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ABSTRACT 

The diver,si fY (llId ecological allaly:,'i:,' of 1'(M'Clilar epiphyte:,' was s flldied i ll Cera Foresl in southwesfem 

Erhiopia af a/fillides befweell 1600 alld 2400 III a .. d . A loral area of 4.5 ha was surveyed ill coffee alld 

1101I-coffee forest vegetafion. Fifty salllplillg plofs, each 30 III X 30 III (900 11/ 1), were used for the purpose 

of daw col/eeliOIl. A lotal of 59 species of vascular epiphyte:,' were recorded alld of which 34(59%) were 

holo ep'j)hyte:", 111'0 (4%) were hemi epiphyles alld 22 (37%) :,pecies were accidenwl vascular epiphytes. 

To :,·tudy Ille allitlldinal dislribulioll of vascular epiphYles. altitudes were classified into higher >2000, 

//Iiddle 1800- 2000 and Jower 1600- 1800//1 a.s.1. accordillg to Shanl/otl- Wiener Index (HI = 3.411) of 
tJ. 

alpha dil'ersily file epiphyte COllll111111ily ill the sllldy area is medium. There was a stjlistically sigmjicalll 

dljerence belween host bark Iype and epiphyte richlless as determined by Olle~way ANOVA (F(3, 91) "'" 

21 .833, p = 0.001). The p(w- hoc fesl shows Ihal there is sigllificallf difference of vascular epiphyles 

riclme.\'S be/lt"eell Slllooll1 bark willi rough jlack and corky bark (P =0,00 I < 0.05), as we/J as rough alld 

cork bark (p =0.43 <0.05). Howevefjbelll'eetl rough alld j lack bark (p = 0,753 > 0.05) tmd belll'eenjlack 

alld corky bark (p = 0.854 > 0.05) 110 SigllijiC(lII t differellce of epipllyte abwu/allce was observed. ROllgh 

bark had 38%, corky, 26%. jlack, 25%, alld ollly 11 % ~'ascular epiphyles abundance occurred oll :"l1/ooth 

bark. 71te regressioll correlation test, (lr :: 0,773. p "" 0.0001 < 0.05), showed Ihal the /llIll/ber of species 

of vascular epiphytes and hosl DBH size are positively correlaled. The regression correlalioll tel'l (If = 

0.28, p == 0.0001 < 0.05), showed Illat tlte /lllIlIber of specie:,' ami hosllree height positively correlated. 

The host Iree preference of vascular epiphyles was recorded for ollly Villaria volkensii species hosted 0 11 

Sy=ygiulII guilleellse Irees. The result of similarily mwlysis indicated Ihal Cera Forest showed Ihe higllesl 

I'ascular epiphytic simi/aril)' (0.35) lI'illl Yayu Fore:,'t alld shared Ihe least l-'CIscular epiphYlic similarity 

(0.295) lI' ith Haremw Foresl. It was concluded thai horizOlltal siems and branches, large and rough. 

jlack alld corky bark type Irees are more suitable for vaSCII/ar epiphytes seedling allachmelllS alld 

growth. COllsen'atiol1 and prolectioll of Ihese phorophytes are importalll for the surivivlli of vascular 

epiphytes ami increase Ilteir ecological importtlllce. 

Key w()rds: Accidelllal eplj)/iy tes, 8ark lexture, Diversity, Hellli epiphyte, Halo epiphyte. Pltorophyle. 
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• 
CHAPTER ONE 

1.1. INTRODUCTION 

Epiphytes. commonl y referred to as air plants, arc special ist plants that grow on other plants 

(usuall y trees and shrubs). They derive their nouri shment from atmospheric sources. In fo rest 

ecosystem, ep iphytes play useful roles in nutrient cycles, provide shelter and nesting materials 

for some insects and bird species, and arc important sources of food for some foraging ani mals 

(Cox son and Nadkarni, 1995 ; Stuntz el 01., 2002). Epiphytes consti tute an important bio 

indicator group of species that can be monitored to provide use ful info rmat ion on overall 

ecosystem health and productivity, because of their arboreal lifestyle and sensiti vity to 

envi ronmental stress (Fat land, \996; McCune, 2000; Jovan and McCune, 2006). Epiphytes are 

ex tremely important elements of the flora (they represent about 10% of all plant species globally 

(Neider and Barthlott. 200 I). 

