.8.1. Vascular Plants Local Rarity
Only 17 species (8.54%) of the vascular plants e Yosef mountain range were found
common. The remaining species entertained almbstpas of rarity (Table 14, Appendix II).
Exclusive to rarity form 2, all rarity forms wereund in the study area. Of the 199 species

analyzed for rarity, most of the species (55.78W9)wsed restricted species local range,
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restricted habitat specificity, and scarce densitynatured individuals (rarity form 7). This
was followed by rarity form 6 (18.9%) which is chaterized by restricted local species range,
restricted habitat specificity, and abundant pojteof mature individualsNevertheless,
rarity form 3 were also represented by only oneigsenamelyPlectranthus garckeanu€f

the species analyzed, 33 (16.58%) were found te havide realized range (eurytopic species)
and the remaining 166 (83.42%) showed a narrovizezhtange (stenotopic species). Some of
the species with wide distribution includdchemilla pedataAllophylus abyssinicysirabis
alpina, Bartsia decurvaHebenstretia angolensithula confertiflorg andJuniperus procera
On the other hand, species suchAashusa affinisBersama abyssinicdombeya torrida
Erica arboreg Helichrysum citrispinumand Senecio schultziwere found to have narrow
distribution.

Table 13 IUCN status of vascular plants in Abune Yosef maimtange (CR = Critically

Endangered, VU = Vulneerable, NT = Near Threatebh€ds Least Concern, I** and R** =
possibly threatened, NA = Not assessed)

IUCN status| Tree| Shrub| Liana | Herb | Frequency Percent
CR 0 0 0 1 1 0.5
EN 0 0 0 0 0 0.0
VU 0 1 0 2 3 15
NT 0 2 0 0 2 1.0
LC 13 5 1 16 35 17.6
R** 0 0 0 4 4 2.0
[** 0 0 0 1 1 0.5
NA 4 24 3| 122 153 76.9

Total 199 100

Regarding to the habitat specificity, only 51 (Z84 of the species were found widespread
(euryoecious species) i.e., occurred in more tmenvegetation types. Species in this category
include Cineraria sebaldij Clematis simensjDiscopodium penninerviunGalium simense
and Nepeta azureaOn the contrary, 148 (74.37%) of the species veuvad only in one
vegetation type which indicates they have locadigtricted habitat specificity (stenoecious

species)Anthemis tigreensjsAnthospermum herbaceufersama abyssinigaDelphinium
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dasycaulon and Helichrysum citrispinumwere some of the species with restricted habitat
specificity.

In terms of density of matured individuals, 58 (Z®4%) were found locally abundant while
the remaining 141 (70.85%) were found locally seaKrica arborega Euryops pinifolius
Juniperus proceraOsyris quadripartita Rosa abyssinicaAchyranthes asperandLobelia
rhynchopetalumare some of the locally abundant planfsisaema polydactylupBersama
abyssinica Hagenia abyssinicaHypericum revolutum Myrica salicifolia, Pelargonium
glechomoidesandRhus natalensig/ere some of the species with a locally scarcesitenf
mature individuals.

Table 14 Percentage of Rabinowitz’s rarity formsvascular pants in Abune Yosef mountain
range

Specie local range Wide Restricted
Habitat specificity| Widespread Restricted Wide spread Restricted
Abundant 8.54 Common RF2 3.02 RF4 18.9 RF6
population Alchemilla pedata Nepeta azurea | Lobelia rhynchopetalum
Scarce population 7.54 RF1 0.5 RF3 6.53 RF5 55.78 RF7

Allophylus Plectranthus| Mikaniopsis Felicia dentata

abyssinicus clematoides

garckeanus

4.8.2. Local Rarity and IUCN Red List Status Comparisons

The comparison between local rarity and IUCN Rest ktatus (Table 15) revealed that four
species that are locally rare (Rarty form 3, 6 @ndre threatened. Furthermore, five species
are possibly threatened.

Table 15 Local rarity forms and IUCN Red List status comgans

Rarity Forms IUCN Red List status

Rarityforms (Number of species detecte@R | EN | VU | NT | LC | R*™ | I"* | NA
Common (17) Q O o 1| 2 1| 0| 13
Form1 (15) 0 0] O] 0] 5 0| 0] 10
Form3 (1) O 0| 1] 0| O 0| 0] O
Form4 (6) O O 0, 0] 1 0| O 5
Form5 (13) O 0| O 0] O 2| 0] 11
Formé6 (36) O O] 1| 1| 4 1] 0] 29
Form7 (111) 1 0| 1| 0] 23 0O 1| 85
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4.8.3. Causes of rarity

Plants could be rare for several reasons. Howg¢herreasons for the rarity of a particular
species in a particular locality could emanate freither anthropogenic disturbances,
stochastic events, or intrinsic behavior of thectgse

In the present study, rarity is mainly attributedanthropogenic disturbance, land use and
land cover change. Land transformation, particylagricultural encroachment was found to
be the main driver for habitat loss and fragmeatati he Afroalpine grassland shrunk to 3700
ha in 2017 from 10500 ha in three decades. It isveded rather into agricultural land and
barren land. Grazing is also a common phenomenaii wegetation types which might have
a detrimental effect on rarity. In addition to grag exploitation of wood resources was

observed in the DAF and EB which might cause loaaty of the species.

4.9. Land use and Land cover change

4.9.1. Accuracy assessment
The confusion/error matrix computation (Tables 16%&) revealed an overall accuracy of 86%

and 88% with a Kappa coefficient of 82% and 84%ilher 1986 and 2017 respectively.
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Table 16 Confusion of matrix 1986
Class AAG AGL BRL | EFS| GRL| PLN RBG SBL CHF URS WDL ofal User’s Accuracy
AAG 45 2 0 1 0 0 0 0 0 0 0 48 0.94
AGL 4 165 0 0 2 0 2 4 0 0 0 177 |0.93
BRL 1 2 19 0 2 0 0 0 0 0 0 24 0.79
EFS 0 1 0 12 |2 0 0 0 0 0 0 15 0.80
GRL 1 0 0 0 33 0 0 2 0 0 0 36 0.92
PLN 2 3 1 0 0 5 0 0 0 0 0 11 0.45
RBG 0 2 1 0 0 0 6 1 0 0 0 10 0.60
SBL 3 20 2 0 1 1 0 136 |0 0 1 164 0.83
CHF 0 0 0 0 0 0 0 0 |10 0 0 10 1.00
URS 0 3 0 0 0 0 0 1 0 |6 0 10 0.60
WDL 0 0 1 0 1 0 0 1 0 0 15 18 0.83
Total 56 198 24 13 41 6 8 145 10 6 16 | 523 0.00
Producer’s Accuracy 0.80 0.83 0.79| 092 080 083 0.75 094 100 10094 0| 0.00 0.86
Overall accuracy = 86%, Kappa = 82%

Table 17.Confusion of matrix 2017

Class AAG AGL BRL EFS GRL| PLN| RBG SBL CHF URS Total | User’s Accuracy
AAG 15 0 0 2 0 0 0 0 0 0 17 0.88
AGL 0 205 2 0 2 1 3 2 0 0 215 0.95
BRL 0 0 45 1 0 0 0 1 0 0 47 0.96
EFS 1 0 0 12 0 1 0 1 0 0 15 0.80
GRL 0 0 0 0 11 0 0 0 0 0 11 1.00
PLN 0 5 2 0 0 17 0 1 0 0 25 0.68
RBG 0 1 4 0 0 0 16 0 0 0 21 0.76
SBL 0 19 5 0 2 0 3 115 |1 0 145 0.79
CHF 0 0 0 0 0 1 0 0 9 0 10 0.90
URS 0 0 1 0 0 0 0 0 0 9 10 0.90
Total 16 230 59 15 15 20 22 120 10 9 516 0.00
Producer’s Accuracy 0.94 0.89 0.76 080, 0.73] 083 0783 096 090 1.00 0.88

Overall accuracy = 88%, Kappa = 84%
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4.9.2. LULCC Dynamics

The study revealed that there was a vivid chang#JinC (Table 18, Figures 17A & B). Only
the church forest class experienced no changetbeestudy time period. Agricultural land,
barren land, urban settlements, plantation foresig,rivers, riverbeds and gullies showed an
increasing trend. On the contrary, shrubland, opendland, grazing land, and Afroalpine
grassland showed a decreasing trend. Ericacecest/&iirubland showed only modest change.
The LULCC trajectories are depicted in Table 19.

Afroalpine grassland cover decreased from 10,50@ 1&4% of the land cover in the study
area) in 1986 to 3700 ha (3.43% of the whole lamekc in the study area) in 2017. It was
converted into agricultural land and grazing laBtirubland cover in 1986 was 35, 500 ha
(32.63% of the land area) but it decreased to 83,1a (30.36%) in 2017. The open woodland
which covered 3, 900 ha in 1986 was completely eaed into shrubland and agricultural
land.

Table 18 LULC area extent for 1986 and 2017 (see Table 2neLULC classes Acronyms)

1986 2017 Changel Percent of| Rate of

LULC Class| Proportion| Area | Proportion| Area (ha) change | change
(%) (ha) | (%) (ha)

AAG 9.61| 10500 3.43| 3700| -6800 -64.76]  -2.09
AGL 35.19| 38300 44.71| 48700 10400|  +27.15 0.88
BRL 4.94| 5400 8.22| 8900 3500  +64.81 2.09
EFS 2.99 3300 2.96| 3200 -100 3.03]  -0.10
GRL 7.30] 7900 2.02| 2200 -5700 72.15]  -2.33
PLN 2.26] 2500 4.30| 4700 2200|  +88.00 2.84
RBG 1.03[ 1100 3.42| 3700 2600| +236.36 7.62
SBL 32.63| 35500 30.36| 33000| -2500 704 023
CHF 0.15 200 0.15 200 0 0.00 0.00
URS 0.27| 300 0.44| 500 200  +66.67 2.15
WDL 3.61| 3900 0.00/ 0.00] -3900| -100.00] -3.23

The agricultural land and urban settlements, urthieeAfroalpine grassland and shrubland,
showed increased cover. The result showed thataker of agricultural land and urban

settlements increased from 38, 300 and 200 ha,t@0tBand 500 ha respectively. In the 1986
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map, the only well-established urban settlemerdgeized was Lalibela. However, in the 2017
map, there were four additional small urban settlets The urban settlements expanded at the
expense of agricultural land and shrubland. Thealjural land, however, expanded mostly
at the expense of Afroalpine grassland, shrubland,grazing land (Table 19).

