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Abstract 

Degradafion a/vegetation cover;s cOl/sidered as olle o/Ihe mOSI seriOIlS ellvironmellfal problems/acing 

Elhiopia and 'he world aI large. Studies revealed fliaf fhe vegc/a1ion resources of Ethiopia are 

disappearing much jasler lhon the efforts made 10 document Ihe informa/ioll and prOjXJse miligat;on 

programs. Hence, Ihe presen' sllIdy was conceived 10 investigate jlorislic composition, pal/ems of plam 

diSlribUlion. cl1vironmel1laf variables ,hal aCCOllnl for these palfems and 10 explore faclors 'hOf lead 10 

foss offorest cover in Ihe Gurage MoulI/ains. Stralified pre/eremial sampling was used 10 col/ectjlorislic 

dtlfa. Plol size of 40 x 40 m was IIsed for vegclalion sampling. The altitude of each main plol was 

recorded /Ising Gal'lnill GPs. Soil samples were taken qt com ers oflhe 20 x 20 m subplols and composile 

samples were made. IntensilY of anll1ropogenic disluroonce in each plol wru estimated by considering Ihe 

following IXlrametel's: number of trees and shrubs cut, [001 trails. seedlings Irampled as well as 

grazing/browsing inlensily. Focus group il1lerviell' was used 10 idelllify [actors that account for loss of 

vegetatioll cover in the study area. Data from cemral statistical agency of Ethiopia were used to 

supplementlhe data from the interview. Cluster analysis was used to idell/ify plalll community types ill the 

. study area. Canonical correspondence analysis was to investigate the I'elalion between environmental 

variablej' alld Ihe plant communities. 111 addition. ANOVA was IIsed to examine the relationship bel1l'een 

the plant communities and enviromllellfal variables. Generalized linear modeling was used 10 relate 

species ric/mess pal/ems q(llie Gurage Moulltains to the measured explwwlnry variables. A lolal of JJ9 

plant species belonging to 89 families were encountered in the study area. Abollt 10 % of the plants were 

endemic 10 i:.ihiopia. Canonical correspondence analysis revealed lhat altitude, slope, disturbance, soil 

c/ay, sand and pH, had significant relmiol1 with Ille plam communities. Analysis of variance verified that 

a/litllde, slope. disturbance, soil pH. clay and sand cOlllem of Ihe soil were sigllijicamly relaled to the 

plam communities. Generalized linear modeling showed Ihat dislllrballce, aitilllcie, pH and slope were Ihe 

mOj'l importalll factors influencing the plant species richness paflern of Ihe Gurage Moul/tains. 

£rpallsiOll of agricultural land, population pressure, wood extractiOIl, institutional weaknesses and 

grazing were the main drivers fa/' forest loss and degradOlion ill the study area. Overall. the forest 

patches sllfdied are characterized by highflorislic diversity and house a good lIumber of endemic plal1ls. 

Immediate cOlls~rvalio" inten'entiOIl is recommellded for the recovely and sustainable lise of 'he remnant 

forest fX1tches. 

x 



I! J 

I 

-

CHAPTER ONE 

I. Introduction 
1.1 Background and Justifica tion 

Myers ( 1988) descri bed biodiversity hotspots as biologicall y rich areas characterized both by 

high levels of plant e,ndemism and by serious levels of hab itat loss. A region must meet two 

crileria to qualify as a hotspot: it must contain at least 1,500 spec ies o f vascular plants (> 0.5% of 

the worl d's tala I) as endemics, and it has to have lost at least 70% of its original habitat (Myers 

er al., 2000; Mittermeier el al .. 20 11). Given these criteria, 34 reg ions now meet the hotspot 

criteria and collectively comprise about 50% of vascular plants as endemics (see Mittermcier el 

01., 20 II ). As such regions arc characterized by high leve ls o f plant endemism and severe habitat 

loss: they deserve priority in nature conse rvation endeavors. 

The Eastern Afromontanc biodiversity hotspOl is one of the 34 biodi vers ity hotspots, whieh was 

fi rst recognized as globa lly imponant fo r species conservati on by Mittermeier e/ al. (2004) when 

the number o f global hotspots was increased from 25 to 34. It includes mountai n ranges in 

Eastern Africa and th~ Arabian Peninsula, which conta in about 7,600 plant species, of which 

more than 2;350 are endemic. More than 1000 plant species in the Eastern Afromontane are 

highl y threatened (BirdLife International , 20 12). Ethiop ian hi ghl ands, which belong to the 

Eastern Afrornol1 tane biOdi vers ity hotspot, harbor an estimated 5,200 plant species, of which at 

least 200 are endemic. Nearl y 40 pe rcent of the Eastern Afrornonta ne Biodi versity hotspot occurs 

in Ethiop ia (see BirdLife International, 2012). Thus, the Ethiop ian highlands include pan of the 

world 's biodiversity hotspots but one of the most degraded ones (Mckee, 2007). This is panly 

because of the fa.ct that the majority of sllsbs istence agriculture pract ic ing population in Ethiopia 

res ides in the hi ghlands. 

The 34 hotsJ>(? l's once covered an area of 23.7 million km2 i.c. about 15.9% of Eanh 's land 

surface. However, because of the severe habitat destruction, the natural vegetation in these areas 

is now reduced to 2.3 percent (3.4 mill ion km2
) of the world's land area (Mitterme ier e/ al., 

1 
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20 11 ). For instance. most of the ori ginal fo rests and grass lands in the Eastern afromontane 

hotspot have, been converted to agricu ltural land (Bird Life International, 20 12). Similarly, the 

Ethiopian Highlands have experienced cons iderable conversion of natura l habitat to agriculture 

and much of the original natu ral forests of Ethiopia now ex ist only as small remnants in 

southwest part of the country. sleep escarpments o f the Rin Va ll ey, river gorges and the cold 

Afro-alpine plateaus (Williams el 01. , 2904; BirdLi fe Internat ional, 201 2). These parts of the 

country are relatively less access ible for encroachment in to the natural fore st's. 

The human population in the biodi versity hotspots is highly dependen t 0 11 natural resources and 

ecosystem services (BirdLife Internat ional, 201 2). Therefore, loss of biod iversity has severe 

consequences on the rura l poor who depend upon ecosystem services for their livelihoods and it 

poses a significant b~rri er to meeting the Mi llennium Development Goa ls (e.g. erad icating 

extreme poverty and hunger, ensuring environmental susta inab ili ty)(GreenFacts, 2007). Various 

studies (e.g. GFC, 2010; Kanninen eJ al., 2008; Roper and Roberts, 2006) showed that human­

induced land use change has led to land degradation and also destroyed watersheds, affecting 

water supplies. One fifth of total annua l carbon emissions now come from land-use change 

(Kan ninen el al., 2008) making defores~atjon the second most important contri butor (next to 

fossi l fuels) to global wanning (Contreras-Hermos illa, 2000; Slingenberg el al., 2009) . Naeem el 

al. ( 1999) argued that plant production and ecosyst~m resistance to evnvironmental perturbations 

such as drought may decline as biodivers ity is reduced (i.e. biodivers ity reduction can lead to 

decrease in probability of getting spec ies that can cope up environmenta l perturbations). 

Similarly, FoB (2005) also argued that vulnerabi lity to natural disasters increases with 

intensification of biod.iversity degradation. Hence, biodiversity loss has emerged as an issue of 

both sc ient ific and polit ica l concern (Pausas and Austin, 200 1) and safeguard ing biodi versity is 

now a major foc us of world conservation strategies (Burns, 1995). Th is is because of the fact that 

fai lure to stop or abate the alarm ing loss of biod iversi ty and the consequential socioeconomic 

and environmental challenges can have fa r-reac hing negative effects on human wellbe ing. 

Biod iversity deelines are high in areas where natural ecosystems are being converted to 

croplands, timber plantat ions and other managed ecosystems (Naeem el al. , 1999). 15 percent of 
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1 

the world's forests and woodlands were cleared between 1850 and 1980 (Roper and Roberts, 

2006). Studies (e.g. Boahene, 1998; Contreras-Hermosilla, 2000; Ycngoh, 2008) revea led that 

most contemporary conversion of natura l ecosystems to other land uses is taking place in 

developing countries, mainly in tfopica l arcas. The lOp 20 de foresting countries (Ethiopia 

included and .ranked 20th
) accounted fo r 156 mill ion ha or approxi mate ly 80% of all of the 

natural tropical fores~ lost from 1990 to 2005 (see Roper and Roberts, 2006). The poss ible 

reasons for the hi gh rate ofdeforcstntiol1 in these countries include high dependence on fuel wood 

fo r household energy and encroachments into forest lands for subsistence agriculture. 

In sum, biological di versity is experi encing a high rate of depletion despite its enormous 

imparlance to our own survi va l (Stoll-Kleemann and O' riordan, 2002; Gbetnkolll, 2008) and the 

current loss of biod iversity and the resultant changes in the environment, according to FoB 

(2005); GreenFacts (2007), are faster than ever before in human history. Naeem el al. ( 1999) 

predi cted that nearly half of a ll species could be ext inct with in 100 years even at the lowest 

esti mated current extinct ion rate; which would ' be comparable in magnitude to the fi ve mass 

extinction events in the 3.5 billion year history of life on earth. The fastest rates of extinction in 

the worl d are occurring in the tropical forests (S lingenbe rg el al. , 2009). The impl ication is that 

. urgent and appropriate conservation measures are needed 10 combat the depletion of biodi versily. 

The esca lating demand for foresl products and for~st land in Ethiopia has put the remaining 

patches of fo rests on the verge of extennination (EMA, 1988). Demel Teketay (2001) reported 

that one of th e major chall enges facing Ethiopia is en v ironment~ 1 degradation, manifested in the 

degradation of land and water resources as we ll as loss of biodi versity. Similarly, Teshome 

Soromcssa el a l. (2004) asserted that the vegetation resources of Ethiopia are disappearing at 

tllanning rate even before we have a chance to study and document them. In the ir study in 

Cent ral Rift Valley of Eth iopia, Jansen el (1/. (2007) reported an increasing trend in conversion of 

natura l vegetati ons to agricultu ral lands. Hence, in vestigations on the vegetation resources of the 

country arc inev itably needed in order to ensure sustainable management of the remnant 

vegetation and to abate the actual and potential consequences of loss of vegetation. 

3 
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Concerns about increasing loss of biodiversity and the resu lting degradation of ecosystem 

serv ices have stimulated several studies (Naeem ellll. , 1999). Specifica lly, a central concern of 

vegetat ion ecologists has been invest igation of the factors that affect spec ies distributions and 

community compos ition (Motzkin at al. , 1999) and correlation of vegetation with environmental 

factors (Carleton , 1984). However, there was limited study on ,floristic composition, pattern of 

plant distribution and factors that account for vegetation loss in the Gurage Mountains. 

Descriptions of the floristi c composition and structure of plant communities are essential for 

understanding ecological systems (G rossman et ai, 1998). Likewise, Enright (1982); Hamilton 

(2005) stated that investigation of florist ic composition and other pertinent features such as size 

class can give ecologists insights into the stale and stabi lity of the vegetat ion of a site. Various 

resctlrchers (e.g. Bums, 1995; Slik etal., 200S; Colwel l el 01., 2004; Adomou, 2005; Knollova el 

al., 2005; Brown el 01., 2007; Reddy el 01., 2007) also underscored that invest igations on 

vegetation composit ion, distribution patterns and on the factors that account for plant distribution 

patterns is an important input fo r conservation planning. Furthennore, vegetation conservation 

requires understanding of the factors thai account for loss of vegetation (Contreras-Hermosilla, 

2000). Measures to mitigate loss of vegettltion can hardly succeed if they do not address the real 

causes (see GFC, 2010). Therefore, locat ion specific studi es on drjve rs of vegetation loss are 

essential for conservation planning. In li ght of these arguments, the present stl!dy was conceived 

to in vestigate flori st ic. composition, patterns of plant distribution, environmenta l variables that 

account for these patte rn s and to explore factors that cause loss of vegetation in the Gurage 

Mountains. 

1.2 Research objectives 

As indicated in section 1. 1 above, conversion of natural vegetation to other land uses is taking 

place in Eth iopia at an alanning rate. Investigations that can generate knowledge on floristic 

composition, patterns of plant community distribution as we ll as exploration of factors that 

contribute to loss of vegetat ion cou ld serve as ' an important basis for conservation of the 

remai ning vegetat ion. To this end , the present study in the Gurage Mountains ajms to: 
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• 

• 

• 

• 

exp lore a nd document floristic composition of the study area; 

identify the main plant community types in,the study area; 

describe pla nt cQmm un ity attributes (species richness, structure and dominance) ; 

investigate main env ironmental fac tors that in fl uence patterns of spec ies d istribution and 

richness; 

• explore causal factors fo r vegetation loss and degradation; 

• recommend acti ons that need to be taken fo r susta inab le vegetation management in the 

study arca , 

1.3 Research questions 

To real ize the aforementioned objectives, the fo llowing research questions were addressed: 

• Whic h plant species are found in the Gurag,c Mou ntai ns? 

• Do plant species.assemhlages in the Gurage Mounta ins segregate in comm unity types? 

• What are the main plan t community types in the study a rea? 

• How are the plant communities in the study area characterized in tenns of species richness, 

structure and dominance? 

• What are the environmental variables most important in ex plain ing variations III plant 

commun ity types and spec ies richness in the stlidy area? 

• 

• 

What are factors that account fo r l o~s of vegetation in the study area? 

Given the in fo rmation generated in the present study, how could the vegetati on in the study 

area be re ha bilitated? 
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CHAPTER TWO 

2. Literature Review 

In th is chapter, the most important concepts in the present study name ly vegetation and measures 

or species richness are described. Bes ides, perspecti ves on plant community organ ization and the 

implication of these perspectives on quantitati ve plant ecology are exp la ined. The app lication of 

generali zed linear mode ling in vegetat ion eco logy is bri efl y described. Finally, a brief overview 

of the vegetation of Ethiopia is presented in thi s chapter. 

2.1 Vegetation and its attributes 

Pignatti ( 1996) envisaged vegetat ion as a system consist ing of different plant life forms (herbs, 

shrubs, trees). Vegetation sc ience came into be ing for two main reasons: to describe structures of 

the plants and to investigate processes which influence the patterns of composition and emergent 

properties (e.g. species richness) (A ustin and Smith, 1989). Similarly, Noy~Meir and van der 

Maarel (1987) and later on van der Maarel (2005) reported that plant eco logists have been 

interested in various aspects of vegetat ion such as structure, phys iognomy, diversity, spatial 

variation in species composit ion. Vegetation st r~cturc is defined as the vert ica l arrangement of 

vascular plants (Schulz et al., 2009) and structural analysis may involve computat ion of basa l 

area , DBI-I and height c lass distributions (Elouard and Krishnan , 1999). The structural analysis 

can give some insight on the regeneration status of the vegetat ion of an area. 

2.2 Measures ofspecics richness and estimation of , true' species richness 

Magurran (2004) cons idered species richness as an iconic measure of biodivers ity. Species 

richness can be defined as the num ber of species in a sample uhit I the total num ber of spec ies 

with.in a communityl (see McCune and Grace, 2002; Brown el al., 2007; Co lwe ll, 2009a). It is 

the simplest concept to describe community diversity (GoLelli and Colwe ll, 200 I; Chao, 2005; 

Brown el al., 2007), and forms the bas is o f mp,ny ecologica l models of community structure 

(Gole li i and Colwell, 200 I). It is just a measure of the number of species present in a given area 

without considering the number of indiv id ua ls in each species. 
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Whittaker (1972) classified species richness measures into alpha, bela and gamma diversity. 

Ecologists (such as McCune and Gmce, 2002; Brown el a/., 2007; Colwel l, 2009a; Schulz el aI. , 

2009) defi ned alpha diversity as smal l ~sca le species richness and it consists ora count of spccies 

within homogeneolls area. The small scale could mnge from a 1 rn2 sample of grassland herbs to 

1\ 10001112 stand o flrees depending on the size of plants to be studied (Brown ct aI., 2007). Beta 

diversi ty can be conce ived as the chonge in species composit ion from one area to the next along 

a gradicl1I and provides inlonnntion about how diversity chunges along env ironmental gradi ents 

(see McCune and Grace. 2002; Brown et a/. , 2007; Colwell , 2009a; Schul z el al .. 2009). Jaccard 

index of similllrity lind the closely related orensen index arc commonly used for assess ing 

composi tiona l similarity of assemblages (Magurran, 2004). There are also other si mi larity 

indices thaI are based on the same informat ion: the number of species shared by two samples and 

the number of species unique to each of them (Magurran , 2004; Chao el 01., 2005). Gamma 

di vers ity renects both the alpha diversi ty of sites within the region and the rate of change in 

richness between those sites (beta di versi ty) (Brown el 01 .. 2007). It measures of the diversity 

across habi tats with in a region. 

Many species richness indices have been developed .to measure biodivers ity (e.g see Magurran, 

2004). Alternati ve to species richness indices, a stati sticaltcchnique known as rarefaction can be 

used for comparison of species richness between communiti es. (Ludwig and Reyno lds, 1988). 

Colwell (2009a) defined rare faction (a lso ca lled interpo lated species accumulation curve) as the 

statistical expectation of the number of spec ies in a study as a func tion of the accum ulated 

num ber o f indiv iduals or samples, based on re·sampling from an observed sam ple sel. Species 

accumulation curve shows the rate at wh ich new species arc found (Magurran, 2004) and 

generates the expected number of species in a small co llection of n indi viduals (or n sam ples) 

drown at random from· the large pool ofN indi vidua ls (or N samples) (Gotc lli and Colwe ll , 200 1; 

Hersperger and Wohlgemuth, 2004; Colwe ll, 2009b; Schulz el (II., 2009). Rarefaction, accord ing 

to Gotel li and Colwell (200 1), is a method for interpolating to small er samples and estimat ing 

species richness in the ri s ing pan of the taxon sampling curvc . EstimateS (Colwe ll , 2006) 

computes expected species accum ula tion curves (sample-based rarefaction curves), wi th 95% 

confidence in terva ls (Co lwell. 2009b). Rarefnction is. therefore. a method fo r estimation of the 
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number of species expected in a random sample of indi viduals taken from a collection. For 

exa mple, the expected number of spec ies in a small collection of 20 samp le plots drawn al 

random from the large pool of 50 sample plots coul d be estimated using rarefaction curves. 

When comparing the species rich ness of two or more regions, sample size d,fferences must be 

taken into accounLTh is is because regions with more sample units, and thus a larger tota l sample 

area would include more spec ies than regions with lower sample units (Gole lli and Colwell, 

200 I). Hence, direct comparison of the number of species recorded in different sampl ing 

. intensi ties is not appropri ate. Rarefaction produces appropriate/smooth curves that fac ilitate 

species richness comparison (Gotelli and Colwell , 200 I). Rarefaction curve, as noted in 

preceding sect ion, is a method that is used to estimate the number of species that would be found 

if sampling effort was reduced to a spec ified leve l. This allows comparisons amongst 

communities where sampling effort is unequal. The rarefact ion methods are, therefore, 

particularl y 'usefu l for comparing species richness among communities when the sampled areas 

arc uneq ua l or have been inventoried with unequal e ffort (Lud wig and Reynolds, 1988; 

Hersperger and Wohl gemuth, 2004; Colwell, 2009a; Schulz el a/. , 2009). Sucb types of methods 

help to standardize different samples from different communit ies to a common sample size and 

hence to make' spec ies rich ness compari son at comparable sampling intensity. 

The task of assessing biod iversity also requires that we make the most out of what we know 

through the u ~e of estimation and ex trapo lat ion (Colwell and Coddington, 1994). The global 

climate change, habitat transformation and the pervasive extinction have made extrapolation and 

prediction a vital component of biodiversity research. Simil arly, Ugland el a/. (2003) argued that 

one of the mosl im portant goa ls of field studies in ecology is to 'estimate how many species of a 

given taxon (of a ll taxa) occur in an area. The reason fo r increasi ng interest in species richness 

estimat ion in eco logical studies is that it is almost impossible to detect a ll species and their 

relative abundances with a limited number of sa~nples (Chao el a/., 2005). In other words, there 

arc unencOlmtercd species in a lmost every taxonomic surveyor spec ies in ven tory (Chao, 2005; 

Mao el a/. 2005). Colwell (2009a) stated that even for flowering plants not all spec ies that are 

actu al ly pres~nt are equa lly easy to detect. The spec ies richness estimates acknow ledge that some 
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species go unrloticcd in species inventories (Schulz el 01. , 2009). Hence, with the exception of 

very well-known groups in very well·known places, species richness must be estimated based on 

samples (Schulz el al., 2009). These est imates of species ri chness are particularly essentia l in 

biotic inventories where it is impractica l to completely sample species rich communities such as 

tropica l plant communiti es (see GoteJli and Colwell, 001 ). In vegetation studies, sample plots are 

investigated to make in ference on the plant species richness of a given orea . Nevertheless, some 

of the ex isting plant spec ies in the area may not be encountered in those sample plots. The 

richl)ess estimation methods are, therefore, of paramount importance to estimate the existing yet 

unencountered species. 

Colwell (2009a) defined a richness estimator as a stati stical cstimate orthe true species richness 

of a community or larger sampling universe, including unobserved species, based on sample 

dma. Chao est imators, jackknire, abundance-based coverage estimaLor (ACE) ,md Bootstrap are 

the commonly used richness estimators (Gotelli and Colwell, 2001 ; Chao el 01. , 2005; Colwell , 

2009b). According to Gote lli and Colwell (200 1), these estimators use information on the 

di stribution or rare species in the assemblage: those represented by onl y one (singletons). two 

(doub lelons) or a few indi viduals. The higher the number of rare species in a dataset, the morc 

likel y iL is that other species are present that were not represe'nted in the damset (Gotelli and 

Colwell , 2001). Either abundance data or incidef!ce samples are required fo r species richness 

est imation as est imates o f unseen species are based on the number of rare species observed 

within samples (Chao el 01., 2005). These estimators help to predict relatively ' true ' number of 

species in a given area based on sample data and hence help to minimize the ri sk of 

underestimation o flhe. species richness oflhe area. 

2.3 Perspectives on plant commun ity organization 

Ecological studies help to uncover which species a~socjate with wh ich other species and why 

(McCune and Grace, 2002) and to recognize and quantify environmental factors influencing the 

di stribution and abundance of plant species within and among .ccosystems (Palmer and Dixon, 

1990; Grossman el af., 1998; McCune and Grace, 2002; Pellerin el 01.,2009). The identification 
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of the factors that influence the distribut ion and abundance of plant species is an important input 

for conservation planning. 

Attcmpts to understand the natural world have been aimed at .d ifferent levels: genes, species, 

comlllunities and ecosystems; and attempts to conserve biologica l di versity can be focused at 

eacll of these levels as we ll (Grossman e l al. , · 1998). Conservationists consider ecological 

communities as vita l elements or conservation. This is bccuase eco logical communit ies are 

ex treme ly important conservati on targets in ·areas where species patterns and eco logical 

processes are · scant ily understood. By describing, tracking and preservi ng these eco logical 

communities, it is likely to protect a set of interactions not easi ly identified and protected through 

· other means (G rossman el al., 1998). However, the word community has been conceived in 

di rferent ways by eco logists. Some consider conullunity as an abstract group of organi sms 

(implying a high level of integration among its parts that could be called organi sma l or quasi-

· organismal) while others uses the concrete community concept (having an implication that 

community is just a collection of organisms found at a give rl place and time) . Each of the 

perspectives on patterns of plant community organization is briefly decribed below. 

Orga nism:!1 ullit perspective 

The organi smal view po int o f plant communities was proposed by Clements (1916). Clemen ts 

env isaged community as a type of complex organi sm with its own life and structure as well as its 

j own spatia l and tempora l limi ts. Supporting Clements' s view, Daubenmire ( 1966) argued that 

communities ~re integrated wholes, such that repeatable combinations of species consistent ly 

occur together, and all communitics are success ionally destined to stable endpoints (i.e. climax 

· communities) . 

The impl ication of thi s concept of a com plex organi sm is considerable interrelationship between 

the species o f a community which, in growing together, suffi ciently change an environment to 

form in tuit ive ly recognizable and recurring . vegetation grouping (Anderson, \965). The 

proponents of thi s perspecti ve cons ider plant communiti es as a synchronized group of species 
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which usually occur together fonning aggregations that can be subjecti ve ly recognized in the 

field i.e. the . proponents contend that they can recognize homogeneous vegetation types 

intuitive ly (e.g. Mcintosh , 1966; Richard el aI., 1966). They consider community as a di stinct 

· who,le having constant composition and eco logical re lationships, and visibly separate in space 

and time from other such communities (Scott, 1995; Grossman el al., 1998). It assumes that 

species belonging to a community nre closely associated with one another and fonn a discrete 

community. 

Brown and Lomolino ( 1998) noted that the proponents of thi s perspect ive compare individual 

orgal1isms and species in a community to the cells £md tissues of an organism, and the process of 

secondary session is equated to the growth and development of an organism. All communities, 

according to this perspective, are successiona ll y directed to stable endpo ints (Grossman el al., 

1998). They also assume that the community-unit comprises dominant species, e.g. trees, and 

other species (shrubs, herbs) that have adapted to li ve in association with the dominants and with 

· each other. Compet ition between dominants leads to sharp boundaries between the commu nities 

(Austin , 1985). In other words, the ex istence of such communities is attributed to the competition 

and exclus ion of less compet iti ve once by the dominant species. 

According to the organ ismal view point of communities, when ,species' distributions are plotted 

along some grad ient whose rate of change is constant, there exist groups of spec ies which replace 

themse lves along the chosen gradient (Shipley & Keddy, 1987). With in each grouping most 

species have similar distributions and the end of one group coincides with the beginning of 

another. Simi larly, Coll ins et al. ( 1993) maintained that Clement's model of vegetation can be 

depicted graphically as a series of non-overlapping groups of spec ies response curves along an 

env ironmental grad ierit. This im pl ies that the ecological limits o f distribution of each species are 

· assumed to coincide with the di stribution of the community as a who le. It assumes that each 

community is separated by from the other by sharp vegetationa l transition . 

. ' Ca llaway ( 1997) pointed out various evidences of the organismal view point of communities. He 

argued that. the abu ndance, fitness and local surviva l of species are not merely due to abiotic 
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.. condit ions and competition, but are a l ~o affected by posi ti ve interact ions within the plant 

community and indirect positive interactions with consumers and mutualists. Plants have many 

ki nd.s of positive. effects on other plants incl uding .favorable alteration of light, temperature, so il 

moisture, so il nutrients, so il oxygenation and indirect mechani sms such as protection from 

herbivores, attract ion of shared pollinators aod bene ficial changes in soil mycorrhizal or 

microbial communities. If the distributions and abundances of species are enhanced by the 

presence of others the,ir organization is not s'imply a "coincidence" of sim ilar adaptation to the 

abiotic envi ronment. Hence, the cO.mmon occurrence of positive interacti ons suggests that plant 

species may not always be di stributed independently of each other (Callaway, 1997), Thus, the 

occurrence of a wide range of interactions among species suggests that the surviva l of a species 

depends not only on adaptation to abiotic environment but also biotic interactions wh ich in tum 

.. can have a strong influence on plant comrrlUnity organization. 

The .organismal perspect ive of plant communit~ o~ganization can help to address questions like: 

"Does the species play an important role in the ecosystem in which it lives? Do other species 

depend on it fo r their survival? Will its loss substantiall y alter the functioning of the ecosystem?" 

(Ca llaway, 1997). The implication is that some interdependence may be expected in natural 

systems. Thus, the s igl,1ificance of independence-interdependence issue is not simply academic: it 

, can have far-reachi ng implications on how we conserve and utilize resources, For example, 

conservationists claim that organi sms in natural communities are interdependent and the loss of 

seemingly insignifica,nt species may have important effects on other species. Failure to 

appreciate such interdependencies among members of a community can have an enonnous 

consequence on conserva~ion of biodiversity (Ca ll away, 1997). However, the organi smal concept 

of the community can be accepted only with many limitations, because the relationshi ps in the 

community are IJIuch weaker than in liv ing in~ividuals (Pignatti, 1996). Though organisms in 

natural communities are interdependent, their relationships may not be as strong as portrayed by 

the organ ismal community organ ization perspective. 

Shipley & Keddy ( 1987) noted that the Clementsian perspecti ve was accepted by the majority of 

. ecol!,gists during the fi rst part of twenty century. However, the works of various ecologists (e.g. 
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Curti s and McIntosh, 195 1; Whittaker, 195 1, 1956; Curti s, 1959) brought the attent ion of the 

majority community ecologists to the individua listic-continum perspective of community 

organization. Th is transition to an indiv idualistic viewpoint of communities was because of the 

fact that the observed patterns of species replacements along a gradient in gradient anal ysis 

· . studies were not compatible with the patterns pred icted by Clements (S hip ley & Keddy 1987; 

Ca ll away, 1997). In gradient analysis studies, plant spec ies are. arranged independently of onc 

another along env ironmental grad ients. Thus, with the advent of gradient anal ysis techniques a 

second perspective on plant community organizati'on, individualistic-continuum perpecti ve, was 

proposed. 

