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AIlSTRACT 

771t! sludy lI'al' cOl/ducled 01 lalldholdings of Ihe Cellier for Indigenous Trees Propagalion 

and Biodiversity Developmelll of Elhiopia (Restoring) and ils sIIrrollnding area af TIIIII· 

Korma, in cemral·lI'eJI Elhiopia. In all Ethiopian contexl, there are largely limited slue/ieJ 

011 the !nyophyte,\' 0,\' all inlegra/ part of the lIalllrnl vegewtioll lind key componem of 

ecosyslem function Allhough the jlorislic sllldieJ of Tlilu Korma were carried OUi 

previollsly. blyophyres and their ecolyslem .~e rllices were 1101 ineluded The currenl sludy 

lI'aJ focllj' 011 the waler imerception capacity of Jelected lata of lhis group, To measure 

species riclllleJ,\' and dominallce in b,yophyle COllllllllllilies, we haw: IIsed 24 qlladrall', each 

having a size of 10,,/ To illveJ/jgare water interceplioll capacily . we selecledfollr ULta. All 

statistical allalyses lI'ere carried 0111 by R·2.15 lVindoll' and il/bllill Ms Excel. A 10lal of 56 

taxa of bryophyles were recordedfrom the stlldy area, IVhile Ihe proportioll of mOl'ses is 44. 

111(1{ of livenl'ort is II and hornworl I , Epiphylic bryophytes are Ihe 1II0st microhabital of 

bryophyles in Ihe study area. The bryophy/e COIIIIllI",ity of the study area is grouped il/lo 

fi t'(! typeJ. From Jelected fO llr mOJJ specieJ, Leptodontill'" lati/alill'" showed Ihe higheJt 

waler holding capacity over a period of 4 weeks, To have a high nllmber of bryophyte 

l'jJecieJ. reJlOrillg areal' need to halle key phYJical featllreJ such as 1II0ist ground. refugia 

wilh distinct microclilllale, different Jllbslrata. It is ollly a slllall part of Ihe Tlliu Korma 

shrubland which is resloring leavillg Ihe larger area to disturballces l'lICh as cut/jng Ireel'. 

ellcroachmelll of agricultural fields alld heavy grazing by livestock. If the currelll Irend 

continues, Ihe micro·refugia of bryophYles imide Ihe Caril'.m spinanl alld Maylenlls 

arblllijolia thickets will be lost with Iheir associated b,yophyte l'jJecies (lnd Iheir ecological 

functions. Therefore, Ihe Restoring area should also inelude the remaining area alld 

restoralion efforl should also expand to Ihis IlnreslOred portion ofthil' shrub/olld. 

Keywords: Bryophytes, Habitat, Land management, Microhabitat , Refugia, Substratum. 

Tulu·Korma, Waler interception capacity 
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CHAPTER ON E 

i . introduction 

1.1. Background and Justification 

Integrat ing biod iversity based activity is imperat ive for sustainable land usc. 

Biod iversity related issues arc sct in the g looo l context (Ramcsh, 2003). However. the 

ongo ing deforestat ion and habitat dcgmdat ion in the tfopics cont inue to cnu se losses of 

highl y diverse nora and fauna (Myers el (II., 2000; Achard el (1/ .. 2002; Laurance el 01., 

2002). As alternative, tim ber plantations and agro fo rests may have a superficia ll y 

s im ilar structu re to natura l forests. Such cu lt ivated fo rests have been suggested to 

provide surrogate habitats serv ing as loo ls in tropica l biod ivers it y conserva tion 

(Greenberg, 1998; Barlow, el af., 2007). On lhe present stud y site at Tulu Ka rma thi s 

kind o f activit ies arc cu rrently being performed. Et hio pia is o ne of the most important 

centers o f biod ivers it y (Misrak Tafesse. 2007). and is p laced liS Imv ing the fi rt h largest 

flora in tropica l Africa (Eshetu Yirdaw. 2002) . Currently. it s place at the top level is 

go ing to change as a resu lt of conversion o f nat ural forests into arable lands and th reat to 

its biodiversity. Biod iversity describes the variety of living organ isms at dillerent sca les, 

includ ing with in -spec ies d iversity, betwcen-specics d ivers it y, as well us diversity of 

ecosystems and diversity of the eco logical processes which they sustain (Gaston & 

Spicer. 2004). Species diversity is considered to be o ne of the key parameters 

characteriz ing ecosystems and a key component of ecosystem function ing (Schulze & 

Mooney, 1994, Loreau, ef aI, 2002, Scherer-Lorenzen, ef al.. 2005). 

Bryophytes are an integral component o f forcst ecosystems and represent a characteristic 

part of the plant species diversity (Lesica, et al .. 1991). They are also being threatened 

through difTerent ways. 

Habitat destruct io n is in ma ny count ries the major threat to mosses, especia lly to species 

with narrow ranges and ende mics. Deforestat ion is unquestionably a majo r factor in 

destroyi ng vast areas of bryophytes habitat. Habitat conservation is therefore the only 

way to prevent a decl ine in many tropiea l laxa . 
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Human activit y directly and indirectly in nuences environmental condit io ns causing 

changcs in landscapes. Tropica l forest is continually being invaded and encroached upon 

by an expanding human population, for habitat ion and use in agriculture (Hallingback & 

Hodgens. 1996). Agricult ure, urbanization, recreation, roads and many other human 

impacts cause loss o f natural habitats. atural habiUlts become increas in gly fragmented 

into more numerous .. but sma ller remnant patches. Many plant spec ies have dl'Clined as a 

result of habitat destruction, fragmentation and reduction and this innuences the structure 

o fbryo Oora by alteri ng natural ha bitats. 

Bryophyte richness and community structure have been related to forest management 

Wharo &8Ianks, 2000; Pharo and Beattie, 2001 ; Humphrey, el til .. 2002; McGee 

&Kimmercr, 2002 ; Ross-Dav is & Frego, 2002; Fenton & Frego, 2005) and land usc 

intensit y in agricultural landscapes (Zec hmeister & Moser. 2001; Andersson &Gradstein, 

2005) . .Forest lllanagclllent can have dramatic effects on biological divers ity and has been 

shown to result in fragmentation and changes in age structure o f forest swnds across the 

landscape (Frisvo ll & Presto, 1997). The extirpation of managed fo rests altered 

tcmperature and humidit y regimes resulling from canopy removal (Saunders. el aI. , 199 1) 

may exceed the tolerancc limits fo r so me of these bryophytes, especiall y those requiring 
, 

high humidity (B usby, el aI. , 1978; SOdcrstrtim. 1988) and (or) specific 1110ist substrates 

such as rotting wood (Lesica, el al .. 1991 ; Frisvo ll &Presto, 1997; Rambo & Muir. 1998) . 

Owing to the ir morpho log ical and dispersa l li mitations, (SOderstrtim, 1988; Herbcn, el 

al., 199 1). most bryophytes have very narrow habitat ranges and the managed landscape 

may prese nt dispersa l barr iers for reestablishment (Frisvoll & I}resto, 1997) and arc thus. 

extremely sens itive to changes in the quality of their habitat (Hallingb!lck & Hodgens. 

2000: Viti & Wieder, 2009). If spee ies arc lost locally, reco lonization can occur only if 

propagu les ca n cross large, presumably inhospitable. clear-cut areas to reach suitable 

avai lab le microsites (Fento n, el aI. , 2003). 

The degradation and loss of suitable habital s are the most serious threats to species 

world wide (Mi llennium Ecosystem Assessment , 2005). Especially, clea r-cu t logg ing in 

particu lar can lead to marked changes in forest structure and function and to local 

extirpation o f plant and animal species (Du ffy & Meier. 1992; Halpern & Spies. 1995). 
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Anthropogenic changes in the structure of forest habitats genera ll y invo lve canopy-thinning 

activit ies that arc accompanied by increases in ai r circulat ion and so lar radiation in lower 

vegetation layers. with conseq uent microclimatic changes (Gree n, et (1/., 1995; Thomas. et 

(II., 1999). Thinning may also result in changed stem flow o f preci pitation water (Ford & 

Deans. 1978 ; Dietz el (1/.,2006), with poss ible consequences for the epiphytic flora on tree 

trunks. Bryophytes arc the rnost common cortico lous epiphytes, o f which ind icator va lues 

for environmental changes have been eva luated in a wide var iety of landscapes (Drehwald, 

2005: Ho lz & Gradstei n, 2005; Larsen. el (I/. . 2007). Becausc o f thei r sensitivity to 

environ mental changes. occurrences of bryophyte species have been related to microcJi lllatic 

changes that re late to vegetation Iype (Ve llak & Paa l, 1999; Newmaster & Oell, 2002; 

Gonza lez-Mancebo. et (II., 2004; Pharo, el (II .. 2004). Furthermore, the richness and 

composition of bryophyte communities may indicate forest quality in terms of forest 

st ructure and reso urce ava ilability. In tropica l America. no less than 30- 50% o f the 

occurring bryophyte spec ies was lost after deforestation (Sillell , el (1/., 1995: Accbcy. et (1/., 

2003; No··ske. el al .• 2008) . 

Currently, one of the most important focuscs o f eco logy is an attempt to understand how 

worldw ide deforestation al'lects the abundance. richness and distribution o f organisms by 

neg lecting o ld growt h fo rest functions. 

Old growth forests arc a significant and unique part of the d iverse eco log ical web fo rmed by 

natural forest landscapes. As an important part o f the landscape eco logy of natura l fo rest s. o ld 

growth provides unique resources for plants and ani mals (incl udi ng peop le) wit hin the 

landscape (Harris. 1984). The timber industry genera lly encourages logging of"dccadent " old 

gro\vth forests so that they can be repl aced by "vigorous" young tree f.ums. However. the 

un ique structure and composition of o ld gro\vt h fo rests facil itate several critical eco log ica l 

functions wh ich cannot be duplicated in short rotat ion co mmercia l tree farms. According to 

(Franklin, el (1/ .. 198 1) old gro\vth forests genera lly co ntain an accumu lation ofbiomass on the 

fo rest site. provide a continuous supply o f diverse, durable structures (large trees. snags, and 

fallen trees) which enrich the forest soil over time and provide habitat for diverse plant and 

ani ma l communities. high quality. naturally filtered water from stable creeks. These structures 

rema in after nalural events destroy an o ld growth forest and provide diversity in younger 

fo rests. Several spec ies o f bryo phytes and lichens (particularly epixylics: species grow ing on 
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wood) arc dependent upon o ld-gro\\lth forests for their survival . 

The total area of available habitat is the primary factor determ ining species abundance and 

la ndscape leve ls of biodiversity (Noss, 1996). In present study area landscape beco me 

extremely disturbed via anthropogenic reiated elYccls and change into smaller patches 

( refugias). Therefore, mostly bryophyte species thri ve on refugia especially on managed 

forest la ndscape . The importance o f refug ia is increasing ly being recognized (Ashcro ft· . 

2010). 

During the subsequent recovery process such refug ia constitute important bio log ical 

legacies. whic h might playa cruc ial ro le as internal rccolonization sources during the 

ecosyste m recovery process (Frank lin & McMahon 2000; Peterson & picket , 2000; Fuller & 

del Illora l. 2003) after all ecosystem arc able to recovcr from disturbance . While the term 

" refug ia" generally deno tes restricted areas where species can survive inhospitable periods. 