Table 19 LULC change matrix (1986-2017)

LULC Area (ha) 1986
class |AAG |AGL |BRL |EFS | GRL| PLN| RBG| SBL | CHF] URY WbDL
AAG |3700 | O 0 0 0 0 0 0 0 0 0
AGL | 5000 | 35900] 700 | 100| 2600 O 0 4300 O 0 200
BRL | 1800 | 300 | 3700 O 3100 O 0 0 0 0 0
Area [ EFS 0 0 0 3200 O 0 0 0 0 0 0
(ha) 'GRL |0 0 0 0 2200/ 0O 0 0 0 0 0
2017 'pIN™ [0 500 | 500 | O 0 2500 0 1204 0 0 0
RBG |0 1500 | 500 | O 0 0 1100 600 O 0 0
SBL |0 0 0 0 0 0 0 29300 0O 0 370(
CHF |0 0 0 0 0 0 0 0 200 O 0
URS | O 100 | O 0 0 0 0 00| O 300 0
WDL |0 0 0 0 0 0 0 0 0 0 0

Church forests experienced no change at all. Hokvéwve Ericaceous forest/shrubland is
the least affected LULC class. Only 100 ha was edrd to other LULC classes, particularly,
agricultural land and barren land. On the otherdhahe plantation forest dramatically
increased from 2, 500 ha to 4, 700 ha from 1988t/ respectively.

The grazing land which covered 7, 900 ha in 198&afsed to 2, 200 ha in 2017 being
converted mainly into agricultural land and bar@md. In contrast to grazing land, the cover
of barren land increased from 5, 400 ha in 1988,t800 ha in 2017. The area coverage of
rivers, riverbeds and gullies also increased frqni@ ha to 3, 700 ha in 1986 and 2017
respectively. The cover of rivers, riverbeds, antligs increased at the expense of mostly

agricultural land followed by barren land.
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2.1.1.Major drivers of LULCC dynamics

2.1.1.1. Population

Ethiopia has conducted a population census in 18894, and 2007. It is not possible to get
the census data of the study area for 1984 bethedeational population census was done at
the zonal level. Even though the National popufrattensus of 1994 was done at the district
level, the study area was merged with other keb@tegest governmental administrative
structure) in Bugina district. The only populatidata that match the current administrative
boundary is Lalibela town with a population of 844(CSA, 1994which almost doubled to
17, 367 in 200TCSA, 2007). The total population of the studyeaireabout 117, 777 of which
58, 451 are men and 59, 326 women. Only 17, 36740f5% are urban inhabitants (CSA,
2007). This shows that there is a tremendous isergspopulation of the district in the defined
period. Population in turn demands a resourcehfar existence. Hence, pressures such as land
use changes, for example agricultural expansios,irevitable to feed the ever-growing
population. Consequently, conversion of naturaletagion into other land use types is a
common phenomenon.

2.1.1.2. Temperature and Rainfall variability

The monthly maximum temperature in 1993 was 29.@March) and the minimum was 16@
(July). In 2015, the monthly maximum and minimummperature was 21.7C (April) and
16.4°C (August) respectively. In 1994, the monthly maximprecipitation was 476 mm (July)
and the minimum precipitation was 0 mm (January2d15, monthly maximum and minimum
precipitation was 168.8 (August) and 0 mm (Octobespectively. In contrast to temperature,

precipitation followed a decreasing pattern (Figlda-c).
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CHAPTER FIVE
DISCUSSION, CONCLUSION AND RECOMMENDATIONS

5.1.DISCUSSION

5.1.1. Taxonomic composition, structure and plant communiy

Asteraceae and Poaceae are among the most spekigascular plant families standing the
first and the fifth in the world. These are alsedps rich families, ranked third and second,
following Fabaceae in Ethiopia (Ensermu Kelbess&ebsebe Demissew, 2014). These are
also widely distributed in the present study afédss could be attributed to the diverse dispersal
and pollination mechanisms. The outcrossing bemafithe Asteraceae inflorescence and the
diverse pollination mechanisms (generalist, spistjand wind), dispersal by pappus bristles
probably made the family cosmopolitan and widesp{daddet al, 2008). The ability to adapt
to a diverse environment and withstand disturbaoesd also have a crucial role in their
wider distribution. These families are also the $pgcies-rich families distributed worldwide
(Juddet al, 2008; Stevens, 2018).

The lowest taxonomic richness was recorded in Welstic region (WU) next to Afar
floristic region (AF) though it is undoubtedly mamted the WU is understudied (Fras al,
2001; Friis et al., 2005; Vivero et al,, 2006). Similarly, the single region endemic taganess
is also lowest next to AF and llubabor (IL) florcstegion (Hedberget al, 2009). However,
with the new records documented to the WU florisggion, the taxonomic diversity and
record of endemic vascular plants could be higher.

The mean basal area for tropical forests whichighlia correlated to large trees but not
compensated with density effects is estimated t8%s? ha' (Midgley & Niklas, 2004). The
basal area in the present study showed almostdigdddwer than the basal area estimated for

tropical forests by Midgley & Niklas (2004). The maeason being that the forests in the study
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area are degraded due to selective tilling and feevuitment as the result of trampling by
livestock. Furthermore, the trees are neither lamgehave high density. Consequently, the
basal area was found very low. However, study femathern Ethiopia, Rira forest in Bale
mountain, reported a lower basal area (£hat) than the present study (Youagal, 2017).
This could be attributed to the low tree diversifich is dominated by either small or medium
sized trees. Furthermore, anthropogenic disturlssteh as selective removal of tree species,
could have also a detrimental impact on the basal. a

The population structure of trees that are contisiyorecruiting young individuals and
gradually losing older individuals exhibits a resed frequency distribution pattern indicating
a relatively stable population without the neednainagement actions to ensure its persistence
(Younget al, 2017). On the other hand, the episodic recruitraed the J-shape population
structure may be attributed to the removal of presly established cohorts, through herbivory,
timber harvesting, or other anthropogenic influenaed a particular set of conditions for
reproduction respectively (Johansson, 2013; Yoeingl, 2017). Species that revealed such
population structures are showing the speciesamisking as a result immediate intervention
is required. Enriching with seedlings and sapliogsld be the best possible options.

5.1.2. Plant community classification, diversity and evenass

TheP value associated with the test statistic evaluatke observed differences among groups
are due to chance and the chance-corrected witbimpgagreemen#y) measures withingroup
homogeneity. When all items within groups are idet thenA = 1, the highest value fé.
A = 0 when the heterogeneity within groups equaleipectation by chance white< 0 when
there is less agreement within groups than expdntethance (McCune and Grace 2002). In
community ecology aA > 0.3 is fairly high. Hence, in the present stuuy ¢thance-corrected
within-group agreement in the plant community ighhshowing within group homogeneity.
Community 1 and 2 are highly associated with highlewvation and are found in the

Afroalpine grassland which is dominated by eithenblaceous plants or subshrubs. Community
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3 is relatively widelydistributed. Eventhough the palue of the indicator species and the
chance-corrected within group homogeneity (A) shibwieere is sharp separatability, the
specificity and fidelity of community 3 is poorlyetermined. On the other hand, community 4
and 5 are found in the church forest and Ericacémest and associated with slope.

Community 1 and 2 are found above the treelinendlgh shrub encroachments into high
mountain grasslands (Dullinget al, 2003; Young et al, 2008; Eldridge et al, 2011) are
getting due attention these days, this ecosystematsirally dominated by herbs and
shrubs/subshrubs. Plant communities at higher &teng particularly above the treeline, are
characterized by plants of lower stature, assatiatigh different functional traits that can
withstand stressful environments which cause sllanwtgrowth rate (Whittaket,956; Korner,
1999).

Being less accessible and favorable to agricultiKifiey Gebrehiwotet al, 2018) and less
accessible to large herbivores/grazers makes ¢lep sirea a refugia for forests in general and
trees in particular (Nichelt al, 2019). Furthermore, although it lacks a naturplanation,
tree cover/density is highly associated with sl@yéchel et al., 2019). Thus, community 4 and
5 can be considered as refugia for trees in thadysdtea.

Plant communities along elevation gradient are ipaggulated by temperature because it
directly affects photosynthesis, metabolism, artd@nt mineralization (Hoch & Kérner(22;
Sundqvistet al, 2013). Nevertheless, other abiotic variables sischoisture availability and
soil physicochemical properties; and biotic components such as soil fauna and pollinators also
have a detrimental effect on shaping plant comnasélong elevation gradient (Sundgwst
al., 2013).

5.1.2.1. Vascular plants species richness and digdy
The value of Shannon diversity index usually liesAeen 1.5 and 3.5, although in exceptional

cases, the value can exceed 4.5 (Kent, 2012). Tiheasn be depicted that the study area has

high community diversity which followed a monotowiecline towards higher elevation. Most
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studies showed that diversity is high at mid-eleveg which corresponds to the optimum
variables at this elevation (Rahbek, 2005). Howether diversity pattern usually varies due to
the variations in climatic components and leveaonthropogenic disturbances. Similar to the
present study, Puff & Sileshi Nemomissa (2001) regaba decline in diversity along elevation

gradient.

The high diversity and evenness in community fiegr@spond to the high species richness,
relatively similar abundance and moderate disturban The relatively low diversity and
evenness in community 1 and 2 corresponds to thesjmecies richness and shows some
species are dominating the community. Low evenmdn indicates high anthropogenic
impact (Hillebrancet al,, 2008).

5.1.2.2. Vascular plant species turnove¢Diversity)

Beta diversity of the study area is very high. Wtisws there is high vascular species turnover
between and within the vegetation types along @él@vagradient. This also shows there is high
species diversity in the study area (Ricotta, 20iti7)vhich the vegetation types have almost
distinctive species composition. Similar vegetatigpes and near sites could share similar
species composition which leads to low beta diter€dn the contrary, different vegetation
types and extreme sites may not share high specmposition that could lead to high beta
diversity.

High beta diversity of extreme elevation pairs wegorted from northern Ethiopia (Ermias
Aynekulu et al, 2012). Apart from the spatial scale, sites wittiie same vegetation types
could have high beta diversity due to topograpimd eicroclimatic variations. Soil texture,
elevation, and aspect are (for example) some ofvtdmables, which influenced 100%
replacement of species composition in the Afroapynassland. Geographical distance and
microclimate have a crucial impact on beta divgrgitlantilla-Contreraset al, 2012;

Fitzpatricket al, 2013; Opedal et al, 2015).
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5.1.3. Multivariate numerical analysis
5.1.3.1.Canonical correspondence analysis
The variance explained by the first and second @&&s is very low. This could possibly be

emanate from the unexplored topographical, enviemtal, soil and climate variables that
determine composition, diversity and spatial dsttion pattern of vegetation. Furthermore,
Kent (2012) and McCune and Grace (2002) claimedttieastatistics are misleading in that
they are often interpreted as the amount of variat the community data that is explained by
the environmental variables which is not usually thse.

The CCA result showed that the topographical véemelevation, slope, and slope aspect),
soil variables (pH, TN, avP, SOC, and clay) antudiznces variable (logging) influenced the
plant communities. Elevation, pH, slope aspect, SAC are correlated with axis 1. Axis 2, on
the other hand, is correlated with bulk densitgps| logging, avP, and SOC. The coefficient
of determination of the variables revealed that #rmvironment-disturbance variables
influenced plant distribution. Since the range gfeavalues is between 0 and 1 indicating
values closer to 1 most important axis, the eigkmvaf the first axis which is closer to 0.9
depicts the distribution of the species along thie & good (Legendre & Legendre, 2012).