The ' individu'alistic-continuum' perspective 

In contrast to Clement's concept of the community as a discrete and highl y integrated unit, 

Gleason ( 1 93~) env isaged a comm unity as the coexistence of independent indiv id ua ls and 

species in the same place at the same time. In other words, communities were considered just as 

· . a collection o f species with similar adaptations to the abiotic environment. The guiding principle 

for th is perspective, thus, was Gleas~n 's individualistic hypothesis i.e. " Each spec ies is 

distributed in its own way, accord ing to its own genetic, physio logica l and life-cycle 

characteristics arid its way of re lating to both physical env ironment and interactions with other 

species; hcnce no two spec ies are alike in di s tri ~ution". This perspecti ve is bu ilt on the basis of 

the principal s ign ificance of the abiotic environment in community organization (Callaway, 

1997). For proponents of thi s perspective, spec ies combinations were created by the individual 

responses of species to the env ironment and by chance events of di spersal following 

environmental variation and disturbance (Noy-Mei r and van der Maarel, 1987). Hence, it 

undenn ines th~ possible impacts of biotic interactions in plant community fonnations. 

· . According to this perspective, plant species could not fonn integrated communities because of 

their individual istic behavior (van der Maare l, 2005). It maintains that species change along 

envi!"Onmenta l gradients with no distinct separat~on lines or with no visibly separated zones 

(Austin, 1985; Grossman et ai. , (998).Thls v ie~vpoint, therefore, does not accept the notion that 
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the vegetat ion of each community in a given ",rea is separated by sharp vegetational transition 

from other communities. 

Proponents of. this perspective (e.g. Curtis and Mcintosh, 1951; Whittaker 1951 , 1956; Curtis, 

1959) envisaged a vegetation continuum as a continuously changing series of communities. The 

te~ conti nuum has been used in vegetation studies as an uninterrupted series of communities, 

with no sharp trans itions apparent between communities (Austin, 1985). For proponents of th is 

perspect ive any similarity in composition of communities is conce ived to re late to e ither 

coincidence of response to environmental factors, or one or more of the species being the major 

determinant of env ironment for other species (Scott, \995). Thus .. similarity in capability to adapt 

to environmental factors, rather than strong interdependency among plant species, is considered 

as m·ain factor for similarity in plant community composition in the individuali stic perspective. 

The empi rical just ifications for Gleason's individualistic perspective developed when plant 

ecologists (e.g. Whittaker, 1951 , 1956; CUl"!is, 1959) conducted gradient analyses studies. In 

gradient analysis studies, plant species were found to be arranged independently of one another 

along environmenta l grad ients (Callaway, 1997). There is now some consensus (G rossman et al. , 

1998) that the cont inuum concept offers a more realistic vi ew of vegetation pattern. However, 

species· distributions can be affected by a vari ety of factors in addi tion to responses to 

environmental grad ients such as species interactions, di sturbances, and past history. Hence, there 

is also consensus that spec ies distributions are structured to sC?me extent by interactions with 

each oth er and their environment such that certain combinations of spec ies do recur (Grossman 

e1.a1., 1998) lea~ ing to a third (synthesis) perspective on pattern of community organization, 

which is intennediate view between the organismal and the continuum perspec~ives. 

The synthesis perspective: A synthesis of the individualistic and organismal perspectives 

The .concept ·of plant community has been a debatable topic and the debate suggests that field 

data on vegetat ion compos ition along environmental grad ients have more clumping or grouping 

Ihan would ~ in agreement with the continuum concept, and more variation than would be 

. . consistent with the organismal concept (Scott; 995). Similarly, Grossman et af. (1998) reported 
14 
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that species do not have di stributions that are just individualistic; nor are there organismal 

assemblages of species. Although there is continuous variation in species composition along an 

environmental grad ient in some places the level of composit ional change is low (within a 

vegetation type) whereas in other places the leve l of compositional change is high (transit ional 

areas between vegetation types) (Grossman el 01 .• 1998). Kimmins ( 1997) proclaimed that thi s 

synthesis perspective "recogni zes the reality of continuous species distributions, but emphasizes 

interactions between species that lead to re lative di scontinuities between assemblages o f 

species" . 

In sum, the organi smal perspective envisions rapid rep lacement of spec ies along env ironmenta l 

grad ients and considers communities as having a high degree of interna l organizations, wh ich 

joint ly modify the environment with sharp delimitation from other communities. On the other 

hand , the individualistic·cont inuum perspective underscores the prime importance of 

environmental factors in plant community formation . The synthesis perspective recogni zes the 

importance of both biotic interactions and environmental factors on plan t commun ities. These 

perspectives have had implications on choice of quantitati ve methods in plant ecology. 

Implicat ions of the perspectives on quantitative plant ecology 

Ecologists such as ter Braak ( 1986); Noy·Meir and van der Maarel ( 1987); Ken t and Ballard 

( 1988); van der Maarel (2005) indicated that multivariate data analysis is used to examine 

associat ions among species and to elucidate species responses to env ironmental factors. 

Community ecology inquiries, therefore, require inferring species·environment relationships 

from community composition and environmental data (Kenkel, 2006; Kamran i el 01., 2010). 

Many techniques for data reduction have been deve loped in vegetation ecology, wh ich can be 

grouped into two: classi ficat ion and ordination. 

Vegetation classification involves an arrangement of communities into classes. Impl ied in thi s 

approach is the assumption that there is some di scontinuity in species composit ion between 

samples of vegetation in the field. Conversely, ordination is based on the assertion that there are 
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no such di scontinuities in natural vegetation, except where there may be di scontinuiti es in the 

physical env ironment (Anderson, \965). Thus, classification an im portant tool in search ing for 

patterns when data show major di scontinuities whi le ordinat ion is more efficient when the 

continuous character is strongly deve loped (Mucina, 1997). Thus, classification assumes that 

communiti es cons ist of discrete entities whereas ordinat ion docs not prod uce di stinct grou ps, 

wh ich can be classified . 

Ecologists favoring the organismal viewpoint proposed class ifications wh il e those favoring the 

continuum concept ~pproved ordination methods. There wefe also other ecoiogislS who argued 

that the choice of methods may depend upon the convenience o f the user than on preconceptions 

as to cont inuity or discontinuity: " If the prime requirement is to produce vegetation un its, then 

class ifi catory methods are more applicab le. Classi fication techniques may not work we ll on more 

continuous vegetat ion data" . Therefore, a method of vegetation analys is should be judged by 

how we ll it achieves its end (Mcintosh, 1966). Stated differen tl y, the choice of vegetation data 

analysis method should be based on the objecti ves of the user rather than on preconceptions as to 

continuity or discontinuity of plant communities. 

However, it should be noted that the re is no tension between the individualistic-continuum 

perspecti ve and classification and hence classificat ion can be done with no assumption that 

natura l plant communities are distinct groupin gs of plant species (G rossman el al., 1998). 

Legendre and Legendre ( 1998) suggested that ordin ations may always be used as complement to 

cl uster analysis. Hence, the current trend is 'complementary analysis': the application of both 

classi fication and ordination methods to get a sign ificant interpretation of ecological data. This 

invo lves a joint appl icat ion of classification and ordination techniques in analysis of the same 

data set. This strategy is used when the objectives are both the identification of vegetation types 

and appreciation of the causal environmental grad ients. Though there are situations when either 

classification or ord ination shou ld be used on its own, substantial benefit can be gai ned from a 

'complementary analysis' us ing both techniques (Ken t and Ballard, 1988). 
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Classificat ion and ordination 

Classificat ion is based on the premise that objects are adequately sim ilar to be put in the same 

group and to recognize dist inctions between grou ps. In other words, given a large group of 

objects, eco log ical clustering methods are used to identify clusters of related objects (Legendre 

and Legendre, 1998). Classification, therefore, invo lves part ition ing the collection of objects in 

the study . [t imposes a discontinuous structure onlo the data sct, though the objects have 

originally been sampled from a continuum (Legendre and Legendre, 1998). Similarly, Grossman 

el ;", (\998) affirmed that classification requires the supposit ion that it is sens ible to separate a 

cont inuum of variat ion in vegetation composition and structure into a series of classes. Thus, 

species belonging to the same class have higher sim ilarity than species belonging to other 

classes. 

To identify the characteristic species of the classes, Dufrene and Legendre (1997) presented a 

method (an indicator index) which helps to fi nd indicator species and species assemblages 

characterizing groups of sites which combines the relative abundance and relative frequency of a 

species in the various groups of sites. Dufrene and Legendre (1997) defined indicator spec ies as 

the characterist ic species of each group, found mostly in a single group of the typology and occur 

in the majority of the sites be longing to that group. lf all individuals ofa species are found in a 

single group of sites and if the species occurs in all sites of that group then its indicator va lue is 

maxi mum. Randomization procedure is used to evaluate the statistical significance of the species 

indicator va lues (Dufrene and Legendre, 1997). Indicator species are, therefore, fa ithful to a 

particular class of sites. However, it does not necessarily mean that an indicator species 

exclusive ly occurs in a particular class only. 

Ordination invo lves arranging vegetation samples or species along one or more ecological 

grad ients (abstract axes) which represen t a large portion of the variability of Ihc 

multidimensional data in a space with lower dimensionality relative to the original data set 

(Austin , 985; Legendre and Legendre, 1998; ter Braak and Prentice, 2004; Kenkel, 2006). These 

ordination methods are used in exploratory data ana lysis, both 10 search for and summarize 
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underl ying trends. and to examine interrelat ionships amongst variab les. In other words, 

interpretat ion of ordination axes leads to the generation of hypotheses regard ing possib le causal 

factors determ ining the underlying data structure (Kenkel , 2006). Ordi nation does not produce 

distinct groups, which can be classified; it rather shows the interrelationship amongst spec ies that 

are contro ll ed by environmental grad ients. Species with similar environmental adaptationS/site 

cond it ions appear close together in ordinat ion diagram . Whereas species that differ great ly in the 

environmental adaptations appear far apart in the ordination diagrams. Ordinations can be of two 

Iypes: unconstrai ned and constrained ordinations. 

Unconstrained ordination is used to examine env ironmental causes of vegetation patlerns by 

arranging plots based on their floristic similarity along axes of variat ion in composition. Species 

data are used to construct the axes of the ordination diagrams. The relationship between the plots 

and environmental gradients is assessed by eit her correlating the axes with environmcntal 

variables or by determining the relat ionship of a ll the measured environmental variab les with the 

ordination space. Unconstra ined ord inat ion leads to a multid imensional picture of the 

relationships between stands of vegetat ion based on their nori stic similarity to each other (in the 

case of a plot ordination), or between species based on their concurrence in vegetat ion plots (in 

the case of a species ord inat ion). Ordination axes can be considered as latent I hypothetica l 

environmental variables, constructed in such a way as to opt imize the fit of the species data to a 

particular (linear or unimodal) statistical model of how species abundance varies along grad ients. 

These latent variables are constructed without reference to environmental measurements, but 

they can subsequentl y be compared with real env ironmental data (Legendre and Legendre, 

1998). Unconstrained ord ination can help us to address several questions in community ecology: 

e.g. to find the configuration of samples in the ordination space so that the distances of samples 

in this space correspond best to the di ssimi larities of thei r species composition (Lep~ & 

~milauer, 1999). Non-metric Multid imensional Scal ing (NMOS) is one of unconstrained 

(indirect) ordination methods. NMOS is ab le to deal with any kind of species response model. 

NMOS maps observed commun ity dissim ilarities nonlinearly onto ordinat ion space and it can 

handle non linear spec ies responses of any shape (Oksanen, 2007). 
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Constrained ordinat ion is used to examine the relationship between two sets of variables 

measured on the same sampling units: spec ies composition-abundance data set and 

environmenta l factors data set. In these approaches, environmental variables are lIsed in the 

construction of the ordinat ion and hence are ca lled constrained ordination because the posit ions 

of the samples in the ordination are constrained by the environmental variables. Thc objecti ve of 

the constrained ord ination is to verify the extent to which the environmental data determines 

biotic composition and to get information as to which variab les contri bute most strongly to the 

relationship (Kenkel , 2006). Thus, in constrai ned ordinati on, patterns of species di stribution are 

described as a function of measured environmental variab les (Austin , 1985; Icr Braak and 

Prentice, 2004). Leps and Smilauer ( 1999) statcd that the grad icnts constra incd ord ination 

methods tend to find are restricted and these grad ients are linear combinations of the submitted 

exp lanatory (env ironmental) variables. 

Canonical correspondence analysis (CCA) (ter Braak, 1986) is one of the most commonl y used 

const rained ordi nat ion techniques (Quinn and Keough, 2002). It is powerful tool in dctecting 

relationships between species compos ition and env ironmental variables (ter Braak, 1986; ter 

Braak and Prentice, 2004). CCA helps 10 detect the pauems o f variation in community 

composition that can be explained best by the measured environmental variables. CCA 

ordination axes are chosen in the light of measured env ironmental variables by im posing the 

extra restr iction th at the axes be linear combinations of environmental variab les. In thi s way 

community variat ion can be directly re lated to environmental variation (ter Braak, 1986). 

Given a response matrix Y and an ex planatory matrix X, one is constrained by the other and both 

are examined simultaneously in CCA. This allows testing a priori hypotheses by brin gi ng a ll of 

the variance of Y that is direct ly re lated to X and allowing formal tests of the hypotheses. CCA, 

thus, combines the concepts of ordination and regression (White and Hood, 2004). CCA leads to 

an ordination diagram in which points represent species and sites, and vectors represent 

environ menta l variables (ter Braak, 1986). Accord ing to ler Braak ( 1986), such a diagram shows 

the patterns of variation in community composition that can be exp lained by the environmenta l 

variab les and al so visualizes the "centers" of the species di stri butions along each of the 
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environmental variables. Small angles between vectors and pointing the same direction imply 

posit ive correlations between variables, and arrows pointing in opposite directions arc negativel y 

correlated. 

Sites close to each other in ordination diagram have simi lar vegetation whereas sites distant from 

each other in ordination diagram have di ssimilar vegetat ion (Qu inn and Keough, 2002; Zliur el 

al. , 2007). In other words, di stances between species in ordination diagrams are estimates o f 

their degree of resemblance in terms of their di stribution. Ordinati on diagram can be explained 
. . 

using eco logical knowledge on studied s ites, or knowledge on the ecological characteristics o f 

species. There are various ways of overlaying environmental information on to ordination 

diagrams. The most popular method of interpretation is to fit environmenlal vectors onto 

ordination (Oksanen, 2004; 2007). Vegan package (Oksanen el aJ. , 2007) in R has func tions such 

as envfit for filting environmental variab les. It can add vectors in to an ordination plot, and it tests 

the significance of fitted factors with permutation tests. The fitted vectors are arrows. The arrows 

point to the direction of most rapid change in the envi ronmental variable and the length of the 

arrow is proport ional to the correlati on between ordination axes and environmental variable 

(Oksanen, 2004; 2007). The longer the arrow representing a particular environmental variable in 

an ord ination diagram, the higher the influence of the environmental variable on thc plant 

di stribut ion. 

Canonica l coefficients and intraset correlations can be used for interpreting the ordination axes; 

both of which relate to the rate of change in community composition per unit change in the 

corresponding environmental variab le. The canonical coefficients define the ordi nation axes as 

linear combinations of the environmental variables and the intraset correlations are the 

corre lation coefficients between the environmental variab les and these ord inat ion axes. By 

looking at the signs and magnitudes of the intraset corre lations and of the canonical coefficients, 

it is possible 10 deduce the relative importance of each environmental variable for predicting the 

community composition. If the environmental variables relate strongly to the first few ordinat ion 

axes, they can explain most of the variation in the spec ies composition. However, if the 

environmental variables do not re late strongly to the fi rst few axes, they cannot account fo r the 
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most o r the variation, but they may still explain some or the remaining variation which can be 

considerable (ter Braak, 1986). In sum, ordinat ion helps to test hypothesis about the re lationships 

between community composition and environmental ractors. It also helps to ident iry the 

direction or influence or env ironmental variab les as we ll as the proport ion vari abil ity III 

community composition which can be exp lained by the measured envi ronmental variables. 

2.4 The ecological application of generalized linea r modeling 

One of the crucia l questions in community ecology is "what controls species divers ity?" 

(McCune and Grace, 2002) and investigations on patterns of species richness is of great help in 

addressing the conservation or biological diversity . Such studies are required to ensure 

appropriate land use and biological conservation (Pausas and Carreras, 1995). Species richness 

varies in space and time as well as on different scales. New insights into richness controll ing 

ractors can be obtained by studying ecosystems in wh ich the variat ion along ecological gradients 

is well known (0kland et al. , 2008). To this end, the modeling of species ri chness over 

environmental gradients has become an im portant part or biodiversity research (Brocque and 

Rodney, 2003). Species richness can be modeled at the community level or at the individual 

level. In the first case, spec ies richness is predicted by a set of env ironmental parameters 

ca li brated by one single model (direct approach) whereas in the second case, individual species 

are modeled separately as a runction of environmental variables (Steinmann ef al., 2009). 

The in tention of the statistical modeling in eco logy is to provide a mathematical basis for 

interpret'ation , examining such parameters as " fi t" (do the measured predictors sufficiently 

explain the response?), "strength" of association (is the relationship between the response and the 

pred ictors sign ificant?), and to detennine the contributions of the different variables. Statistical 

models in ecology may be explanatory or predictive model s. Explanatory models help to verify 

the strength or the stati st ica l re lationship between a response (e.g. presence or plant species) and 

one or more explanatory variables (e.g. precipitation, soil type). On the contrary, predictive 

models give statistical relationship between the response and pred ictor variables for usc in 

predicting the probabi lity of species occurrence or estimating numbers o r an organism at new, 

previously unsamplcd locations (G ui san el al .. 2002). Statist ica l models could , therefore, be 
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used in ecology to get insight into the re lati on between response and predictor variab les as we ll 

as to make inference on the strength of the relat ionships. 

Given a large number of potential explanatory vari ab les (e.g. topographic and edaphic variables), 

according to van Belle el al. (2004), it is possible to select a small er subset that explains the 

variab il ity in the dependent variable (e.g. species richness). One or morc of ' predictor' variables 

in a multiple regression do not account for, beyond an amount consistent wi th chance, the 

explanation of the variability in the dependent variable. I-Ienee, a much smal ler subset of the 

predictor variab les that explains much of the variability and gives a much si mpl~r model arc 

preferred. Simple models are preFerred because they may be used more readi ly, and when 

applied in a different setting, become more accurate than a model with a large number of 

variables (van Belle et al., 004). Given a response vari able Y with a large number of potential 

predictor variables X, how should we choose a "best" subset of va ri ables to explain the Y 

variability? Genera li zed linear models (GLM) (Neider and Wedderburn, 1972) can be used to 

address such a question. It is an approach For selection or identification of few predictor variables 

with strongest influence on response variable from a range of predictor vari ables. 

The relat ionships between species richness and environmental variables can, thus, be 

investi gated through generalized linear models; whereby species richness is considered as a 

dependent va riable (Brocque and Buckney, 2003; Zuur el al .. 2007). GLM can help to determine 

the amount of variat ion in species richness that could be significant ly explained by the measured 

envi ronmental variables. The explanatory variables with the strongest contributions can be 

chosen by backward elimination, forward selection or stepwise procedure (Legendre and 

Legendre, 1998; Brocque and Buckney, 2003; Zuur el al., 2007). However, the three strategies 

do not necessarily lead to the same se lection of explanatory variables. When ex planatory 

variables are highl y correlated with each other a forward selection and a backward selection 

might give different results due to covariability (Zuur el al., 2007). 

In the backward se lection procedure, all variab les are initially included and, al each slep. the 

variable that contributes the least to explain ing the response variab le is removed, until all 
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explanatory variab les remain ing in the model have a significant partial regression coefficient. 

The forward select ion method, fi rst applies bivariate linear regression using each explanatory 

variab le in turn . The variable with the lowest AIC (Akaike Information Criteria) (if Ale is used 

as criterion for evaluating the goodness-of-fit) is se lected , and a mUltiple linear regression model 

is app lied using the selected variable and each of the remaining variables in turn . The variabl e 

that gives the lowest Ale in combination with the first selected variab le is then selected, and the 

process is repeated until the AIC starts to increase (Legendre and Legendre, 1998; Brocque and 

Buckney, 2003; Zuur et ai. , 2007). An increase in AIC im plies a predictor variable (s) with no 

signi fican t influence on the response variable is (are) added to the ex planatory model. 

There are various approaches for selecting the best subset of explanatory variables accordi ng to 

some criteria. The methods that can be used to validate GLM models i.e. to eva luate thei r 

good ness-of-fit include statistical criteria such as AIC, adjusted R2 value, deviance test and F­

test. Ale measu res the fitness of a model (Brocque and Buckney, 2003; Edvardsen and 0 kl and, 

2007; Zuu r el al. , 2007) and it combines variation explained and number of parameters into one 

index value (Edvardsen and 0kland, 2007). When two models are compared the smaller the Ale , 

the better is the fit (Bhaltarai and Velaas, 2006; Edvardsen and 0 kl and , 2007; luur el a/. , 2007). 

In sum, given a range of predictor variables which can poss ibly affect species richness, few 

predictor variables with strongest innuence can be selected using GLM. It can also help 10 make 

inference on the amount of variat ion in species richness that is significantly exp lained by the 

measured envi ronmental variables. Parameters such as Ale , adjusted R2 value, dev iance test and 

F-test can be used to make inference on the amount and significance of variat ion explained by 

the predictor variables. 

2.S The Vegetations of Ethiopia 

Owni ng to its wide climatic and edaphic variabil ity, Ethiopia has diverse and unique flowering 

plants. The vegetat ion of Ethiopia has been described and classi fied by different au thors in 

different ways. Previous attempts to describe and classify the vegetations of Ethiopia include 
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those by Logan (1946), Pichi-Sermolli (1957), Friis (1986a), Fri is (1992), Sebscbc Dcmisscw ct 

al. (1996), and Friis and Sebsebe Demissew (200 1). 

The most recent class ification of Ethiopian vegetation was proposed by Friis el al. (2011) which 

categorizes the Ethiopian vegetation into the following typologies: Desert and semi-desert 

scrubland , Acacia-Commiphora woodland and bushland, Wooded grassland of Western Ga mbela 

Region, Combretum-Terminalia woodland and wooded grassland, Dry evergreen Afromontanc 

fores t and grass land, Moist evergreen Afromontane forest, Transitional ra in forest, Ericaceous 

belt, Afroalp ine belt, Ri verine Vegetation; Freshwater lakes, lakeshores, marshes and Iloodphtin 

vegetation and Salt lakes, salt-lake shores and marsh vegetation. The vegetat ion of the Gurage 

Mountains can be categorized into three of these typologies namely dry evergreen afromonlane 

forest (especia ll y the undi fferentiated afromontane fores t subtype), ericaceous and afroalpinc 

belts of vegetation. 

Friis el al. (20 II) reported that dry evergreen afromontane forests have canopies dominated by 

Juniperus procera, followed by Olea europaea subsp.cuspidala, etc. In dry evergreen 

afromonlane forests, Podocarpus falcaills is found sheltered in vall eys. The undifferentiated 

afromontane forests are e ither Juniperus-Podocarpus forests, or tend towards single dominant 

Podocarpus or Juniperus forests. The canopy layer of the undifferentiated afromontane forests is 

domi nated by Juniperus procera, Podocarpus falco/lis, Olea ellropaea subsp.cuspidala. and 

Cro/Otl lIIacroslaci1yus. A layer of small to medium trees such as Allop/iylus abyssilliclIs, 

Apody/es dimidiala, Bersama abyssinica, Celtis africana, Dovyalis abyssillica, Ekebergia 

capensis. £rylhrina brucei, Maytenlls undata, Qlinia roche/iallo. Primus ajric(lIIa, elc arc 

common in the undi fferentiated afromontane forests, Besides, small trees and shrubs such as 

Carissa spinarum, Discopodiwl1 penninervium, Dombeya lorrida, Halleria lucida. Lobelia 

giberroa. Myrsine africana, Pitlosporum viridijlorum, Sofol1ecio gigas and S;deroxylon 

oxyacanthllm are common in undifferentiated afromontane forests. The upper limit of this type of 

forest, according to, to some extent overlaps with ericaceous be lt and hence species such as 

Erica arborea, Gnidia glallca, Hagenfa abyssinica. Hypericum revolulllm, JasmifwlII sums, 

Nuxia conges/a, Myrsine melanophloeos, Rosa abyssin;c(l, elc are common (Friis el al., 20 11 ). 
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The ericaceous belt is characterized by the dominance or shrubby trees such as Erica arborea, 

Erica Irimera, Hypericum revolulum, Myrsine melanophloeos and herbs such as Alllhemis 

figreensis, Haplocarpha rueppellii, He/ichrysllm jp/endidum, H. go/ense, Il. !ormosissimllm, 

Sal/lreja biflora, Thymus schimperi, Kniphofia /oliosa, etc. The arroalpine belt is characterized 

by giant Lobelias. cushion-rorming species or fie licilryslIl1I, shrubby species or A/chemil/a, etc. 

The presence Lobelia rhynchopela/1I111 can be taken as an indicator orthe Arroalpi ne be lt (Friis el 

01., 20 11 ). 
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CHAPTER THREE 

3. Materia ls and methods 

In thi s chapter, the materials and methods used in the course o f the prescnt study arc outlined. 

3.1 Materials 

Garmin GPS, plant presses, meter tape, plastic bags and cl inometer were used while co llecting 

floristic and env ironmental variables data. 

3.2 Methods 

3.2.1 Location and description of the study area 

The study area, the Gurage Mountains, is located in Gurage Zone, Southern Nations, Nationalities 

and Peoples' Regional State of Eth iopia. The location or the study area is shown in Figure 1. 

, 
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Figure I: Location map of the study area. A) Regional map of Ethiopia in which Southern Nations. Nationalities and Peoples' Regional State (SNN PRS) is 

highlighted; B) Zonal map of SNN PRS (Gurage zone highlighted) and C) Wereda map of Gurage zone with the Weredas considered in this study highlighted, 

Plots 1-8 and 9- 16 were sampled from Amba and Koter, respectively (Ezha Wereda). Plots 17·34,35·44 and 45-52 were sampled fro m Zemule, Arusi and Bural, 

respecti vely (Sodo Wercda). Plols 53· 64, 65· 71 , 72·76. 77·80 and 81·84 were sampled from Mesercle Wegeram. Dcga Gogol. Dobi. Mirab 1mbor and Yetebon. 

respectivel y (Mcsqan Wercda). Plots 85· 100 were sampled from Anzire (Mohir Wereda), 
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Agro-ccological zones of the study area 

MoARD (2005) di vided Ethiopia into 32 agro·ecological zones based on seven-moistu re 

regimes, altitude and six temperature regimes' in which .,,'d M n' 'd b ' ' h 'd , , .-1 I-an ,su ·molst, mOIst. lIml . 

sub.humid and per-humid zones cover 31 5 3 4 166 25 6 6 162 d 1 f' h ., ., ., ." . an percent 0 t e country, 

respectively. Accordingly, Figure 2 shows the agro-ecological zones or Gurage Zone. 
• • • • • • 

Figure 2: Agro.ecologica l zones ofGurage Zone. This class ification is based on MoA RD (2005). 

The co ld sub-humid mid highlands are classified under the sub-moist major agro-ecologica l zone 

(MoA RD, 2005) where the an nual average temperature and rainfall are 10-14"C and higher lhan 

1000 mm, respect ively (MoA, 2000). The cool and tepid moist mid highlands arc classified 

under the moist major agro-ecologicaJ zone (MoARD, 2005) which. according to MoA (2000), 

has an annual average temperature range of 14- 18"C and rainfall higher than 900 mm. The tepid 

sub-humid mid highlands are categorized under the sub-humid major agro-ecological zone 

(MoARD, 2005) which has an annual average temperature IS-20·C and rainfall 800·1200 mm. 

The wann sub-humid lowlands are classifi ed under humid major agro-ccological zone (MoARD, 

2005) which has an annual average temperature IS_24°C and rainfall is between 900· 1000 mOl 

(MoA, 2000), 
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Figure 3 shows the climate diagrams of two representative sites: Butajira and Imd ibir 

representing the eastern and western parts of the Gurage Mountains, respectively. 
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Figure 3: Climate diagram of the study area. A) Climate Diagram or Butajira Meteorological 

Station (using 2000-2006 Meteoro logical data), which is located in close proximity to Mcscrcte 

Wegeram, Dobi, Yetebon, Dcgagogot and Mirab ImOOr study sites (Mesqan Wereda). 11) 

Cl imate Diagram of Imdibir Meteorological Station (using 2000·2009 Meteorologica l data), 

which is located in close proximity to Debane and Koter Gedra (Ezha Wereda) and Mohir 

Wereda study sites (Data source: National Meteorological Agency of Ethiopia). 

