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Abstract 

Wetland Vegetations ofChamo and Abaya Lakes in the sOllthern and Fincha 'a-Chomen and 

Dabus marshes in western Ethiopia were stlldied 10 determine floristic composition. 

I'egetotion ecology. plant community types and to identify environmental factors significantl), 

influencing the distriblltion of plant species and community types. A total of 339 relevr}s were 

laid along transects that were set up preferentially across areas where there were rapid 

changes in vegetalion or marked environmental gradients to collect data on estimate of 

percentage aerial cover of planl species and environmental variables. A total of 302 plant 

species belonging to 194 genera and 72 families were identified. The most dominant fap/ilies 

in all the sites were Asteraceae, Poaceae. Cyperaceae and Fabaceae. Multivariate data 

analyses were performed using appropriate packages in R version 2.14.0. Vegef(ltion data 

were analyzed by agglomerative hierarchical cluster analysis IIsing similarity ratio as a 

resembl{/nce index and Ward 's linkage method. Canonical Correspondence Analysis (eCA) 

was used to explore the relationship between the species composition and environmemal 

variables. The environmental data to be included in the CCA were determ ined using stepwise 

backward (md fonvard selection of variables by ANOVA lest. Statistical measurement 

regarding species diversity, richness and evenness of the plant community types was carried 

0 1/1 by /Ising Shannon-Wiener (1949) diversity indices. Sample-based raref action curves were 

computed in the program EstimateS (Colwell. 2005) 10 estimare and compare species 

richness across sites of different sizes. Comparison of the floristic diversity of the wetlands 

showed that Dab/ls marsh had the highest alpha diversity. From all the study sites, relmively 

the highest number of plam community types was recorded f rom wetlands of Lake Abaya 

during both seasons. The most important factors influencing the plant species composition 

and pattern of wetland plant communities were drainage. water depth. land use, slope. 

altitude and hydrogeomorphology (in wetlands of ulke Abaya) and water depth. disturbance 

alld hydrogeomorphology (in wetlands of Lake Chamo). All of the measured faCial'S had 

significanl role in Dablls and Finclla 'o-Chomen marshes. Therefore, these should be 
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considered in I ll/lire f1I(magemenl and prorection under the circumstance 01 climate chOflge 

and human activities. 
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CHAPTER ONE 

I. INTROD CTIO 

1.1. Wetlands 

1.1 . 1. Definition, Classificatio n and Distribution of Wetlands 

There is no s ingle, correct. indisputable, ecologically sound definition for wetlands. primaril y 

because o f the diversity of wetlands, partly because o f their highly dynamic character and 

because the demarcation between dry and wei environments lies along a cont in uum which 

results in difficu lties in defining thei r boundaries wi lh any prec is ion (Cowardin el al. . 1979). 

Wetlands are areas where satu ration with wnter is the dominan t fac tor determ ining the nature 

o f so il deve lopment and the types of plants and an imals livi ng in the sai l or on ils surface 

(Philipose and Thomas, 2003). The United States Fish and Wi ld life Serv ice defined wetlands 

as lands transitional bet\veen terrestrial and aquatic systems where the water table is usually 

al or near the surface of the land or the land is covered by shallow water (Cowardin et al .. 

1979; Nicring (1997). Wetlands have often been descri bed as be ing ecotones, i.e ., Ihey act as 

transitional zones between upland areas such as forests and fannlands and deepwater aquatic 

systems such as ri vers, lakes and estuaries (Mac et aJ .. 1998; Hook, 1993; Mitsch; Gosselink, 

2002). 

The defin ition of the Ramsar Convention is one of lhe broadest defini tions avai lable which is 

reeolllmended by IUCN and other international agenc ies involved in wetland conservation 

and management and therefore mostly used on international scale. The Ram sar Convention 

(Article 1. 1) defined wetlands as: "areas o/marsh. fen. peat/and or waler. whether nafllraf or 

arlijicial, permanent 0 ,. temporary, will! water Ihal is sllltic or flOWing, fresh. brackish or salt 

inell/ding areas of marine water. the deplh of which at low lide does not exceed 6 meters" 

(Ramsar Bureau, 200S). This definition encompasses a wide range of diverse landscapes 



whereby three inherent components of a wetland are manifested: water. hydric soils and , 
hydrophytic vegetation. Ramsar definition covers a broad range of wetlands that includes 

lakes and rivers. swamps and marshes. wet grasslands and peat lands. estuaries. deltas and 

tidal flats. near-shore marine areas, mangroves and coral reefs and human-made si tes such as 

fi sh ponds, reservoirs, and salt pans. 

Similar to wetland definition, there is no universally agreed classi fi cation of wei land types. 

and these vary greatly in both fonn and nomenclature between regions. Wetlands differ in 

their so il, landscape (topography), climate, Hydrology (water regime), water chemistry, 

vegetation and human di sturbance. Hydrological processes are widely recognized as the most 

important detenninants of wetland functions and val ues (N RC, 1995). The source of water 

also determines the wetland types. TIley are composed of highly contrasting but interlinked 

habitat types such as those which occur across the hydrological grad ien ts of ri ver nood plains 

or lake margins. The generic system produced by Coward in el 01. (1979) for the United States 

Department of the intcri or is based on such factors as: salinity and pH; the characteristic 

vegetation and dominant plant species; the frequency and duration of noodi ng; and the 

organic or mineral composit ion of soils. According to Coward in ef (II. (1979), five major 

wetland types are recognized: name ly, marine (coasta l wetlands including coastal lagoons, 

rocky shores, and coral reefs); estuarine (incl uding deltas, tidal marshes and mangrove 

swamps); lacustrine (wetlands assoc iated with lakes); ri verine (wct'<ulds along rivers and 

streams): and palustrine (marshes. swamps and bogs). Although the Cowardin el 01. (1979) 

approach has provided the basis for simplified met hodologies and has been adaptcd for use 

by the Ramsar Convention (SCOIt, 1989), this classification system does not include man 

made wet lands and wetlands assoc iated with agricultural lands. 
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In Africa, marshes and swamps arc often defined and characterized in simi lar manner and the 

words are used interchangeably. They are defined as wetlands frequent ly or contilluall) 

inundated with water, characterized by emergcnt soft- stemmed vegetation adapted to 

saturated soil condit ions. They are dominated by herbaceous vegetation and arc characterized 

by very wet so ils during the dry season and standing water duri ng ra iny season (Howard-

Wi lliams and Gaudet, 1985). A fundamcntal requi rement, however, remains the need fo r a 

functional classifi cation of wetlands and considerab le scient ific effort is now be ing di rec ted 

towards that goal (Simpson el 01., 1998). 

According to Cowardin et 01. (1979), wet lands have three major attri butes. These include: 

hydrophytic vegetat ion, hydric soil and hydro logy. The bottom of wetlands, at Icast 

period ically, supports predominately hydrophytes i.e. it supports vegetation adapted to the 

wet cond it ions. It favours part icular type of trees, shrubby species and associated herbs, 

sedges and grasses. The substrate is predominate ly undrained hyd ric soil, i.e., they often have 

unique soi l conditions or hydric soil that differs from adjacent uplands. The subst rate is 

saturated with waler i.e. they arc d isti nguished by the presencc of water (hydrology), either at 

the surface or withi n the root zone. 

I 
Wetlands are di stributed all over the globe and esti mated to cover about 6% of the earth' s 

surface (Maltby, 1986). But, a more recent estim ate of the world's wetlands by the U.S. 

Department of Agriculture (Brinson and Diane, 20 I I) states that 13.7% (18.8 million km2) of 

the earth's su rface is wetland. Although Africa is best known for its savan nahs and hot 

deserts, 1% of its surface area (345,000 km 2) is covered by wetlands (Fin layson and Moser. 

1991). 
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1.1.2. Values and Loss orWcUands 

Irrespective of the size and spatial d istribution, wet lands provide a wide range of important 

values and functional attributes. Wet lands are among the most important productive 

ecosystems on earth because of the complex interactions between biOlic (fauna, nora. 

microbes and unice llular organisms) and abiotic (soil, water and topography) components of 

wetland ecosystems (Mitsc h and Gosse link, 2002; Costanza el 01.. 1997). Wetland ecosystem 

is considered to be more producti ve than the adjacent area because oCthe period ic inflow o f 

nutrients. Their productivity is comparable 10 rainforests and coral reefs (Costanza el at .. 

1997). They constitute a resource of great economic, cullUra] , sc ient ific and recreational 

va lues. Schuyt (2004) estimated that freshwater wetlands ho ld more than 40% of the enti re 

world's plant spec ies and 12% of all animal spec ies. Finlayson and Moser (199 1) est imated 

that more than 40% o f fishes (of the 20,000 spec ies in the world) live in fresh water \\etlands. 

Individual wetlands can be im portant in supporting high numbers of endemic species; fo r 

example, Schuyt (2004) reported that Lake Tanganyika in Central Africa supports 632 

endemic fi shes and Olher animal species. 

The diversi ty in functions that wet lands perform makes them incredibly valuable ecosystems. 

Wet land functions are the indirect services which wetlands prov ide to the society (water 
, 

retention or storage, sediment or pollutant remova l, habitat su pport). Wetland values are the 

d irect services provided by wetlands to the society and may be e ither given a monetary or a 

relative value suc h as flood control , water qua li ty and a recreational service (King el 01 .. 

2000). Schuyt (2004) noled that wetlands have a very high eco logical value, providing the 

water and primary productivity upon which cou ntless species of plants and animals depend 

fo r surviva l. They also provide wetland products such as food, fuelwood, wildl ife. fi sheries. 

forage , and agricultural resources. Despite bei ng associated with diseases such as malaria and 
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schistosomiasis and li vestock paras ites such as liver flukes, wetlands provide food for the 

people and pastu re for thc livestock during periods ofscarcily 

Wetlands produce an eco logical equilibrium in the environment by maintai ning the integrity 

of life support systems fo r sustainab le socio-economic developmenl. Wetlands are also 

im portant sources of water for agricultural, industrial and domestic uses. They play im portant 

ro les in eco logical functions in their natural states. which contribute to the wellbe ing of 

human society. Wetlands, especia lly river valleys and the ir assoc iated flood plains have been 

sites of human civi lization. 

Mitsc h and Gosse link (1 993) described wetlands as the kidneys of the landscape because they 

function as the downstream rece ivers of water and waste from both natura l and human 

sources. They stabil ize water supplies, thus ameliorat ing floods and dro ught, eros ion contro l. 

water flow regulation, water storage, ground water recharge, retention of pollutants. water 

purifi cation, nutrient recyc lin g, exchange of water between the surface and the ground watcr 

and the surface and the atmosphere (Oertli, 1993; iering, 1997; Phi lipose and Thomas. 

2003). Mitsch and Gosse link (2002) also desc ribed wetlands as lun gs of the landscape 

because they act as carbon sinks and climate stabilizers on a globa l scale. They act as bu ffe r 

systems between other aquatic systems and human activ ities on upland areas (Hook, 1993). 

Because of the extensive food cha in and rich biodi versi ty they support, Mitsch and Gossclin k 

(2002) cal led wetlands as biological supermarkets. 

Despite the wil l in understand ing of wetlands and the ir eco logical im portance, degradation of 

wetlands cont inues, mainly due to anth ropogenic acti vities. About hal f the global \\ct land 

area has been lost as a result of hu rnan activ ities (DECO, 1996). In tropica l and subtropical 
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areas convers ions of wetlands to a llCrnm ive land lIses have acce lerated wet land loss and 

agriculture is considered the principal cause for \\etland loss. Wetlands \\ ere dra ined to 

control disease and for agricultural activities (Maltby, 1986; Lean el 01., 1990: Mitsch and 

Gosscnlink. 1993; Welze l, 1975). Other important reasons for the ir vulnerability are the fact 

that they are dynamic systems undergoing continual change (Barbier el al. , 1996) and are the 

fac t that they are often open·access resources with limited control over how Ihey are used and 

what is harvested from them (Turner et af., 2000). 

1.2. Distribution and Types of Wellands in Ethiopia 

In Ethiopia, wet lands are distributed across all agro-ecologicaJ Zones from hi gh altitude of 

4000 m above sea level to 125 m below sea leve l (Afework Hail u et al .. 2000). The different 

geo logical fonnation. eco logical diversity and climatic cond itions have endowed Ethiopia 

with all types of wetlands except coastal, marine·related wetlands and extensive swam p· 

forest complexes (EPA, 2003). These include alp ine fOnllat ions, riveri ne, lacustrine, 

palustrine, manmade reservoi rs and floodplain wet lands (E PA, 2003). On the basis of 

wetlands categorisat ion under the Ramsar International Convention , EPA (2003) listed 

Ethiopian wetlands as fresh lakes, ponds, swamps o r marshes, streams, riveri ne flood plains 

and manmade reservoirs. 

! 

Compared to other resou rces like land, water, livestock , the data and information on wetl ands 

are very scanty and incomplcte. Different estimates have been give n regard ing the total 

wetland area of the country. According to Dugan (1990), the total area of wetlands in 

Ethiopia may exceed 2% (22,500 km2), a fi gu re that corresponds with the estimated 
, 

rema ining fores t area coverage o f thc COllntry. Accord ing to the FAO (1990), swamps and 

ma rshes are the dominan t weiland types in Ethiopia while the EPA (2003) report shows lhat 
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seasonally inundated flood plains occupy the largest share of the wetlands, followed by 

freshwater lakes, swamps and marshes. Floodplains arc found both in Ethiopia's highlands 

and lowlands, although they are most common in the sourth-western and western highlands. 

Lakes are also widely di stributed both on highland and lowland parts of the country (Figure 

1.1) with the largest concentration in the great cast African rift vaUey system (EPA, 2004) . 

• -- " N 

- m • u .... A 
Figure 1. 1: Map of Ethiopia showing lakes. rivers and associated wetlands 

Using the directory of African wellands , Hughs and Hughs ( 1992) classified Ethiopian 

wetlands into le ll major groups including tidal and eoastal wetlands ahhough Ethiopia has no 

access 10 the sea. These are: ( I ) wctlands of the Bale MoullIains; (2) wetlands of Lakc Tanll: 

(3) Lal:.es of Bishoftu ; (4) Lakcs of the southwest rift vallcy; (5) Lakes and swamps of the 

Awash Ri\'er systcm: (6) Lakes of the Dannkil depression : (7) River floodplains; (8) 

Artificial impoundments, (9) Tidal and coastal and (10) Other wctlands. Thjs classification 

systcm is based mainly on rivcr and lakc drainagc systcms. Moreo\'CI", it docs not gi\·e 

completc li st of Eth iopian wetlands and is not able to cope with the many dilTcrent foml s of 
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\\etland such as fresh or seasonal. The classification scheme is. ho \\ evcr. able to show the 

diversity of wetland types in the country. 

Solomon Tilahun el al. (1996), regrouped Ethiopian wetlands into four major categories 

(Figure 1.2) based on ecological Zones, hydrological fu nct ions, geomorphologic fonnat ions 

and cl imatic conditions. These categories interlink to fo rm fou r major biomes. which also 

describe climatic conditions in Ethiopia. These are: (1) The Afro-tropica l highlands that 

include most of Ethiopia's alpine and fresh water wetland ecosystems such as lakes Tana. 

Hayk, Ashange, Wonchi ; Dembia flood plains on the shores of lake Tana; Chomoga-Yeda 

flood plains around Debre Markos, the Borkena and Oill u swamps in the upper Awash basin ; 

lakes of the Bale mountains and swamps of Arsi and Haramaya, (2) The Sommali-Masai type 

that include the southern grou p of great rift valley lakes suc h as Langano, Abijatta, Shalla. 

Hawassa, chelekleka, Abaya, Chamo and Chew Bahir and the northern groups of the Awash 

bas in as wet lands of Bishoftu, the Kesem-Meteka complex and lake Abe complex, (3) The 

Sudano-Guinea found in thc western lowlands of Ethiopia such as Baro-Akobo, Dabus. 

Be lese and Tekeze floodpla ins, and (4). the Sahel ian transit ion zone groups that include fresh 
, 

and sa line wetlands found in the extreme nortlHastern part of Eth iopia (i ncluding Lakes 

Afambo and A fde ra). 
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Figure 1.2: Map of Ethiopia showing lhe four categories of wetlands by bioDle (source: 

1.3. Values of and Threats to Wetlands in Ethiopia 

Although wClinnds in Ethiopia eovcr oniy a smaii ~:1, thcy hove im:n::: ::.~ ::.=e::.c:= ::::. :e::::'::. 

UIIJ t:1I"ironJUenlal benefils. Wetlands arc the main sources of valuable water resources in 

Ethiopia. whcre water resources arc uncvenly distributed and only a quarter of its population 

has access 10 safe water. In many parts of lJIubabor and Wollega, many percnnial and annuaJ 

springs arc associated with the existence of wetlands. Throughout the country. wetlands are 

important sites for livestock and wildlife grazing especially during the dry period. 

Floodplains of Borkena, Dnbus (Appendix 6) and Fogera are vital sources of fodder, 

particularly during dry season , to both domestic and wild animals. 

Wetlands are also vital sources of food. fuel wood. nnd raw materials for making household 

fumiture. Growing number of people in our country, in both rural and urban areas depend on 

wetland resources for their survival. Poor ruraJ households, particularly womcn depend on 

wellnnds I,or additional income 10 their fami lies. In the ethnic group known as the 'Agnuak ' 

in the Gambella lowlands along banks of the Bam and Gcllo Rivcrs, women are hcavil~ .. 
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in vo lved with fi shing activities (A fework Hai lu el al., 2000). Many peasant famlers in the 

western parts of the country make thei r living from wetlands. Sedges arc one of the imponant 

wetland resources that local communities use in different parts of the country. For example. 

in western Oromia. sedges have greal imponance for thatching of houses (Afework Hailu el 

al., 2000). More than three founh o f the local househo lds in lIIubabor Zone (Afe\\ork Hailu 

et (1/., 2000), use sedges for roofing their houses. 

Wetlands support a great deal of nora and fa una, including many endemic bird spec ies. 

Wetlands support usefu l non-cultivated plants such as spec ies of Discorea, ErYlhrocarpus. 

Celtis tokka, TamarindllS indica. Ficlls Sill'. Carissa spinarllm. Cordia africana, Gardenia 

ternifolia. CitrllS allrianlifolia. Ipomoea aquatica, and Nymphaea /Ollls and Nymphaea 

nO/lcha/i that are used by people for food in the Baro-Akobo (Tesfaye Awas et al., 1997), 

Awash Valley (Miti ku Tikssa, el al., 2010) and Cheffa area in We llo (Bayafers Tamene el al .. 

2000). 

Wetlands of Abaya and Chamo lakes provide range of eco logical and economic importance 

to wildlife and peop le in the surrounding area. The wetland vegetation is an important nesting 

and fcedin g areas for hundreds of wetland bi rds and hippopotamus and protective shelter for 

spmvning areas for crocodiles (Appendix 7). Dabus wet land in western Eth iopia·also supports 

hundreds o f hippos (Appendix 7). Wetlands of Rift Valley Lakes are sites for tourist 

attraction. Wetlands can be sites for investment, such as the crocodile fa rm in Arba Minch, 

sugarcane farming in Fineha 'a, li vestock and crop farming in and around Borkena wetlands. 

Despite tne g lobal importance, wet lands in Eth iopia are still faCing many problems. n e 

major threat comes from the over harvesting of wet land resources, the expansion of hum an 

settlements in the main Ethiopian Rift Valley Lakes (Ziway·Sha la, Hawassa, Abaya-Chamo 
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and Chew Bahir basi ns), the construction of dams in KokA and Melka-Wakana, dra inage for 

agriculture in southwest Ethiopia espec ially in Jimm a And Wollega Zones (Afewo rk Hai lu el 

al., 2000). 

Wetland resources such as water, fi shes and vegetation are subjected to over explo itation. 

Excessive explo itation of the resol:lrces from wetlands can lead to a direct co llapse of the 

wet land and its resources. Disappearance of Lnke Haramaya wetlands through excess ive use 

of water for irrigation can be an evidence to demonstrate overuse of a resource from 

wet lands. 

Threats to wetlands also originate from the catchments since wetlands are close ly interacting 

with the catchment. Wetlands in the lowland areas are threatened by encroachment due to 

shortage of cu ltivation and grazing areas that results from population pressure in the 

highlands. Overgrazing by li vestock and wildlife leads to loss of biodiversity and compaction 

of the wetland soi l during wet periods (Appendix 6) which can affect infiltration capacity of 

the wetland so il. This can in tum affect biodi vers ity of the wet land . In other instances, 

catchments are the source of agricu ltural discharges and will result in increased nutrient load 

10 the wetlands (eutrophication) which leads to the colonizat ion (homogenization) of the 

hnbitat by single species which 3re usuall y invasive (e ither exot ic or indigeneolls species). 
, 

In vasive species are a major threat to global biodiversity and an im portant cause of biotic 

homogenization of ecosystems (Enserink, , 999). Invasive species, either exotic or 

indigeneous, are also th reats to wetlands of Ethiopia. Examples of in vas ive species 

threatening Eth iopia's wetlands include Prosopis }lIliflora in Awash River basin, Mimosa 

pigra in the Baro-Akobo basin, and water hyacinth, £ichhornia crassipes. in Koka reservoirs 

(Tesfa ye Awas et al., 1997; Mitiku Tikssa et al., 2010; Bayafers Tamene el 01., 2000). 
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Increased accumulation and sedimentation wi ll ultimately accelerate the rate of conversion of 

the wetland system to a terrestria l one (Wetzel. 1975). 

The low level awareness of communities regarding the benefits of wetlands. capacity 

li mitations such as lack of skilled manpower, scarcity of wetland focused and coordinated 

insti tul' ions, lack of technical and financia l support for wet lands conservation also acce lerate 

loss of wetlands. 

1.4. Weiland Vegetation Types of Ethiopia 

In a new atlas of the potent ial vegetation of Eth iopia that has been produced by Friis el al. 

(2011), three wetland vegetation types were desc ribed. These are: ( I) Reverine vegetation, 

(2) Fresh-water lakes (the SUbtypes are fresh water lake or open waler and fresh water 

marshes and swamps, floodplains and lakeshore vegetation) (3) Sail lakes (the subtypes are 

open water or sa lt lake and salt pans or sa li nelbrackish and intermittent wetlands and salt- lake 

shore vegetat ion). 

1.5. Problem Statement 

Although wetlands are among the most product ive ecosystems on earth and protection of 

threatened natural wetlands and preservation of its biodiversi ty has received increasi ng 

attention globally, wetlands and thei r resources in Ethiopia are still facing many problems. 

High population densities within the catchments of the Ethiopian Rift Va lley Lakes and in the 

high lands have been assoc iated with a series of deleterious trends, in particular those arising 

from the clearance of vegetation fo r agricu lture and overgrazing. Some of the key challenges 

to the wet lands of lakes Abaya and Chama are intens ive lise of land in the buffer zones for 

crop production, land loss due to deforestation in the watershed, and eutrophication by 

nutrients from agricultural fie lds (Se lesh i Bekc le, 2001). Overgrazing of lakeshore vegetation 
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by livestoc k and overharvesting particular plant sJk"Cies such as AeschYl10mene elaphroxylon 

for the construction of traditional boat, clearance of lakeshore vegetation and trampling due 

to fi shing activities (A ppendix 6) and deforestation in the watershed are also the main threats 

to the wetlands. The western parts of the twO lakes are extensive ly used for big state farms. 

which were recently given for private investors. These include Arba Mi nch, Bi late and Sille 

state fa rms all of which are irrigated by rivers entering Lake Abaya and Chamo. 

Drainage of wet lands for food production has been undertaken for decades in Wollega 

(Bognettean et ai., 2003). The existence of Fincha 'a·Chomen and Dabus wetlands in western 

Ethiopia is threatened by human encroachment th rough subsistence farming, settlements, 

burning and plant biomass harvesting for livestock. These wetlands are highly threatened by 

the clearance of vegetation for grazing and agriculture (Appendix 6). 

Despite their importance to maintenance of biodiversity, wet lands and their resources 

(vegetation in particu lar) III Ethiopia have been bare ly investigated and thei r prev ious 

documentation was extremely limited. In add ition to this, no comparative study was 

undertaken on wetland vegetation. Only limited plant community studies have been 

undertaken on isolated wetlands of Illubabor (Zerihun Woldu and Kumlachew Yeshitila, 

2003), on Awash reverine vegetation (Mitiku Tikssa et al., 2010) and semi-wetland ofCheffa 

area, South We llo (Bayafers Tamene et ai., 2000). Most of the previous researches conducted 

on wetlands were in southwest Ethiopia with a focus on wetland management and po licy 

implications (Afework Hailu ef al., 2003), hydrological impacts of wetland cultivation 

(Dixon, 2002; Dixon and Wood, 2003). Therefore; the vegetation ecology, species 

composition and diversity of wetlands in Ethiopia have not yet been in the detail it deserved. 

This is typically reflected in Lake Abaya and Chamo wetlands in south and Fincha 'a·Chomen 
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and Dabus wetlands in western Ethiopia where research in vegetation eeology, species 

compos ilion and diversity have not yet been conducted . 

Thus, Ihis study was conducted with the purpose of detennining the norisl!C composition, 

plant species diversity and richness, plant communi ty types, trends in re lationship between 

plant com munities and ecologica l gradients and 10 find Qut the spatial and tempora l 

distribution variations of wetland vegetation and to recomm end some corrective measures o f 

sustainable management. It is also hoped thaI this research can provide baseline infonnation 

for funher studies and the issues raised and recommendations given in the study areas wil l 

apply to the other wetlands in Ethidpia and neigh bou ring countries in the Horn of Africa. 

1.6. Objectives of Ihe Study 

I. General objective 

)- The general objective of this study was to investigate florist ic composition and 

vegetat ion ecology o f wet lands of Abaya and Chamo lakes in the southem and Dabus 

and Fincha'a-Chomen marshes in western Ethiop ia. 

II . Specific objectives 

)- To determine the flo ristic compos ition , divers ity and richness of the study areas, 

)- To disti nguish the p lant community types across the wetlands, 

)- To find the spat ial and temporal variations o f plant community types, composition 

and spec ies diversity, 

)- To determ ine environmental factors influencing the plant community types, 

compos ition and plant species divers ity in the study areas, 
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~ To recommend ecologically sound strategy ror sustainable utilization and 

conservation measures or wetland biodiversity (vegetation in panicular) o r the study 

areas: 

1.7. Ge nera l Resea.-ch Questions 

The rollowing research questions will be answered in order to achieve the above objectives. 

~ How do the noristic composition, norist ic diversity and richness vary in the study 

areas? 

)- Are ther d ifferent plant comm unity types in the study areas? 

)- Do the floristic composit ion and divers ity in the study areas show temporal 

variations? 

~ Which environmental ractors are significant ly influencing vegetation composition and 

plant spec ies diversity in the study areas? 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. Weiland Vegetation 

Mitsch and Gossel ink (2002) grouped wetland physical fea tures into three bas ic clements: 

hydro logy, soi l and vegetation. Wetlands arc d istinguished from adjacent up lands by the 

presence of water (hydrology), either at the surface or within the root zone. Wetlands often 

have unique so il type (hydric soil) that differs from adjacent uplands. Wet lands support 

vegetation adapted to the saturated or anaerobic soil conditions. Wetland vegetation is the 

most important componen ts for characterizing and defini ng wetlands (Mitsch and Gosse link, 

2002). Wet land vegetation responds more readily to local edaphic factors such as the amount 

and periodicity of water rather than to macroc li matic and geological panerns across the 

landscape that dictates vegetation fomlation elsewhere. Drex ler et al. (1999) staled that 

wet land vegetat ion typically ex hibits a distinct pattern of zonation along the elevation 

gradient from open waler to terrestrial. Pattern of wetland vegetation zonation along the 

elevation grad ient in turn re flects gradients in oxygen supply, nutriem availabili ty and tox in 

concentrations along the gradient from permanently flooded (open water) to seasonally 

flooded to terrestrial (Gosse link and Turner, 1978). 'n,e panems of zo nation also reflect 
, 

species response to underlyi ng environ menta l gradients but changes in spec ies composit ion 

are not necessarily directed towards a single terrestria l climax (Mitsch and Gosse link, 1993: 

Breen. 1988). 

The bottom of wet lands, at least -periodica lly. suppons predominately hydrophytes i.e. it 

suppons vegetation adapted to the wet cond itions. It favours particular type of trees, shrubby 

species and assoc iated herbs, sedges and grasses. The substrate is predominately undrained 

16 



The stresses and problems dlat plal1ls encou nter in the wetland environmen t are so peculiar 

and in some cases so extreme that only high ly spL'Cial izcd spec k'S or hydrophyles and specics 

that are sufficiently equipped to deal with those stresses and problems can be found there, 

fonning their own typical vegetat ion composition (Keddy, 2000). Typical wetland flora 

therefore cons ists of plants adapted to, or tolerant of varying degrees of inundation. and 

predictable patterns of vegetation di stribution are often ev ident (M itsch and Gosselink, 1993). 

Hydrophytes are pai nts whose acti ve photosynthetic parts are permanently or several mont hs 

of each year. partly or wholly subme rged in water. or plants which float on the surface water 

(Cook, 2004). They have the abi lity to grow, reproduce and compete in anaerobic soi l 
, 

conditions through morphologica l, physiological and reproductive adaptation. The 

adaptations include the presence of air pockets in the roots and stems, adventitious roots. 

sho llow rooting systems, hypetrophied lentice ls ( large internal pores), as well as seed 

dispersa l by water (Rogers, 1995). 

Wetland vegetation cond ition is an im portant tool tor monitoring wetland health. Kershaw 

(1973) pointed out that vegetation study may aid in the seieC1"ion and imp lementation of 

appropriate conservation and management plans for sustainable use of ecosystems. Floristic 

data are relevant for establishing the present situation fo r environ mental impact assessment 

and monitoring changes in ecosystem qual ity in terms of changi ng species composit ion 

(G roem et al.. I 994). The vegetation of wetlands is an im portant indicator of wetland qua lity 

and integrity (Morzaria·Luna et al., 2004). The dominance of particular spec ies of vegetation 

in the landscape may provide an indication of hydrological or water quality changes that have 

taken place. For characterizing wetlands, studies on wetland plant community (Harper et al.. 
, 

1999) and the ro le of environmental change in the com munity composition are fundamental 

(Ashley et al., 2002). This is because each wet land has its own unique spec ies commun ity 
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production and nutrient cycling (Gosse link and Turner, 1978). This results in spaual and 

temporal variations in the physica l and chemical environment, creating different niches along 

both the horizontal and vertica l dimens ions to which plants respond (Mitch and Gosselink, 

1993: Breen and Begg, 1987; Gosse link and Turn er. 1978). 

Moreover. there are environmental factors typica l of a given type of wetland community. For 

example. plant communities of bogs arc nut rient limited. whereas species of floodplains and 

marshes have to cope wi th mec hanical stress due to inundat ion, flooding and grazing 

(Ellenbe rg, 1988; Esselink el al. , 2002; Dorman n et al., 2000). In addition, flood plain and 

marshes species often experience alternating wet and dry periods through the season, whose 

timing and duration may play an important ro le in the reproduction and regeneration of 

species (Bos et al. . 2002). The alternating wet and dry periods in wetlands naturally affect 

plant establ ishment from the seed banks by stimul ating or inhibiting germination (Brock and 

Brilton, 1995). Prolonged flooding or des iccation of the wetland ecosystem eliminates some 

species while favour ing others (van der Valk, I 974). This has a significant effect on species 

composition of establiShing plants (Casanova and Brock, 2000). 

Kotze el al. (1994) desc ribed degree of soil saturation wi thi n a wet land in tenns of three 

classes which correspond to the water regime with the dom inant vegetation types associmed 

to each class. These soil saturation classes and their vegetation types are: (I) permanently or 

semi-permanently saturated or flooded so ils, characterised by reeds, sedges and/or bulrushes: 

(2) seasonally saturated or flooded soils, characterised by sedges and grasses; and (3) 

temporarily saturated or flooded soils, characterised by hygrophi lous (plant growing in damp 

conditions) grasses. Plants into lerant of flood ing arc found in areas aI relatively high 

elevalioll, whi le those more to lerant of flood ing but less to lerant of prolonged dry periods arc 
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found in areas of less variable warer levels at lo"er elevation (Breen and Begg, 1987). Area 

subject to floods of shorter durat ion and depth are thought to have greater plant species 

diversity than those that are pcnnanently flooded. 

A num be r of authors (Tai ling. 1992; Tekeuchi. 2005; Abila el (II., 2008; Stumm et 01 .. 2009) 

have high ligh ted the environmental disturbances as the major dri ving force in regulating plant 

spec ies composition in wetlands. Adaptations to changing envi ronment with phases of 

fluctuating events can subject a plan t commun ity to domi nance by the most competiti ve 

species. Van Mooy et 0/. (2006) have shown that spec ies divers ity of wetlands can be 

affected by envi ronmental d isturbances to a point where the habitat is dominated by a few 

species. Wetlands are often located in parts o f the landscape thai receive and store very large 

and dynamic inputs (e.g., water, nutrients, sediment. propagu les) from more elevated parts of 

the watershed. As a result, disturbances in upstream parts of the watershed will typically lead 

to d isturbances in downstream wet lands (Zedler and Kercher. 2004). 

atuml disturbance is an important factor shaping plant communities in wetland environmen t 

(Keddy, 2000). Some examples of typical distu rbances in wetlands include waves, wind, 

water level fl uct uat ions, flooding, ice scouring, and sedi ment or plant debris deposit ion. 