"bio log icallegacies" is a broader term that includes Telug ia. surviving individuals (Fo lkc. 

ef al., 2002), as well as structures such as dead wood o r soi l profiles (del Moral & Eckert. 

2005). which may innuence the subsequcnt success ion. Success iona l studies on species in 

mesic sites would be of particular interest becau se mosses may be morc sensitive indic:ltors 

of livestock grazing effects than vascular plants (Borchert & Norris, 1991). 

Nevert heless. refugia did not co ntribute relict species to the adjacent vegetation, prov ided 

habitats fo r newly invading species to establish densc populations from which 10 cxpand 

(Mora l. e( a/., 2005) . Refug ias arc areas where ecosystems arc unaffected by, or Restoring 

from, slressors or disturbances that reduce resilience. Refugia hel p 10 maintain diversity and 

abundance by serving as sources for replenishing the disturbed popu lat ions that underpin 

co nnectivit y, and serve as stepping stones fo r maintaining connect ivity across larger sca les. 

Important features o frefugia inc lude sufficient location and separation distances to ensure 

connectivity, adequate extent to provide suffic ient so urce populations, and inclusio n of 

comprehensive and representative examples of the different habitats within a region 

(Hughes, ef al., 2003 & 2007; Mumby, et (I/ .. 2006). 

Tulu Ka rma is the site of landholdings ce nter for indigenous trees propagation and 

biodiversity development. Due to extreme expansion of agricultural practices and livestock 

grazing. land degradation is the main visi ble phenomena in this stud y site. Graz ing- favoured 
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success ional bryophytc decrease (Austrheim, et al., 2007). Conseq uently, study area is 

eharactcrized by disturbance plant florist ic particularly unrestored rcmnant forest area. 

Thcre are many studies related to ind igenous and endcmic tree spec ies of Ethiopia on a 

dcgraded site in central-west Ethio pia (Misrak Tafessc. 2007). However. bryofloristic 

composition and vegetation type pl us dctailed botanical components and ecologica l stud ies 

arc needed to understand the ccosystem serv ices of this area assemblage and to undertake 

appropriate comparison o f bryophyte responses to different land ma nage ment systems on 

the study is also a reason fo r urgent investigation side by side . The ai m of th is study is to 

ascertai n the innuen ce o f management on bryophyte di versit y in different land management 

types. Thus. the prescnt study was initiatcd 10 answcr the fo llow ing questions: ( I) rJocs 

forest ma nagement affect spec ies numbers of diffcrent bryophyte groups s imi larly? (2) docs 

forcst manage mcnt in nucnce the species composition o f bryophytcs in land management 

type? (3) the ir dilTerences on the bryo- divers ity (plant spcc ies richness) and structure of the 

bryophytcs nori stic co mposit ion a long the three land scapcs. Moreover, thc study expressed 

the activ ities of LCIT PBD in re lat ion to conservation of biodiversity. 

1.2. Objectives 

1.2. 1. General Objectives 

To study bryophyte diversity in response 10 different land managcmcnt at Tulu Korma 

Forest. 

1.2.2. Specific Objectives 

>- To document the bryo log ica l divcrsity of the study arca through standard taxo nomic 

techniques ; 

>- A comparat iw study of taxonomic compos ition o f bryo phytcs among dirTcrent land 

manageme nt w ith their microhabitats; 

>- To determine I he distr ibut ion of each spec ies across dirTerent microhabitat ; 

>- To evaluate water interception capacity of selected taxa o f bryophytes (using 

mosses as a mode l) in and around the Restoring area ofTulu Korma shrubland ; 

>- To provide baseline info rmat ion of thc bryophytes that would help fo r further study 

and changing lenses to increasing awa reness of the importance of bryoph)1CS in 

ecosystems ha s heightened elTon s to conserve rare bryophyte species. 
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CHA PTER TWO 

2. Review literature 

2. 1. Class ification of bryophytes 

Liverworts (Hcpm ico psida or Hepaticac), hornwon s (AnthoccrOlopsida or Anthoccrotac) 

and mosses ( I3ryopsida o r Musci) arc co llectively termed as bryophytcs. A reasonable 

est imate suggests the existences 0 (24, 000 species, of which approx imately 14,000.6.000 

and 300 arc mosses, liverwort s and hornwon s, respectively (Asakawa, 2007) and c,""cceded 

only by the Magno liophyta o f nowcring plants (350,000 species). In contrast, bryophyte 

diversit y in boreal forests ollen exceeds Ihal of vascular plant s at a scale o f O. J ha. 

especially in o ld forests (Berglund & Jonsson, 2001; Dyncsiu5. 200 1) and the most 

successfu l grou p o f plants other than angiosperms in tefms of Iheir numbers of species. 

geographica l di stribu tion on all continent s. their habitat diversifi cation, inC luding substrates 

on which vascular plant s cannot li ve. As a grou p those fiuuiliar species are frequently 

encou ntered in mesic forests and along streams. as we ll as a number of less familiar species 

of tropica l rain forests, arctic tundra, and descrt boulders (Mishler, 2001). Many species arc 

able to live in nut rient poor conditions, and are adapted to respond rapidly physiologically to 

intermittent periods favorable for photosynt hesis. And, one could argue that bryophyte 

gametophytcs arc among the most "elaborate" of any phyl um of pl:mts (Rcnzaglia, eJ al. 

2000). 

Bryophytcs arc uniq ue among land plants in that their dominant stage is the hap loid green 

gamelophyte rather than the much shoner-lived diploid sporophyte. They ditTer from 

vascular plants in other ways as well, in aspects that make them exce llent environmenta l 

monitors. In bryophytes, thc spore producing stage (the sporophyte) bears a single spore 

producing organ (the sporangium) Ihat is large ly parasit ic on the ga mctoph)1e. In vascular 

plants. the sporophytc is generally perennial. physio logical ly independent, and produces 

innumerable sporangia. In most bryophytes, the spores arc expelled into mov ing air when 

the sporangium is mature. The bryophytes share with the tracheophytes the de ve lopment of 
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an embryo within a mu ltice llular reproduct ive o rgan, a covering o f sporopo llcnin o n their 

spores. Bryophytes are nOt we ll adapted to terrestrial life because they have no (or 

rudi mentary) vascular ti ssues, have no guard ce lls (although some bryophytes ha ve 

rudimentary stomata), lack true roots or leaves, are seed less (recall a seed is co mposed o f an 

embryo. nutritive tissue, and a seed coat), and, because they requ ire external liq u id water to 

complete the ir life cyc le because they have flage llated sperm. I3ryo phytes arc 

distingu ishable as plants because the garnetophytes of bryophytes have complex and 

mu lticellu lar reprod uct ive o rgans, the antheridia (ma le) and archegonia (';female"); the 

archegoni um protects the egg, zygote, and embryo, hence bryophytes arc cmbryoph)1es. 

The three bryophyte groups may not fo rm a monophyletic clade, but they share li re history 

features including do minant free-living gametophytes and matrolrophic mo nosporang iate 

spo rophytcs (Shaw & Renzaglia. 2004 and Shaw. el al .. 20 11 ) and distingu ished fro m each 

other o n variations o f sporophyte structure and gamelophyte morpho logy. Mosses arc Ihe 

largest or the three lineages o f (Shevock, 2003) and the sporangium malures when restoring 

by the enve lop ing structures. The horn wort s possess a tha llose gametophyte in which Ihe 

sex organs arc completely embedded in the Ihallus. The sporophyte is a lways ho rn-shaped 

and consists ma inly of a sporang ium Ihat malures fro m the apex downward to its fOOl in the 

thallus. T he Hepat icae conta in ce llular oi l bodies which arc easily extracted with organ ic 

solve nt s. wh ile Ihe olher IWO classes do not (Asakawa. 2007). Liverwort s may also have 

thai lose gametophytes, but most arc lea fy wilh lea ves in two o r 1hree rows (Schofield , 

1985). 

2.2 . Micro- habitat ofbryophytes 

Bryo phytcs arc found in a lmost a ll terrestria l habitats (even in deserts !) bu t have their 

greatest diversity and most abundant in moist habitats (I-I ylander & DYllcsius, 2006). 

Besides, they arc al so able to withstand co ld season up to - 20°c 10 20fc (Ochi, 1952) rat her 

than vascu lar p lants. Moreover. Ihe slream chan nel adds a uniq ue hab itat fo r bryophytes 

which furthe r increases species richness (Dyncsius, 2001 and Vieira. el al .. 2005). 

Bryophytes arc known to represent a considerable port io n o f plant diversity within no rthern 

fo rests. Thi s is because bryophyte diversity is close ly assoc iated with micro habitat d iversity. 
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Microhabitats arc important fo r understanding bryophyte di verSity patterns that arc the 

components o f environment upon which bryoph)1es grow. such as rocks (epilithic ), snags 

& down Jogs (epixy lic), ground (Terricol), epilythic (litter), epiphytic (in terms o f stu mps 

and trunks, branches) and epiphylls (Ramsay & Cairns, 2004). Tropica l rainforests, 

espec ially montane fo rests, arc rich in ep iphytic bryophytcs (Richards. 1984 : Paro lly & 

Ku "rsc hner. 2004; Aeebcy, cl al., 2003). Due to the high re lative humidit y throughout the 

year. t ro pical rainforests fo rm an e,xce llent hab itat fo r un epiphytic bryophyte species :md 

epiphytic communit ies inhabit trees from the base to the outer branches of the ca nopy 

(R ichards. 1984). Epiphytic br)'ophytes arc known to be sensitive to microc1imatic 

variations (Moe & J)otnen, 2000). The mosi important facto rs affecting the distribution o f 

epip hytic bryophyte spec ies arc forest stand age, tree age and diameter (Snli l1, e ( 01 .. 2003; 

Ka nt vi las & Jarman. 2004; Johansson e( 01., 2007), as we ll us tree species of their bark 

phys ica l and chemic;a l properties plus microclimate (John & Dale. 1995; 1-1 aze l ~ el al., 

1998; Haze ll. el al., 1999; Thomas. ell/I., 200 1; Oambc, 2002). 

The spatial distr ibution of corti co lo us bryoph)1eS is therefore determined by n network of 

fluctuating variables e.g. light intensity, temperature. relative humidit y, air current s (S mith, 

1982. Franks & Bergstrom, 2000). Terrico lous bryophytes (species of mosses, liverwort s 

and hornworts that grow exc lu sively on the ground) play im portant ro les in many 

ecosystems. includi ng in grass lands (Thonms ela!. . 2006). 

Dead wood is anothc:r bryophyte ecology which is :111 important componcnt of the fo rest 

ecosystem. The most important funct ional groups among dead wood dwelling bryophytes 

arc ob li gatory dead wood species (true epixyl ics) or faculta tive dead wood spec ies 

(ep iphytes, terrico lous and rupico lous species) that occur in all stages of dead wood and on 

other substrates. Decay stages, diameter o f log and habitat humidity arc fac tors determ ining 

ep ixylic bryo phyte species richncss (Humph rey, et al .. 2002). Unmanaged and managed 

fo rests differ co nsiderably in the quality ofdcad wood (SMerstrilm, 1988 ; Rambo & Muir, 

1998; Kruys ct al.. 1999; Jonsson. 2000; 6dor & St:mdovar, 2001 ,) and their importance for 

bryophytes are expressed (Gustafsson & Hallingback. 1988; Les ica, el al .. 199 1). A severc 

lack of deadwood in managed forests and inappropriate protected area management arc key 

rcasons for biodiversity loss areas. 
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Most bryophytcs live on rocks and on decaying logs. Bryophyte vegetation was richer inlhe 

ncar-natu ral stand , espec ially in the moist rocky site (Odor & Standov3r. 2001). They arc 

the secondary colonizers on barren rocks next to lichcns in plant. The rainfall 

avai labi lit y. size and texture of rocks arc determinant agents to inhabit bryo phyte species. 