Land usc/cover of the study area 

The land use/cover in the study area includes cropland, grazing land, shrubs, rorests and grasses. 

There is a gradua l decrease in forest, shrub and grass covers while there is a gradual inc rease in 

cropland. Most of the natural forests in the study area are confined to areas that are relati vely 

inaccessible to human encroachment. There are also some patches or remnant natural vegetation 

in gorges of Wabe, Kerebe and Megecha Ri vers. ElIcalypfllS plantations arc common in privately 
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owned land (GZFEDC, 2008). GZFEDC (2008) also reported that the western part of Gurage 

Zone is found within Orno-Gibe River Catchment and has an area of 417,272 ha, o f whic h 49.3% 

is used for agriculture (cultivated), 17.2 % for grazing and 9.8% is covered by forests and shrubs. 

and the remaining 11.6% is bare and rocky. Eastern part of the Gurage Zone is found within the 

Eth iopian Rift Valley Lakes catchment and has a total area of 166,050 ha. 74.4% o f the castern 

part of the Zone is currently cu ltivated for crop production, 6.3% for grazing, 7.6% is covered by 

forests and shrubs, 3.3% potentially tillable, 2.5% bare and rocky, and olhcr land uses accou nt 

for 5.8 % o f the total area of the eastern part of Gurage Zone. The spec ific land usc/cover 

classificat ions of the Weredas stud ied are presented in Table I . 

Table I : Land use/cover of the study Weredas. This cla lsi fication is based on GZFEDC (2008) 

NQ Wcreda Land use/cover ( in hectare) 

Cult ivated for crop Grazing Forests and Potentially Bare and Others 

production shrubs cultivable rocky 

I Sodo 62258 4829 52 18 1903 2292 5630 

2 Mesqan 36741 3301 6022 2550 1994 4592 

3 Ezha 20314 6642 7285 3619 3187 2083 

4 Mohir 21056 7148 3757 4604 3117 2438 

Rivers originat ing from the G urage Mou ntains 

As indicated in the preced ing section, the study area is found wi thin the catchments of the 

Ell · . R· e V 11 L k d 0 G·,be River Subcatchments within the catchments of the 1I0p ian I I I a ey a es an mo- . 

Ethiopian Rift Va lley Lakes and Orno-Gibe River as well as the rivers ori ginating from Gurage 

Mountains are presented in Table 2. 

30 



li b 

Table 2: The subcatchments in the Weredas ,'neluded ,n h t e present study. The Kebeles 

considered in thi s study are bolded. 

NQ Wereda(s) cover Sub-catchment Kebele cover (some) Tributaries origi nating from 

Gurflgc Moutains , Mesqan, Meki Meseret Wegeram , Dega Nurena, Akamuja. Derek, Lcbu. 

Sodo Endebuyu, Aymelcl. Bono aygede. Weldiya 

Amawute lalige, Amawute gi fij ge.elc. 

2 Mesqan Dobena Mirab Mesqan, Misraq Mesqan. Eresha, Ercnzaf 

Mirab Imbor,Yetebon, nobi. nega 

Gogot, etc. 

3 Mesqan As", Mikaelo, Wurib, Gide, 

angerager Aboral 

4 Ezha, Mohi r \Vabe Ambelta, Mamede, Fenta, Wcsherbe. Gogioa, Qmamo. Kcrcb 

Anzire, Chimbe. etc 

5 Ezha Wunqiye Koter Gedra . Amb:l Genet. Golam, Gogob, Qcchi r. 

Bozhebar, etc. Megccha, Tiliku "Iaram. 

Tinishu Hararn 

Sourcc: GZFEDC (2008) 

3,2.2 Research approach and site selection 

A reconna issance survey was conducted in the study arca to choose sampl ing si tes, to gain a 

general understanding of Ihe characteristics of the study area and 10 devise appropriate data 

collection methodology and tool s. During the reconnaissance survey, information pertaining to 

locati on of remnant forest patches was gathered from zonal agriculture and nual development 

coordination office and field visits. Sites which were chosen for thorough investigation are li sted 

in Table 3. Detailed data on floristic composition, environmental variab les as well as on causal 

factors for vegetati on loss and degradation were collected fo llowing the reconnaissancc survey. 

Data were collected between September to November 201 1 and in September 2013. 
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Table 3: Sites selected for the study. The location or each ", " h " F" 51 e IS s own In Igure I . 

NQ Place/Forest Wereda Coordinates Alti tude ranges Plot 

patch Latitude Longitude (in m) numbers , AmbalDebanc Ezh. 08°07.514 '· 038°01 .825'· 229 1·24 10 1-8 

08°07.838' 038°01 .48 1' 

2 Koter Gedra Ero. 08°05.230'. 038°04.763'· 2681-28 13 9-16 

08°05.610' 038°04.698' 

3 Arusi 5odo 08"17.023' - 038°29.026 '- 2363-2749 35-44 

08°18.145 ' 038"28.72 1' 

4 Zemule 5odo 08°18. 169', 038°26.606', 2382·2738 17-34 

08° 18.463 ' 038"26.599' 

5 Burat 5odo 08°18.360'-08° 18. 038°28.895'-038°29. 23 12-2704 45-52 

930' 292' 

6 Meserele- Mesqan 08°11.685'- 038"22.380'- 2320-2799 53·64 

Wegeram 08° 13.150' 038"22.055' 

7 Dobi Mesqan 08° I 0.770'- 038° 17.859'· 2633-2940 72-76 

08°10.888 ' 0380 17.93 1 ' 

8 Yetebon Mesqan 08°07.588'- 038°16.184'· 2356·2759 81·84 

08°07.746' 038° 16.059' 

9 Mirab-Imbor Mesqan 08°06.608'. 0380 16.463'. 2493·2710 77·80 

08°06.878 ' 038°17.015' 

10 Dega-Oogot Mesqan 08°11.967'· 038°19.029'· 2650·2885 65·7 1 

08°12.340' 038°18 .983' 

" AnzireIMohir Mohir 08°12.04' 038°16.44' 2980· 3588 85·\00 

These areas were chosen as they are known to harbor some remnant patches of natural vegetation 

(as reported by key informants) and which was also confinned during fie ld visits. 

3.2.3 Vegetation sampling 

Stratifi ed preferential sampling was used for the purpose of the present study. Strat ified sampling 

is becom ing more pervasive in current vegetation ecology. It tries to sati sfy both stati stician's 

and ecologist'S demands for the representat ive data sel. It starts with a priori de finition of stral'a. 

i.e., habitats/vegetation types that represent parti cular stati stical sub-populations. within which 
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sampling sites are located. The advantage of this approach is that one can acquire variable data 

set with a reasonable representation of plots made in rare vegetation types (Roleeck el (II .. 2007). 

It is used to increase sampling efficiency where the strata are defined based on envi ronmenta l 

variab les that have been shown in previous studies to influence species composition (Michaelsen 

eloJ. , 1994). Accordingly, each forest patch in the study areas was stratified based on ahilUdc. 

Besides, notably dominant plant species at different parts of the vegetation p.lIches wcre taken 

into account for strat ificat ion. To get infonnation for stratification (i.e. altitude ranges and the 

dom inan t species at different parts of the forest patches), each forest patch was thoroughl y 

visited ahead of actual data co llection. Besides, research assistants, who were selected from the 

study area and whose fann is located in the immediate vicini ty to the forest patches. were 

consulted to get infonnat ion for stratificat ion such as 'vegetation types' in the forest patches. 

Plots were located in each stratum preferentia lly. Relat ively hi gher nu mber plots were 

investi gated in forest patches characteri zed by higher floristic variat ion, larger area and wider 

altitude ranges. 

A 40 x 40 III plot was used for vegetation sampling. Such a large plot is of course in a range 

suggested by Sutherland (1998) i.e. 400·2500 m2
• Large sized plots were used to capture as many 

species as possible in the same plot since it was assumed that human interfe rence has thinned out 

the vegetation of the study area. Figure 4 shows the plot design lIsed for data co llect ion on 

floristic and environmental variables. 
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Figure 4: Plot design where T = 20 x 20 m subplots, S = 5 x 5 m subplots and H = 2 x 2 m 

subplots. i/represents locations where so il samples were collected from each plot. 

3.2.4 Vegetation and environmental variables data collection 

Nested plot design (Figure 4) was used to survey the under-storey and canopy layer vegetation. 

As shown in Figure 4, the main (40 x 40 m) plot was divided into four 20 x 20 m subplots 

(labe led as T). From each 20 x 20 m plot, local name (or voucher specimen code ir the local 

name was not known), diameter at breast height (at 1.30 m above ground), height, number of 

individuals and cover abundance of all trees having DBH > 5 em were recorded (based on 

Tadcsse Wolderrnariam, 2003). The height, number of individuals and cover abundance of 

shrubs, younger trees and woody climbers with DBH 1.5-5 cm were collected from subplots of 

size 5 x 5 m (labeled as S) which were laid at nine different locations of the main plot (Figure 5). 

Within 5 x 5 m subplots, 2 x 2 m plots (labeled as H) were laid to collect cover-abundance data 

of herbaceous plants. Abundance and frequency trees, shrubs and lianas were summarized on II 

plot basis. Subplot abundance data were pooled lex trapolated to the mai n plot by mult iplying 

mean subplol abundance by the ratio of the area of the mai n and subplot. Cover-abundance 

values were estimated using the modified Braun Blanquet scales (following van der Maarcl, 

1979, 2005; Eymann el 01. , 20 10): 
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1 = rare, genera ll y 1-3 individuals and cover less than 5%; 

2 = few, with less than 5% cover; 

3 = abundant, with less than 5% cover' , 

4 = very abundant, with less than or equal to 5% cover: 

5 = 5 < cover~ 12%; 

6 = 12.5 < cover s: 25%; 

7 = 25 < cover S 50%; 

8 = 50 < cov~r ~75% and 

9 = cover > 75%. 

Tree height was measured using Suunto clinometers and diameter at breast height using meier 

lape. Meier tape was used to measure heights of relati vely shorter woody plant s. Data sheet one 

(auached as Annex I) was used to record data on vegetation and environmental variables. 

New taxa, which were encountered outside the plots, were also co llected but kept separately. 

Voucher specimens were collected for all plant species and were identified aI Nat ionul 

Herbarium (ETH). The nomenclature of the plants was based on the published volumes of the 

Flora of Ethiopia and Eritrea (Hedberg and Edwards, 1989; Hedberg and Edwards, 1995; 

Edwards e/ 01., 1995; Edwards e/ of., 1997; Edwards et 01.,2000; Hedberg el 01., 2003; Hedberg 

el al., 2004; Hedberg el al. , 2006). 

Slope (the degree of inclination or steepness) of each plot was observed using Suunto 

cl inometers. Altitude of each plot was noted using Garmin GPS. Aspect was codilicd according 

to Zerihun Woldu el at. (1989) and Tamrat Beke1e (1994) where North = 0, East = 2, South = 4, 

West = 2.5, North East = I, South East = 3, South West = 3.3 and North West = 1.3. 

3.2.5 Soil sa mpling and analysis of phys ical and chemical properties 

Following Zerihun Woldu and Backeus (1991), soil sam ples were taken from 0-50 ern depth 

whenever poss ible. Soil samples were taken at comers of 20 x 20 m subplots and composite 

samples weighing 1.5-2 Kg were made. Soils samples were collected below the surface layer of 

leaf li tter and below root mass. Soi l samples were air dried before laboratory analysis. The soi l 
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samples were ana lyzed at Ethiopian National Soil Labo 1 'I'h fa Dry. e parameters were analyzed 

foll owing the standard procedures outlined in Allen ( 1989): tota l organic maller (Walkcl y- Black 

wei oxidat ion , % dry weight), electrical conducti vity and pl'l (nl I II . I I ' I III lOS , Ill : Sa l -water 

suspension), available phosphorous (Bray NQ. II Method, ppm), total nitrogen (Kjcldahl method) 

and texture (hydrometer method; parameters claYt sand and silt expressed as % weight). 

3.2.6 Method used for collection of disturbance data 

Intensity of anth ropogenic disturbance in each plot was estimated as a sum (cumulative cllect) of 

following parameters: 

• grazinglbrowsing intensity (which was estimated based on the following scales: 0 = ni l; I 

= s li ght; 2 = moderate; 3 = heavily and 4 = dest ructive) (based on T 

• number of trees and shrubs cut 

• number of foot tra il s 

• number of seed lings trampled 

Data sheet (Annex 2) was used to record distu rbance data in each plot. 

3.2.7 Method used for collection of data on causa l (actors of vegeta tion loss and 

degradation 

To explore dri vers of foreSt loss and degradation in the study area, qualti tative research method 

(specifica ll y focus group discuss ion) was appl ied. Qual itative research was preferred as it helps 

to understand a g iven research problem or topic from the perspectives of the local population 

(Mack et al. , 2005). Furthermore, qualitative method is mo re nexible-thal is, it allows grealCr 

adaptation of the interaction between the researcher and the study participant than quantitative 

methods. The respondents have the opportuni ty to respond more elaborately and in greater detail 

than is typically the case with quantitative methods. One of the advantages of focus groups is 

that they yield a large amount of information over a short period of time. They are al so effect ive 

for exploring a range of perspecti ves that exist wi thin a communi ty (Mack el al., 2005). For 

these reasons, focus group discussion, one of the most common qualitative methods. was applied 

10 get farmers insight on causes of deforestation and forest degradation in the study area. 
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In order to conduct focus group discussions, Mack el al. (2005) recommends maintaining 

confidentia lity requires special precautions and emphasis in focus groups. Accordingly. using 

participants' names during the focus group was avoided and anonymity was assured. The most 

common ly sampling methods used in qualitative research is purposive Icritcrion bascsd 

sampl ing. Hence, criterion-based se lect ion procedure (LeCompte et al .. 1993) was applied for 

selection of respondents in the present study. It involves selection of group's participants 

according to preselected criteria relevant to a particular research question. Accordingly, fanners 

who li ved for long in the study sites and those whose farmlands arc locrllcd in vicin it y to the 

forests were selected as respondents. A Sample size in the range of 30 to 50 respondents is 

sufficient for exploratory and in-depth work (Bernard, 1995). Accordingly, a total of 55 

respondents (49 males and 6 females) participated in the focus group di scussions. 

One ad vantage of qualitative methods such as focus di scussion is that usc of open-ended 

questions and probing gives participants the opportunity to respond in their own words, rather 

than forcing them to choose from fixed responses, as quantitativc mcthods do. Such questions 

have the abi lity to evoke responses thnt nre rich and explanatory in nat ure (Mack el 01 .. 2005). 

The followi ng open ended questions were asked (using local language Guragigna) during focus 

group discussions and data were recorded by note taking: 

• How has the vegetation cover of the study area been chrmging through time? 

• What factors account for loss and degradation of vegetation in the stud y area? 

• Which stakeholders are responsible for the change in the vegetation cover? 

• Who owns the forest? Who manages the forest? 

• What actions should be taken to curb vegetation loss and degradation? 

• Are there any ind igenous practices that can help in conservation of the vegetation? 

Supplementary data were also collected from central stati stical agency of Ethiopia. Besides, 

pcninent proclamations were reviewed to get insight into possible institutional drivers of 

vegetation loss and degradation. 
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3.2.8 Vegetation and environmental data analysis 

The percentages of various plant families as well as DBI-I and height classes of woody plan ts in 

the study area were summarized in bar graphs. Dominance curve was used to rank the relative 

abundance of the species identified. Classification and ordination methods were used to describe 

vegetation types and to examine the relationship between vegetation types and environmental 

variables. R package (R Development Core Team, 2009) was used for cluster and ordination 

ana lysis. 

Hierarch ical cluster ana lysis was performed using R. Similarity ratio and Ward 's group linkage 

method were applied fo r cluster anal ysis i.e. 10 determine plots that can be class ified into the 

same groups based on the species data. Indicator species ana lysis was performed to find indicator 

species characterizing the communities. Ind icator species analysis was performed in R lIsing 

package labdsv (Roberts, 2012). Interpolated species accumulation curves were used to display 

the expected number of species in each community type as a function of accumulated number of 

plots. EstimateS 8.2 software (Colwell , 2006) was used 10 compute the expected species richness 

and species richness estimators. The species richness of the plant communities were compared 

using the interpolated species accumulation curves. Chao I, jackknife, abundance·based coverage 

estimator (ACE) and Bootstrap were used to estimate of the "true" number of species in each 

community type. Jaccard index was computed to assess the noristic simi larity between the 

communities. The basal area of the main trees in the study area was computed using the formula 

BA= n (DBH)'/ 4. 

Canonica l correspondence ana lysis (eCA) was used for detection of patterns of variation in 

species distribution and for identification of variables causing those patterns in the stud y sites. 

The variables considered were altitude, slope, disturbance, pH, phosphorus. electrical 

conductivity, sand, si lt, clay, total nitrogen, organic carbon and carbon nitrogen ratio. Among 

these variables, onl y those with significant impact on species distribution paltern of the study 

area 've d .. CCA Step ,v,·se variable selection (following Gu;san £II 01 .. 
re use as constralOts 10 . 

1999; Oksanen, 2007) was appli ed to identify the environmenta l variables wi th significant 

inn uence on the plant di stribution pattern of the study sites. The relationsh ips between vegetation 
38 



h 

and environmenta l variables were also tested usi ng correlation coefficients between Ihe 

environmental vari ables and the plot scores on CCA axes. Furthermore, analys is of variance was 

used to assess the re lationships between plant community types and envi ronmental variables. 

Generalized linear mode ling was used to relate species richness patterns of the Guragc 

Mountains to the measured explanatory variables and to fi nd a subsct of explanatory variables 

that explains the species richness variations in the study area best. Akaikc Information Criterion 

(AIC) was used to find optimal model. Besides, deviance and F·lesls were used to check the 

signifi cance of each variable. In the course of generalized linear modeling, the species richness 

was fitled with general ized linear model (using R) to explore the impact of environmental 

variables on richness and to determine the amount of variation in species richncss that could be 

explained by the measured environmental variables. Forward model selection procedure was 

used to select opt imal model with best subset of explanatory variables. First, a nu ll model 

considering only the response variable without any predictive variable was developed. The 

signi ficance of any change in Ale , F-va lue and deviance in null mode l compared to the biv3riate 

model was checked. At each forward selection step, a variable with lowcst Ale was selected, and 

a multi ple li near regression model was applied using the selected variable and each of the 

remaining va ri ables in tum. The variable that gave the lowest Ale in combination wit h the first 

selected va ri ab le was then selected, and the process was repeated unti l the Ale started to 

increase. Significance of each variable retained in the opt imal model was tested using the F-teSI. 
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CHAPTER FOUR 

4. Results 

The main findings of the study and inferences from the findings arc presented in thi s chapler. 

The findings are discussed in the li ght of ecological studies elsewhere in chapter 5. 

4.1 Attribu tes of plant communities in the study a rea 

4.1.1 Florist ic composition a nd species richness 

The forests in the study area harbor plants of high naristic di versity though they nrc small 

patches surrounded by mosaics of other land use practices. A total of 339 species were identified 

from plots studied (see Annex 3 for the list of species). The plants ident ified belonged to 89 

families; of which only two were gymnosperms. Eight fami lies accounted for 55% orlile species 

in the study area. Asteraceae alone accounted fo r 24% of the species. Figure 5 presents the 

percentage of species belonging to the different plant families in the Gurage Mountains. 
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Figure 5: Percentage of species belonging to the different plant families in the study area. V-axis 

represents percentage of species belonging to the family in the nora of Guragc Mountains. Many 

of the species encountered belong to Asleraccae, followed by Lamiaceac. 

The number of species reorded as a function of plots studied is shown in species accumulation 

Curve of study area (F igure 6). 
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Figure 6: Species accumulation curve of the study area. The x·ax is rcporesenls number of plots 

sampled whereas the y-axis represents the number of species encountered. 

The species accumulation curve of the study area, Figure 6, leveled off before the total number 

of observations. The implication is that the study sites were adequately sampled nnd th is 

inference was made based on Lau (2008); Colwell (2009a). Such curves have been lIsed to 

estimate the expected number of new species to be detected given a leve l of additionol sampling 

cffon (Mao el al., 2005). For example, it is possible to infer from Figure 6 thai about 220 spec ies 

can be recoded from the study si tes after investigal ing 20 plots; and about 280 spec ies after 

Investigating 40 plots. In the species accumulation curve, the num ber of species recorded 

Increased radica lly initially (e.g. from plot I to 20) whereas the change in number of species 

became incremental later on (e.g. from plot 20 10 40) when many of lhe species in Ihe study area 

Were sampled. Such is a common characteristic of ecological communities (Ugland el (1/ .• 2003 ; 

COlwell 2009a). 
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4.1.2 Species abundance and Occurrence in the t d s u yarea 

Figure 7 shows the dominance curve of the species in th d . . e stu y area In which the abundances or 
the species are displayed in a \oglO fannat (on the y- .) h . . aXIS so I at species with very high 

abundances can be accommodated on the same graph . 

E , 
• 
~ 
" 

. ,... , 

RarM"'" 

Figure 7: Rank/abundance or dominance curve of the species in the study area. The y-ax is in the 

relative abundance of species (plotted usi ng a log l 0 scale) while the x-ax is ranks each species in 

order from most to least abundant. The plus signs represent th~ species. The species are listed by 

the first three lette rs of the genus and the specific epithet; see Annex 3 for the fu ll names. 

In Figure 7, the spec ies are plotted sequentially from most to least abundant along the horizontal 

(or x·axis). Given the data from ent ire study sites, species such as JUffiperus procera, Erica 

arborea, Olea europaea subsp.cuspidato and podocorpus fa/collis are the most dominant 
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species. On the Qther hand, plant spec ies such ;is Pimpinella oreophila and Lac/ilea inermis are 

least abundant. The low abundance of the latter species may be due to thei r adapt ion to limited 

ecological ranges especiall y to the highest altitudes in the study area. 

In addition to the not~ble difference in the relative abundance of the species, there was also a 

clear pattern of variation in the occurrence of the species amongst the stud y plots. The abundance 

vs. QCcurance of the species in the stud), area is depicted in Figure 8. 

Abundance vs Occurrence 
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. . I study area where the x- a.xis rcpresents 
Figure 8: Abundance ys. occurrence of the specIes III t le 

h xis represents the abundance of the 
the number of plots in which the species occurred w ereas y-a . 

. . The species are ilsted by the fi rst th ree 
Specles.TIle plus signs in Figure 8 represent the specIes. 

leiters of the gen us and the specific epithet. 
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p(}liocarpus fa/collis occurred in 18 plots and in those plots its mean abundance was highest. 

However, Juniperus procera (as shown in Fi~ure 8) had highest average abundance when we 

consider the entire study area. Erica ar~orea, Myrsine africana, Juniperus procera and Olea 

europaea subsp. cuspida/a occurred in more than 40 plots (see· Figure 8) and hence were most 

freq~cnt species in the study area. 

4.1.3 Plot level species richness variation in the study area 

There was a notable variation in species richness amongst plots studied. The variation in species 

richl;less and abundance among the stud y plots is presented in Figure 9. 
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19ure 9: Plot level species richness variation In the stu y area 10 . 
f I) h·1 th x ax is ranks each plot In order 

o species in the study plots (plotted using a 10g.IO sca e W lee . -
~ . hi t pecies richness. The small black 
rom a plot having highest species richness to one Wit eas s . 

circles in the figure represent the plots studied. 
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The variation in species richness among the plots could be due to local variation in altitude, 

disturbance as· well as other biotic and abiotic factors. Detailed discussion on factors accounting 

forme variations in sp-ec ies richness of the study sites is presented in section 4.6. 

4.1.4 Structural Analys is 

The percentage contribut ion of di fferent plan~ growth forms as well as DBH and height class 

distributions were used to get insight into ,the vegetation structure of the study area. 

4.1.4.1 Growth forms 

The lion's share of the plants encountered in the study sites were herbs as shown in Figure 10. 

About 50% of the plants identified were herbs. Epiphytes contribute the smallest proportion to 

the flora Gurage Mountains . 

., 

r • ID 

" 
o 

Climbc:rEp iphyle Herb Shrub T ..,., 

Growlh fom. 

Figure 10: The percentage of different growth. forms in the nora of Gurage Mountains. 

4.1.4.2 Height class distribution 

M ' . I I th 10 m Trees with height 
OSt of the woody plan ts in the study area have heIght c ass ess an . 

class . . f I od plants investigated as shown 
greater than 2S m comprised a smalJ proportion 0 t le wo Y 

in Figure II. . 
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Figure 11 : Percentage of plants of various height classes in the study area. 

The least representation of trees with higher height classes may also be due to selective logging 

of relatively large trees for various purposes. The height class distribution of the damiant woody 

plants in the G,urage Mountains is presested in Table 4. 

Table 4: Height class distribution of woody plants in Gurage Mountains (in %) 

Height Class 

Species 
<9 9_12, 12 15 15_18 18_21 21 24 24 27 >27 

Dombeya torrida 13 27 44 12 4 0 0 0 

Hagenia abyssi,!ica 0 0 0 27 39 30 4 1 

Hex mitis 5 24 32 20 15 0 0 4 

Apodytes dimidiatG 49 49 18 0 0 0 0 0 

Jllniperus pro.cera 9 6 10 45 10 2 3 15 

Acacia abyssinica 46 19.4 13.2 14 7.4 0 0 0 

Ma~sa lanceo/ara 92 8 0 0 0 0 0 0 
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May tenUS addat 51 21 9 8 6 0 5 0 

Myrica salicifolia 67 33 0 0 0 0 0 0 

Olea ellropaea subsp 

cuspidara 8.5 46 33 13.5 0 0 0 0 

O/inia rochetiana 44 24 I I , 17 4 0 0 0 

PittosporlIIn viridiflorum 22 34 14 13 9 8 0 0 

PodocarplIs!afcatus 9 18 22 26 10 2 3 10 

Rhus fon¥ipes 67 24 9 0 0 0 0 0 

Schefflera vo/kensii II 19 28 22 4 8 2 6 

Syzygium guineense 3 0 23 20 13 I I 10 20 

Brl/cea amidysentricq 95 5 0 0 0 0 0 0 

DolJOfis abyssinica 100 0 0 0 0 0 0 0 

Nuxia congesta 42 24 14 20 0 0 0 0 

Myrsine me/a"noph/oeos 60 20 0 15 5 0 0 0 

Primus africana 3 20 44 14 3 5 5 6 

F/acollrlia indica 94.5 5.5 0 0 0 0 0 0 

Croton macroslachyus 31 28 15 3 4 4 I I 4 

Trees which have high econom ical and medicinal values such as Hagenia abyssinica, PrllflllS 

africana and Juniperus procem were least represented in the lowest height classes which implies 

that their regeneration status is poor. 

In T.able 5, the height class distribution of woody plant of the Gurage Mountains is compared 

with the height class distribution of.woody plants of other afromontane forests of Ethiopia 

namely Jibat, Chilimo; Menagesha and Wof-Washa forests. 
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T~bre 5: Compar,ison of height class di stribution of woody plants in the Guragc Mountains with 

other afromontane fo rests of Ethiopia . The data about the height ctass d i st~ibulion of woody 

plants in Jibat, Chili~o, and Menagesha and Wof-Washa forests are based on Tamral Bekcle 

(1994). 

Hcil!lu Class (%) Guraee Mountains Jibat Chil imo Menapcsha Wof-W asha 

<9 40.6 25.5 42. 1 38.5 23.3 

9·[2 19.3 24 30.8 J2 21.3 

12·15 14.75 15 .2 15.3 10.8 13.7 

15-18 12.6 14 7.5 I I 13.1 

13·21 5.8 7.2 3.4 2.2 6. 1 

21·24 3.04 3.7 ;< 1 2.2 1.6 

24·27 1.9 3.5 0 I 8 ' 

>27 2.86 6.8 0 <) 12.8 

T~e popu lation structure of the forest patches of the Gurage Mounta ins has relat ively beucr 

resemblance with Mcnagesha and Chilimo forests in tenns the percentage of woody plants 

having height class less than 9 m. 

4.1.4.3 DBH class distribution 

OBH class di stribution of woody plants in the study area shows a similar trend as that of the 

height class di stri bution. Woody plants with DBH class less than 20 em accounted for most of 

.' the plants investigated. Trees w ith DBH greater than 80 em were least represented as shown in 

Figure 12. 
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Fig~re 12: Percentage of woody plants of different DBH class in the study area 

As it is the case for the height class frequency distribution, there is a notable similarity in OBH 

class distribution between the forests of Gurage Mountains and other afromontane fo rests of 

Ethiopia as shown in Table 6. The data about the OBH frequency distribution of woody plants in 

Jibst, Chilimo, and Menagesha and Wof-Washa forests are based on Tamrat Bekele ( 1994). 