In ordination analysis, axis one is often the nitiencing component. This revealed that
topography governs the species distribution inpiiessent study. Similar to this study, Feis
al. (2005) depicted topography has a crucial rolgaverning plant distribution and diversity
particularly in the Horn of Africa. Iret al. (2015) and Méndez-Toribiet al. (2016) reported
that complex topography shapes plant species reshrdiversity, speciation process, and
distribution pattern though its impact is pronowhaee determining plant endemic richness
pattern. Although topography is not a resource igradthe possible reason for this could be
the direct or resource gradients including edafatdtor are majorly influenced by topography.

Elevation as an explanatory variable with the hagleentribution was discussed in several

studies (Irlet al, 2015; Khanet al, 2017). Although species richness decreases alengtion
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gradient, endemic plant species richness is highérigher elevations than lower elevations
(Irl et al, 2015). Since the difference between the maximadnainimum elevation was more
than 1500 m a.s.l,, it could obviously induce digant differences in precipitation and
temperature which leads to different vegetatiomeissions and diversity.

The impact of slope aspect on plant species richmgersity and distribution pattern was
less profound than elevation in the present stlitlg possible reason could be due to the
conversion of vegetation of some slope aspectticpkarly the eastern and east-related slope
aspect, in the relatively lower elevations eitteeagriculture or to barren land. Furthermore,
solar energy exposure in the tropics is not asifstgnt as the temperate region. However,
although the Ethiopian mountains are a few dedreesthe equator, the solar radiation differs
between the south and north aspects as a restimgblex topography (Rosqvist, 1990). The
explanatory contribution of slope aspect in thespre study could have rather emanated from
the very complex topography characterized by patéhethe pocket of the mountain. The
impact of slope aspect was found, thus, to be oh@nt in the plateau with higher elevation
and samples from relatively different slope aspects

Slope has a strong influence on determining theckemical and physical property. It also
indirectly shapes the water retention of plantsedeling on how steep or flat the environment
is. Topography, particularly slope, can reasonajalyse accumulation and export of soll
nutrients, thereby indirectly impacting plant distition (Wanget al, 2016). The explanatory
contribution of slope on vegetation associations feand to be crucial in several ecological
studies (Irlet al, 2015; Méndez-Toribioet al, 2016; Wanget al, 2016; Khanet al, 2017).
Furthermore, Nogues-Brawi al. (2008) stated that human activities have genesdfcted
worldwide the lower and upper slopes more thamilteelevational habitats.

In addition to topography, soil variables also @ayital role in plant development, diversity,

and distribution. Edaphic factors such as pH, TRCSBulk density, clay, and avP plays a vital
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role in plant species distribution (Wargal, 2016). Apart from the type of vegetation cover
and geological history, topography has a vivid uafice on soil chemical and physical
properties; and soil water characteristics (Dinku Dessalegal., 2014).

Anthropogenic disturbances such as livestock ggazand logging have an impact in
changing the richness, diversity, distribution @atf and vegetation structure in an ecosystem.
The magnitude of their influence depends on theestgvof the disturbance. Tree/shrub
logging is only associated with the Ericaceousdbresince the Ericaceous forest is privately
managed and with relatively dense trees and shitubseasonable that logging is associated
with this community. The other communities are @itm the church forest in which cutting
trees is religiously prohibited or in the grasslamiih relatively better management and
dominated by few shrub/subshrub species, partigulBuryops pinifolius Logging induces
changes in species composition and resource aifylalhich could aggravate ecosystem
transformation (Hogaet al, 2016). The impact of tree cutting/logging on vagjen structure
and associations were reported in Ethiopia and st in the world (Haileab Zegegeal,
2006; Naudiyal & Schmerbeck017; Birks et al, 2018). Significant impact of tree logging,
particularly, on woody and herbaceous climbers reagsrted in temperate forest of Xiaolong
Mountain (Gucet al, 2019). Management type has an undeniable impeatree/shrub logging
and further on ecosystem functioning (Naudiyal &&erbeck, 2017).

5.1.4. Elevation gradient vascular species richness patter comparison between the
vegetation types
The vascular plants elevational range of occurrént®e result of several factors. However, it

is mainly explained by the ability of a speciesvithstand broader extreme conditions towards

higher elevation such as moisture, temperatureyamd velocity (Morin & Lechowicz, 2011).
The monotonic decline in species richness withgasing elevation in the present study is

attributed mainly to the management intensificatibecause people’s livelihood is strongly

connected to montane ecosystems (Martinelli, 200[¢. DAF is managed by the EOTC for
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Centuries. The EB, on the other hand, is managegdtply. Furthermore, the EB is found in a
very steep terrain which is not suitable for huraativities such as settlement and agriculture.
On the contrary, the Afroalpine grassland has a \&ort history of management, as
community-based conservation, which is not as @ffeas the DAF and EB. Although it is
not statistically significant, grazing is one ofetldisturbances happen in the Afroalpine
grassland. The local climatic conditions highlytwethe higher elevation while drier in the
lower elevations, and lower and higher temperaiaréhe higher and lower elevations
respectively could also affect the pattern of speaichness. Furthermore, climate, biotic
processes, environmental heterogeneity, and ewolry history could also derive species
richness patterns (McCain & Grytnes, 2010).

A monotonic decline in species richness with insnmeg elevation was reported (Mallen-
cooper & Pickering, 2008; Sharma et al, 2009; Trigas et al, 2013; Yang et al, 2014; Zhang et
al., 2016). However, most researches on elevationé¢mpaof species richness revealed a
hump-shaped (Acharyat al, 2011; Ermias Aynekulu et al, 2012; Ren et al, 2012; Guo et al,
2013; Lee et al, 2013; Manish et al, 2017). This could be attributed to the favoraiél
environmental conditions for plant growth at middlevation (Zhangt al, 2016) despite the
management and disturbance levels along elevatadient. The mid-domain effect which
displays hump-shaped pattern is highly pronouncethe transition of montane forests to
Afroalpine vegetation types (Becketral, 2007). The non-generality in vascular plants sgec
pattern along elevation gradient may be emanatedh fthe spatial design, extent, and
proportion of the gradient sampl@&ahbek, 2005; Nogues-Bravoet al, 2008).

The higher Shannon diversity in the DAF and EB esponds to the higher vascular plant
species richness in these vegetation types thaAAhdlthough it is not necessarily, always
true, high Shannon diversity is attributed to higgecies richness and relative abundance.

Species richness is also negatively correlated @léhation (Sharmat al, 2009). The higher
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endemic plants richness in the AA might be assedi&b the isolation of the mountain zones
and extreme climatic variables at the higher elemathan the lower elevations (Steinbaaer
al., 2016; Manish et al, 2017).

Considering the elevation overlap and geograpraffatity between the dry evergreen
Afromontane forest and Ericaceous forest in Etl@opi general and the current study in
particular, higher similarity is expected. A fldicscomparison on woody species composition
of the flora of Ethiopia and Eritrea reported sanitesults (Friiet al, 2010).

5.1.4.1. Pattern of vascular plants endemism alorejevation gradient
Spatial heterogeneity and extreme microclimatel sasanoisture and temperature host higher
endemic plants. Specialists with a very narrow @iare found in such environments.
Monotonic decrease of species richness towardehgglhvation doesn’'t necessarily reflect the
monotonic decrease in endemic vascular plant spedigh endemic plants at high elevation
is attributed to isolation of mountain zones anghhspecies richness at a lower elevation is
attributed to evolution and disperg&kttaas & Grytnes, 2002; Steinbauer et al, 2016). High
endemic plants at a higher elevation (Steinbatiat., 2016) and mid-elevation (Wargg al,
2007; Trigas et al, 2013; Manish et al, 2017) were reported in different continents.

5.1.4.2. Elevation gradient pattern of Growth forms
The present study revealed that tree abundandghsrhat lower elevation though they also
can be affected by the anthropogenic disturbaneelde Similar results were reported from
eastern Himalaya (Acharnyet al, 2011), Tibetan Plateau (Ma al., 2018), Baekdudaegan
Mountains (Leet al,, 2013) and Ethiopia (Abiyot Berhaetial, 2016). Trees are often absent
at higher elevation due to several constraints ssanvironmental, intrinsic characteristics of
a species, or a multitude of disturbances (Kor2@t2).

Shrub species richness pattern followed a simikttepn to tree species richness, a

monotonic decrease along elevation gradient. Tdusddoe attributed to the open canopy cover

91



and biotic homogenization (Zhargal, 2016; Mori et al,, 2018). This is supported by reports
from Mountain forests of northern China (Zhai@l, 2016) and sub-alpine mountainous zone
in central Japan (Tsujino & Yumoto, 2013). Selextoutting of trees for different purposes
such as construction, timber, and firewood togeth#r the local climatic variation could have
also contributed to the higher shrub species riskine

The inverted hump-shaped pattern of the herbacetarg species richness could be
attributed to inter-specific competition, may be thain driver of plant community assembly
in the middle elevations (Zhargj al., 2016). Furthermore, this shows the mountain rasge
rich in herbaceous plants which can adapt to exdrenvironments. Herbaceous plants due to
their reproductive characteristics can adapt ex¢renvironments 10 fold than woody species
(Smith & Beaulieu, 2009). The lower elevation (DARs relatively lower moisture and higher
temperature than the higher elevation Afroalpin@sgland which entertains very low
temperature and high moisture. As perfectly desdriby Hedberg (1964) the Afroalpine
grassland is summer every day and winter every nighthe herbaceous plants in the
Afroalpine grassland have almost completely diffiérife forms from the lower elevation
plants. These include giant rosette, tussock gsasgaulescent and cushion plants.

The pattern of Liana richness corresponds to thtenpeof trees because lianas often climb
on trees and rarely on shrubs. Consequently, na kizgas recorded in the Afroalpine grassland
whereas in the DAF and Ericaceous forest very famak were recorded.

5.1.5. Plant conservation status

The IUCN conservation status revealed that the ntgjof the plants are not assessed
following the IUCN criteria. Globally only 8% of ¢hdescribed plant species are assessed
(IUCN, 2017). In comparison to the globally IUCNsassed, less than 8%, the percentage of
plants included in the IUCN Red List from the prasstudy are higher. However, the IUCN
assessed plants wouldn’t be near sufficient while-third of the plants are facing extinction

risk (Pimm & Joppa, 2015). Furthermore, exceptEkenct and Endangered, at least a single
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species was found in all the JIUCN Red List categpm the present study. This shows several
plants in the mountain range are in need of pizart conservation.