2.3. Signi fi cance of bryophytes 

Even though, bryophytes havc mUltipurpose, sti ll they arc neglected largely becausc of 

little direct commercial significance. Bryophytes arc very important for the function and 

structure of an ecosystem. Bryophytes (mosses, liverwort s, and hornworts) make up a 

significant port ion of the biomass and annua l production in temperate rainfo rests (Vitt, e l 

al .. 1988). They play important eco log ical rolcs in hydrological cycle of an ecosystem. 

(i.e .. Ihey trap rain fall and du ly re lease il to forests and facilitate the gradual drainage of 

w,Her to the so il. as a rcsu lt of pluy to prevent so il cros ion while at the samc time 

rcducing the evaporation of water, maki ng more availa ble for succeeding plants) 

(13oucher & Nash, 1990; Norris. 1990;), and nutrient cyc ling (Nadkarni, 1985). Many 

bryophyte species demonstrate wide geographica l distribut ion, grow under diverse 

eco logical cond it ions, and often arc pionccrs in extreme habitats. I3 ryophytes arc a llen 

good indicators of env ironmental conditions. Thcy arc also known to be sensiti ve to 

precipitat ion Chemistry and air qual ity (Hawksworth & Hill, 1984). Consequelltly. Ihey 

arc crucial components of the long-term ecological monitoring rehabilitat ion of forest 

(Hullcn. et al .. 2005). The surviva l of seed plant vegctation is also intimately lin ked to 

the bryophyte vegetation. Bryophytes arc important in the retent ion of so il moisture. 

nutrient recycl ing, and seedling survival. as well as for providi ng habitat for other 

organ isms that arc vital for vegetation hea lth. 

Undoubted ly, those spec ies played an important biota forming role in the sett lement of land 

by plants (Troitsky, el al., 2007). Besides these, also have great value for economical, 

med icina l, ind icators of pollution and natural habitat qua lity, cultural and aesthetic qualities 

and as a food web for ani mals has been illustrated (Hall ingb!1ck and Hodgcns, 2000: Saxena 

and Harinder, 2004). In all rainforest environments, bryophytes prov ide microhabitats and 

refugia for in vertebrates and mic roorganisms, and sites for egg-laying and nurseries for 
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insect larvae. Growth forms such as mats, cushions or pendent prov ide surfaces important 

for harvesting water from cloud and storing minute quantities of nutrients from exudates and 

droppings of insect larvae that arc releascd slowly as lactates over lime. The massive, often 

ove rhanging mats and cushions of epiphytic bryophytes cover forest trees, provide valuable 

sources as growing substrate and nutrition pool to entire communities of vascular epiphytes 

such as fe rns and orchid s, and scrve as breeding and nesting space for wide ranges of 

animals such as birds, amphibians and insects (Richards, 1984). They also contribute to 

humus accumulation, all im portant 10 the maintenance of the rainforesl as an ecosystem 

(Ramsay and Cai rns, 2004). Furthermore, epiphytic bryophytes have the abil it y to store 

high amounts of preCipitation watcr, causing a "delayed rele'lsc'· and to disso lve lIutrients 

with cap il lary structures (P6cs 1976; Longton 1984 ; lark et 01. 2005; KOhler el (1/ .. 2007). 

thercby contributing to the stability of the forest ecosystem (Frego. 2007). 

Bryophyles act as best bioindicators and biomonitors ofenv ironrnellt s consequently uscd as 

indicators of po llution and natural habitat qUlllity. They have been used to monitor airborne 

pollut ion. Many arc pionecr plants, growing on bare rock and contributing to soil 

development. Lucking transport lissue and a true cuticle they readily absorb whatever is 

around them and can serve as bio-indicators of pollution and env ironmental 

degradation caused by emissions from fuc lories and absences of mosses. and Illost 

li verworts from urban areas is strongly correlated with air pollution (Gi lbert. 1968; 

Hawkswort h and Rosc, 1970). 
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CHAPTER TH REE 

3. Materials and Methods 

3. I . Study area 

3. 1.1. Descript ion of the Study Arca 

The study is conducted within the landho lding o f the Ce nter for Indigenous Trees 

Prop:lgation and Biod ivers ity Development (Restoring) and surround ing area at Tulu·Korma 

(Ejcrc Wcrcda, West Shewn Zone, Oromia Reg ion) - (Fig. 1.) Tu[u-K orma is located at 

09°0 I' N latitude and 38° 21' E longitudes and is about 3 kill frolll Addis Alcm. II is situated 

at about 50 km from Addis Ababa (Misrak Tafcssc, 2007). The altitude orthe study area is 

between 2153-2263 III a. s.1. 
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Figure I: Maps of the study area. A) General overview and ahitudinal profile of the study 

area; B) detail overview showing three lands management types (Rcsaoring. non-resloring 

and agriculture). 
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3. 1.2 . Climale 

The rainfall and temperature data fo r this study were collceted from the nearest 

Metcorologica l Station, Addis Alem, which is about 47 kill away from Addis Ababa. The 

meteorological data were co llectcd from 2000 - 2009 by Nationa l Metcorolog ica l Service 

Agcncy (N MSA, 2013). Cli mate diagram was computed by using R for window version 

2.10. 1 statistica l package (R-Deve lopmcnt Core Tea m, 2007). 

Tu lu Korma falls within Ihe western and bi moda l rainfa ll reg ion of Ethiopia. The mean 

allilual rainfa ll va lue is 1094 mm and approach 101100 mm and it rece ives the sho rt (Helg) 

ra in and the long (Kiremt) rainy seasons from February to May and Ju ne to Septcmber. 

resp<.'Ct ivcly. T he mean maximum and minimum temperatures of lhc area arc 26.0oC and 7. 1 

°C. respectively. It has a lso a mean annual temperature of 16.8 °c (Fig.2) . 
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J ~ M A M J J A SO N 0 

Figure 2: C limadiagram o fTulu Korma Site 

Data Source: Ethiopian National Meteorologica l Station Agency (from 2000 to 2009). 
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3.2. Materia ls 

Required materials that used dur ing the aClua l plant data collection in the fie ld and 

laboratory were fo lded papers, plastic bags, GI)S, digita l camera and apenure plast ic 

conta iners, water, beam ba lance, plast ic materials, respectively. 

3.3. Methods 

3.3. I. Reconnaissance survey 

Reconnaissance survey was start ed on August, 20 12 in order 10 obta in an impress ion of the 

site conditions and to sclect sa mp ling sit es. 

3.3.2 . Sampling method 

Systematic and randlJ ln sa mpling designs were used for th is stud y to co llecte bryo­

vegetation data. A 101ol ] 0 ( 24 quadrants from Restoring and non-restored shrub land area of 

Tulu Karma were established . The Restoring quadrant has:. size of 100 m2 gap between 

each plot in managed forest was lO in along each of the quadnlllts. Sample co lk'Cled from 

Restoring area co llected along stream whereas fo r managed ureus were from the scauered 

microcl imate modu lated refugia with the help of the GPS (Fig. I ). 

T:u:Oll omic data collt:ction 

I3ryophyte spec ies were collected from the entire areas of the three land management 

systems: Restoring, unrestored and strips (margins) of agricultural fields the surround ing 

areas. Specimens were co llected in folded papers and brought to ETH fo r identification. 

Each key character was dissected and stud ied both under a di ssccting and compou nd light 

microscope. The nomenclature of the bryophyte taxa is based on (S loo\'er and Chuah-Peliot, 

2003). The identificat ion was confirmed by an expert. Prof. KristofTer Hylandcr (Stockholm 

Univers it y) . All voucher specimens were correctly la be led and inco rporated into the ex isting 

bryophyte co llections of ETH. 
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3.3.3 . Water interception capacity 

Fo ur different mosses species were selectcd for th is study; three epiphytic and one terricol. 

The se lection was based on the local abundance of thesc specics. The sa me dry we ight ( 10 

g) o f each spec ies was considered for further water interception capacity st udy. Each sa mple 

was ho ld in aperture plastic container and saturated with water. Afterwards, thcy were le ft 

for ha lf an hour on plastics matcrials until the excess water trickled down. Then. eac h 

sam ples were removed from the plast ic material, the wnter remover from sa mples via 

apert ure and le n to stand at Green 1·louse Condition. This practice continued repeatedly for 

three consecutive initial days o f every week . Each sa mple on Ihe last day o f wee k was 

weig ht ed on a beam balance after dryin g. This experiment was repeated fo r one month . 

Water holding capac ity over this time was ca lcu lated fo r each spct ics. 

3.3.4. Brc-vegetation data collect ion from microhabi tats 

Samp le co llection took place in September- October 201 2. The habitnt types were 

catego rized into six (Table I) and each type arc characterized. These arc rocks. snags & 

down logs. ground, litter, epiphytic and Riparian . 

Tab le I: Criteria used to define and chnrncterize the six microha bitats invest igated. 

Microhabitat Criteria 

Rocks Detached stone 

Snags & down logs Any dead woody debris 

Epiphyt ic Includes siumps, trunks and branches 

Litter Covered decomposed lea ves and twigs 

Riparian Includes special waler flow area 

Ground Forest floo r not occupied by other microhabitats 
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At each plot. the total number of microhabitat types was determined. ilut for stream sides 

se lccti ve sites were proportially sc lectcd to ensurc comparison among habitat types in terms 

ofspedes diversit y. 

For each of the six habitat types, bryoph)1es species prese nce und abundance was 

determined using a grid composed of 10 m x 10 m2
• The abundance o fench species in each 

sqllu re was recorded . 

Thc presence-absence and cover abundance data, defined here as the proport ion of area in a 

quadrat cove red by every spec ies recorded and gathered from each quadrat were luter 

converted to cover abundance va lues using the modified 1-9IJraun-lJlllnquet sca le (van der 

Maarel, 1979) as fo llows. 

• I: Rare, generally one individua l; 

• 2: Occasional. wit h less than 5% cover o rthe total ; 

·3: Abundant. with less than 5% cover o rlhe tOIO I; 

· 4: Very abundant, with less than 5% cover o rthe total ; 

• 5: 5-12% covers orthe tota l area: 

• 6: 12-25% covers orthe total area ; 

· 7: 25-50% cove rs or lhe total areu ; 

• 8: 50-75% covers or the total area; 

• 9: 75-100% covers or the total area; 
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3.4. Data analys is 

3.4.1. Floristic data 

Hierarchica l c luster analys is is one orthe mOSt co mmonly used lIlulti voriatc techniques to 

anal yze communit y eco log ical dala. It helps to grou p a SCI o f observations (vegewt ion 

sampl es) together, based on their Oorislic similarities (Kent and Co ker, 1992). Fo r this 

study, agg lomerative hierarchical c lnss ilicat ion using simi larit y ratio cluster analys is was 

performed using R for windows version 2. 15 (Venables ef al., 2010) to cla ssify the 

vegetat io n into plant commun it y types based on abundance data of the spec ies in each 

quadrat. 