Disturbance may influence comm unity patterns by indirectly al tering the environmental and 

resource d istributions, creat ing or de fi ning opport unities for the establishmen t and persistence 

of new spec ies; or reducing popu lations of established spec ies (White, 1979). 

Different studies indicated that there is interaction bcl\~ ecn hydrolog) and geomorpholog) in 

the deve lopment of wetland plant communities (vnn Coller el al., 2000: Froend et 01 .. 1993 : 

Janaller, 1997). The local topography of wetlands interncts with wa!er regimes to detcnnine 

how wetlands receive water during noods. Wetland morphology ma) mod ify certain aspects 
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of \\ alcr regime, such as the intensity of the inundation and the 'vclocilY o f \\3Ier n O\\ ing inlo 

a "elland. The number o flurns and curves the wa ter experience during flood and the s lope of 

Ihe \.'oclland delernline the velocit) o f \\3ter nowing inlo a "elland. Straight channels rna) 

c>.pcricnce higher water veloc ities than more curved ones (A moros and Bornette. 2(02). J he 

frequency and irnensity of inundat ion determine the composition of \\ e tland plant 

commun ities (Amoros e l al., 2000). High ve loc ity flows into wetlands cause sediment 

deposition that impedes the establishment of wetland vegetation by break ing and uprooting 

plnnts (Ba rnette el aI., 2008). Low ve loc it y nows on the other hand. ofkn deposit finer 

::ocdirncnlS impeding seed deve lopment through deep burial (Bornette er af.. 2008). 

, 
Human factors have a very fundamental influence over plant species compos ition o f wetland 

envi ronments (A llen el al .. 2005 and Abila el al .. 2(08). Anthropogenic dis turbances that 

alter wetland phys ical features either directly within wetlands or indirectly by off-site \\ater 

level or watershed alteration can alter wetland plant community composition (Zedler, 2005). 

Gichuki el al. (200 1) showed that there are strong relationships between environmental 

qua lity and vegetation composition and abundance with strong coupl ing effects bei ng in those 

areas that are prone to anthropogen ic disturbances in the catchm ent of a water body. Burns 

and Schal lenberg (200 1) indicated that agriculture, fire and livestock grazing in wetlands 

lower species diversity. Habitat influences such as cleari ng land for cultivation, construction 

o f settlements or draining wetlands by Illan degrade the habitat and can cause local e.xtinction 

of some species, thus reduc ing habitat and species diversity (Primack. 1993). 

Worldwide, the most potent forces acting on vegetation are the effects o f changing land use 
, 

aris ing fro m both the direct effects o f an expanding human populat ion (e.g. habitat 

r destruction for agricult ure, human settlement, overgrazing, ctc.) and indi rect effects (e.g. 
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pollut ion} (Wilson, 1994). Land-use is the manner in which human beings employ the land 

and its resources for agriculture. grazing. logging. et (Brandon, 2001). In the event ofhabil81 

loss and changes in habitat configurmion (patch size and isolmion). spe ies presence could be 

affected (Andren. 1994: Fahrig. I 997). Ecological dynam ics in human influenced landscapes 

are strongly affected by soc io-eco nomic factors that influence land-use decision making 

(Berry el al .. 1995). Throughout the world. many shifting land usc pallems are driven by a 

variely of socia l factors which result in land cover changes that affect biod ivers ity (Grootjans 

el al.. 1985). 

2.3. Plant Community Co ncept 

Class ification of natu ral ecosystems into potential plant communities is an important tool for 

Ihe long-term management o f natural resources (Daubenmi re and Daubenmire 1968: Pfister 

and Amo, I 980). Plant communities arc defined as an assemblage o f fu nctiona lly similar 

spec ies popu lations that occur together in time and space (Magurran , 1988). A plant 

comm unity is an organized complex having typical composi tion (floristic aspect) and 

structure (morphological aspect) that result from the interaction through time. One of the 

characteristics of a cOllllllunity is its physiognomy. the way it appears. Physiognomy is 

largely a product of the predominant life form s of the organisms composing the commun ity 

(Cain and Castro, \959). 

Kcnt and Coker ( 1992) view plant cOllllllunity as the col lection o f plant spec ies growing 

together in a panicular location Ihat show a definite association or affinity with each other. 

Plunt assoc iation is characterized by combination of different characteristic species, having a 

defined floristic composition in one assoc iation than the olher (Andreucii el al.. 2001). n.e 

reason that certain species grow together in a particular envi rollmenl might be because they 

have relalively sim ilar requiremellls fo r existence in lerms of environlllen ta l factors such as 
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light, temperature. water and soil nutrients. They lila) also share the abilil) to tolerate the 

activities of animals and humans such as grazing. burning, cun ing or trampling (Kent and 

Co ker, 1992). On the contrary, if they have exact ly s imilar requirements, there wi ll be severe 

competition and replacement of the weaker by the stronger. Regarding the structure o f plant 

communities two differem views have been prescmed in Ihe past. These afC organ ismic 

(discrete) and individualistic (continuum) community concepts. 

2.3. 1. The O rga nismic (Disc rete) Communil)' Concept 

Clements in ( 1928) considered plant communities as discrete units that can be recognized. 

identified and defined, which repeated themse lves with great regularity over a given region ?f 

the earth' s surface. The plant communities are considered super organisms that have thei r 

own life and structure as well as their own temporal and spatial limits (Chapman and Reis, 

1992; Brown and Lomolino, 1998), The d iscrete community unit theory implies the existence 

of distinct communities (Wal ter, 1971). The di st inct vegetation o f each area represents a 

distinct community, which is se parated by sharp vegetat ion transition from other 

communities (Ricklefls, 1997). 

Within this com munity un it concept, the plant communi ty is the basic uni t, and Ill ay be 

represented by a group of relatively homogeneous samples classified based on noristic 

s imi lari ty into a hierarch ical table (Palmer and Van Staden, 1992). Moreover, th is view 

regards communities as havi ng a degree o f internal organizations, which jointly modify the 

environment with sharp delimitation from other environments. Therefore, the existence of 

each community could be attributed to the compet ition and exclusion of olher less 

competi tive ones by few dominant species (Roberts, 1987; Paul, 1993). 
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pecies belonging to a community are closely assoc iated with one another implying. the 

ecological limits dist ribution o f each species \~ ill coincide \\ ith the distribution of the 

community as a whole (Burbour et al., 1987). The discrete community concept predicts that 

the distribution of spec ies along certain gradients, groups of spec ies or communities \\ould 

replace one another (Shipley and Keddy. 1987). Within each grouping, most species have 

s imi lar dislribUl'ions and the end of one group coincides with the beginning o f another 

(S hipley and Keddy, 1987). 

2.3.2. The Individualistic (Continuum) Co ncept 

Contrary to the discrete com mun ity concept, Gleason's (1926) viewed plant communities as 

continuous entities. Plant species respond individually to variation in environmental factors 

and those factors vary continuously in both space and time. Every species has a different 

distribution or tolerance range and abundance. The assemblage of plants growing in an area is 

not o nly the result of env ironmental conditions but also species migration (Lewis and Tayler, 

1997). The success of these spec ies depends on the combinat ion of environmental fac tors at 

that s ite and the toterance range o f the invad ing species. Gleason ( 1926) argued that the ran ge 

of permutations of combinations of environmental factors together wit h the differcI11 

tolerance ranges of lhe spec ies, would always give a different combination and abundance o f 

species. In this concept commun ities replace one another (C loessen et al., 1994) and 

d istribution o f one spec ies within each group has s imilarity and the end of one group 

becomes the beginning of another. 

The conti nuum concept suggests Ihat plant community change (in their composition) 

gradually along the complex environmental grad ients and hence identification o f distinct 

community association is not poss ible (Col lins and Roberts, 1993). The dislribulion celUres 

and species range boundaries are widely scatte red so that no groups o f species wou ld 
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aggregate to fonn a dis tinct community unit (Burbour el al .. 1987). Rather each species has 

its own physio logical to lerance lim it to environmental variables and the environmental 

variables would also nuctuate and vary across panial scales (gradiellls). Both concepts 

em phasize an enviro nmental fac tor giving lillie allention to the modi fi cation effect of the 

vegetation and the ir subsequent in nuence on the pattern of comm unity (Robens, 1987). 

Co llins and Roberts (1993) argued Ihat the d ic hotomy should be avoided si nce both 

hypotheses do not exhaust the natural commun ity patterns but they are competing rather than 

complementing as well as dea ling wilh a special case of dynamic system. Co llins and Roberts 

(1993) developed the hierarc hical continuum concept, with regard to the distribution pal1erns 

of plant communities. The hierarchical contin uum cOllcept al1empts to incorporate both 

hypotheses and assumes that some spec ies will have a wider distribution, others localized, 

and still some others will have a much restricted distribution across the sample area. Hence, 

the distri bution paltern and abundance of species assu mes a hierarchical structure where 

species with wider, intermediate and restricted d istribution ranges show some kind o f 

hierarchy than a continuum or discrete. 

2.4. Techn iq ues for Ana lyzin g Vegetation Data 

2.4. 1. C lassification 

Classification re lies on defining a set of classes in which members of the same class and 

those of different c lasses with the intention that s im ilarity is a mal1er of degree. Thus, similar 

properties shared by different classes and other properties that are not shared common ly serve 

to identify that particular class. Class ification begins with the assu mpt ion that cOllununilies of 

discrete ent ities. Classi fi cation invo lves arranging stands into classes, the members o f each 
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class having in common one or more features selling them span from the members of other 

classes (Greig-Smith , 1983). 

Class ification can be hierarchica l or non hierarchical. Non-hierarchical classification divides 

samples into a number of cluSlers. Groups have no joint structure. The ai m of such techniques 

is to produce the most efficient groups regardless of the route by \\hich Ihey are divided 

(G reig-Smith, 1983). If homogene ity of a group is of a prime importance in the application 

process, the non-hierarchical techniques are best fit . 

Hierarch ical classification techniques define relalionships among the clusters. Samples 

hav ing the same properties are arranged into classes at any leve l are subclasses of classes at 

higher level (Pie lou, 1969). A hierarchical classification technique is further divided into two 

strategies (M ueller-Dombois and Ellenberg, 1974: Grieg-Smith, 1983). which are divisive 

and agglomerative strategies. In a divisive strategy the population is progressively subdivided 

into groups of di minishing size, while in an agglomerative strategy, a hierarchy may be built 

up by fUSing individuals progressively into groups of increasing size until the whole 

populat'ion is merged, into a single group (Greig-Smi th, 1983). Similarly. there is a choice 

between Illonothetic strategy, which is based on a single attribute and polythetic strategy. 

which is based on a number of aMributes (Dingby and Kemptoon, 1994. 

2.4.2. Ordination 

Ordination produces groups from the concept that vegetation is continuous (the continuum 

concept). It does not produce distinct groups. which can be classified instead it sho\\ s the 

interrelationships among the groups that are to be contro lled by environmental gradient 

(Kershaw, 1973). Ordination aims at representing the individuality of each stand. It enables to 
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obmin inronnation on both continuity and d iscont inuity or the data studied as "ell as 10 

recognize the num ber o r possible clusters and the ir shapes (Kershaw, 1973). 

nlC success or ordination method depends on the use o r appropriate variety or environmental 

variab les (Begon el al., 1996) and providing some hypothes is to be tested about the 

re lationships between com muni ty composition and environmen tal ractors (Chapman and 

Reis, 1992). Res ults obta ined by ord ination emphasizes the occurrences or predictab le 

association or species under particu lar set or environmenta l variables and their common 

trend, which are most important in sort ing out a group (Begon el al., 1996). 

In plant ecology. gradient analysis or ordination methods can help researchers 10 summarise 

plant com munity data, by providi ng an ind ication o r the true nature or variation within the 

vegetat ion of the area under study, as well as enabling the d istribution o r indi vidual species 

with in d iffe rent communit ies to be exam ined and compared (Kent & Coker, 1992). Gradient 

analyses also prov ide summaries or variation wi thi n sets or vegetation samples wh ich can 

then be correlated with environmental cont rols to de fi ne envi ronmental gradients (Kent & 

Coker, 1992). Gradient ana lysis and ordination techniques are a group o r methods ror data 

reduction and ex ploration leading' to hypothesis generation. The methods are essentia lly 

descri ptive and enable researchers to rormulate ideas about the plant communi ty structure as 

well as poss ible causa l relat ionships between variation or vegetation and its environment 

(Kershaw, 1973; Kent & Coker, 1992). 

Ord ination is used by community ecologists, espec ially vegetation ecologists, to quantiry and 

study pallerns in plant communities. Ord ination consists or a set o r multi variate techniques 

which red uce the multiple variables in a community 10 a rew dimensions which re ncet the 

Illost imponant patterns in the data SCI (Gauch 1982; Digby & Kcrnplon 1994). Ord ination 
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methods can be classi fi ed into constrained o rd ination and ullConSlmined ordmallon 

techniques. 

In di rect gradient analysis or constrained ordinat ion. environmental factors are identified 

be fore the analysis. These factors are di rectly incorporated in to the analyses (ter Braa!- . 

1995), and hypotheses can be rigorously tested in an a priori manner (Legend re & Legendre, 

1998). The method assumes that the underlyi ng environmental gradients are known and are 

quile d istinct (Kent & Coker, 1992; Burbour el aI. , 1987). Constrained tec hn iq ues are 

designed to directly in vestigate hypothesis aboul differences in characteristics o r s ites 

con tributing to differences in species composition. An additional advantage of constrained 

ordination techniques is that a signi ficance analys is can be done to investigate whether the 

observed patterns can be a chance-effect or nol. The most commonly used DG A method is 

Canonical Correspondence Analys is (ter Braak, 1995). 

UnconStra ined or ind irect grad ient ana lysis is a tenn applied to techniques which operate on a 

set of vegetat ion data by examining the variation within it. These ordinations are based on 

ana lysis o f flori stic data independent ly of any preconce ived notions or contro lling 

environmental factors (Kent & Coker, 1992). A second set of ana lysis is th en performed once 

Ihe major sources of variation in the vegetation data have been described and sum ma rised (ter 

Braak, 1986). 

2.4.3. Species Diversity, Richness. Eve nness and SimiJarit)' 

Biodiversity refers to the variety of li fe fo rms, the genelic and species divers ity they contain , 

and the assemblage they fonn . Biodiversity is onen measured in temlS of species di versity. 

Pau l (1993) noted that species diversity could be viewed in tenns or species richness, species 

endemism, evenness and taxonomic d iversity. Measures of di versity are frequentl y seen AS 
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indicators of the normal functioning of ecologica l systems. The presence of a greal number of 

species with different structures. differem chemical composition. and differem life spans 

fo rm one of the most imponam bases of life for humans throughout our planet (Reaka-Kudla 

el al. . 1997). One imponalll reason for studying and measuring diversilY will be 10 measure 

the impact o f projects or intervent ions Ihat were planned 10 ach ieve landscape domeslicalion. 

Species diversity is a characterislic un ique to commun ity level of biological organizalion. 

Higher species di vers ily is generally thought to indicate a morc complex and heal th ier 

commun ity because a greater variety of species allows for more species inleraclion. hence 

greater syslem stabil ilY, and indicales good environmemal condil ions. CommunilY is said 10 

have high spec ies d iversity if many nearly equally abundan t spec ies are present. If 

community has only a few species or if on ly a few species are very abundam, then species 

diversity is low (Brower el aJ.. 1984). 

The descr ipl ion of plant community invo lves the analysis of species divers ilY, evenness and 

sim ilarity. Diversity and equitabil ity of species in a given plant comm unity are used to 

interpret the relative variation between and wi thi n the communilY and hel p to explain the 

underlying reason fo r such a difference. The two main factors taken into account when 

measuring d iversity are richness and evenness. Richness is a measure of the number of 

different species in a given site and can be expressed in a mathemalica l index to compare 

diversity between sites (Zerihun Woldu, 1985). Spec ies richness refers to the 100a i number of 

species in a community whereas evenness is Ihe relat ive abundance of spec ies within the 

sample or community mak ing up the richness of an area (Kent and Cooker. 1992: Krebs. 

1999). Spec ies richness index is of great imponance in assessing taxonomic and ecological 

values of hab itals. Species richness is broadly used as a measure of biodiversilY with various 
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objectives such as monitoring biod iversily in order to prioritize management or conservation 

actions or design eco logica l indicalors. 

Evenness is a measure of how evenly the cover with in a plot is distributed beh\een species. 

Evenness va lues range from 0 to I. An even ness va lue of I indicates Ihat plant cover \\ ilhin a 

plot is evenly shared among the species present (e.g. on I)' one species is present, two species 

bot h account for 50% of the cover, elc.). A low evenness value ind icates thai one or a few 

plants account for the majority of the cover, whereas other plants cover very litt le of the pia l. 

Eco logists have dev ised a huge range of ind ices for meas uring di versil)" each of which seeks 

to ex press the diversi ty of a sample or quad rat by a single num ber. Given the large num ber of 

ind ices, it is often d ifficult to decide the best method of measuring diversity. One good way 

to get a better divers ity measures is to test their pe:rfonnance with data . A rather more 

scient ifi c method of se lecting a divers ity index is on the basis o f whether it fu lfi ls certain 

functions criteria, its ability to discriminate between sites, dependence on sample size, what 

component of divers ity is be ing measured, and whether the index is widely used and 

understood (C larke and Warwick, 200 1). Of lhe various indices, Shannon We iner divers ity is 

the 1110s1 frequentl y used index for comparing di vers ity between various habitats (HclIserr, 

1998; Magurran, 1988; Grieg-Smith, 1983 ; Clarke and Warwick, 2001). Shannon Wiener 

divers ity index that combines richness and evenness naturally varies between 1.5 and 3.5 and 

rare ly exceeds 4.5 (Kent and Cooker, 1992). 

Spec ies diversity could be viewed from different approac hes in terms of alpha, beta and 

gamma diversity (Rosenzweig, 1995). Alpha divers ity (a ) refers to the diversit), o f spec ies 

within a part icular habitat or commun ity. Bela diversity (J1) is a measure of the rate and e,\1cnt 

of change in species along a gradient from one hab itat to another. It is between habi tat 
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divers ity that measures tumover rales. Beta diversity is sometimes called habilm di\ersit) 

(Ken! and Cooker. 1992). Gamma diversity (y) on the other hand is the diversity of species in 

com parable habitats along geographical gradients and is independent of the t\\ O (Kent and 

Cooker, 1992).S imilarity index measures the degree to which the species composition of the 

quadrats/samples is a like, whereas dissi milarity coeffic ient asscsses which two samplcs or 

quadrats differ in compos ition. It can be used to assess the sim ilarity between differcnt 

habitats with reference to the composition of species. 

Jaccard and Sorensen are the mOSt common binary simi larity coe fficient, because they re ly 0 11 

probability data. except that Sorensen gives more weight to the species that are present in 

both quadrats and therefore less we ight to species that are present in only one quadrat (Kent 

and Cooker, 1992). Patterns of plant spec ies diversity have often been nOled for prioritizing 

conservation activities because they reneet the underlying ecological processes thm are 

importan t fo r management (Kent and Cooker, 1992). 

2.4.4. Sample Based Rarefaction Curve 

Exhausti ve biOd iversity surveys are nearly always im practica l or imposs ible (Lawton e l al .. 

1998), and the difficu lt ies inherent in esti mating and comparing species richness from , 
samp ling data are we ll known to ecologists and conservation bio logists (Chazdon e l al .. 

1999). Species richness usually increases wi th sample size and differences in richness 

actua lly may be caused by differences in sample size. TIle comparison of species richness of 

two comm uniries may be biased if the sampling e ffort strongly differs. For that reason, 

GoteHi and Colwe ll (2011) recommend that species richness of the commun ity surveyed 

using the largest number of sampling units be rescaled to be comparable to the data SCI 

desc ribi ng the second community with the smallest lIumber of sampling units. TIle pr incipal 
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use o r rareraclion curves has long been the comparison or species richness among empirical 

samples that differ in Ihe 10lal number or ind ividuals (Lee et al., 2007; anders. 1968) or 

among sample-based dalasets Ihat differ in the tOlal num ber o r sampl ing units (Longino and 

Colwell. 2011; Norden et al., 2009). 
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CHA PTER THREE 

3. MAT ERIA LS AND M ETHODS 

3. 1. Description or Study AreaJ 

3. 1.1. Lake Abay. and Lake Chamo Wellands 

3.1. 1.1 . Topography and Location 

Lakes Abaya and Chama are part of the: Ethiopi an Rift Valley Lakes (Abaya-Chamo basin) 

bounded by eastern and westen! escarpments in SNNPRS (Figures 3.1 and 3.2). Lake Ahoya 

is !he largest lake in the Ethiopian RiO, located between 's°3'19"N and 6°45'1 ' ''N latitude and 

31" 18'5S"E and 38°755"E longitude (EMAt 1988). It has a maximum length of 79.2 km , 

maximum width 007.1 km with a surface area of 2600 km l (Seleshi Bekelc. 2001). It has a 

maxim um depth of 24.5 m and is located at an average alti tude of 1,235 m, • . S.1. (Selesbi 

Bekelc. 200 I). 

/" 

A 

Figure 3. 1: Map of Ethiopia sho\\ing location of the siudy areas (Lake Abaya Bnd Lake 
Chama wet lands) 
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the top or the mountain (Mcngistu Ncgash et 01., 1989; Thiemann, 20(6). Based on the 10 

years climatc data (2001.1010) from Arba Minch meteorological station, the nerage annual 

temperaturc is 24°C where as mcan annual rainfall is 933 mm. The rainy seasons orthc study 

area are from September to October and March 10 Junc, \\ith mean minimum monthly rainfall 

in January and ma-<imum in April. Hot and dry' weathcr is predominant rrom December to 

February, The mean minimum temperature or thc coldest month and thc nlean daily 

maximum temperature orthe wamlest month is IS,SoC and 33.4°C, respectively, 

Arbamu-.::.h (1235 m) 
41001 -2010 UC 933mm 

300 
C .on-

SO 100 

dO 80 
33.4 

30 60 

20 dO 
15.8 

10 20 

0 0 
J F M A M J J A S 0 N D 

Fig.ure 3.3, ClimalC diag,r.lm for Lakes Abaya and Ch:lmo wetlands (Source: EMSA. 
Ethiopian Meteorological Service Agency, 2012), Thc diagram s start with January in the IcO 
comer of the diagram , 20 mm of monthly precipitation (right ordinate) equal IO"t' average 
lCmperature (left ordinatcl. The dotted area in between thc precipitation cun'c (bluc) and thc 
temperature curve (red) indicate dry season. Vcnical lines inside thc precipitation cun'C 
indicate moist season. The shaded area inside the precipitation eunte indicates frost periods. 
E3Ch lie mark along. thc horizonl:lliine (abscissa. x-.lxis) indicalCS a month. Numbers to the 
leO or the diagram show mean daily ma.ximum temperature or thc warmest month and mean 
daily minimum temperatu.re of the coldest month. The length or the observation period for 
temocrature and orecioitation resoccti\'cl\' ror the S131ion (Arba Minch) located ill 1235 
m.':sl. is gi"cn in' the iop Icft co";er or th~ diagram. Numbers in thc top right comer or the 
diagram show annual average oftcmperature and annual precipitation sum for thc station , 
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3.1.1.3. Geology and Soils 

The Abaya and Chamo lakes and associated wetlands being pan of the rift valley "ere 

fomlcd by volcanic activitics in the Rift Valley during the period of Pliocene and Holocene. 

Late Pliocene-Quaternary vo lcan ism is mainly localised in the rift floor (Monon I!t 01 .. 1979). 

However, the rift valley basin is dominated by youn g vo lcanic and sedimentary rocks 

(Miocene to Recent), which lies within old (Precambrian) shield rocks (McConne l, I 972). 

The rift va lley floor near Lakes Abaya and Chamo is filled wi th all uvial sediment's (Mohr. 

197 1). The western edges of Lakes Abaya and Lake Chamo are covered by lacustrine and 

swamp deposits (Chernet Tesfaye, 1982). Throughout the va lley there are extensive nonh­

south fault Zones (Baker el a/.. 1972). These lakes are found in less intense ly faulted rift 

va lley floors (Mohr, 1971). Lakes Abaya and Chamo were enlarged and united to fonn a 

single lake in the pl uvial period and were separated probably as a result o f inter-pluvial 

climatic change or the down cutting and change of water leve l as it is the case in the central 

Rift Valley lakes (Zerihun Wold u and Mesfin Taddesse, 1990). 

The so ;ls along the floor of Ihe rift valley and Lake Abaya are alluvial type (Vukas inovic. 

1969). Co lluvial materials and lacustrine deposits of the Pleistocene were common when 

Lake Abaya retreated (Mohr, 1971; Thiemann (2006). Therefore, the soils of the area around 

the floor of the ri ft valley and Lake Abaya can be categorized as Flu visols of the 

FAOIUN ESCO rev ised legend ( 1990). 

In the shore lines of southern and western pan of the lake Chama is mainly covered by 

fl uv iso ls, which are very fenile and deve loped from Kulfo and Sile rivers and lacustrine 

deposits (NAE, 1988). These soils are intensively used soils fo r agricultura l practices. The 

Eastern side of Lake Chamo is ~ai nly covered by luvisols which have good agricultural 
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pOlelllial (NAE_ 1988). Some areas in the onh Western pan and southern pan o f Lake 

Chamo are covered by Dystric itoso ls in the basin AE. 1988). 

3.1 .1.4. Major Land Uses a nd La nd Cover 

Lake Abaya-Chamo basin is covered by di fferent vegetation types and experiences differen t 

land use pract ices. The freshwater swamps at the mouth o f the Kurfo River and in Lake 

Chamo are domi nated by Typha anguslifolia , tall waterside grasses and legum inous trees, 

suc h as Aeschynomene elaphroxylon and Sesbania sesban. Taller trees found in the wet lands 

include Ficus Vasta. Acacia tortilis and Balanites aegyptiaca. The forest between the two 

lakes is dom inated by Ficus sycomorliS which can grow up to 30 m taU. The shorelines in the 

nonhern, western and southern pans of The lakes are covered by grasses, sedges, and 

scattered trees. Almost all o f the wetlands assoc iated with the two lakes are located in this 

strip of plain land . This strip of plain land is also dense ly populated and intensive agricult ure 

is practiced. 

The land use of Lake Abaya and Chamo wetlands, espec ia lly western s ide o f the two lakes, 

has been changed rapidly due to extensive deforestat ion as a result of increased number of 

population in the area (Se leshi Bekele, 2001). The extensive deforestat ion resulted in the 

replace ment of vegetation cover by cultivated lands. Farming activ ities like livestock rearing 

and crop production are the main land use practices in the catc hment surrounding the lakes. 

Extensive areas to the west o f Lake Abaya were cleared in the I 960s and 1970s to establish 

large-scale mechanized farms for colton and other crops (Zeri hun Woldu and Kum lachew 

Yeshitila, 2003). COlion and banana arc the dominant crops. State farms like Bilate, Arba­

Minch and Sile (recently give n fo r private investors) arc examples of intensive farming in the 

plain land adjacent to the lakes (EMA, 1988; NAE. 1988). In the Lakes Basi n the 
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intcnnediate zone between the humid high lands and semi arid low lands art co\ ertd b) 

bushland and scrub lands. This type of vegetat ion also co vers the southern. " estern and 

northern part of lhe lakes. Very dense ground water forest with a number of bubbling streams 

or watersprings covers the shoreline in the northern part o f Lake Chamo and southern part of 

Lake Abaya. It was the main source o f wood for Mba Minch town. The increase in the 

demand for wood for charcoal, fire wood and construction materials has highly affected the 

land cover in recent years. As deforestation of the nawral vegetation continues, so il loss due 

to erosion may lead to an increase in sed iment load o f the lakes (Se leshi Beke le, 2001 ). 

3. 1.1.5. Popu la tion and Socio-Economic Conditions 

The current growth rate of population in the two Rift Va l/ey Lakes is very high and has an 

adverse effect upon deve lopment in the basi n (SNNPRS Population Bureau report. 2004). As 

popu lation number increases in the two Lakes Basin , pressure on the land to expand fanning 

activities also increases leading t~ deforestation and conseq uent ly to uncontro lled erosion 

during heavy rains. Though highlands of the basin have been sen led for a long period in 

history, the lowlands adjacent to the lakes have been settled in recent times mainly by the 

people who came from highlands forced to mignlle with the increase in population num ber. 

Farming activities like canle rearing and crop production were the main sou rce of live lihoods. 

In recent times, fi shing in Lake Chamo is the main econom ic activity. 

3.1.2. Fincha 'a-Chomen Marsh 

3.1.2.1. Topography and Location 

Fincha 'a-Chomen Marsh is fo und in Orornia Regional State in Horo Guduru Wol/ega Zone 

(prev iously under East Wol/ega Zone) and is found at about 280 km west o f Addis Ababa. It 
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is located al 09"34'N and 3 1"2 1 'E at an a\'cragc clc\'ation of 2.222 m (EMA, 1988) with a 

surface area of about 60,000 ha. 

........ 
-

-
- -.-

-

Figure 3.4: Map of Ethiopia showing k'ClUion of Ihe study area (Fi ncha 'a-Chomcn) 

3.1.2.2. Gcoloto, and Soils 

The eoo1oe,y of Ethiopia fall s \\ ithin the gooloeical structural wlits of the Hom of Africa 

(Mohr. 19 71). Precambrian roc!.:s foml the basemcnt rock of thc south-western plateau 

ovcrlying. by tcrtiary basal traps Jav3 (low which 3!'e gcncraUy Oat (Mohr. 1971). III South-

western Ethiopia. soils are deep and belonjl, to the Order Oxisols (Mohr. 19 71). The soils in 

Fmeha 'a Vallcy are made of aJluvial and coltu" ial materials from the sUlTOundmg 

cscarpments. 
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3.1.2.3 aim.te 

The western region of Ethiopia is characterized by contiguously distributed rainy months and 

evenly distributed rainfall and it is the wettat with eight rainy months that extend from 

March to October (Daniel Gam achu, 1977). The distribution of rainfal l is un imodal (Figure 

3.3); characterized by a prolonged wet season from June to September and a short dry spell 

showers from middle of March to April (Daniel Gamachu, 1977). The rainy season starts at 

the middle of March and it ellds in October. Based on climate data of 10 years (200 1. 1010) 

from Fineha meteorological station, the mean nnnual rainfall in the area is about IMO mm, 

rainfal l peal: period between May 10 September, and decreasing in October with linle or no 

rainfall in No,·cmber. The mean annual temperature is about IS.2°C whereas the mean 

minimum temperature of the coldest month and the mean daily ma:\:1muOl temperature of the 

warmest month are 9.5°C and 28.4°C. respectively. 
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Figure 3.5: Climate diagram for Fi llcha'a-Chomen wet lands Source. EMSA (Ethiopian 
Meteorological Service Agency, 2012). The climate di agram was interpreted in the sallie 
mallner as figurc 3.3. 
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3. 1.2.4 Major Land Uses a nd La nd Cove r 

Based on the infonnation obtained from the Horo Woreda and Rural De",elopment Office. 

potential arable land aCCOunts for about 45 .27%, pasture or grazing land 6. 11 %. \~hile 

30.41 % is forest land, 15.08% is swampy and marshy, 0.68% degraded or barren land and 

2.45% is construct ion and other land types. Major crops produced in this District are cereals 

under private fanner holdings. Niger seed (NUG) is an important loca l cash crop. Accord ing 

to reports from HW RDO (2009), land cover under different crop production increased from 

21 ,295 ha (1998) to 21,642,825 ha (2000) ind icating thai there is high demand for more land 

including wetlands for agricultural pract ices. Deforestat ion and loss of fertili ty due to 

expans ion of agricultural land and increased population size are some of the major problems 

in this area (HWRDO, 2009; Woldeyohannes Enkossa, 2008). Vegetation coverage of the 

District inc ludes marshlands, grass lands, forests, bushslands and shmbs. Fincha 'a-Chornen 

marshes are extensive ly covered by floating vegetation. The most important species in 
, 

float ing vegelalion is the perennial slo loniferous grass P(micum hygrocharis, which fonns 

floali ng islands. 