Habitat conversion into agricultural land, fragnagimn and overexploitation could have
led the plants to be threatened (Hone&wl, 2005; Brummitt et al, 2015). These are major
threats to plants, particularly, in the tropics dedst developed countries. Overgrazing,
firewood collection, and soil erosion were alsoorted as threats somewhere else in the world
(Din et al, 2016). Furthermore, stochastic proceg®as/ce, 1992; Pirtel et al, 2005) and
climate change (Keitlet al, 2014; Trull et al, 2017) could have a predictable impact
conservation status species. However, IUCN (20id)ed that anthropogenic threats by far
outweighs the natural threats to plant extinctiBesides all the aforementioned causes,
phenology-pollinator mismatches emanated from dimehange would have a particular
impact on the status of plants in one or other Baynificant impact of climate change on local
extinction of plants were found to be profound satnere else in the world (Buse¢al, 2015).

In contrast to the global conservation status,ldlal rarity of the vascular plants in the
mountain range revealed that most of the specitstaimed different forms of rarity. This
could be possibly due to either the mountain raisgéighly fragmented, degraded and
encompasses major threats such as habitat convensibfragmentation or the robustness of
the method used. Because deciding the cut-off poativeen rare and common species,
particularly, the local species range and abund@sebjective and to some extent biased.
Furthermore, one of the rarity components, halsfacificity, had a strong influence on
determining the rarity of the species. For examplahelia rhynchopetalums definitely
restricted in the Afroalpine vegetation. Hence,reifethe density of mature individuals are
abundant and have wide species local range ideflhitely fall into one of the rarity forms.

From a strict ecological point of view taking abande into account, most species are rare

and few are common (Spellerberg, 1992). The snogdufation paradigm pertains to the risk
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of extinction for species that are rare (Rabinowii&81). However, high population alone can’t
be a guarantee to escape vulnerability.

In addition to population density, species range laabitat specificity also play a crucial
role in determining rarity. Habitat specificity argbecies range are the first and second
determinants of species extinction (Hareilal, 2012). However, the species range and habitat
specificity are also influenced by species intinbehavior such as dispersal success and
success to colonize a new area. Species with wedd¢ized range and habitat specificity have
less predispose to extinction than their countésp&pecies with highly abundant population
but very restricted range and habitat amplitudehiniig prone to anthropogenic disturbances
(Regaret al, 2004) and stochasticity.

The species that fall in either of the rarity forane by far greater than the common species.
Several researches globally reported similar repéristudy in Switzerland by Broennimann
et al.(2005) reported only 14% of the plants assessed e@mmon. Furthermore, research on
tree species in the southern Brazilksttantic rainforest revealed about 41% of the speaire
rare (Nasseet al, 2010). A study of woody plant species rarity iffedent types of tropical
forests Bolivia showed up to 54% of the plantsrare (Arellancet al, 2014). The worst of all
rarity forms is the low density of matured indivals, narrow species local range, and restricted
habitat specificity, which is rarity form 7 in tipeesent case. This is because due to their local
rarity, these species are predisposed to extincigdnsince demograph&nd environmental
stochasticity will wipeout populations, and a restricted distributimeans that all or most
individuals will probably experience adverse conditioggnultaneously (Gaston, 1998).
Hence, countries with limited resources for conggon might focus on this rarity type to halt
“double jeopardy” of the species (Lawton, 1993).

Locally rare plant is not necessarily a threatepladt. The reverse might be true because

rarity is conditioned on the geographic scale tdrest (Flather & Sieg, 2007). However, since
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small populations are liable to natural and antbgemic disturbances, rare species will have a
greater extinction risk than those that are com(Baiyce, 1992; Matthies et al, 2004).

The causes of plant extinction risk, land transfation, per se habitat loss and
fragmentation are reported to be the leading caolsemity (Wilcoveet al, 1998; Honnay et
al., 2005; Flather & Sieg, 2007; Brummitt et al, 2015). Even, Sisét al. (1994) boldly claimed
habitat loss has an important role in determinxtgetion than species commonness and rarity.

Several reports showed that exotic and invasiveiepare also the main causes of rarity
next to habitat destruction (Wilcoe¢al, 1998). Nevertheless, this is not the case iptasent
study. Because very few exotic species within &ioted habitat were recorded. However, it
could not be ignored in future researches.

Direct exploitation when alternatives are missisgcommon practice in developing
countries such as Ethiopia. However, countries umofe such as Estonia also face such
challenges. Partek al. (2005) claimed that direct exploitation, partialitglant collection, by
humans is the cause for 31% of the rarity somewineEstonia.

Although it lacks ecological justification to blanm@rinsic characteristics of a species as
the only reason for rarity (Flather & Sieg, 200if)can predispose a species to elevated
extinction risk (Parteét al, 2005). This includes intrinsic behavior of a spswsuch as low
growth rates and few reproductive episodes suclaelia rhynchopetalunwhich are
monocarpic plants, and intrinsic behavior of arsgstem such as inherently low carry capacity.

Hence, habitat specificity, availability of suitatilabitat, together with dispersal capability
affect the potential rarity of a species (FlatherS&g, 2007). Continuous vegetation that
pronounces ecological networks such as dispershpaliination plays an important role in
determining species rarity. Despite the field obaBon of jeopardized ecological networks
with extremely discontinuous vegetation, empiridata on the dispersal and pollination is

required to conclude about the intrinsic traitstieé habitat specificity available, suitable
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habitats and dispersal capability of the specigkermountain range.

5.1.6. Land use and Land cover change
5.1.6.1. LULCC Dynamics
An overall accuracy level of 85% was introduced\bgersoret al. (1976) and it is now widely

accepted and used as a standard in map accur@sgamEst. The overall accuracy assessment
in our analysis is higher than the accepted stalhdand feel comfortable making
recommendations based on this analysis.

Throughout Ethiopia, agricultural land is expandatghe expense of other land use types.
Binyam Tesfawet al (2015) showed that 75% of the agricultural laodiaty was covered by
vegetation, and indicated that sparse vegetatiah gaassland were least affected by the
agricultural expansion. However, our results resgdhat Afroalpine grassland is one of the
most rapidly changing land use and land cover elgs Abune Yosef mountain range. This
could be due to the grasslands are becoming thettior agricultural expansion. Research in
a similar ecosystem reported agricultural expansibmigher elevation took place at the
expense of Afroalpine grassland (Yohannes Kideinal, 2012; Ermias Teferi et al, 2013;
Aramde Feteneet al, 2014; Jacob et al, 2015b; Sisay Hailemariam et al, 2016). The
increasing trend of agricultural land and urbartlesients cover is observed throughout
Ethiopia (Yohannes Kidared al, 2012; Ermias Teferi et al, 2013; Kefyalew Sahle et al, 2016;
Sisay Hailemarianet al, 2016; Tesfa Worku et al, 2016). The Agricultural land expanded
mostly at the expense of Afroalpine grassland @mdidand. The urban settlements were
expanded at the expense of agricultural land andn nd. As shown in the previous section,
the population of the study area has increasedetndously which is the reason for the
expansion of agricultural land and urban settlesient

Global warming could have also contributed to thkpamsion of agriculture to higher

elevations by making those areas more hospitaldsfus. The areas above 3200 m a.s.l. were
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very cold and didn’t support crop growth exceptJfarieties of barley (e.gdordeum vulgarg
However, today even other crops such as beansatls that are normally cultivated at much
lower elevation - are being grown in higher elematiimplying that the Afroalpine area is
becoming warmer.

Conversion of a large portion of shrubland intoiagdtural land has been reported
throughout Ethiopia (Sisay Hailemariaeh al, 2016) and this trend holds in Abune Yosef
mountain range as well. Deforestation is an imprigsue in the study area, though different
forest types are changing at different rates andiféerent reasons. The shrubland was found
in low and medium elevations in the study area,ctvhiave historically been productive
agricultural areas — thus, these would have besred early on for agricultural land. The open
woodlands that existed in 1986 were converted almatrely into shrubland. This could be
attributed to the reliance that the people livinghis region have on woodland and shrubland
resources for their construction and firewood neetleere are no other land use and land cover
classes that provide suitable substitutions. Therwkielming decline of woodlands were
reported in different parts of the country (Ernilageriet al, 2013; Adenew Taffa et al, 2015;
Binyam Alemuet al, 2015; Kefyalew Sahle et al, 2016). Similar to the present study, a total
transformation of woodlands was reported in Gul#eta; central rift valley of Ethiopia
(Efrem Garedew et al., 2008hese results are in contrast to a previous stiglgay
Hailemariamet al, 2016) which claimed woodland is one of the ledfgcted LULC classes
and increased woodland cover (Lemlem Tadessd, 2017).

The remnant dry evergreen montane forests in tly strea are found in the surroundings
of EOTC. These forests persist likely because Istirvg trees is prohibited in the church
forests. Alemayehu Wassie & Demel Teketay (20@8cdbed EOTC forests as a safe haven
for biodiversity, and indeed, there has been naiégnt church forest cover change in the

present study. However, Ericaceous forest showsdslight declines. Erica forest is found at
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high slopes, which may have prevented its conviersab agriculture, as these areas are not
conducive to growing crops. The importance of hi#lgrain for preserving vegetation was also

reported in southcentral Ethiopia (Alemayehu Wa&sizemel Teketay, 2006). Forest change

detection study based on historical images in Liftb& mountain showed a loss of 63% forest
between 1982 and 2010 as a result of the increasipglation (Jacobt al, 2015a).

In contrast to the other forest types in the stadya, plantation forest showed a dramatic
increase in its cover. This is likely due to twagsens. These are the loss of woodlands and
shrinkage of shrubland, and the fact that some arwation and restoration practices have
prohibited the utilization of woody plants from shfands, both of which may have caused
local people to plant more plantations forests. Trweasing trend of plantations (mainly
Eucalyptusspp.) has been reported throughout Ethiopia (del&haereet al, 2014; Jacob et
al., 2015b).

Conversion of communal grazing lands into agriaaltiands were reported in Ethiopia
(Tesfa Workuet al, 2016; Hiwet Gebremedhin et al, 2018), and this is also occurring in the
study area. Most of the grazing land that existetid86 was converted into agricultural lands
mainly due to the need for securing food for theidly growing population. The remnant
grazing land is found in very small fragments ighw@r elevations, and some of it has already
been converted into barren land. Overgrazing ariddorpling by livestock tends to disturb the
herbaceous layer and is likely a driver of conv@rsnto barren land.

The increased cover of the barren land in the studw is attributed to the volcanic and
rocky nature of the mountains, extensive soil emasand scarce vegetation. These results
contradict with Tesfa Workat al. (2016) who reported a decreasing trend of baaed in the
Beressa watershed northern central highland ofoRihi In 1986, gullies were restricted to
large rivers and riverbeds. In 2017, however, galliad expanded everywhere including into

agricultural land. The gullies correspond to lars@ whange and deforestation. Apart from
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changing the landscape mosaics, gullies can caasef cropland, accelerate aridification by

increasing the drainage (Nyssenal, 2004; Valentin et al, 2005). The increasing trend of

riverbeds was reported by Jactial. (2015b) in Lib Amba mountain northern Ethiopia.
5.1.1.1.Major drivers of LULCC

In the era of Anthropocene, rapid population groarl climate change have a strong influence

on LULCC dynamics. Nevertheless, failure to usesgstem services sustainably could have

also a crucial role. The causes of LULCC dynamiesexamined and explained.