Biolog ical di versity can be calcu lated in various ways. Spec ies di versit y has twO bas ic 

component s: richness, or num ber of spccics in a give n area, and eve nness. or how relative 

abunda nce or biomass is distributed among spec ies (Magu rran, 2004) . In this study, the 

Shannon- Wiener diversity index, species richness and Shannon's evenness were computed 

to descri be spec ies di vers ity of the plant community types «Shannon nnd Wiener, 1949». 

The Shannon- Wiener diversit y index was ca lculated as follows. 

Where, Richness Index (R= S-l lln n), 

S 

'R ' = - LP' Inp, 
i= l 

W = Shannon diversit y inde x, 

S = the number of spec ies, 

Pi = the proportion of individua ls or the abundance of the ith spec ies 

expressed as a proportion of total cover and 

Ln = Naturallognrithm 

Evenness (Equitabilit y) J = H'/H' max, where; 

J = Evenness, 

I-I' = Shannon- Wiener diversity index and 

I-I' max = Ins, where s is number o f species 

Following Kent and Coker ( 1992), Sorensen's sim ilarity index was used to determine the 

pattern of species turnover between the communities. It was being described as follows:-

Ss = 2:1/ (2a+b+c) where, Ss= Sorensen's similarit y coe fficie nt ; 
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a ::::: Number o f specics common to both s.1nlplcs; 

b :: Number of spec ies in samp le I only; 

c :: Number of species in sa mple 2 only 

3.4.2. Responses ofdifTcrent land management systems 

The responses ofbryophytes to land management practices in the study area were compared 

by compar ing species richness. Total species richness was computed fo r each land 

management practices by lIsing simple asthmat ics embedded in MS E .... ce l. 

3.4.3. Water inte rception capacity 

The samples fo r thi s study werc ovcn dried and 10 9 of e:leh spec ies was taken fo r furthe r 

experiment. Four species (1 acrocarpous and 3 pleurocarpous) were selected fo r this stud y. 

The sample that measured in procedure of Simulation o fra in f,,11 in nature was dried in an 

oven at 80°C and weighed . The water intercept ion capacity o f mosses is equal to water 

uptake a Her watered divided by dry weight mu ltiplied by 100. This value is the percent 

water intcrception capac ity (W IC) at onc occasion. 

\V IC = Water uptake after watered / OW x I 00 

This value is the percent water intercept ion capac ity (WIC) at one occasion. For practica l 

purposes, this value will be converted into I hectare and the number of rain y days will also 

be cal ibrated to allow the comparison of \VIC of bryoph)1cs wit h annual precipitation 

records 10 be obtained from the meteorolog ical co rporation o f Et hiopia over 10 years period. 

This co mparison resu lts in the equivalence perception va lue (EPV) of bryophytcs per 

annum. The EPV is equal to the IOtal percenl water intercept ion per hectare Illul!iplied by 

the number of rainy days. This EPV wi ll answe r a question sllch as how many percents 

prec ipitat ions are intercepted by bryophytes. 
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CHAPTER fOUR 

4. Results 

4.1. Bryophyte diversity of the study area 

A total of 56 bryophytes species belonging to 43 genera and 28 families are identified from 

the study area (appendix 2). Out of the total species POitiaccae cootributed nine (16.98%); 

seven Bryaceae ( 12.5%) species, Hypnaceae. Oriliotrichaccac & Thuidiaceac. three (5.35%) 

species, whilst Bartramiaceae. Brachythecaccac, FOl,broniaceae, Fissidentaceae. Frullaniacea 

c,Lejeuneaceae, Marchan1jaceae, Leskeaceae each contributed two (3.57%) species the rest 

Hedwigiaceae. Dicranaceae. Cryphaeaceae, Entodontaccac:. LWluJariaceac.. AnIhocerotaceac 

. Metcoriaceae, Plagiochilaceae, Mniaceae, PoreDlaceac. Racopilaccac. Scmatophyllaccac, 

Targioniaceae, Metzgeriaceae, Neckeraceae C8(;h had one species (each contributing 

1.78%). Among the total species 44 (78%) are Mosses (Bryopsida), II (20%) & one (2%) 

arc li vccrworts (Hepaticae) and Hornwort (Anthocerotae), n:spc<:Iively (Fig., 4) 

(%) 

20% 2% 

78% 
Figure 3 : Proportion of bryophytes group in the study area 

• Moss 

• Liver wort 

Hornwort 
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4.2. Bryophyte Communities ofTulu Korma 

There fl TC five different bryophyte communities (associat ions) in Tulu Karma forest Site 

(Figure 5). These bryo phyte communities were named based on two indicator species given 

be low. The indicator species were those with highest coveT- abundance va lue for n given 

cOlllmunity Crable 2). From whole species 52 species were used for vegetation 

classification. The results from cluster ana lysis as presented in the R·2. IS stat istical data 

analys is output showed five difTerent communities (clusters) for Tulu Korma forest site (Sec 

Fig ure 5). The communities were described based on their similar bryo - noristic val ues. 

The following plant communit ies were named based on the two indicator bryophyte spec ies . 

• ~"..., .. _ ItI_aooc.l C __ .CIIII_t-.a so ...... n .., I'c.roo 

t 
~ 
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Sample plots 

• C (ll'lYlUU'f 1 
·C~1 ' 
• COri'~y J 

C CJrTV'l'V\.C 'f • 
• C(IITWl'"U'Il Y S 

Figure 4: Dendrogram of the clusters (community types) ofTulu Korma Site 

The communities contain the fo llowing plots, 

.:. C- I: 1.4,10, 13, 16, 17&24, 

'.' C- 2: 2. 3,14. 18, 19 & 20, 

.:. C- 3: 5, 6,7,8 & 9, 
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.:. C- 4: II , 12 & 15, and 

.:. C- 5: 2 1, 22 & 23. 

Table 2: Synoptic table of the communities (Figures in bold relate 10 the indicator species 

for each representative community). 

sin 

1 

, 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Indicator Va lues (% ofpcrfcci Indicat ion, based on combining Relati ve Abundance ond 

Relative Frequency) oreach species for each or lhe five groups and the Montc Carlo lest 

(p.) orthe significance observed for each species. (Oold va lues indicutc ind icator 

species at P*<O.OS). The highest and lowest Shannon-Wiener values were significantly 

dilTcrcnt since the 1>""0.05. 

Community Types 

Species 1 2 3 4 5 

A lIomobrylll1l jlllllceul1I 6 0 0 0 0 

Brachymecilll1l exile 6 0 0.83 0 0 

DifiY'IIO(/Oli (lI/Jlralasiae 5 0 0 0 0 

Fabronia pili/era 9 1.43 1 0 0 

Lepfo(/ollliulII lp. 
8 0 0 0 0 

LeplOdolltiut1l latifolilllll 
10 2.14 0 0 0 

Racopilllll1 africanul1I 5 0 0.83 0 0 

Hypallaceae 1. SP. 12 0 0 0 0 

BrachYlheciulII horgeni 0 8.57 0 0 6.67 

£ lIIodon sp. 2 25 1.67 3.33 2.67 

FissidenS/lp. 0 3.57 1.67 0 0 

Livierella neckeroidel' 0 5.71 1.67 0 0 

Macrocollla fellllis 4 5 3.33 6.67 1 

Orl hOI ric/111m fi rll1l1l11 
2 J.86 0 IJ.n 2.33 

Plagiocilila sqllamlliosa 1 3.75 0 0 0 

Racopillllll africmlllm 2 4.29 1.67 0 1 

RhodohfJII1I11 cof11mersonii 0 3.57 0 0 0 

2J 

P value 

0.37 

0.37 

0.32 

0.25 

0.28 

0.03 

0.30 

0.04 

0.3 1 

0.2 1 

0.2 1 

0.19 

0.0\ 

0.14 

0.26 

0,03 

0.37 



18 ElIlOdoll sp. I 0 7.5 8.33 0 0.25 

19 Fis.\'idens/!Jp. 0 1.43 3.33 0 0 0.22 

20 Livierella neckeroides 0 0 7.5 0 0 0.01 

LlIIllIfaria crucia/a 0.02 
21 0 2.86 4.17 0 0 

Lllmt/aria crllc;ata 0.01 
22 0 0 10.3 0 0 

A'/ocrocomo lenll;s 0.17 
23 0 0 4.17 8.33 1.67 

Macrocoma lenuis 0.15 
24 4 5 3.33 6.67 I 

25 MarchOfllia po/ymorp!Ja 0 0 6.83 0 0 0,37 

26 Or' hal r icll/ll1l firm lI/lI I 1.43 5.8J 0 0 0.20 

Rhodobrylllll commersonii 0,37 
27 0 0 5 0 0 

RhodobryulII commersonii 0.27 
28 I 0.7 1 7.5 0 0 

29 Anacolia /aevisphaera 0 0 0 3.l3 0 0.37 

30 /Jracliylliecilllll borgeni 0 2.49 2.5 5 0 0.37 

31 Didymodon ollsiralasiae 2 0 0 6.67 0 0.01 

32 Entotlon sp. I 0 7.5 8.33 0 0.15 

33 Fissidensl!Jp . 2 25 1.67 3.33 2.67 0.21 

Macrocoma lemtis 0.17 
34 0 0 4.17 8.33 1.67 

Macracoma lenuis 0.37 
35 4 5 3,33 JJ.33 I 

36 Or/harriclmlll firlllulII 2 3.86 0 13.33 2.33 0.04 

37 Pilo /richel/o cuspidate 0 0 0 10 0 0,37 

38 RacopilulII ajric(lnum 0 0.43 1.67 l.33 0 0.16 

39 Brmmia secunda 0 0 0 0 18.33 0,37 

40 BrachylheciulII borgeni 0 0 0 0 5 0.03 

41 Br(Hlll ia secllnda 0 0 0 0 10 0.04 

42 BrachYlhecium borgen; 0 8.57 0 0 6.67 0,3 1 

43 Braci1ymecilll1l longicolle 4 1.43 0.83 0 9 0.37 

II 



44 Campy/opus pyriformis 0 0 0 0 ]I 

flypnum cupressijirme 
45 0 0 0 0 l . t3 

flypnum cupressijirme 
46 0 0 0 0 3.JJ 

Targionia sps. (L.) 
47 0 0 0 0 6.75 

4.2 . 1. Leplodonlium lalifolium- Hypanaceae Community Type 1 

This community type ranks third with regard to species richness and fo und allhc un restored 

forest area. Its ahitude ranges from 2159 - 2263m Ls.L seven plots wert grouped together in 

this community. There are also 31 species recorded from this communily t)'PC. In addit ion to 

the dominant species (Plate I), the other lSS()(;ialed br)'ophyte species inckodc: A~m 

j u/aceum. Brochymeci"", exile. Dit/yrItodon tlfLflroIasi«. uplodonlium Jali/o/illm and 

Racopi/um africanum. 