3.1.3. Dabus Mar:sh 

3.1.3.1 Topography and Location 

Dabus Marsh is found in Oromia Regiona l State in central western parts of West Wollega 

Zone. It is located at 09°16.2 and 34°48'E at an average elevalion of 1.300 m \~ith a 

surface area of about 70,000 ha (700 km2) (EMA t 1988). Ethiopian Wildlife and atural 

History Soc iety (EWN HS, 1996) designated Oabus Marsh as one of the Im portant Bird 

Areas. Dabus River is an im portant tributary draining the relatively wet southeast region of 

the Abay Basin. Accord ing to Sutcliffe (2009) and MoA RO (2005). Dabus and Didessa rivers 

together conrribule a third of the total flow in the Abay Blue ilc Bas in. 
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3.1 .3.2. GcoloRJ' and Soils 

The OCculTCnc~ of geologic elements in the West WoUegn (or Wollega Pro\;nce) an:: Ihe 

results of Precambrian and CcnOl.oic era (Mohr. 1971 ). The tertian' basaltic rocks account for 

the majority of high land rock cover of West Wollega (Mohr, 1971), Dystric Nitosols fonn 

the maior JlfOup of soil units occumnp, in most parts ofllae Zone. 
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3.1.3.3. Climate 

According to Daniel Gamacbu (1917), there are 14 rainfall regimes in Elhtopia which faU 

inlO two main types, and the southwestem highlands come under type one that is 

characterized by contiguously distributed rainy months and evcnly distributed rainfall. The 

distribution of rainfall is unimodal type (Figure 3.4) which begins usually in April and 

eontinues up to mid October and is unifonnly distributed in most years. There is a long dry' 

period from mid October to the end of March. Based 0 11 10 years climate data from Begi 

metereologieal station, the mean annual rainfall in the study area is about 141 5 mm and the 

mean annual temperarure is about 19.8°C whereas the mean minimum temperature of the 

coldest month and the mean daily maximum temperature of the walmcst month is 11.8°C and 

B cgil (1 424 rn) 
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Figure 3.1: Climate di agram for Dahus wetlands (Sowtts. EMSA. EUuop!an NletoorologJCal 
Sen';~ Agency, 2012). The climate diagmm was interpreted in the same manner as figure 3.3 
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3. 1.3.4. Popula t ion a nd \'ege tat ion types 

According to the 2007 Population and "Ious ing Census report. the toml population o f West 

Wollega Zone was 1,35 1,979. Agriculture is characterized by mixed cropping practices 

mai nly coffee , maize, tef. sorghum, barely, wheat and noug (G WS PM FRDA, 2004). The 

forest patches are fo und most ly in li mi ted areas in the eastern and northeastern pam. 

grass land occupy western, northwestern. southwestern. centra l and southern and swamps and 

marshes occur in the central western part of the Zone. Broad leafed forest, grass lands and 

wetland (marshes and swamps) are the common types of climat ic climax vegetation of West 

Wollega (GWS PMFRDA, 2004). 

3.2. Data Collection 

3.2, I. Vegetation Oala Collect ion 

A vegetation and habitat reconnaissance survey was conducted in each of the study areas 

with the purpose of gett ing acquaitance with the study areas . Vegetation sampling in the 

wetlands of the study areas was conducted during both wet and dry seasons. Sampling was 

done during two field season as a much more extensive sampling effort is necessary in order 

to better q uantify spatial and temporal vegetation patterns across these diverse ecosystems or 

landscapes. 

Representat ive and relatively homogeneous vegetation units of sampling s ites \\ ere 

purposively selected on the bas is o f physiography and physiognomy. Transei:ts \\ ere set up 

preferentia lly across area where there were rapid changes in vegetation or marked 

environmental gradients (Mu ller-Dombois and Ellenberg, 1974). Transects were laid out 

across the study s ites (M uller- Dombois and Ellenberg, 1974) and se lected 10 represent 

hydrologica l variations and habitat heterogeneity. The number o f transects varied depending 
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on the ~I/e of \\ e rland and the habirnl \anallon obsened I ransecr5 \\cre sianed from about 

rhe IIllddle ( in palustrine \\('" tland ). at the edge of the open (in lacustrine "cllands) and III 

pcrpendiculflr to flo\\lIlg \\ater ( in rc\enne \\ctland) and c\tended 10 the ecotone alon& ttte 

cdge on both s ide:. of the \\elland. I ransect lltlillphng IS cons idered b) fIlUII) field !oClCntlSb to 

be advantageous in that II has Ihe potential to sho\\ progressl\ e changes along a landscape 

,eglllen\. ant! thus the researcher rna} rapidl) establish the local Strtlligraphic and geomorphic 

re-latlOllll (Danie ls and flamJllcr. 1992). 

Mueller-Dombois and Ellenberg (1 974) flnd Kent and Co"er ( 1992) suggested quadrat size 

fo r Illeado\\ al](I fen \('getation t~ pc is 4 III ;.. 4 III (16 1l1 ~) and a shnlbb) heath. tall herbs \\ ilh 

grass land vegetalion t~ pe is 8 III X 8 III (64 1Il ~). Thus. because of differences in vegetation 

70nat iOll patte rn and cOlllinllit ~ of suhstratt:'s. vegeTation data \\ ere collected al each site lIsing 

a plot s ize that meets the minimulli area requirements for Illeado\\. shrubb) heaths. tall herbs 

\\ ilh gmss land \ egetation and shnlbb~ s \\ amps. The plots \\ere not nested but different plols 

siLes \\ere used in different \ egetation units. Sample plots \\ere placed along transects in 

each o f the pllq)()sivel~ (preferemiall) selected habitat uilits or strata based on moisture 

grad ient and dominant \'('g.elation types. Location of the plots was chosen visu:tlly and 

purposi\d.\ 10 CIl <; urc that it gh c~ a rcprc~C'nlati\ c \ ie\\ of The plant species and abundance 

in that unit. The location or each plot \\as recorded using a GP$. 

Within eac h sample plot in atl stlld~ area~. flll plant spec ies \\ere recorded and the percentage 

aerial co\ cr or each ~pecie:. \\as eStimaTed This \\a~ la ler com crted to 1-9 scale fotlo\~ ing 

the I)ralln -Blanqllct tc method rnodilied b) Van der fI.·Iaarel ( 1979) as floo\\ s: 

• I: Rart'. gcncra ll~ OIW indi\ i<llla l: 

• 2. O ... ul<; ional. \\ itll k~~ than 5% COH:r o rthe lotal: 
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• 1 \ bllndanl . 1\ Ith le~'i thllll 5° ° COl er of the 101al. 

• 4 Ver~ abundant . \\ Ith Ic~<; than SO'olOI cr of tile tOlal. 

• S. 5- 1 :!% COl ers or tlle IOta I llrea. 

• 6: 1:! .5-25% co\eroflhc tOial area ~ 

• 7: ~5.5-5 0% co\ er orthe t0l1l1 area: 

· s: 50"5-75~o cOl er 01 the IOta I area. 

• 9: 75- 100% covers or the IOta I Mea; 

CO l t: r \Ias estimated a.<. th.: I>crccrllagc or ~ampling area co\cred b) the \ertkal projection o f 

IIldi\!dllnl ., of each :'PCC IC) pr~·,ent (i\ ludler-Dombois & Ellenberg. 1974). PlulII species 

occ lirring OlliS ide the plo!:' Il er.: a l ~o collected and identified 10 prod lice /I comprehens he list 

o f the plant specie<; di\ ers il~ of the stud~ nrell. Voucher specill1ens \\ere co llected. coded. 

pressed and dried for s llbsequent iden tification 1Ind verification at the National HerbMium 

(ETII). Addis Ababa Unj' ersi t~ . lI ~ ing Flora of I-th iopia and Eritrea and Ihose of olher 

neighbouring coulltries. The prall! specimens co llcct"d \\ ere idellt ified to the famil). genus. 

and spec ies level. 

J. 2.2. E I1\"irnlllllr ll tal data ('O ll l'(' liol1 

rhe 1'0 110 11 ing el1\ ironmcnlal variables \\cre recorded in each plot at different le\ cis of detllil : 

drainage. h)d rogeomorpholog). disturbance. slope and eleHlt ion (Appendi;\. 2). AI ellch site 

(sample plol). estimate of disturbance intensit) \\as recorded based on ph) sical evidence of 

the s ite c haractereslics (e.g. so il irregularities. burning. dcfoliation and dung present). PIO( 

leh'l h~drog.:omorpho log i c f('a lllre) \\c,:r(' rated ba~ed on ph~ sica l clidence of Ihe s ile or 

sample plot (e.g .. pos ition of the Innd scapc and additional Ilater source) \\hcrc as dminagc 

lIas recorclt: d based on \\ater holding captlcit) of the soil or lel el o r s.1lurnt ion. Depth 10 

water tab le \\ as measured ill each plot w;th a llibelled PVC pipe. Em irOlllllental data on 
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topographic p:J ranl!:t~~ ' lleh a.<. altitude and coordlllntcs for cach plol "crc determined ..... 'h 

G PS PhOlog.raphs Il t'Teo taken for \ isual rcprcsenl3110n of lhe "egelallon and Olher Slle 

dumtctc rb t lc~ (/\ppcndic('S 5. 6 al1<l 7). II lI Quid h:l\e beell dCSlrtlblc 10 IOl csllgate a \\ Ider 

range: of t.:1l\ 1r<1Il lllcrltai parameters such liS soil IlUiricllIs and Ilater chemist!) . bUI Ihls "as 

con:.tralilcd b~ the problem ofiran"ponlllg C(ll llprncllI and OIher hmlled rc')()urces 

3.3. I)ala Analys is 

A hhough \ C!!CIa! ion ,arnpt lllg II (h conductC'd dunng II CI and dr~ penods. em IronmCnial dara 

intended for determinin g I:, ctors infl uencing the plan 1 communit)' l)peS \\as collected on I) 

durin g lVel season. Thus. Clflss iticalioll and ordinat ion analysis for description of the 

Icgelflliol1 (p lalll COI11IlHlIli t ~ 1 ~I:>eS) and fo r dClcrrnining fJlclors innucnc ing Ihe ' egcun ion 

COllll)O"illOIl illcl uckd :.a mples ani) from Ihe \\CI seasoll dala. Dry scason \cgclaliol1 data \ \ as 

el1l pl o~ed 10 Ivesligatl! if Ihe re \\as seasonal shift in fl oristic eOlllpos ilion and lnxonornic 

di\crsit) . C lusteri ng Wil~ UUI1l: from [he dT} season \cgelation data 10 sho\\ Ihe chnnges in 

number o f plant community I) l>es. 

3.3. 1. Vl'gl' bllioll :IIHI Ell vil'OnnH'nla l Data Ana l)'s i ~ 

ivlulti\ariat(' data anal) s is methods \\ ere uscd to anal)zc the \cgetalion and cmironment.o.l 

dala . Slat i:,t 1c:l I allaly~b was performed in the R version 2.14 stillisticnl comput ing progrnlll 

(R Dc\'c lopmc ll1 Co re Team. 2009) lIsin g packagcs for class ificmion and ordination . 

Programs for ecologica l and Cll\ironm cntal data ana l)sis by Zerihun Woldu (2012) \\ere 

elllplo~ed . In \cgelation ccolog). 111(111) '> tud ic!> h:\\e pointcd oul lhat among the Illulti\arialc 

, , ' I" I ' I 0 " " ',,, ",elho<l, The choice orlhe method approaches Orcilll!ll io n and class r rC(l lion arc t Ie \\ r " . 

10 be used depends on tlte ecologica l question to be IHls\\ cred (Gauch /lnd Wh ittaker. 1972; 

Gauch. 19~2). II is no\\ gl!l1erali) accepted Ihatlhc choice bet\\ccn Ihe 1\\0 methods depends 
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on the objccli\ cs o f the dma a na l ~ :> ls and the Slnicture o f the dma Stt ~lng (,amlned. ralher 

than on pr~conceptlon abo ul thc IHll urc ol lhe \ cgetallo n (lneg·Sml lh. 19(7) and t~re is no 

prior reason to acce pl eit her a clasS ification or an ordination as an mherentl) correct 

tcch11lque tAndcrson. 1984). Bearing tills in Illll1d . both ord inalion and clas ific3tlc n 

lec hlllqu ....... I\ Ct..: em plo~ed 10 ~ llId~ Ihe ceo log) of\\et I3nd 'vegelallon. 

Vegetal ion dat <l II er .... ana l} zed us in g 1Ig£loll1erati\ e hierarchica l cluster analys is (Westbrook. 

~00 5 ) u:. lI1 g <: il11il a r i l~ ratio as a rcscmblance inde,\ and Ward ' s lin .. age method 10 Identlf) 

l egelmion asse mblages. Cluste r anlll ) s is is a use fu l II a} of idcnt if} ing groups \\hcn \\ o r"l11& 

\\ ilh eco logical dma and has becn used for l1lall ~ )CllrS in cOllllllun ity ecolog) (McCune and 

Grace. ~002) . Agg lomcral i\ e c lll:.lcring ~tan:. \\ Ilh the po in b as indi \ ielual c lusters and 

iterative l) reduces I he num be r of clust(,' rs b) merging the t\\ O mosl similar objects or cluslers. 

r(,' spec t i \ e l ~. IIl1lil onl) one clu<: la i<; rcmnin ing. Similnrit) mtio is one of the similaril) 

ind icc ... "hlch mea:. ur<.: I lie "i lll i l <l r i l ~ or di <; ll11 i IMit) bet\\ een \ cgctmio ll samples or quadmts . 

I he cho ict' o f a d iq anl'l' meas ure i ~ an c{·o logicn l. nOI n stalistical decis ion. Wanr~ liu""gC 

mcthod is distinci fro lll all o lhe r Illetho<b bccau~e il lIses allal) sis ofa \ariance nl)proach 10 

e \alliale the distanccs bCII\ e(: 1l cllI ~ l c r~. Ihi<: 111 (: lhod alle ll1pls 10 eliminatc the differences in 

total abulldance al1loHg samp le unit s. In addition. Ihe WlInl' s Illethod minim izes Ihe total 

\\ilhin g.roup 1lIC';11l of sqll:lrcs or tc~idua l SlII ll of sqlla re<; (\an Tongeren. 1995: McCune nnd 

Grace. 200~ ) . In genera l. lhis mClhod is regnrded as \cr) efficicnt and tends 10 create equa ll) 

Dist inct cl uSl(:rs \\(:r .... ide nli fied at approl)riatc hierarchica l lc\cls and Ihe quadrnts of the data 

<:CI \l e re th en arran ged u<; ing the "cqllencc of the quadrn ls in the dendrogram prod uced . The 

mcan C(lI CI \ a lll .... o f l'ach "p(:cil;, in cach cllI ~ t cr ident ified \\AS cnlculated And a S)l1optic 

lable lI'a$ prod uced. lhc species " ith highc<;f mean co ' er \ a llle lI as used 10 delennine 

48 



dOIllIIHUlCt! and !>ub-dollllnallcc of \pi.'l'I\!\ III cluster groups Oa~d on the cluster anal)')ls 

outpU t and the res llhing <;)Iloptic tahle lind ecological C\alUnlion IIllhe field, the number of 

comm ullit) I) pes (clusters) "as determincd m approprlatc dlss lmilanr) Ic\els (height of the 

dClldro~ralll) I hc plam COlll llllllllt) t)PC~ I\crc named after onc. 1\\0 or three dOnlmUIll 

!opCCIC'>. U:'lIlg tht" highe:.1 mean cQ\cr lalucs of plum spec ies \\ hich occur In each group_ 

Dominant spcck's <lrc those Ihat arc 1I1 0st conspicliOus in the communi t) and Arc high in onc 

or 111 01"1,: o r til l' illlportancl.' la luc!. (\\ hi ll akl.'r. 1975 ). mean coYcr laluc in this case. The 

idelltdicd plant cOll1n 1t Il1 i1 ~ t)PCS or p.rOll ps Ilere tested ror Ihe null hypothcsis of no 

significant di llerCllce bl.'1\lo;.'CII the groups u:. lIlg Ihe i\<lulti-rcs ponse Permutation Proccdure:. 

(MR I'P) (tt.:r BraaJ.. and Slllilaucr. 2000 and 2002: Lud\\ig and RC)llo lds. 1988). A 

s igniticancc IClel or 0.05 Ila:. used to determinc Ir Ihc compositional differences bcl\\een 

group'- Ilerc <; Ialistical l) s igll ificanl. MR PP is a Ilonparamelric procedure Ihat is use fu l for 

testing for signilica1l1 di Oerences oct\\Cenl\I O or more groups. II is an approprime melhod to 

usc II ilh ccological conlmurlit) data Ihat oftl'n do not meet distributional assumptions 

requi red or p<lralllc iric tests that add ress si milar <Juestions (McCune and Grace. 2002). The 

Plant COI1lI1HlIli l ~ I ~ pes \I crc exami ne<! u<; ing non-mel ric lTl ultidim ens ional scal ing ~'I DS) 

ol"<1inn t;ol1 . NMDS \I a~ cho<;cn hccallse' rhc tests Cfln produce robust vislla lizations of dflta 

cic<;pilt' 1H1Il1 t;ro ll<; lerO-1 nl uc'i and h igh l~ \ flr iablc data \1 i,h lack of normali t) ( McCune and 

Grace 2002). Usi ng the s} noplic tablc and the habitat info rmation gathered during the 

smn pling pe riod. the dirrercllt plarn communities \\ere dcsc ribed. 

Canon ica l Cllrrt:"poru.kncl' Anal~ :.i~ (CC A) (11.'r Braa" . 1987. 1988 and 1990: lI ill. 1979) \\Us 

uscd fo r rl.'\ea ling paHerns in the spec ies composition data and relating the panerns to 

Illeasured envirO l1 llll.'nlal I ariabtes. Canonical ontinat ion is a class or techniqucs for rclating 

the cOlllpo ... ilion of pbnt l.'OllllllUnilil.'s clirl.'c tly to thl.'ir el1\ ironment (Ier Brao", 1988). CC 

ordi nnlion h:dmiqul.' 'h,>wnl.' <; a lItlllllodal di:.tnbution of species in rdotion 10 em ironmenul.l 
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\ilnahlc .. I \k(un~' lIml Grat·c. 2002. \!cCllne and \1elTord. 1(97). peclC!S COHr abundance 

dllla lor eac h plot tog!.' ther \\ ith the correspondll1g plol \C! rsus C!n\ lronmcntal "anables data 

matn , \\Cfl' .. ubJ!.'ct to Cauolllcal Com.'')pondence Anal) s is (eCA ) 10 rt\eal IhC! fC!lahons 

bet I' een the spc\.' ies cOlll l>os it lon :lnd e lll ironmcllIal \ ariables. 

The envi ro nmental data to be inc luded in the CCA I'erc detcn nined usi ng step" ise bacl..\\ ard 

Hild Itl r\\al d ~C l\!clio ll oflariahb h~ ANOVA test. Ihe rCA generated biplot scores (i .e. 

corre latiO IlS bet\\ een environll1 ental l ariables and ordination 3:xes) \\ere used to infer the 

relal i\l,! IlI1porl:1IH;(' of each l' 1l\ irollme lll a! I ariable ror prediction o f species composition and 

dislribut ion (Ier Brank. 1995). The legclalion samples \\ere ploned in an ordination diagram 

\\ ith Iho;! !.'Il\ iro nmenlal I nriable .. sho\\ n b) I eC lors (nrro\\s). \\hile plots b) polms. The 

lenglh ot' llll' a ITO\\, i ~ proportiona l to their importance and the directions of the arro\\ s sho\\ 

Iheir corre lation \I itll the a:xes. 

3.3.2. Oi\'c l's ity A nalys is 

Statistic;11 l1leas ure l] l<:nl rl.'garciing spec ies di versity, ric hness and e l ellness of the plant 

cO llllllunil y I}pes lIas carried oul by \Is ing Sh<1nnoll- Wiener ( 1949) diversity inde.\ . The 

Shannon di versity in ck x (II") was computed lIs ing Ihe mean cover values of Ihe species in the 

plal1l C0 11l1ll11n i t~ t~ p..:s a ~ Ih(' ill l)ll t Illatri.\ (~) nops i s OUlpUI). The Shannon di\ crsit) index is 

cakulat..:d b~ u"ing the forlllllla : 

Shannon dil..: r~i l ~ IllCk:\ II = -E~= , Pi ln l' l Where .~ the number of species: P, Ihe 

proport ion of the indil iduals o f tile i1h species or the nbundance of lhe i" species c\pressed as 

il propo rtion o r tolal .:o\'er: I n log. tJas~'n (nmural logarithm) 

so 



I qllltahdll~ \\hich dCh.: rnllllc~ the relmllC elel1ne~s of the 
pecles "uhln the plant 

COlIlllHlnit~ \\a~ also calculated I 
' lC'nnes<; IS a measure ofhol\ elenl) the cOl er "Ilhin a plot 

1\ dl\trlbllh:d Ix' t\\ t'\.'n ~ Ix'c i c~. I Icnncss \ :lllI e~ mnge from 0 to I 1\llh I being complete 

e\CIlrH:~'" (KclIllIlld ('ooker. 1992). An elclmess 1111,,, of I ." I h I h 
Ihulca es I at P am COl er II It III a 

plot I'" c\enl~ ... h:lred :llllong thc specics preSCll1. rhc higher the value of e l enness inde;\, the 

1II 0rl' e l cn the s peclC'~ i ... in their dislri bUTion \\i thinlhc gh ellllrca. A 10\\ el enneS5 la lue 

illditate~ Ihal one or a fell plnnb aCCOunt for Ihe majorit) of the cOl er. I\hereas olher plants 

cover \er~ liHle of the plol. Eq uitabi lit) (Sh:lIInoll elennC5S. J) is calculated b) thc folloll inG 

fonnula : 

E\enness indcx. 1=- -"-
. lI ' max 

= -};~" I I'·lnl' . 
L,S Where. J = the cquitabilit) : LnS"" log base

lt
: S _ 

the number of species 

I k'ri'>lll' ... illlilari t!l'" II ill1 reg.ard to spccic~ cOIll I)Q~ il i on among and ocill een stud) sites ,'ere 

calculated b~ l'mplo) ill g Sorenson's s imilaril) coeffi c ient (K cnt and Coker. 1992) b) us ing 

the cqu:uion: Sl 2al (2a t b I c) Where S( Sorenson's simi laril) coe ffi cient a '" number 

o f spet ies C0111111 011 to both categories: b 12 1lllillber of species present in the li rs t categor) ond 

ah<;cll1 in the "eCOIl O lind c =; tlwnhcr of spccie~ presel!! in the second cntcgor) and absell t in 

Ihe firs!. 

Alpha di versil\ refers to !he diversit) lIi th in a particular area or Ccos) slem. ond i usunlt) 

c\pn.:~ ... cd 11\ till' Iltlllllh:r of ,pecic~ (\ I>CCI':~ richness) in that c(oS)Slelll . Bela dhersit) . a 

I1lCa~lIrc of Iht' ('\ tCIl I to IIhich the dilcrsil) of 11\ 0 or more spatial unils differs. I\ as 

determined thrOIl"h WhiUakcr s (1971) method. Bela di\ ersit) is n mcasure of the lotal e 

number of !> pccie~ that arc utli<1UC to each of th.: ('CO~)stCI1l S being compared \\ hiual.er's idea 

\\as that the total spl'c ics divers il) in a landscape (y) is determined b) tn o diffe rent thlllg5. 



the mean species d iversity in sites or habitms at 3 more loca l scale (a) and the differentiat IOn 

among those habi tats (P). 

p... "" SJ Sa"e - 1 Where Pw - Whittaker's Beta diversity: S~ _ the no of species in composite 

sample Save = the average species richness in the entire set. 

3.3.3. Rarefying Species Richness 

To compare species richness across sites of diffe rent sizes. sample· based rarefaction curves 

were computed for each site in the program Esti mateS (Colwe ll, 2005) and compared 

expected species richness in the area sampled at the smallest number of plolS. Rarefaction 

invo lves constructing a smooth sJX:cies accumulation eurve by randomly resampling the dilla. 

and then comparing spec ies richness across all s ites allhe point on the curve correspond ing to 

the number of individuals (sam ples) at the s ite with the lowest sampling intensity. 
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4. RESULTS 

·U . Wetlands of Lake Chamo 

4.1.1. Floristic Compositioa 

CHAPTER FOUR 

Eight)' eight species of plants were recorded fro, wcll .. ds of Lake: Chama (Appendix I b) 

The specimens identified belong to 69 genera and 31 families. Dil ly five famil ies account 

about 63 .7010 of the total proportion (Figure 4.1). The fam itics with the greatest representation 

were Poaccae with 17 species (19.30/.) in IS genera and Astcraceac \Vim 16 species ( 1 8 .2~.) 

in 14 genera. Other common families aner Astcraccac were Fabaccac with 13 specics 

(1 4.8%) in 8 genera, Cyperaceae and Malvaceac (each represented by S species, S.J-!.) , while: 

the rest 26 families comprised 36.4% of the IOlal species encountered (Figure 4.1). 

Amaranthaceac was represented by 3 species. The families Lamiaceac, Asclepiadaceae, 

Com'oh'lLlaccae, Euphorbiac.eae and Nymphacaecac were rcpresenlCd by 2 species each. The 

remaining fami lies wcre represented by one species belonging 10 single genus each. 

CJ MalvQceao .. Cyperaceae 

'" Fabaceae 
~ '" Asteraceae -Poaceae 

I 
" ! " 
[ 

~ 

Familios 

FlguTC 4. 1: Fwnilics \\ith the greatest representation in Lake ChMlO Wetland. 
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4.1.2. Description or Plant Community Types of La ke C ha mo WeUands 

Based on the cluster analys is output (Figure 4.2), the result ing synopt ic labJ~ (Table 4. 1) and 

eco logical evaluation in the fie ld, four plant community types (cluslers) Wert identified 

between 1.5 to 2 .0 heights (0.45 • 0.60 dissimilarity levels) of the dend rogram. The plan! 

community types were named after one or two dominant species, us ing the highest mean 

cover values of plant species which occur in each group (Table 4. 1). Communities wilh their 

dominant and sub-dominant species, the number of re leves Ihey contai ned and diversity index 

were given in table 4.2 . The most common herbaceous species based on mean cover va lues 

include Cynodon aerhiopicus, Cyperus arficulatlls. Cyperus lali/o/iIlS, Ipomoea aqllaliea, 

Leersia hexandra and Leptochloa fusca. The highest mean covers in this study s ile " ere 

recorded fo r Cynodon aethiopiclIs and Cyperlls arlicll fal us. Species such as CYflooon 

aelhiopicus , Cyperus articulatus, uersia hexandra. Sesbania sesban. Solanllm incanum, 

Typha angustifolia, C}perus lalifoUIIS and Aeschynomene elaphroxylon were frequenlly 

distributed . Each of these species occurred in more than 15% of lhe 10lal quadrats. 
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Figure 4 2. Det}~gram showing a hierarchical clustm ll8 of piant oonullunity t},Jld or Lal..c Chamo 
wetland velletauoo. 

Each plant community type is described below. 

l. L)'nodon acthiopicus~L)perus articu/lltUs commuDity type: This commulllt}' type W3S 

dominated by Cynodon t1elhiopiclIs and Cypems oniell/oflls ( Fi~urc 4.3} In temu or mean 

co\"cr values, CypenlS /ali/ olius. Sesbonia sesban. ipomoea aqualiea .snd Lepuxhloa fusea 

were also imponant species. This community type consisted of 29% of the mnds most wh ich 

were sampled. from west and southwest side of the lakeshore. Almost al l or the plzulls In thiS 

communitY type were em~ent macrophytes except NJmphMa loms which is I noatin,lt-kaf 

planl The vegetation composition of this comm unity type was dommated by grass aid sedge 

but sm all dense clusters of shrubs and trees were widely scancred throu.R,hout. creatin,lt I 

mosaic or zoned pattern . 



Figure 4.3: The Cynodon oelhiop;cus-Cyperus arlicu/alUS community I)-pe in southwestern 
~itl~ nf r .ak,.. r hmnn 

.. r ...... ,., .... '"_I.; .... ; ... .. ," .. '-"U", ,-"eo, - Th d f _ ....... . _ •••• -~ •• -.!' . ... . ' · .... Ul . I UnJ tnmmunll~' f~'I1C: e om manl Spec1C~S 0 thiS 

community t\'PC were Cynodon Gelhiopicus and Solanum ;ncanllM (Appendix 5). Other 

associated species contributing most to the similarity of this cODimun i~' type were 

Aeschvnomene elaphrorylon, Lantana camara and Cypenls /oli(o/ills. This ~s dominated 

community occurred in areas adjacent to terrestrial vegetation on relatively dry soil condiuon. 

This ccommunitv consists of 26% of the slands which were from north . northwest. west. and 

south of the lake shores. All of the plants in this community type were emergent macroph~tcs 

except Nymphaea IOlus. This marginal vegetation type included a ranjte of terrestrial plant 

species thaI occurred on elevated land within the wetlands, 

3, Leersia hexandra community type: Leersia hemndra plant communl~' ~'pc was the most 

common in the study area (Appendix 5). Lursia herandra was the most dominant species 

with companions like Solanum incanum. Hypoestes IriJIora. AchyranlMs aspera. Upln<knia 

haslala. Plllchea ova!;s and Rubus sleudneri. This grass dominated community com prised 
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plots that were sampled from the south, southwest and southeast of the lal.eshore 

submerged and noating species were recorded in this community t)pe. 

o 

4. C)'pem s articulatus~Typha angustifoliu community typc:: This was dominated b) 

Cyperlls articularus and Typha angustifolia (Figure 4.4). The sub-dominant species in thiS 

com munity type included Leersia hexandra. Sesbania sesban and Echinochloa pyramldaliJ 

This com munity type consists of emergent species which were found in areas that ha\ e 

shallow, inte rmediate stand ing water for prolonged durat ion. It also consists of submerged 

(Potamogeton p llcillus) and noating species (Nymphaea nOl/chaU. Nymphaea IOlU3. and 

Eichhom;a crassipes) which were found in areas with deep and usually open standing \'oater 

maintained for pro lo nged duration. 

CypertlS articulatus-Typha anguslifolia occurred at or j ust above the waterline "here 

seasonal water level fluctuat ions and waves caused erosion and deposition. This repeated 

disturbance produced a zone dominated by annuals in the genera T)1Jlw. Leers;a. CyperUJ. 

Echinochloa, Eichhorn;a and Nymphaea. These were wet land dependent plant spec ies that 

are tolerant to high water table. 
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Figure 4.4: The Cypenls articulatlls·Tj,pha angllstijoliocommunity type al weSlern sidc. 

Tabll! 4.1 Synoptic table or Lake ChalllO Wt:t.land \'egdltiOIi Slowi.ng lUeall cover \·.II.IC:J of!!p'IX»e:t 

within clusters. 
SP(Cf£S ('OMMIINtTVTVP~S 

1 3 , 
Abutilon !rllticosum 0.00 0.00 0.56 0.00 
Acalypha racemosa 0.00 0.00 0.00 0.05 
AchjTi1lilhes <7speri1 0.53 0. 29 2.00 0.00 
Acmel/a call1irhiza 0.11 0.00 0.00 0.00 
Aeschvnomelle elaphroxylon 0.63 2.59 0.00 0.35 
Amaranthus spinoslis 0.00 0.29 0.00 0.00 
Ca/pl/mia allrea 0.00 0.29 0.00 0.00 

Cayralia ihuens;s 0.00 0.12 0.44 0.00 

lleome gynandra 0.00 0.29 0.00 0.00 

Commelina diffilSo 0.00 0.00 0.56 0.00 

C,'nodoll aethiopicus 6.68 6.29 0.00 0.30 

r..:yperus artlculotus 4.42 0.00 0.00 7.00 

C}penlS cong/omerallts 0.32 0.00 0.00 0.00 

C\Pt:ms larifa/illS 0.79 1.06 0.00 O.SO 

I:.chlnochloQ colona 0.00 0.29 0.00 0.00 

Echlnochloo pyramidalis 0.32 0.00 0.00 0.90 

Eclipla prostrOIa 0.00 0.71 0.00 0.00 

I:.IChhorma crass/pes 0.00 0.00 0.00 0.30 

EleflSine floccifo lia 0.00 0.12 0.00 0.00 

Envcira fillctllons 0.00 0.35 0.00 0.00 

F,cus sycamonts 0.32 0.00 0.00 0.00 
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Geigeria 01010 
0.32 0.00 0.00 0.00 Gomphocarpus semi/una/us 
0.05 0.00 0.00 0.00 Hibiscus crassinervius 
0.00 0.00 0.00 0.25 Hibiscus micranrhus 
0.00 0.29 0.00 0.00 Hibiscus viti/olius 
0.00 0.71 0.00 0.00 Hydrocotyle ranunculoides 
0.26 0.00 0.00 0.00 Indigo/era atriceps . 
0.00 0.29 0.56 0.00 Ipomoea aquatica 
1.05 0.29 0.00 0.40 Ipomoea eriocarpa 
0.00 0.29 0.00 0.00 Hypoestes rriflora 
0.00 0.00 1.78 0.00 Kedrostis hirrellus 
0.16 0.00 0.00 0.00 Lantana camara 
0.32 0.65 0.00 0.00 Leersia ltexlIIu/ra 
0.89 0.65 6.22 3.20 Lepradenia hastata 
0.00 0.00 0.78 0.00 Leptochloa /usca 
0.84 0.29 056 055 Mikania capensis 
0.00 0.00 0.56 0.00 Nymphaea nouchali 
0.00 0.00 0.00 0.60 Nymphaea lotus 
0.26 0.00 0.00 0.25 Panicum maximum 
0.37 0.00 0.00 0.00 Paspalidium gerninaturn 0.00 0.00 0.67 0.25 Penniselllm polyslachion 0.00 0.41 0.00 0.00 Perotis patens 0.26 0.00 0.56 0.00 Phalaris artmdinacea 0.00 0.82 0.00 0.00 Pillchea dioscoides 0.00 0.00 0.56 0.00 PlNchea ovalis 0.47 0.00 1.33 0.00 

Poramogeron pucillus 0.00 0.00 0.00 0.25 
Rubus steudneri 0.00 0.00 0.67 0.00 
Sesbania sesban 3.89 0.47 056 2.15 
SO/rmtl", illCtlllllm 0.00 3.41 0.00 0.30 
Spifanthes COstala 0.00 0.00 056 0.00 
Thelypreris confluens 0.21 0.00 0.00 0.00 
Typha altgllslifolia 0.00 0.35 0.00 3.20 
Vernonia abyssinica 0.00 0.29 0.00 0.00 
Vigna hererophylla 0.00 0.00 0.44 0.00 
Xanthium strllmarium 0.05 053 0.00 0.00 
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Table 4 2' Summary of wetland plant c 
Agglomerative 

ommumty types from Lake Chama . 
\e-gctatlOn data 

hierarchical 
Plant community types 

relationships 1 2 3 
Dominant species Cynodon C. oethiopicus and 

~ 
Leersio . omculorus oethiopicus and Solanum incanum hexondro nd Typha C. orticulotus 

ngustifolio Mean cover 6.68 and 4 .42 6.29 and 3.41 6.22 .00 and 3.20 values 

sub·dominant Sesbonio sesbon Aeschynomene Hypoestes Leersio species and e/aphroxylon and rrif/oro and exondro and Ipomoea Lantona camara Achyronthes esbonio sesbon aquatiea 
ospero 

Shannon's 2.42 2.63 2.60 2.16 diversit y (H') 

Shannon's 0.75 0.80 0.87 0.75 evenness index 
(J) 

Richness (5) 25 27 20 18 
No of quadrats 19 17 9 20 

4.1.3. Diversity of Plant Community Types 

The Shannon- Wiener Divers ity computed for four different plant communit ies (Table 4.2) 

showed that Cynodon aethiopicus -Solanum incanum community type had the highest species 

richness. Of the plant community types, Cynodon aelhiopiclIs -Sololl/lIfl itlConUflI and Leersia 

hexand/'a were relatively most diverse. These community types occurcd in areas subject to 

fl OOds of shorter duration and depth and have greater plant species diversity than those that 

occured in permanently innudated areas. Leersia he:colldra (Com munity three) had the mOSt 

eveness wi th very few dominat species. Comm unity type four (Cyperus arliculolus-rypha 

onguslifolia) has the least diversity index, least richness and with Icast eveness index values. 
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4.1.4. Envi ronmental Gradients Innuencing Weiland Planl Communities 

4.1.4.1. Multivariate Non-metric Multidimensional Scaling (NMDS) 

The Plant community types were examined using non·melric multidimensional scahng 

(NMOS) ordi nation (Figure 4.5). NMOS was chosen because the tests can produce robust 

visualizat ions of data despite numerous zero-values and high ly variable data with lack of 

normality (McCune and Grace 2002). Plant community types were clearly separated from 

one another in the ordi nation space (Figure 4.5). Cyperlls articulatlts-Typha angustifolia 

(community four) which mainly consisted of wet land dependent species was correlated with 

high water levels (Tab le 4.3, .-2 =0.606, p=O.OO I) and less disturbed areas. On the other hand. 