Experts in the field attributed the LULCC dynamicsthe rapidly growing population
(Meyer, 1990; Meyer & Turnerll, 1992; Turnerll et al, 1994, 1995b; Jacob et al,, 2015b). The
population in developing countries such as Ethiapialmost entirely dependent on natural
resources which leads to resource deterioratiordafmtestation. The population of the study
area showed a tremendous increase in three deédthesigh rapid population growth is one
of the primary drivers of LULCC, it is not necesbathe root cause of LULCC rather it is a
failure to sustainably utilize natural resourced #re absence of land use policy that engages
conservation efforts and practices.

In Africa, deforestation and unsustainable utilmatof natural resources are the main
causes of LULCC (Waweret al, 2016). Agricultural expansion and settlementh@expense
of other natural land use types and deforestatithowt restoration are some examples of
unsustainable land management. The complete caonayswoodland into shrubland in the
present study is a typical example of unsustainatilieation.

Human-induced climate change has also its own sRaeently published article by Guo
et al (2018) revealed that land use change intera¢ksoimate. Analysis of temperature trend
in Ethiopia for the year 1983-2013 showed that terajure has already increased by 0.0265
to 0.1112 °C per year in Ethiopian highlands sid@83 (Tamene Mekonnen, 2017).

Precipitation also showed a decreasing trend. Hr@bility was pronounced in mountains

99



with elevation >2000 m a.s.l. Thus, human-inducedate change is also affecting the LULC,
particularly vegetation cover, of the study area tluthe temperature and rainfall variability.

Although the Afroalpine vegetation is designatecaasommunity conservation area, the
response of the people in the community and themwrent is very limited. During the course
of the study, we noticed that conservation andorasbn practices, particularly, in the
Afroalpine vegetation is ignored.

Lack of alternatives and absences of land-use yoiwt lack of awareness is forcing the
community to utilize resources in every possibleyw®ocio-economic survey research by
Girma Eshetet al. (2015) showed that people living in the Afroalpareas perceived the need
of protecting the Afroalpine vegetation. Howewde trade-off between ecosystem services
and human population is not an easy task. It igjthestion of feeding the human population or

conserving nature (Cazaks al,, 2018).
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5.2. CONCLUSION

This study presented a quantitative data analysisscular plant species composition, plant
community, and the vegetation-environment-distucearelationship. In total 199 vascular
plant species belonging to 64 families and 155 gedistributed in five plant community types
were recorded. Furthermore, 13 species were redardeside the sample plots. Twenty one
percent of the floristics were found to be endeplants. Abune Yosef mountain range is
endowed with a very complex topography and widesaglen range. Consequently, it is
significantly influenced by a combination of topapghic variables. The canonical
correspondence analysis revealed that topogramiebles have a profound influence on
species distribution.

Although the pattern of diversity, endemic planthmess, and growth form showed a
different pattern, vascular plant species richmpedtern along elevation gradient was found to
be monotonically decreasing towards higher elewatioThe high elevation, Afroalpine
grassland, was found to host higher endemic plahile entertaining lower species richness.
Five percent of the vascular plants are globalledtened. Extremely high portion, about
91.46%, of the vascular plants in the study aréerenned six forms of rarity forms locally.

All LULC classes except church forests in the stadya showed either positive or negative
changes. Generally, agricultural land, barren lambdan settlements, plantation, and rivers,
riverbeds, and gullies showed an increasing tr&@ml.the contrary, shrubland, woodland,
grazing land, and Afroalpine grassland showed gedeing trend. Ericaceous forest/shrubland,
however, showed modest change. Rapid populatiomtiyrand climate variability are the main
drivers of LULCC dynamics. Pressures such as satthés, agricultural expansion,
deforestation and unsustainable utilization of veses affected the ecosystem, which is
manifested in the loss of vegetation cover and LuHa@sformation. Particularly, the shrinkage

of the Afroalpine grassland is due to loose larelarsd conservation policy.
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5.3. Recommendation
The vegetation cover of the study area, particpléie Afroalpine grassland, is extermly

declined. Furthermore, the local conservation statuthe plants revealed that most of the
plants are rare. To develop conservation and mamagieplan, the following recommendations
were made:

» Floristic survey of the whole WU, particularly tlesvland, should be conducted to have
a complete floristic list of the floristic region.

» Most of the vascular plants in the present studyrare. Hence, the conservation status
of the endemic plants at national level should $sessed following either the IUCN
Red List criteria or by integrating IUCN Red ligiteria with other rarity models. In
addition, since the majority of the plants are fardne mountain range, landscape-level
conservation approach by establishing dispersatidays (habitat connectivity)
between the vegetation types to maintain ecologacal evolutionary processes is
recommended.

» The vascular plants with critically endangered (@RJl Vulnerable (VU) status needs
urgent attention. Hence, National and regional Bic& gardens should take the
initiative to improve the population of these spsci

» The ecosystem threat status, particularly, the #{frioe ecosystem should be assessed
following the guidelines of IUCN Ciriteria for ecaggm assessment.

» The encroachment of the shrub/subshrBoryops pinifolius to the Afroalpine
grassland and its impact on the plant diversityuhbe investigated.

» The Afroalpine ecosystem is critically shrinkingeotime. This would definitely have
a pronounced impact on the vascular plants angebple who rely their livelihood on
it. The management intensity of the Afroalpine gltaisd should get due attention.
Hence, cautiously protecting the environment byaldghing a buffer zone is

recommended. The Amhara Regional State governmmuhttlze local community
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should collaborate for the better management ogjthssland.

» Abune Yosef though its nomenclature is a commuentyservation area, it is managed
by the local government. Either the community @ glovernment, like other protected
areas in the country, should take a responsilitityafeguard Abune Yosef Afroalpine
vegetation.

» Protected areas in Ethiopia often focus on a larga. However, small fragments or
patches harbor significant biodiversity and hawerucial contribution to ecosystem
services and functions. It is this fragments wheohnects the landscape. Hence, the
Ericaceous forest as a small biodiversity resesvecommended.

» Phytogeographic and taxonomic researcl®P.atecaisneis recommended.
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Research outcomes

The major outcomes of the study were:
» The floristic composition of the study area invgated and herbarium specimens
documented;
= Species population structure of selected treeyaed]
» Community types of the study area identified,;
= Vegetation-environmental relationships explored;
» Land use and land cover change map of the areaipedd

= Articles published and submitted in/to peer-revidyaurnals.
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Appendix I. Floristic composition of Abune Yosef mountain range

Abbrevations: DAF = Dry evergreen Afromontane Forest, EB = Erataus Forest, AA = Afroalpine vegetation, T= Tr8e; Shrub, H = Herb,
L = Liana, *** = no local name, CR = Critically Endgered, VU = Vulneerable, NT = Near ThreatenedzLL@ast Concern, I** and R**
= possibly threatened, NA = Not assessed, N-WUwmeeord to Welo floristic region

Voucher code:KG = collector’'s name, A = Afroalpine, E = Ericaees forest, D = Dry evergreen Afromontane foregaf&ple KG-DEA-16 shows

KG = Kflay Gebrehiwot, DEA = the plant is distrileat in the DAF, Ericaceous forest, and Afroalpingsgtand, 16 = voucher numper

No. | Species Family Growth Origin Distribution Local Name (Amharic)| Voucher | IUCN | Remark
Form Code Red
List
status
Achyranthes asperia Amaranthaceae H DAF Tulinjit: M-AYE* KG-D-1 NA
2 Adiantum poiretiWikstr. | Adiantaceae H DAF, AA e KG-DA-2 | NA
3 Aeonium leucoblepharum KG-DE-3 | NA N-WU
A. Rich. Crassulaceae S DAF, EB Aguashir A3AC
4 Agrocharis melanantha KG-A-4 NA
Hochst. Apiaceae H AA ok
5 Agrostis quinqueseta KG-A-5 NA N-WU
(Hochst. ex Steud.)
Hochst. Poaceae H AA rk
6 Alchemilla abyssinica Yemidir-Koso, P9eeC | KG-A-6 NA
Fresen. Rosaceae H AA hh
7 Yemidir-Koso, 9 ( | KG-DEA- | NA
Alchemilla pedataA.Rich | Rosaceae H DAF, EB,AA hA 7
8 Alisma plantago-aquatica KG-E-8 LC
L. Alismataceae H EB okk
9 Allophylus abyssinicus KG-DE-9 | LC
(Hochst.) Radlk. Sapindaceae T EB,DAF Embis:A9°NN
10 | Aloe debranaChristian | Aloaceae H DAF Rett KG-D-10 | LC
11 | Anchusa affini®R.Br. ex | Boraginaceae H Endemjc AA Yewusha-Milas, f@m.A | KG-A-11 | NA
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DC. goAN

12 | Andropogon abyssinicus KG-D-12 | NA N-WU
Fresen. Poaceae DAF ok

13 | Andropogon limgHack.) KG-A-13 | NA N-WU
Stapf Poaceae AA rxk

14 | Anthemis tigreensis. Asteraceae AA C’iqugn, g™ KG-A-14 | NA
Gay ex A. Rich.

15 | Anthospermum Rubiaceae EB *kk KG-E-15 | NA
herbaceundi_.f

16 KG-DEA- | NA
Arabis alpinaL. Brassicaceae DAFEB,AA *xk 16

17 | Arisaema polydactylum KG-D-17 | NA N-WU
Riedl Araceae Endemic DAF Frk

18 | Artemisia abyssinic&ch. C’iqugn, ee&% KG-A-18 | NA
Bip. ex A. Rich. Asteraceae AA

19 | Artemisia schimpei$ch. C’iqugn, &% KG-A-19 | NA N-WU
Bip. ex Engl. Asteraceae Endemic AA

20 | Asparagus africanus KG-DE- NA
Lam. Asparagaceae DAFEB Kestenicha®h+71F 20

21 | Asplenium aethiopicum KG-DA- R**
(Burm.f.) Bech. Aspleniaceae DAF,AA Joro Asfit: 2. A&t 21

22 | Astragalus atropilosulus KG-D-22 | LC N-WU
(Hochst.) Bunge Fabaceae Endemic DAF kk

23 | Avena abyssinicelochst. | Poaceae DAF 1Y6p:Ginch KG-D-23 | LC | N-WU

24 | Bartsia decurvaiochst. KG-EA- NA N-WU
ex Benth. Scrophulariaceas EB,AA xkx 24

25 | Becium grandiflorum KG-D-25 | NT
(Lam.) Pic.Serm. Lamiaceae Endemic DAF Ment'esie™ M