Epiphytes are responsible fo r much of the biotic di versity that makes humid tropical fo rests the 

most complex of all the world' s terrestrial ecosystems (Gentry and Dodson, 1987). Epiphytes 

may li ve high in the tree branches (in the canopy) and may also be attached anywhere along the 

trunk of a suitable tree. Most are found in the lower branches, where they are shaded. Most 

epiphytes can grow on more than one species of tree and even on rocks. They produce many 

seeds. because most will fa ll to the ground and d ie without lodging within the tree canopy. 

Growing on a tree. above the ground, allows these plants to escape animals grazing on the 

ground. It also reduces other ri sks faced by plants growing on the ground, such as flooding on 

the forest floor and ground fires. This growth habit also presents several problems. If the branch 
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on which an epiphyte is growing is broken from the tree by the wind, the epiphyte then falls to 

the ground with the branch. A larger problem is getting water and nUlrients. An epiphyte's roots 

serves to anchor it to its host tree, and not to absorb water and food. Some epiphytes receive the 

water the)' need from rain, others from dew and mist. Many epiphytes provide food and li ving 

accommodations for specific insects, birds, bats or other mammals. Epiphytes, both vascular and 

nonvascular, play cruc ial ro les in the water cycle of the forests. They capture moisture as rain or 

fog and then release it, along with vital nutrients, during dry periods, thus maintaining the higher 

humidity levels of this environment (Benzing, 1990). Pollinat ion of epiphytes is usually 

conducted by insects, bi rds, and bats (Benzing, 1995). 

Epiphyte distribution and occurrence arc impacted by the ex istence of a vert ical gradient of light 

.J 
within the canopy; leaf arrangcment (alternate, opposite , or whorl) may also afTect the passage of 

light from the upper canop)' to epiphytes photosyn thesizing below, oppositely-spaced leaves 

providing maximum light penetrat ion to the tree's lower branches. Water availability for the 

epiphyte at any stage of development not only depends on local rainfall and humidity, but also 

upon the bark type of the host tree . Seedlings growing on rough, porous, andlor water-retaining 

bark have greater drought res istance than seedlings growing on smooth bark unable to retain 

adequate surface moisture, and water scarcity continues as a threat for the mature epiphyte 

(Benzing, 1990), 

In addition to its role as a water sink for epiphytes, tree bark al so provides the essent ial substrate 

to which epiphyte roots anchor the plant far above the forest Ooor. Many Sludies showed that 

epiphytes in general are vulnerable to human disturbances (Hietz-Sci fert el af. 1996; Barthlott et 
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al. 200 1). Epiphytes can be used as indicators of forest d isturbance but they also provide 

resources and niche possibilities for canopYMdcpendent fauna (Benzing. \990). Since they are 

useful cl imatic indicators they can be used as a warning system for changing conditions III 

microclimate and even as ind icators of global climati c change (Benzing, 1998). 

The di versity and ecological anal ys is of vascular epiphytes was not studied in most of the 

Ethiopian forests. Most of the research carried out on Ethiopian forests dealt with identify ing the 

species dive rsity and analysis of vegetation structure. A study on epiphytes di versity is scanty in 

many African t countries. This could be possibly due. in part, to the limitat ion of experts in the 

C. 
field . The Gera Forest was highly dominated by wi ld ,0ITe<l, arabica and currentl y local fanners 

~ 

and investors are highl y involved in coffee cultivation in the study area. Coffee shrubs arc highly 

important for the attachment o f vascular epiphytes, especially for, Pofystachya clilirijormis and 

Diaplulllanle adm;a epiphyte species. The coffee itself bencfitcd from thc vascular epiphytcs in 

many ways. Epiphytes arc high ly important for eco logical service such as water and nutrient 

cyc ling, slowdown of high rainfall to the ground and rcgu lating the humidity of the forest. 