Cnodon aethiopicus-So!anum incanum (community two) was highly correlated with 

disturbed areas (Table 4.3, ~ =0.463, p=O.OOI). 

Table 4.3. Pearson (r2) correlations of Nonmetric Multidimensional Scaling ordination axes with 
environmental variables of Lake Chamo vegetation. Signi ficance codes: 0 " '" OJ}Ol ····0.01 . • ' 
0.05 ' .' 0. 1 ' , J, P vDlues based on 999 permutations 

Vectors NMOS1 NMOS2 ~ Pr(>rl 
Depth -0.986 -0.167 0.606 0.001'" 
Hvdrogeo 0.935 -0.354 0.177 0.005' 
Disturb 0.986 0.165 0.463 0.001"-
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figure 4.5. Nonmetnc MuihdmlenslOnai Scalmg (NMUS) du'Srarn of piois of Lake Chama 
"cg~ation grouped by community types (communities I to 4). Voctors rcp~nt 
environmen tal variables: depth, hydrogeomorpnology and disturbance 

4.1.4.2. Canonical Corresponden ce Ahllysis (eCA) 

Although there IS some overlap In nonstlc composItion, plant commumty types had 

significantly different species assemblages !.hat were identified using cluster analysis. The 

arraJlgement of plant commumhes on the eeA ordinatIon for the study area (!"',gure -4.6&) 

renected the influence of gradients representing discurbance. hydrogcomorphology and waler 

depth on plant community composition patterns. The ANOVA leSt for all youps showed tha' 

water depth, disturbance and hydrogeomorphology were highly correlated 10 lhc norist.ie 

compoSltlolI of the plant community types. The remamlng en\'lronnlenlAl faccors (Dmnage, 

elevation and slope) had no significant relationships to the norislK composition and 
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distribution of the plant community types, The proponio r ' . 
n 0 vanantes explau'led b) the first 

1\\0 axes was 40% and 37%, respective ly (Table 44) Th fi 
' . e U'S! '\\ 0 axes together accoumed 

fo r 77% (Table 4.4) of the variation explained. 

Table 4.4: CCA resulls of of Lake Chama weIland vegetation C,""""" - m' C he"-
. ...... c ..... Icu:nlS Irom 1 UQI-fil 

muhiple re~ression ~odels (AN?VA test), bipJot scores for the constraining variables. eigrnvalUd 
and proportion ofvanances explained by the first two axes were indicated. 

Variables CCAI CCAl SSqs MSqs F R2 

Depth 0.12 0.39 0.64 0.64 2.23 0.03 
Hyd rogeornorphlogy -0.16 -0.99 0.96 0.96 3.32 0.05 

-0.96 Disturbance 
Eigenvalues 

% of variance ex plained 
Cumulative proportion 
Spec ies-environment 
correlations 

0.26 

0.40 

0.40 

0.83 

0.25 0.45 0.45 1.56 
0.23 

0.37 

0.77 

0.81 

(* 0.0 1 < p <O.05, ·· "' p<O.OI and ... .. p< O.l)o I). 

0,02 

Prf.>f) 
0.03 ' 
0.01 ' • 

0.02 · 

Canonical correspondence analyses furthe r revealed that the primary gradient for species 

distribution was related to disturbance as indicated by a biplot score of -0.96. where as the 

second axis was mainly related to hydrogeomorphology (-0.99) and water depth (0.39) (Table 

4.4). Disturbance was negatively related to the first axis. 

Cyperus arriclIJallls-Typha angllstifolia (community four) on the upper right part of the CCA 

ordination (Figure 4.6a) was assoc iated with high water levels and less drained areas. These 

groups most commonly occurred in areas characterized by the presence of standing or open 

water body with vegetation type occasionally used for grazing. In contrast. Cynodon 

aelhiopicils-Solanilm incanllm (comm unity two) was associated with low water levels. high 

disturbance and we ll or somewhat ; xcessively drained areas that most commonly occurred in 

low lying dry terrestrial landscape. These groups most commonly occurred in areas 

characteri zed by relatively drier terrestrial landscape with we ll dra ined soils. Cynodon 

I · . . h tcrizcd by low water Ic\ cis and aet I/OPIClis-Cyperlis articulatlls (communIty one) was c arae 
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well drained areas; howe,·cr, it was associated with decreasing disturbance. Lnn,a Itaondra 

(community three), indicated mainly on the Upper len side of the ordinatIOn space, • • 

associated to high water levels and waterlogged areas but related to hl&h dlSh.lrbance 

Disturbance rate was a strong factor differcntialing community type one from three. 
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.0 . Wrtlands of Lake Abay. 

4.2.1 . Floris tic Composition 

A lolal of ninely two planl species belonging to 66 genera and 34 flnuhes "ere recorded 

from the wetlands of Lake Abay8 (Appedix la). FamIlies Poacc:ae., Astcncck, Fab.cuc" 

Cyperaceae, Solanaceae, Euphorbiaceac and Amaranthaceae account f~ about 56 99% of the 

lotal proportion (Figure 4.7). 

Poaceae was represented by 14 ( 15.05%) species belonging 10 II genera; Cypcraceae by IJ 

species (13 .98%) belonging to 2 genera; Fabaceac was represented by 7 SpecIes belon&lI1& to 

.. genera while Asteraceae was rcpresenlCd by 6 species bekKIgll1& 10 6 genera. 

Euphorbiaccac: was represented by 5 species belonging 10 " Jenera, Solanacc: \\as 

represented by 4 species belonging to 4 genera and Amaranthaceac WIl5 represented by 4 

species belonging to 2 genera. 

Familles 
~ 

<:I Amaranthaceae 

'" Solanaceae 

~ "" Euphorbiaceae 

'" A steraceae 
C Fabaceae 

'" Cyperaceae 
~ = 

i 
0 Poaceae 

15 = 
~ 

~ 
1! ~ 

!l 
~ 

= 
Families 

. . Lake AIm'I wetland Figure 4.7: Families wilh the greatest rcprescnt3uon In ~ 
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distribution of the plant community types The . . proportKH\ of \ an&nces txplall''W:d b) the- firq 

tWO axes was 40% and 37%. respectively (Table 4 4) Th " ., e Ilrsl '''0 a:-.t1 , .. hn accounted 

for 77% ( rable 4.4) of the variation explained. 

Table 4.4 : CCA results of of Lake Chamo wetland \·eg~., · C . I . ' ... Ion. MOOIca coefficients from the be:it.fit 
multIple regression models (ANOVA lest) biplal scor r. 1. . • , -.. ,es or III" con~raln!n8 \1lnables. el~values 
and proportion of vanances explained by the firsllwO axes were indicated. 

Va riables CCA I CCA2 SSqs MSqs F 

Depth 0.1 2 0.39 0.64 0.64 2.23 
Hydrogeomorph logy -0.16 -0.99 0.96 0.96 ) .)2 

Disturbance -0.96 0.25 0.45 0.45 1.56 

Eigenval ues 0.26 0.23 
% of variance explai ned 0.40 0,37 

Cumulative proportion OAO 0.77 
Species-environment 0.83 0.81 
corre lations 

(* - 0.0 1 < P < 0.05 , ·· - p<O.OI and "· - p < 0.00 1). 

R' 
00) 

0.05 
0.02 

p~>n 

003" 

Canonical correspondence analyses further revealed that the primary gradient or specac 

distribution was related to disturbance as indicated by A biplot score of ·0.96, "here a:t the 

second ax is was main ly related to hydrogeomorphology (·0.99) lind \\Uler depth (0,39) (Tabk 

4.4). Distu rbance was negatively related to the fi rst axis. 

Cyperlls ol'ticIIlatlls.Typha angllsli/o/ia (community four) on the upper right p3rt ofdlC A 

ord ination (Figu re 4.6a) was associated with high water levels and less drained areas_ These 

groups most commonly occurred in areas characterized by the presence of sl300ing or open 

\\ater body with vegetation type occasionally used for gnuing. In contrast, C)noJon 

aethiopiclIs.Solanllnl incat/llm (community h\ O) was associated "ilh 10" " IIttr le\ elJ, high 

disturbance and we ll or somewhat excessive ly dmined areas that most commonly occurred III 

low lying dry terrestrial landscape. These groups most commonl) occurred III are 

characterized by relatively drier terrestrial lAndscape "ilh \\ ell dnuncd Ils C" ,uJ,JI'/ 

aethiopiclIs.Cyperus Ol'ticlllofliS (community one) " llS chamctcri7.ed by lo" " BIer Ie\cl and 
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Figure 4.8: Dendrogram showing plant com nlunity types of Lake Abaya WeLlnnd \ ege131100 

Each pl ant commwlity type is described below. 

I. Cypcrus articulatus communit~· type: This community type WItS domm:mtcd by Cyp~rus 

articulalllS. Cypems laevi1!.ofllS. 1j.pha an1l.usti{olia. Cy"odon acihiopicus. AcsdanDmcn 

elaphrorylon. Leersia hexandra and /:.'ichhornia cras.~ipcs were also Im portnnt SpeclCS with 

hi,ll.h meml coyer yalues in the community type, This ,II,rOUP included pllll11 .species dUll form 

wei meadow ,'egetalion. Most of the plants in this comm unlt)' type: were emeraen l 

macroph\1CS except few of them were OoalinA plants such as N}mphoca tlOlldDl, and 

Eichhurnia crassipcs. Thus, in Ihis community type:, emergent plant SpeclCS nere nlore 

Prominent th:1Il free noatinA. floatin,ll.-Icaf and submersed plants, ThiS communliV t \1)(: 

cnnc:.i c:. l~ l :l 701n nf Ihe ~ I ~ nrl~ m n~ 1 nfwhich were fmm nnnh /Inti nm1h"'e!l1 nf'he 1M. ~hnre 
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2. E;chhornia crassipes-PistUJ str.tiotes comm •• i1y type: Dommant SpeCIes or thlS 

community type were Elcnhormo crass/pes and PISI1a s'rOl/o'~s (Figure .. ). peclCS such as 

LeplochJoa fusca, Leersia herandra, C)perus articulolus and A~sch)"om~M dQphroxylOit 

also contributed high percentage of cover to this community type. This com munity type ~Id 

dominated by aquatic and mainly hydroph)1ie or wetland dependent plant SpeclCS that are 

lolerant to high water table. Elchhorma crass/pes. N)mphoea IOIllS, PISI/a SlrOI/Ola , Wolflia 

orrhfza and SpirodeJa po/yrrhiza were free floaling and floating-leaf plants in thiS community 

type. In this community type, free floating and noating-Ieaf plants wert more promin<=nt than 

emergent plants. but no submersed plants recorded. These stands were mainly dLstributed al 

the edge or the open water bodies. 

Figure 4.8: invasi"e species i:.khhornia crassipes and PlSlla strmwles ncll/' nxodl tC KlIllen. 

Lake Abaya 

This t:"tlr.sl!loMI \'t~gct:ltlon typG \\'45 nch 10 ~. Cy:-::::1:-::: ::~.l:J:'ph~u,<; comm\Init~· t~'Pc: 

. ->L ahemndTa Tree Species recorded from species and dominanted bv C. aethloplC11S unu eerst . 

F • fa F sur Dnd KIgclia afrktmD Free this community type were FicJls sycomonl.f. , 0\0 . . 

. .1.: munitv h1)C include £,dthomlo craSSJ~$. n08tinp, and floatinp,-leaf plants In u,IS com 

This com munlt,! t,1)C \US 
N)mrmaea nOflchali. WoJffia orrhlzo and Pu na straliOIU. 



composed of both wetland and upland species and rtprest:nltd IpCCICS ncb c:ommUJUt) It bit 

a higher proportion of upland spce i~ than the other communmes, Thus, free Oo.lnl and 

floati ng-leaf planl species were less prominent Ihan emer-genl Species All l)llCJ 0( Iloruoc 

composition (forbs, grasses, trees, shrubs and sedges) were obsencd ThIS type w. datu,,:' 

from the other wetland communities and sho .... ~ specie nchneu and composlUon 

approaching that of upl and vegetation. This communit), type conSisted of325% of the .uncb 

which were sampled from soulh easl. southwest and south end of the lake 

4. Typha anguslifolia-Aeschynomme eillpltroxylon commuDit)' ty~: 11l1s communi') type 

(Figure 4.9) was dom inanted by l ) pha angllStijo/ia and M sch>nomene elophroxylon UUSIa 

lIerandra was another important species contributing most 10 Ihe composition of thIS 

community type. FiCflS sycomonlS and Aeschynomene elaphroxylon "ere I.rec: Species m thiS 

community type. This community type consisted of 15.1% of the stands which \~ere from 

north northwest and wcst of the lake. All of the plantJ in this communit), type .... ere , , 

emergent maeroph)1eS except POlamogtlOn plld llflS. a submersed IKIIUlitC pion, In thiS 

eommwlity type, free floating and floating·leaf plants were nOi recorded EmCl)CI1t planLS 

were more prominent than free floati ng, floating.leaf and submersed plants 

r T ~.1. . Llll..e Abl)ll Wetland new B,llll.e F'gull: 4.9. An eXlensive and dense Slond 0 )y"a 1ft 
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S. Aeschynomene el.pltroxylo#t tomrnu.it)· type:: This shl\lby m..-sh communlt) type ¥II .... 

dominantcd by Aesch)nomene elaphroxylon (Figure 4 . I O~ N)",phoea nouchah. £, I'IIn«hloa 

pyramidalis. Leprochloa fusco. Eichhornia crassipu and C)'penu artl~/otllS 'tf'err I\Ib 

dominant specics in thi s community type. This communit), t)-pe " ., rtpre:scnlod b) 176% of 

the stands sam pled from north, northwest, west, and northeast of the lake Free flolillna Ind 

008ting· leaf plants recorded from this community type were (N)mphoea notlcho/i, PurJa 

stratiotes. Spirodela polyrrhiza and Eichhornia crass/pes). Similar 10 comm unlly I)'J)CS IwO 

and four. this community tnW! occurred on the edges of open and deeper standlna "Iter 

FiRure 4.10: A dense sland of Aesch\nonume elallhron'lon alon$t the ed$tc of open "ater 
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Table 4.5: Synoptic table of Lake Abaya Wt'tland \ ~ 
within clusters. ~11On If\& mean CO\oa ,-.1_ of ~ 

Species ommunil2 I I 
CI Cl • S Acacia mOnligena 0.000 0.000 030 0000 0000 Acacia seya/ 0.000 0.000 o S46 0000 0000 Acacia tortilis 0.000 0.000 0.128 0000 0000 Acalypha /rllitcosa 0.000 0.000 0436 0000 0000 Acalypha racemosa 0.000 0.000 1359 0000 0000 

Achyramhes ospera 0.000 0.000 0 795 0000 0000 
AescllYlJomelle e/ap/.ro.\y/olJ 1286 2.667 0.179 4.150 1. 11 1 
Ajuga /eucantha 0.000 0.000 0.128 0.000 0000 
Aloe otallensis 0.000 0.000 0.308 0.000 0000 
Amaran/hus dubius 0.000 0.000 0.282 0.000 0.000 
Amarallllllls spinoslls 0.000 0.000 0.128 0.000 0000 
Pha/aris an/lldinacea 0.000 0.467 0.000 0000 0000 
Do/aniles aegypliaca 0.000 0.467 0.589 0.000 0000 
Carissa spinarum 0.000 0.000 0.026 0.000 0.000 
Cayralia ibuensis 0.000 0.000 0.069 0.000 0.000 
Cissus quadrangularis 0.000 0.000 O. 85 0.000 0000 
Clausena anisala 0.000 0.000 0.051 0.000 0.000 
Commelina diffusa 0.000 0.000 0.103 0.000 0000 
Cordia africana 0.000 0.000 0359 0.000 0000 
Croton macrostachYlls 0.000 0.000 0.564 0000 0000 
ernOl/OIl aeliliopiclIs 1642 2.533 3.56-' 0.000 1722 
Cyperus alopecllroides 0.000 0.400 0.4 10 0.375 0000 
Cypems arliclilallIs 4.714 1933 0.154 0.000 I III 
Cyperus digitallls 0.000 0.000 0.128 0.000 0000 
Cype/'us dis tans 0.000 0.000 01 54 0000 0000 
Cype/'us grandib ll iboslls 0.429 0.000 0.000 0000 0000 
Cype/'us laelligallls 2.357 0.267 0.282 0.000 0000 

Cype/'us lati/o/ius 0.000 3.133 0.000 0.000 0.000 

Cypel'lls papyrus 0.000 0.000 0.000 0.438 0000 

CyperllS roumdus 0.000 0.000 0.179 0000 0000 

Cyperlls subumbeJlalUs 0.000 0.000 0.4 6 0000 '2 4-1-1 

Echinochloa hap/oc/ada 0.500 0.000 0000 0.000 0000 

Echinochloa pyramidalis 0.000 0.000 0.436 0625 1.333 

EC/ipta prostrala 0.000 0.333 0.026 0000 0000 

Eic""omifl crlu'sipes 0.923 SAll 0.15. 0000 1222 

£nneapogon desvauxii 0.357 0.000 03 85 0000 0000 

£ragrostis japonica 0.000 0.000 0.15' 0375 0000 

£riochloa!almensis 0.000 0.000 0000 0.250 0000 

Euphorbia rirllcalli 0.000 0.000 015. 0 000 0 .. '" 

Ficlls 01'010 0.000 0.000 05J8 0.000 0 000 

Ficus sur 0.000 0.000 0308 0000 0000 

Ficus sycomorus 0.000 0.000 1000 0'3 0000 
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Geigeria 01010 0.000 0.000 0 131 0000 0000 Gossypil/m barbadense 0.000 0000 0 179 0000 0000 Grewia ferm ginea 0.000 0.000 0.12 0000 0000 Grewia vif(osa 0.000 0.000 0000 0 000 027 Hippocralea afrieana 0.000 0.000 0114 0 000 0000 Hypoestes !orslcaofi j 0.000 0.000 0.231 0000 0000 Ipomoea aqllaljca 0.000 0.133 0.000 0.100 0.lS6 
Ipomoea eriocarpa 0.000 0.000 0.077 0 163 0167 
Kigelia ajric(lI1a 0.000 0.000 0179 0 000 0000 
Leersh, he.wlIIdm 2.643 2.667 2, I S4 0688 0.116 
Leptadenia arborea 0.000 0.000 0.011 0.000 0 000 
Leptochloa jusca 0.317 2.067 0.026 0.163 1.116 
LeI/cas dejlexa 0.000 0.000 0.179 0.000 0.000 
Ludwigia slOlonjfora 0.000 0.000 0.103 0000 0000 
Mangifel"(l indica 0.000 0.000 0.011 0.000 0.000 
May tenus arblltifolia 0.000 0.333 0.114 0.000 0000 
Mayrenl/s senegalensis 0.000 0.000 0.138 0000 0111 
Melhania ovata 0.000 0.200 0.000 0.000 0.000 
Nymphaea lotus 0.000 0.600 0.000 0.000 0000 
Nymphaea nOllchali 0.429 0.000 0.128 0.000 1.116 
Phragmales karlca 0.000 0.000 0.000 0.313 0.000 
Pil'lit, strlllioles 0.000 4.533 0.128 0.000 0.389 
Pleclhrantlls barbalus 0.000 0.000 0.128 0.000 0.000 
Pluchea ovafis 0.000 0.000 0.872 0.000 0.000 
Poramogelon PIICiJIliS 0.000 0.200 0.000 0.121 0000 
Pli/caria schimperi 0.000 0.000 0,077 0.000 0000 
Senna didymoboll}'a 0.000 0.000 0.119 0.000 0.333 
Senna sepremlrjonalis 0.000 0.000 0.000 0.000 0.278 
Sesbonia sesbon 0.000 0.067 0.179 0.000 0000 
Solanum incal1l1m 0.000 0.000 0.949 0.000 0.000 
Sorghum vert;emijlorum 0.117 0.l33 0.201 0.81 3 0000 

SpirodeJa polyrrhiza 0.000 0.000 0,026 0.000 0.222 

Trichilia entet;ca 0.000 0.000 0.23 1 0.000 0.000 

Typhll ll llgilstijolia 2.471 OAOO O. 08 7.8 I 0000 

Wilhania somnifera 0.000 0.000 0.077 0000 0000 

Wolffia arrhiza 0.000 O.l13 0.179 0000 0000 

Xanthium Slrumariul1I 0.000 0.000 0.611 0.063 0333 
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T ble 4 6' Summary of wetland plant com • . . 
munlly types from Lake Abaya \ egetalKln daa. 

Aulomerative Plant community types 
hierarchica l 
relationships 

1 Z 3 4 5 
Dominant Cyperus E. crossipes Cynodon T. ongusrifollo species articulatus P. slratiotes tschynom~n 

oerhiop/cus ~.efophroxyfo faphroxyfon 

Mean cover 4.71 and 3.36 5.43 and 4.53 3.56 7.88 and 4.75 values .11 

Sub-dominant T. angustifolio, L. fusco, Leersia eersio · oethfoplcus, species C. oethiopicus, L. hexondra, hexondra, exondro W. nouchalil, E. A.elaphroxyJon C. OrticuJatus, F. p yramidalis, and L. C. aerhiopicus, sycomorus · fusca, hexandra and andA. · crass(pes, C. 
A.elaphroxylon fruitcosa rticu/orus 

Shannon's 2.10 2.56 3.64 1.87 2.31 diversity x(H) 

Shannon's 0 .84 0.82 
eveness (J) 

0.87 0.67 0.80 

Richness (5) 12 23 67 16 18 
No. quadrats 14 15 39 16 18 

4.2.3. Dh'crs ity or P la nt Commu nity Types 

The Shannon-Wiener Divers ity computed for five different plant communities (Table 4.6) 

showed that commun ity type three '(Cynodon aethiapiclIs) which was found in relalivtl) dry 

terrestrial landscape and exposed for disturbance was the most diverse IlI1d has the highesl 

species richness and eveness. Community type fou r (Typha ongllslijoiia-Aeschyncmene 

elaphroxylon) which occurred in deeper standing water around the open waler zones and 

experiencing prolonged inundation had the least diversity index and had the least t\ t n 

distribut ion of species. Community type one (Cyperlls arliclllalll.s) was the lensl in sptCitS 

richness and occllrred in deeper water next to community four. 
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4.2.4. Em'ironmenta l Gradients Inn uencing WetlMnd Plant Communir ieJ 

4.2.4.1. M ultivariate Non·metric Mullidimensiona l Suling (N MO ) 

Multivariate Non· metric Mu ltidimensional Scaling (NMS) resulted In a 2 .. (hmensMmaI 

solution with a final stress of 0.255 (Figure 4.1 1). The first axis was most correlated "Ith 

water depth (Table 4 .7, r2 =0. 248, p=O.OOI), Hydrogeomorphology (fable 4.7. ,1 . 0.167. 

p""0.003) and s lope (Table 4.7, ~ =0.334, p:::O.OOI) (Table 4.7). Communit) t)pe fi\ c 

(A eschynomene elaphroxylon) was most ly correluted with drainage (fable 4.7. ~ .067. 

p=0.039) where as commun ity type three was highly correlated with slope {Table 4.7. ,J 

::::0.334, p=O.OO J). Typha angllstifolia·A eschynomene elaphroxylon (commun ity four) "hich 

mainly consisted of wetland dependent species was correlated with higher waler depth 

« Table 4.7, ,'·0.248. (p0.001). 

Table 4.7. Pearson (I) correlations of Nonmetric Multidimensional Scaling ordination .. us wnh 
environmental variables of Lake Ahaya vegetation. Signi ficance codes: 0 . •• • . 0.001 ··· ·001 . • ' 

0.05 '.' 0 .1 ' , I , P values based on 999 permutations 

Vectors NMDSl NMDS2 ~ Pr(>rl 

Depth ·0.793 -0.609 0.248 0.001" • 

Drainage -0.942 0.335 0.067 0.039 

Hydrogeo 0.906 0.423 0.167 0.001 " • 

Slope 0.968 0.250 0.334 0.001" • 
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Figure 4.11 . on-metric Muhidimens ional Scaling (NMDS) diagram of ploo of Lake Abaya 
vegetation grouped by community type (communities I to S). Vccu>rs represent 
en\'ironmental variables : depth, hydrogcomorphology. drainage and slope . 

... 2 .... 2. Canonical Correspondence A .. alysis (CCA) 

Species and plots ordination in the space defined by the fi rst two CCA axes are shown In 

Figures 4. I 2 (a) and (b). CCA ordination illustrates the relation.dup of the four ennronmenlal 

variables (water depth, drainage, slope and hydrogeomorphology) to five community 'rpcs 

and to species distribution pattern . The first two axes together accounted for 63% (fable " 8) 

of the variation explained . The proportion of variances explained by these axes was 36% Md 

21'1 •. respectively (Table 4.8). 

Resuhs from ANOVA test showed that water depth, slope, drainaae and 

hydrogcomorphology wcre significantly related to the floristic composition of the plant 

community types. The first axis extracted by the analysis was closely rchlle<! 10 the dnun l'l8c 

and slope. as indicated by the biplot scores of ..0.43 aid ..0.18 (fable ".1) The sc:oond &:U$ 

extracted by the analysis was more closely related to willer depth and h\'drogeomorpho~\ . 
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as indicated by the biplot scores of -0.71 and 0 54 res ....... !" 1 (T 
. , t""" lye y able 4.8). The s«ond Uis 

was associated negatively with water depth and positivel .. 1 h d 
Y " III Y rogeornorpholog) 

Table 4.8. Results of CCA analysis of Lake Abaya wetland veg~ ' d 
'. a llOO ala, Canorucal COCffiCtmlS 

from the best-fit multiple regress10n models (ANOVA lest) b' 1 
. ' d " • Ip ot scores for the constt1.lnlnl 

variables, eigenval ues an proportion of vanances explained by ,c_ fi . 
. .. lie II'S! two axes \.\om indlCaltd 

Factor values thai differed slgIu ficantly between the ltroups '---d' NO 
bold. 

b' ...... '" mg 10 an A VA art ~ll in 

Variables CCA I CCAl SSqs MSq, F R2 r,,>F') 
Slope -0.78 0.60 1.32 1.32 3.78 O.oJ 0.01" • 
Depth -0.38 -0.71 2.1l 2. 13 6.10 0.05 o.or · • 
Hydrogeomorphlogy 0.4 1 0.54 0.7 1 0.7 1 2.02 0.02 O.OS" 
Drainage -0.43 -OJ 1 0.97 0.97 2.78 0.02 0.01 ° • 
Eigenvalues 0.41 OJ I 

% variance expla ined 0.36 0.27 

Cumu lat ive % variance 0.36 0.63 
Species envi roment 0.85 0. 74 
correlations 

(*""0.01 < p < 0.05,·· = p < O.O I and ••• "" p < O.OOJ). 

Ordination diagram of CCA (Figure 4. 1 2a) fo r plots and environmental fac tors sho" ed that 

Eichilomia crassipes-Pistia Slralioles (community two) and Tn)IIa a1lgusfi/oIiu-

Aescllynomene e/aphroxy/on (community four) were found in areas with high \\aler leH~1 and 

poor drainage. Therefore, distribution of these community types was significantly affected by 

hydrologic factors such as water depth, drainage and hydrogeomorphology. Th~ 

community types were consisted of wetland dependent plant spec ies that are tolerant to high 

water table which most commonly occur in waterlogged areas characterized b) presence of 

standing or permanently flowing water fo r most of the year. This weiland dependent 

community type also occurred in permanently flooded areas as well as in and around the edge 

of open water bodies. 

Alternative ly, Cynodon aerhiopiclIs (commun ity type J) with large number of plots (in the 

upper part of the ordination space (Figure 4.l2b) was found in excessi\'el)' drained areas " Ith 
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high disturbance and low water level . These groups also commonly OOCWTcd 1ft art. 

characterized by low lying dry terrcstriallandscapc with well d~ned JOlls Waac:r dq:Jth and 

hydrogeomorphology were strong factors differentiating these groups from other COIIImunlt) 

l}-pes. Slope was a strong facto r diffcn:nti.ing community l}lIC fi,'e (Audr)nomt'tN' 

tlaphroxylon) from others. It was relatively intact and pristine or seml·nllural \'c CtabOR 

found in areas occasionally used for grazing acth;ties. 
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Figure 4.12: Canonical correspondencc analysis (CCA) of wctlands of Ul.c Aba) . 
vegetatioll. (a): shows the relationships between the plant CQlllmUiuty t)"PCS and 
environm ental variables, (b): shows the relationships between plant species dlsinbullon IlIld 
environmcntal variablcs . Only higher priority specics with high variances art visIble ll1ld Gil 
other less dominant species are indicated by plus sign (+). Species were abbrevIated by 
combining the first four letters from generic names and specifie epithet!! (species data art 

provided in Appendix I a). Environmental attributes representcd by thc ,'cc(Ors mcluded wacer 
depth, slope, drainage and hydrogeomorpbology. The ,'ccton t"Cprt1Cl1tlll& cnvlronmClItal 
gradients point in the direction of the most rapid change in each \'';ablc. 

Analysis of variance showed. that there was a strong rcJationsh ip between speclCS and 

cm'ironmental factors such as water depth (p<O.OI ). drainage (p<O.OI). hydroac:omorpbotos) 

(P<O.05) and slope (p<O.OI ). The specics and environment correlations WIth the flJ"5t UU: "as 

0.85 and the second axis was 0.74 (Table 4.8). Canonical correspondence stalysu (CCA) 
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(fi gure 4.12b) for (he species and explanatory vAriables revealed C'Ssentially Iht same pal1em 

as ordinallon of plOls and explanatory variables. 

TIle anal}:' IS of variance also sho\\ed that there \\RS a rnart..ed relalion tllP bc:1\Oottn the 

environment and Ihe scores of many species. 'nlC plant spccu:s Phoragmous korko. Cord,o 

a/i"lcalla. Ficus s)'comorus and Eragroslisjaponica had strong relationships \\ith the first axis 

(more closely rel ated to slope). Ellphorbia fil'lIC(lfti. HiPIJo(: ralecl a/rican(l And uuc(JJ deflua 

\ICrc llIorc closely related to areas with dccreasillg waler depth and drainage), \\herea5 

PIU/loris (mlndinocea. Eichhornia c,.assipes. f isl ia SlruliOles, Nymphueu 100w and 

Poramogeton p"ciflus had significant relashinship with increasing water depth and drainage. 
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4.3. FiJlc ha'a-Cho men Mars h 

4.3. 1. f loris tic Composit ion 

Ninety twO plant species were recorded from fincha'a-Chomen marshes (Append ix Ie). The: 

specimens identified belong to 67 genera and 3S fami lies. Only s ix families (C)perace8C. 