Table 6: (:omparison o f DBH frequency di stribution of woody plants in Gura~e Mountains with 

other afromontane forests of Ethiopia. The data about the height class distribution of woody 

plants in Jibat, Chi limo, and Menagesha and Wof-Washa forests are based on Talllrat Bckcle 

(1994). 

DBH Class (%) Gura!!e Mountains Chilimo Jiba! Menagesha wof-Washa 

<20 55 60.8 48.9 56.9 32 .6 

2a.so 28.8 36.5 39.5 32.8 31.7 

50·80 13 II 9.8 6.5 \4 .6 

&0·11 0 2.2 0 I.' 2.5 11.7 

). 110 0.9 0 <2 LI 9.5 

In ·tenns of proportion of woody plants with DBH class less than 20 cm, the forest patches of the 

Gurage Mou ntains have high similarity with Menagesha forest. Wof-Washa and Mengesha 

forests al so higher resemblance with the forests of the study area in the percentage of trees 

having DBH ;Iass of ~O-50 em. In all of these afromonlane forests of Ethiopia, trees with higher 
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DBH classes were least represented. The low representation of woody plams of higher DBH may 

be due to selecti ve logging of those trees for various uses. 

4.1.4.4 Basa l area of most important trees 

The basal area' of most important trees in each of plant communities identified in the study area 

is presented in Table 7. 

Table 7: Basal area of the most important trees in the each of the plant communities identified in 
the study area (subsection 4.3) 

Community I Basal area (m2/ha) 
Podocarpus fafcatus 4H 
Sdlefflera vo/kensi; 6.6 

SYZl~ium Jwineese 13.7 
Olea europea 2. 1 
Olinia rochetiano 1.4 
COllimunitv 2 Basal area (m2tha) 

Acacia abvssinica 6 
Dombe)'o lorrida 3.7 
Junioorus nrocera 41.5 
MawenllS addal 4.6 
OIinio roche/fana • I 
Community 3 Basal area (mVha) 

/lex. mitis 16.4 
}.fajl/enus addaf 2.4 
Olinia roclietialla 5.8 
Pitlosnnrum viridiflorum 2.8 
S)':j'll'ium Ruineese 1.3 
Communitv 4 Basal area (m1/h1!t 
~J'les dimidiata 3.7 
Ha£enia abvssinica 1.14 
Maesa IWlceolata 4.7 
Mvrica salici{oJia 5.5 
Olea eurooaea subso cusvidata II 
Community 6 Basal area (m1/ha) 
Dombe~'a lorrida 9.5 
JU/!iperus nrocera 3.l 
Olea eurODaea 1.6 
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Olinia rochetiQJlo 2 

Schemera va/kensi; 2.9 

4.1.4.5 Species population structure 

The patterns of species population structure for some of most important trees in the study area 

are presented in Figure 13. Such patterns can be interpreted as an indication of variation in the 

population dynamics in the forest (Papma et 01., 1988 cited in Tamrat Bekele, 1994). Three main 

patterns of population of structures were identified as shown in Figure 13. 
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Figu're 13: The population structure of the dominant trees in the Gurage Mountains: A) !lex mitis 

B) Olinia .rochetiana C) PrImus africana & D) Olea europaea subsp clIspidalG. 

52 



Continued (Figure 13) 
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The population structure of: E) Syzygium guineese F) Podocarpus /alcotus G) Hagenia 

abyssinica H) ~uniperi{s procera & I) Dombeya torrida 

Bell shaped frequency distribut ion is the most common pattern of species popu lation structure 

for most of the dominant trees in the study area. Hagenia abyssinica, /lex mitis, Prunus a/rieal/a, 

Podocarpus /a.lcatus, Olea europaea subspp cuspidata and Juniperus procera have bell*shaped 

frequency distribution (population structure) in which number of individuals in the middle 
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diameter classes are . high and lower in lower and higher diameter classes. For Hagenill 

abyssinica. individuals with DBI-l class less than 20 em were not recorded. 

4.2 Plant endemism in the study a rea 

About ten percent of the plants identified in the study sites (Table 8) were endemic or ncar 

endemic to Ethiopia b~sed on Flora of Ethiopia a'nd Eritrea . 

Table 8: Plants endemic to Eth iopia, which were recorded in the study area. 

No Species Distribution Family 

I Acalllhus sennii Chiov. Ethiopia Acanthaccae 

2 Alchemilla haumannii Rothm. Ethiopia Rosaceae 

3 BOlhriocline schimoeri Olivo & Hiem ex Benth. Ethiopia ASlcraceae 

4 Chiliocenhalum schimveri Benth. Ethiopia ASleraceac 

5 Crassocenhalum macropappum (Sch.Bin. ex A.Rich.) S.Moore Ethiopia ASleraceae 

6 Cvnof!iossum densdoUatum Chiov. Ethiopia Boraginaccac 

J Ervlhrina brucei Schweinf. Ethiopia Fabaceac 

8 Eurmns aminor;; (Avena) S. Moore Ethiopia Asleraceac 

9 Haofocarnha haslala Lewin Ethiopia Astcraceac 

10 Helichrvsum fwfel1se Cufod. Ethiopia Asteraceac 

II Illdifl.-;;r;ra rothii Bak. 
Ethiopia Fabaceae 

12 fllllfa conr;rtif/ora A. Rich. 
Ethiopia ASleraccac 

13 Jasmillum stans Pax 
Ethiopia Oleaceae 

14 Ethipia & 

Kafallchae oeli/iana A. Rich. Eri trea Crassulaceae 

IS Kniohofia foliosa Hochst 
Ethiopia Asphodelaceae 

16 Knif)llOfia isoetifolia Steud ex Hochst. 
Ethiopia Asohodelaceae 

IJ Lapvera lomenlosa (Sch.Sip.ex A.Rich.) Oliv. & Hiem 
Eth iopia Asteraceac 

18 Lavatera abvssinica Hutch. & Bmce 
Ethiopia Malvaceac 

19 Leucas stac,,;;Jiformis (Hochst ex Benth.) Brio. 
Ethiopia Lamiaceae 

20 Lobelia rhvllcliooelaium Hems!. 
Ethiopia Lobeliaceac 

11 Mavtenus addat (Loes.) Sebsebe 
Ethiopia Celastraceac 

22 MikanioDsis c1ematoides (Sch. Bip.ex A.Rich.) Milne-Redh. 
Ethiopia Asteraccae 

23 Milletia r;rrllf!inea (Hochst) Sak. 
Ethiopia Fabaceae 

24 
Ranunculus lemb~lIsis Fresen. 

Ethiopia Ranunculaceae 

25 
Salureia nnradoxa (Vatke) Eng!. ex Seybold 

Ethiopia Lamiaceae 
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26 Sellecio fresenii Sch.Bip. ex Oliv. & Hiem Ethiopia Asteraceae 
27 Senecio mvriocenhalus Sch.Bin. ex A. Rich. Ethiopia Asteraceae 
28 Senecio ochrocarous Ol ivo & Hiem Ethiopia Asteraceac 
29 Senecio schultzii Hochst. ex A. Rich. Ethiopia Asteraceac 
30 Senecio unionis Sch.Bip. ex A.Rich. Ethiopia ASleraceae 
31 Solal/ecio lli2as (Vatke 'C. Jeffrey Ethiopia Asteraccac 
32 Ethiopia & 

nrvmus schimoeri Ronn. Eritrea Lamiaccae 
33 Vernonia fUi~era Oli vo & Hiem Ethiopia Asteraccac 

4.3 Cl assificati~~m of the vegetation of the $tudy area 

Hierarchical agglomerat ive clustering with similari ty ratio as a resemblance index and Wards 

group linkage method resulted in a dend rogram with seven distinct commun ities (Figure 14). 
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Figure 14: Dendrogram of the Vegetations of Gurage Mountains. 

Nonmetric multidimensional scaling (NMOS) resulted in an ordination diagram in which the 

configuration of the study plots close!y matches with the resu lt of the agglorati vc hierarchica l 

class ification as shown in Figure 15. 
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Nonmetric Multidimensional Scaling 

o 5 10 

Coordinate 1 

Figure 15: The configuration of the plots in NMDS ordination diagram in which the seven plant 

communities recognized in the study area dist inctive ly shown. This configuration is based on 

floristic simi larity of t~e plots. 

To i'nvestigate how the environmental variables contribute to the configuration plots in NMOS 

ordination diagram (to relate the pl~nt communities in the study area with the measured 

environmental variables), the ax is scores from NMOS were correlated with each variable and the 

result is presented in Table 9. Note that ~he afroalpine community was not included in this part 

of the analysis as soil was not sampled from the afroalp ine plots. See Annex 7 for NMOS 

ordination diagram into which environmental varia~ les are fitted. 
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Table 9: The correlation between axis scores from NMDS and env ironmental variables. The 

significance codes in Table 9 are represented as follows: · ···'0.001 .•• ' 0.0 1 •• ' 0.05. 

Environmenta l variables with significant p-values are presented in the table. 

Variables Coord.! Coord.2 r2 Po>r) 

Sand 0.97 0.2 0.13- 0.005 •• 

Disturbance -0.94 -0.33 0.13 0.006** 

pH 0.92 0.39 0.09 0.0 16· 

Cia, 0.63 0.78 0.36 O.OO J··· 

Altitude 0.33 0.94 0.35 0.001··· 

51000 0.663 0.75 0.195 0.00 1 ••• 

As can be noted from Table 9, the environmental variables such as sand, disturbance, pH, clay, 

altitude and slope have significant impact on. the configuration plots in NMDS ord ination 

diagram. Hence, in line with the arguments of the individual istic perspective, the abiotic 

environmental variabl,es have significant relation with plant communit ies of the sudy area. 

However, not all of the variation in the species distributions of the study area was explai ned by 

the measured environmental variab les. Only 16% of the total variability was captured in the 

eeA (see section 4.5. 1). The implication is that species distribution in the Gurage Maountains 

Could also be affected by a variety of fac tors in addition to responses to environmental gradients 

.. such as species interactions and past hislory; which is in agreement with the arguments of the 

organismal perspect ive. The organi smal view of community ' organization assumes that the 

ecological limits of di stribution of each species cO.incide with the distribution of the community 
. . 

as a whole i.e. · it assumes non-overlapping groups of species response curves along an 

environme~tal gradient. Neverthless, the species·identified in the study area were not necessari ly 

restricted to a single community contrary to the assertion of the organismai perspective. Even 

each of the plant co~mun ities has some ~i milarity in species compostition with the other 

communit ies (see Table II for Jaccard index of similarity between the communties) implying 

Ihat a species's distribution may not unavoidably be restricted to a single community. "Ienec, the 
synth,s.. . I . . 'zation in the Gumgc 

IS perspective could better exp am the plant commumty orgam 
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Mountains as species composition along environmental gradients in the study area has more 

grouping than . would be in agreement with the continuum concept, and morc variation than 

would be consistent with the organismal concept. 

The seven community types recognized in the study area were: 

Community 1: Podocarpusfalcatus-Syzygillm guineense community type 

Community 2: Juniperus procera-Acacia abyssirtica communi ty type 

Community 3: llex mitis- Dlinia rocheliana community type 

Community 4: Olea e~,.opaea subsp cusptidata-Maesa lanceo/ala community Iype 

Community 5: Erica arborea-Hypericum reve/ulUm community type 

Co~munity 6: Dombeya torrida-Carissa spinarum community type 

Community7: A/chemilla haumannii- Haplocarpha /tostota- Lobelia rhynchopetalum community 

type 

Each of these plant communities is characterized by a group plants which show strong 

preferential di stribution in the respective comn:tun.ity. Table 10 presents the list of species with 

Significant indicator values in each community.The probabi lity and indicator values represent 

Monte Carlo tests and the faithfulness of occurrence of the species in the communities identified , 

respectively. 

Table 10: Species with significant indicator values (i n percentage) in each community. Species 

with' highest indicator va lues are balded. The indicator values of the species were considered as 

Significant if the respective probabi lity' va lues were less than 0.05 (Dufrene and Legendre, 1997). 

Species 
, 

Community Indicator value Probability 

POdocarous [a/callis (fhun b. R. B. tx Mi rb. t 85.2 0.001 

klYtium pUilteells;(\Villd.\ DC. I 45.4 0.001 

&~era \lolkensi;{ En!.!:-I~ Harms I 37.3 0.001 

Blechn . I l 6.8 0.001 
14m aUenlla/llm (Sw.) Melt. 

0.00 1 
ACQlllhus senn;; Chiov. I 34.7 
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SeI~inelf(Jcaffrorllm (Mj ldc) Hiem. I J4 0.004 
Pian/arlO orricana Verde. I J2.9 0.001 
III'DOesltS ITiflora (Forssk.) Roem. & Shull. I 29 0.005 
CurdU/1S 5chimoed 5ch.Bip, ex A.Rich. I 28.8 0.003 
Asp/enilllll ceil Pic.-Serm. I 27.3 0.004 
Parochaeflls commllllis D.Don I 27.3 0.005 

PSl'chotrio oraphifo Petit I 27.3 0.004 

Vernonia hochstetler; Sch.Bio. ex WaID. I 27.3 O.OOJ 
Pen/os schimoeriana (A.Rich.) Vatke I 26.8 0.002 
Ach Tospermum schimperi (Hochst ex Briq.) Perkins I 25 0.004 

Sawrt'o paradoxa (Vatke) Ene!. ex Se bold I 24.6 0.008 

GoliunI aparinoides Forssk. . I 23.8 0.008 

I Dryopleris lell'olleana Pic.Seml. I 23.6 0.013 

C\'~/O$SJlm amDIi(olilllll Hochsi. ex A.DC. I 22.5 0.004 

Collilea abyssinica "Kunth & Bounche I 22.3 0.01 5 

Pleclrocephalus varians (A.Rich.) C. Jeff. I 21.5 0.012 

Sonjeu/aelata Such-Ham. ex D. Don I 20.8 0.015 

C/utiaabvssinica Juab. & Soach. I 19.8 O.oJ I 

Ifyptricumqua;/inianllm A. Rich. I 19.5 0.04 

PolJ'$/ichulII wilsonii H.christ I 18.2 0.039 

Sca40xus IIIl1lfi/lorus (Martyn) Raf. I 18.2 O.oJ8 

Sebaea branchvohvlla Griseb. I 18.2 0.048 

Ficus sur Forssk. I 17.2 0.Q35 

Galillmsimense Fresen. I 16.5 0.039 

JuniMrusprocera Hothsi. ex End l. 2 72.7 0.00 1 

Acacia ab 'ssillica Uochst. ex Benth. 2 36.7 0.002 

Mimnio{)sis clematoides (Sch. Bip.ex A. Rich.) Mi lne-Redh. 2 35 0.003 

Jasmimmr £randiflorum L. 2 29.45 0.004 

A/ei;leckia phyl/anlOides Bail! 2 2J 0.017 

P(n"tl/a abvssinica Fresen. 2 20 0.013 

Chiliocephalum schimperi Benth. 2 ·20 0.022 

lIex mitis ( l.) Radlk. 3 42.4 0.001 

Olillia roc/t etiaHa A.J uss. 3 40 0.001 

Solanecio giRas (Vatke l.c. Jeffrev 3 33.9 0.003 

Carex s{)ica/(Jopanicliiaia Bock. ex CB. Clarke J 31.8 0.008 

Sc~ia lheifolia Gile; J J I 0.002 

Kohalllia platvoh 'lla (K.Schum.) Bremek. 3 29.7 0.001 

firerlls alerrimils Steud .. 3 26.2 0.006 

Se/JIIU selJlem/rionalis (Vi v.) Irwin & Barnebv 3 25 0.006 

SlOlllQlanlhes arricO/llIs (Oliv. & Hiem) R.M.Kin~ & H.Rob. 3 23 .9 0.007 
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Perin/oea iineari{olia Quart.-Dill. & A. Rich. 3 23.4 0.01 
Bicienseamponml (Hutch.) Mesfi n 3 22.7 0.0 19 

.. Plee/ran/hlls /anllginoslls (Hochsl ex Benth.) Al!:new 3 21.8 0.0 18 
PrunllS arrieano (Hook.f.) Kalkm ' 3 21.7 0.022 
,.,;;;;;;'us abvssiniclIs (Hochst.) Radlk. 3 IB.7 0.031 
Cle;oden<irum a/alllm Gurke 3 18.6 0.027 

Aeseh nomene obyssinica (A.Rich.) Vatke 3 13.6 0.035 

Olea ellrooaea L subspp cusoidala {Wall. ex G.Donl C'if 4 4B.5 0.001 

Muesa lallceo/ala Forsk. 4 39.3 0.001 

Ach\'ranlhes aspera L 4 2B.6 0.002 

Tenhrosia illlerrupla Hochst. & Steud. ex En~l. 4 28 0.006 

Clematis hirsilla Perro & Guill . 4 27 0.003 

Setaria incrassala (Hochsl.) Hack. 4 26.9 0.006 

Asn/enium aethiopicllm (Buml.f.) Bech. 4 23.S 0.0 17 

[inoia adoensis Hochst. ex Walp var. adeonsis 4 21.7 0.024 

~es dimidiOla E.Mev ex Arn. 4 21.5 0.02 

. Alilraia rosmarini{olia (5ch. Bio. ex WaID.) Oliv & Hiem 4 21.5 0.02 

I Uwl!era cris. 10 (Vah!) Heoper & Wood • 4 IS.5 0.043 

PrOtea I!w!lIedi IF.Gme1. 4 14.6 0.049 

Eriro arborea I- 5 63 0.001 

1I1'lII'ricum rel'Olutum Va hi 5 62.7 0.0 12 

Sideroxv/on camhuIII Baill. 5 2. 0.044 

Euphol'bia Deli/iona A. Rich. I 24.7 0.022 

Vernonia binomini Votke 5 22.7 0.02 1 

OsJ--:'is auadriparlita DeCI/. 
. 5 21.7 0.014 

DOl/lbet-:a torrida (J.F.G rileU P. Ba mos 6 56.9 0.00 1 

CariSSa soil/arum L 6 40.9 0.00 1 

Ihmx:hal'is incognita (Norman) Heywood & Jurv 6 33.3 0.00 1 

COn\!Zasubcao.osa O. HofTm. 6 32.3 0.00 1 

Rumex /leoa/ensu Soreng. 6 31.S 0.002 

Pteris catoo/era Kuntze 6 26.3 0.006 

Macrot 'lama axil/w'e (E.Mey.l Verdc. 6 25.3 0.003 

Knipho/ia {oliosa Hochsl ' 6 24.8 0.005 

CrtlSsoceDha/lllll macropappum (5ch.Bio. ex A.Rich.) S.Moore 6 23.3 0.036 

u:hheria scabra (Linn. f.) Sond. 6 22.9 0.006 

J, . 6 21.2 0.029 
$llIImllll dichotomulII Vahl 

Datura stramonilllll L 6 20.4 0.018 

Jlernonia "rI;ci(olia A. Rich. 6 20 0.027 

Rub"s slellnderi. Schwei nf 6 19.7 0.03 1 

Senccio {resellii Sch. Bip. ex Olivo & Hicrn. 6 19.5 0.0 14 



Me/lera labllla/Q S.Moore 6 19.3 0.03 

Gu/zotia scabra' (Vis) Chiov. 6 1B.7 0.029 

Euphorbia abyssinica GrrieL 6 18.7 0.03 1 

i FJ1·thrino bruce; Schwei n( 6 1B.6 0.031 

Kolanchoe oetitiano A. Rich. 6 17.7 0.04 

Hibiscus macran/hus Hochst. ex A. Rich. 6 17.3 0.028 

Ph '/lan/hus ovalifolills Forssk. 6 16.9 0.028 

/la%carpllo l/astata Lewin 1 62 0.001 

Aiel/emilio houmannii Rothn! . 1 62 0.00 1 

Lobelia rhvllc/l ooetallllll Hems!' ' 1 l6 0.00 1 

Geranillm arabicum Forssk. 1 II 0.00 1 

Alchell/illa abvssinica Freseo. 1 l2 0.00 1 

T~i(olium cnlD/ooodillm Sleud. ex A. Rich. 1 I I 0.00 1 

Bidens lI1acrooter~ (Sch. Bio. ex Chiov.) Mesfin 1 · 44 0.001 

(eraslillm oclandrum A. Rich. 1 44 0.00 1 

Cynogfossllll1 densefo/ia/llm Chiov. 1 44 0.00 1 

CrDems e/e(!Qn/II/US Steud. 7 44 0.001 

Salwe'a simensis (Benlh.) Brio. 1 44 0.001 

SWeTtia IURardae Bullock 7 44 0.00 1 

Carex conjerJa Hochsl. ex A. Rich. 1 38 0.001 

Erica lenllioilos(] (Enl!: l.ex Aim & Fries) Cheek 1 38 0.00 1 

Rammcuflls tembensis Freseo. 1 38 0.001 

Schoenop/ec/Us cor"mbosus (Roem. & Schul~ Rayn. 1 38 0.001 

KrJ!J!...hofi~ scllimperi Baker • 1 33 0.002 

Tri(olium nmflinerve A. Rich. 1 33 0.002 

Pellcedanum mallirolii Chiov. 
1 32 0.001 

Ale lidea veduncufaris Steud. ex A. Rich. 1 31 0.003 

An/hemis IiRreensis l.Gav ex A.Rich. 
1 31 0.002 

Bromus Dectinatus Thunb. 
1 31 0.002 

Corex ervlhrorrhiza Bock. 
1 31 0.001 

Cora simensis Hochst. exA. Rich. 
. 7 31 0.00 1 

De!J!!!iflium dasvcaufon Fresen. 
1 31 0.002 

J.pi~obium slereoohvllum Fresen. 
1 31 0.002 

Fesluco abvssinica Hochsl. ex A. Rich. 
1 31 0.00 1 

Gladio/us abvssinicus (Bromm. ex Lemaire) Coldblatt & de Vos 
7 31 0.002 

Scabiosa columbaria L. 
1 31 0.002 

Senecio ochrocarolls Olivo & Hiem 
1 31 0.002 

Senecio rOr!ozzii Chiov. 
7 31 0.001 

SWtr/iafimbriola (Hochs;)Cufod. 
1 31 0.00 1 

Kn;phofia isoetifolia Sleud ex Hochst. 
1 24 0.003 
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Soillre"o ado:ca(Vatke En I. ex Se bold 7 19 0.021 

Sebaea branch h 110 Griseb. 7 19 0.027 

The species listed in Table 10 show strong preferential distributions in the communities defined 

by clustering. The probabi lity value gives the ~robability of finding higher .indicator value in 

random permutations, .and if th is probability is low, the species is a significant ind icator (Dufrene 

and Legendre; 1997; Oksanen, 2012). The ' indicator values of the species in Table 10 arc 

arranged in decending' order. The species with highest indicator values were used for nam ing the 

communities. Each community is described below. 

Community 1: PodocarpmIa/callls-Syzyg;IIm gtlineellse commun ity type 

Some of the characteri stic plant species in this community were Podoearplls fa/cal/ls, Syzygilllll 

guineense, SehefJlera vo/kensii, Acanthus sennii, Bleehnum atlenllalllm, Se/aginella cajJrorllm, 

Plantago africana, Psycholria oropili/a, Vernoni~ hocilslelleri and Hypericum qllarlini(lflllm. 

The altitude of this community ranges from 2291 to 24 10 m. Average woody plant density per 

plot and per hectare in this community was 167 and 1043, respectively. 

Community 2: Juniperus procera-Acacia abyssillica community type 

Jllniperus procera was the most dominant species in this community type. The characteristic 

species include Juniperus procera, Acacia Abyssinica, Milwniopsis clematoides, JasmillulI1 

,. grandijIorllm, Pavetla abyssinica, Conyz~ megem.'is and Chiliocephalllm sc/Jimperi. Its altitude 

ranged from 2493 to 2897 m. Average 'woody plant density per plot and per hectare in thi s 

Com!nunity was 199 and 1243, respective ly. 

Commun'ity 3: lIex mi/is- OUuia rochetiulla cOl.11munity type 

The characterist ic floras of th is community were /lex mitis, Olinia roche/illl/a, Carex spicalo­

/XlI/jclI/ala, Solanecio gigas, Se%pia Iheijolia, Primus a/ricana, Allophyills abyss;IIiclIs and 
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C1erodendrum a/alum. The altitudinal range of th is community was between 2363 and 2885 m. 

Average woody plant density per plot and per hectare was 181 and 11 32, respectively. 

Community 4: Olea eUfopaeu spp cusp/idola-Maesa lanceolata community type 

. Olea eu'ropaea ssp. cllspidata. Maesa Jonceo/ala, Achyranth~' aspera, Tephrosia interrupta. 

Clema/is hirsu/a, Lippia adoensis, Apodyles dimidiata, Laggera cri~1xlfa and Athrixia 

ro~"){/rillifolia were so me of the characteristic · floras of this community. Average woody pl ant 

density per plot and per hectare in this community was 161 and 1011 , respecti vely. The altitude 

ranged from 2503 to 2766 m. 

Community 5: Erica arborell-Hypericum revo/lllum community type 

Some of the characteristic floras of the community were Erica orboreo, Hypericum revolufum. 

Euphorbia petitiana, Osyris quadripart ita and Sideroxylon oxyacanthum. Average woody plant 

density per plot and per hectare in thi s community was 186 and 11 62, respective ly. 

Community 6: Dombeya torrilla-Carissa spillarum community type 

The characteristic floras of this community include DOlllbeya lorrida, Carissa spl:llorlllll. Agroc/ltlris 

incognita, COllyza subcaposa, Rumex lIepalellsis; Pleris caloptera. Macarallga capel/sis, Croton 

macrostachYlIs, Zehne;ia scabra, Jasmilllllll dichotol1lUIII and Datura stramollilllll. Average woody 

plant density per plot and per hectare was 167 and 1043, respectively. Its altitude ranged from 2312 

to 2~68 m. 

Community_ i: A/chemilla IUllmta,,,,U- Jlaplocarp/ra /raslata-Lobelia rlty"cllOpetalum 

community type 

This community occurs in the heighest altitude of the study area Some of the characteristic 

s~cics of this . community include Hap/ocarpha hastata, Alchemilfa IUIlln/mmii, Lobelia 

rhYllchopet(1lum, Geranium arabicum, Alchemilla abyssinico, Trifolium cryptopodillm, Bidens 
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m(lcroplera, Cerastium octandrum , CynogJossum densefoliolum, Cyperus eJegallf lil us, Salllreja 

sim;nsis,Swertia lugardae, Carex conferta and 'Erica tenuipilosa. The altitude ranges rrom 2980 

to 3588 m. Most of the endemic plants encounter.ed in the area be long to thi s cQmmunilY. 

4.4.1 Sim ilari~ between community types i,n the study area 

Jaccard index of simi larity between the community types is summarized in Table 11. 

Table I \: Jaccard similarity between communities 

Communi! 1 Communi! 2 ComrilUnil 3 Communi! 4 Communi! .5 Communil '6 Communil 7 

Communi! I OAS 0.39 0.34 0.4 \ 0.31 O.IS 

Communi! 2 0.51 0.44 0.52 0.48 0.15 

Communil 3 0.54 0.45 0.4 0.1 

Communi! '4 0.46 0.4 1 0.1 

Communil '5 
0.]9 0.19 

Communi! '6 
0.11 

Communi! 7 

Communi ty 7, the afroalpine community, has relatively low noristic similari ty with olher 

communities in the study area. This could be due to the unique afroalpinc environ ment that 

resulted in comparatively distinict flora. However, community 7 has relative ly higher 

" resemblance with commun ity 5, the eri caceous community, due to their geographica l prox imity. 

Re latively higher simi larity was also noted between community 3 and 4 which may be due to the 

fact that the most of the plot~ belonging to these communities were investigated from areas that 

are relatively close to each other that could result in a higher resemblance in their floristic 

composition and hence a higher index of similarity. 

4.4.2 Floristic similarity between the forest patches of Gurage Mountains and other forests 
in Ethiopia . . 

Floristic resemblance between the forest patches of the Gurage Mountains and olher forests in 

Ethiopia was ,compared by using the woody species floristic data from other researchers: 

Menagesha Suba fore~l (Sebsebe Demessew, 1980; Tamrat Bekele, 1994), Jemjem forest (I-I ailu 
· 6S 
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Sharew, 1982). Jibat. Chilimo and Wof-washa forests (Tam rat Bekele, 1994) and Oodola forcst 

(Kitessa Hund.era, 2003). Jaccard index of simi larity between these forests is summarized in 

Table 12. 