-' 
Plate I: The dominant species of community type I. 
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4.2.2. Macrocoma lenuis- Racopilum africanum Community Type II 

It is the second species rich community type in the study area. It consists of 6 plots and 36 

spec ies and fa lls between 2162 and 2214rn a.s.l The community is entire ly confined to the 

Restoring forest area of Tulu KOflTB. In addition to the dominant 5pCCtes. the associllcd 

bryophyte species in this co....-nily are BrochytMCilllfl borgeni. En/(xion sp .. FissidellS SPI. 

Lillierella neckeroides, Ortholrichum firmum, Plagiochilo squomuloso anti RhotJobry",m 

commersollii. 
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4.2.3. Livierella neclreroides - Lunularia crIICiolo Community Type III 

The first richcsl: community type in the study area .This community comprises of 5 plot and 

43 species distributed between the .Iliaudinal range 2159-2113m LS.I. This community is 

found along the river line. In addition 10 the dominut species (Plate 2). the associalcd 

bryophytes spectes in this community Ire Enodon IP.. FiuiJuU/, ~ kmtiJ. 

Marchanlio polymorpha. Orthotnclrlllfr r".""",., Rhodobrywn oommer$()nii, Marcllll1l/ill 

polymorpha, L. cruciala and R. COMIf/tItr:J!Olfii.-e confmed to the Re:storing ~ ofthc: study 

area. 

Plate 2: The dominant species of community type CommW"lily Type HI. 

4.2.4. Didymodon ouslrolasioe- Orlholrichumfirmum Community Type IV 

It is least rich community type in the study area. This communily comprises of 3 plots and 

13 spectes distributed wilhan the ak.udinal range from 2171-2186m a.s.1. In addit ion to tnc 

dominant species (plate 3), the associated bryophytc:S species in this community Irt species 

Anocolia laeviJphoera, Brochymecillm longicolle. Enodon sp.. Macr(X;Omll IC1IujS. 

Pi/otrichel/o cuspidaJe, Rocopilum t(riconwtf. 

Plate 3: The dominant species of community type Community Type IV. 
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4.2.5. Brachythecium borgeni -Brazmia secunda CommunilY Type V 

[t is the fourth [eve l richest communit y type in the study area. This communit y type is the 

least species rich of the community types in the area. This co mmunit y consists of 3 plols 

and 18 species wit hin the altitudinal range 2187-2238 m a.s. 1. The commu nit y is found at 

Ihe hi ghest altitude o f submanaged fo rest area and assoc iate by bryophyt es species 

Brachymecillm longicolle. Campy/oplls pyriformis, l/ypnw/l cllfJressifirmc. Targiof/ia sfJs. 

4.3. Similarity among plant communities 

Sorenson's similarity coefficient was used to determ ine the simi larities among bryophyte 

communities (Tab le 3). Accordingly, Community types 1 and 2 have the highest similarity 

ratio. Comm un ities 3 and 5 are the least similar in the current study. 

Table 3: The Sorensen's Similarity of the communilies 

Simi larity among community 

Community 

2 0.59 

., ,. 

3 0.03 0.56 

3 

4 0.26 0.33 0.23 

4 

5 0.49 0. 10 0.46 0.23 

4.4. Species richness, diversity and evenness of the plant 

communiti es 

. 3 has the highest species richness and From. the five community types, commull1l y type 
.. d· tc (Table 4) On the other hand, 

diversity va lue but it s evenness va lue IS \Oterme la . 
. . d h h I west diversity index but il s evenness 

community 4 has the least spec ies nch an as l eo 
. h· h ' h more species rich than it. The highest 

value is even greater than commull1ty 2 w Ie IS muc 
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value of evenness is recorded for community I wh ich and 1/ 10' . . Ie west .or collull urlily 5. II IS 
(0 be noted that has more species than communl'ly 4 b I h / / h u mue e55 I Ian 1 c other 
cOlllllluni! ics. Communit y Iype 2 is the seeo d /. " . n cnSt In spec ies evenness. Commurllt y type 

5 has thc second lowest in spec ies richness and divcrs;ly bUI has Ih / . c cast spec ies evenness 
value. 

Table 4: Spec ies richness, diversity and evenness oflhc communities based on their 

descending order of richness 

Community 

2 

3 

4 

5 

Richness 

31 

36 

43 

13 

18 

H (divers ity) 

3.09 

2.91 

3.3 1 

2.15 

2.27 

4.5. Bryophyte species diversity across microhab itat 

Shannon 

Eyt' IUI{'SS 

0.90 

0.81 

0.88 

0.114 

0.79 

Species richness on different habitat types and substrates arc recorded along each plot 

(Appe ndi x 3). The most species diverse substrate type is phorophytcs (trunks [lnd branches 

of flowering plant s occurring in the study area) (Fig. 6). Epiph)1ic species and those which 

arc adapted to contact presence of moisture are not recorded from the disturbed part of the 

study area. On the other hand, terrico l bryophytcs arc the most dominant in se lected sites 

around the study area. 

Species richness on different microhabitats and substrates arc record ed along each plot 

(Append ix, 3). The highest spet ies richness conducted from epiphytic microhabitat and 

fo llowed with terrico l and epilithic and the least had show on riparian (Fig.6) . 
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species richeness in microhabitats 

Terricol 
(T) 

28% 

Epixylic 
(X) 
9% 

S) 
6% --

~'I!C" __ --"p;(~~hi C 
Iythic 17% 
(L) 
9% 

~_Epi phytic 
~;-~ (E) 

31% 

Figure 5: I>roport ion of species richness dominance in different microhabitat (n- 24) 

Blyophyte species diversity across microhabitat 

Species Richness in Microhabi". 
" 0-----------------------------------------------

" ~--------------.r------------------------------

, 
"I Zl 21 2JJ 

Agrtand 

.... Epil ithic (R) 

~EJ' i l )' lh ic ( L) 

..... Epiph)1ic ( E) 

'*"Epixy lic( X) 
.... Terrieo l (1) 
1-Slrcarn crs (5) 

Figure 6: . f . . h 55 dominance in different microhabitat along plots Propo rt ion 0 species rlC ne 
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4.6. Responses of different land management systems 

As shown in (Fig. 8), co llecting inc luded subst rates among d '~ land 'Ilcrent management 

landscape that 1) the highest species richness was found in the Restoring area (50). the 

second highest spec ies richness in non Restored area (4 1) a d h 10 d ' . n t c west Iverslty III 

agricultural landscape (9); the most important fam il ies co llected firo. th . n osc nrc ponlllccccac. 
bryaccac and orthotrichaceae. 

" " • 60 1: "jt 
E ~ 40 

i'O 20 

Different types of management areas. 

L-~ o ¥-____ ~ __ -==-~~==-/ 

Protected Unprotected Managed lagro 
land) 

Figure 7: Number ofspccies on the aspects ofd iffercnt land management 

4.7. Water interception capacity 

Water interception capacity of se lected bryophytes displays dilTcrcntial water retention 

capacity of among diffe rent species. Lepiodolllium lalijolifllll is acrocarpus moss is showed 

the greatest water holdi ng capability, followed by Orllloiric/IIIIII jirmlllll. Neckera remoW 

alld OrrhoSlichelfa pa.l1durijolia, respectively show (fig. 10). Leplodol1liu/II lali/olillfll 

exhib itcd the highest le ngths. a characteristic that cnabled (hem to cover large IIreas. 

80 
• 

I -+- teprodonrium lorifolium • E , ~ Neckera remora 

" > -r-Orthasrichella Pandurifolia 

3 4 5 
""*," Orthorrkhumfirmum 

0 1 2 

nme(weeks) 

Figure 8: Water interception capacity of mosses. 
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CHAPTER FIVE 

s. Discussion, Conclusions and Recommendations 

5. 1. Di scussion 

5.1. 1. Bryophyte species diversity 

Mosses arc the largest of the three groups ofbryophytcs (Shcvock, 2003). Among the 10 lal 

species 44 (78.57%) in the study area arc Mosses (Bryopsida), 11 (19.64%) & one (1.79%) 

arc liverworts (Hcpat icae) and Hornwort (Anthocerotac). respectively. Most of Ihe 

bryophyte spec ies in the study area are mosses whereas, Liverworts and Hornworts arc less 

diverse and confined at the moist area. Out of 56 bryophytcs spec ies. POlliaccac is largest 

fami lies of the acrocarpou5 mosses (Sloneburnner, el al .. 1993; Shabbara, 2006; Churchill. 

2009), the next is Bryaceae contributed four genera and spec ies and th ird ly lI ypan3ccac. 

Orthotr ic haceae and Thuidiaceae are likewise represented by three species, while Illost of 

the other fa mi lies are represented by one or two infrequent species, restricted to certain 

microhabitats, regardless of appare nt ly abu ndant suitable habitat (Sagar and Wilson. 2007) 

(Appendix 2). 

Except for the very small part of Tulu Korma, most parts arc ma in ly grazed by livestock 

and affected by human activities such as expansion of agricu ltural land and CUll ing wood fo r 

var ious uses. Given the iso lated stands of trees in the surrounding area and within this 

shrub land. the current record is lower than previous records from other parts of Ethiopia 

(personal communication). The 56 taxa recorded arc the remnants of the previously 

relatively ric her bryophyte flora. Furthermore, most of these species arc also hardy with 

regard to dess ication tolerance. It is also pertinent to note that the high divers ity of 

substrates, microciimates and the stream running acroSS the study area have influenced the 

current recorded spec ies diversity. The co mmunity types (bryoph)1e associat ions) patterns 

and spec ies diversity patterns (Livierella fleckeroides - LlI1l11ll1ria cruciOIa commun ity) 

could also be expla ined by the same local processes. It is obvious; however. floristic 
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gradient s corresponded to altitude, temperature rainf:all I d . . • , gea ogy an Clirrent cond ition 

(Whinam, e/ 0/., 2003). Altitude could also explain the curre' b cd . n 0 serv patterns In the 

associations o fbryophytes of the study area. The observed s,',n',lar'"y be, .. 
wcen communrtles 

I & 2 could be due to substratum diversity. moisture availability and anlhropogcnk 

activities. Var iat ions in their altitude, slope and aspect co uld be determining the least 

sim ilarity o f communities 3 and 5. 

5.1.2. Microhabitat diversity and quality detennincs species richness 

Spec ies- rich sites (microhabitats) arc characterized by high habitat quality rOf all species in 

certain groups (Hylander & Dynesius, 2006). Usually, natural forest has high di versity of 

bryophytcs if it is conserved form disturbance. In the study area, the natural forest is 

exposed and the original forest stands are replaced by dense stands of thickets of Carissa 

.\'pinflrl/III and Mayiensli arblilifolia spec ies particularly al the surround area implies 

epiphytic mosses decline towards managed area. It is to be noted that the absence of typica l 

epiphytic bryo phytes as reported for Ethiopia (Hylander, el aI., 20 10) could be due to high 

desiccation regime o f the study area. These two factors could account for the least diversit y 

of bryophyte spec ies in the stream sides outside the Restoring arCH ofTulu Karma. Olilhe 

other hand, phorophytes of various species harboured the highest species di ve rsit y of 

bryophytes at LCITPBD. These phorophytes were located in areas that arc unaccessible and 

we ll Restoring from sun. Most species of bryophytes were reported to be sensitive to 

extreme desiccat ion (Thomas, el af., 2006). The high diversity of terrico l is due to the 

occurrence o f old and iso lated stands of remnant trees in the study area provided refugia for 

these species. Most of the unrestoring area is unaccessible and not good for cultivm ion due 

to the presence of boulders or rocks. These rocks are highly Restoring from sun and provide 

a Suitable microclimate for the growth and persistence of high diversity of ep ililh ic 

bryophytes. The importance of moisture (local microclimate) 10 govern loca l diversity of 

bryophytes was reported (Cole, el af. 2008). 
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5.1. 3. The effect of land management on the species diversity ofbryophytes 

It is sign ificant 10 determine which landscapes are impor1ant for undcrslnnd ing bryophyte 

di versity patterns. The Restoring forcst area is richest in bryophytcs diversit y rat her than 

the surrounding place, shows the effect of management on different landscape and 

conservatio n o fbryophytes arc extremely related wilh other type of plunt protection. The 

total diversity was higher in the unmanaged fo rest than in Ihe managed forest. The 

presence d iffe rent mic rohabitat was the most important factor innucncing the spec ies 

diversity and composit ion of bryophytcs in unmanaged and managed forests. In addition. 

covers of tree and shrub layer as welt as the tree density as an expression o f the light 

condit ions were of great importance for the species composition and dh'crsity. Ind icat or 

species fo r unma naged forests were shade-tolerant, particularly epiph)1e bryophytes. 