However, the local communities have no idea on the ecological importance of the vascular 

epiphytes. They th ink , they are parasites or missiletos, harm the coffee plant, and decrease the 

producti vity of the coffee. Similarly the study of MalthiasU OI); I-I ylander and Nemomissa , 

(:;OO~ found that farmers are concerned about epiphytes for a possible yield decline.Due to thi s 

misconception, they remove the vascular epiphytes from the coffee plant and other shrubs at the 

coffee culti vation area. This will be a challenge on future diversity and richness of the vascular 

cpiphytcs in the study area. The challenge is more tverfor Orcidaceae family. 
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AnOlher problem in the Gera Forest was fanners remove most of the shrub plants for coffee 

cu lti vation and canopy openi ng. Inappropriate coffee plantation management highly affect" the 

epiphytic di versity. Coffee cult ivators and investors use a limited number of plant species for 

coffee shade purpose such as Albizia gllmmifera and they remove under growth shrubs for 

reduction of competition to coffee plants. They remove tree species such as Syzygillll/ gllineense 

from coffee culti vated areas. !-Iowever, these plant species arc highl y important fo r vascular 

epiphyte attachment due to bark texture, DBH size , canopy architecture, and high moisture 

retention capac ities. Due to this reason, the species harbored a high number of species of 

vascular epiphytes. I-Iuman interference has highly affected the di versity and abundance of 

vascular epiphytes in Gera Forest. 

This sudy therfore aimed at finding the diversity, ecology and the current situat ion of vascular 

epiphytes in Gem Forest. 
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1.2. Objectives of the Study 

1.2.1 General objective 

.:. To study the species diversity. ecology and threats to the vascular epiphytes in Gcra 

Forest. 

1.2.2 Specific objectives 

.,.. To identify and document the vascu lar epiphyte species diversity 

» To study the vert ical distribution of epiphytes on phorophytes and theirs di stribution 

along an allitudinal grad ient. 

I'" To correlate the size of host tree (DBH, height), and the bark tex tures of the host trees 

to ep iphytic spec ies diversity. 

r To study the life fo rm and atHlchmcnl direction of vascu lar ep iphytes in Gem Forest. 

~ To identify the threats to vascular epiphytes in the stud y area and recommend would 

be solution for management of the species. 

1.3 Research Questions 

• What are the species diversity, distribution, and abundance of vascular epiphytes in 

Gera Forest? 

• What factors are inllllcncing the diversity and di stri bution of epiphytes? 

• What is the host tree factors affect ing the species diversi ty of vascular epiphytes? Is it 

the size of the host tree, dbh of phorophyte, bark tex tures of the phorophytcs, vertical 

gradient. humus deposition affect the richness and abundance of vascular epiphytes? 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1 Definitions of Epiphytes 

Many defi nitions of epiphytes have been formulated. Madison (1977) defined epiphytes as 

spec ies, which norma ll y germinate on the surface of another li vi ng plant and pass the entire life 

cycle withou t becoming connected to the ground. Ewusic , (1980) defined epiphytes as plants 

which grow attached to the tfunks, branches and even leaves of the trees, shrubs and li anas. 

Furthermore. Benzing, (1987) defined epiphytes as plants that spend much or all of their li ves 

attached to other plants. Epiphytes arc plants that li ve on other plants but do not take any food 

from them (they are not parasit ic). Many kinds of bromcliads, orchids and Cerns UfC found as 

epiphytes arc very cOlllmon in tropical rain forests. Epiphytes do not depend on their support 

plant for their nutritional requi rement , and are distinguished rrom parasites. Similarly. Kress 

(1989) de!i ned epiphytes as those plants that normally spend their entire life cyelc perched on 

another plant and receive all mineral nutrients from non-terrestrial sources. 