Poaceae. Asteraceae, Fabaceae, Lamiaceae and Polygonaceae) account about 62% of the lOtal 

proportion (Figu re 4 .1 3). Cyperaceae was represented by the highest number of spec~ II 

was represented by 26 species belonging to 7 genera. Poaceae was represcntcd by II speties 

belonging 10 9 genera; ASleraceae by 7 species belonging to 6 genera; Fabaceac " as 

represented by 5 speties belonging 10 5 genera whi le Lamiaceae was represemed by 4 specieS 

belongi ng to 4 genera. The family Polygonaceae was represented by 3 species belonging to 2 

genera. Fam il ies Solanaceae, Myrtaceae. Commelinaceae and Amaral11haceae \\cre 

represented by 2 species each belonging to 2 genera. Families Chenopodiaceae, Apiaceae and 

Onagraceae were represented by 2 species each belonging to one genus. The remaining 

fami lies were represented by one species each. Forbs occupied the highest floristic 

composition fo llowed by sedges, grasses and shrubs. Forbs and sedges together contributed to 

69<'10 of the flo ristic composition. 
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Figure 4. i 3: Famiiies witn me greatest represcmlltlon In Flncnll 'a-Chometl '-egetauon 

tjnsca on the cluster analysIs output and the rcsull1ng 5)1l0ptJc table and ccologlcZlI C\"Il lullllon 

{uJu - U.tiu dlssimiiarity ic\'cis) of the dendrogram (Figure 4.1 4). The plant communlt)' (}1)CS 

were n:lIUcd by the dommant speclcs, which occur In eDeh group, usmg the highest synopllC 

"Iliues of piatt! species (Tabie 4.9). Communities With their dommant and sulHiom mMl 

SpeCICS, the number of r'Cicycs they cont:l.lncd :md dIVCrs l~' mdex Me £U'C(\ In Table 4,10 

Species such as Commeima dI(;lIsa. (.,'ypenls d/chroostoch)1U. £r~roStls ttnfll/ollo. 

Lmdcmia rotundala. Hammeu/us mlllt~fidus. SchoeflfJplectlls co'ttWus. Pen/caria d«.pieru. 

l) "odon atthlOPICllS. CypenlS Jat1/oims, Leers/l1 hf!Xlmdra and Tn/olm/tl n/e~lItonum 

were \\'1dcly and frequently disnibutcd. Each of these SpeclCS occurrtd In mo~ th:sn II b% of 

the Quadrats. 
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Figure 4.14: Dendrogram showing plant community types of Fincha'o-Chomen ' ·egetatKm. 

Each pl ant community type is described below. 

1. Lindemia rotulldata-Trifolium rueppalulnu",~y"odo" lIetJriopiCU.f (omm.nil~' : This 

community type was dommanted by Lindernia rollmtiala, Trifolium rueppd/wnlllfl and 

Cynodon ClelhiopiclIS (Appendix 5). &llI/rela paradoxo. Leersia hexondra. Cyperus 

eSC-II/emitS, £ragrosffs lenuifolia and Brachiaria brizQ11lho were: subdominlllt Species In 

lerms of mcan cover values. This community type consisted of 26.?t't. of the stands All of the 

plants in this community type were emergent macroph)1CS without submersed. free floallns 

and floating-lcaf plants, This community type had floristic composition consisting mllnly of 

sedges and grasscs followed by forbs and some upland species. 
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2. C)'fJI!rus diclt rooslacltyus c:ommuaity type: This community type w. don:unanlt:d b) 

CyptnlS dichroostachYlls (Figure 4. B). Thc subdominant species include lMl)J"~rll 

conflllens. Xyris capensis. Ranrmcullls multifidus and Lindemia rotuJrtiala This communrl} 

l}"J)C consistcd of 25.6% of the stands. All of the plants in this community type were emergent 

nlacrophytes. This community type had species composition mainly consisting of sedges 

fo llowed by forbs and grasses with no upland speetes. Thus, this community snowed 

reJati"ely similar floristic composition with the first comm unity l}'PC which was largely ledge 

dominated emergent plants with soniC forbs and grasses. This communil}' ~as also 

characterized by species which include hydrophilic forbs Lud .... ;gia Slalom/era. L obyssrnico 

and Chenopodi/lim albllm . 

Figure 4.15: CypenlS dichroostachyus community l}-pe 

I • .!r.'· communit,., t ~lJc: Schocnupl«IUl 3. Schoenopleau.~ corymbosus-CyperU5 uufJUflUS 

. ;es in this comm unll\' "'tIC corvmboslls and C"penlS fatifolillS were thc dom mant spec 

(Ap!>Ctldix 5). The subdominant 

omphibium. PerSicarla decipiens. 

speci~ include Schoenopkcws con/uslls. PolypI/1m 

E · h/oo folmenm and Tmno f:.raRrostis tenllifolia. noc 

loti/olio. N>mphaea nOllchali was a flo:uing-Ie:tf pl3fl1 
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community type consisted of only 17.4% of the stands. It had similar floristic compositIOn 10 

the firsl and the second community types which " ere largely sedge dominated cmerpl 

vegetat ion with some Forbs and grasses. 

4. Pattiell", Itygrocltaris community type: This community type was dominated b) POTIIC14m 

hygrocharis which is the most important perennial stoloniferous grass species formmg 

noating islands. Persicaria decipiens, Schoenoplectus con/usus. Persicoria senegoleruu. 

Lindemia rOlUndata, Commelina difJusa and Cyperlls IOI i/olills were subdomin8m species of 

this com munity type. This communi ty type consisted ofJO% of the stands. All of the planls 

in thi s community type were emergent macrophytes. The noristic composition of thi 

community type consisted mainly of Forbs fo llowed by sedges and grasses with no upland 

species. 

Table 4.9: Synoptic Table of Fincha'>a-Chomen vegetation showing mean co~'er \'alues of .species 
within clusters. 

Species Communi!i !ipes 
C1 C2 C3 C4 

Aeschynomene schimperi 0.000 0.273 0.800 0.000 

Ajugo leucontha 0.000 0.227 0.000 0.000 

Amoronthus spinosus 0.261 0.000 0.000 0.000 

Asco/epis copensis 0.217 0.273 0.000 0.346 

Brochiorio brizontha 1.217 0.318 0.000 0.000 

Brochiorio pubescence 0.000 0.000 0.333 0.000 

0.136 0.000 0.000 Chenopodiuim olbum 0.000 
0.000 0.000 0.423 Chenopodiuim schroderionum 0.000 
0.500 0.400 1.231 Commelino diffusa 0.565 
0.000 0.000 0.000 Croton mocrostochyus 0.261 
0.000 0.000 0.000 Cynodon aethiop;cus 4.913 
0.000 0.000 0.000 Cyperus ossimilis 0.261 
0.500 0.000 0.731 

Cyperus atroviridis 0.000 
3,455 0.000 0.731 

Cyperus dichroostochyus 0.000 
0.864 0.000 0.692 

Cyperus digitatus 0.217 
0.682 0.467 0.000 

Cyperus elegantulus 0.000 
0.000 0.000 0192 

Cyperus esculentus 1.391 
0.000 0.000 0.000 

Cyperus grandibulbosus 0.217 
1000 0.000 2.867 

Cyperus latifolius 0.261 0.000 0.227 0.000 
Cyperus longibracteotus 0.000 
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cyperus munditti 0.000 0.318 0.000 0 000 cyperus nitidus 0.739 0.545 0.667 o 192 cyperus pectinatus 0.000 0.046 0.000 0000 cyperus rotundus 0.000 0.000 0.733 0.000 cyperus rubicundus 0.000 0.000 0.733 0.000 Cyperus welwitschii 0.000 0.273 0.000 0.000 Echinochloa stagnina 0.000 0.000 0.800 0.000 Echinops hispidus 0.217 0.000 0.000 0.000 Eleusine /Ioccijolia 0.000 0.227 0.600 0.000 fragrostis tenuifolia 1.130 0.636 1.533 0.269 friocoulon schimperi 0.217 0.273 0.000 0.000 
Eriochfoa /otmensis 0.000 0.000 1.867 0.000 
Eriochrysis pa/fida 0.000 0.227 0.000 0.000 
FimbristyJis complanata 0.000 0.362 0.000 0.269 
Fimbristylis Ferrugineo 0.000 0.273 0.000 0.000 
Floscopa glomerata 0.261 0.955 0.733 0.000 
Gomphocarpus semilunatus 0.000 0.636 0.133 0.000 
Hydrocotyle mannii 0.000 0.500 0.333 0.038 
Hydrocotyfe ranunculoides 0.000 0.227 0.000 0.000 
Hypericum pepidi/olium 0.000 0.000 0.000 0.231 
Hypoxis vi/osa 0.304 0.000 0.000 0.000 
Juncus oxycarpus 0.000 0.318 0.000 0.462 
Kyllinga odorata 0.217 0.682 0.000 0.000 
Kyllingo polyphylla 0.261 0.227 0.000 0.000 
Ponicum hygrochoris 1.478 0.545 0.000 6.346 
lindernia rotundoto 5.261 2.955 0.733 1.115 
Uphocorpha constricta 0.217 0.000 0.000 0.000 
ludwigio abyssinica 0.000 0.046 0.000 0.000 
ludwigio stoloni/ero 0.000 0.955 0.000 0.000 
Mentha aquatica 0.217 0.000 0.000 0.000 
Nymphaea nouchali 0.000 0.000 o.m 0.000 
Pennisetum thunbergii 0.783 0.273 0.000 0.000 

Persicaria decipiens 0.435 0.955 1.933 1.615 

Phagnalon phagnaloides 0.087 0.227 0.000 0.000 

Plantogo fanceofata 0.000 0.136 0.000 0.000 

Plectronthus punctatus 0.609 0.000 0.000 0.192 

Polygonum amphibium 0.304 0.273 2.267 0.423 

Persicorio senegalensis 0.000 0.000 0.000 }.269 

Ranunculus multifidus 0.000 1.227 0.333 0.885 
• 0.000 0.000 Rubus stuedneri 0.000 0.227 

Sotureja paradoxa 1.087 0.227 0.333 0.192 

SOlyrium brachypetalum 0.000 0.136 0.000 0.000 

Sesbania sesbon 0.000 0.000 0.000 0.269 

Schaenoplectus con/usus 0.000 0.818 2.467 1.385 

0.000 2.933 0.308 
Schoenoplectus corymbosus 0.000 

0.227 0.333 0.000 
Sphaeranthus suaveolens 0.000 

86 



5pilanrhes costara 0.000 0.227 0000 0654 Thelypreris con/luens 0.000 1.59! 0.000 0462 Tri/olium rueppeflianum 4.522 0.864 0000 0000 Typha lo ti/olio 0.000 0.545 1.000 0000 Vernonia abyssinico 0.000 0.500 0.000 0000 
Xyris copensis 0.000 1.909 0.000 0769 

Table 4 10' Summary of wetland plant community types from Fincha-Cho men \'~getal)Orl data 
Agglomeraliv plant comm unity f)'pn 

• 
hierarchical I 2 3 • 
rtlationships 

Dominant L. rotundota, T. C. 5. corymbosus · hygroc:hariJ 
species rueppelfianum dichroostochyus and C. loti/olius 

and 
C. oethiopicus 

Mean cover 5.26,4.52 and 3.455 2.93 and 2.87 .35 
\'alues 4.91 

Sub-dominant S. paradoxa, T. con/luens, 5. con/usus, · decipiens, 
species P. hygrochoris, X. copensis, P. omphibium, · con/usus, 

C. esculentus, R. multi/idus and P. decipiens, 
f. tenui/olio, L. rotundiata f . tenui/ofio, enegolensis, 

8. brizontho E. /ormens;s · rotundolo, 
and · diffuso and 
T. loti/olio · lori/olius 

Shan non's 2.70 3.47 2.88 2.13 

diversity index 

Shannon 's 0.80 0.89 0.90 0.83 

cnness index 

Richness 30 49 25 8 

No. of 23 22 15 6 

quadrats 

4.3.3. Diversity of Plant Community Types 

TI . .. (T bl 4 10) show Ihnt communil) Ie di versity indexes for the four communities a e . 
,-. 

'1 t 'pe olle (LindernJQ roIlmJ..llw 
(Cyperlls dicltrooslachYlIs) had the highesl score. Communi Y ) 

• if< I h' . ) nd four (Panicum h),groc:harU) halJ 
' " 0 illln rlleppellianum-Cynodon aet 'OP'CW a 

relatively 
IWO \\1tS the highest In 5pC'C.c1 

low di vers ity index values. Community Iype 
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richness whereas community type three (&:hoenopiectll.J Ct'lr1.'m ... - -.. .. 
-." u{..u-., )'Ptnu lmifulll.J)_. 

[he least. Comm unity type one had the least even distribution. 

4.3.4. Environmenta l G radients Innuenci ng Wetla nd Plant Commun it"" 

4.3.4.1. Mult h'aria te Non-metric Multidimensional Scaling (N~tDS) 

Although there is some overlap. communi ty types were separ31ed from one another in 1M 

ordination space (Figure 4.16). Commun ity type one (Lindernia rOlUndato.Tri/oIlum 

rueppellianllm-Cynodon aethiopicus) which mainly consisted of terrestrial pedes "IS 

positively correlated with disturbance (Table 4.11 . ~ =0.350, p=O.OO I) with \\.ell drained 5011 

(Table 4.11. r =0.443, IFO.OOI) in an elevated areas (Table 4.11. r : 0.315. p-oO.OOI). Plant 

comm unity type three (Schoenop/ectus corymbosus·CypertLS lari/olillJ) "h ich maml) 

consisted of wet land dependent species was positi vely correlated with "ater depth (T.blt 

4.11 , '; ::0. 101 , p=O.OJ ). This plant commun ity type mainly occurred in areas " ith hIgher 

water level, poor drainage and least disturbance. Commun ity t>pc four (Pun/eli," 

hygrocharis) was negative ly correlated with elevation (Table 4.11.'; .32. p--Q.OOI) as It 

occurred in nearly flat areas with no slope. 

Table 4.11. Pearson (r2) correlations of Nonmetric Mult idimensional Scaling ordinauon a~es "'lIth 
. ' . S" fi codes 0 •••• . 0001 environmental variables of Fincha'a..(:homen Marsh vegetation. 19o1lcanet' 

' W. ' 0.0 1 ' . ' 0.05 '. ' 0.1 ' • I, P values based on 999 permutations 

Vectors NMOS1 NMOS2 r' Pr(>r) 
Depth 0.762 -0.648 0.101 0.008·· 
Hydrogeo -0.895 0.446 0.228 0.001'· ' 
Drainage 0.867 -0.498 0.443 O.OOP· · 
Distu rb -0.601 0.799 0.350 0.001"· 
Slope -0.625 0.781 0.094 0.016 ' 
Altitude -0.914 -0.406 0.315 0.001'· ' 
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Figure 1.1 6. Non-metric Muhidimensional Scaling (NMOS) diagram of plots of Flnch.. ' I­
Chomen Marsh vegetatIOn grouped by commumty type {CommUnltles I to 4). Vectors 
represent environmental variables: depth, hydrogeomorphology, drainage, disturbance. slope 
and altitude 

.t3.4.2. Canonical Correspondence Anal}'.ls (CCA) 

Species and plots ordination in the space defined by the first tWO Cc./\ axes IS SIIOWlI III 

Figures 4.17a and 4.17b. Results of CCA showed thai six of the environmental faclors such 

as waler depth, drainage, disturbance, hydrogcomorpnoiogy, alutuoe and slope) had 

significant effect on the distribution of wetland vegetation groups. The first and the St:Cond 

!.'{tS explained 33% and 21%. of the variance, respcclh'ely (Table ... 12). The tWO a.'l;es 

together explained 54% of the total variation (fable 4.12). 



Table 4.1 2: Results of eCA of Fincha'a-Chomen vegct3tio d e ' 
. n ma. anOmeal cocffi fi best-fit multiple regressIOn model s (ANOVA tcst) biplol ~,. r. ICImU rom !he 
'. • .... ores 101' the conSlnlln i'Iflabl-eigenvalues and proportIon of vanances explained by the first t . • lOa \ ~ 

. " fi be \000 axes 'Acre IIldtcaltd Factors \ I 
that differed Sign! Icantly tween the groups according to an ANOVA .... 

art shown In bold 
Va riables CCAI CCAl SSgs MSqs F Rl 

Disturb 
Altitude 

Drainage 

Eigenvalues 
% variance 

-0. 31 

0.78 

0.78 

0.5 1 

-0.96 

0.53 

0.33 

0.38 

0.04 
-0.44 

0.68 
-0.01 

0.33 

0.21 

Cumu lative % 0.33 0.54 
Species envi roment 0.90 0.82 
correlations 

0.67 0.67 
0.39 0.39 
0.91 0.91 
1.21 1.21 
3.53 3.53 

(* = 0.01 < P < 0.05, ·· = p < 0.01 and ••• '" p < O.OOI). 

2. 11 0.02 
1.23 0.01 
2.83 O.QJ 
3.76 O.QJ 
11.04 0.11 

Pr(>Fl 
0.0l" 
0.01 ' , 

0.0l" 
0.0' ° • 
0.01 " 
0.01 " 

Depending on topographic and landform c.ond itions, water depth, slope, drainage. 

disturbance, altitude and hydrogeomorpho1ogy were the main operatiing foctors that 

governed the plant species compos ition and commun ity distribution in the Finchu·a.Chomen 

wetlands. The first axis extracted by the analysis was closely related to drainage. 

hydrogeomorphology and distu rbance as indicated by biplot scores of ·0.96.0.78 and 0.78. 

respectively (Tab le 4. 12) . The second axis was more closely related to water depth (0.38) and 

altitude (0.68) (Table 4.12). The first axis was associated with increasing slope. 

hydrogeomorphology, disturbance and altitude but with decreasing water depth and drainage. 

Disturbance, water depth and hydrogeomorphology differentiated Limiernia rotllnt/(It(l' 

Trifolium rlleppellianum-Cynodon aelhiopiclIs community from Schoenopleclus COf)m!:JoJUj· 

Cyperus lati/olills community ty~e. Community type one which consisted of terrestrial 

S . . d ing low I)'ing landscape \~ ilh peelcs most comm only occured in highly dlstu rbe areas a 0 

well drained or somewhat excessively drained soi ls and terrestria l landscape \~ith "all:r 

. . . I I d modemte to Sleep slope retaining capacity. It was assoc iated with decreasmg water eve an 
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gradient Plant communily type three (&hoenopJectus cOf')",honu.c,penu Jati/o/nu) milA!) 

occurred in areas with higher water level, poor drainlge 8Ild least disturi:lll'lcc It 'us nnrly 

or mainly nat at plot location and surrounding landscape. This communit), I)~ mOSt 

commonly occured in waterlogged areas characterized by presence of Sllndina or no .. nnl 

water permanently or most of the year, open wiler bod)' Ind pc71IIanendy nooded WIth 

wetland dependent vegetarian distribulion. Community Iypes two (C''TNTUS du:hroostoch)us) 

and four (Panicllm hygrocharis) were composed of poorly or vct)· poorly drained levees and 

associated with decreasing range of altitude. Altitude was I strong factor differentiating this 

group from all the others. 

CCA, Scaling. 1 
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2 3 

~\~ure 4.17: Canonical correspondcnce analysis (ctA) of .. ·mcha" .. -Chomcn \·c~ctaUon daLa. 
(n) Depicts the relationships between the community ~-pes and ell\-ironmcntai \,.,ables, (b) 
shows the relationships between plant species distribution and ol\'ironmental ".,abks. 
Species were abbreviated by combining the fmt four letters from genenc narnc:s and spcaflc 
epithets (species data were provided in Appendix Ic). 

eeA ofthc species ( r·i~ure 4.17b) revealed essentiallv the same pallem wnh plots ordmatlon. 

but plant com munities were less distinctly recognized duc to the presence of specics that 

mu~ht tolerate a wider ran~e of habitat condition. Most SpeCies occur II the ontun of !.he c.:CA 

ordination diagram (Figure 4.17b), showing that they grow in habit.s of moderate nlues of 

all the oarameters measured. The results of Cc.:A clearlv dcmonsttatcd the rdllKlflShtD 

between species and environmenlaJ factors such as altitude (p < 0.01), ",acr depth (p < 0 01), 

drruna2e (0 < 0 .01). hvdT02.comomhol()(tv (0 < 0 .05). dlstw"bance (0 < 0 .01) and slooe (0 < 

0.05). The species-environment correlations \\i th the first and second pes were 090 and 

0.&2, respectivciy (Table 4.12). Thc first tWO a. .... cs accounted for .54 % of the nmmon. The 



I 

\\etland dependent plant species Typha 1mi/o/us. CyperllS !ongibrocleaIUS, ~teg(JJItuIUJ and 

Schoenoplectlls con/usus were indicated on upper left side associated .... ilh hIgh ..... Irr dcpch 

CynodOn aelhiopicus, Trifolium rlleppellianum, Cyperus esculentus and Lmdernia rotunJ.:ua 

were predominantly occurred in high ly disturbed areas with less moislUre gradienl. 
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4"'. Oabus Marsh 

... .4.1. Florinic Composition 

A total of one hundred thirty plant species were identified from Dlbus Marsh (Appendl:'l: Id) 

The species belong to 97 genera and 40 families. On ly four families (CyperlCeac, POICCac. 

Astersceae and Fabaceae) account about 60 % of the total proportion (Figure" IS) Poaceae 

was the family with the highest number of plant species (19"1.) followed b)' the fllllll) 

Cyperaceae (12%). Fabaceae (II %) and Asteraceae (8%) of the total. Herbs/foms occup~ 

me highest floristic composition fo llowed by sedges and graminoids and shrubs 

Families 
. . . . . 'n wetlands of Dabus Man;h FIgure 4.18: Fanllhcs WIth the greatcst representatIon I 

44..!· D~crintirtn of Plant Cnmmunitv Tnl~ 

. tie table and ecol08ical C\ lIiuSUOII Based On the cluster analysis ourput and the resultmg S)llOP 

n h . hi 'r. "" . Ttcd !:Iet\\·ten I 0 to ] .. ,,,. in the fie ld. four plant community types were Idenll -

. . . . . " 19). The plill\l coallnu!Uly types \\en: 0.60 dlssllnllanty levels) of the dendrogram (Figure . 
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named aOer the dominant species which oceur in each group based on the hlpesl synoptIC 

values of plant species (Table 4.13), Community types, the damiRlIl1 .w!. sub-dom manl 

species, and the number of rele ... es they contained and dh'enity inde-xes of elCh eommwlIl) 

type were given in Table 4,14, Species sueh as C)'pfrus POP)'nIS. C)"od-Jn OI!lnlopinu, 

Persicaria senegalensis, 1helypleris confluens. Commelina diJfilSo and SY:n:/IIJrf guinunJt 

subsp, macrDCarpllm were widel}' distributed in the Dabus wetland II\d had the: hlp 

frequency. Each of these species occurred in more than 11 .6%ofthe quadrats 

.... 
• r of D3bus Msrsh \,cgctttllOn Figure 4, 19: Dcndrogram showing plant community t) PCS 

Each plant community type: is dcscribed below. 

- _olenus (:ommu nl1~' tn,t : fhls communl~ I. Cl'nerus dIChroosladu'us-PerstCtlna Sl!n~~ . 

-. . ' b ' C peniS dichroos/och)1iS iIDd Ptrsfcarla 
type \\'llS "'CI)' rich in spc:cics and dOffimantcd } ) 
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sern!gll/e/l.\'iS. The subdomi nanl species in this community type incl d C --, h u e ynuuon ael loplClU. 

5oI0mll1' ;nC(IIW/II , GlliZOlia scabra and Digilaria cifiaris This co",m -, ~ . um > I)'PC COfl5lSl..u of 

30% of the stands. Most of the pl ants ;n this comm unity type were emergent macroph)tes 

This COlllllHl1lil Y type had fl or istic composition large ly dominated by sedges wilh some forbs 

and grasses. 

2. Eriochlo/l ! lI/l11el1sis-CYl'erWi lalifolim; co mmunity 'Ylle: Dominant species of this 

COlllillUnil) type were £,'iuch/o(l JafmellSis and C)'penls iarijo/ills (Appendix 5) The 

5ubdOlllin<lnl spec ies of this cOllllllunity type include Echinochloa stagll ina. Persicorio 

decipiells. Leashl hexandra and Cyperus papyrus. No free floating and floaling-Ieaf and 

submersed plaili s OCC lI I" in thi s co mlllunity type. This community type consisted of 12.7% of 

the stands. The Ooristic composition of this comm unity include of fo rbs. grasses and ~dgcs. 

This plant community type experiences high pressure from anthropogenic nctivity especial!) 

fWIn burning du ring dry season. 

3. !')':y~illlll g lliueclI.H! s ubsp. lIl(JcrocurplIm.Vemollill tlllriCIIlijcra communil), t)'pt': This 

conUlHlIlit ) type was dominanted by SyzygillJ1l gllineense subsp. macrOCllrpum and Vernonia 

auriClI/ilem (Figu1'I! 4.20). Th is community type consists of 27 .9% of the stands. Most of the 

plants in this community type were emergent macrophytes except Npnphaea noucha/i and 

Pis/ia s/I'ofiores. Thi s corn mUll ity type had spec ies composition consisting of upland sptCic:s 

fo llowed by some sedges, forbs and grasses. It was found along the edges of \\ctlnnds as 

patches at dill'ercn t distances and was places where spring water occurs. 



Figure 4.20: Syzyglllm gllineense sobsp. macrocarpllm community type from Dabus wetland 

-'. t ,)lperUS papyrus commoDity type: Cyperus papyrus was the mOSl common and dominant 

hvdrophvlic plant conullu.nilV tvpc (Figure 4.21) in ~IC study area. It " as donllllanlcd b} 

C)'f.JenlS papy ms. The subdominant species of this community type include 1M1)pIUls 

conjlllens. PerSlcuria decipiens and Bidens (erna/a. This communit), type conSiSted of M . 

of the stands. All the species in this community type were emergent macroph}'lCs exeept 

N.mlphaea lolus. The Ooristic compositton of this community type consisted maml), of forbs 

followed by few sedges and grasses. 
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Figure 4.21: ()rpentS JXlPynls community type from Dabus M~ .-

Table 4.13: Svnootic Table of Dabus marsh showiolZ mean cover values oi soec:ieq "i lhlll ,.\-. 

Species Community types 
1 2 1 , 

A~"J 'rnn'h~s aspera 0..000 0..000 0..880. 0..000 
Achyrospermum schimperi 0.192 0.208 0..000 0..000 

Ascofepis eriocaufaides 0.000 0..542 0..000 0..000 

Bidens pilosa 0..654 0..000 0..000 0..000 

Bidens rernota 0..000 0.417 0..000 1.364 

Brochiorio brizantho 0.191 0.000 0.000 0.000 

Brochiario pubescence 0.346 0..000 0..000 0..000 

Buchnera copitota 0..000 0..000 0..000 0.455 

Corex bequaertii 0.192 0..000 0..000 0..000 

Carex manastochya 0..000 0..250. 0..000 0..000 

Chenopodluim schroderianum 0.192 0..000 0..240 0..000 

Commel/no dlffusa 0.385 0.875 0.560 0.091 

Crassocephalum rubens 0.231 0..125 0..000 0..000 

Cynodon aethlopicus 2.0.39 0..000 0.520 0.000 

Cyperus atrovir/dis 0.231 0..000 0..000 0..000 

Cyperus dichroostachyus 2.154 0..000 0.280 0..000 

Cyperus dlgltotus 0..231 0.292 0..000 0..000 

Cyperus dives 0.00.0. 0..000 0.240 0..000 

Cyperus /ischerionus 0.462 0.250 0..000 0..000 

Cyperus /Iovescens 0..000 0..208 0..000 0..000 

Cyperus loti!olius 0..231 1.375 0..000 0.000 

Cvoerus OOovrus 0.000 1.250 0..000 .... \ 
q~ 



cyperus sieberionus 0.000 0.250 0.000 0000 Cyperus triceps 0.000 0.000 0.000 0.455 Cyperus uni%des 0.000 0.250 0.000 0.000 Digitorio cilioris 1.692 0.000 0.000 0.727 Orocoeno steudneri 0.000 0.000 0.520 0.000 Echmoch/oo rotundlfloro 0.000 0.583 0.000 0000 Echinoch/oo sragnino 0.269 1.333 0.000 0000 Echinops omp/exicou/is 0.423 0.000 1.240 0.000 Ech inops hiSpidu5 0.000 0.208 1.480 0000 E/eochoris acurangu/o 0.885 0.250 0.000 0.000 E/eusine coracano 0.269 0.000 0.000 0.000 Erogrosfis batryodes 0.269 0.000 0.000 0.000 
Eriochloo /atmensis 0.000 2.917 0.200 0.000 
Erioch/oo pyramdalis 0.000 0.000 0.240 0.000 
Euclea divinorum 0.000 0.000 0.520 0.000 
Ficus sur 0.000 0.000 1.600 0.000 
Ficus sychomorus 0.231 0.000 0.240 0.000 
Ficus vasta 0.000 0.667 0.000 0.000 
Floscopo glomerata 0.192 0 .708 0.000 0.000 
Galiniero coffeoides 0.000 0.292 0.000 0.000 
Galinsoga quodriradiota 0.000 0.000 0.2BO 0.000 
Grewio mollis 0.885 0.000 0.160 0.000 
Guizotio scobra 0.423 0.000 0.000 0.000 
Hobenoria zambesiano 0.423 0.208 0.000 0.000 
Hyporrhenia hirta 0.539 0.000 0.000 0.000 
Hyparrhenia rufo 0.192 0.000 0.000 0.000 
Impotiens oerhiopica 0.000 0.208 0.200 0.000 
Indigo/ero spica to 0.000 0.250 0.000 0.000 
lpomeo purpurea 0.000 0.250 0.000 0.000 
Iso/epis Costato 0.000 0.625 0.000 0.000 

Keetio zonziborico 0.000 0.000 0.200 0.000 

Kohautio coccinea 0.000 0.000 0.320 0.000 

tannea / ruitcosa 0.000 0.000 0.000 0.182 

LeerSia hexondro 0.269 1.583 0.000 0.546 

Loudetio orundinacea 0.000 0. 500 0.000 0.000 

Ludwigia abyssinico 0.000 0.250 0.000 0.000 

Maeso Lanceo/ato 0.000 0.375 0.000 0.000 

Mil/eftia /errugineo 0.000 0.000 0 .400 0.000 

Nymphoea nouchoN 0.000 0.000 1.0BO 0.000 

Nymphoea lotus 0.231 0 .542 0.000 0.364 

Ponicum maximum 0.000 0.208 0.000 0.000 

Panicum pusillum 0.539 0.000 0.000 0.909 

Paspalum scrobiculatum 0.192 0.000 0.000 0.000 

Penniserum pofystochion 0.231 0.000 0.200 0.000 
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Penniserum Uochyphylfum 0.000 0.792 0.000 0.000 Penniserum unisefUm 0.000 0.417 0.280 0.000 Smitio eliotii 0.000 0.000 0.000 0 455 Persicorio senegolensis 2.115 0.000 0.000 OlS4 Persicorio decipiens 0.423 1.667 0.200 2.273 Phoenix ree/inola 0.923 0.000 0.000 0.000 
pisrio suat/Oles 0.192 0.000 1.400 0.000 
Plantago lanceo/ara 0.000 0.125 0.000 0.000 
Plectranthus punctotus 0.231 0.000 0.000 0.000 
polygonum omphibium 0.385 0.250 0.280 0.120 
polygonum solidfolium 0.000 0.250 0.000 0.000 
polygonum senegalensis 0.423 0.000 0.000 0.000 
Potomogeron pucillus 0.115 1.000 0.000 0.000 
Pseudognophalium lutea-album 0.115 0.042 0.040 0.000 
Pycnocycla ledermmanii 0.000 0.208 0.000 0.000 
Ranunculus multifidus 0.923 0.292 0.000 0.000 
Rubus stuedneri 0.269 0.000 0.455 0.000 
Socciolepis af ricana 0.000 0.167 0.440 0.000 
Sarureja paradoxa 0.308 0.000 0.440 0.000 
Soryrium brachypeto/um 0.000 0.000 0.200 0.000 
Sc/eria hispidu/a 0.269 0.000 0.000 0.000 
Senna obtusifolia 0.000 0.000 0.320 0.000 
Sesbonio dummeri 0.000 0.583 0.000 0.000 
Smithio elliotii 0.000 0.000 0.000 0.455 
Solanum incanum 0.231 0.000 0.000 0.000 
Sorghum purpureo-sericeum 0.192 0.167 0.200 0.000 

Stellaria media 0.000 0.000 0.280 0.000 

Sterespermum kunthionum 0.000 0.000 0.280 0.000 

Syz ygium guineense subsp. macrocarpum 0.000 0.250 2.440 1.09 1 

Thelypteris confluens 0.000 0.917 0.240 1.455 

Tri/olium rueppellianum 0.769 0.000 0.280 0.000 

Trisremmo mauritianum 0.385 0.000 0.400 0.000 

Triumfeta pilosa 0.000 0.000 0.080 0.000 

T rium/eta rhomoideo 0.000 0.000 0.280 0.000 

Urtica simensis 0.000 0.000 0.520 0.000 

Verbascum sinaiticum 0.077 0.208 0.280 0.000 

Vernonia auriculifera 0.000 0.208 3.000 0.000 

Vernonia abyssinica 0.346 0.000 0.880 0.000 
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Table 4.14: Summary of wetland plant Comrnun"! I r. 
I Y YIX'S Irorn Dabos \ egcullion data. 