26 | Bersama abyssinica KG-D-26 | LC
Fresen. Melianthaceae DAF Azamir: ARHIRC
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27 | Berula erectgHudson) KG-A-27 | LC N-WU
Coville Apiaceae AA ohk
28 | Bidens macropteréSch. KG-A-28 | NA
Bip. ex Chiov.) Mesfin Asteraceae Endemic AA Adey-Abebasl2 ANN
29 | Buddleja polystachya KG-DE- LC
Fresen. Loganiaceae EB,DAF Ashkuar:hfin.c 29
30 | Calpurnia aurea(Ait.) KG-D-30 | LC
Benth. Fabaceae DAF Digit'a: £91m
31 | Campanula edulis KG-A-31 | NA
Forssk. Campanulaceae AA rxk
32 | Cardamine hirsutd.. Brassicaceae AA rkk KG-A-32 | NA
33 | Carduus macracanthus KG-A-33 | NA N-WU
Sch. Bip. ex Kazmi Asteraceae Endemic AA Dendero£7%8C
34 | carex peregrind.ink Cyperaceae EB Sent'qoNIMmé KG-E-34 | NA | N-WU
35 | Ceropegia sankurensis *kk KG-D-35 |NA
Sehltr. Asclepiadaceae DAF
36 | Cheilanthes farinosa Fokk KG-D-36 |NA N-WU
(Forssk.) Kaulf. Sinopteridaceae DAF
37 | Chenopodium murale. | Chenopodiaceae Exotic DAF *xk KG-D-37| NA N-WU
38 kk KG- EA- | NA
Cineraria sebaldiiCufod. | Asteraceae Endemic EB,AA 38
39 KG-DE- NA
Clematis simensiBresen.| Ranunculaceae DAF,EB Yeazo-HaregPhH hde1 | 39
40 KG-DE- NA
Clutia lanceolataForssk. | Euphorbiaceae DAF,EB Fiyel Fej:&PA-4 & 40
41 | Colutea abyssinica KG-DE- NA
Kiunth & Bouche Fabaceae DAF,EB Duaduate£ £+ 41
42 | Commelina benghalensi KG-D-42 | LC
L. Commelinaceae DAF ok
43 | Conium maculaturh. Apiaceae EB rork KG-E-43 NA N-WU
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44 | Conyza bonariensig..) KG-D-44 | NA
Crong. Asteraceae DAF il

45 | Conyza pedunculata KG-D-45 | NA
(Oliv.) Wild. Asteraceae DAF Fokk

46 | Conyza hochstette8ch. Fokk KG-D-46 |NA
Bip. ex A. Rich. Asteraceae DAF

47 | Conyza strictanilld. Asteraceae DAF ok KG-D-47 | NA N-WU

48 | Cotula abyssinic&ch. o KG-A-48 |NA N-wWU
Bip. ex. A. Rich. Asteraceae AA

49 | Crepis foetidd.. Asteraceae AA rxk KG-A-49 | NA N-WU

50 | Crepis rueppelliiSch. Fkk KG-E-50 | NA N-WU
Bip. Asteraceae EB

51 | Crotalaria laburnifoliaL. | Fabaceae DAF Fkk KG-D-51| LC N-wWU

52 | Crotalaria quartinianaA. Fkk KG-D-52 |LC N-WU
Rich. Fabaceae DAF

53 | Cyathula polycephala Fokk KG-D-53 |NA N-WU
Bak. Amaranthaceae DAF

54 | Cynoglossum coeruleum Fokk KG-D-54 |NA N-WU
Hochst. ex A. DC. in DC| Boraginaceae Endemic DAF

55 | Cyperus elegantulus KG-D-55 | NA N-WU
Steud. Cyperaceae DAF ANH:Sebez:

56 | Delphinium dasycaulon KG-D-56 | NA
Fresen. Ranunculaceae DAF ok

57 | Dicrocephala alpineR.E. Fokk KG-A-57 |NA N-WU
Fries Asteraceae AA

58 | Dicrocephala Fkk KG-D-58 |NA
chrysanthemifoligBl.)
DC. Asteraceae DAF

59 | Dipsacus pinnatifidus Ras Kimir:4-h AgeC KG-E-59 NA N-WU
Steud. ex A. Rich. Dipsacaceae EB

123




60 | biscopodium Gujit. &+ (Qelewa | KG-E-60 | LC
penninerviunHochst. Solanaceae EB $AP)

61 | Dodonaea angustifolia KG-DE- NA
L.f. Sapindaceae DAF,EB Kitkita: h+hs 61

62 | Dombeya torridgJ. F. KG-D-62 | LC
Gmel.) P. Bamps Sterculiaceae DAF Fokk

63 | Dregea schimperi Fokk KG-D-63 |NA N-WU
(Decne.) Bullock Asclepiadaceae DAF

64 | Dryopteris schimperiana Fokk KG-E-64 | NA N-wU
(Hochst. ex A.Br) C.Chr.| Dryopteridaceae EB

65 | Echinops macrochaetus KG-DE- NA
Fresen. Asteraceae DAF.EB Kushele:rAA 65

66 | Epilobium stereophyllum KG-A-66 | NA N-WU
Fresen. Onagraceae AA ko

67 | Erica arboreal.. Ericaceae EB Asta AN KG-E-67 | LC

68 | Eriochloa fatmensis KG-D-68 | NA N-WU
(Hochst. & Steud.) W. D.
Clayton Poaceae DAF ok

69 | Euphorbia petitianaA. KG-D-69 | NA
Rich. Euphorbiaceae DAF Antarfa: K3-Cé

70 | Euphorbia schimperiana KG-D-70 | NA
Scheele Euphorbiaceae DAF Antarfa: A13-Cé

71 | Euryops pinifoliusA. Clifra/Qirshiba/C’iranfe,| KG-A-71 | VU
Rich. Asteraceae Endemic AAB o - PCAN/6Do o

72 | Felicia dentata(A. Rich.) KG-D-72 | I** N-WU
Dandy Asteraceae DAF *kk

73 | Festuca abyssinica KG-A-73 | NA N-WU
Hochst. ex A. Rich. Poaceae AA Guassa3n

74 KG-EA- NA N-wWU
Festuca macrophylla Poaceae EB,AA Sent'eqo; NIM 74
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Hochst. ex A. Rich.

75 | Festuca richardii KG-A-75 | NA N-WU
Alexeev Poaceae AA Guassazh

76 | Festuca simensidochst. KG-D-76 | NA N-WU
ex A. Rich. Poaceae DAF Guassaan

77 | Ficus sycomoruk. Moraceae DAF SholafA KG-D-77 | LC

78 | Ficus vastdorssk. Moraceae DAF Warka:Pch KG-D-78 | LC

79 | Filago abyssinicé&sch. KG-E-79 | NA N-WU
Bip. ex A. Rich. Asteraceae EB *xk

80 | Galinsoga quadriradiata KG-D-80 | NA
Ruiz & Pavon Asteraceae Exotic DAF Shermut'aRCamm

81 | Galium aparinoides KG-D-81 | NA
Forssk Rubiaceae DAF Ashekit: AR

82 Ashekit: Afnt KG-EA- | NA | N-WU
Galium simenséresen. Rubiaceae EB,AA 82

83 | Gastridium phleoides KG-E-83 NA N-WU
(Nees & Meyen) C.E.
Hubb Poaceae EB Ayne Wegahfi mdJ

84 | Geranium arabicum KG-DEA- | NA N-WU
Forssk. Geraniaceae DAF,EB,AA Kok 84

85 | Gerbera piloselloides KG-D-85 | NA N-WU
(L.) Casso. Asteraceae DAF *kk

86 | Gladiolus abyssinicus KG-D-86 | NA
(Brongn. exLemaire)
Goldblatt & deVos Iridaceae DAF Ziwaga:HeP7

87 | Gnaphalium tweedieae KG-A-87 | NA
Hilliard Asteraceae AA rxk

88 | Hagenia abyssinica KG-E-88 | LC
(Bruce) J.F.Gmelin Rosaceae EB Koso hn

89 | Halleria lucidalL. Scrophulariaceae EB Yefiyel zagol:P&PA HiA | KG-E-89 | LC
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90 | Haplocarpha rueppellii KG-A-90 | NA N-WU
Sch. Hip.) Beauv. Asteraceae AA Getin, 77

91 | Haplosciadium KG-A-91 | NA
abyssinicunmHochst. Apiaceae AA Jero-Asfit, B AhdT

92 | Hebenstretia angolensis KG-EA- NA
Rolfe Scrophulariaceae EB,AA Kok 92

93 | Hedbergia abyssinica KG-A-93 | NA
(Hochst. ex Benth.)
Molau Scrophulariaceae AA Frk

94 | Helichrysum citrispinum KG-A-94 | NA N-WU
Del. Asteraceae AA T'onch: ™7+

95 | Helichrysum schimperi KG-DE- NA
(Sch.Bip. ex A. Rich) 95
Moeser. Asteraceae DAF,EB

96 | Helichrysum Fokk KG-D-96 |NA N-WU
sclerochlaenunMoeser Asteraceae Endemjc DAF

97 | Helichrysum splendidum Fokk KG-E-97 NA
(Thunb.) Less. Asteraceae EB

98 | Herniaria abyssinica Fokk KG-A-98 |NA N-WU
Chaudhri Caryophyllaceae Endemic AA

99 | Hyparrhenia dichroa Senbelet'NTNAM KG-D-99 | NA N-WU
(Steud.) Stapf Poaceae DAF