Table 12: Jaccard simi larity between the forest patches of the Gurage Mountains and other 

fore~ts in Ethiopia 

Altitude (m) Gurnge 
Mountains Jibat ChilinlO Mcna csha Suba Wof·washa JCIII 'cm Dodola 

G. c Mountains 
2290·2940 0.42 0.33 0.45 0.36 0.19 0.27 

Jibal 
2200-2900 0.48 0.54 0.36 0.26 0.28 

Chilimo 
2400·2800 0.53 0.5\ 0.22 0.24 

Mena csha 
2400·3000 0.43 0.25 0.35 

Wof·washa 
2400·3000 0.21 0.31 

Jcm'cm 
1570· 1940 0.21 

Dodol' 
2400·3300 1 

The forest patches in the study area have :relatively higher floristic resemblance with Mcnagcsha 

Suba fores t. Th is can be due to the relative geographic proximity of the Menagesha Suba forests 

to the fo rest pat~hes of Gurage Mountains. ~he Jorests in the study area have least floristic 

simi larity . with Jemjem forest which can be due to their comparative ly wide geographic and 

altitudinal differences. Forest patches of the Gurage Mountains occur at altitude range of 229 1-

2940 m whereas Jcmjem forest occurs, according to Hailu Sharew (1982), at altilUde range of 

1570-1 940 m. 

4.4.4 Expected and es timated spec.ies r ichness of the communi ties 

4.4.4.1 Expected species richness 

Sample-based rarefaction was used to dompute the expected species richness of each of the 

com~unities in the study area. Table 13 shows the expected species richness of each community 

i.e-. the rate at which new species were included 'v i s~a-v is the number of samples. 
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Table 13:· The expected species richness of the plant communities In the study area based on 

bample.based rarefact~on . Sobs represent the tlui expected species richness whereas LB and UB 

represent the Lower and upper bounds of the .expected species richness . N represents number of 

samples and the commun ities are represented by C 1-7. 

N 1 2 3 4 S 6 , 8 9 10 " 12 13 14 " 16 11 18 19 20 .. '" "' n M ' '" '" ,. m ,. ,. 
'" 

, .. '" '" • n> '" '" '" '" '" m '" 
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,. ,. ,n ,. m on on 

U JD '" 
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C6 " ., n> ,. ,. 
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The expected species richness values were used for ploting the species aecllmulation curve of 

each community. Such species accumulation curves have been used for quantitative comparison 

among spec ies assem~ lages (Mao et 01., 2005; Adane Ginna, 20 11). Accordingly. sam ple based 

rarefaction curves of the communities identified were jointly plotted to faci li tate species richness 

comparison and is presented in Figure ,16. 
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Figure 16: A jo int plot of sample·based rarefaction curves of the communities ( 1·7) showing 

expected richness as a fu nction of sampling effort . Y-axis represents species richness whereas x­

axis represents number of plots studied. 

lfwe compare the species ri chness of the communities at a point on the rarefaction curve (Figure 

(6) corresponding to the communities ~ilh the lowest number of plots i.e. 11 plots, community 2 

had highest species richness (which is about 1,80 species); whereas communi ty 7 had the lowest 

species richness (about 100 species). Th~ low species richness of community 7, the afroa lpine 

community. is due to the fact that relatively low numbers of species are capable of coping up the 

afroalpine environment. Detai led discussion on s~ies species richness controlling variables in 

the study ~rea is presented in section 4.6. . 
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4.4.4.2 Estimated species richness 

The estimated number of species in each community, which were predicted by various species 

richness estimators, is presented in Figure 17 A and B. The estimation can give an insight into the 

' true' species r.ichness of the cOlT! munities (e.g. see Duan el al., 2010; Adane Ginna, 20 11 ). 
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Figure 17: Observed and estimated species richness of community 1 A, The so lid line represents 

the observed richness (Sobs) whereas the dashed lines represent estimated richness using non 

parametric sf?ecies richness est imators. 
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Observed and estimated species richness of community 5·7. The solid line represents thc 

observed richness (Sobs) whereas the dashed lines represent estimated richness using non 

parametric species richness estimators .. 

.. In community one, the observed species richness was 143 whereas the minimum and maxi mum 

estimated species richness were l SI (ACE mean) and 174 .<Jack 1 mean). respecti vely. In 

community 2, the observed species richness was 200 while the minimum and maximum 

es~imated richness were 210 (ACE mean) and 23S·(estimated by Jackl mean), respectively. The 

Observed species richness, minimum and maximum estimated species richness in community 3 

Were 177, 186 (ACE mean) and 210 (Jack 1 mean), respectively. In community 4, the observed 

species richness was i 45 whereas the minim.um and maximum estimated species richness were 

153 (predicted by ACE mean) and 173 (Jack I mean), respectively. The observed species 

richness, mi~imum and maximum est imated species in community 5 were 152, 162 (predicted by 
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Chao! mean) and 285 (Jack ! mean), respectively. In community 6, the observed, the estimated 

mini,mum and maximum species richness were 164 , 170 (Chao !) and 196 (Jack I mean), 

respectively. Hence, in a ll of the communities, the species richness estimators predicted higher 

richness than the observed species richness implyi ng that the ' true' number of species in each 

commu nity was greater than the recorded number. Jackn ife predicted the highest richness in all 

of the communities. Hence, though small' patches, the forests st~died were characterized by high 

species richness. 

4.5 Relationship between plant communities and environmental variables 

Comm unity- environment relations were investigated using canonical correspondencc ana lysis 

and analysis of variance. The afroalpine community was not inc luded in this part of anal ysis as 

soil was not sampled in the afroa lpine part of the study area. 

4.5. 1 Canonical Correspondence Analys is 

Stepwise variable selection revealed that onl y seven variables (Table 14), among the thirteen 

variables considered in the present study '(altitude, slope, disturb;ance, pH, phosphorus, electrical 

conductivity, sand, silt, clay, total nitrogen, organic carbon and carbon nitrogen ratio), wcre 

significantly related to the vegetation di stribution pattern of the study area. 

Table 14: Variables hav ing significant relation with plant distribution patterns of the study area 

(selected through stepwise variable se lect ion procedure). The significance codes in Table 14 arc 

represented as fo llows: ' •• ' 0.01 '.' 0.05. 

Dr A[e F Pn>F\ 

Altitude I 394.8 7 0.005 •• 

Slope [ 397 4.8 0.005 .. 

Disturbance [ 397 4.6 0.005·· 

lpH [ 398.9 2.9 O.OOS·· 

Clay I 399.5 2.3 O.OOS •• 

Sand [ 400 1.6 0.032 • 

C~( carbon nitrogen ratio) [ 39[ 1.5 0.038 • 
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These seven variables were. therefore used as c . . . . . ' . ' onstrammg variables in canonica l 

sows t e re atiOnshlps between the correspondence analysIs. The eCA diagram (Figure 18) h h i' . 

. a es. plant communities in the study area and environmental vari bl 
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Figure 18': 'Ordinat ion diagram di splaying the {irst twO ordination axes of €CA sum marlzmg 

direction of innuence of environmental variables on the plant communities oCthe study area. The 

vectors show direction of influence of the variables. 

As can be noted in Figure 18, the configuration of the study plots in the eeA diagram is in 

agreemem with the outputs of the c las~ i fication . Signi ficant correlat ion was found between eeA 
axes and all of the seven environmental variables (altitude, slope, carbon nitrogen ratio, sand, 
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distl!rbance, clay and pH) which were se lecte~ t~rough stepwise variab le selection procedure 

which is presented in Table IS. 

Table IS: Correlation-(intraset correlation) between the variables and ordination axes showing 

how we ll the species ,correspond to the measured environmental variables. Significance codes 

represent: ''''U ' 0.00 ' •• ' 0.0 1 '.' 0.05 . 

CCAI CCA2 r2 P r(>r) 

I pH -0.26 -0.96 0.34 0.001 ... 

Sand 0.85 -0.5 0.10 0.01 7· 

Clay -0.74 0.7 0.18 0.002 •• 

CN 0.73 -0.68 0.10 0.0 \2· 

Disturbance 0.99 0.11 0.50 0.001 ... 

Altitude 0.99 -0.08 0.76 0.001·" 

Slope 0.62 .(j.77 0.55 0.001 ••• 

11ence, altitude. s lope. sand, disturbance, pH and clay have significant relation with the plant 

communities of the study s ites as they have a signi ficant correlation with the eeA axes. The 

highest canonical coeflicient scores on eeA axis I were positively related to al ti tude, 

. disturbance and sand. Canonical coefficient scores on axis 2 were strongly related to slope and 

pH. Community 5, the ericaceous belt, is hi ghly correlated with higher va lues for altitude as 

might be expected. Community I , Podocarplls !alcatus-Syzygium gllin(!cmse community. is 

. correlated with higher so il clay content. Dombeya torrida-Carissa spinarllm and Olea ellropaca 

spp cusptidata-Maesa Icmceo/ala com~unity types are correlated with higher pH values 

(rela.tive ly alkaline soi l). 

Proportion of Vnr iability Explained by the Co.nstraining Va riables 

The proportion o f variability in the community com position exp lained the constai ning variables 

in CCA are summarizes as fo llows: 

Inertia Rank 

Total 7.4 

Constrained 1.0 7 
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unconstrained 6.4 76 

Eigenvalues for constrained axes: 

CCA I CCA2 CCA) 

0.27 0.24 0.15 

CCA4 

0.12 

Partitioning of mean squared contingency coefficient: 

Total 

Constrained 

Unconstrained 

Inertia 

7.4 

1.0 

6.4 

Proportion 

1.0 

0.16 

0.84 

CCA5 

0.10 

CCA6 

0.08 

CCA7 

0.07 

The eCA output output outlined above shows that only 16% of the total variabil ity was captured 

in the CCA. Since seven environmental variables were used as constrain ing variables, there were 

seven constrained eigenvalues. The first CeA axis had an eigenvalue of 0.27 which indicates that 

about 27 % of the constrained variability explained by this axis which is positively correlated 

with altitude, di sturbance and sand. The second and the third eCA axes accounted fo r 24% and 

.. 15%, respectively of the explained constrained variability. The first two eCA axes accounted for 

51 %ofthe constrained variabil ity. 

4.5.2 Ana lysis of Variance 

Community-environment relation was also assessed using ANOVA. Boxplots and the 

concomitant ANOVA tables are presented this section. Note that only environmental variables 

that have significant d ifference among community types are presented here. See Annex 4 for 

ANOVA tab les of variables which did not have significant relation with the plant community 

fonnat ions in the study area. The variables that have significant relations with communities in 

the study area are grouped into three categories: topOgraphic variables, disturbance and edaphic 

variables. 
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4.5.2.1 Relation between topographic variables and the plant communities 

Figures 19 and 20 show the box plots of altitude and slope, respectively of the S IX plant 

communities in the fo~est patches of the study rea. 

Altitude 

o -
• • • 

FigUre 19: Boxplot of community types vs. altitude. The y-ax is represents the square root of the 

altitude of the plots studied. 

Figure 19 shows that there is considerabl,c variation in altitude among the plant communities of 

the study area. Hence, altitude has considerable relation with plant community formations in the 

study area . Commun ity 5, the ericaceous community, occurred in relatively higher altitude. Table 

16 presents the results of the anal ysis of varianc~ using altitude as a response. 

Table 16: Analysis of variance table (using altitude as response). The significance code ' ••• ' 

represents 0.06. 

Df Sum So Mean So F value 1 Pr(> F) 

as.ractOr(Communitv) 5 1946186 389237 8.785 < 2.2e- 16··· 

Residuals 78 385359 4941 
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F,\'a!ue in Table 16 is .greatcr than I and p-value is I ~ss than 0.05. Hence, thc variability between 

the community means (in altitude) was greater than that we wou ld expect by chance alone. If 

none of the communities had relation with altitude, then the va,riation in altitude between plots 

within a community could be the same as the variation in altitude between plots in different 

communities and hence F-value could nearly be 1.·The implication is that the plant communities 

in the study area significantly differ in altitude. Pair-wise comparison of mean va lues of the 

environmental variables is presented in Annex 5: 

Similarly, there was a notable variation in slope amongst the communities (Figure 20) . 

.. ". 
• 

-• -....:.... ; 

I • • 
I 

, 

• • 
'" , • , • 

. Figure 20: B~xplot of community types vs. steepness slope. The y-ax is represents the square root 

of the slope of , the plots studied. , 

A 
" " " f " 'slope among plant communities 

, S illS the case for altitude. there IS clear pattern 0 van at Lon m 
of the study area implyi ng that slope' has a considerable relation with the communities. 

Community 5, the ericaceous community, occurs in the relatively steep slope of the study area 

h
"I' , ' . se community occurs in relatively 

W I e community I, Podocarpils !alcatus-syzygmm gumeen • 
" " " I s response is pres.ented in Table 17. 

genlL le slope. The results of analysis ofvarLance usmg s ope a 
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Table \7: Ana lysis of variance table (us ing slope as a response). The significance code .••• . 

represents 0.00. 

Of Sum S Mean S F value P >F 

as.facto 5 8361 1672.2 2.S 6.6e-14·" 

Residuals 78 5792.3 74.3 

Table 17 shows that F-value is greater than I and p.value is less than 0.05 using slope os 

response. Hence, the variability between ,the community means (in slope) was greater than the 

one that might be expected by chance. Hence, the communities were signifi cantl y difTerent in 

slope impling that it has signi ficant relation with plant distribution patten of tile study area. 

4.5.2.2 Relation between cdaphic variables an~ the plant communities 

One of the edaphic variab les that have clear pattern of variat ion among communities of the 

Gurage Mountains is the clay content of the soi l as shown in Figure 21. 
,~, 

• • ! -
• 

,. 
, 
~ 

Figure 21: Box plot of community types vs. clay content of the soil. The y ~x is represents the 

square root of the clay content of the soi l. The significance of the variation is shown in Table 18. 
. . 

Table 18: Ana lysis of variance table using clay as response. The significance code ' •••. 

represents 0.00. 
F value p >F) 

Mean S Of Sum S 0.0007··· 4.75 5 1768 353.6 asJactor(Communit ) 
74.4 Residuals 78 5806 
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Using clay as respons~. the analysis variance (Table 18) resulted in F-value greater than I and p­

value less than 0.05. Hence, the variabi lity between the community means (i n clay) was greater 

than that we would expect by chance. The implication is that the clay content of the soil has 

significant relation with the plant communities of the study area. 

The other edaphic variab le that has significant difference amongst the communities is the sand 

content of the soi l as shown in Figure 22 and Table 19. 
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Figure 22: Boxplot of community lypes vs. sand content of the soil . Y-axis represents the square 

TOOl of the sand of the soi l in each community. . 

As can be inf~rred from Figure 22, there is a clear pattern of variation in the sand content of the 

, soil in each communit~. The significance of the difference is presented in Table 19. 

Table 19: Analysis of variance table using sand as response. The significance code .• . represents 

0.05. 

Dr Sum Sa MeanSa F value Pr(>Fl 

asJactor(Communitv) 5 705 141 2.5 0.04 • 

Residuals 78 4394 56.3 
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Using sand ~s response, the ana lysis variance (Table 19) resulted in F-value greater thall I and p­

value less than 0.05. Hence, the variability between the community means (in sand) was greater 

than that we wou ld expect by chance. Hence, sand content of the soil has signi fanct relation with 

plant community formations in the study area. 

Cleaf pattern of varia~ ion was also noted in soil pH among the plant communities of thc study 

area as shown in Figure 23. 

, 
" 
" 

" 
3 • , • 

Figure 23: Bo~p lot of communit~ types vs. pH of Ine soi l. Y- ax is represents the square root of 

Ihc pH of the so il in each community. 

The significance of the difference in soil pH between plant communities of the study areu is 

presented in Table 20. 

T bl 2 
.' ':1 H response The significance code ; ••• . 

a e 0: Ana lYSIS or vari ance table uSing SOl P as . 

represents 0 00 

Of Sum Sa Mean Sa F value Pr(>F) 

as.factonCommunitv) I 5 10.3 2 8.2 2.ge-06 ••• 

Residuals 78 19.6 0.25 
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As can be noted from the ANOYA table (Table 20), there is a significant difference in soil pH 

between the plant communities of the study area wh ich implies that pH has significant relation 

with the plant community fonnations in the Gurage Mountains. 

4.5.2.3 Relalion between disturbance and the plant communities 

As it was the ca.se for edaphic and topographic variables, there was a considerable paltcm of 

variation in di sturbance between the plant communities of the Gurage M.ountains (F igure 24). 

Dllturblonee 

-~ 

, 

I 
i ~ 

~ 
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Figure 24: Bo~p lot of,community types vs. di sturbance. The y-axis represents the square rool of 

disturbance values. 

The significance variation in disturbance between the plant communities of the Guroge 

MOuntains is presented in Table 21. 

. ' Ii code ••••. 
Table 21: Analysis of variance table using disturbance as response. The slgnl lcance 

represents 0 00 

Dr Sum Sa Mean Sa F value -"">Fl 

asJactor(Communitv) 5 1060.7 212 13.6 IAe-06 ... 

Residuals 78 1212.8 15.s 
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Using disturbance as response, the analys is varia!lce (Table 21) resulted in F-value greater thon I 

and p_value less than 0.05. Hence, the variability between the communi ty means (in di sturbance) 

was greater than that .we would expect by chance implying that disturbance has a significant 

relation with the plant community format ions in the Gurage Mountains. 

4.6 Relat ion between environmental variables and species r ichness 

There was considerab le variation in species richness across the study sites (see Figure 9). 

Amongst the predictor variables cons idered in the present study, a subset of environmental 

variables with strongest iilnuence on lhe species richness pattern of the Gurage Mountains werc 

selected through genera lized linear modeling. The steps fo llowed in the v<lriablc sclection 

process and the resulting outputs of the selection process are discussed below. 

Step I: Addition of one predictor variable 10 the null model 

This step was intended to test how do an addition of onc environmenwi vari<lble to the null 

model changes Ale , dev iance and F-valuc. Table 22 presents changes in Ale. deviance and F­

value upon addition of one parameter to the null mod~ l . 

Table 22: Change in A1C, Deviance and Corresponding F-valucs if one variable was added to the l1ull 

model (Current model : Species richness _ +1). The significance codes in Table 22 arc rcprcscntl:d ,LS 

foll ows: ' ... ' 0.00 ,u' 0.05 '.' 0. 1 " 1 . 

Variable added Df Deyiance Ale F value' PrtF' 
DistUrbance '1 47.4 503.3 61.7 1.3e- 11 ... 

Altitude 1 59.8 515.7 31.8 2.3e-07·" 

~loo< '1 71.2 527 13.7 0.0004 .. -

pH 1 75 531 8.7 0.004 .. 

Organic carbon 1 80 536 3.2 0.078. 

Carbon nitrogen ratio 1 80.2 536 3 0.085 . 

""""" 83 537 
Total nitrogen 1 81 537 1.8 0.17 

EC 1 82.6 538.6 0.4 0.5 1 
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PllosphOfllS 1 82.9 538.8 0.14 0.7 

50"" 
1 83 538.9 0.06 0.8 

Clay 1 83.1 538.8 0.02 0.89 

Silt 1 83 .1 538.8 0.01 0.91 

As can be inferred from Table 22, there was significant change in Ale, dev iance rind 

correspond ing F-va lucs upon addition of some of tile environmental variables such as al ti tude, 

disturbance, slope and pH to the nu ll model i.e.variables slich as altitude, disturbance, slope. and 

pH had signi ficant ly higher F-value at th is step. 

Smal ler Ale shows the better the mode l. Similarl y, smaller dev iance ind icates a beller model. 

Higher F-value also shows a better model. Given these criteria, addition of disturbance to the 

null mode l led to greatest reduction in Ale and dev iance as well as a signi fican t increment in F­

value. Addition of distu rbance parameter resulted in a drop in the Ale from 537 to 503.3. 

showing that disturbance had strongest infl uence on the plant spec ies richness of the Gumge 

Mountains. The signi ficant impact of disturbance on the species richness pallern was also 

infe rred from deviance reduction. The deviance of the null model was 83 whereas the deviancc 

of upon addition of disturbance was 47.4. The fraction of deviance explained by a model wi th 

disturbance alone was ca lculated as follows: 

Null dev iance = 83 

Deviance upon addit ion of di sturbance to the null model = 47.4 = Residual deviance 

Fraction of deviance ex plained by disturbance = (83-47.4)/83 = 0.43 = 43% 

This shows 43% of the noted variat ion in species. richness was explai ned by a model wi th 

disturbance i.c. upon addition of disturbance to the null model. This has an import3l1l implication 

for conservation planning. Disturbance mini mization should be one of the measures that should 

be considered for successful vegetat ion conservation in study area. Sec sect ion 4.6. 1 for fu rther 

discussion on impact of distu rbance on species richness. 
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As disturbance was ~he most significant environmental factor influencing the plant species 

richness of the study area, the se lection algorism was continued with disturbance 10 identify the 

second most important variable. 

StC112 : Addition of one predictor variable to a model with disturbance 

This step was intended to test if there was significant change in Ale, deviance and r va lues upon 

oddition of one predictor variab les to a model with the most significant varinble in the preceding 

step (I.e. di sturbance). Changes in AIC, deviance and F-value upon addition of one plIramclcr to 

o model with disturbance are presented in Table 23: 

Tobie 23: Change in AIC, Deviance and Corresponding F-values if onc variable was lidded 10 a 

model with disturbance (Current Model: Species riChness-Disturbance). The significance 

codes in Table 23 are represented as follows: ' . ' 0.01 &" I. 

Variable added Of Deviance Ale F value PnF) 

Altitude I , 44 502 6 0.0\5· 

<none> 47.4 503.3 

SI.pe I 45.9 503.8 2.6 0.1 

oH I 46.5 504.5 1.5 0.22 

Organic carbon I 47 504.59 1.26 0.26 

Total nitrogen I 47 504.74 . I 0.32 

Carbon nitrogen 
ratio I 47 504.82 0.85 0.35 

Silt I 47.2 505.13 0.31 0.57 

Elctlricai 
conductivity I 47.3 505.2 0.2 0.65 

Phosphorus I 47.37 505.27 0.08 0.78 

CI" I 47.39 505.29 0.05 0.82 

Sand I 47.4 505.3 0.03 0.85 

T bl d ding F-valucs upon addition 
a e 23 shows a significant change in AIC, deviance an correspon 

of altitude to a model with disturbance i.e. altitude had a significantly higher F-value 01 this step. 
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Given Ale and deviance reduction as criteria for measuring goodness of fit , addition altitude to a 

model with di sturbance led to the most optimal model in this step. The add ition of altitude 

resu~ted in a drop in the AIC from 503.3 to 502, showing a significant relationship between 

species richness and alt itude in addition to distu~bance. Deviance reduction also showed the 

significant impact of alt itude on the species richness pattern of the study area . The deviance of 

thc null model is 83 whereas the deviance of upon add ition of altitude to a model with 

disturbance is 44. The fracti on of deviance explained by a model comprising both altitude and 

disturbance was ca lcu lated as fo llows: 

Null deviance = 83 

Deviance upon addit ion of alt itude to a model with disturbance = 44 = Residual deviance 

Fraction of deviance explained by di sturbance and altitude = (83-44)/83 = 0.47 = 47% 

The .main inference from second step was that 47 % oflhe noted pattern in species richness was 

explai ned by a model with disturbance and altitude i.e. upon addition of altitude to a model wi th 

disturbance. Hence, alt itude was the second most significant envi ronmental factor in nuencing 

plant richness in the sites studied. See section 4.6.2 for further discussion on impact or altitude 

on species richness. 

The second step showed that altitude was the second most important variable that had to be 

added to the optimal model and hence ihe se lection algorism was continued with disturbance nnd 

altitude. 

Step 3: Addition of one I)rcdictor \'ari~blc to a model with disturbance and nll itude 

This step was intended to assess if there waS an ·improvement in Ale, deviance and F values 

upon addition of one predictor variable to a mod~1 with the most significant variables selected in 

the preceding steps (i.e. disturbance and alt itude). Except for pH, Table 24 shoWS. there was no 

Significant change in AIC, dev iance and corresponding F-values upon addition of each of the 

enVironmental variabl~s listed in Table 24 to a model with disturbance and altitude. 
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Table 24: Change in ~IC, Deviance and Corresponding F-va lues if one variable was added to n 

model with disturbance and altitude (Model: Spccics richness-Oisturbance+All it udc). The 

signilicance codes in Table 24 are represented as follows: '. ' 0.01 & ' . I. 

Variable added Of Deviance Ale F val ue Pr(F) 

pH I 42.2 , 501.22 4.9 0.02 • 

<none> 44 502 

Organic carbon . I 45.8 505.7 . 1.3 0.25 

Slope I 45.8 505.75 1.2 0.26 

Total nitrogen I 45.9 505.8 1.16 0.28 

Carbon nitrogen ratio I 46.2 506.07 0.68 0.4 

Eelectrical conductivity I 46.4 506.29 0.29 0.58 

Silt I 46.4 506.3 0.28 0.59 

Clay I 46.47 506.37 0.16 0.68 

Phosphorus I 46.54 506.44 .0.05 0.81 

Sand I 46.57 506.47 0.004 0.94 

Using Ale and dev iance reduction as criteria for rm::asuring goodness of fit , addition pH 10 1I 

model with disturbance and altitude led to a relatively better/optimal model in this step. Add ition 

of pH resulted in a drop in the AIC from 502 to 501.22 and a reduction in deviance from 44 to 

42.2 as shown in Table 23. The dev iance of the ~ul1 model was 83 whereas the deviance of upon 

addition of pH to a model with disturbance and altitude was 42.2. The fraction of deviance 

explained by a model comprising disturbance, alti tude and pH was calculated as follows: 

Nu ll deviance = 83 
Deviance Upo;l addition of pH to a model with disturbance and altitude = 42.2 ... Residual 

deviance 

Fraction of deviance explained by disturb~nceJ altitude and pH == (83-42.2)183 = 0.49 == 49% 
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1.lcncc. 49% of the variation in species richness pattern in the Gumge Mountains was explained 

by [1 model with disturbance, altitude and pH ·i.c. upon addition of pH to a model with 

disturbance and altitude. Th is step showed that pH was the other variablc that had to be added to 

the model. The selection was continued with disturbance, alt itude and pH in the next step. 

Stcp.4: Addition of one predictor va ria ble to a model with d isturba nce, a lt itud e lind I,ll 

In this step, the significance of changes Ale, deviance and F val ues upon addi tion of one 

predictor variahle to a model with the most s ignific~nt variables selected in the preced ing steps 

(disturbance, altitude and pH) was assessed and the output is presented in Table 25. 

Table 25: Change in A le, Deviance and Corresponding F·valucs if one variable was added 10 (I model 

"ilh· disturbance. al ti tude and pH (Model: Spet:ics.richncss-Dislurbllncc+A lIi lud c+pll). The 

significance codes in Table 25 are represented as follows: ' . ' 0.05 & •• I . 

Of Deviance AIC F value PdF) 

Slope I 39 500.96 4 0.046 · 

<none> 42.2 501.22 

Carbon nitrogen rat io I 40.8 504.7 0.6 0.43 

Clay I 40.90 504.8 0.39 0.53 

Electrical conductiv ity I 40.91 504.81 0.38 0.54 

Silt I 40.94 504.84 0.33 0.56 

Total nitrogen I 40.95 504.85 0.31 0.57 

Phosphorus I 41.06 504.96 0.1 0.74 

Sand I 41.09 504.99 0.03 0.84 

Th . . .. IC r: 50 I 2? to 50096 and a reduction in e addItIon of s lope resulted 10 a drop 10 the A lrom . - . 

deviance from 42.2 to 39 as shown in Table 25. ·The deviance of the null model was 83 whereas 

the deviance of upon addition of slope to a model with di sturbance. altilUde and pH was 39. Thc 

fmelion of d~v i ance . explained by a model comprising disturbance. ahitudc and pH was 

calculated as follows: 
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Null deviance ::: 83 

Deviance upon add ition of slope to a model with disturbance. alLitude and pH = 39 - Residual 

deviance 

Fraction of deviance ex plained by disturbance, altitude, pH and slope is = (83·39)183 - 0.53 -

53%. This implies that 53% of the variation in species richness pattern of the Gumge MOUillains 

was ex plained by a model with disturbance, alt itude, pH and slope. Hence. the selection WIIS 

continued with dist urbance, altitude, pH and slope In the next step. 

Stcp.5: Addition of.one pred ictor va r iable to 11. model with disturbance, aitilllde, pi-I llUe! 

slope 

In this step, the signifi cance of changes Ale, dev iance and F va lues upon 'Iddition of one 

predictor variable to a model with the most significant variables selected in the preceding steps 

(disturbance, altitude, pH and slope) was assessed and the output is presented in Table 26. 

Table 26: Change in AIC, Deviance and Corresponding F·values ir one variable was added \0 a model 

Ilith disturbance. altitude, pH and slope (Model: Species, riebness- Disturbancc+Altit udl'+IIH+Slope). 

The significance codes' ' represents \ . 