Forest ma nagement should therefore ensure the continuous presence of large lind old, 

rough -barked trees en hance the diversity of who le bryophytes spec ies p:lrticularly 

epiphYI ic and mo isture habitat species (Friedel. et al .. 2006). The 101a1 bryophytcs species 

di versity 0 11 Restori ng a rea is greater than the d isturbed forest area . 

5.1.4. Oi ffe rentia l water retention capacity of selected moss species 

Measuring water interception capacity of different mosses species determine how much 

water they ho ld in a g iven t ime. Water relat ionships (water holding capacity, evaporation 

rate, and desiccation to lerance) in bryophytes are highly variable among species (Elumee\'u 

ct al. 20 1 I), and communities (Rixen & Mulder 2005; Michel et aL 20 12) . II is considered 

that ditTerent life fo rms o f bryophytes were able to store different amounts of interccpt ion 

water. Cushions had a high one, while fans have almost no intercept ion water. Furthermore, 

water sto rage o f bryophytes was also affected by their morpholog ical and anatomica l 

charac ters. However, it is to be noted here that the d ifferentiat ion of biomass and water 

capacily arc strongly affected by many factors in genera l, such as 5.1rnpling method, forest 

struct ure, e levation, climate (annual rainfa ll, air temperature, and air humidity), and others 

(Michel, el 01 .. 2013). Therefore, Knowledge of the water holding capacil Y o f se lected 

spec ies of bryophytes in Tu lu Korma is usefu l for understanding their ecosystem services, 
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especially in terms of the water budget of the study area . Bryoph)'lCs arc known to slowly 

release water to the ecosystem, which is pertinent for ecosystem funcIKlns. 

In the current study. Leplodollfillfl/ Imifolillll1 exhibited the highest water intercept ion 

capac it y compared to the three remaining species. This sPl'Cies is also the mOSt abundant in 

the study area. This Irail, i.c., Ihe abi lity to retain water for long period of time enabled this 

species to reproduce efficiently and occupy large area of the stud y area . Similar trends were 

also reported fo r epiphytic bryophytcs (H6!scher et a1. 2004; Pypkcr et a1. 2006). 

Orlllosliche/la pandllrifolia has the lowest water intercept ion capacity in the study arcn and 

Ihis is due to its fast rate of evaporat ion (Elumeeva el al. 20 II ; Michel CI al. 20 12) . When 

the recorded va lues of the waler interception capac ity of bryophytcs arc calculmcd over 

hectares of forest/scrublands per annum, the equivalence perception va lue (EPV) of 

bryo phyte depicts the amou nt of precipitation intercepted by bryophytcs (Chnnt nnaorrnpint 

& Frahm, 2011). In our case, it is premature to calculate this value due to limited S3 mpling. 
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5.2. Conclusions 

Tulu Korrna is the site of land holdings of Ihc center [or Indigcno s T I' . U fees ropagnt lOn and 

Biodiversity Deve lopment of Ethiopia. Its nora comprises 56 spec ies in 43 genera and 28 

famil ies. Pott iaccac has the highest number of species followed by Oryoccac and 

Orthotrichaceae and Thuidiaceae. 

The vegetation was grouped into five community types each of which had varying dcgrL'es 

of spec ies richness, diversity and evenness. Plant community type 3 has the highest species 

richness and diversity va lue while the least evenness and divers ity was observed for 

community type fou r. The variation among co mmunities could be due to diffe rent fllctors 

(anthropogenic. alt itude, soil moisture factors, substratum, microhabitat, etc). 

Bryophyte species grow on six microhabitats of whic h ovcrall bryophytc richness and 

abundance on epiphytic and least specics richness along the riparilln. respectively. 

Bryophyte richness on the open and managed habitat decline along in the order of the 

riparian. epiphyte, ep ilyth ic. epixylic microhabitats. Microhabitat spatial requirements \hat 

forest management incorporate leaving representatives of all forcst microhabitat s 

intact during harvest operations. This includes remnant microhabitats left scattered 

throughou t the cut and also left together in unharvested patches that conUlin as many 

different microhabitats as possible. This is based on the premise that unharvcsted 

patches will act as refugia for bryophyte communities and upon canopy closure. 

br),ophytes will be able to co lonize the micro- habitat s left scattcred throughout the 

harvest areas. 

ConSidering the flor istic changes toward the three land managemcnt type, the Restoring 

rarest has the first position for bryophyte richness diversity value followed by non- restoring 

and agricultural landscape, implies great factor of forest management on bryophyte 

diversity. The va lue of forest habitat shows significant difference compared with open 

habitat (manage landscape). 

Mue h of non- restoring landscape has been permanently altered or destroycd by agricultural 

activities, and what remains is grazed by livestock as we ll as being subjected \0 industrial 

d . . Th pecies for all land management evclopment pressures (flower mdustrles). e common s 
. 1 . 'tes which arc found everywhere 31 type were not need spec ial requ iring to part lCu ar mlcrosl 
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any microhabilat. In Restoring territories they cannot survive without human activit y, i.c. 

spccialmanagemc nl that satisfies spec ial requirements of bryophyte species. 

On the basis of bryo-vegetation features analyzed in these studies, we did detect changes of 

bryophyte floristic compos ition that can be exp lained by land management interference. 

Future studies o f vegetat ion should concentrate on intense of bryophyte divers it y in 

LCITPBD arca to show its role as a result of protection from any dislUrb..1OCcs. 

Water holding capacity in bryophytes is highly variable among species through dilTcrcnI life 

forms of bryophytes which are able to store different amounts of interception water even 

they grow in similar microhabitat , creeping had the higher one, whi le fans and hang ing had 

low interception water. Furthermore, water storage of bryophytes was also affected by their 

morphologica l and anatomica l charactcrs. However, it is to be concerned here that the 

diOcrcntialion of biomass and water capac ity are strong ly affected by many factors in 

general. such as sampling method, forest structure, elevation, climate (annual rainfall. air 

temperature. and air humidity), and others. 
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5.3. Recommendations 

Tu!u Karma is the Site of Landholdings Center fo r Indigenous Tn .. "Cs Propagat ion and 

Oiodivcrs ity Development of Ethiopia. To minimize the prese nt human influence on this 

un ique area Tu!u Karma and for the future management of the area in a sustai nable manner, 

the fo llowing recommendations are suggested: 

.:. Due the restoration practices at Site of Landholdings Center fo r Ind igenous TrL"Cs 

Propagation and Biodiversity Development of Ethiopia decline biodiversity thrcm us 

a result should be morc extend to surrounding area . 

• :. To enhance the sustainable use orthe area, cthnobotanical studies 1l1ld exploration of 

indigenous knowledge on Ihe diverse uses ofthc plants should be undertaken . 

• :. To maintain habitat fo r this species by retaining occupied subst rate. associated Sl:md 

and microcl imatic conditions near the populations and restricted activities th ll t alter 

stand and micros ite conditions or affect occupied substrate . 

• :. Special conservation measures, such as recommendations ror mllnagement of the 

sites with high concentration of rare species and preservation or substrates suitable 

fo r bryo phyte diversity in non Restoring territories, arc nc(.."<ied . 

• :. Furthcr in vestigation is needed on the patterns of runctioning ecosystem; bryoph)1C 

diversit y with plantation trees. 
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APPENDICES 

Appendix 1: List ofplanl species co llected from Tulu kornla (A A ho . - nl ccrolopslda or 

Ant hoccrotae, B== Bryopsida & H::: Hcpaticopsida or Hcpalicca). 

Species I Coli .- 0 
0 E 

'" Genus 
Y-o 0 No. "- >- l-

I Anomobryum }ulaceum (P. Gaertn. e/ Dryaccac n TIIOI 

01. )schirn. var, julaceuni A nOfllohryllll1 

2 Anacolia cf laevisphaera (Taylor ) Anocolia Gartramiaccac B TII02 

Flower 

3 BrachymeciulIl cf exile (Dozy et Malk.) B mel/ymed 1/111 I3ryaccnc B TII03 

Bosch el Sande Lac. 

4 Brachymecium cf longicolle (fher) 8 mel/Yllled 11111 Bryaccac n TII 04 

5 Brachylhecillm cf afro-glareosum B rachYf "Ceil/III IJrachyl hecace:!c 13 TII OS 

(brolh.)par. 

6 Brachylhecill fll cf bargeni (Hamper) B racllYf hecilllll Brachythcciacac 13 TII06 

Jaeg. 

7 8 rOllllia secunda (Hook.)Bruch er Brmmia Hcd wigiaccac 13 TII07 

Schimp. 

8 Brylllll argenleul1I Hedw. Bryul1l Bryaccac B TII08 

9 Bryum keniae Mull. Hal. Bryul1l Bryaccac B TII09 

10 B'Ylllllllllillinse Welw. et Duby Bryul1I Bryaccac B TIII O 

I I Campylopus pyriformis (Schulz) Brid? Campylopus Dicranaccac B TII II 

12 Cryphaea rlltenbergii MUl l. Hal. Cryphaea Cryphacaccac B TII 12 

13 Didymodon allstralasiae (Hook. & Grev.) Didyl1lodol1 Pott iaccac B H i ll 

Zander 

14 Entodon sp.C.Mu ll. Entodoll Entodonwccac B TII14 

15 Entodontello c/ Call/erlil/ioe Broth. EnlOdOllle/lo Hypnaccac B TIl1 5 

16 Fabronia pilifera Hornsch Fabronia Fabroninccac B Tfll 6 
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17 Fbisldens SPI Hedw. Fissidells Fissidcmacc:ae B 1 11 17 
18 Fissidells jp2. Hedw. Fissiden\' Fiss identaccac Il TII18 
19 Frll//ania caffraria Steph. Frulkmia Frullaniaceac II 1 11 19 
20 Frl/Ill/Ilia Irislis (Steph). Siageren Frullania Frullnniaccac II 11120 
21 Hapfocladium angustifilolium Hampe el Hap/oc/adium Lcskeaccac Il 11121 

Mull. Hal.) Broth 

22 Hyplllfm c ltpressifirme Hedw. Hypnllm Hypnoccac B TII 22 
2) Lej ellllea ael iopica Lib. Lejeunea Lcjcu l1caccac II T1I2) 
24 Lejcllnecf .W L ib. Lejeunea Lcjcuncaccac II TII24 
2S Leplot/ontillm latifolium Broth LepwdomiulII POIt~1ccac Il TII 2S 
26 Leplodomium sp. Hampe Lepto(/olltium POll iaccac Il TII26 
27 Levierella neckeroides (GrifT.) O'Shea & Li'llierella Fabron inccac B 1 11 27 

Malcham 

28 Lindberg ia pa/emijolia Dix. Undbergia LcskcacclIc Il TII28 

29 LlIIlIIIaria crucia[(J (L.)Dum LUIIII/aria Lunulurinccnc II TII29 
)0 Macrocollla/enuis (hook. et grev.) MacrOCOllla Orthotrichllccac B TII )O 

)1 Marchamia pofymorpha L. Marel/aT//ia Marchantiaccac II TII ) I 

)2 Marchan/ ia sps L. Marchalllia Marchantiaccnc II TIIl2 

)) Me/zgeria sps. Raddi Melzgeria Mctzgcrinccnc II Til)) 

)4 Neckera remota (bruch el schimp. Ex Neckera Ncckcraccac B TlI)4 

IIIlIfI. Hal.) 