Agglomerative Plant community types 
hierarchical 
relallonshlps 1 2 3 , 

C dichroosrochyus Dominant Eriochloo SYlygrum <}P.,.., species and Persieario fotmensis and 
senega/ensls Cyperus lori/olius 

guineense subsp. popyru.s 
mocfocarpum and 
Vernonia. 

Mean cover 2.15 and 2.12 1.92 and 1.38 
ouricuh!ero 
2.44 and 3.00 .09 

Sub-dominan t (ynodon aerhiopicus, E. stagnino, P. Ficus sur and 
species Solanum incanum, decipiens, 

. conputns, P. 
Echinops telplens and 

Guizot;o scobro and L. hexondro and omplexicQulis 
Digitoria ciliaris 

. lerrlOto 
C. papyrus 

Shannon 3.59 3.60 3.37 2.16 
diversity index 

Shannon 0.91 0.92 0.89 0.76 
evenness 

Richness 52 50 44 17 
No of quadrats 11 25 24 16 

4.4.3. Diversi ty of Plant Communi ty Types 

The Shannon- Wiener Diversity computed for the plant com munity types (Table 4.14) sho" ed 

1hat community types one (Cyperlls dichrooslGcilYlIs·Persicaria sellegalellsis) Bnd t\\O 

(Eriochloa! mmel1sis-Cyperlls iOlijolills) had the highest diversity and the highcst eveness. On 

the other hand. community type four (Cypel"lls papyrlls) which was observed to be pristine 

and in natural state had the least Shannon diversity and e\'enness indices and was Ihe lellSt in 

species richness. Releves dominated by one or IWO species presen t low dhersit). in 

comparison to those characterized by the coex istcnce of mBny spec ies. hence the commumt)' 

Cyperu.\· papyrus showed the least diversil), indices. This community type occurred in 

frequently nooded and often waterlogged areas. The evenness index provides inform:uion 

about species distribution and indicates whether Ihe high diversity of a plnnt communit), is 

duc to the presence of many spec ies with dill'crent abundances or 10 a smllller number of 
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sl'\M'ies with a more homogeneous distribution and therefo ho d .~ 
1"-- • re 5 \\ IIICrtm panem 

CJ'nPn/~' papyrus comm unity Iype also presented the 10\\C51 val f . 
y- ue 0 e\ cnness IndeX. I e., " 

had a smaller number of spec ies with a more homogeneous distribution. 

4.4.4. [ II VkOIlIl1Cllt~11 Gradients influe ncing Wctlllnd 1' lal1l Communities 

4.4.4.1. M II II jvariatc Non-metric Multidimensional Sca ling (NMOS) 

Plant COllllll unity types we re clearl y separated from one another in Ihe ordination space 

(Figure 4.22). Commun ity type four (Cyperus !XIPYruS) was highly correlated with \\ater 

depth (Table 4.15. r2 =0.449. p=O.OO I) and was clearly separated from others being situated on 

far left side. Comm unity type one (Cyperlls dichroosrachYlIs ·Persicario senega/emu) was 

positively corre lated with distu rbance (Table 4.15. r =0.266. pzO.OO I) \\here as community 

three (Syzygiul1/ gllineense subsp. macrocarpllm-Vernollio wiriclilifera) was positi\ el) 

correlated wit h hydrogeomorphology (Table 4.15, r =0.349. p=O.OO\). 

Table '1.1 5. PC<'lrson ( r~) correlations or Nonmetric Multidimensional Scaling ordination ax~ with 
enllirOrlmcnt<'l1 lIariables or Dabus Marsh lIegetation. Significance codes: 0 . ••• . 0.001 · ·· ·0.01 .. ' 

0.05 '. ' 0. 1 .. I. P va lues bascd on 999 pcrmu\<'ltions 

Vectors NMOS1 NMOS2 rl Pr(>r) 

Depth -0.967 -0.255 

Hvdrogeo 
Drainage 

Disturb 

Slope 

AltitUde 

0.919 

-0.9 26 

0.960 

0.888 

0.661 

0.394 

-0.379 

-0.281 

0.460 

0.750 

0.449 0.001 '" 

0.349 0.001 .. •• 

0.304 0.001 " • 

0.266 0.001 " • 

0.225 0.001 ' " 

0.045 0.142 
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Figure 4.22. Nou·Uletric Multidimensional Scaling (NMOS) dUlgral1l of plots or Dabu! 
Marsh ,-egetarion grouped by community type (communities I 10 4). Vectors represent 
clI\"ironrucntal variables : depth, hydrogcomorpholog),.drainagc. disturOOncc and slope. 

·U ,.I.2 . Canonical Corrcspondcna: Analysis (eCA) 

Although the two a.xes eXlTaCled by eCA analysis together explained -lW. of the total 

variation (Table 4.16), analyses by ANOVA showed thlll environmental f:aclol'1 such :tS \\llIcr 

depth, slope, drainage, disturbance, altitude and hydrogeomorphology were signir !Cantl) (p < 

0.05) related to the floristic composition of the plant community l\"pcs. Specl alld plots 

ordination in the space defmed by the fITS! two eCA a:tes was giYCII in Figures 4.23 (.) and 

(b). The proportion of variances explained by these Il.xe$ was 24 Y. 3Ud 19 ~ .. rc:spcdl\c:h 

(Tobl,4.16). 
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Table 4.16: CCA results of Oabus wet land vegetat ion do' C . 
. a. anOllIcal codliciml from .L._ 

mulliple regressIOn models (ANOVA leSt), biplol SCores r. ,L. . S UK" bes4·fil 
. or UIC constnllnmg \'anabl~ I 

and propol1lorl of variances explained by the first IwO . . elgmva ucs 
axes were Indicated Factors \ I thai 

differed slgmficantly between the groups according \0 an ANOVA sho .' 'l UC$ 
are "'Tim bold 

Variables CCAI (CA2 SSqs MSgs F .' Slope 0.72 ·0.05 0.53 0.53 1.30 
Pr(>F) 

0.D1 0.03 ' 
Depth -0.73 ·0.28 1.37 1.37 3.37 0 .04 0.01 ' • 
Hydrogeomorphlogy 0.78 0.26 0.64 0.64 1.57 0.02 0.04 ' 
Oisturb 0.37 0.84 1.08 1.08 2.64 0.03 om ' • 
Altitude 0.46 0.26 0.60 0.60 1.47 0.02 0.05 ' 
Drainage -0.75 ·0.20 2.08 2.08 5.10 0.05 0.0 1" • 
Eigenvalues 0.55 0.42 

% variance 0.24 0.19 

Cumulative % 0.24 0.43 

Species env. co rr . 0.88 0.83 

(. - p < 0.1. • - 0.0 I < P < 0.05,·· - p < 0.01 and·" - p < 0.001). 

The firsl axis ext racted by the analysis was closely related to the wmer depth. slope. dminage. 

altitude and hydrogeo morphology. The second axis was highly correlated to disturbance. ~ 

setond axis was ma inly assoc iated with increasing disturbance but with decreasing water 

depth. slope and dra inage. 

Hydrogelllorpho logy and slope were most significant factors tlull differentiated communil) 

three (Sy=ygilllll gllineense subsp. II/acrocarpllm-Vernonio oliriclili/ero) from commUnil) 

type four (C)'penls papyrus) and commu nity type IWO (Eriochloa /OImcmis-C)"pullS 

latijolills ). COlllmun ity type four (Cype/"1ls papyrus) was associated with high \\ ater le\ el and 

very poorly drained areas. These groups 1110S1 commonly occurred in nrcns chnmclcrized b) 

presence of standing or flowing water permanently or lIlost of the )ear. open \\IlIer bod) .nd 

permanently flooded with uneven vegetation distribution and mninly nearly flat " ith no 

' 10 C· . C' I if< ("us) \\35 associated to \\(11 Of pc. Oll1l11l1l1lty two (Eriochloa !allllclIsl.S- yperus 011 0 / 
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with rclali" cly well drained areas. These groups most commonly occufTtd In areas 

characterized by low lying relalivly less wet lerrestriallandscapc. 

Ois[Utbance type was a strong faclor that differenliated comnuUlity one (C)ptnu 

dichrooslach}11S·Persicarlo senegalensis) from community throe (S;~)'8I11m gumCtflU subsp. 

mocrocarpllm· Vemonio ollriculifera) and four (C;pt.'rus papyrus). Community type one 

(CypenlS dichrooslochyrlS·Persicorla sellegalens;s) was associated \\o;th arca occasionall}' 

burnt for livestock grazing. Community type three (S}'zygium gulnunre subsp. 

macrocarpllm-Vemonio allrlClllifera) was related to mainly nearly n. areas wilh no slope. 

cc .... kdng. 1 
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Figure 4.23 : Canonica1 correspondence analysis (CCA) of DabU5 vegetation dala <a) 
IIlUSI1111eS the relationships between the plant community types and cn\~mnmenlal (actOfS (b) 
Shows placement of species with regard to environmental factors . Onl)' higher priority 
species with high variances are visible and all other less domint ... , species .-e indie.cd by 
red plus signs. Species were abbTC\'iated by combining the first (our leum from gcnenc ~ 
and .specific epithets (species data arc pro"ided in Appendix Id). En\'ironmentAl auributcs 
represcnted by the vectors included: waler depth, drainage, disturbance, altitude: and 
hydrogeomorphology. The vectors representing environmental gradic:rlts point in the direction 
of the most rapid change in each variable. 

CCA ordination of the species and explanatory variables (Figure 4.23b) re\'caIcd essentlall)' 

Ihe same pattern with ordination of plolS and en,'ironmCfltai ,·ariables. The spec.J(jo 

en"ironmcnt correlations with thc flTSt and second L":C$ were 0.88 and 0.83, respectIve!) 

(Table 4.16). The flTSt two axes accounted for 43 % of the variation. 

Th I ' M 'II ' fi . a VentOllio mmcu/lju "Q !lnd e p alii species Solanum incanllm, I ell/a ernlgmi! . 

Vernonia abyss;n;ca had marl:cd positive relationships with Ihe firsl axis (reilled 10 the sk>pe 

and h ' if< I' C -nLf papyruJ and l ) ptntS ydrogcomorpbology. whereas polygonum sabCl 0 IIlm. )".. 
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fischeriOl IllS had significantly negative relationships (c losely related to dminagc and 'Alter 

depth). Cyperlls lIniolodes, Hyparrhenia rufo. Trifolium rueppelliarlllltl . Cynodon ae'JllopIc~ 

and Llidwigw abyssinica had marked pos it ive relationships with the stcond IXI (high I) 

influenced by dislUrbance), whereas Ficlls vasta, Pan;cllm Pllsilfum and Nymphoea IIOlICho/; 

had significant negative relationships with the second axis (found in undislUrbed areas). 
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CHAPTER FI VE 

5, DISCUSSION, CONCLUSION AND RECOMMENDATION 

5. t. Discussion 

5. 1.1 . Spa tia l Variations in Flo ristic Composition and Divrrsil)' 

A 10lal of 302 vascular plant species belonging to 194 genera and 72 families " erc identified 

from all the studied wetlands (Appendix la-ld). Of the tOlal famili es. eleven (15%) " cre 

comll1on ly occ urring in all the wet lands. These include Amaralllhaccae. ASlcraceac. 

Commelinaceae, Cyperaceae. Euphorbiaceae. Fabaceae, Lamiaceac. 
} mphaeaceae. 

Onagraceae, Poaceae and Solanaceae. Fifteen genera (8%) were common to all the " cllands. 

These include Cyperus (Cyperaceae), Achyranlhes (Amaranlhaceae). Acacia (Faba eae). 

Solanllm (So lanaceae), Commelina (Commelinaceae). Leersia (Poacene), Cyn{)(Jon 

(Poaceae), Aeschynomene (Fabaceae), Echinochloa (Poaceae), £ragrosl;s (Poaceae), 

Gui!olia (Asteraceae), Ludwigia (Onagraceae), Nymphaea (Nymphaeacene), Pleclhranlus 

(Lamiaceae) and Sesbania (Fabaceae). Only six species (2%) were commonly occurring in 

the four wei lands. These include Cyperlls lali/olil/s. Achyranlhes aspera, Solanum inconum, 

Commelina diffusa. Leersia hexandra and Cynodon aelhiopiclis. 

Poaceae was the family with the highest num ber of spcc ics in all wetlands cxcept C) pemceae 

which had the highest number of spec ies in Fincha'a-Chomen wel lands (Figure 5.1). The: 

, ' I· H)'pox ,'daceae, Hypericaceae. GCIlIianacene and .aml res Xyridaceae, Juncaceae, 

Eriocau laceae were recorded only from Fincha 'a-Chomen wel lands. The occurrence or high 

. ' ld cern 10 be due 10 Ihe higher number of un iq ue families at Fincha 'a-Chomen slle \\ OU s 

altilude wil h its am bient temperalure and high rain fall. 
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=;:;un: 5.!. F~.milies common 10 all sites and proponion of SpeclCS they contain. Y-a.·os: 
proportion of species contributed by each fami ly common to al l sileS, X· .. xis: Families and 
study sites . Families common to all sites include: Am .. anthaceae. Asteraceae. 
Commelinaceae, Cyperaceae, Euphorniaceae, FabllCeaC, LamilCeae. Nym pbac:aceac. 
Onagraceae. Poaccac and Solanaceae. 

The [lorislic composition of wetlands changes from time to time and place 10 plM:C and 

species dh"ersity contracts and expands with fluctulting water le,"els. Floristic di,"ersitv 

comparisons are problematic because they were done at different spatial and temporal scales 

Nonetheless. despite problems with direct florist ic comparisons among wellands. 

comparisons are usefu l for documenting changes in the vegetation of the wetland nora and 

for enhancing an understanding of the effects of similer environmental and anthropogenic 

influences on wetlands with different characteristics 

Plant species colJccted from the study areas belong to different gro\\th forms such as forbs, 

sedges. shrubs and ferns and show clear zonation pancms (shrub. wee meadow. marsh and 

aquatic zones). Forbs occupied the highest floristic composition followed by grasses, sedJet 

and ,_. . Th' oounced in wetlands of Lake SlUubs m aU survey sites (Figure 5.2). IS was more pro 
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Chama. In Dabus and Fineha-Charnen next 10 fo rbs 
' . grasses and sedges .... ere: Ihe maR 

common components, respecti ve ly (Figure 5.2). Dabus a d F' 1 
n IOC 10· horn~n .... clland! .... ere 

also very rich in hydrophytes, weiland dependent plant spec' h 
ICS I al arc loicram 10 • hip 

water table. The reason for a very high percentage of h)'d oph ' h r )'Ies 10 I esc areas can be: 

nuributed 10 the habitat characteristics, waterlogged seasonally or permanenll) for Ion& 

growi ng season and high rain fa ll but wetlands of the IWO lakes experience "'duer- Ioum, 

usually at rai ny season. In add ition to its highest diversity al all taxonomic leve ls. Dabu "85 

also an important reservoi r of re latively highest number of endemic plants. Hence. DubuJ 

could serve the pu rpose of biodiversity conservation. 

Dominant grass species recorded from the study siles inc luded the annuals EchinochJoa 

sfagllina. Echinochloa pyramidalis. Eriochloa jalmensis and Panicum hygrochariJ and the 

perenn ials Eragrosris renui/olia, Cynodon aerhiopicus, Leersia hexalldra And Leptochloa 

jusca. Species such as Cynodon aerhiopiclls, Cyperlls arIiCII/allls. LeerJia hexandra. Sabama 

sesban. "solanllm incanum, Typha angllsli/olia. Cyperlls lali/olills and Aeschynomult 

e/apllroxy/on were the spec ies with high frequenc y. Each of thcse spec ies oceurred in more 

than ten percent of the quadrats. The fern, Tllelypleris cOlli/liens was widesprc(ld across nil 

siles during both wet and dry seasons. Spec ies such as Cynodotl aClhiopicus \\ere mort: 

domi nant in the over-grazed and highly degraded parts of the wet lands. Other frequently 

OCcurring hydrophytic species included members of Cypcraceae and Typhaccae. A scattered 

h .r. . " . . filera nnd Solanum s rub layer most ly consisting of Kotschya a,rlCallo. renlotJ/a aUriC11 ~. 

il/CallUIII were recorded predominantly in the Dabus site during the dry sellSOn Uf'\'C) 

Herbaceous spec ies belonging 10 Asleraceae and Fabaceae \\ ert: also prevalent panleularl) 

during the wet season surveys in all survey areas. 
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Figure 5.2: Proportion of different life fonns recorded from the study sites. X-IXlS ' study 
sites. Y-axis: proportion of different gro\\1h forms 

Most of the pl:l.Il l<: in the wetland i'< under inve~ai"a linn were emcrll'CflI ml\CrIlnh\l6 e"(oeot rnr . - . . . 

POlOmogelon puciJlus (submerged), Wolffia arrh;:a. and SpirodeJa polyrrh;:a (free flolung) 

and PlSlia slrllllOles. Echhornia cras..~jpes. N.lmphaea noucllOli . and N.'mphQaJ 10('6 

(flolUing-leaf plants). Emergent macroph)1CS are plants which anchors "ith thelf roots In lhc 

soil while the stem and the leaves emerge above we water surface The 5ubmc,!ed plant h. 

all its parts below the water surface except for the flowCl' which emerge .bo,'c the \\ ater 

surface. Floating-leaf plants have their leaves noalin~ 011 the surface of Ute "'Iter \\hlle the 

remaining parts stay below the walers surface. As the water level declined IhroughOUllhe dl) 

season, the free-floating, floating- leaf and submerged species became less abund.nl. 

Of all the species round in the study areas, seven were endemic (Appendi.\: h·ld) fEnscrmu 

Kelbessa, unpublished data; Enscrmu Kelbessa, el aI. , 1992; Vi,'ero el 01 , 200S). Endenllc 

species included: Erylhrina bruce;, Millelfia /ernlginea, Salur~jo palolioxa. Asooiep's 

triocouloicles, Seadonls nulans. SalynlUtl aethiopicllJ11 and Urtica simensls All of these \~ eR: 

rcordcd rrom Fincha-Chomen and Dabus marshes. This number is lower Ih .. the genc:nl 
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situation in the country. Of all the spec ies. two were invasive alien spec ies (AppendIX , ... Id) 

These inc lude: Eichhornia crassipes (in Chama and Abaya Lakes) and wnulI1lJ camera (m 

Lake Chama). Six species were found to be weeds of cultivated lands (Appendl)' 11~l d ) 

These include: Amaranthus hybridus. Amaramhus spinosus and £ChlttochJoa colona ( In 

Lakes Chama and Abaya), Dmura stramonium (i n Lake Abaya and Fincha-Chomen) and 

PJan/ago lanceolara and Cyperlls esculenlllS (in Dabus and Fincha-Chomen). 0 endrnllc 

ta;(a rather invasive species and weedy species of cult iv8led land \~ cre recorded rrom 

wetlands or Lake Chama and Lake Abaya. The reason for no existence or endemic taxa but 

for the frequent occurrence of invasive and weedy species and the appearance of plllli 

community types dominated by invasive alien species such as £ichh«nia crcwipu in 

wetlands of Lake Chama and Lake Abaya might be due to cont inuous anthropogenic 

pressures on the areas. 

Comparing the floristic di versi ty between wetlands (alpha diversity And species lumo\er or 

beta diversi ty sensu Whinaker, 1972). there was a high degree or dissimilarity. The "ellands 

or Lake Chama had the lowest species number (88 species), whilsl Dabus had the highest 

alpha di versity (1 30 species). The Fincha Chomen wetland smnples had the 10\\ t specie 

turnover or bela diversity (1. 20), whilst the samples of Lake Ab.1ya \\ ctland hnd the highest 

be .. . 98) (T bl 5 I) A hi"h n---livcrsity index indicates I 10" ta diverS ity or species turnover (I . a e .. & ' ,..-u 

leve l of sim ilarity, whi le a low beta diversity index shows a high level of similarit) ThUs. 

there was higher si mi lari ty or few species differences between samples rrom Fincha hom •• 

. ·1 ·t between samples from " (Iland of wetlands but more species differences or lowest SII11I an y • 

Lake Abaya. 
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Table 5 I ' Alpha and bela di versity and the number of . . 
communit ies of " t llands 

wetland Species Cluster j3-diversity between ~ ·diverslyty between number number sample plots 
community types 

Abaya 92 5 1.98 0.63 
Chamo 88 4 1.47 0.62 
Fincha-Chomen 92 4 1.20 0.57 
Oabus 130 4 1.86 0.79 

However. the relative diversity did not rem~in conslan! when considering the taxa at dirrertnt 

levels (spec ies, genera and family) (Figure 5.3). For example. Dabus mllrsh was the nehesl 

wet land al a ll leve ls (species, genera and family). The hi gh diversity of sireamside habluus 

could reneci seed di spersa l along stream corridors of Dabus River. Disturbance in the form of 

overgrazing can also increase species diversity by opening up growing space and resources 

for use by colonizing species. Wetlands of Lake Chamo remained Ihe poorest at Ihe famil) 

and spec ies level. Drainage for culti vat ion can affect ground Wilier IIlblc and in turn the 

organic matter content of the so il . Wetlands of Lake Abaya remained the poorest at Ihe 

genera level. Disturbance in the ronn of burning, land use Iypes. drainage. pollution. 

eUIrophic3tion or overgrazing can reduce plant species diversity by eliminating diSlUrbance 

sensiti ve spec ies (Connell, 1978). Eco logical theory (Grime. 1973: Connell. 1978) also 

pred icts important linkages between disturbance frequency and species di\'crsilY \\ ith more 

frequently disturbed ecosystems showing high species diversity through crerll ion of increased 

number of ecological niches or conditions which suit for a wide range of planlS or microsll 

thai are prone to co lonisation by other spec ies. However. the relationship b/!I"ccn 

• • . • J' there nrc threshold of disturbance disturbance and specIes dIversity IS not always mear as 

whic h alTecl the ability of plants to coloni ze an area. 
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Sites 

~ 0 Abaya 

'" C hamo .. Fincha Chomon 

!! '" D abus 

f 2 
~ 

~ 51 
§ 
~ 
~ 

'" 
!<: 

Family G.~ SPOCtes 

T axonomic Io .... el 

Figure 5.3: Ta.xonomic diversity profile of the wetlands. X-axis: taxa .. dlfTerent bel, 
(species. genera and family). Y-axis : relath'e diversity taxa at difTercntlC\'cls 

Species diversiiy oroering in lemHi of species rank abundlUlCC (Fig\lrc 5 4) 'OOW, thll ,he 

number of rare or less common plant species (species which occurred in fC\\' number of 

sampled piOls) were lowest at Chamo wetland and highest at Oabus wctllnd (Figure 5 4) The 

numbers of most common species were highest in Lake Abaya wetlands (Figure 5 . 4~ OabUJ 

was relatively the richest and had more even distribution than other ,ileS C)yH!nl.J 

artiell/aIIlS. C)nodon aethiopiells. Leersia hexandra, So/anum ineanllm and Sesbonia saban 

were the most abundant species in wetlands of Lake Chano: Eichhornia crassip6. I.eLrsia 

hexantlra. C)'nodon aethiopicJls. T)pha angllslifolia and A~sch)"om~nt ~/aphf'OX)~on In lAc 

Abaya: (,)not/on aelhiopiclls, Undemia rolunda/a. Trifolium ruep/WlllOnum and Pa",cum 

hygrocharis in Fincha' a-Chomen and Cyperus papyrus in Oahus. 
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Figure 5.4: Diversity ordering in tenu s of spo::: ies rank abundance of fo ul wecland, Lake 
Chama (e), Lake Abaya (A), Fincha' a-Chomcn (F) and Dabus (D), X·a."<.is: the abundance 
r;mk. Species ranked from most to least abundant. The most abundant species is gin':" rank I. 
the second mosl abundant is 2 and so on. Y -a.xis: the relative abundance measured on :1 log 
scale, this is a measure of species abundance relative to the abundance of other species 

Complementari ty assessment revealed compositional similarity in weUlfld "CgCl.WJn typC':S 

of simi lar proximity and environmental conditions. The result of Sorensen 's cocffW:lenl of 

sim ilari ty analys is ind icated that wellands associated with the tWO low land likes (Lal;e 

Chama and Lake Abaya) and wellands in the highlands (Finchs' .. -Chomcn and Oabu, ) were 

highly complcmenta~' to each other than to any other group, with the former IWO Iypes being 

very similar (0.196 and 0.168 Sorensen index. respectively). Thus. wetlands of the [\.\ 0 laLes 

and wetlands of the two maBhes had more number of species in common than the other pair 

of wetlands (Figure 5.5). These consistencies could be panially e:cpl.i ncd by geog.nphlc 

location and proximity between the related sites. This might be because the chlnCC for seed 

dispersal betwccn them is limited since wetlands of the southern and western regions are 

o h· . . ··1 ' fn ·$Iie comPOSlt lOfl 1n wetlands .=ocograp Ically Isolated from one another. High Simi anty 0 on 

or the two lakes might also be due to similarity in their nalural histOrlC rormalOM ~ 
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could also be partially explained by similarity in hydrologic conditions (Viilei' depth. 

hydrogemorphlogy and drainage as indicated by CCA results in this study) Hlaha smul.-.t} 

ofOoristic composition of wetlands in highlands might be due 10 simil.-.Iy in theu ptO'C.UDlty. 

similarity in rrainfall and the catchment landuse types in the surrounding weas. But they hid 

less similar noristic composition compared to wetlands of the two lakes since they are also 

located far from each other. Altitudinal difference is the major cause for the \· .... 11100 Other 

most probable reasons for dissimilarity of species composition might be due 10 \· ..... JOnS In 

relative moisture conditions, soil particles composition and soil texture and rate of grazing 

Mitsch and Gosselink (1993) pointed out that the distribution and composition of plant 

species is controlled primarily by differential distribution of hydrologic regimes. A chlllge In 

cie\,ation would result in channges in the species composition, communit}, and stnacture of 

\'egetation as a result of greater fluctuation in hydrologic conditions. All the study sites 

together had very few shared species. In general, the species turnover between sites wert high 

(similarity index less than 0.20), and this indicated that the corresponding h.,.taU 

heterogencity increased gradually. 

'" 
'" 

<a 

'" '" "" 
i '" -0 

0 
~ -" '" I ,. 

~ 5 5 . , " I ' bet '- n and among wetlands rlgure , : Vcgctation compos.bon Simi ant)' \\ .... 
Lake Aba"8, Fincha' a.Chomcn (FC) and Oahus . 

Lake Chamo. 
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5.1.2· SCl.lSonal T rends in Floris tic Composition alld Din' rsily 

The four wetlands differed in taxonomic diversi ty 31 all levels . L.. - 'h 
In UV\ stasons (Figure 56) 

From wetlands of Lake Chamo, 88 species belonging to 69 genera and 31 r"mlleS \Iotrc: 

enumerated in the wet season. while 77 species belonging to 60 genera and 26 ramil~ .... cre 

found in th e dry season. From wetlands of Lake Abaya. 92 species belonging to 66 genera 

and 34 fami lies were enumerated in the wet season and 88 species from 34 families and 63 

genera in the dry season. All the species, famil ies and genera in the dry data 5C n from 

wetlands of Lake Abaya and Chamo also belong to wet season datil (Figure 5.6). The grealest 

number of species was recorded in common from both seasons at "ctlands of Lake Aba). 

(Figure 5.6). Fincha 'a Chomen had 92 spec ies from 68 genera and 35 families and 72 SpeCIeS 

from 55 genera and 32 fam ilies in the wet and dry seasons. respectively. FiR) eight species 

belonging to 31 genera and 46 families were recorded in common from t)(>lh seasons. 0rK' 

hundred IhiITY species in 92 genera and 40 families were enumertued in the \\et 5C8S0n. " hile 

96 species be longing to 72 genera and 34 fam il ies were enumerated in the dT)' season. Eight) 

fi ve species be longing to 64 genera and 34 fam ilies were recorded in comlllon from both 

seasons in Dabus. The greatest number of species. genera and families \\ ere recorded in bach 

seasons at Dabus marsh (Figure 5.6). This was fo llowed by wetlands of Litke AbayB and 

Fincha 'a·CtlOmen (Figure 5.6). 
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Chamo Abava Fincha.Chomen 

. HK 
Figure 5.6: Number of species, genera and famil ies recorded per wetland dunng wei and dry 
seasons 

Each wetland exh ibited some seasonal shift in Ooristic composition IIId ta.'\:ooomic dl\CI'SIt) 

Wilh respect to aU le\'els of taxonomic di"ersity, the wet season non tended 10 be nchcr than 

me dry season in all wetlands (Figure 's .6). This was more pronounced in Oahus marsh than 

in Ihe other three wetlands (Figure 5.6). Its taxononlic diversity decreased from 130 10 96 

species, from 10 1 to 72 genera and from 40 to 34 families in the dry season. Fincha' . · 

Cholncn marsh had also shown a significant reduction in taxonomic diversity from 92 10 n 

species from 68 to 55 genera and from 3,S to 32 families in the dry season. Thc rcuon for the 

wet season nora richness was the conditions for plant grO\\1h, especially for annu.1 SpotICS. IS 

better during the wet season rather than during the dry season. The order of floristic nchncss 

in the wet season was Oabus marsh > Abaya lake > Fincha · ... Chomen marsh > Chamo lah 

(Figure 5.6). The order of noristic richness in the dry season was Oahus marsh > Abaya lake 

> Chamo lake > Fincha 'a-Chomen marsh (figure 5.6). 

MicrOlopographic variation in Oabus and t...ake Abaya may contribute 10 the high pllnt 

s . . . b I'· toek and burning In OlbllJ ... d 
peclCS nchness. High intensity of wetland grazmg Y nC$ 
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Fincha 'a-Chomen in the dry season may have contributed' " lor a slgruflCallt rtducuon 1ft 

diversity aI a ll taxonomic leve ls. This cou ld be also due to hab', d" ba I at ISlur nee caused b) the 

Intense wildl ife grazing in Dabus (as it forms a dry season grazing arta rOf ",ldhfe such .. 

gazelles. hippos. buffa loes and warthogs) and impacts of human activities (intense bum In&,) 

These 3rc illustrated by photographes taken during lield work. Grazing usually rnno\t$ 

above ground parI of the plant but the possibility for regenerntion remains. Gnuing rcsullS In 

soil compaction that hinders the circulation of air and water within the air spaces of thc SOil 

and this affects growth of the plant It can also result in input of lIlanures and SCIcCII\ C 

removal of plant species. Species losses occur as a resu lt of habitat loss and fragmenUltlQn of 

ecosystem because of direct human activities. including trampling and collect ing. Trampling 

associated to fi shi ng could be responsible for the lower number or plant species (di\ersities) 

encountered at the wet lands (Lake Abaya and Chamo wetlands in particular) in the dl'} 

season since only hardy species would survive such activit ies. 

5.1.3. Trends in Plant Communty Types, Diversity and Distribution IJatiern 

With regard to the vegetation mosaics present in cach wctland, the presence or different 

communities with in the wetlands was not very variable (Table S.2). The number or 

commun ities in the wetlands was not corre lated with the num ber or species crnble 5.1). Thi 

variabil ity was not only reflected in the number or communities but by the communi!) 

composition of each wetland. The species turnover between commun ities wcre rather hlah 

0 '0 T bl 5 I) ror all sites and this (beta diversity sensu Whittaker being greater than .). n e . . 

. d II imilnt results M\e 
ind icated the corresponding habitat heterogeneity increasmg gra U3 y. 

ra hic scale (Barbour 1991). Piant 
been obtained analysing Californian pools at a larger geog P 

, affected by the lacl. of en' lToomenul 
com muni ty development in study areas has likely been 

. d d' t rb..1l1ces often result In the 
hetcrogeneity. Flinn (2008) pointed out thai hUlll3n-mduce IS U 
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remoyal of native vegetation and the elimination of ,I" . 
eXIsting sod tuc:1Ur'( and 

microlOpographic features that are imponaru for habitat hCIi!rogencll) 

From all the slUdy sites. the highest number of plant community t)pcs ~ as rttOrdcd from 

\~ etlands of Lake Abaya during both wet and dry seasons (Table 5.2). Dendrogram 500\0.'"1 

dry season vegetation clusters was shown in appendix J. TIle mOSI imponanl process tnal tJ 

thought to play a vital role in determining the habitat divers it)' of Ihese y,(tlands IS 

environmental hete rogeneity. Microlopographic variAt ion lIIay also contribute 10 the high 

diversity of wet land plant commun it ies in wetlands of L1ke Abaya. Connell (1978) POinted 

out that changes in the env ironment due to change in landuse type, drnirnage. eUlrophlcluion 

or overgrazing can alter spatial heterogeneity in plant community composition. 