Variable added Dr Deviance Ale F value PnF) 

<none> 39 500.96 
Carbon nitrogen ratio I 38.7 504.64 0.63 0.42 

Electrical conductivity I 38.82 504.72 0.48 0.48 

Total ni trogen I 38.90 504.8 0.32 0.56 

Si lt I 38.98 504.88 0. 17 0.68 

Clay I 38.98 504.88 0. 16 0.69 

Sand I 39.06 504.96 0.007 0.93 

Pho'!pborus I 39.06 504.96 0.002 0.96 

Table 26 shows that the current model, the mode l with disturbance+altitudc+pH+slopc « none» . 

Was the most optimal model as it had lowest Ale. The resulting optimal generalized linear model 

had I . b I( t d ~ pH and slope. Funher model On y four environmental variab les namely dlstur ance, a lU I:, 
S~·fi . . . Ale va lues indicating a reduced fil. 
t'~ ... 1 Icallons, as shown in Table 26, led to an mcrease m 
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Besides, addition of other environmental variables (l isted in Table 26) did not lend to significant 

improvement in F-values. Hence, the stepping should be stopped at this step i.e. when <none> or 

the current model was at the top. A predictor variable need not be added to the model if it docs 

not have a statistica ll y. significant effect on the reponse variable.That is, if in the presence of the 

other variables already in the model, there is no statisticall y significant rel ationship between the 

respOnse variable and the next variable to be added, addition of new predictor v .. rinbles should 

be stopped. The select ion procedure is stopped whcn the p-value for the F level is grealer than 

some fi xed level; often, the fixed level is taken to be 0.05 (van Belle et al., 2004). Note that all of 

the vllriables in Tab le 26 have p-value grt<ater than 0.05. 

It is .(0 be recalled that the steps 1- 5 were intendc.d to select a si mple model so that a subset of 

variables wi th strong influence on species richness pattern of the study area were recongizcd. 

Hence, stopping the stepping at this step yielded a parsimonious model ,tnd nvoidt'<! 

Qverparameterizati on. "n other words, the variables listed in Table 26 did not lead to significant 

reduction in Ale and . hence these variables need not be included in the optimal model. Thus. 

disturbance, altitude, pH and slope were the subset of variables amongst the variables considered 

in the present study that signficantly explained the variation in the species richness pattern of the 

study sites. Th is vari ab le reduct ion is based on Occ(lm's razor principle (principle of parsimony) 

which states that hypotheses need not be multiplied beyond necessity (Orocque and Buckney, 

2003; van Belle e/ al. , 2004). 

The 'optimal model , which comprises only four of the measured environmental variables for 

purpose of thi s study (d isturbance, altitude, pH and slope), explai ned on ly 53 % of the deviance 

(variation) in species richness of the Gurage Mountains. This would not be surprising since there 

are many factqr5 that can govern species richness other than the variables measured for purpose 

of the present study . . For instance species richness can be governed, among other things. by 

climatic variables (Pausas and Austin, 2001; Gentry, 1988; O'Brien, 1993) by local biotic 

interactions such as compet ition (Brown and Lornolino, 1998; Pausas and Austin. 2001). Ifsuch 

variables were' considered, the explained variability ~ould be greater than the amount explained 

by the opti mal model. 
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4.6.1 Relat ion between disturbance and plant ~pecies r ichness 

e most Important factors that Generalized linear modeling revealed that disturbance is one of th . 

govern patterns of plant species richness in the Guroge Mountains (Table 22). The scatler 

diagram of di sturbance and species richness is shown in Figure 25. 
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Figure 25: Disturbance vs. species richness pattern in the study area. The direclioll of the 

regression line suggests that there is a negative relationship between species richness and 

I ' Isturbance. The small dots represent the plots studied. 

Figure 25 shows that there is a steady decrease in species richness with intensification of 

distUrbance in the study sites. This finding has an important implication for vegctnlion 

conservation in the study area. Since disturbance was found to be one of the mosl important 

factor'n G M · . 10 uencing the .pattern of species richness pallcm in the urage ountmns, conservation 
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planning in the study .area should take disturbance mitigation as main conservation intervention 

strategy. 

4.6.2 Relation between alti tude and plant species richness 

Generalized modeling showed that altitude is the second most important fac tor influencing the 

pallcm of plant species ri chness in the, Gurage Mountains (Tables 22 and 23). The scatter 

diagram of altitude vs. species richness in the study area is shown in Figure 26. 
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Figure 26: Alt'itude vs. species richness patte~n in the study area. The direction of the regression 

I· . .' be . h ss and altitude The small dots 
Ine suggests there was a negat ive relationshIp tween riC ne . 

represent the plots stud ied. 

Figure 26 shows that there is reduction 10 species richness in the Gumge Mountni ns with 

InCTCase in altitude. 
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4.6.3 Relation between pH and species richncsss 

General ized linear model ing revealed that soil pH is one of the variables with significant re lation 

10 the patterns of variat ion in species richness in the study sites. Figure 27 shows the relationship 

between species richness and so il pH in the study area. 
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Figure 27: Soi l pH vs. species richness pattern in the study area. The sma ll dots represent the 

plots studied. Y-ax is represents the species richness of the plots. 

In Figure 27, the direction of the regression line suggests that low spec ies richness was recorded 

in plots with relati vely low soil pH. 
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4.7 Causes of forest. loss and degradation in the study area 

From focus group discussions with fanners in the study area, five main causa l factors of forest 

loss and degradation were identified in the study area: expansion of agricultural Innd. hi gh 

population growth, wood extract ion, grazing and · institutional weaknesses. Thc study also 

revealed various agents of deforestation, and forest degradation in the study area tha t inc lude 

farmers whose fa rms arc located in close vici nity to the fores ts, the local govemment officinls 

(specifically in Mirab Imbor and Meserete Wegcram Kebeles, Mesqan Wercda), firewood 

collectors and sellers, charcoal producers (especially in Mirab Imbor. McserCle Wcgeram, Dobi, 

Zcmute and Arusi Kebeles), illegal timber producers (especia lly in Mesercte Wcgcrarn. Dcgn 

Gogol, Dobi and Mirab Imbor Kebeles), cattle owners (speci fic to Kater Gcdra and Anzire 

Kcbcles) and outs iders (residents from nearby Kebeles who stea l fo rest products as reported by 

respondents in Mirab Imhor and Yetebon Kebeles, Mesqan Wereda). Each of the factors that 

account fo r forest loss and degradation in the study sites is thoroughly discussed in subsections 

4.7.1 to 4.7.5. 

4.7.1 Expansion of agricultural land 

During field observations it was noted that most or the study sites, except for study sites in Mohir 

and Ezha Weredas, are found in areas that are topographically not conducive for agriculture . 

However; due to pressing demand for agr;cu1t~ ra l land, the focus group di scussion revealed. 

there has been gradual encroachment to forest lands and areas which were prev iously considered 

as hardly conducive for agriculture. Thus, clearing forest lands or exploitation of forests for 

agricultural expansion was ~eporl"ed as one of the principal causes of foresl loss in the study sites. 

Oala from central statistica l agency of Eth iopia (Figure 28) and field observations (Fi gu res 29 

and 30, also verified the pressing demand for agricu ltural land in the study arca . Fu n.hcnnore. 

deliberate forest fire by farmers to defend crops from wild animals waS reported during focus 

group discussions in Arllsi. Zemute, Mirab hnbor, Meserete Wegerom and Dobi \\hich also 

indicate the impact of subsistence agric~hure on the remnant forest palches of the study area . 

Figure 28A and B shows an increasing demand for agricultural land in the study nrea \\hile 

Figures 29 and 30 show expansion of agriculturall;nd into forests. 
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Figure 28: The gradu~l increase in agricultural l ~nd demand in the stud y area. A) shows gradual 

Increase in the area covered by crops in the Gurage Zone whi le B) shows gradual decrease in 

rarm size per household from year 2005 to 2011 (Data source: CSA. 2005. 201 1 a). 
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Though there was an increase area covered by crops from 2005 to 20 11. Figure 28 A nnd B 

show. there was a decrease in farm size per household that may be due population pressure (sec 

Figure 29) which al so implies an increasing demand for agricuhurnlland in the study area. 

Figure 29: Agricuhuralland expansion into Zemute forest. 5odo Wereda . 
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Figure 30: Forest in Mirab imbor (Mesqao Wcreda) but noW converted 10 IIgricuhurni IlInd 

(Figure 30 A and B). 
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The areas shown in Figure 30A and B were given to unemployed youth by lhe local 

admin istrators. This state-led encroachment took pla~e in vcry steep slope which is highly prone 

to soi l erosion. Obviously, the unemployed deserve auenlion and the state should facilitate ways 

that enable them to be economically se lf sufficient. Thi s. however, should not be done at the 

expense ofbiodiversity. 

4.8.2 High population pressure 

During focus group discussions, the respondents asserted that there has been lin increasing 

demand for agricultural land in the study area as human population number hilS been increasing. 

Simi larly, data from Central Statistica l Agency of Ethiopia (Figure 31) verified that there has 

been a high population growth in the study area .. According to CSA (2007). the rural 10lal 

fertil ity rate in Gurage zone was 3.86. With increase in population, demand for agricuhural lnnd 

definitely increases as more food production is nccded. Forested lands, thc respondents rcported, 

were the prime candidates for encroachment cspecially by those who have agricu ltura l land in 

close proximity to the forest land. An important remark by a respondent in onc of the study si lcs. 

i.c. Mirab Imbor, may sufficiently explain how population growth led to high demand for 

agricu ltural land and consequent encroachment into forest land. '" gOI nearly 1I Iteclarc oj 

agricultural land Fom my father. Now ' have l'el/en children ofwhomflve fire males. Two oj my 

male children already married and are sharing Ihe land Ihal I gOI from Illy ftahcr. flow e(m a 

"eCI(/I'e of land support such an extended fam ily?" Many of the fa rmers in Ihe study urea may 

have II similar challenge. Hence, unless the productivity of their agricultural land is improved, 

the farmers may not stop scrambling for forest land a.s there is critical demand for incrensed food 

production to feed the ever increasing human population. 
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Figure 31: The gradual increase in popu lation number of the study arca. A) shows change in 

POpulat ion nurnber in some of the Kebeles studied from 1994 to 2007 (Note that Oega I urena 
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Kcbclc includes Arusi, Burat and Zemut: forests patches) while B) shows change in popuhuion 

dcnsity of Gurage Zone in general and the study Wcredas in particular. The population density 

projections in Figure 32B are based on the resu lts .of thc 2007 ationa l population and l'lousing 

Census or Ethiopia (Data source: CSA, 1996,2007, 2009,20 10,20 II b). 

4.7.3 Wood extraction 

The focus group discussion revealed that wood extraction for fuel wood, chnrcoal production, 

construction, and timber production w~s one of the main drivers of forest loss and degr:ldalioll in 

the study sites. Ill egal timber production was reported in Dega Gogol, Dobi, Mcscrele Wcgerarn, 

Yetebon and Mirab Imbor Kebeles. Fuelwood, the ~espondents asserted, is the main , if not the 

sole. energy source for the people in the study sites. Furthermore, data from centro I sUlIistica l 

agency of Ethiopia (Figure 32) revealed that there has been an incrc:tsing demand for lircwood 

and charcoal in the towns of the study area. Because of the ever escalating dcmand for firewood 

and charcoa l, pressure on the remnanl fo rests has been intensifi ed. The respondcnts also reported 

that there is a severe shortage of fuelwood right now as a result of forest dcstruetion. Charcoa l 

production for se ll (especially in Mirab Imhor, Dobi, Mesercte Wegerom. Yetebon. Zcmute and 

Artlsi) was reported as also onc of Ihc causal factors for fo rcst loss. Historically. charconl 

production fo r se ll was not common in lhe study areas according 10 the rcspondents. Howevcr. in 

recent past it is becoming a source ?f income for some rural poor who have no or limited 

altermlt ive li velihood .source. Even in the main towns of the study area, Figure 32 shows, the 

number of housing units using fi rewood and charcoal as energy source increased radically. 
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Figure 32: The number hous ing un its in the main towns of the study arca and the typc of fuels 

used for cooking (Data source: eSA, 1996, 2007). 

Note that eSA (2007) defined n housing unit as a separate and independent ploce of residence, 

either intended for habitation or not inten.ded for habitation but occupied as a li vi ng quarter by a 

household at the time of the census and it may at the time of the censuS be occupied by one or 

more households. 



Figures 33·35 illustrate the destructive impact of fue lwood and charcoal produclion on foresl 

resources in the study sites. 

Figure 33: Forest destruction for fuel wood (Arusi forest, Sodo Wereda) 
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. orest estruCUon for charcoal productIOn (Zcmutc loresl, Soda Wcrcd!l) Figure 34' F d· ., 
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Figure 35: Fuelwood sell ers (Mi rab Imbor, Mcsqan Wcrcda) 

4.7.4 Institutiona l drivers 

Historicall y, the focus group discussion rt;vcaled, local institutions such as ·Shcngo·
l
• 'Edir,2 and 

tribal /comm una l leaderships played important roles in dctennining access to and usc of forest 

resources in the study sites. Forest use, the respond~nl5 reported, was mainly based on cOllllllunal 

agreement. The traditional institutions regulated access 10 forest resources for local livelihoods. 

Relatively better organized customary institutions have been practiced in Kater Gedra, Mescrele 

Wegcram and Dega Gogol whereby tribal/communal leaders used to decide on: Wh ich forest 

products should be u~ed? What sanctions has to be implemented on those who may defy the 

CUStomary rules? Who should access the resource? Guided by the customary rulcs and 

, \\~hen&lH:kClcd community leaders; especially du ring the rtign of lIailesilasic and the: institution I"U tlTecthc in Mdntlc 

ll.'mm. Dega gogot. Yelebon, Dobi 

I Edir-is a social cooperation scheme 10 mourning families, hc lplc~ and members or the: community (acini an) KCilkntal 

h.dsh ip. 
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regulations, the respondents reported, pcnnissible fa:rest uscs include ex traction of construction 

wood for needy and those who may lose their house by acc idental fire: for church construction, 

fue lwood and grazing. Defiance to cusromary communal agreemenlS le .g. yedebo simiminetl 

would lead to curse and ban from social cooperation schemcs such as ' &lir'. Therc was a belief 

that the cu rse can lead to bad luck and many othe-r abnormalities in onc' s personal life. Hence, 

Ihe traditional institutions in the study area played an important ro le in sustaining the foresl to the 

present date though th~ir current effectiveness is Jcopard ized. This is consisten t wi th Gnutam and 

Shivakoti' s (2005) argument that resource users may create institutiona l arrangements thnt shape 

interactions among community members and the resource, which helps them to protect their 

resources. 

The Federal proclamation on forest development,. conservation and utili zation. i.e. Fedcral 

Negarit Gazeta of the Federal Democratic Republic of Ethiopia (2007), stipulates IWO type of 

forest ownership: state and private ford t ownership. Similarly, Dcbub Negari t Gazeta of the 

Southern Nations, Nat ionalities and Peoples' Regional State (2004) proc laims Ihal there nre twO 

types of forest ownership in the region: state' owned fo rest and private forest. State owened 

forest, according to the proclamations, is a forest in a given area that is not private, developed 

nUlurally or artific ia lly by the regiull and described as stote-owned forest by the region's official 

news paper. Private forest means forest developed by any person or group of persons organiz.ed 

under Kebele admin istration or association. Hence, the natural forests in the region arc 'owned ' 

by the slate. However, the forest patches in the study sites were not regi stered Inamed as state 

fo rest though they are naturall), developed forests, Besides, the state did not int roduce an 

effective mechan ism to halt unsustainable forest use, These imply that the foreslS studied are 

akin to open access resources. 

There was no clear and consistent understanding among respondenlS with regard to the 

own~rship of the forest patches in their vicinity. When asked 'who owns the forestT some of 

respondents reported that the forest patches are owned by stat'c I J'emengist dibirl. Others 

believed that the fore~ ts in their environs are co~muna l forests r )'emaher dibir 'I. Lack of clear 

understanding'on the ownership of the forests, as we have seen earlier, can have huge impact on 
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the remnant forest respurces as it may foster free rider dilemma. The respondents also report(..-d 

thaI in some cases the local administrators (Kebele leaders) believe that they are the sole 

custodians of the remnant forest patches and fa il to appreciate the rolc of customary institutions 

for forest conservation. 

Ethiopia mainly adopted the command and control system in the past i.e. during the Dcrge 

regime (Melnku Bekele, 2003). Neverth~less, in the recent past. efforts have been advanced in 

formulating biodi versity conservation strategies and action plans in gcncrnl and in part icular 

rorc~try action plans aimed at improv ing local community participation in forest conservation 

(Mogaka ef aI. , 200 I) . For example, Federal and Regional proc lamations 0 11 forest managemellt. 

development and uti lization i.e. Federal Negarit. Gazeta of the Federal Democrat ic Republic or 

Ethiopia (2007) and Debub Negarit Gazem of the Southern Nations, Nationa lities and I'coples' 

Regiona l State (2004) have several provisions in li ne with collaborative/partici patory roresl 

management paradigm: 

• Debub Negarit Gazeta of the Southern Nations, Nationalities and Peoples' Regional Stale 

(2004) procla ims the need for local participation to realize the sustainable rorest 

management. It states "the partiCipat{On ol file public i~' indispem'able to equally IItilize the 

income earned f rom Jorest resources and preserve the resOflrce~' for poslerily". This 

p'roclamation also has the following provision,s ror popular participation: 711(.~ local people 

shollid directly parlicipate in iden/ifying the problellls associated willi a!fores/(ltio" as well 

as in jorest conservation and deve/opmel/l aod the prepart/tion of relem", plalls I J (I). 11te 

lIec:esswy support shall be rendered to mainlain Ihe local il/habira",s ' ll\l'are'te5~' 

(indigenous knowledge) on theJores/ and envirollmenlal cOllsen'arion 11(2). 

• Similarly, Federal' Negarit Gazeta of the Federal Democratic Rcpublic or Ethiopia (2007) 

stipu lates that the sustainable utilization of the country's forest resource is possible through 

ensuri ng the part icipation of and benefit shari ng by the concerned communities. Forest 

I .., " J 1/ be fiormlilaled 10 alfoll' tire 
(Ierelopment, conservation and IItlimlilOn pails S ill 

. , .' . I j I 1 and collsen'tition and also ;n 
IXtrtlcll){ltion oj the local commumtl,es In tIe (. eve opmen 

sharing oJbenefits fro m the deveJopme'" of staleJoresls 9 (3). 
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Thus, there are important provisions in the proclamations in confonnity with the collabomtive 

forest management paradigm. Nevertheless, the provisions were not enforced. Hence. there 

should be a genuine endeavor fo r the implementation of the proclamations in order 10 ensure 

sustainable management of the forest resources. The proclamations could be considered a an 

enabling po licy environment for non state development actors such as NGOs and the local 

people 10 take part in conservation of the foreSt patches. 

4.8.5 Grazing 

GrIlzing was one of the dri vers fo r vegetation degra~ation in Ihe study sites. It was found 10 be 

dcstmcli vc in Koter Gedra (Ezha Wereda) and Anzre (Mohi r Wcreda) where it led 10 very poor 

under storey growth and development. Tne destructive eITcct of grazing in the study siles can be 

due to the fac llhal it has been practiced in uncontrolled way. 
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CHAPTER FIVE 

5. DISCUSSION, CONCLUSION AND RECOMMENDATION 

5. / Discussion 

The vegetation of Gurage Mountains is ' characterized by high flori st ic di versity. Most of the 

plunts encountered in the study were herbs. Epiphytes were least represented in thc nom of the 

Gumgc Mountains. Anthropogenic disturbance might have contributed to the least rcprescllull ion 

of epiphytes. Diversity and abundance of epiphytes arc recognized as an ind ic.ltor of disturbance 

trends in tropica l montane rain fo rests (Barth lou el a/. , 2001). The Gumgc Mountains comprise 

considerable num ber of plants endemic to Ethiopia and most of the endemic plants were 

recorded in the afroalpine community of the study area. Various reasons arc fonvardcd for high 

endemism of flora at high mountains, For instance, Hcdberg (1970) argued thai the nfroolpinc 

flora inhabits a number of geographically and ecologically isolated "islands", The afroalpi nc 

habitats are considered as islands because the montane forests and the sav:mna vegetation 

separale the high mountain enclaves from each other (Hedberg, I 970), Thus, geograph ical and 

ecological isolations are considered as 'the main reasons for the endemism of nora al high 

mountains (Kruckeberg and Rabinowitz, 1985; Gimenez el ai" 2004), nle isolation oflhcsc high 

mou~ta ins prov ides unique opportunities for studying evolutionary phenomena. thai is, 

speciation relating to geographical isolation and adaptalion to extreme environmenta l conditions 

(Hedberg, 1975). 

There was an increase in the number of species encountered as larger Si..'Ographic areas were 

considered i ~ the present study, One of the poss ible reasons for increase in number of species 

with an increase in area considered is that larger areas are likely to include a greater number of 

habitat types o~ ecoregions. each with its own un ique or partially distinct biota (Colwell. 20093), 

The species abundance distribution pattern in the study sites is ch3r.Jcterizcd by high dominance 

of SOme of the plant species since the rank abundance plot is somewhat sleep as shown in Figure 

7. The infe rence is based on Magurran (2004) who proclaimed that steep rank abundance plots 

i d' . . II I pes imply highcr evenness, n Icate assemblages with high dominance while sha ower s 0 
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As it is the case for the other afromontane forests of Eth iopia, the woody plams of higher heighl 

classes are less represented in the population structure of the forest patches of thc Gurngc 

Mountai ns. Selective exploitation of trees with higher height class may have contributed to Ihe 

less representation those trees in the afromontane forests of Ethiopia. Such a pallem was also 

reported in wet afromontane forests of Ethiopia (e.g. Feyera Senbeta. 2006). The selecti ve 

exploitat ion of mature seed bearing trees can threaten the sustainabil ity of the forests. 

The forest patches of the study sites have considerable resemblance wi th olher afromontanc 

forests of Ethiopia in terms of dominant tree species composition (see Tamnll Bekcle, 1994). 

For instance, Juniperus procera is repbrted to have higher basal area in Wof-Washa and 

Menagcsha forests. Similarly, Olea euro/xlea subspp clI~]Jidata , which is a domi nant species ill 

community four in the present study, is also a dominant species in Chil imo forest. !lex mil is. (l 

dominam species in Jibat forest, has highest basal area in the communi! three of thi s study. 

PO(/ocnrpils fa/calus has considerably higher basal area compared to the basal area of other most 

important trees in community I. It is also the second most domi nant species in Ch il imo and Wof~ 

Washa forests (Tamrat Bekele, 1994). Such dominant lree species influence and create the mai n 

charncteristics and structure of the communi ty (Heywood and Iriondo. 2003). 

Trees wi th cons iderable economic and health importance such as Hagel/ill abys~·il1ic{/ have poor 

regeneration status. This may be due to the fact that Hagel/in lIbyssil1ica flowers arc regu llirly 

collected by the inhabitants around the fo'rests for medical purposes which could reduce Ihe seed 

SOurce for germination and recruitment. The poor regenerat ion of /lex milis, Prr",lIs rifrictllln, 

Pod~ca"pIlS f alcaills and Juniperus procern is probably due to selective logging of mature 

invididuals for timber production and construction purposes. which can ultimately have negative 
. . f h . Furthcnnorc seedling Impact on seed production and regeneration status 0 t e specIes. . 

trampling and ·se lectiv~ browsing by domestic and wild animals may also have accounted for the 

poor regeneration status of the dom inant trees in the study area. 
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[)ombeya forrida and Syzygium guineese have J-shaped frequency di stri bution (populntion 

stl1lClUre) which is characterized by high number of individua ls in higher diameter clas~s and 

lower in the lower diameter classes. Feyera Senbcta (2006) reported that Syzygillnl gllilleeJ'e 

fruits llre usually used as food by many ~nimals and humans, which could account for the poor 

regeneration status of the species, Overharvesting of seed bearing individuals may also havc 

aceo,unted for the poor regeneration of Dombeya torrida and Syzygillfll gllilleese. In add ition. 
, ' 

uncontroll ed grazing might be one of the main causes fo r the poor regcnerolion statuS of these 

species, Olinia rochetiana has an inverted J-.shapc, which shows a pattem where species 

frequency di stribution has the highest frequency in lhe lower diameter classes lind a grttdua l 

decrease towards the higher classes, 

In forests with opt imum regeneration status, the patterns of population structure is expt"Cted to 

an inverted J-shaped lype, with a high number of individuals in the lower size classes and few 

individuals in the higher size classes. The reprod ucti ve capacity of the forest must be sufficient 

to sustain the forest, and the population ~tructure of most species must have a reverse J-shapcd 

distribution (seedl ings/saplings are over-represented and bigger trees arc present in progressively 

low~r numbers), This pattern is an ind icator of heal. thy regenerotion of the forest and species. and 

shows a goud rcpruuuclion and recruitment capacity (Feycra Scnbcta. 2006). Most of the mOSI 

important t"fee species of the study area do not have this type of population structure as showed 

in Figure 13, 

The dominant trees in the study area have either J-shapcd or bell shaped population structures. 

The bell -shape populat ion structure indicates a poor reproduction and recruitment of species. 

which may be associated with the overharvesting of seed bearing individuals. Similarly. thc J­

shaped pattern indicates poor reproduction and reg~ncration which may be either because of 

failure to produce seed due to age of the trees or losses due to predators after reproduction 

(Fcyera Scnbeta, 2006). The poor reproduction and regeneration Sllltus of the dominant tree 

s-..·· . b'l' f h v ge,.,',on in the study area. 1·lcnce, proper " ...... Ies can Jeopardize the sustama I Ity 0 t e . e 

Conservation measures need to be applied so as to improve their regeneration. 
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Topographic variab les, especially altitude and slope, have significant re lation with the plant 

communities of the Gurage Mountains. Several ,esearchers di scussed the relation between these 

topograph ic variables and the spatial distribution of plant communities (e.g. Day and Monk , 

1974; proctor et of., 1 ~83 ; Austi n el al. , 1984; Austin, 1985; Gentry, 1988; Swanson et al., 1988: 

Austin & Smith, 1989; Harrison et at. , 1989; Allen & Peet, 1990; Allen elal .. 1991: Busing et 

(11., 1992; Oliveira-Fi lho el 01., 1994; Takyu & Ohsawa, 1997; Clark et al .. 1998; Burke. 1999; 

Clark and Mann, 1999; Ti tshall el 01., 2000; Cannon and Le ighton, 2004; Va lencia el al., 2004; 

White & Hood, 2004; Deng el 01., 2007; Lorenzo et' al. , 2007; Solon el 0/., 2007; Joseph el til ., 

2008; Bochcl et a/. , 2009). Topographic gradients cause a notable vuriation in species 

composition . This is because topographic variations create a mosaic of microh:lbitat varintions 

(Moody & Meelltemeyer, 2001) and hence are co~s idercd as principa l parameters in ecologica l 

specialization (Bazzaz, 1991). 

However, these topograph ic variables indirect factors as they do not have a phys iological 

influence on species, ,:ontrary to di rect factors such as temperature and soil nutrients (sec Austin 

el at. , 1984; Austin, 1985; Aust in & Smith, 1989; Kent & Coker, 1995; Rams.1Y and Oxley, 

1997; Pausas and Austin, 200 I; Komer, 2000, 2007). For instance, altitudina l species 

distributions are caused by various fac tors which change along wilh alt itude such as air pressure, 

temperature and precipitation that in tum detenni l~c the type of vegetation to be supported 

(Proctor et al., 1983; Swanson, 1988; Harri son el al., 1989; Stohlgrcn, 1997: Pausas and Austin, 

2001; Korner, 2000, 2007). Furthermore, along with altitudinal change other environmental 

parameters (e.g. soil texture, nutrients, substr~te .s ta bili ty, etc.) covary which also afT~t the 

structure and composit ion of the vegetation (see Holland and Steyn, 1975 ; Ramsay and Oxley, 

1997). 

Difference in insolation period may occur accord ing to altitude thereby fomling a runge: of 

microclimate-s in mult ifaceted landscape which would in tum affect vegctation types and specics 

composi tion (Pavon et 01., 2000). Simi larly, slope detenn ines the microclimate and thus spatial 

distribution and patter:ns Of vegetation'( Day and Monk, 1974; Holland and tcyn. 1975: Allen 

& . I 1998· B rkc 1999: lark .nd PCCt, 1990; Allen el al., 1991; Busing el a/.., 1992; Baleela ., , u. 
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Mann, 1999; Titshall el 01., 2000; Miller and Fran~lin, 2002; Sebastia. 2004; Ellu and Obun. 

2005: Bennie et al. , 2006; Deng et al. , 2007; Solon et ai .• 2007; Joseph el ai .. 2008: Oochcl e/ 

01.. 2009). Slope causes vegetation changes owing to its effect on soil characteristics (C lark and 

Mann. 1999; Deng el 01. , 2007; Solon et 01. , 2007). For example. Dalling & Tanner (1995) 

repOrted that the so ils at steep slopes at highe.r elevations are especially poor in nitrogen and 

phosphorQus which can have impact on type of vegetation 10 be supported. 