The efTect that they exert on their support is the we ight that they add to its branches. Epiphytes. 

however. provide the principal habitat for animals in the ecosystem. For example, the roots of 

epiphytes. flowering plants and rerns often provide the nesting place for arboreal ants (Ewusie. 

1980). One of the ways in which tropical epiphyt ic communities difTer from temperate ones is 

that wh il e temperate epiphytes consist almost entirely o r cryptogamic groups (algae, fungi and 

bryopites ) tropical epiphytes also include vascular epiphytes largely pteridopytes and flowering 

plants. According to the study of Kress, (1986). over 200 genera of 33 families of flowering 
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plants and abou t 20 genera of pteridophytes which arc estimated as epiphytes and 24, 000 or 

more vascular plant species arc epiphytes, which constitute a major part (perhaps as much as 

10%) of the global plant di versity. 

The bost plants (phorophytcs) on ly provide support for epiphytes. Epiphytes obtain mineral 

nutrients. water from the ai r, and th us are sometimes known as ai r plants (Benton and Werner. 

1974). The source o f water is mai nly precipitation but it can be from ai r moisture and water 

co llected in the cracks of the bark surface of the host plants (Johansson 1974). The d istinguishing 

and re markable feature of the epiphytic plant is thei r abil ity, in many cases their requirement, to 

grow in the canopy of the forest, rather than from the forest Ooor (Reynolds, 2003). Epiphytes 

have evolved to take advantage of resources not widel y available to other plants. 

2.2 The Mode of Existence and life forms of Epiphytes 

Epiphytes exist on their host plant by wrapping thei r root around the stem or branches (Kernan 

and Fower, 1995) and or by clustering with other epiphytes in mats (Matclson el al. I 993). Some 

epiphytes have adventitious roots, which enable them cling or enter bark of the host plant or in 

the accumulated organic matter and liner at landing sites. This mode of existence is more 

challenging for epiphytic plants than for the forest Ooor would be, they face physical instability. 

reduced facilities for storage of nutrients and water, high wind speed, and great Oucluat ion in 

temperature and moisture level (Reynolds, 2003). According to Johansson ( 1974), epiphytes 

occurring on the lower parts of the trees arc living under constant conditions of humidity and 

wo uld need li tt le fo r adaptation against desiccat ion. The film y fe rns, 'li'ic/Jomalles and 

/-Iymenophyllllm that arc commo n on the lowest parts of trunks. represen t the most drought· 

sensit ive epiphytes. Higher up on the trees the epiphytes with some what Oeshy leaves establish 
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themselves. In more exposed habitats. the size and total number of leaves arc reduced. The 

number of stomata and their distribution on the leaves may al so be of adapt ive importance. 

Based on drought resistance. epiphytes are di vided into twO major groups. the drought tolerant 

and the drought avo idant. The shape and texture of the leaves often indicate to which grou p a 

certa in species belongs. The leaves of the drought avoidant epiphytes, being deciduous. arc not 

adapted to survive the dry season; the drought tolerant epiphytes o ften have a reduced number of 

leaves (Johansson, 1974). Based on growth form s, epiphytes afC class ified into two major groups 

sympos ia and monopodia growth forms. Symposia growth means the planls develop a shoot 

which is limited in apical growth . Thus the development of pseudo bul bs and leaves takes placc 

during the wet season, each shoot terminating in an innorescencc. The following wct season a 

ne\\ shoot will appear. This growth IOfm is generall y considered to be favorab le fo r epiphytes 

(I-Ioltum. 1960) apart from giv ing them an indefinite length of li fe. According to Johansson 

(1974). orchids with sympodial gro\vlh life form would be no need of advanced adaptations 

towards desiccation however. Monopodia gro\.\1h li fe form. where each stem has an indefin ite 

apical growth, is subject to a more seriOlls threat to desiccation, s ince they keep their leaves 

during the dry season. Holtum ( 1960) states that orchid species havi ng monopodia growth life 

fo rm are found mainly in areas. which havc no long dry season. 