100 | Hyparrhenia hirta(L.) Senbelet'nYNAM KG-D-100 | NA
Stapf Poaceae DAF

101 | Hypericum quartinianum Amija: h9°E KG-E-101 | NA
A. Rich. Hypericaceae EB

102 | Hypericum revolutum Amija; h9°E KG-E-102 | LC
Vahl Hypericaceae EB

103 | Hypoestes forskaolii *kk KG-E-103 | NA
(Vahl) R. Br. Acanthaceae DAF
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104 | Hypoestes triflora KG-D-104 | NA
(Forssk.) Roem & Schult,  Acanthaceae DAF okk
105| |mpatiens rothiHook. F | Balsaminaceae Endemic DAF Gushrit:*ACH KG-D-105 | NA | N-WU
106 | Indigofera atricepdHook. KG-E-106 | NA
f. Fabaceae EB rrk
107 | Inula confertifloraA. KG-DE- NT
Rich. Asteraceae Endem|cDAF,EB Weynagift: 2516+ 107
108 | Juniperus procera KG-DE- LC
Hochst. ex Endl. Cupressaceae DAF,EB Tid: g 108
109 | Justicia schimperiana Simiza:N“H KG-D-109 | NA
(Hochst. ex Nees) T.
Anders. Acanthaceae DAF
110 | Kalanchoe petitian&. EndehulazyeuA KG-DE- NA
Rich. Crassulaceae Endemjc DAFEB 110
111 | Kalanchoe schimperiana EndehulazyeuA KG-DE- R**
A. Rich. Crassulaceae Endemic DAF,EB 111
112 | Kniphofia foliosaHochst. | Aspholidaceae Endemic | AA Ashendye ART.£P KG-A-112 | NA
113 | Laggera crispatgVahl) KG-D-113 | LC N-wWU
Hepper & Wood Asteraceae DAF *kk
114 | Laggera tomentosgsch. KG-D-114 | NA
Bip. ex A. Rich.) Oliv. &
Hiern Asteraceae Endemic DAF Keskesehnhn
115 | Launaea hafunensis KG-A-115 | NA
Chiowv. Asteraceae AA Fohk
116 | Lavatera abyssinica KG-D-116 | NA
Hutch. & Bruce Malvaceae Endemic DAF *xk
117 | Lippia adoensigdochst. KG-D-117 | NA
ex Walp. Verbenaceae Endemic DAF rrk
118 | Lobelia rhynchopetalum JeberaBNné KG-A-118 | NA N-wWU
Hemsl. Lobeliaceae Endemic AA
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119 | Maesa lanceolat&orssk.| Myrsinaceae DAF Qelewa:$AP KG-D-119 | NA
120 Lit, &% KG-AD- NA
Malva verticillata L. Malvaceae DAF,AA 120
121 | Maytenus arbutifoligA. At'at: Amm KG-DE- NA
Rich.) Wilczek Celastraceae DAF,EB 121
122 | Maytenus obscuréA. KG-DE- NA N-WU
Rich.) Cuf. Celastraceae DAF,EB Kumbel: +92N4\ 122
123 | Mentha pulegiunt.. Lamiaceae AAB ohk KG-A-123| LC N-WU
124 | Mikaniopsis clematoides KG-DE- NA
(Sch. Bip. ex A. Rich.) 124
Milne-Redh. Asteraceae Endemjc DAFEB Gobez asfiiNH AN
125 | Minuartia ellenbeckii Fokk KG-E-125 | NA N-WU
(Engl.) M. Gilbert Caryophyllaceae EB
126 | Minuartia filifolia ko KG-A-126 |NA
(Forssk.) Mattf. Caryophyllaceae AA
127 | Mukia maderaspatana KG-E-127 | NA
(L.) M.J. Roem. Cucurbitaceae EB Nec' Haregse /1
128 | Myrica salicifoliaA. KG-E-128 | NA
Rich. Myricaceae EB Shinet: N+
129 KG-DE- LC
Myrsine africanal. Myrsinaceae DAFEB Qec'emo$ena® 12¢
130 | Nepeta azure®. Br. ex Kermo-Ayned, hcae KG-A-130 | NA
Benth. Lamiaceae AA REYE
131 | Nothoperanema KG-D-131 | NA
squamisetgHook) Ching| Dryopteridaceae DAF Fokk
132 | Nuxia congest&.Br. ex KG-E-132 | LC
Fresen. Loganiaceae EB Ashkuarani.C
133 | Oenanthe palustris KG-E-133 | NA N-WU
(Chiov.) Norman Apiaceae EB rxk
134 Weyra:mﬂé. KG-DE- LC
Olea europaed. subsp. | Oleaceae DAF,EB 134
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cuspidata(Wall. ex
G.Don) Cif

135 | Oplismenus hirtellugL.) Qey sar®2 NC KG-D-135 | NA N-WU
P. Beauv. Poaceae DAF

136 | Oreophyton falcatum KG-A-136 | NA N-WU
(A.Rich) O.S. Schulz Brassicaceae AA rxk

137 | Osyris quadripartita KG-DE- LC
Decn. Santalaceae DAF.EB Qeret $¢m 137

138 | Otostegia fruticosa KG-E-138 | NA N-WU
(Forssk.) Schweinf ex
Penzig. Lamiaceae EB Nec'iloystere

139 | Panicum coloratunt.. Poaceae DAF Yeqoge Sarf®$ N KG-D-139 | NA N-WU

140 Papaveraff. decaisnei Yemariam wanc’al KG-A-140 | NA N-FEE
Hochst. ex Steud Papaveraceae AA PMCPID Phewy

141 | Pelargonium KG-E-141 | NA
glechomoide#iochst. Geraniaceae EB Fokk

142 Pentarrhinum Yeayit' Hareg: PALm KG-E-142 | VU N-WU
abyssinicunbecne Asclepiadaceae EB M

143 | Periploca linearifolia KG-D-143 | NA
Quart.-Dill. & A. Rich. Asclepiadaceae DAF *hk

144 | Phagnalon abyssinicum KG-DEA- | NA
Sch. Bip. ex A. Rich. Asteraceae Endemic DAFES,A | Nihode 7U% 144

145 | Pimpinella oreophila KG-D-145 | NA N-WU
Hook. J Apiaceae DAF rk

146 | Plantago lanceolata.. Plantaginaceae EB *xk KG-E-146 VU

147 | Plectranthus garckeanus KG-D-147 | NA N-WU
(Vatke) J.K. Morton Lamiaceae Endemic DAF ok

148 | Polygala steudnerChod. | Polygalaceae DAF ok KG-D-148 NA

149 | Polypogon monspeliensisPoaceae AA Fokk KG-A-149| LC N-WU
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(L.) Destf.

150 | Ranunculus multifidus KG-A-150 | LC
Forssk. Ranunculaceae AA ok

151 | Rhabdotosperma KG-D-151 | NA
keniensigMur.) Hartl Scrophulariaceae DAF Fokk

152 | Rhamnus stadda. Rich | Rhamnaceae EB T'edo:m& KG-E-152 | LC N-WU

153 | Rhus natalensi&rauss. | Anacardiaceae EB Talo: Fre KG-E-153 | LC

154 KG-DE- NA
Rhus retinorrhoe®liv. Anacardiaceae DAF,EB Talo: 7/ 154

155 | Rhynchosia stipulosA. KG-D-155 | R** N-WU
Rich. Fabaceae DAF Hareg:+<Z1

156 | Roeperocharis urbaniana KG-D-156 | NA N-WU
Kraenz| Orchidaceae Endem DAF el

157 KG-DE- NA
Rosa abyssinichindley | Rosaceae DAF,EB Qega:$) 157

158 | Rumex nepalensis KG-D-158 | NA
Spreng. Polygonaceae DAF Tult, £4%F

159 | Rumex nervosugahl Polygonaceae DAF Embuac’o,A9P0. cbw KG-D-159 | NA

160 | Sagina abyssinica.A KG-A-160 | NA N-WU
Rich. Caryophyllaceae Endem AA rxk

161 KG-EA- NA
Salvia merjamid-orssk. Lamiaceae EB,AA Dimba, £97N 161

162 | Satureja abyssinica KG-DEA- | NA
(Benth.) Brig. Lamiaceae DAF,AA ek 162

163 | Satureja imbricata Fokk KG-DEA- | NA N-WU
(Forssk.) Briq. Lamiaceae DAF,EB,AA 163

164 | Satureja paradoxa Fokk KG-A-164 |NA N-WU
(Vatke) Engl. ex Seybold| Lamiaceae Endemic AA

165 | Satureja pseudosimensis ok KG-A-165 |NA N-WU
Brenan Lamiaceae AA
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166 | Satureja punctata i KG-A-166 | NA
(Benth.) Brig. Lamiaceae AA

167 KG-DEA- | R**
Scabiosa columbarid.. | Dipsacaceae DAF,EB,AA ok 167

168 | Scleranthus annuus Caryophyllaceae AA *kk KG-A-168 | NA

169 | Senecio farinaceuSch. KG-A-169 | NA N-wWU
Bip. ex A.Rich. Asteraceae Endemic | AA Shebetafins

170 | Senecio fresenich. Bip. KG-EA- NA N-WU
ex Oliv. & Hiern Asteraceae Endemic | EB,AA Kok 170

171 | Senecio nanuSch. KG-A-171 | NA N-wWU
Bip.ex A. Rich. Asteraceae Endemic | AA Fokk

172 | Senecio schultzilochst. KG-A-172 | NA N-WU
ex A. Rich. Asteraceae Endemic | AA Gime, 173

173 | Senecio subsessil3liv. KG-DE- NA N-WU
& Hiern Asteraceae DAF,EB Hkk 173

174 | Sida ternatd_.f. Malvaceae DAF Fokk KG-D-174 | NA

175 | Silene macrosoleA. KG-EA- NA
Rich. Caryophyllaceae EB,AA Wegert,®7Ct+ 175

176 | solanum adoengdochst. Yemidir Embuaye7e:C | KG-DE- | NA | N-WU
Ex A. Rich. Solanaceae EB,DAF AgeNL 176

177 Yewusha Awut: PmA | KG-D-177 | NA
Solanum anguiviiam. Solanaceae DAF AL

178 | solanum marginaturh.f. | Solanaceae Endemic | DAF Embuay:A9°0.8 KG-D-178 | NA

179 | Solanum schimperianum KG-D-179 | NA N-WU
Hochst. ex A. Rich. Solanaceae DAF ko

180 | sonchus melanolepis Yeahiya wetet: Puf | KG-A-180 | NA
Fresen. Asteraceae Endemic | AA ™+t

181 | Sparmannia ricinocarpa KG-E-181 | NT N-WU
(Eckl. & Zeyh.) O. Ktze. | Tiliaceae EB Fokk
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182 | Stellaria medigL.) Vill. | Caryophyllaceae H AA ok KG-A-182| NA
183 | Swertia engleriGilg Gentianaceae H Endemic AA *xk KG-A-183 NA
184 | Tagetes minuta. Asteraceae H Exotic DAF Fokk KG-D-184 NA
185 | Thalictrum KG-D-185 | NA N-wU
schimperianunidochst.
ex Schweinf. Ranunculaceae H Endemic DAF ko
186 | Thymus schimperi KG-DEA- | NA
Ronniger Lamiaceae H Endemic DAF,EB,AA | T'osign, ™% 186
187 | Trifolium arvensd.. Fabaceae H DAF Maget': @371 KG-D-187 | LC N-WU
188 | Trifolium rueppellianum Maget':e37m KG-D-188 | LC
Fresen. Fabaceae H DAF
189 | Trifolium schimperiA. Maget':e37m KG-D-189 | LC
Rich Fabaceae H Endemic DAF
190 | Trifolium simenséresen.| Fabaceae H DAF Maget': a7 KG-D-190 | LC N-WU
191 | Urera hypselodendron KG-D-191 | NA N-WU
(A. Rich.) Wedd. Urticaceae L DAF kk
192 KG-DEA- | NA
Urtica simensisSteudel Urticaceae H Endemijc DAF, EB, AA | Sama/9d 192
193 | Verbascum arbusculum KG-A-193 | CR N-wU
(A. Rich.) Hub.-Mor. Scrophulariaceag H AA Frk
194 | Verbascum KG-A-194 | NA N-WU
benthamianuntepper Scrophulariaceag H Endemic AA *xk
195| Verbascum stelurum KG-E-195 | NA N-WU
Murb. Scrophulariaceae| H Endemic EB Qut'int'ina®mIms
196 | Vernonia bipontinVatke KG-DE- NA
var. gonderensis. 196
Wattimah & Mesfin Asteraceae S Endemic DAFEB T'ja C'enger ™8 sbw¥1C
197 | Vernonia rueppelliSch. KG-E-197 | NA
Bip. ex Walp. Asteraceae T EndemiEB T'ikur Guijit: m&C &t
198 | Veronica glandulosa Scrophulariaceae| H AA *kk KG-A-198§ NA N-WU
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Hochst. ex Benth.