Altitude is also one the main factors causing variation in species richness across the slUdy sites. 

Seyeral studies (e.g. Proctor el 01., 1983; Gentry, 1988; Harrison el 01 .. 1989; Pausas and Austin. 

200 1; Medi na, 2007; Joseph et 01. , 2008) di sc ussed the effect of altitude on species richness. 

These studies reported that species richness decreases with an increase in lIltitude. Such a 

reduction in spec ies richness wi th altitude happens ~th in temperate areas (e.g. Harrison el (II .• 

1989) and in trop ica l mountains (e.g. Proctor et 01 .. 1983). In addit ion to low tem perature. 

various other factors can account fo r low species richncss at higher altitude. For example, plan! 

nutricnt uptake from soi l is s low at higher alti tude as a result of cooler soil temperatures. 

decreased rates of nitrogen mineralization and nitrification (Marrs et (1/ .. 1988) as \\'cll as the 

increased.soil leaching and organic matter con tent (Tanner Cllll., 1998). l3esidcs. at highcr 

elevations, the so ils are poor in nitrogen and phosphorous (Dull ing & Tanner. 1995) which can 

have an impact on species richness. 

Although thc present study suggests a dec rease in species richness with increase in ail itude, then: 

arc two perspecti ves amongst academia regarding the re lat ionship betwecn altitude and species 

richness: a monotonic decrease i'n species ri chness ~jth altitude; or a hump.shaped relationship 

with a peak in species richness at intermediate elevations (Bhallarai and Vetaas, 2006). Medina 

(2007) and Gentry (1988) reported a decrease in vascular species diversity wi th increasing 

altitude. Similarly, Pausas and Aust in (200 1) reported a negative relationship between altitude 

and k (1995) ~ a n:view of literature. concluded woody species richness. However, Rahbe , lrom 
., I I . bo h , 'c,1 and non-tropical biomes. IH8t lUmpshaped relationships arc most preva ent III t rop1. 
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Likewise, physical and chemical properties of the soil such as sand and clay Content of the soil. 

carbon nitrogen ratio and soi l pH are significantly related with the plant communitic:s of the 

study area. The impacts of these soil features on the distribution of plants is widely di scussed by 

various authors (e.g. Olive ira Filho et al., 1994; Chen el (d .. 1997; Clark el al .. 1998; Oli\'c:irn 

Filho el al .. 1998; Lyon & Sagers, 2000; Cannon and Leighton, 2004; Valencia el til .. 2004: 

Lorenzo el 01., 2007; Zare-Chahouki et al., 2012) who underscored that these soil parameters 

strongly affect pattens of plant di stribution. They alTect the physiognomy. composition. Bnd 

producti vity of plant communities (Kling~r, 1996). 

Phy~ ica l characteristics of the soi l inOuences nutrient retention and uvailubility. organic matter 

retention, microbial biomass and other soil propertics which in tum innucllcc vegetation 

distribution patterns (fernandez-Illescas et a/. . 200 I; Scott and Robert. 2006; Hal1larBshid el 01 .. 

20 10). Similarly, so il pH inOuences the growth and distribution of plants as it greatly "fTects the 

absorption of inorgan'ic nutrients by plants. For instance, plant growth in acid soil s may be 

limited by the efTect excess H ion concentration as well as pH-induced tox ici ties (e.g .. AI. Mil) 

andlor insufficiencies (e.g., Ca, Mg, P, Mo). Excess H ion concentration causes a decrease in the 

rolC of absorption of cations, probably as a result of. competition betwcen the simi larly charged 

ions for binding and carrier :sitt:s. High pi-i has also been considered as dctrimcnttll in causing 

nutrient deficiency and ionic imbalance (Alam et 01 .• 1999). Hi gh pH and smaller CIN ratio can 

increase net N mineralizat ion. Low CIN ratios show N mineralization more than those with wide 

CIN mtios (Khalila, 2005). Soi l pH has a sign(fieant impact on the specics of the Gurngc 

Mountains. This is because of the fact that it has an clTect on plant nutrient and tox ic clement 

ava ilability (A lam el al. , 1999). For instance, Grime (1973) noted that species richness declines 

towards both acidic and alkaline soil s. He concluded that few species arc adapted nutritionally 10 

exploit highly acidic o~ alkaline soils. 

Disturbance plilYS a significant role in plant community formation in the study area. Disturbance 

m d . d· I h ·og the envi ronment nnd resource ay etermllle community patterns by (I) u'Cct y c angl 
d' . . bl· h f new species or 0) reducing 
Istnbutlons, (2) creating opportunities for the esta IS mcnt 0 

populations of established species (M~tzkin el 01.. 1999). Anthropogenic disturbance also 
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influences the so il, nutrient and water ponditions as well as microenvironment of the area 

(pokhriyal el al., 2012) which in turn determine the type of vegetation to be supported. 

Disturbance al so. has significant impact on the species richness of the study arca as specie 

richness decreased with increase in disturbance intensity. This is because of the fnct Ihnt plants 

do not commonly endure extremes of stress and disturbance (Gri me, 1979). For th is reason, a 

significant de~rease iii species diversity is encountered with increasing frequency in disturbance 

(Collins el al., 1995) . . 1t affects community patterns by changing the environment and resource 

distri butions and by reducing populations of establ ished spec ies (Elliott and Hewi tt. 1997; 

MOlzkin el al., 1999). Disturbance a~so alters Ihe stabi lity and diversi ty of ecosystems ns il 

reduces invasion resistance while el iminating the bufTering efTect of high diversity (MncDougn ll 

el 01.. 20 13). The most commonly cited mechani sm behind Ihis phenomenon is that as specie 

accumulate, competition intensifies and. fewer resources remain available for new co lonists 

(Ellon, 1958; Case, 1990). Thus, disturbance affects species richness owing to its efTect on 

resource and environmental conditions as well as its effect on invasion resistance. 

The intermed iate disturbance hypothesis (Grime, 1973; Connell, 1978; Wilkinson. 1999) 

suggests that species richness is high at intenned iate level of disturbance. However. thc prcscnt 

study did not support. th is hypotht::sis as there was 0 steady decrease in species richness with 

intensification of disturbance (F igure 25). Likewise, Hubbell et al. (1999) did not gct results 

supporting Ihe intermediate disturbanc~ hypothesis while studying a tropical rainforest. 

The forest patches of the study area are under e~onnous anthropogen ic pressure that could 

jeopardize the sustainable use of the forests. One of the main factors causing the loss or forests is 

subsistence agriculture. Many studies (e.g. Mayo and Wassennan. 1994; Contreras-Hemlosilla, 

2000; Roper and Roberts, 2006; Yengoh, 2008; .Zak ., 01., 2008; SI;ngcnbcrg ., 01 .• 2009) 

d' ..' I . e of the most important causes of lSCUSS that the expansIOn of subSistence agncu ture IS on 

deforestation in Africa. This is because small-scale agriculture is ,·il:lI for li vel ihoods in Africa 

aCCOUnting fo~ 70 % of rural employment an~ is ranked fi rst on basis of its relative import.o.ncc 
~ d . " f l ' t I I defoTCSt.o.tion ( lingenbcrg ttl 
or cforestation~ account ing for approximately 60 /0 0 tie 0 a 
, ') 's further intensified by the fact 

a .. ~009). Besides, the efTect of subsistence on forests resource 1 
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th:!! Africa is the only region in the world where the regional average of food produ tion per 

person has been declining over the past 40 years wh ich led to an increased demand for ncw 

agricu ltural land (Slingenberg eI al., 2009). Hence, unless the productivity of the existing 

agriculturnllands is improved, encroachment into fo~st land may not be haltt:d. 

The second main factor accounting for 'the loss of forest resources in the study area is high 

papulation growth. With increased population, there would be more people in search of 

agricullllra l expansion, sett lement, grazing land, fuel wood, timber and other forest products, 

These have certain ly been intensifying pressure on forests resources; implying that populmion 

gro\\1h is one of the primary causal fac tors leading to conversion of forest land to agricultural 

land (sec al so Sunderlin and Resosudanno, 1996; Roper lind Roberts. 2006; MELCA. 2008: 

Ycngoh, 2008; Zak el' 01. , 2008; Sl ingenberg et aI. , 2009). Population projections show that the 

globa l population will continue to grow throughout the fi rst half of the 21'" century (Slingenbcrg 

ct al. . 2009). Unfortunate ly, most of the population increase is occurring in underdeveloped 

countrics, those nations least equipped to absorb th!!m (Roper and Roberts, 2006). A growing 

population consequentially implies an increasing demand for food, energy, shelter. water, wood. 

paper. lind all the other goods and serVices from the forests. This can lead to unsustainable 

consumption of the resources. Hence, actions to stabilize population pressure MC indisputably 

nceded should we try to ha lt or minimize fo rest loss and degradation. 

Wood extraction for firewood and charcoal production and firewood is the third main driver of 

deforestat ion in the study area. Unless alternative livclihood sourcc is arranged for wood and 

charcoal se ll ers, it would be hardly possible minimize forest loss in the study areas as human 

livelihood takes precedence over long term conservation goar. In other words. given people arc 

hungry, they would not think of retaining the resources at their vicinity at the expense of their 

lives. Hence, the state and other pertinent development actors should try to look for alternative 

livelihood for the rura l poor who are destroying the forest resources for charcoal production and 

fuc1wood selling. Apparently, fue l woo(fi s a major energy source for the ruml and e\'c:n urban 

popu lation. Hence. it is unlikely abandon using fue l wood altogether right now. There: is an 
. d . og cookers Besides, forest 

urgent need to deve lop altemative energy sources an energy savi . 
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development activit ies are needed to lessen the pressure on thc remnant forest pat he of the 

study area. 

Studies on effect of wood extraction for fucl wood and charcoal production on forest resourccs 

(e.g. Boahcne, 1998; Contreras-Hennosilla, 2000; Ropcr and Roberts, 2006; Kanninen et al .• 

2008; Ycngoh, 2008; Slingenberg et al., 2009; OFC, 20 10) underscored thm wood bnscd 

houschold energy plays a significant role in deforestat ion and forest degradation. It is even 

ranked as the 3rd main proximate drivers of deforestation in Afric:! as most Africans still usc 

wood and charcoa l for cooking as there arc no other· rCllsonably priced encrgy Sources Il\'u il:lblc 

(Sl ingcnberg et ai, 2009). Slingenberg el al. (2009) also noted that on ly 7.5 % of the ruml 

popu lation has access to electricity. There has been II stclldy incrcase in fucl wood remova ls in 

Africa in recent years, a rise from 499 million mJ yearly (i n 1990) to 661 million m) (in 2005) 

and projections show a 34 % increase in fue l wood consumption from 2000 to 2020 (Slingcnbcrg 

el al., 2009). For both rural and urban popula~ion in dcvcloping countrics. povert y makcs it 

difficult to substi tute .commercial fue l for fuelwood (Boahcne, 1998; Beeck and Odihi. 2008; 

GFC. 2010). 

As staled earlier, with few alternat ives ava ilable to them; the ruml poor in the study sites have 

been using fo~ests to address their economic problcms. Somc scholars e.g., Slingcnbcrg el til. 

(2009) reported that the decline in the productivity of African agricul ture the consequent dcclinc 

in income led to increased dependence on off-fann employment. including collection of fuel 

wood and producti on of charcoal. Sim il~rly , Boahenc (1998); Roper and Roberts (2006): OFC 

(20 1.0) assert that the extension of subsistence of activities into forestland is the result of po\'crty. 

lim ited alternative employment and inadequat~ le~hno logy. The implication of these all is that 

Successful forest conservation entai ls considerin,g alternative energy and livelihoods sources to 

the nlra l poor. 

The fourth main dri v~r of deforestation in the study is destabilization of traditional institutions 

and lack of appropriate forest governance systems. Historically. thc respondents affinncd. the 

CUstomary institutions in the study sites used to be effective in exercising authority over nccess to 
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Ilnd use of the fores t patches. The destabil ization of these institutions started with nationalization 

of land during the Derg period (1974-1 991) when access was controlled by the Kebcles (pcas.1nt 

associations) that const itute the lowest administrati ve unit in Ethiopia (Dixon and Wood, 2007). 

With the nationalizat ion of the forests during Derg period, accord ing to Melaku Bckele (2003). 

private ownership of forests and most r'ights due to individuals were transfem.-d 10 the state. 

A lth~ugh there were strong warnings aga inst any encroachment du ring the Dcrg regime forest 

deplet ion continued (Melaku Bekete, 2003). Negligence of the role of trnd itional insti tutions is 

nOI unique to the study sites. The role of such .institutions, according to Kigen yi el al. (2002), 

\Vas usually overlooke.d and misunderstood by official instit utions in Enstern and Southern Africo 

and often in conflict with official local institutions regarding management of resources. The role 

of customary (traditional) institutions is built-in the society, with no written rules and Inws. they 

may not be obvious and recognizable, and are therefore largely underrated (Kigenyi e ( al., 2002). 

Various studies revealed that institutional fa ilure is one of main factors for forest loss and 

degradation . For example, Yengoh (2008) reported that deforestation occurs when institutions 

are too weak to control it or create an enabling environment for it. Hence, effective institutions 

nre ~leeded for sustainable forest management (Kanninen el ai .. 2008). This is because the 

institutions prov ide the rules and regulations for resources exploitation, defining access and 

sanctioning poachers (Dixon and Wood, 2007; .Hilhorst, 2008) and reduce the arbitrariness or 

actions by individuals.( lnfoResources, 2008). 

In comlllunal resource" management, resource users share the rights and responsibilit ies towards n 

resoUrce (Yengoh, 2008). Besides, clear access rules are defined with respect to community 

membership aod property rights could 'be vested in the loca l community (He It berg. 2002). Given 

this defin it ion, the forest patches in the study sites 'cannot be considered as communal forests 

since the forest users do not organize the~selves to clearly stipulate the ir rights (c.g. to usc forest 

rights in the way they choose) and res~nsibil i t ies towards the forest resources. Hence, the 

forests in the study sites can be cons idered as open. access resources as nei ther the resource users 

nor the state established effecti ve institut ions fo r successful forest use 3nd management. They nrc 

akin to open access resources over which nobody or institution exercises ownership and/or 
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control. MELCA (2008) made a similar conclusion with regard to ownership of the nntural 

forests of Ethiopia. In such a situation, according to Ostrom (1999), destruction of forest 

resources is most likely to OCCur since forest users or external authorities. have nOt established 

effect ive governance regime to regulate: who is allowed to appropriale forest products: who are 

obliged to contribute labor or funds to provide or maintain the forest; how appropriation and 

obligation activ ities are to be monitored and enforced. Absence of em:ctive enforcement 

mechanism, accord ing to Ostrom (J 999), has turned many natural resources into open access. 

with ne ither traditional nor government authorities exerting control over behavior. In the light of 

Ostrom's argument and the findings Of lhis study, successful management of the rCm n ~lI1l forest 

palches in the study area entails introduction of appropriate forest governance system. 

To this e~d, there should be a collaborative effort between forest users, non state development 

nctors and state to develop appropriate governance system to sustain and scale up the remnallt 

forest patches in the 'study sites. Such a collaborative management approach has emerged in 

response to failure of state centric approaches to ensure sustainable management of forest 

resources (Kigenyi el aI., 2002). Some (e.g. Ncmarundwe, 2004; Walker and Hurley. 2004) 

consider the idea of collaboration as the dominant paradigm in nmural resource management in 

the globe nowadays. This paradigm shift in conservation has refocused resource management 

strategies away from strategies focused on restricting human involvement towards encouraging 

the involvement of local people (Kellert et (II. , 2000; Conley and Mootc. 2003; Wolker olld 

Hurley, 2004). Hence, collaborative approach of forest management need should be promoted in 

the study area to .abate the loss of the remnant fQrests, 

Grazing is one of the main factors causing fo rest degradation in the study area. Forest grazing 

could also foster soi!" erosion. depletion of nutrients, soi l compaction, and soil acidification 

(Belsky and Blumenthal. 1997; Barnes el 01. , 1998). It also causes tree damage through 

trampling and browsing (Contreras-Hermosilla, 2000; Palmer el al .• 2004: Mayer el (1/., 2006; 

Roper and ROberts, 2006; Vandenberghe el aI., 2007, Zak el of .• 2008: Slingcnbcrg el (If., 2009) 

and loss of species ric.hness and diversity (Fleischner, 1994). However, some researchers assert 
Ih I l": • .' • • controJled (see Krzic el of .. 200 I: a IOrest grazing can be sustainable if grazing intensity IS 
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Pollock et 01., 2005; Mayer and Huovinen, 2007). Co.ntrolled grazing cnn enhance tree gro\\th by 

reducing the biomass of grasses and sedges that otherwisc outcompete tree seedlings (Belsky nnd 

Blumentha l, 1997; Gratzer et 01,, 1999 ; Darabant el a/ .. 2007). The destnlcti \'e effect grazing in 

the study area can be due to the fact that it is practiced in uncontrolled way. 1·lcnct. the 

de~truc li ve effect grazing need to be abated in th'e future conservalion endeavors in the study 

area in order to foster the regeneration of the trees. 

5.2. CouclllJioll 11Ild recommendatiolls 

Gurage Zone does not have large tracts of land that arc under forest cover. But there nrc patches 

of forests especia ll y in areas that are topographically less accessible 10 humnn encroa hlllcnt. 

Though small patches, the forests in the study sites comprise species of high diversity and house 

a good num ber of endemic plants. All of the richness esti mators prcdict hi gher richness limn the 

observcd which fu rther ind icates the high,Ooral divers ity of the slUdy sites. The regeralion StolUS 

of the dominant trees of the study area is fo und to be poor. Henec. appropriate conscrvmion 

measures need t,o be taken so as to improve th,ei r regeneration. Plant species richness and 

distribut ion in the study sites were inOuenced by altitude, disturbance, cdaphic fact rs and other 

environmenta l variables. The species richness -of the study area was strongly inn ucnccd by 

disturbance implying' that disturbance mitigation should be onc of the main mcusul'Cl in 

conse rvation plann ing, in the study sites. Five main drivcrs of forest loss and degradation were 

identified : expansion of agricultural land , population growth , institutional weaknesses. wood 

extraction and grazing. In order to mi ni mize or impede these causal factors, the following actions 

arc recommended: 

i) Curtailing expansion of agricultu ral land by: 

• improv ing the yields from the existing agricultural lands by introduci ng improved crops 

and use of suitable technologies. 
, . . . .' h lating demand for agricultul'lliland and • stabil iZing population growth to mlll lmize t e esca 

goods from forests. This could involve awareness creation on family planning and 

provision of contracepti ves for free. 

ii) I>romoti ng alternative livelihood and energy sources by: 
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• growing multipurpose trees with agricultural crops that can minimize the pressure on 

remnant forest resources of the study area and which could also be a source of ill orne: 

for the rura l poor who depend on fi rewood and charcoa l selling. 

• introducing so lar cookers which would mi nimize the cXlraction of firewood "nd 

charcoal. 

• subsidizing the cost of electricity which may. lessen the dependence of the population in 

the towns in fi rewood and charcoal as source of energy. 

• introducing energy efficient cookers to reduce fi rewood extraction . 

. • advocating plantation of indigenous spec ies in areas thut have lost thei r originnl forcSI 

cover to minimize the pressure on the rc;nnant fo rest patches of Ihe study area and to 

restore the ecologica l services. The pla'.ltations could al so serve as on altcmativc source 

of income for the rural poor in the study area who depend on firewood and charcoal 

selling. 

• encouraging and assist ing the farmers in the study area to tuke part in non descructivc 

non·tim ber forest products (such as honey) production instead of wood cXlmction. 

ii i) Address ing inst itutional weakness through: 

• revita lization of tradi tional institutions that played a pivota l role in goveming occess 10 

and management of forest reso~rces in the study sites. 

• enforce ment of the existing forest related legal documents such as proclamations on 

forest management, deve lopment and uti,lization so thai sustai nable forest managcment 

could be made a rea lity. 

iv) Ra ising awareness of fanners on deleterious consequences of loss of vegetation is 

recommended to curb the loss of vegetation and consequcllt ial ecological and 

socioeconomic effects as lack of awareness may also have accounlcd for 

unsustainable use of tile vegetation resources of thc study area . 

) 
. , . . r agement approach, Th is shou ld be a v Introduction of partIc ipatory/collaborative lorest man 

o 0 I 0,. the state and other development actors Jomt endeavor between the loca commUni y, 
, 0 h nd for abatement of the actual Imd 

for conservation of the remnant lorest p31C eS a 

potentia l consequences of ioss:of fo rest resources. 
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Annexes 

Annex I: Data sheet use(! for collection ofvegctation and cnvironmcmal vllriables 

Place-name Vegetation type, _____ _ 

Allitude Slope Aspecl _______ _ 

Plot n'2o'---_ _ ~ ____ _ 

NQ Local Habit DBH Hei~t Other A bundancc/numocr Cover/abundunce 
name! (if (if features of individuals po. 
specimen appl icable) applicable) plot 
code nQ 

Annex 2: Data sheet used for estimation of disturbance intensity 

Placc na mc Plot number 

NQ Di sturbance ind icator Number/imcnsity of case:s 

observed 

r Grazjng/b~wsi ng (to be recorded based on the following scales: 0 -

nil;l - slight;2 moderate;3 heavily and 4 - destructive) 

2 Number of foot trails 

J Number of trees and shrubs cut 
5 Number of seedli ngs trampled 

Total , 
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Annex 3: List of plant species identified in the study sites 

SPECIES 

Acacia abyssinica Hochst. ex Benth. 

Ace/pha psi/ostochyo Hochst. 

Acanthus senn;; Chiov. 

Achyranthes ospero l. 

Achyrospermum schimper; (Hochst ex Briq.) Perkins 

Acmello caulirhizo Del. 

Adiantum po;reti; Wikstr. 

Aeschynomene obyssinica (A. Rich.} Vatke 

Agarista soliei/olio ((amm. ex Lam.) Don 

Agrocharis incognito (Norman) Heywood & Jury 

Agrocharis melanantho Hochst. 

Afro coryophylleb L. 

Ajuga inregrijofio Buch.·Ham. ex D. Don 

Alchemilla obyssinico Fresen. 

Alchemilla houmanni; Rothm. 

Alchemillo pedOIO A. Rich. 

Ale~ldeo pedunculor;s Steud. ex A. Rich. 

AUophy/us obyssinicus (Hochst.) Radlk. 

Anchusa offtnis R.Br. 

Andropogon omerhystinus Steud. 

Anisopoppus buchwaldi; (HookJ.) Ortiz & Paiva 

Anrhemis (igreensis 1.Gay ex A.Rich. 

Anthospermum herbaceum Lf. 

Apadytes dimidiata E.Mey ex Arn. 

Aruhdinaria a/pina K. Schum. 

Asparagus africanus Lam. 

Aspenium pratensum Sch.rad 

Asplenium abyssinicum Fee 

Asplenium aethiopicum (Burm.f.) Bech. 

Asplenium celi Pic.-Serm. 

Asplenium elliottii C.H. Wright 

Aspl.enium mononthes L. 

Arhrixio rosmorinifolia (Sch. Bip. ex Walp.) Oliv. & Hiem 

Avena sativa l. 

Bartsia decurva Hochst. ex Benth. 

8artsia longifloro Hochst..ex Benth. 

8ersama abyssinica Fresen. 

8idens camporum (Hutch.) Mesfin 

8idens mocroprero (Sch. Bip. ex Chiov.) Mesfin 
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A88R FAMI LY 
Acaaby Fabaceae 
Acalpsl Euphorbiaceae 
Acaemi Acanthaceae 
Achasp Amaranthaceae 
Achsch Lamlaceae 

Acmcau Asteraceae 
Adipol Adiantaceae 

Aesaby Fabaceae 

Asasal Ericaeeae 

Asrine Aplaeeae 
Agrmel Aplaeeae 

Alrear Poaeeae 

Ajuint Lamlaceae 

Alcaby Rosaceae 

Alehau Rosaceae 

Alcped Rosaceae 

Aleped Aplaeeae 

Allaby Sapindaeeae 

Ancaff Sorasinaceae 

Andame Poaceae 

Anibuc Asteraeeae 

AnttiS Asteraceae 

Anther Rubiaeeae 

Apodim leacinaeeae 

Arualp Poaceae 

Aspafr Asparasaceae 

Asppro Aspleniaeeae 

Aspaby Aspleniaceae 

Aspaet Aspleniaceae 

Aspeel Asplenlaceae 

AspeU Aspleniaceae 

Aspmon Aspleniaceae 

Athros Asteraceae 

Avesat Poaceae 

8ardec Scrophulariaceae 

Sarlon Scrophulariaceae 

8eraby Melianthaeeae 

8idcam Asteraceae 

8idmae Asteraeeae 



Annex 3 : continued 
Blechnum artenuatum (Sw.) Mett. 

Bleau 8ledlnaceae Bothrioc/ine schimperi Olivo & Hiern ex 8enth. 
80"", Asteraceae Bromus pectinatus Thunb. 
Bropec Poaceae Broceo ontidysentrico J.F. Mill. 
Bruanl Slmaroubaceae Buddlejo polystochya Fresen. 
Budpol losan;aceae Coesalpinio decopero/a (Roth) Alston 
Caedec Fabaceae Colpumio aurea (Ait.) 8enth. 
Calaur Fabaceae Conthium oligocarpum Hiern 
Canoll Rubiaceae 

Corduus /eptoconthus Fresen. 
Carlep Asteraceae 

Cor~uus schimperi 5ch.Bip. ex A.Rich. 
Carsch Asteraceae 

Corex con/erto Hochst. ex A. Rich. 
Carean Cyperaceae 

Corex erythrorrhizo Bock. 
Carery Cyperaceae 

Corex simensls Hochst. exA. Rich. 
Carslm Cyperaceae 

Corex spicato-poniculota Bock. ex CB. Clarke 
Carespl Cyperaceae 

Corex steudneri 'Bock. 
Carste Cyperaceae 

Corissa spinorum L 
Carspl Apocynaceae 

Cossipoureo molosano (Baker) Alston 
Casmal Rhizophoraceae 

Celtis o/ricono BurmJ. 
Celafr Ulmaceae 

Cerostium octondrum A. Rich. Ceroct Caryophyllaceae 
Cerastium octandrum A.Rich. Ceroct Caryophyllaceae 
Cheilanrhes/arinoso (Forssk.J Kualf. Chefar Sinopteridaceae 
Chiliocepholum schimperi Benth. Chlsch Asteraceae 
Cineraria de/roideo Sond. Cindel Asteraceae 
aausena anisoto (Willd.) Benth. Claanl Rutaceae 
Clematis hirsuto Perr. & Guill. Clehir RanunClJlaceae 
Clematis simensis Fresen. Cleslm Ranunculaceae 
aerodendr.um olotum Gurke Cleala lamlaceae 
Cliroria remoteo L Cllter Fabaceae 
auria obyssin /co Jaub. & 5pach. Cluaby Euphorblaceae 
Clutio lanceolora Forssk. Cluran Euphorbiaceae 

Co/urea obyssinico Kunth & Bounche Colaby Fabaceae 

UJmmelina imberbis Ehrenb. ex Hossk. Com/mb Commelinaceae 

ConVolvulus kilimondschori Eng/. Convkil Convotvulaceae 

UJnYla abyssinica 5th. Bip. ex A. Rich. Conaby Asteraceae 

UJnYlo bonorensis (L) Cronq. Conbon Asteraceae 

UJnYla hypo/euco A. Rich. Conhyp Asteraceae 

.. UJnYlo megensis F.G. Davies Conmeg Asteraceae 

UJnYlO newii Oliv. & Hiern Connew Asteraceae 

ConYlo pyrrhopappa 5ch. Bip. ex A. Rich. Conpyr Asteraceae 

UJnrla schimperi 5ch. Bip. ex A. Rich. Consch Asteraceae 

UJnYlo stricto Willa. Constr Asteraceae 
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Annex 3 : continued 
Conyzo subcoposa O.Hoffm. 

Crassacepha/um mr'cropoppum (Sch.Bip. ex A.Ricn.) S.Mooce 

C;assula alba Forssk. 

Crot%r/a ogoti/loro Scnweinf. 

Croton mocrostochyus Del. 

Cyonotis barbara D. Don 

Cynog/ossum amp/ifoNum Hocnst. ex A.DC. 

Cynog/ossum coeruieum Hocnst. ex A.DC. 

Cynl!glossum densefoliotum Cniov. 

Cyperus a/ternifo/ius L. 

Cyperus denudo~us Lf 

Cyperus e/egantulus Steud. 

Cyperus f/avescens L 

Cyphostemmo cyphopeto/um (Fresen.) Desc. ex Wild & Drum. 