Tabl 5'" Summary of Plant community types prestnt in each wetland during boch sun~ periods , .-. 
Site Plant community types (Wet period) Plant community types (Dry riocll 
l. Chama 1. Cyperus orticulotus -Cynodon 1. Cynodon oethlopicus -Sesbo"io 

aethiopicus sesben 
2. Cynodon oethiopicus- Solanum inconum 2. C. oethiopicus - Solanum inconum 
3. Leersio hexandro 3. leers ia hexandro 
4.Cyperus orticu/otus -Typha angustijolia 4. Cyperus orficu /o rus -T. anguso/olio 

5. Aeschynamene e/ophrr;)!L1on 
L. Abaya 1. Cyperus ortieu/otus 1. T. angusO/olio - A. elophroxylon 

2. Eichhorn;a crossipes - Pistio stratiotes 2. C. aerhiopicus·Solonum /nconum 

3. Cynodan oethiopicu5 3 E. cross/pes - Pif tlo srra tJOtes 

4. T.angustija/io -A. e/ophroxy/on 4. Cynodon aerhfopicus 

S. Aeschynamene elaphroxy/on 5. CypeM articufo tus- C. loevl9orus 
6. Aeschvna~ne elophroxylon 

Flncha- 1. Undemio rotundoto - Tri/olium 1. C. aethiopfcus·Undernio rotundoto 

Chomen rueppeffionum- Cynodon oethlapicus 2. R. mu/ri/idus- lmdernlo rotundoro 

2. Cyperus dichroostachyus 3. C. dichroostochyus- T. conf/uens 
4. Ponicum hygrochoris 3. S. corymbosus - C. /oti/olius 
5. s. con/usus -c. Iot//oI;us 4. Ponieum hygrochor;s 

Dabus 1. C. dichroosrochyus - P. senegolensis I . Cynodonoerhlopicus 

2. Erloch/oo jotmensis-Cyperus loti/ailus 2. SYlY9ium gUIfI«~ subsp. 
mocrocorpum -V. ouricul!kro 3. SYlygium guineense subsp. 
3. Cyperus popyrvs mocrocorpum - v. ouriculljera 
4. Echlnops hispJdus- V olJffculf/ero 

4. Cyperus papyrus 
5. Eriochloo /a tmensis- C. popynn 
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Although Dabus experiences critical preSSure from bum' d 
mg an gnum& ICII\ li tes dunn, eft) 

season. it was partially and relative ly pristine with a clima;( l'k 
' I e SY; omp or marsh communll) 

dominated by Cyperlls papyrus. The most extensive and disf,' Ia 
IIlC 1\ ( P nI communl1) In 

\\cllands of Lake Abaya was Aeschynomene eiapilroxylon and TJplta angUju/olia \I. ttlancb 

of Lake Chamo had also the most distinctive plam commun ities (utrsio haonJro and 

C tll){! /"Us articulatlls). In Fincha·Chomen wetlands, ,nos, " d d' 
N ex cnSlve nn IStmcll\ ( plant 

commun ity type was Cyperus dichrooSlachYlis. 

Wetlands of the 1\\10 lakes had plant com munity types that \\ cre dominated b) similar sptt i 

(Cyperlls Qrticlllaflls. Cynodon aelhiopiclIs and Typha QlIgILfli/olia) (fable 5.2). Similarl) . 

wetlands of the two marshes had plan! community types that \\ere dominated b) similar 

species (Cyperlls dichroostachyus and Cyperus lati/O/ills) (Table 5.2). Regnrdless ofha\ln l 

some plant species in common, the four wetlands did not have combination of diffemu 

species that characterize s imilar plant associations in common for all . Thus. \\etlands of the 

lakes and marshes had no plant community types in common. llleSC' cou ld be parw!.ll)' 

ex plained by geographic isolat ion between and among sites. This difference in plant 

community types between wetlands of the two lakes was probably relmed to the differcnce in 

elltrophicat ion of the lakes. The presence of Eichhorni" crassipes-Pistia .rlratiOld 

community in the wetlands of Lake Abaya seems 10 con finn strong human Beth Il ies in the 

study area. Plant communities refl ect a recurring assemblage ofplnllt species ofcharactctislK 

. . .. f " II s'milar C' lwironmcnial conchl lOf'lS compositIOn and structure, growmg III an area 0 essen 13 y I 

and land use history (Ship ley and Keddy. 1987). 

Variation in plant d n ' ,' composilion of " celand pl.vll di stribution, abundance, an ons IC 

communities cou ld 
.' . geogroptue Ioeal.on.. be associated primarily with the vanatlon In 
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hydrologic condit ion, patterns and degree of disturbanc . 
e, vanous cat hmcm lind tI:SCS In tIK 

surrounding areas of the wet lands. Comparing the ordinal' nd 
Ion n elas .rlC8hon re:sulb ortht 

plant communities, both methods displayed hyd ratog;c grad' ( 
ICIlIS "3ler depch and h)dto 

geomorphology), env ironmental faclors (elevation and , 10 ) nd ' 
pc a lactors reilled to 

nnlhrol>ogenic aClivities (drainage and disturbance) were impona I ' , 
n 18CIOrs lor plan! spt'C1tS 

composition and vegetation assembly. 

Results of canon ica l co rrespondence analyses and ANOVA lest sho\\' cd Ihlll six of tnt 

measured env ironmental factors (depth to the water, slope. drainage. dislUroonce. altitude and 

hydrogeomorphology) were significantly related to Ihe florislic composition of the plant 

commun ity types in Dabus and Fincha'a-Chomen wet lands. Results also sho"ed that 

environmental factors such as water depth. slope, drainage and hydrogcomorpholog) ""cre 

most significant factors that differentiated the floristic composition and distribution of the: 

plant comm unity types in Lake Abaya wetlands. In wet lands of Lake ChAlnO. onl) thrtt of 

the measured vari abl es (water depth, hydrogeomorphology and disturbance) had ignifican! 

impact 011 the noriSlie composi tion and distribution ofthc plant commun it), I) pes. The most 

IIllportant environmental factors com mon to all sites wcre walcr depth and 

hydrogeomorphology. Water depth was the most important environmenlnl factor ""hlCh 

differentiated the plant community types from one another in all \\ctlands. 

Plan! comm unities which were found in relative ly drier terrestrint landscnpe and III arc 

exposed for moderate disturbance (e.g. CYllodon aelhiopicUJ from La~e Aba)", and Chamo 

. . ' h ess and e\ enness \ .lutS In \\ct tands) were the most di verse and had the highest species flC n 

. d ' deeper or standmg " ,acr and Contrast to this, plant comm unity types willch occ urrc III 

experiencing prolonged inundat"ion (e.g. Cyperlls arric lI/ClfUJ. T)pha ongwlI/oI.
J 

and 
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Aeschynomene elaphroxylon from Lake Aba)'a and Ch 
< BOlO "elland and C)'Pfrkf /JOI11I'14 

from Dabus marsh) were the least in species richness Plant . 
. commUnity I)pcs rttotded from 

such areas were mainly dominated by few species. Th is IS consI51cm "lIh Iht PfOPOwil lhat 

inundation may produce Water ZOnes domina," b) ' Old f' pcnnanenl 
• <.-u 5 a 5 0 It" Spec lC5 .net • 

loss ofterrestrial t3xa (Brock. 1994). This also agrees with those of Grcvilliot t l oJ ( 199 ) 

who fo und Ihat vegetation in frequently flooded and thus often \\QlcrJogged areas ""m 

characterised by high aerial biomass and low species diversity. The presence of sumding 

Ilutcr also affects the ability of some wetland plalllS to germinfllc leading 10 limllt'd 

rec ru itment o f new s pecies in those zones and a Subsequent reduc tion in species nchnes 

(Boment el a l. . \998). Low species diversity of open Wi'l!cr zones rna) be rtuued 10 

homogene ity of the aquatic habitats compared with the terrestrial ones. Moreo\cr. the 10" 

diversity of the open water zone may be because most of its species are highl) spttific to Ihal 

aquatic habitat, thus the same species occurs at nearly all sites. Research in different "ellar'Kh 

has ind ic:ucd that prolonged inundation leads to low plant diversity (\ an der Van. et ClI. 

1994). Mitsch and Gosselink (1993) emphasized that water depth is frequently the most 

Illlponant environmental factor affecting plant species composit ion and distribUlion in 

\\ctlands. 

Plant cOllllllunity types wh ich were fou nd in areas exposed fo r moderate disturbance had the 

highest divers ity. Moderate disturbance of the existing vegetation by grazing nnimmls and 

fishermen through cutting or burning of vegetation might also lead 10 increase in the SPCCIC$ 

richness (Khed r and DOllS!. 2000). The relationship of commun ity '}PC one "ith high 

d' , , 1973) S' tilar conclusions \H~rt made b} ISturbancc may ex plain its low diversity (GruIlC. . In 

ShallOut el a/. ( 1994). Moderate disturbance often leads 10 distinct loe,al \an8lion In soil 

, ' f snM'ies within commUl1IlIe (Khedr propcnles wh ich meel the edaphic requirements 0 many 1" •• 

f ·· Tri"o/illm rllcpptlljanklfl, and DOtlst, 2000). Some species such as CYllodo11 ael IlOp'CIIS, !/ ' 
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C),{)erllJ esclifenllls and Lindernia rOllmdllla "ere predominant I) 

disturbed areas with less moisture gradient. Comparable distribution p3l1tm to thIS ... 

ident ified in Hurumu wetland in lIIubabor Zone by Zerihun Wold d K u an umlachc:\o\, Ycstuuta 

(2003). 

Commun ity types which cons isted of terrestrial species most commonly occurrtd In hlpl) 

disturbed areas along low lying landscape with well drained or somewhat exct i\tl) dramtd 

soils and terrestrial landscape. It was associated with decreasing wllter Icvel and modc:ratt to 

steep slope gradient. Cons istent with other studies (Howard. 1992: Starkey el 01 .• 2002) somt 

forb and shrub species were associated with high altitude within the \~etland s)'stem A 

plausible explanation for this pattern is thaI most forbs and shrubs are less toitrant to 

inundation and therefore establish mainly at raised landfonns. 

Some comm unity types and species from mosl community types occupitd at around the: 

origin of the CCA ordination diagram generated from the vegetation data from each tud) 

areas. showing that they prefer to grow in habitats of modenlle values of all tht p.1mmelCI1 

mcasurcd. Some plant community types were less distinctly recognized in the CC 

ordinmion diagram due to Ihe presence of species Ihm may tolerate a widcr range of habilat 

conditions. This further suggests that no single envi ronmental factor but mlher a combination 

offaclors was sign ificant in defining the variability within the spec ies data. 

. nd 
The CCA ordinatio n diagram displayed a measure of overlap among \tgc:tallon t)ptS • 

. d.. . ) h .q lyoccuP) ordination space. One 
III Icated variOus groups (plant communIty IYpes I al UIlI ue 

of the insiglus obtained from the ordination process \\as thallhe dominant grllm,no,ds (.llh 

severn I exceptions) were rather broadly distributcd and o\'crinpping in ordm:uion SJ*X 

S 
. d species more typical of shrub .od maBh 

ornc of the meadow communities contamc 

. , " I " shrub commun ititS \\t~ sptctcS moR 
COtlHnUnltles and some of the dommant plants III Il l: 
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due to increase in the number of cattle in the Lake Abaya and hamo \\oC1lands could 

contributed to the current spat ial heterogeneity in species Com"""', · f ~ 
"",,1 Ion 0 "~)'OO In\asl\C 

plant species. Most of the invasive and weedy plaru species take advllntage or tile chanSCS In 

sile conditions. espec ia lly increase in nUlrients following a significant dLstUfOOncC (Mllt»u 

and Andi. 2004). Large herbivores infl uence species composition b) rernovlIli herblgt', 

trampling and through dung and urine depositions (Hobbs, 1991 ), Dung deposihon moeJJfics 

site conditions by supplying nutricms and facilitates seed dispersa l (Hobbs, 1991 ). Rca and 

Storrs (1 999) and DiTomaso (2000), reported that increase in canle grazi ng effetts such as 

trampling and nutri ent inputs may accelerate the spread of invasive \\hich consequentl), 

changes plant species composit ion and functional structure. 

5.1.4. Rarefaction Analysis to Estimate Species Richness 

The Coleman (2005) rarefaction spec ies richness estimator curves ror the vegetation t)PCS 

showed a similar trend as the Simpson and Shannon-Wiener indices with the same vegetatIOn 

types having high esti mates of species richness (Figure 5.7). The Dabus vegetation t)PC had 

the highest non-asymptotic spec ies accumu lation curve than all the siles (Figurt 5.7) 

Therefore, it had the most species richness. If we had only collected frorTI 78 plots at Dabus. 

we would ex pect to record 11 8 species (comparing all curves fl1 the point on the ,( -AXIS 

I·' 't L.'lke Chamo wi th 78 mples) correspondi ng to the s ite with lowest sam p lIlg mlenSI y. 

I . Tl c other three stud) siteS (Finc.ha · Dabus marsh really was richer than any ot leT sIte. I 

Chomen, Abaya and Chama) had asymptotic curves with less species richness Fincha 

. I II II c siles Therefore. it h3d the Ie Chomen had lowest spec ies accumulation curve tlan Il I . 

I k ) had higller species accumubl lOfl 
species richness. Wetlands of Lak e Chamo (shallow II e 

k ) 13 It it hlld Ihe fc\\e5t number of plou or 
Curve than the wetlands of Lake Abaya (deeper la 'c. l 

. I II (1967) \~ ho eon idefS thai hlllo" 
all sites. This is in agreement with those of Sc HI I lorpe 
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lakes support significantly more species number. The different moq,hoklsy or the- b. ID of 

the Abaya Lake, which is deep and not fnourable for emeT)ent pillllJ OYCf I '-Ie propon._ 

of it.5 shoreline, might be a reason for the lower $pCCtes number expc:c:1Cd UI the rtb-cs ofthu 

lake. 
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5.2. Conclusion and Recommendations 

The study has resu lted in the documentation of303 plam spec ies rtprestnlln& 194 Ct='Wtllnd 

72 families. Eleven families. fifteen genera and si;>i species " ere found 10 be common 10 aU 

wet lands. Fam ilies which had the highest contribut ion 10 the o\'erall pec.es composlhon of 

the wetlands were Poaceae, Asteraceae, Fabaceae. and Cyperaceae. Poaeeae " the (anlll) 

with the highest number of species in all wetlands c;>icept for the fam ily C)perKeac \\hich 

had the highest nu mber of species in Fincha-Chomcn wet lands. Out of lhe tOlal s~cies. 5t'Ien 

were endemic, two were invasive and si .... species were weeds of culti\'ated land lIerbs 

occupied the highest floristic composition followed by sedges. grasses and shrubs al all $Iud) 

sites. Most of the plants in the wet lands under investigation " ere emergent maeroph)1 

exeepl a few of them thai were free- noaling, floating- leaf and submerged petits. 

Dabus was the richest weiland al all levels of 13;>iOnomic diversity. Wetlands of similar 

elevations (A baya and Chamo Lakes in particular) and environmental conditions \\ert more 

simi lar in noristic composition. Wetlands had simi lar number of plant cOlllmUnil) 1)'PC:S but 

. . . II! 'nh for all sites Wetlands of l..al.e the specIes Il1rnovers between comnH1l11tles were ra le T 110" • 

. . be f I I mity 1)'peS during both " et and dl') Abaya had relative ly the highest num r 0 pant comn I 

seasolls. Equal nu mbers of community types were recorded from Ihe remllining study Siles 

during both survey periods. Different plant cOlllmunity types \\cre identified from the 

wet lands. 

I d dependent species ",crt recorded from 
The highestlll1l11ber of wetland associatcd and \\el an 

I" •' dd"' ·'OIl 10 its highest dherSil) at al1lL\Ono.mc. 
Dabus and Fincha-Chomen wet lands. " 

. f relat ive!) the highesl number o( endemIC 
leve ls. Oabus was also an important rcscn'Ol r 0 
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plants. Hence. Dubus could serve the purpose of biodiversity conservat ion. On the othn 

hand. an invas ive and weedy but not endemic species were reeo d d ' r c .rom '''f!IIl\O<H orthc: I~O 

lakes. Moreover, a plant community type dominated by an invasi\c speCItS "as r«ordcd 

from wetlands of the two lakes during both survey periods Th s lh r . u. e presence 0 y"ttd) . 

introduced or invasive species and plant community types dominated by these spetltS might 

indicate a relal ive ly more anthropogenic disturbance effect of land usc on wetlands of uu.c 

Abaya and ChamQ. 

The distribution and composition of plant species and vegetation assembly a1 each study ile 

were innuenced significantly by a combination of different envi ronmental factors. 1 each 

wet land , the dom inant grasses and sedges were widely distributed resulting in an o .. erlnp 

among plant community types. Furthermore, the study on the wct lands resulted in plan! 

commun ities of mai nly emergent spec ies, aggregating free floating, flollting- Ieaf and 

submerged plants as minor members of associat ions dominated by the more obvioU5 

emergent spec ies and did not indicate the differences that nm)' ex ist bct\\ een emergent and 

submerged plants as dist inct components of wetland communities. Thus. thc presence of non· 

wetland shrub and forb spec ies and their high frequcncy in the wetlands indicated 1M! .11 the 

wetlands were ex periencing disturbanccs from both natural environment and nnthropogenlC 

factors. 

'« bet 'cen nnd among the \\eth\M 111 
Results of the study showed that there were dil ierences \\ 

., n ld diversity due to .. MilliOns 
the spat ial and tem poral panerns of plant species compoSition I 

in envirO:llllental gradients (hydrologic f.1.ctors in p:lI'licular) and anthropogenic flKu)t'S. 
. oder I~ 

Th 
. r 1 management and protectiOn u 

ercfore, thi s should be considered 111 II ure 
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circumstance of climate change and human activities 0 1 
. vera I. results suppon 1M pmitchOIl 

thai different env ironmental variables h d . a varYing influence on the 0\('",11 planl spctlC'S 

composit ion. dive rsity and distribution. 

Long term monitoring of the wetland plant comm unities is reeo .". " , . mmCrKH.~ as liKe em Ironment 

changes with inc reased human activit ies that are likely '0 ·",ereas 'h b d ,e en un ance ofm\ I\C 

species. The nu mber and catt le movements should be controlled in order 10 maintain the: 

integrity of the wetlands. Further study of soil nulriCIl1S and water chemislr) dall is 

recommended to bettcr understand the compositional variation found bemeen and among the 

wetlands. In addit ion, an assessment of the vegetation in Icnns of ils varinbilil) and rtacuon 

to various practices such as burn ing and grazing should be done. 

Protecti ve measures should be developed to safeguard the study areas from destructlH~ 

anthropogenic impacts; otherwise the damage can become irrcversible. The efTecthe and 

cont inuous protection measures should be identified and local community should be mformed 

aboUllhe importance of the conservation of these fmgite ecosystems. Wet land managers Ind 

dec isions makers at all levels should consider th is base line daHl on the species compositton 

and vegetation eco logy to guide management decisions and to detect changes o\er till\(.nd 

space as a result of management and impacts of anthropogenic alteration. The) houk! 11 

make use of the re lationships between environmental fac tors and \\ctland plant commumlles 

and the subsequent interpretation as a va luable tool in the planning of future deH~lopmcnt. 

conservation and managemen t of the wetland vegetation. 
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APPENDI CES 

Appendix la: Lisl of species with their families recorded from Lake! Aba '. 
(- - endemic ."'" invas ive ••• = weeds) ) - , , 

No. Name of species wi th authority name{s) Family Lout n~me 
1 Acacia montigeno Brenan & EkeU Fabaceae 
2 Acacia seyol Del. Fabaceae 

Acacio rortilis (Forssk.) Hayne 
Odooruwaa 

3 Fabaceae 
Acalypha fruitcoso Forssk. 4 Euphorbiaceae Oijileh 

5 Acalypha rocemoso Baill. Euphorbiaceae Kusamol 
6 Achyranthes aspero l. Amaranthaceae 

Aeschynomene elaphroxy/on (Guill. & Fabaceae 
7 Perr.) Taub. Sokkee 
8 Ajugo alba (Guerke) Robyns Lamiaceae 

9 Aloe otolfensis Baker Aloaceee 

10 Amoranthus dubius Theil. Amaranthaceae 

11 ~ ~. Amoranthus hybridus l. Amaranthaceae Gagablsn 
12 ... Amoranthus spinosus l. Amaranthaceae 

13 Balanites oegypt ioco Del. Balanitaceae Badanna 
14 Buchnero hispido Benth. Scrophulariaceae 

15 Corissa spinarum l. Apocynaceae ladiyaa 

16 Cayrotia ibuensis (HookJ.) Suesseng Vitaceae Menenalto 

17 Cissus quodrangufaris l. Vitaceae 

18 Clausena anisata (Willd.) Benth. Rutaceae Kataariyaa 

19 Cammelina diffusa Burm.f. Commelinaceae Oalishaa 

20 Cordia africana Lam. Boraginaceae Moqotta 

21 Croton macrostachyus Del. Euphorbiaceae Anltaa 

22 Cynodon oethiopicus Clayton & Harlan Poaceae Gorxaa 

23 Cyperus ofopecuroides Rottb. Cyperaceae Oilla 

24 Cyperus orticulatus l. Cyperaceae Katemaa 

25 Cyperus dichroostochyus A. Rich. Cyperaceae 

26 Cyperus digitatus Steud. Cyperaceae 

27 Cyperus distans Lt. Cyperaceae 

28 Cyperus grandibulbosus C. B. Clarke Cyperaceae 

29 Cyperus faevigatus l. Cyperaceae 

30 Cyperus latifo/ius Pair. Cyperaceae 

31 Cyperus papyrus l. Cyperaceae 

32 Cyperus pectinatus Vahl Cyperaceae 

33 Cyperus rorundus l. Cyperaceae 

34 Cyperus subumbellatus Kuk. Cyperaceae 

Solanaceae Machar1a 35 "·Doturo stramonium l. 
$harafaa 36 ·"Echinochfoo colona (l.) Link Poaceae 

37 Echinochloo haplocfada (Stapf) Stapf Poaceae 

Echinochloo pyramidalis (lam.) Hitchc. Poaceae 
Kordodo 

38 & Chase 
39 Eclipto prostrota l. Asteraceae 
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, ...... 
AfcP2 

ATSPl 

AHP) I 

ATlP1Z 

ATcP] 

ATlP22 

ATIP) 
AT6P l 
Anp) 

AT7PZl 

AT7P22 

ArBP) 

AT8P4 

AT8PS 

AT8P6 

ATlOPl 

ATlOP4 

ATlOPS 

ATl0P6 
ATlOP1 

AT lOPS 

AnPI 

AT"P4 
AIBTlP! 

AlBn p2 

AI8TlP) 

AlaTlP' 
AOPOl 

AT6P2 

ATlP02 

AT9Pl 

ATl IP2 

ATIPS 

ATIlPI 

All"P2 
An "p) 

An "'p" 

AT16PI 

AT16P1 



~·Eichhornia crossipes (Mart.) Solms Pontederaceae 
40 in A. DC. 

41 Enneopogon desvouxii P. Seaov. Poaceae 
ATi6f'l 

41 Erogrosris joponico (Thunb.) Trin. Poaceae 
ATllihl 

Erioch/oa !ormensis (Hochst. & Steud.) Poaceae 
AU6PS 

43 Clayton 
An"" 

44 Euphorbia t irucalli l. Euphorbiaceae Mauuwu ATllPl 
45 Ficus avoca Vahl Moraceae 6ob, ATlJP4 
46 Ficus sur Forssk. Moraceae Maruwa, ATim 
47 Ficus sycomorus l. Moraceae Sholaa A1U", 

Geigerio alata (Dc.) Senth. & Hook. Asteraceae Dorsa 
48 qarehochuwa AllP] 
49 Gossypium barbadense l. Malvaceae Futtuwaa An" 
50 Grewia !erruginea Hochst. ex A. Rich. Tiliaceae AT2P l 

51 Grewia vil/osa Sch. Sip. Tiliaceae loha~adle ATllP] 

52 Guizotia scabro (vis) Chiov. Asteraceae AT11P4 

53 Hippacrorea ofricana (Willd.) loes. Celastraceae AT11PS 

54 Hypoesres !orskoolii (Vahl) R. Sr. Acanthaeeae AT11 Pti 

55 Ipomoeo aquatico Forssk. Convolvulaceae Chonyaa ATlOP2 

56 Ipomoeo eriocorpa R. Br. Convolvulaceae AT lSPl 

57 Kigelia africana (lam .) Senth. Bignoniaceae ATlSP] 

58 Leersia hexondro Sw. Poaeeae Are&:ash mata ATSo5 

Leptadenia arborea (Forssk.) Oecne Asclepiadaeeae Harare 

59 mafakiya AnPOl 

60 Leptoehloo !useo (l.l Kunth Poaceae AT7P] 

61 Leucas deflexo Hook. f. lamiaeeae AT6P] 

tudwigio stolonifera (Guill & Perr.) Onagrnaceae 

62 P.H. Raven 
AT12P02 

63 Lycopersicun esculentum Mill. Solanaceae AT7P I 

6' Mongifera indica l. Anacardiaeeae Manl!.uwaa AT7P2 

65 May tenus arbutifolio (A. Rich.) Wilczek Celastraeeae Om. AT7P4 

66 May tenus senegolensis (lam.) Exell Celastraceae Tutuwa AllP] 

Melhania ovota (Cav.) Spreng. Sterculiaceae Lolaa ATiP] 
67 

Nymphaeaceae Duna AON 
68 Nymphoeo noucholi Burm. F. 

Nymphaeaceae Duga MIPS 
6. Nymphaeo lotus l. 

Poaeeae Lasuwaa AllPO 
70 Panicum repens l. Anp26 
71 Panicum rrichoc/adum K. Schum. Poaeeae 

poaeeae Shimel, Kttstm AT6P ll 
12 Phalaris orundinaceo l. 

Liuabad AnP" 
73 Phragmites karka (Retz.) Steud. Poaeeae 

AOPll 
14 Pistia srrariores l. Araeeae 

ATU PO) 
7S Plecrhrontus borbatus Andrews 

lamiaceae "h AT2P7 
Asteraceae BUluwa 

76 Plucheo ovalis (Pers.) DC. A"" 
17 Potamogeton pueillus l. 

Patamogetonaeeae 
An'" 

78 Pulicaria schimperi DC. 
Asteraeeae 

Senna didymobotryo (Fresen.) Irwin 
Fabaceae 

l osh<> 
ATlP4 

79 & Barneby 
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Senna septemrrianalis (Viv.) Irwin Fabaceae 
80 & Barneby 

81uendo 
81 Sesbanio sesbon (l.) Merr. Fabaceae " IPS 

Schoenoplecrus con/usus (N. E. Br.) lye 
Shirshinto A11Pl 

8l Cyperaceae "'-cu 
84 Solanum inconum l. Solanaceae 

AUP21 

Sorghum verticil/iflorum (Steud.) Stapf 
Buluwila ATlPll 

8' Poaceae Ficho A11Pl 
86 Spothodea ni/otica Seem. Bignoniaceae 

Spirodelo polyrrhizo (l.) Schleiden 
A160S 

87 lemnaceae A_ 
SS Trichilia emetico Vahl. Metiaceae Dlmo mps 
89 Typho ongusti/oUa l. Typhaceae AlOIa (Fitaa) ATlo"l 
90 Withan io somnifero (l.) Dunal. Solanaceae AT6P4 
91 wo/ffia arrhizo (l.) Horkel ex Wimmer lemnaceae All" 
92 .... ·Xanthium strumarium l. Asteraceae Caaallotiyaa Anp) 

Appendix t b: Lisl of species with their families recorded from Lake Chamo 
(' - endemic u _ invasive ••• - weeds) - , - , -
No, Name of species with authority namels) Family loc.1t name Colt. No. 

1 Aburilan /ruticosum Guill. & Perro Maillaceae CT14P)1 

1 Acacia abyssinica Hochst. ex Benth. Fabaceae CT 14P18 

l Acocia seyal Del. Fabaceae Odooruwaa CT IPlJ 

4 Acocia tortilis (Farssk.) Hayne Fabaceae CTUP) S , Acalypha racemose Baill. Euphorbiaceae Dandreta CT6Pl6 

6 Achyronthes ospero l. Amaranthaceae CTl1P9 

7 Acmella caulirhizo Del. Asteraceae CT12PIO 

Aeschynomene elaphroxylon (Guill. & Fabaceae 

8 PerL) Taub Sokkee CT12Pll 

9 Ageratum conyzoides l. Asteraceae Marimato CT8P5' 

10 A/bizio malocophyl/o (A. Rich.) Walp. Fabaceae COPlS 

11 "·Amoronthus hybridus l. Amaranthaceae G--;lIabisaa CT8P42 

12 ... Amaronthus spinosus l. Amaranthaceae CTSPS) 

13 Bolonites oegyptioco Del. 8alanitaceae CT8PS4 

Bidens pilosa l. Asteraceae CTSPS' 
14 

Brochiorio brizantho (A. Rich.) Stapf Poaceae Gorna CTSP56 
15 

Koshivaa CTSPS' 
16 Calpurnia oureo (Ait.) Benth. Fabaceae 

CT1P21 
17 Coyrotio Ibuensis (Hook.f.) $uesseng Vitaceae 

CTSP44 
18 C/eome gynondro l. Capparidaceae KetO 

01PI0 
19 Conyza ogrosfOphylla F. G. Davies Asteraceae 

Tolinurn porrulaC/folium (Forssk.) Aschers. portutacaceae e 
01Pll 

20 ex Schweinf. CTI P12 
11 Cynodon oethiopicus Clayton & Harlan Poaceae suria 

CTIPII 
II Cyperus arricu/otus l. 

Cyperaceae 
CTSPll 

II Cyperus conglomerates Rottb. 
cyperaceae 

CTllPLS 
l4 Cyperus imbricatus Retz. 

Cyperaceae molS 
lS Cyperus lotifolius Pair. 

Cyperaceae m." 
16 Cyperus welwitschii (Ridl.jLye 

cyperaceae 



27 Dinebro rerroflexa (VahlJ Panzer Poaceae 
28 "-Echinochloa colona (l.) link Poaceae CT!4Pl6 

Ech inochloo pyramidalis (lam.) Hitchc. Shar.h. CTlPI) Poaceae 
29 & Chase 

'''dodo 30 Eelipro prostrato (l.l l. Asteraceae 
CTlPIl 

··Eichhornio crossipes (Mart.) Solms Pontederaceae 
CTU4S 

31 in A. DC. 

32 Eleusine floccifolio (Forssk.) Spreng. Poaceae C!l1>' 3 
aW2l 

33 Eleusine indico (l.l Gaertn. Poaceae Gorttaa CTl8P21 
34 Enydro fluctuons Lour. Asteraceae CT12P24 

Eragrostis cilionensis (All.) Vign. E, Poaceae 
35 Janchen 

CT12P2S 
36 Ficus sycomorus l. Moraceae Sholaa CT12P26 

Geigerio a/oro (DC.) Bent h. & Hook. Asteraceae Dorsa 
37 qarchochuwa CTIPll 
38 Gomphocorpus semilunotus A. Rich. Asciepiadaceae mp12 
39 GUilotio scobro (vis) Chiev. Asteraceae cnPll 
40 Hibiscus (annabinus l. Maillaceae CTl<1P35 
41 Hibiscus crossinervius Hochst. ex A. Rich. Malvaceae CT!)P24 

42 Hibiscus micronthus Hochst. ex A. Rich. Malvaceae CT"lS 
43 Hibiscus vitifo!ius L Malvaceae Fudo CT6P3S 

44 Hydrocoty/e ronuncu/oides Lt. Apiaceae CT17P21 

45 Pennisetum po/ystochion (L) Schult. Poaceae Ouppaa CT 17P21 

46 Perotis porens Gand. Poaceae CT17P2) 

47 Ph%ris orundinocea l. Poaceae CT14P)4 

48 Phragmites karko (Retz.) Steud. Poaceae litsabad CT2P44 

49 P/ecthrantus punctatus (U.) l 'Her Lamiaceae S;oh CT17P24 

50 P/ucheo dioscoidis (l.) DC. Asteraceae mP53 

51 Plucheo ovolis (Pers.) DC. Asteraceae Buzuwa CT IP22 

52 Potamogeton pucillus l. Potamogetonaceae CT IP28 

53 Ricinus communis l. Euphorbiaceae Kobbuwaa CT1PI2 

54 Rubus steudneri Schweinf. Rubiaceae xuxuwaa CT l 7P1l 

55 Saturejo abyssinco (Bent h.) Briq. lamiaceae Injemaa CT17P12 

Senna didymobotryo (Fresen.) Irwin Fabaceae 
CTlJP12 

56 & Barneby 

Senno septemtrionalis (Viv.) Fabaceae 
CT17PIJ 10sho 57 Irwin& Barneby Cl9<'1l 

58 Sesbonia goetzei Harms Fabaceae Sltsendo 
CTII'1l 

59 Sesbonia sesban (l. l Merr. Fabaceae ~rsNnto 
CT I1P)'l 

60 Solanum incanum l. Solanaceae Buluwaa 
CT2P12 

61 Sphaeronthus suavea/ens (Forssk.) DC. Asteraceae 
CTlP)] Garbule 

62 Spilanthes costora Benth. 
Asteraceae 

CTLSPIO 
63 Camme/ina diffuso Burm.f. 