)S Orlllo/richulII aequalorum Mitt Oriholric/Illm Orthotrichacc:lc B TillS 

)6 Orrholric/IIIIII firmum venturi Ortholric/IIIIII Orthmrichaccnc B TIIl6 

)7 Phaeoceros carolinianus (M ichx.)Prosk. Phaeoceros AnlhoccrOincenc A TlIJ7 

)8 Phi/ontis sps. Brid. Phi/ontis Bartramiaccac B TIIl8 

)9 Orthos/iehella pandurifolia (Mull. HaL Orlhoslichella Mclcoriaccac B TII)9 

W.R.). 

40 Plagiochila squalllu/osa Mitt. Plagiochila Plagiochilaccac H TII40 

41 Plagiomnillm rhynchophOnlm (Hook.) Plagiomnilllll Mniaccac B TII41 

Kop. 
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42 Porella abyssinica Poes Parella Porcllnceae II 1 1142 
43 RacopilulI1 a/ricanllm Mitt. RacopilulII Racopitaccac 0 TII43 
44 RI/Odobrylllll commersonii (Schwagr.) Rhodobrywn Oryaccac 0 11144 

Brid. 

45 Sem%phyllllJII sllbpinnorum (Brid.)Orin. Sem{/rophyllulI/ Scmalophyl lacc:ae 0 TII41 
46 Streplogon erylhrodontus (Tayl.)Wils. Streptogoll POlliaceac 0 Til46 
47 Sylllrichiafragilis (Tayl.) Ochyra. Synlrichia Ponicent B TII47 

48 Targionia sps. (L.) Targionia Targioniaccac II ,.1148 

49 Tric/to!,'/OIl1I1fIl bracliydontiul1I Bruch Tricilo!)'/omlllll Pall iaceDc 13 ,.1149 

50 TlllIdiulII varians Welw.et Duby TllllidiulII Thuidiaccac 0 Till O 

51 Tlllltiilll1l versicolor (Mull.Hal).Broth. Thuidium Thuidillccac 0 Til li 

52 TlllIdium ramliscu/oSIlI1l (Milt). A. Jaeger Thuidilll1l Thu id iacent 13 TII52 

53 I-I ypnaccae - Hypnnccac B TIIl 3 

54 Pottiaceae - Pouiaeeac 0 TII l4 

55 Pottiaceae - Pottiaceac 0 Tli ll 

56 POll iaceae - Polliaccac Il TIIl6 
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Append ix I : Fami lies with their corresponding number of genera and species. 

No. Name offamily Genera species 

Number % I Number % 

I. Polliaceae 8 18.60 9 16.98 
2. Bryaceae 4 9.)0 7 12.5 

3. Orthotriehaceae 2 4.65 ) 5.)5 

4. Thu id iaceae I 2J) ) 5.)5 

5. Bartramiaceae 2 4.65 2 ).57 

6. Brachythecac.eae I 2.)) 2 ).57 

7. Fabroniaceae 2 4.65 2 ) .57 

8. Fissidentaceae I 2J) 2 ) .57 

9. Frullaniaceae I 2.5 2 ).57 

10. 1-1 ypnaceae ) 6.97 ) S.JS 

11. Lejeuneaceae I 2J) 2 lS7 

12. Marchant iaceae I 2J) 2 ).57 

13. Leskeaceae 2 4.65 2 ) .57 

14. I-Iedwig iaeeae I 2.33 I I. 78 

15. Dicranaceae I 2J) I 1.78 

16. Cryphaeaceac I 2J) I 1.78 

17. Entodontaceae I 2J) I 1.78 

18. Lunu lariaceae I 2J) I 1.78 

19. Anthoeerotaceae I 2J) I I. 78 

20. Meteoriaceae I 2.33 I 1.78 

I 2J) I 1.78 
21. Plagiochi laceae 

22. Mniaceae I 2J) I 1.78 

I 2J) I 1.78 
23. Porellaceae 

I 2.J) I 1.78 
24. Racopilaceae: 

I 2J) I 1.78 
25. Sematophyllaceae 

I 2.J) I 1.78 
26. Targioniaceae 
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27. Metzgeriaceae 1 2.lJ 1 1.78 

28 Neckeraceae 1 2.JJ 1 1.78 

Total 28 4J 100 56 100 
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Appendix 2: R = Rocks (epi lit hic), X= snags & down logs (cpixyJic), T _ ground (Tcrricol), 

L " cpilyt hic ( riller), E= epiphytic ( in terms OfSIUlllpS and trunks, branches) and S­

Streamers. A= Acrocarpous, P =Pleurocarpous. Le ::: (Leafy) & Th- (ThalJoid) 

Species Ecology 

0; 
Growth forll1 

Z 

I A l1omobryum ju/aceum (P. Gaertn. €I T 

01. )sch im. var. julaceum p 

2 Anoco/io laevisphaera (Taylor) Flower T A 

3 BrachymeciulII exile? (Dozy et Malk.) Bosch el T A 

Sande Lac. 

4 Bracliymecium longicolle (Ther) ? E, T A 

5 Bmelly/fleeillm afro- giareosllm (broth.)par.? E P 

6 Brachyli1ecium borgeni (Hamper)? Jaeg. R, T P 

7 Bralmia secunda (Hook.)Bruch el ScI/imp. R,T P 

8 Bryum argentellm Hedw. R, T A 

9 BryulII keniae Murl.Hal. L A 

10 BryuIII Iwillinse Welw. et Duby L, T, E A 

II Campy/opus pyriformiS (Schulz) Brid? R, T A 

12 Cryphaea rlilenbergii Mi.lII. HaL E p 

13 Didymodon allslralasiae (Hook. & am.) E A 

Zander 

14 Entodon (geminides) sp E,L R,T.X P 

15 Entodontella cameruniae Broth S p 

16 Fabronia pili/era Hornech E p 

17 FissidensJ (7) T A 

53 



IS Fissidens }(!) S A 

19 !-IaplocJadium (mgllsl ijiioliu lII Nampc el Mull. T p 

Hal.) Broth 

20 /-Iypnum clipres!J'ijirme Hedw. R, T I' 

21 Lepfodonrium iOliloliulII Broth T A 

22 Leprodonlium ? Hampe T A 

23 Livierel/o neckeroides R.T I' 

24 Lindbergia paten/folia Dix. R I' 

25 Macrocoma len/lis (hook.el grev.) E I' 

26 Neckera remota (b rl/eli el schimp. Ex 1111111. E I' 

Hal.) 

27 Orillo/ric/Illm aeqllo/arum E I' 

28 Or,holricJlIIlII firmlllll E I' 

29 Phi/ontis ,.,ps. Brid. S A 

30 Orthostichella pandurifolia (Mull.HaL \V.R.). E I' 

3 I PlagiollmiulII rhyncl!ophorul1I (Hook.) Kop. S A 

J2 Racopillllll africamlm Min. X, R I' 

33 Rhodobryul1I commersonii (Schwagr.) Brid. L A 

34 SematophyJlum subpinnallll1l (Brid.)Britt. E p 

35 Streptogon erythrodonws (Tayl.)Wils. E A 

36 SYlIIrichiajragilis (Tay!.) Ochyra. R,T A 

37 Trichos/OIllUIII brachydontilllll Bruch T A 

3S TllI/dillm varians Welw.et Duby T P 

39 Tlllfdium versicolor (Mull .Hal).Broth . T p 



40 TJwdium rall1lJScu/oslim (Mitt). A. Jaeger T p 

41 Frtlfhmia caffraria Steph. E Le 

42 Frlll/ania Iris/is (Steph). Slagercn E,X Le 

43 Lejelmea aetiopica E Le 

44 Lejeunea sp. Lib. E I.e 

45 LW1IIIaria cruciata (L.)Dum S Th 

46 Marchantia polymorpha L. S Th 

47 Marchantia sps L. S Th 

48 Melzgeria sps. Raddi S Th 

49 Plagiochila squamlilosa Milt. E Lc 

50 Porella abyssinica Pocs E Le 

51 Targionia /jps. (L.) T Th 

;2 Phaeoceros carolin iamls (Michx.)Prosk. T Th 
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Appendix 3 : Species in d ifferent land management ( , 
area v"-prcscnl. X- absent & - rare). 

Species Restoring Unrcsloring Mnnllgdc area 
area area (agr. land) 

I Anomobrylllll julaceul1I (P. Gacnn. el -' -' -' 
af. )schim. var. julacelllll 

2 Antlco/ia laevisphaera (Taylor ) Flower ./ X X 

3 Brachymecium exile? (Dozy et Molk.) ./ ./ -' 
Bosch et Sande Lac. 

4 Brachymeciul1I fongicolle (Ther)? ./ ./ X 

; Brachylheciul1I afro- glareo!J'II1t1 ./ X X 

(brolh.)par.? 

6 Brachythecililn borgeni (Hamper)? Jacg. -' ./ X 

7 Bra/mia secunda (I-look) Bruch et ./ ./ X 

Schimp. 