Doturo stromonium L. 

Delphinium dosycoulon Fresen. 

Desmadium reponqum (Vanl) DC. 

Dicrocephala chrysonthemi/alia (BI.) DC. 

Dicrocepholo integrijolia (U.) Kuntze 

Dipsocus pinnatifidus Steud. ex A.Ricn. 

Discopodium penninnervrum Hochst. 

Dodoneo angustifolio U. 

Oombeyo torrido (J.F.Gmel.) P. Bamps 

Dovyalis abyssinico (A. Rich.) Warb. 

Dovyalis verrucoso (Hochst.) Warb. 

Drocaena ofrom~ntano MiJdbr. 

Dregea schimper; (Decne) Bullok 

Droguetio iners (Forssk.) Scnweinf. 

Dryapteris kilimensis (Kunn) Kuntze 

Dryopteris lewalleona Pic.serm. 

Dumosio vil/oso DC. 

Echinops omplexicC!ulis Oliv. 

Ehrharta ereeta Lam. 

Ekebergio copoensiS Sparrm. 

Embelio schimper" Vatke 

Englerina woodfordioides (Schweinf.) M. Gilbert 

Epilobium hirsuium L 

[pilabium stereophyllum Fresen. 

[rief! arboreo ' L 

Erica tenuipiloso (Engl.ex Aim & Fries) Ctleek 

Erythrino brucel Schweinf. 
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Consub 

Crosmac 

Craa! 

Croaga 

Cromac 

Cyabar 

Cynamp 

Cyncoe 

Cynden 

Cypalt 

Cypden 

Cypele 

Cypftall 

Cypcyp 

Dautr 

Deldas 

Desrep 

Dicchr 

Didnt 

Dippin 

Dispen 

Dodang 

Domtor 

Dovaby 

Dower 

Draafr 

Dresch 

Draine 

Drykil 

Drylew 

Dumvil 

Echamp 

Ehrere 

Ekecap 

Embscn 

Engwoo 

Epinlr 

Episte 

Eriarb 

Eriten 

Erybru 

Astelilceae 

Astelilceae 

Crassulaceae 

Fabaceae 

Euphorbiaceae 

Commelinaceae 

Boraglnaceae 

80raginaceae 

80raginaceae 

Cyperaceae 

Cyperaceae 

Cyperaceae 

Cyperaceae 

Vitaceae 

Solanaceae 

Ranunculaceae 

Fabaceae 

Asteraceae 

Astel'ilceae 

Dipsacaceae 

Solanaceae 

Sapindaceae 

Sterculariaceae 

FlacourUaceae 

Flacourtiaceae 

Dracaenaceae 

Asclepladaceae 

Urtlcaceae 

Dryopterldaceae 

Dryopteridaceae 

Fabaceae 

Asteraceae 

Poaceae 

Meliaceae 

Myrsinaceae 

Loranthaceae 

Onagraceae 

Onagraceae 

Ericaceae 

Ericaceae 

Fabaceae 



Annex 3 : continued 
Eugenia bukobensis Eng!. 

Euphorbia abyssinico Gme!. 

Euphorbia depauperato A, Rich. 

Euphorbia petitiono A. Rich. 

Euphorbia schimperiono Scheele 

Euryops ontinar;; (Avetta) S. Moore 

Festuca obyssinica Hochst. ex A. Rich. 

Fkus sur Forssk. 

Flocourtia indica (Burm.f.l Merr. 

Galiniera saxifraga (Hochst.) Bridson 

Galium oporinoides Forssk. 

Golium simense Fresen. 

Geranium awleolarum Oliv. 

Geranium arablcum Forssk. 

Gerbero pilosel/oides (Ll Cass. 

Gladiolus obyssinicus (Brongn. ex lemaire) Goldblatt & de Vas 

Glycine wightii (Wightii & Arn .) Verdc. 

Gnldio glauco (Fresen.) Glig. 

Guizotia scabro (Vis) Chiov. 

Habenaria peristyloides A. Rich. 

Hagenlo obyssinica (Brace) IF. Gme!. 

Hol/erio lucido L 

Hop!acorpha hostaro lewin 

HopJacorpha reupel/ii (Sch.Bip) Beauv. 

HopJocarpha schimperi (Sch.Bip) Beauv. 

Hebenstretio angolensis Rolfe 

Helichrysumformosissimum Sch.Bip.ex A. Rich 

Helichrysumforsskahlii (J.F. Gme!.) Hilliard & Burtt 

Helichrysum gofense Cufod. 

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

HeliChrysum stenopterum DC. 

Helichrysum troversii Chiov. 

Herocleum abyssinicum (BOiss.) Norman 

Heteromorpho trifolioto (WendeL) Eckl. & Zeyh . 

Hibiscus berberidifoNus A.Rich. 

Hibiscus colyphyl/us Cavan. 

Hibiscus diversifolius Jacq. 

Hibi~cus ludwigi; Eckl. & Zeyh. 

Hibiscus mocronthUs Hochst. ex A. Rich. 

HYporrhenio anthistiriodes (A. Rich.) Stapf 

Hyporrhenio hirto (L) Stapf 
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Eugbuk Myrtaceae 

Eupaby Euphorblaceae 

Eupdep Euphorblaceae 

Euppet Euphorbiaceae 
Eupsch Euphorbiaceae 

Eurant Asleraceae 

Fesaby Poaceae 

Fiour Moraceae 

Flalnd Flacourtiaceae 

Galsax Rublaceae 

Galapa Rubiaceae 

Galslm Rublaceae 

Geracu Geranlaceae 

Gerara Geranlaceae 

Gerpll Asteraceae 

Glaaby Iridaceae 

Gtywig Fabaceae 

Gnigla Thymelaceae 

Guisca Asteraceae 

Habper Orchidaceae 

Hagaby Rosaceae 

Halluc Scrophutariaceae 

Haphas Asteraceae 

Hapreu Asleraceae 

Hapsch Asteraceae 

Hebang Scrophulariaceae 

Helfor Asteraceae 

Helfors Asteraceae 

Helgof Asteraceae 

Helsch Asleraceae 

Hetsle Asleraceae 

Hellra Asteraceae 

Heraby Apiaceae 

Hellri Apiaceae 

Hibber Malvaceae 

Hibcal Malvaceae 

Hibdiv Malvaceae 

Hiblud Malvaceae 

Hibmac Malvaceae 

Hypanl Poaceae 

Hyphlr Poaceae 
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Annex 3: continued 
Hypericum quortinfonum A. Rich. 

Hypericum revolutum Vahl 

Hypoesres {orskoolii (Vahl) R. Sr. 

Hypoestes triflora (Forssk.) Roem. & Shult. 

lIeK mitis fl.) Radlk. 

Impatiens hochstetteri Warb. 

Impatiens tinctoria A. Rich. 

Indigo/era rothi; Sak. 

Inulo confertifloro A. Rich. 

Inula poniculoto'(Klatt) Burtt-Davy 

Josminum srons Pax 

Josminum abyssinicum Hochst. ex DC. 

Josminum dichotomum Vahl 

Josminum grandi/forum l. 

Juniperus procero Hochst. ex Endl. 

Ko/anchoe petitiano A. Rich. 

Knipho[io folioso Hochst. 

Kniphofio isoetijolio Steud. ex Hochst. 

Kniphofio schimpe,; Baker 

Koeltrio capensls (Steud.) Nees 

Kohoutio plotyphyllo (K.Schum.) Bremek. 

Loetuca inermis Forssk. 

LageneTio abyssinico (Hook.f.) C. Jeffrey 

Loggero olora (D. Don) 5ch.Sip.ex Olivo 

laggera crispato (Vahl) Hepper & Wood 

Loggera tamentoso (Sch.Bip.ex A.Rich.) Oliv. & Hiern 

Lonneo/ruticosa (A.Rich.) Eng!. 

lovotero obyssinico Hutch. & Bruce 

Leonotis ocyrpi/olio (Bunn. f.) Iwarsson var. raineriono (Vis.) Iwarsson 

Leu~os stachydi/ormis (Hochst ex Benth.) Briq. 

Upplo odoensls Hochst. ex Walp. var. odaensis 

Lobelio giberroa Hems!. 

Lobelio rhynchopetolum Hemsl. 

MOcorango (opensis (BaW.) Sim 

Moeroty/oma axil/are (E.Mey.) Verde. 

Moeso lonce%to Forrsk. . 

MOytenus oddat (Loes.) Sebsebe 

Morrenus arbuti/olio (A. Rich.) Wilczek 
Moytenus groCilipes (Welw. ex Oliv.) Exell subsp. orguto (Loes.) 
Sebsebe 

Moytenus heterophylo (Eek!. & Zeyh.) Robson 
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Hypqua 

Hyprevo 

Hypfor 

Hyptri 

tremit 

Imphoc 

Imptln 

Indrat 

Inueon 

Inupan 

Jasaby 

Jasdie 

lasgra 

lassta 

lunpro 

lealpet 

Knifol 

Kniiso 

Knisch 

Koecap 

Kohpla 

Latine 

Lagaby 

Lagala 

Lageri 

lagtom 

Lanfru 

Lav~by 

Leoocy 

Leusta 

Upado 

Lobgib 

Lobthy 

Maccap 

Macaxi 

Maelan 

Mayadd 

Mayarb 

Maysra 

Mayhet 

Hyperieaceae 

Hypericaceae 

Acanthaceae 

Acanthaceae 

Aquifotiaceae 

Balsaminaceae 

Balsamlnaeeae 

Fabaeeae 

Asteraeeae 

Asteraeeae 

Oleaeeae 

Oleaceae 

Oleaceae 

Oleaceae 

Cuppressaeeae 

Crassutaceae 

Asphodelaceae 

Asphodelaceae 

Asphodelaeeae 

Poaceae 

Rubiaceae 

Asteraeeae 

Cueurbltaeeae 

Asteraceae 

Asteraeeae 

Asteraeeae 

Anaeardiaeeae 

Malvaeeae 

lamlaceae 

lamiaeeae 

Verbenaceae 

Lobel laeeae 

Lobellaeeae 

Euphorbiaceae 

Fabaeeae 

Myrsinaceae 

Celastraeeae 

Cetastraceae 

Celastraceae 

Cetastraeeae 



Annex 3 : continued 
Moyfenus undoro (Thunb.) Blakelock 

Meineckio phyllonroides BaiJI 

Mel/era lobuloro S.Moore 

Mikonio copensis oc. 
Mikoniopsis c1emotoides (Sch. Sip.ex A.Rich.) Milne-Redh. 

Milletio/errugineo (Hochst) Bak. 

Mimulopsis solmii Schweinf. 

Momordico prerocorpo Hochst. ex A. Rich. 

Moraeo stricto Baker 

Myrica salici/olia A. Rich. 

Myrsine a/ricana L. 

Myrsine melono"phloeas (l.) R. Br. 

Nepeta Qlureo R.Br. ex Benth. 

Nuxio congestb R.Br.Fresen. 

Ocimum /omii/O/ium Hochst ex. Benth. 

Oenanrhe po/USfriS (Choiv.) Norman 

Olea copensis L. subsp. macrocorpa (c. H. Wright) Verdc. 

Oleo eurapoea L. subsp cuspidata (Wall. ex G.Don) Cif. 

Olin ia rochetiano AJuss. 

Oncabo spinosa Forssk. 

Orobanche minor Smit 

Osyr;s quadriportito Decn. 

Oxanthus speciasus DC. 

Parochaetus communis O.Don 

Pavetta abyssinica Fresen. 

Pellaea quadripinnota (Forssk.) Prantl 

Pennisetum sphace/aturn (Nees) Th. Our. & Schinz 

Pentas schimperiana (A. Rich.) Vatke 

Perip/aca lineari/alio Quart.-Dill. & A.Rich. 

Per/scoria senega/ensis (Meisn.) Sajak 

Peucedanum mattirolii Chiov. 

Phagna/an abyssinicum Sch. Bip. ex A.Rich. 

Phragmonthera sarertaensis (Hutch. & E.A. Bruce) M.GlIbert 

Phyllanthus ava/i/o/ius Forssk. 

Physalis peruviana l. 

PhYl%cca dodecandra L. 'Herit. 

Pimpinella oreophi/o Hook.f. 

Pittosporum virid;florum Sims 

Plantago o/ricana Verde. 

Plectronthus o/pinus (Vatke) Ryding 

Plecrranthus /onuginosus'(Hochst ex Benth .) Agnew 
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Mayund 

Melphy 

Mellob 

Mikcap 

Mikele 

Milfer 

Mlmso' 

Mompte 

Morstr 

Myrsal 

Myra!r 

Myrmel 

Nepalu 

Nuxcon 

Ocilam 

Oenpal 

Olec.ap 

Oleeur 

Oliroc 

Oncspi 

Oromln 

Osyqua 

Oxaspe 

Parocom 

Pavaby 

Pelqua 

Pensph 

Pensch 

PerlJn 

Persen 

Peumat 

Phaaby 

Phrsar 

Phyova 

Phyper 

Phydod 

Pimore 

Pityir 

Plaafr 

Plealp 

Plelan 

Celastraceae 

Euphorbiaceae 

Acanthaceae 

Asteraceae 

Asteraceae 

Fabaceae 

Acanthaceae 

Cucurbitaceae 

Iridaceae 

Myrlcaceae 

Myrslnaceae 

Myrsinaceae 

lamlaceae 

loganiaceae 

Lamiaceae 

Aplaceae 

Oleaceae 

Oleaceae 

Olinlaceae 

Flacourtiaceae 

Orobanchaceae 

Santalaceae 

Rubiaceae 

Fabaceae 

Rubiaceae 

Sinopteridaceae 

Poaceae 

Rubiaceae 

Aselepediaceae 

Polygonaiceae 

Apiaceae 

Asteraceae 

loranthaceae 

Euphorbiaceae 

Solanaceae 

Phytolaccaceae 

Apiaceae 

Pittosporaceae 

Plantaginaceae 

lamlaceae 

Lamiaceae 



AnneK 3: continued 
Plectranthus punctarus (LI.) L 'Her. 

Plepun Lamlaceae 
Plectrocephalus varians (Po. Rich.) C. Jeff. 

Plevar Asteraceae 
Padocarpus falcatus (Thunb.) R.B. eK Mirt>. 

Podfal Podocarpaceae 
Pa/ystichum magnjficum F.Bellard 

Polmag Dryopteridaceae 
Palystichum wilsanii H.Christ 

Polwil Dryopteridaceae Premna schimped Engl. 
Presch Lamiaceae 

Pratea goguedi J.F.Gmel. 
Progag Proteaceae 

Prunus afTicana (Hook.f.) Kalkm 
Pruafr Rosaceae 

Pseudognaphalium luteaalbum Hilliard & Burrt 
Pselut Ast'eraceae 

Pseudagnaphalium richardianum (Cufod.) Hilliard & Burtt Pserlc Asteraceae 
Psycholria arophila Petit 

Psyoro Rublaceae 
Pteridium aqullinum (L.l Kuntze 

Pteaqu Hypolepldaceae 
Preris cataptera Kuntze 

Pteeat PterJdaeeae 
Pt,eris cretica L. Ptecre Pteridaeeae 
Preris dentara Forssk. Pteden Pteridaeeae 
Pyenostachys abyssinica Fresen. Pycaby lamlaceae 
Pycnostachys em;nii Gurk,e Pyeeml Lamiaceae 
Pyenastachys meyer; Gurke Pycmey lamiaceae 
Ronuneulus aberdaricus lJlbr. Ranabe RanunctJlaceae 
Ranunculus mUltifidus Forssk. Ranmul Ranuncufaceae 
Ronunculus areophytus Del. Ranore Ranunculaceae 
Ronuncu/us tembensis Fresen. Rantem Ranunculaceae 
Rhabdotosperma scrophularii/olia (Hochst. eKA. Rich.) Hartl Rhascr Scrophularlaceae 
Rhomnus prinOides L'Herit Rhapri Rhamnaceae 
Rhamnus staddo A.Rich. Rhasta Rhamnaceae 
Rhus longipes Engl. Rhulon Anacardlaceae 
Rhus glutinosa A.Rich. Rhuglu Anacardiaceae 
Rhus retinorrhoea Oliv. Rhuret Anacardlaceae 

Rf?sa obyssinlco Unpley Rosaby Rosaceae 

Rubio cordi/olio L Rubcar Rublaceae 

Rubus apetalus Poir. Rubape Rosaceae 

Rubus steunderi Schweinf. Rubste Rosaceae 

Rumex obyssinicus Jacq. Rumaby Polygonaceae 

Rumex nepaltnSls Spreng, Rumnep Potygonaceae 

Rumex nervasus Vahl Rumner Polygonaceae 

Salix subserrata Willd. Salsub Salicaceae 

Salvia nilalica Jacq. Saini! Lamiaceae 

Sanicula elora Buch-Ham. ex D. Don Sanela Aplaceae 

Satufeja abyssinica (Benth.) Briq. Sataby Lamiaceae 

SalUrejo imbricata (Forssk.) Briq. Satlmb lamiaceae 

SOlureja'paradoxa (Vatke) Engl. ex Seybold Satpar Lamiaceae 
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Annex 3 : continued 

Satureja punctata (Senth.)Sriq. 

Satureja simensis (Benth.)Sriq. 

Scabklsa columboria l. 

Seadoxus multif/oru.s (Martyn) Raf. 

s~hefflero abyssiniea (Hochst. ex A.Rich .) Harms 

Scheff/ero vo/kensH (Engl.) Harms 

Schoenaplectus earymbosus (Roem. & Schult.) Rayn. 

Schrebera o/ato.(Hochst.j Welw. 

Scotopia theifolio Gilg 

Sebaea bronc~yphylla Griseb. 

Selaginella coffrorum (Mildej Hiern. 

Seneciolresenii 5ch.Sip. ex Oliv. & Hiern. 

Senecio myriocepha/us Sch.Sip. ex A. Rich. 

Senecio ochrocorpus Olivo & Hiern 

Senecio ragazzii Chiov. 

Seneciosehimperi Sch.Sip. ex A.Rich. 

Senecio sehultzii Hochst. ex A. Rich. 

Senecio unionis 5ch.Sip. ex A.Rich. 

Senna septemtrionalis (Viv.) Irwin & Barneby 

Setaria incrassata (Hochst.) Hack. 

Sido tenuicorpa Vollesen 

Sideraxy/on oxyocanthum Saill. 

Smilax ospero l.. 

Sa/aneeio gigas (Vatke ) c. Jeffrey 

Solanum inconum l. 

Solanum dosyphyllum 5chumach. 

Sa/anum marginotum U. 

Solanum nigrum. L 

Solanum vilosum Mill. 

Sanehus blpontini Asch. 

Stachys acu/eoloto Hook. f. 

Stephania obyssinica (Dill. & A. Rich.) Walp. 

Stomotonthes of rico nus (Oliv. & Hiern) RM.King & H.Rob. 

Streb/ochoete longiorista (A. Rich.) Pilger 

Swertio abyssinica Hochst. 

Swertia fimbriata (Hochst.) Cufod. 

Swertia kilimandscharica Eng!. 

Swertia /ugardoe Bullock ' 

SYlygium guineense (Willd.) DC. 

Toeozzea conferta N.E.Br.· 
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Satpun lamiaceae 
Satslm lamiaceae 
Seacol Oipsacaceae 
Scamul Amaryttldaceae 
Sehaby AraUaceae 

Schvol Aratlaceae 
Scheor Cyperaceae 
Schala Oleaceae 

Scathe Flacourtiaceae 

Sebbra Gentiaeeae 

Seleaf Selaginettaceae 

Senfre Asteraceae 

Senmyr Asteraceae 

Senorch Asteraceae 

Senrag Asteraceae 

Sensch asteraceae 

Sensch Asteraceae 

Senunl Asteraceae 

Sensep Fabaceae 

Setinc Poaceae 

Sidten Matvaceae 

Sidoxy Sapotaceae 

Smiasp Smilaeaceae 

Solgig Asteraceae 

Saline Solanaceae 

Soldas Solanaceae 

Solmar Solanaceae 

Solnlg Solanaceae 

Solvil Solanaceae 

Sonbip Asteraceae 

Staaeu lamiaceae 

Steaby Menispermaceae 

Stoafr Asteraceae 

Strlon Poaceae 

Sweaby Gentianaceae 

Swefim Gentianaceae 

Swekil Gentianaceae 

Swetug Gentianaceae 

Syzgui Myrtaceae 

Taceon Asclepediaceae 
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Annex 3 : contin,ued 
Tagetes minuto L 

Tephrosio interrupto Hochst. & Steud. ex Engl. 

Tho!icrrum rhynchocarpum Dill. & A.Rich. 

Thymus schimper; Ronn. 

rodda/lo aslotica {l. j lam. 

Trichoclodus ellipticus Eckl. & ZeVh . 

Trifolium cryptopodium Steud. ex A. Rich. 

Trifolium muir/nerve A. Rich. 

T(iurn/etto annuo l. 

Uebel/nle abyss/nica Hochst. 

Urero hypse/odendron (A. Rich.) Wedd. 

Verboscum sineil/cum Benth. 

Vernon ia amygdaline Del. 

Vernonia ouriculifero Hiern 

Vernonia bipontini Vatke ' 

Vernonia fifigero Oliv. & Hiern 

Vernon lo hochstetreri 5ch.Sip. ex Walp. 

Ver'!onio myrlontho Hook.(. 

Vernonia rueppelliiSch, Bip. ex Walp. 

Vernonia 5ch/mper; DC. 

Vernonia urticijolio A. Rich. 

Vieia sativa l. 

Zehner/a {cobra (linnJ.) Sond. 
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l agmin Asteractae 
Teplnt Fabaceae 
Tharhy Ranunculaceae 

Th"'h lamlaceae 

Todasi Rutaceae 

Triell Hamamelidaceae 

Tricry Fabaceae 

Trimul Fabaceae 

Truann TIliaceae 

Uebaby Caryophyllaceae 

Urehyp Urticaceae 

Versin Scrophularlaceae 

Veramy As!eraceae 

Veraur As teraceae 

Verblp As!eraceae 

Verfil Asteraceae 

Verhoc Asteraceae 

Vermyr Asteraceae 

Verrue Asteraceae 

V""" Asteraceae 

Verulr Asteraceae 

Vicsat Fabaceae 

Zehscil Cucurbltacf'ae 
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Annex 4: Analysis of variance tables for vari;Wles which did nOl have significant variation amongst plant 
communities in the study area 

Response: EI~trical conductivity 
Of Sum Sq 

as.factor(Community) 5 0. 18 
Residuals 78 1.67 

Response: ·Organic carbon 
,Of Sum Sq 

as.factor(Com.mun ity) 5 133.9 
. Resi~uals 789 6.45 

Response: Silt 
Df Sum Sq 

as. factor( Commun i ty) 5 418.2 83.6 
Residuals 78 2918.8 

Response: Phosphorus 
Df Sum Sq 

as.fa!-=lor(Community) 5 10001 2000 
R~idual s 78 468 16 600.2 

Response: Total nitrogen 
Df Sum Sq 

as.faclor(Community) 5 0.8 
Residuals 78 6.8 

MeanSq 
0.036 
0.D21 

Mean Sq 
26.7 

12.5 1 

Mean Sq 
·2.2 

37.4 

Mean Sq 
1.3 

Mea'n Sq 
0.16 
0.09 
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f' value 1lr(>F) 
1.69 0.14 

F value 
2. 1 

F value 

F value 

F value 
1.88 

0.06. 

0.88. 

P~>F) 
0.07 . 

P<{>F) 

P~>F) 

P<{>F) 
0.1065 
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Annex 5: Pair-wise comparions mean values of environmental variables in different plan! communities of 

the study area (Tukey's HSD (honestly significant difference») 

A. Tukey multiple comparisons of altitude means 95% family-wise confidence level 

Communit ditf lwr 

2·1 294.3 65.4 
u r adj 

523.3 0.004 

4·1 215 -45 475 0.16,,-

~5~.1~ __ -4~4~54~.5~~3~72~.97+~5~35~.9~~0.00~ 

~6~.1 ____ -+~1~11~· -+~.1~4~8·79~37~1~~0~.8-4 
~)b·2~ __ ~.~17~8~~.)~8~2.~6~26~.6~~0~. 1~2 
~4~.2~ __ ~.=79~~.)~0~8-+~14~9~.7~0~.9-4 
~5~.2~ __ -4~8~0 __ ~I~I~~1 4?8~f°:,,·0~1~ 
~6~.2~ __ ~-~18~)~~-4~1~2~?45~.8~~0~.1~9 
~4.)~ __ ~~9~8~.7-4~.~14~0~.242)~)7~.6~~0.8~)~ 
5·) ·266 56.5 475.7 0.005 

~~~)~. __ -4~.5~.~15~~~~4~4~~2)~)~t°;C;·9~9~ 
~5~4~ __ -421~88~~I~~~.3~~27~2~fO""00~ 

·)64 
·10).9 156.2 0.8~5 ~ 

~5 ·289.) ·)73.2 ·205.5 O.OO"-J 

B. Tukey multiple comparisons of slope means 95% family-wise confidence level 

Community diff Iwr upr p ad,L 
2·1 14.7 l.l 28 0.02 
)·1 11.7 ·2.2 25.7 0.15 
4·1 24.5 9.3 )9.7 0.00 
5·1 n.) 22.3 42.3 0.00 
6· 1 12.) ·2.8 27.6 0.17 
) ·2 ·2.9 -14.9 8.9 0.97 
4·2 9.8 .).5 2).2 0.27 
5·2 18.6 10.2 27 0.00 
~2 ·2.3 ·15.7 II 0.99 
4.) 12.8 ·1.2 26.8 0.09 
5.) 20.8 11.7 29.8 0.00 • 
~) 0.6) ·1).3 14.6 0.99 

17.3 
54 . 7. 1 ·).2 0.34 
~ ·12 ·27 ) 0.19 
~5 ·1 0.) ·20.6 ·0.02 0.05 
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C. Tukcy mUltiple comparisons of clay means 95% family-wise con fidence level 

Community diO' Iwr upr I pad' 
2- 1 -6.9 -16.8 2.9 0.30 
3- 1 -13 .4 -23 .7 -3 0.003 
4-1 -5.3 -1 6.5 5.9 0.74 
5-1 -15.2 -25.2 -5.2 0.00 

• 6-1 -7.8 -19 3.4 0.32 
3-2 -6.5 - 15.3 2.3 0.27 
4-2 1.7 -8 .2 11.5 0.99 
5-2 -6.6 -15 1.9 0.2 1 
6-2 -0.8 - 10.7 8.9 0.99 
4-3 8.2 -2 18.4 0.20 
5-3 -1.95 -II 7.1 0.98 
6-3 5.6 -4.6 15.8 0.60 
5-4 -7.4 -17.7 2.9 0.29 
6-4 -2.5 - 13.7 8.6 0.98 
6-5 4.2 -6 14.5 0.83 

D. Tukey muftiple comparisons of sand means 95% family-wise confidence level 

Community diff Iwr upr p adj 
2-1 3.7 -4.9 12.3 0.8 
3-1 7.8 -1.2 16.8 0.12 
4-1 4.5 -5.3 14.3 0.75 
5-1 9.7 0.95 18.4 0.020 
6-1 2.5 -7.3 12.3 0.97 
3-2 4. 1 -3.6 11.8 0.62 

4-2 . 0.9 -7.8 9.5 0.99 
5-2 5.6 -1.7 12.9 0.24 
6-2 -1.1 -9.7 7.5 0.99 
4-3 -3.3 -12 .2 5.7 0.89 
5-3 2.6 -5.3 10.4 0.93 
6-3 -5.3 -14.3 3.7 0.53 
5-4 3.9 -5 12.9 0.79 
6-4 -2 -11.8 7.8 0.99 
6-5 -5.9 14.9 3 0.38 
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Table E: Tukey mu lt iple comparisons of disturbance means 95% famil y.wise confidence level 

Community diff twr upr lJ> adj 
2- 1 1.6 -2.9 6 0.9 
3-1 -0.94 -5.6 3.7 0.99 
4-1 2.2 -2.9 7.3 0.8] 

5-1 9.2 4.6 13.8 0.00 
6~ ] - 1.2 -6.3 3.9 0.98 

3-2 -2.5 -6.5 1.5 0.45 

4-2 0.6 -3 .8 5 0.99 

5-2 0.95 -2.9 4.8 0.98 
6-2 -2.7 -7.2 1.7 0.5 
4-3 3 -1.5 7.8 0.38 

5-3 7.6 3.4 " .7 0.00 
6-3 -0.23 -4.9 4.4 0.99 

5-4 4 -<1.7 8.7 0. 13 
6-4 -3.4 -8.5 1.7 0.4 
6-5 -7.4 12 -2.7 0.00 
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Annex 6: Google earth images of the stud y sites 
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Annex 7: NMOS ordination diagram showing Ihe direction ofiflflucnce of environmental variables in the 
study communities 
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