199 | Zehneria scabrdLinn.f.) KG-DE- NA
Sond. Cucurbitaceae DAF,EB Nec'-Haregiés HZ 199

Outside sample plots

200 | Carex monostachya. KG-A-200 | VU N-WU
Rich. Cyperaceae AA Qirtan: ®CMm7

201 | Cheilanthes erythraea KG-A-201 | NA N-WU
Pic.Serm Sinopteridaceae AA rokk

202 | Delosperma abyssinica | Aizoaceae AA Yelam-T‘ut PAI® M-+ KG-A-202 | CR N-wU
(Regel) Schwantes

203 | Haplocarpha schimperi KG-A-203 | NA
(Sch. Rip.) Beauv. Asteraceae AA Getin: 77

204 | Hesperantha petitiana Fkk KG-E-204 | NA N-WU
(A. Rich.) Baker Iridaceae AA

205 | Phytolacca dodecandra Endod:a32.2 KG-E-205 | NA
'Herit. Phytolaccaceae EB

206 | Primula verticillata KG-A-206 | NA N-WU
Forssk subspsimensis
(Hochst.) W.W.Sm.
& Forest Primulaceae Endemic AA May may:™g 932

207 | Rostraria cristata(L.)
Tzvelev Poaceae EB Sent'eqo; NIMP KG-E-207 | NA

208 | Rumex abyssinicukcg. | Polygonaceae DAF Megemeq odo$ang KG-D-208 | NA N-WU

209 NA N-wWU
Scolopia theifoligGilg Flacourtiaceae DAF ok KG-D-209

210 | Solanecio gigagVatke .
C. Jeffrey oigat : Asteraceae Endemic AA Gime Kitel, 1% $#mé | KG-A-210 NA

211 | Umbilicus botryoideg\. NA N-WU
Rich. Crassulaceae AA Misir-Qit'a, 7°NC €M | KG-A-211

212 | Vulpia bromoidegL.) NA N-WU
S.F. Gray Poaceae NA-CL| AA ok KG-A-212
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Appendix Il: Species rarity forms in Abune Yosefuntain range (DMI = Density of mature individuals)

Species Geographic Range Habitat specificity DMI

Wide | Narrow Wide Restricted| Abundant| Scarce Rarity

spread Form

Achyranthes aspera N R A Form 6
Adiantum poiretii var. poiretii W ws S Form 1
Aeonium leucoblepharum N WS S Form 4
Agrocharis melanantha N R S Form 7
Agrostis quinqueseta N R S Form 7
Alchemilla abyssinica N R A Form 6
Alchemilla pedata W WS A Common
Alisma plantago-aquatica N R S Form 7
Allophylus abyssinicus W WS S Form 1
Aloe debrana N R S Form 7
Anchusa affinis N R S Form 7
Andropogon abyssinicus N R S Form 7
Andropogon lima N R S Form 7
Anthemis tigreensis N R S Form 7
Anthospermum herbaceum N R S Form 7
Arabis alpina w WS A Common
Arisaema polydactylum N R S Form 7
Artemisia abyssinica N R S Form 7
Artemisia schimperi N R S Form 7
Asparagus africanus N WS S Form 5
Asplenium aethiopicum N WS S Form 5
Astragalus atropilosulus N R S Form 7
Avena abyssinica N R S Form 7
Bartsia decurva w WS S Form 1
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Becium grandiflorum N R A Form 6
Bersama abyssinica N R S Form 7
Berula erecta N R S Form 7
Bidens macroptera N R S Form 7
Buddleja polystachya W ws S Form 1
Calpurnia aurea N R S Form 7
Campanula edulis N R S Form 7
Cardamine hirsuta N R S Form 7
Carduus macracanthus N R S Form 7
Carex peregrina N R S Form 7
Ceropegia sankurensis N R S Form 7
Cheilanthes farinosa N R S Form 7
Chenopodium murale N R S Form 7
Cineraria sebaldii w WS A Common
Clematis simensis N WS S Form 5
Clutia lanceolata w WS A Common
Colutea abyssinica w WS S Form 1
Commelina benghalensis N R S Form 7
Conium maculatum N R S Form 7
Conyza bonariensis N R S Form 7
Conyza hochstetteri N R S Form 7
Conyza pedunculata N R S Form 7
Conyza stricta N R A Form 6
Cotula abyssinica N R A Form 6
Crepis foetida N R A Form 6
Crepis rueppellii N R A Form 6
Crotalaria laburnifolia N R S Form 7
Crotalaria quartiniana N R S Form 7
Cyathula polycephala N R S Form 7
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Cynoglossum coeruleum N R S Form 7
Cyperus elegantulus N R Form 6
Delphinium dasycaulon N R S Form 7
Dicrocephala alpina N R Form 6
Dicrocephala chrysanthemifolia N R S Form 7
Dipsacus pinnatifidus N R S Form 7
Discopodium penninervium WS S Form 1
Dodonaea angustifolia N ws S Form 5
Dombeya torrida N R S Form 7
Dregea schimperi N R S Form 7
Dryopteris schimperiana N R Form 6
Echinops macrochaetus N R S Form 7
Epilobium stereophyllum N R Form 6
Erica arborea N R Form 6
Eriochloa fatmensis N R Form 6
Euphorbia petitiana N R S Form 7
Euphorbia schimperiana N R S Form 7
Euryops pinifolius N R Form 6
Felicia dentata N R S Form 7
Festuca abyssinica N R Form 6
Festuca macrophylla WS Common
Festuca richardii N R S Form 7
Festuca simensis WS S Form 1
Ficus sycomorus N R S Form 7
Ficus vasta N R S Form 7
Filago abyssinica N R S Form 7
Galinsoga quadriradiata N R Form 6
Galium aparinoides N R Form 6
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Galium simense W WS Common
Gastridium phleoides N R S Form 7
Geranium arabicum W WS Common
Gerbera piloselloides N R S Form 7
Gladiolus abyssinicus N R S Form 7
Gnaphalium tweedieae N R Form 6
Hagenia abyssinica N R S Form 7
Halleria lucida N R S Form 7
Haplocarpha rueppellii N R Form 6
Haplosciadium abyssinicum N R S Form 7
Hebenstretia angolensis W ws Common
Hedbergia abyssinica N R S Form 7
Helichrysum citrispinum N R S Form 7
Helichrysum schimperi W WS S Form 1
Helichrysum sclerochlaenum N R S Form 7
Helichrysum splendidum N R S Form 7
Herniaria abyssinica N R S Form 7
Hyparrhenia dichroa N R S Form 7
Hyparrhenia hirta N R S Form 7
Hypericum quartinianum N R S Form 7
Hypericum revolutum N R S Form 7
Hypoestes forskaolii N R Form 6
Hypoestes triflora N R Form 6
Impatiens rothii N R S Form 7
Indigofera atriceps N R S Form 7
Inula confertiflora w WS Common
Juniperus procera w WS Common
Justicia schimperiana N R S Form 7
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Kalanchoe petitiana N WS S Form 5
Kalanchoe schimperiana N WS S Form 5
Kniphofia foliosa N R Form 6
Laggera crispata N R S Form 7
Laggera tomentosa N R S Form 7
Launaea hafunensis N R S Form 7
Lavatera abyssinica N R S Form 7
Lippia adoensis N R S Form 7
Lobelia rhynchopetalum N R Form 6
Maesa lanceolata N R S Form 7
Malva verticillata WS Common
Maytenus arbutifolia N WS S Form 5
Maytenus obscura WS S Form 1
Mentha pulegium N R Form 6
Mikaniopsis clematoides N WS S Form 5
Minuartia ellenbeckii N WS S Form 5
Minuartia filifolia N R S Form 7
Mukia maderaspatana N R S Form 7
Myrica salicifolia N R S Form 7
Myrsine africana WS S Form 1
Nepeta azurea N WS Form 4
Nothoperanema squamiseta N R S Form 7
Nuxia congesta N R S Form 7
Oenanthe palustris N R S Form 7
Olea europaed.. subspcuspidata WS S Form 1
Oplismenus hirtellus N WS Form 4
Oreophyton falcatum N R S Form 7
Osyris quadripartita N WS Form 4
Otostegia fruticosa N R S Form 7
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Panicum coloratum N R S Form 7
Papaveraff. decaisnei N R S Form 7
Pelargonium glechomoides N R S Form 7
Pentarrhinum abyssinicum N R S Form 7
Periploca linearifolia N R Form 6
Phagnalon abyssinicum w WS Common
Pimpinella oreophila N R S Form 7
Plantago lanceolata W R S Form 3
Plectranthus garckeanus N R S Form 7
Polygala steudneri N R S Form 7
Polypogon monspeliensis N R S Form 7
Ranunculus multifidus N R Form 6
Rhabdotosperma keniensis N R S Form 7
Rhamnus staddo N R S Form 7
Rhus natalensis N R S Form 7
Rhus retinorrhoea N WS S Form 5
Rhynchosia stipulosa N R Form 6
Roeperocharis urbaniana N R S Form 7
Rosa abyssinica W WS Common
Rumex nepalensis W WS S Form 1
Rumex nervosus N R S Form 7
Sagina abyssinica N R S Form 7
Salvia merjamie W WS S Form 1
Satureja abyssinica N R Form 6
Satureja imbricata N ws Form 4
Satureja paradoxa N R S Form 7
Satureja pseudosimensis N R S Form 7
Satureja punctatgubsp punctata N R S Form 7
Scabiosa columbaria W WS Common

139




Scleranthus annuus N R S Form 7
Senecio farinaceus N R Form 6
Senecio fresenii W WS S Form 1
Senecio nanus N R Form 6
Senecio schultzii N R Form 6
Senecio subsessilis N WS S Form5
Sida ternata N R Form 6
Silene macrosolen W WS S Form 1
Solanum adoense N WS S Form5
Solanum anguivi N R S Form 7
Solanum marginatum N R S Form 7
Solanum schimperianum N R S Form 7
Sonchus melanolepis N R S Form 7
Spamanniaricinocarpa N R S Form 7
Stellaria media N R Form 6
Swertia engleri N R S Form 7
Tagetes minuta N R Form 6
Thalictrum schimperianum N R S Form 7
Thymus schimperi W WS Common
Trifolium arvense N R S Form 7
Trifolium rueppellianum W WS Common
Trifolium schimperi N R S Form 7
Trifolium simense N R Form 6
Urera hypselodendron N R S Form 7
Urtica simensis W WS Common
Verbascum arbusculum N R S Form 7
Verbascum benthamianum N R S Form 7
Verbascum stelurum N R S Form 7
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Vernonia bipontini var. gonderensis N WS Form 5
Vernonia rueppellii N Form 7
Veronica glandulosa N Form 6
Zehneria scabra N WS Form 4
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