Commelinacea 
ctLSP11 

64 The/ypteris canfluens Schott. 
Thelypteridaceae 

CTl,!l.!-
65 Tribu/us terrestris l. 

Zygaphyl1aceae 
CTI4P)] 

1yphaceae Filaa 
66 Typha ongustifolia l. 
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67 Vernonia obyssinica Fresen. Asteraceae 
68 Vigna hererophyllo A. Rich . Fabaceae CTIP24 

6' ·"Xonthium strumorium l. Asteraceae CTl~ 

Indigo/ero otriceps Hook.f. en ot a6/'U 70 Fabaceae 
71 Indigo/era trita L.f. Fabaceae OllP16 

72 Ipomoea aquatica Forssk. Convolvulaceae 
CUSPl" 

73 Ipomoea eriocorpo R. Br. Convolvulaceae 
a8P59 

Hypoestes triflora (Forssk.) Roem Acanthaceae 
01)P14 

74 & Schult. 
CT8P4) 

75 Kedrostis hirtello (Naud.) Congo Cucurbitaceae 
CTIP21 

77 ··Lantono cornaro l. Verbenaceae enp)] 
Leersio hexondro Sw. Poaceae Aregash 

78 mataa CTlP26 
79 Leprodenia hostoto (Forssk.J Decne Asclepiadac!!ae 016P312 
80 leprochloo fuseD (Ll Kunth Paaceae a8P54 

Loudetio phrogmatoides (Peter) C.E. Poaceae 
81 Hubb. CTIPlS 

Ludwigio sto /ani/ero (Guill & Perr.) P.H. R Onagrnaceae 
82 aven CT14P]2 
83 May tenus senegalensis (l am.) bell Celastraceae Tutuwa CT9P28 
84 Mikania capensis DC. Asteraceae CT16P]1 

85 Nymphaea nouchafi Burm. F. Nymphaeaceae Dupa (OP41 

86 Nymphaea lotus l. Nymphaeaceae Dupa a6P]] 

87 Ponicum maximum Jacq . Poaceae CT14P]1 

88 Pospolidium geminotum (Forssk.) Stapf Poaceae CTl]Pll 

Appendix I c: List of species with their fam ilies recorded from Fincha 'a-Chomen r.,·l llrSh 
( - = endemic, • • = invasive, ••• = weeds) 

No. Name of species w ith authori name(s) Family Local name CoU. No. 

1 Acacia seyol Del. Fabaceae Wachu fCSS 

2 Achyranthes ospera L. Amaranthaceae Darguu fO 

3 Aeschynamene schimperi Hochst. ex A.Rich. Fabaceae Ena dima fC1l 

4 Ajugo leucanthus (GuerkeJ Robyns Lamiaceae Ambachil fO' 

5 .... Amoronthus spinosus l. Amaranthaceae fCSO 

6 Ascolepis copensis (Kunth) Ridl. Cyperaceae FeU1 

7 Brochiorio brizantha (A. Rich.) Stapf Poaceae fCS 

8 Brochioria pubescence (Chiov.) S.M. Poaceae 
fC94 

Phillips 
fC6' , 

Carissa spinorum l. Apocynaceae Agamsa 
foo 

10 Chenopodiuim album L. Chenopodiaceae 

Chenopodiaceae Adala f05 
11 Chenopodiuim schroderianum Schult. 

Ulumay! f(I6 
12 Clouseno anisata (Willd.) Benth. Fabaceae 

Qarxobii f06 
13 Commelino diffuso Burm.f. 

Commelinaceae 
Waddessail fC'6 

14 Cordia africono lam. 
BOraginaceae 

fCS ' 
Euphorbiaceae BakkanniiSil 

15 Croton macrosrochyus Del. 
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16 Cynodon aethiopicus Clayton & Harlan Poaceae Coqorsa 
17 Cyperu5 ossimilis Steud. Cyperaceae '0 

18 Cyperus atroviridis CB. Clarke Cyperaceae 
FGl 

19 Cyperus denudorus U . Cyperaceae 
FC07 

20 cyperus dichroostachyus A. Rich. Cyperaceae 
FeUI 

caafee 
'00 

II Cyperus digitatus Roxb. Cyperaceae Caffee Fal 
21 Cyperus elegontufus Steud. Cyperaceae Quunnii '08 
13 u·Cyperus esculenrus l. Cyperaceae Quunni] '0. 
2' Cyperus grandibufbosus CB. Clarke Cyperaceae 

'C64 
25 Cyperus lo ti/o/ius Poir. Cyperaceae Cheffe mana 'm 
26 Cyperus longibrocteotus (Cherm.) Kuk. Cyperaceae Daaggoo 'CSl 
21 Cyperus munditii (Nees) Kunth Cyperaceae 'OS 
28 Cyperus nitidus lam. Cyperaceae Qunni 'Cl9 
29 Cyperus pectinatus Vahl Cyperaceae Qunni 'CAl 
30 Cyperus rotundus L. Cyperaceae Qeexamaa 'CS' 
31 Cyperus rubicundus vahl Cyperaceae 'CS' 
32 Cyperus welwitschii {Ridl.)Lye Cyperaceae 'C66 
33 .uOatura stramonium L Solanaceae Asenagrii ' CS3 
3' Echinochfoa stagnina (Retz.) P. Beauv. Poaceae Fa;O 

35 Echinops hispidus Fresen. Asteraceae Qoree Harree ,CO 

36 Eleusine /foecifalia (Farssk.) Spreng. Poaceae Barankiya 'COS 
31 Eragrostis tenui/o/ia (A. Rich.) Steud. Poaceae Ashufe '0 

38 Eriocaulon Schimperi Kom. ex. Ruhland Eriocaulaceae '08 

39 Erioehlaa fatmensis (Hochst. & Steud.) Poaceae 

Clayton '0' 

'0 Eriachrysis pallida Munro Poaceae ' CSO 

'1 Eucalyptus botryoides Smith Myrtaceae Akakilti '02 

'2 Fimbristylis comp/anata (Retl.) Link Cyperaceae Quunnil F(4] 

'3 Fimbristylis ferruginea (L) Va hi Cyperaceae ,tAO 

44 Flascopa glomerata (Wi lid. ex JA. Schult. Cyperaceae lima 
'CS4 

& J.H. Schult.) Hassk. 

'5 Fuirena stricto Steud. Cyperaceae ,OJ 

'6 Lindernia rotundata (Pilg.) Eb. Fisch Scrophulariaceae F(10 

'009 
41 Liphocarpha constricta Goetgh. Cyperaceae 

48 Ludwigia stolonifera (Guill. & Perr.) P. Onagraceae Mukocheffe 
,06 

H. Raven Abbayyii FCS6 
'9 Measa lanceo/aro Farssk. 

MVrsinaceae 
FOIO 

SO Mentha aquatico L 
lamiaceae 

,C88 
51 Nymphaea nouchali Burm. F. Nymphaeceae 

Marga·gorp" 'OJ 
53 Panicum hygroehoris Steud. 

Poaceae ,aJ Migira 
S. Penniserum g/abrum Pilg. 

Poac:eae 
FC4 

S6 Pennisetum thunbergii Kunth. 
Paaceae 

Fa' 
51 Persicaria deciepens (R. Br.) K. L Wilson 

polygonaceae 
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58 Phogno/on phogno!oides (Hochst. ex Asteraceae 
A. Rich .) Cufod . "" 59 •• ·Planrago lance%ro l. Plantaginaceae Q"""" FQ. 

60 Plectronthu5 puncrotus (Lf.jl'Her. lamlaceae Siqaaq1met! FC9 

61 Podocarpus folcotus Thumb.) R.B. ex Mirb. Podocarpaceae Birbirsa fen 
62 po/ygonum omphibium L. Polygonaceae Oengego '01 

chefte 
63 polygonum senega/ense Meisn. Polygonaceae Yeho '(59 

64 Ronunculu5 multifidus Forssk. Ranunculaceae Araba f02 

65 Rubus stuedneri Schweinf. Rubiaceae Gora fOl' 

66 ·Satureja paradoxo (Vatke) Engt. ex lamiaceae Kefoo sa'aa '011 
Seybold 

67 ·Sotyrium oerhiopicum Summerh Orchidaceae fC90 

68 ·Scodoxus nutans (Friis & Bj0rnstadj Friis Amaryllidaceae fC63 
& Nordal 

69 Sesbonio sesbon (L.) MeTr. Fabaceae Harchaa faG 

70 Schoenoplecrus con/usus (N.E. Sr.) lye Cyperaceae Fa' 

71 Schoenoplectus corymbosus (Roem. & Cyperaceae Qalandu '019 
Schult.) Rayn. 

n Solanum incanum l. Solanaceae Hiddii loonii FCl7 

73 Sphaeranthus suaveolens (Forssk.) DC. Asteraceae Gabisa fGl 

74 Spilanrhes costoto Benth. Asteraceae Gororsa fCS3 

75 Swertio usambarensis Engl. Gentianaceae F09 

76 Myrtaceae baddeessaa FC61 
Syzygium guineense subsp. macracarpum 
(Engl.) F. White 

77 Thelypteris confluens Schott. Thelypteridaceae Gelo chefe f03 

Fabaceae 
FO 

78 Trifolium rueppellionum Fresen. 

Typhaceae Fila fC84 
79 Typha lotifolia l. 

f05 
80 Vernonia abyssinico Fresen. Asteraceae Soyamaa 

F(29 

8! Xyris capensis Thumb. Xyridaceae 

fOS 
82 Gomphacarpus semilunotus A. Rich. Asclepediaceae 

Nuug,i Fa 
83 Guizotio abyssinica (U.) Casso 

Asleraceae 



84 Guizotio scobro (Vis) Chiov. Asteraceae Had~ 
'02 

as Hydrocoryle mannii Hook.f. Apiaceae ( enN 
'02 

86 Hydrocoryle ronunculoidesl.f. Apiaceae Nobe F04 

87 Hypericum pepidifolium Oliv. Hypericaceae 
FOO 

88 Hypox;s vi/osa Lt. HYPOKidaceae ' at 
89 Impatiens oethiopico Grey-Wilson Balsaminaceae Moga cheffe '''IS 
90 Juncus oxycarpus E. Meyer ex Kunth Juncaceae '09 

91 Kyllingo odoroto Vahl Cyperaceae FC18 

92 Kyllingiella polyphyllo (A. Rich.) lye Cyperaceae ' 07 

Appendix td : List of species with their fami lies recorded from Dabus Marsh 
(* = endemic • • = invas ive ... = weeds) , 

No. Name of species with authority name{s) Family local name CoiL 
No. 

1 Acacia abyssinica Hochst. ex Benth Fabaceae laaho D131 

2 Acacia montigena Brenan& Exell Fabaceae laatto OIlS 
3 Achyronthes ospera l. Amaranthaceae Samaxxet OS 

4 Achyrospermum schimperi (Hochst. lamiaceae Kussa'(y'et 0149 

ex Briq.) Perkins 
5 Aeschynomene schimperi Hochst. Fabaceae Ena dimil Oil 

ex A. Rich. 
6 Ajuga leuconthus (Guerke) Robyns Lamiaceae Ambachl 0" 

7 Albizia malacophyl/a (A. Rich.) Walp. Fabaceae ArganboobH 0" 0 

8 Albizia schimperiana Oliv. Fabaceae Mukaarba D99 

9 • Ascolepis eriacauloides (Steud.) Steud. CVperaceae om 
10 Bidens pilosa L. Asteraceae Uffo 091 

11 Bidens temato (Chiov.) Sherif Asteraceae 0'" 
OS 

12 Brochiaria brizantha (A. Rich.) Stapf Poaceae 
0 111 

13 Brochiaria pubescence (Chiov. ) S. Poaceae 

M. Phillips Dna 
14 Buchnera capitata Benth. Scrophulariaceae 

096 
15 Carex bequaertii De Wild. Cyperaceae 

0165 
16 Carex monostachya A. Rich. Cyperaceae 

DIS Qo<\cN 
17 Chenopodiuim schraderianum Schult. 

Chenopodiaceae 
013] 8un' 

18 Coffea arabita L. 
Rubiaceae 

011)1 Gomonl 
19 Comberatum callinum Fresen. 

Comberetaceae 
016 

20 Commelinaceae Qancobi l 

Comme/ina diffusa Burn.f. waddtJU,a 006 
21 Cordia ofricana Lam. 

Boraginaceae on2 
22 Costus afer Ker-Gawl 

Costaceae 
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23 Crassocepho/um rubens (Juss. 
Asteraceae ex Jacq.) S. Moore DUI 

24 Croton mocrosrachyus Del. 
Euphorblaceae Bakkannns.. 25 Cynodan aethiopicus Clayton & Harlan 051 Poaceae 

Coq .. " 26 Cyperus otroviridis C. B. Clarke 01 
Cyperaceae 

27 Cyperus dichroosrachyu5 A. Rich. DIS) 
Cyperaceae Cuf~ om 28 Cyperus digitatus Roxb. 
Cyperaceae AUluufee DJ7 29 Cyperus distans L.f. 
Cyperaceae Qunnil/Oaggoo 0124 30 Cyperus dives Oet. 
Cyperaceae Oaaggoo D6 31 Cyperus jischerionus A. Rich. Cyperaceae Dhalladuu 0142 32 Cyperus ffovescens L. Cyperaceae CheHe mal\i 0141 33 Cyperus latifo/ius Poir. 
Cyperaceae on 34 Cyperus papyrus L. Cyperaceae Yebeloo 0102 35 Cyperu5 rigidifolius Steud. Cyperaceae Quunnil 0140 36 Cyperus triceps Endl. Cyperaceae 0151 37 Cyperus uniolodes R. Br. Cyperaceae 0172 

38 Digitario ci/ioris (Retz.) Koel. Poaceae 09J 
39 Oioscoreo bulbi/era l. Oioscreaceae Kooteharree 0179 
40 Drocaena steudneri Engl. Oracenaeae lankuso 01]9 
41 Echinochloa ratundiflara Clayton Poaceae 0116 
42 Echinochloo slagnino (Retz.) P. Beauv Poaceae D6D 
43 Echinops amplexicaulis Oliv. Asteraceae 0169 
44 Echinops hispidus Fresen. Asteraceae Qoree Harree 07 
45 Eleocharis ocutongula (Roxb.) Schult. Cyperaceae 095 
46 Eleusine corocana (l.l Gaertn. Poaceae Oagujjaa 092 
47 Erogrostis botryodes W.O. Clayton Poaceae 0186 
48 Eriochloa fatmensis (Hochst. & Poaceae 05' 

Steud.) Clayton 
49 Echinochloo pyramidalis (Lam.) Poaceae 0144 

Hitchc. & Chase 
50 -Erythrina brucei $chweinf. Fabaceae Waleensu 0113 

51 Euclea divinorum Hiern Ebenaceae M'eessaa DI5l 

52 Ficus sur Forssk. Moraceae Mb, 0161 

53 Ficus sychomorus l. Moracaeae Odaa D98 

54 Ficus vasto Forssk. Moraceaea Qihru DIU 

55 Floscopo glomerata (WiJld. ex J. Cyperaceae 
.,.. 
0-114 A. Schult. & J.H. Schult.) Hassk. 

Rubiaceae Adamo 56 Galiniera cof!eoides Del. 
Aramaa 0109 57 Galinsogo quodrirodiota Ruiz. Asteraceae 

and Pavon 
AroreSoi. uffo I 0101 58 Grewio mallis Juss. Tiliacaea 

09 
Asteraceae Nuugu 59 GUizolia abyssinica (l. f) Casso 

Tuufoo 0111 
60 Guizotia scabro (Vis) Chiov. Asteraceae 

0173 
61 Habenorio zambesiana Rchb.f. Orchidaceae 

Delan, (itaa Om 
62 Hyporrhenia hirto (l.l Stapf Poaceae 

Daaaia 0" > 
63 Hyporrhenia rufa (Neesl Stapf Poaceile 
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64 Impatiens aethiopico GreY-Wilson 

Keetio lomiborieD (Klotzsch) Bridson 
Balsaminaceae Maga chfffe 101> 65 Rubiaceae 

66 Kohourio coccinee Royle 
Rubiaceae • OIlO 

67 KOfSchyo ofricono End!. Fabaceae I OlIO 

68 Lanneo fruitcoso (Hochst ex HHn~ 
• Oil' 

A. Rich) £ngl. 
Anacardiaceae 

OIOS 

6' Leersio hexondro Sw. Poaceae Kernete Oll 70 LeucQs deflexo HooU. lamlaceae 
71 Liphocorpha chinensis (Osb.) Kern DllS 

Cyperaceae 
72 Loudetio orundinoceo (Hochst. 0162 

Poaceae 
ex A. Rich.) Steud. 014] 

73 Ludwigio obyssinica A. Rich. Onagraceae Mukocheffe on 
74 Measo lance%ta Forssk. Myrsinaceae AbbayYiI 556 
75 -Miliettio jerrugineo (Hochst.) Bak. Fabaceae 5ootallo 0101 
76 Nymphaeo nouchali Burm. F. Nymphaeceae 088 
77 Nymphoeo lotus l. Nymphaeceae 0151 
78 OrvZD borthii A. (hev. Poaceae 0182 
79 Pan;cum maximum Jacq. Poaceae Buldarle 0146 
80 Ponicum pusillum Hook.f. Poaceae SullO 0156 
81 Pospolum scrobiculotum L Poaceae Qonobl 018) 
82 Pennisetum polystochian (L) Sthult. Poaceae 0185 
8l Pennisetum trachyphyllum Pilg. Poaceae 0131 
84 Pennisetum unisetum (Nees) Benth. Poaceae Miglra 0157 
85 Persicoria decipiens (R.BR.) KI. Wilson Polygonaceae Araba OU 
86 Persicorio senegolensis (Meisn.) Sojdk Polygonaceae Oengego 0117 

chefte 

87 Phoenix reclinOla Jacq. Arecaeae Yeho, Meeni 0119 

88 Pistio stratiores C. E. Hubb. & Snowden Araceae Mechaaraa 0145 

89 "'''Plantago lonceolora l. Plantaginaceae Qoo:obl 014 

90 Plectronthus punctotus (L.l l ' Herit lamiaceae Siqaaqlmee 010 

91 Polygonum amphibium l. polygonaceae 011 

92 Polygonum solicifolium Brouss. ell Willd. polygonaceae 0175 

93 Polygonum senegolensis Meisn. polygonaceae 069 

94 Potomogeton lucens l. Potamogetonnaceae o14! 

9S Pseudognopholium luteo-olbum fl.) Hilliard Asteraceae 0116 

Mala bokkH 0174 
96 Psycnostochys coeruleo Hook. Lamiaceae 

· 0 150 
97 Pycnocyclo /edermmonii Wolff Apiaceae 

032 
98 Ranunculus multifidus Forssk. Ranunculaceae 

0163 
99 Rhomphicarpo [sstu/osa (Hochst.) Benth. Scrophulariaceae 

"" Go<o 100 Rubus stuedneri Schweinf. Rubiaceae 
0106 

101 5acciolepis africana c.E. Hubb. & Snowden Poaceae 
Kefoo U'u 0" 

102 "Satureja paradoxa (Vatke) Eng!. Lamiaceae 

ell Seybold 090 
10' "Satyrium aethiopicum Summerh. Orchidaceae 01>0 
104 Sclerio hispidula Hochst. ex A. Rich. 

cyperaceae 
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105 Senna obrusi/olio (l.) Irwin& BarnebV 
Fabaceae 

107 5esomum indicum L KlShklShl 01" Pedaliaceae 
011) 

lOS Sesbanio dummer; Phil. & Hutch. 
Fabaceae H. rch •• 0" 

109 Smirhio ellioti; BakJ. 
Fabaceae 

0126 
110 Solanum incanum l. 

Solanaceae Hlddil loonli 017 
111 Sorghum purpureo-sericeum Poaceae ",ed. Hochst. ex A. Rich. 0118 
112 Sorghum vulgare Pers. Poaceae Bisioga 0112 
113 Spothodeo nilorica Seem. Bignonlaceae 0134 

114 Stelloria media (l.) ViiI. Caryophylaceae 0 155 

115 Steresphermum kunthianum Cham. Fabaceae Botoro 010] 

116 Syzygium guineense subsp. mocrocorpum 
(Engl.) F. White 

Myrtaceae baddeeuaa 061 

117 Terminalio brownii Fresen. Comberetaceae 0100 

118 Thelypteris conf/uens L. Thelypteridaceae Geto chele Oll 

119 Trifolium rueppellionum Fresen. Fabaceae 03 

120 Tristemmo mouritianum J. F. Gmef. Melastomaceae Mlean du~ 0121 

-----
121 Truim/ela pilosa Roth Tlliacaea Debe .. 0181 

122 Truimfera rhamoidea Jacq. Tiliacaea 0159 

123 "Urrica simensis Hochst. ex Steud. Urticaeae Gurgubbe 0136 

124 Verbascum sinaiticum Benth. Scrophulariaceae Abmokana 0108 

125 Vernonia abyssinica Fresen. Asteraceae Soyamail 03S 

126 Vernonia auriculi/era Hiern Asteraceae Reejii 0147 

127 leo mays l. Poaceae Boqqo~ 07S 

128 Ipomea purpurea (l.) Roth. Convolvulaceae 01So1 

129 Isolepis castoro A. Rich . Cyperaceae 
011 7 

Heenna~ 0161 
130 Indigo/ero spicoto Forssk. Fabaceae 
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Appendix 2: Environmemal variables recorded fro h ' 
m I eSludysl1es PI I ' I 

features were raled based on physical evidence of Ih ' . 01 C\C hyd~ 
. . e Si te or sample pi .. ( , , 

scape and addl1 lOnal water source) where as drn"na e.g .• posrtlon of the lind 
ge was recorded ~d 

of the soil or level of saturation. At each sile (sa I I on .... dltt holdlna C':IpK~ 
. mp e POi), estimate of diS! L.A _ _ _ 

recorded based on phYSical evidence of the site characl ' . urUlllICC' InknSlt} "'. 
burning culli vation trampling derol iat'o nd d ) eTeSllCS (e.g. sol i IrrtgulanlltS. Jl"&ZlnI. , , , , "' ung present althe locallc\'el. 

Hydro-geomorphology 
Catego ry l evel Remark 

Open w8terbody 0 Open waterbody ver sparse aequalic vegetallon prestnl 
Waterlogged or 1 Permanently flooded emergent or floating plant found 
permanently flooded 

Seasonally flooded 2 Seasonally flooded 

Poorly drained 3 Poorly drained area where water may accumulate 
Well drained 4 low lying landscape with well drained soils (sandy) 

Wet terrestrial 5 T errestriallandscape with clay soil 

Dry terrestrial 6 Dry terrestrial landscape 

Drainage 
Category level Remark 

Excessively drained 1 low water holding capacity 

Moderately well drained 2 Wet close to surface 

Poorly drained 3 Soils wet to the iurface most of the time 

Standing /flowing water 4 Presence of flowing or standing water 

Slope Category 
Category level Remark 

No Slope/Flat gradiant 0 Mainly flat at plot location and surrounding landscape 

Nearly flat 1 Nearly flat with no distinct asoect 
Flat to slight slope 2 low gradiant -
Slight to moderate slope 3 Slight to moderate gradiant 

Moderate to steep slope 4 Moderate to steep slope gradiant 

Steep slope 5 Steep slope 
Disturbance at the local level (estimate of disturbance intensity based on phYSic.al e:'idence of ttlt 
site or sample plot characterestics (e.g. soil irregularities. grazing. burning. cultIvatIon. tr~mplin&. 
defoliation and dung) present at the local level). 
Intensity of disturbance level Remark 
No disturbance 0 No evidence of disturbance 

Very low disturbance 1 Predominantly undisturbed. some physical evidencts 

low disturbance 2 Significant physical evidence 

MOderate 3 Moderate level of physical evidences 

Highly disturbed 4 high level of evidences . 

Very highly disturbed Intensively disturbed. Very hiQh level of phvsiul evidenCfl 
5 
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Appendix J: Dendrograms showing dry seaSOn plant com . 
munlty (y~ from I~ weda.nds 
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a. Dry season plant community types from Lake Chamo vegetation data 
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b. Dry season plant community types from Lake Ab . 
aya vegetation data. 
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c. Dry season plant communities from Fineha-Chornen vegetation data. 
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d. Dry season plant communities from Dabus vegclation data. 
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Appendix 4: SUllllTlary of species tisl showing rank "b d f . • "un ance 0 lOp mOSI im 
(Iogsum > I) found In each wetland. Species are c- -'''d . h fi ponam $ptC1CS 

. . uu... uSing I e Irsl 4 l~ne r . 
names of plant Species given In appendix I rs 0 gcnenc and spmrl( 

Oabus Fincha·Chomen 
5Ped es Log(Sum 

Abaya (homo Rank log(Sum 
Abun code Abun) 5P code Abund) 

log(SI.Im _ It> lOci .... SPP code Abun) """ ..... , 
1 CYPEPAPY 2. 13672 lINDROTU 2.34439 AESCElAP 2.42325 C't'NOOAQ 231021 
2 VERNABYS 1.91381 PANIHYGR 2.33846 CYNDOACT 2.]6361 . C't'P£AJln 2J502!1 
3 PERSSE NE 1.90849 TRIFRUEP 2.08991 lEERHEXA 2.26007 lHRHEXA 211'016 
4 SYZYGUIN 1.89763 CYNODACT 2.05308 n'PHANGU 2.25042 SE58SES8 2 1091-
5 GUIZVILL 1.85733 PERSDECI 1.98227 CYPEARTI 2.08636 5O<AJNCA 2.cKMll 
6 CYNOOACT 1.81954 CYPEDICR 1.97772 EICHeRAS 2.0607 n'PHANGU U451 
7 SOLAINCA 1.74036 ERAGTENU 1.96848 PIST$TRA 1.90309 AeSCElAP l.799)1 
8 THELCONF 1.74036 5HOECONF 1.92942 lEPTFUSC 1.83885 ACACSEYA U 9239 
9 DIGICILI 1.716 CYPELATI 1.8451 CVPESUBU 1.83251 CYPELATI 1.6nU 
10 CYPEDleR 1.70757 COMMDIFf 1.83251 CYPElAEV 1.79239 t[PTFUS( ' '''' 11 ERIOFATM 1.70757 XYRICAPE 1. 79239 ACAlRACE 1. 72428 IPOMAQUA 15 18S1 
12 LEERHEXA 1.70757 RANAMULT 1.74036 ECHIPYRA 1.70751 ACHYASPE lSlaSl 
13 ECHIHISP 1.70757 POlYAMPH 1.72428 CYPELAT! 1.6721 LANTCAMA 1.4nl2 

14 FICU SSUR 1.66276 5HOECQRY 1.716 FICUSYCO 1.66276 E(HIPlRA U 8021 

15 COMMDIFF 1.66276 THElCONF 1.6721 SOLAINCA 1.5682 PlUCOVAL 1.)2222 

16 ECHIAMPl 1.62 325 FlOSGlOM 1.65321 KIGEAETH 1.5682 ACACTORT 1 ]OlD) 

17 PISTSTRA 1.60206 CYPEDIGI 1.62325 PlUCQVAl 1.5)148 JUSTBIZV 1.20412 

18 CVPElATI 1.59105 SATUPARA 1.60206 A:::ACSEYA 151851 ARUNALPI I 14611 

19 ECHI5TAG 1.59106 CYPENITI 1.S91()6 NYMPCOER 1.51851 HIBlvm 1-07918 

20 RANAM ULT 1.49136 CYPEESCU 1.5682 SORGVERT 1.49136 NYMPCOER 1.0191' 

21 VERNAURI 1.49136 BRACBRIZ 1.54407 XA~STRU 1.49136 ECUPROS 1.01911 

22 ELEOACUT 1.4624 POLY5ENE 1.51851 ACHYA5PE 1.49136 PA$PGEMI 1.Q.l I39 

2J POTALUCE 1.43136 CYPEATRO 1.477 12 BAlAAEGY 1.47712 

24 GREWMOU 1.43136 ERIOFATM 1.44716 CYPEAlOP 1.44716 

25 TRIFRUEP 1.43136 TYPHlATI 1.43136 MAYTSENE 1.36173 

''-- NYMPNQUC 1.43136 PENNTHUN 1.38021 CROTMACR 1.34242 

27 BIDETERN 1.39794 CYPEELEG 1.34242 FICUOVAT 1.32222 

28 PANI PUSI 1.38021 5PILMAUR 1.34242 SENNDIDV 1.30103 

" PHONRECl 1.38021 lUDWSTOl 1.32222 ENNEDE5V 1.30103 

30 POLYAMPH 1.36173 A5COCAPE 1.30103 IPOMAQUA 1.30103 

" NYM PlOTU 1.36173 KYLl ODOR 1.30103 ACALFRUI 1.23045 

31 A(HYA5PE 1.34242 JUN( OXY( 1.27875 ( ISSQUAD 1.17609 

33 FLQSGlOM 1.34242 PlECPUN( 1.27875 IPOMERIO 1.17609 

" IRISMAUR 1.30103 AE5CSCHI 1.25527 WOlFARRH 1.17609 

15 HYDRMANI 1.23045 CORDAFRI 1.14613 
PENNTRAC 1.27875 

l6 SATUPAftA GOMPSEMI 1.204 12 AlOEOTAl 1.07918 
1.27875 

31 FIMBCOMP 1.17609 FICU55UR 1.079 18 
CYPEF I5C 1.25527 

l8 El EUFLOC 1.14613 ERAGJAPO 1.07918 
SIDEPllO 1.23045 

30 ECHI5TAG 1.07918 ACACMONT 1.079 18 
PENNUNI5 1.23045 
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Appendix 5: Photographs illustrating plant COOUnunjh., "", " 
' J ' J pes lrom study areQ. 

(a) Cynodon aethiopicus-Solonum inconum (Chama ) (b) um;o htxandro oommulli ry (l-.; 
Chama) 

'() Lindernia rotundoto-Trifolium rueppeflianum-Cynodoo ot thiopicus (flnd'la-chomen) (d) CyprM 

leI Eriochloo !atmensis-Cyperus lotifo/ius (Oabos) If) Sch~nopkctus corymbosus-(ypMl5 
foti/ofius (Fincha-Chomen ,I 

I l~ 



Appendix 6: Photographs illustrating sc.ne call.'JCs of \'..-., ...... 1 _ _ • ....: ... 

·D~· ..... , 0U\'IL"I1n SlUUIQ] wctla,ds 

fa ) Oabus as dry season grazing area for wildlife : Hippos lal & a2) and warthoas fa31 and 
highlV grazed area 1a4) 

(bl Overgrazing by livestock (bI) and soil compaction (b2) in Dabus 
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(c) Boat construction for ftshing and associated plant species loss (AtSChyn~M 
eloohroxyJon) In Lakc Abaya and Chamo 

(d) Wetland drained for expansion of agricuhure In Fincha-Chomen 
(e) We tland plants collected for roofing and thatching purposes from Flncha-COIMn 

{fl rntensivelv burned vegetation (Persicario senegolensis) in Oabus. 



I 

Appendix 1: Fauna of the wetlands. 

The shoreline vegelation of Ahaya and Chamoe Lakes is .. import." 'PholltDl fta for 

Crocodiles, habitat for migratory bird populations and grazing site for buodmis of hippos A 

stretch of grassland vegetation on the northwest shore of Lake Chima is 1ocaI1)' Uov.lI • 

;'Crocodile Market", where hundreds of hippos gather together alon8 \.\; th crocochla Md 

wetland birds. There is a Crocodile ranch at south end of Lake Abay. near Arb. MII\Ch """11 
As desiginated by BirdLife lntemat;ooal (2001), Debus wetlands were In Important Blfd 

Area for Ethiopia. The vulnerable Watt1ed Crime (Bugeranus carunculOIW) lad tbt: Dar 

threatened Lesser Flamingo (PhoenicoplenlS minor) were very common in the~. There 11 

also an impOrtant population of rare and restricted Wattled Ibis (BoslrychJa ca1VJtCJJorus) 

Shochill (Balaeniceps rex), uncommon to rare status, bird obsen'cd in this wetland. II ., III 

endemic to Africa, which usually inhabits papyrus swamps. The: wetland, of Dibus abo 

support hundreds of hippos . Some of the fauna observed in wetlands were 500"11 in ct.c 

following illustrations. 

(a) The Crocodile ranch (Lake Abava near Arba Minch town) (b) Wdllind birds fHd ... 
and nesting on wetlands fDabusJ. 
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lc i , Fish collected form Abaya (c2) and Oabu! and (cJ) Shoebll l (Baloemcrps rex) from 
Dabus 

(d) Hundrcds of blIds and -'Crocodile marl:et" 31. Lake Chamo 

Dabu~ (el) and Lake Chamo (e2) support hundreds of hippos 

(f) Black+crowned crane (BaJearica pavonino) and (s) Wattled crane (8u9tronus 

carunculorus) from Dabus wetland 
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