8 Brylll1l argenteum H4!dw. ./ ./ ./ 

9 BryulII keniae Mull. l-lal. X ./ X 

10 Bryllll1lll1i11inse Welw. et Duby ./ ./ X 

II Campy/opus pyriformis (Schlllz) Brid? ./ ./ X 

12 Cryphaea rlltenbergi(MUII. Hal. ./ X X 

13 Didymodon au:)'/ralasiae (Hook. & ./ ./ ./ 

Grev.) Zander 

14 Enlodon sp. ./ ./ ./ 

I ; Entodontella cameruniae Broth ./ X X 

16 Fabrollia pili/era Hornech ./ X X 

17 Fissidens sp., ./ ./ X 

18 Fissidens sp.2 ./ X X 

19 Frllllania caffraria ./ ./ X 

20 Frlll/al/oides Irislis ./ ./ X 

21 Hap/ocladill11l anglisliji/o/illll/ Hampe el ./ ./ X 
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Mull. Hal.) Broth 

22 Ilypllllm cllpressijirme Il edw. ./ ./ X 
23 Lej ellnea aetiopica ./ ./ X 
24 Lejellnea sp. ./ ./ X 
25 LeptodollliulII lati/olium Broth ./ ./ X 
26 Leplodonlium lp. ./ ./ X 
27 Lillierella neckeroides ./ ./ X 
28 Lindbergia patenli/olia ./ ./ X 
29 LIII/ Illaria crllciala (L.)Dul1I ./ X X 

30 Mocrocoma fenuis (hook.ef grell') ./ ./ ./ 

31 Marc/ulI1l ia po/ymorpha L. ./ X X 
32 Marchanfio l pS L. ./ X X 

JJ Melzgeria lpS. Raddi ./ X X 

34 Neckera remota (brllch et schimp. Ex ./ X X 

mull. HaL) 

35 OrlholrichulII aequalorum Mitt. ./ ./ X 

36 Orllio/ric/llIm jirmum venturi. ./ ./ X 

37 Plweoceros carolinianus (Michx.) Prosk. X '" ./ 

38 Philomis l pS. Brid. ./ ./ X 

39 Orlhoslicltel/a ponduri/olia (Mu ll.HaL ./ X X 

W. R.). 

40 Plagiochila squamulosa Mitt. X ./ X 

41 PlagiomniurII rhynchophorulII (Hook.) ./ ./ X 

Kop. 

42 Porella abyssinico Poes ./ ./ X 

43 Racopillllll africanum Mitt. ./ ./ ./ 

44 Rhodobryum commersonii (Schwagr.) ./ ./ X 

Brid. 

45 SemalophyJ/ul1/ subpinnalum ./ X X 

(Br id.)Brin. 
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46 SfreplOgon erythrodomus (Tayl.)Wils. ,/ X X 
47 Syntrichiafragilis (Tay!.) Ochyra . ,/ ,/ X 

48 Targionia sps. (L.) X ,/ ,/ 

49 7'richostol1luIII brachydonlium Bruch ,/ ,/ X 

50 Tll/IdiulII raml(sculoJllm (M itt). A. ,/ ,/ X 

Jaeger 

51 Thudilllll varians Welw.ct Duby X ,/ X 

52 71/Udilllll vers icolor (Mull.Hal).Broth. ,/ ,/ X 

;) Hypnaccae X ,/ X 

54 Pottiaceac ,/ ,/ X 

55 Pottiaceae ,/ ,/ X 

56 Poltiuccae ,/ ,/ X 
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Append ix 4: Sample plots and their geographical positions 

Quadrant(pIOl) G.F. AI1.(a .s.l.) m 

N N 

I 09 00' 09 .3" 03S 21' 25 .8" 2161 

2 09 01' 09. 1" O) S 21'25.5" 2162 

3 09 0 1' OS.7" 0)8 21' 25 .)" 216) 

4 09 01 ' 07.9" O)S 21'25.1" 2159 

5 09 0 1' 06.4" O) S 21 ' 24 .6" 216) 

6 09 01'0). 1" 0)8 21'20. 1" 2159 

7 09 0 1' 00.0" O)S 21' 14.5" 2179 

8 09" 01 ' 59.6" 0)8 21' )4 .4" 21S) 

9 090 1'01 .S" O)S" 21' 32.0" 2162 

10 09 01' SO.7" 0)8' 21' ) 1.6" 2164 

II 09 01' 0).0" 0)8 2 1' 37.S" 2171 

12 09 01' 0).5" 0)8 21' 38.8" 2171 

I) 09" 01 ' 03.2" 0) 8 21' 39.8" 2172 

14 09 0 1' 01.0" 0)8" 21' 40. 1" 2165 

15 09" 0 I' 02.8" 0)8" 21' )4.9" 2186 

16 09 00' 59.4" 038 21'33.1" 2175 
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17 09' 00' 58.8" 038' 21' 34.4" 2186 

18 09 00' 57.2" 03821'34.8" 2187 

19 09 00' 57.2" 038' 21' 34.8" 2187 

20 09 00' 57.0" 038 21' 49.0" 22 14 

21 09 01' 03.2" 038 21' 39.8" 2187 

22 O~OO' 55.0" 038 21'22.5" 2232 " 

23 09 00' 49.7" 038 21' 25.4" 2238 

24' 09"00' 46.5" 038' 21' 25.9" 2263 " 

• 0 ", Pick (hlghcst altitude In the study area ) 
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Append ix 5: spec ies and their geographical positions 

No. species G.F. AII.(,.s.I.) 

N N 
111 

I Anol/lob0'ulII j lllacelllll (P. Gacrtn. 09" 00' 07.9" 038 21' 47.0" 22 14 
el al.)schim.var. j ulacelllll 

2 Anacolia laevisp/wera (Taylor ) 09 01' 03.0" 038 21' 37.8" 217 1 
Flower 

3 Brachymeci /lfll exile? (Dozy Cl 09 01 '08.7" 038 21' 25 .3" 2163 

Molk.) Bosch el Sande Lac. 

~ BrachymecillllllongicoIJe (I1Jer)? 09 01'07.9" 03821'25.1" 2159 

5 BraehYI heel 11111 afro-glareoslIlII 09" 01'03. 1" 038 21' 20.1" 2159 

(brolh)par.? 

6 BmehYlheclllll1 borgen; (Hamper)? 09" 00' 55.0" 038 21' 22.5" 2230 

Jaeg. 

7 Bra/mia secunda (Hook.)Bruch e l 09" 00' 55.0" 038 21' 22.5" 223 1 

Sellimp. 

8 8ryuIII argefllelll1l Hcdw. 09' 01 ' 03. 1" 0382 1'20. 1" 2154 

9 80'uIII kellioe Mull.Hal. 09 01' 06.3" 038 21' 37.0" 2189 

10 80'lllllllllillinse Wclw. ct Duby 09 01'01.8" 038 2 1' 32.0" 2162 

II Campy/opus pyrijormil' (Schulz) 09' 00' 55.0" 038" 21' 22 .5" 2231 

8rid? 
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12 Cryphaea ru/enbergit' MUll. Hal. 09" 0 I' 00.0" 038" 21' 14.5" 2162 

Il Didymodon (fIlSlra/asiae (Hook. & 09" 01'03.2" 038" 21' 39.8" 2172 
Grev.) Zander 

14 Enladon llJ, 09" 01' 09.3" 038 21' 25.8" 216 1 

15 Enlodomella cf call/eruniac 09 01' 04.5" 038 21' 30.0" 2114 

16 Fabrollia pili/era Hornsch 090 1'00. 1" 038 21' 14.5" 2163 

11 Fissidells sp l . Hcdw. 09 00' 01.9" 03821'25.1" 2159 

18 Fissidem; 51'2. !-Icdw. 09 00' 51.2" 038 21' 34.8" 2181 

19 F mllania ca/!raria Stcph. 09 01' 00.0" 03821' 14.5" 2162 

20 Frul/allia (rislis (Stcph). Slagcrcn 09 01' 09.3" 038" 21' 25.8" 2163 

21 Hap/oelael; IIITI (lngllsl ifllol i ifill 090 1'08. 1" 038" 21 ' 24 .3" 2163 

Hampe ef Mull. Hal.) 8rol1l 

22 Hypnlll11 clipresl'ijirme J-Icd\\'. 09" 00' 51.2" 038" 21' 19.3" 2181 

23 Lejeunea cf aetiopica 09" 0 I' 09.30" 038" 21' 25.8" 2161 

24 Lejelillca sp. Lib. 09 01' 09 .30" 038 21' 25.8" 216 1 

25 Lep/odomilllll lati/olilllll 8rolh 09 00' 46.5" 038 21' 25.9" 2169 

26 Leplodolll/lIlII sp. '-lampe 09" 00' 59.4" 038" 21'33.1" 2115 

21 Liviere/la neckeroides 0901'09.3" 038" 21' 25.8" 2161 

28 Lindbergia palel/li/alia Dix. 09 01' 01.0" 0382 1'29.1" 2110 

29 LlI1111/aria crucioUl (L.)Dum 09 00' 59.6" 038 21' 34.4" 2183 

30 Macrocoma willis (hook.et grev.) 09" 01 ' 80.1" 038 21 ' 31.6" 2164 

31 Marchalllia polymorpha L. 09" 00' 59.6" 038 21'34.4" 2183 

32 Marchallfia Spj' L. 09 01 ' 03.5" 038 21' 38.8" 2158 
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JJ I'v/elzgeria sps. Raddi 0901 '03. 1" 038 21'20.1" 2159 
34 Neckera remota (brl/ell el schill/p. 09 01 ' 01.8" 038 21' 32.0" 2162 

Ex 111111/. /10/.) 

35 Orlhotric/mlll aequafaYllm Mitl. 09' 0 I' 03.0" 038' 21 '37.8" 2157 
36 Onholric/JlIIlI /irmlll11 venturi. 09' 0 I' 06.4" 038' 21'24.6" 2162 
37 Plweoceros caro/il/jamls 09 01 ' 03.2" 038 2 1' 39.8" 2m 

(Michx. )prosk. 

38 Phi/olliis ~1)S. Brid. 09 01 ' 03 .1" 038' 21'20.1" 2159 
39 Or,hosfic;hella p(mtlllrijo/ia (Mull. 09 01' 06.3" 038 21' 37.0" 2189 

HaL W. R. ). 

40 Plagiochila squomu/osa Mitt. 09 01' 09 .3" 038 21'25.1" 2159 

4 1 PlagiolllflilllJl rliYllchopliorlim 09 01 ' 07.9" 038 21'25.1" 2 159 

(Hook.) Kop. 

42 Porella abyssillica Poes 09' 00' 58.8" 038 21' 34.4" 2186 

43 Racopi/um ({ricollulII Mitt. 09' 01'07.9" 0382 1'25.1" 2159 

44 RhodobrYlI1I/ commersoll;; 09 01' 06.4" 038 21' 24.6" 2163 

(Schwagr.) Brid . 

45 SemorophyllulII .mhpimullulII 09 01 ' 07.9" 038 21'25.1" 2159 

(Brid.)Brill . 

46 Strop/agoll eryfhrodolllwi 09 01' 03. 1" 038 21'20. 1" 2154 

(Tayl.)Wils. 

47 Syntrichiajragilis (Tayl.) Ochyra. 09 01' 01.8" 038 2 1' 32.0" 2162 

48 Targionia ~'Pl· . (L.) 09 01' 03. 1" 038 21' 20. 1" 2154 

49 TricJios/ol1lllll/ bracliydollfilllll 09' 0 1' 03. 1" 038 21 ' 20.1" 2154 

Bruch 

50 Tlllltlilllll variam' Wclw.ct Duby 09' 00' 09.3" 038 2 1' 25.8" 2161 

51 Thutlill'" versicolor 09' 01' 08.7" 038 21' 25.3" 2163 

(Mu ll.Hal).BrOlh. 

52 Tlllldium ramllscu/osum (Mitt). A. 09 01' 08.7" 038' 21' 25.)" 2163 

Jaeger 
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53 Hypnaceac 09" 01 ' 06.4" 038 21' 24.6" 2163 

54 I'oll iaceae 09 01'01.0" 038 21' 29. I" 2170 

55 Pon iaceae 09 01 ' 01.8" 038 2 I' 32.0" 2162 

56 Pottiaccac 09" 01' 00.0" 038" 21' 14.5" 21 79 