2.3 Factors ofthe Habitat on epiphytic Environment 

The factors of the habitat of epiphyte are not qui te the same as those of plants living on the 

ground. The fact that the substratum is raised above the ground level often means higher 

illumination and lower relati ve humidity. The host or the part of it to which the epiphytes is 

atlached may be inclined at any angle ranging from a horizontal to a strict ly vert ical posi tion; 

these create the problem of seed dispersal and successful y attachment and mai ntenance at that 
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angle. The bark of the host tree may be rather smooth, as is typical of tropical rain fo rest trees, 

and when thi s is the case, the problem of anchoring becomes aCllle. Where the host tree trunk has 

burrows and fi ssures or is covered with large and persistentc leaf bases as in the ease of oil palm 

tree. then anchorage presents no problem and the growth of epiphytes become luxurianl.The 

shortage of so il in the habitat means that epiphytes must necessarily depend on the small 

quantities of debris in cracks and hollows on the supporting trees, or on what debris they can 

co ll ect among thei r own roots and leaves. In addition, the ants, which inhabi t the root system of 

most epiphytes, gather dead leaves, seeds, and debris that are broken down in to humus. The 

humus improves the water-holding capacities of the soil and also provides the epiphytes with 

nutrients. Water shortage call become severe for epiphytes owing to the high rates of evaporation 

that are attendant up on low relative humidi ty. In order to overcome thi s, epiphytes ure ei ther 

drought resistant or conserve water supply (Ewusie, 1980) 

2.4 Illumination factors on Epiphytic Environment 

According to Ewusie (1980), the types of epiphytes found are related to three levels of 

ill umination: bright li ght ; dense shade; and a wide range of conditions. These levels affect the 

distribut ion of epiphytes at diffe rent heights on the trees, and are classi fi ed as follows: 

i. Extreme Xcrophilous epiphytes: These are the types of epiphytes, which li ve on the top most 

branches and twigs of the taller trees. Examples of which are some bromeliads and surprisingly 

some cacti. 

ii. Sun ep iphytes: These arc usuall y xeromorphic and occur mai nl y within the crown and on the 

larger branches of the upper tree storeys and which as a group form the richest of epiph)1ic 

synllsiae in terms of individual and of species. 
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iii . Shade Epi phytes: These occur mainl y on the trunks and lower branches of and may occur on 

the stems of the larger lianes. Shade epiphytes often show typical mesophtic and not zerophytic 

features. 

2.5 Inclination factors on Epiphytic Environment 

Difference in inclination and aspect between differen t parts of the same tree may affect the 

epiphytic vegetation n01 onl y by infl uencing the co loni zation of seeds and spores but also by 

modifying illumination and evaporation. Epiphytic vegetation on the vertical trunk wi ll be 

di fferent from 1ha1 on the hori zontal branches. For example, it is noted that large epiphytic ferns 

like AsplelliulII nidus and Asplenium afi'icllll wlI tend to pre fe r the tru nks to the branches (Ewusie, 

1980). As the inclination of the surface also affects the rate of accumulation of humus, certain 

humus epiphytes occur o nl y where relati vely large amounts of humus can coll ect , as in the forks 

of branches. Inclinat ion of trunk and branches indi rectl y affects the vertica l d istribution of 

epiphytes. the interception of light and water itu..:rcnsc as inclinat ion deereflses. Decreasing 

inclinat ion also enhances the sllccess ful sett ling of seeds and spores and the accumulat ion of 

organic material (Ter Steege and Cornelissen, 1989). 

2.6 Age factors of host tree on Epiphytic Enviro nment. 

The epiphytic vegetation on tree may also depend on the ages o f host tree (Ewusie, 1980). For 

example, the epiphytic vegetation o f Allingio excels when it is young tree and smooth- barked is 

different fro m thai on the same plant when it becomes o ld and scaly barked. 
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2.7 Adaptation of Epiphyte Community to Nutrition 

According to Benzing, ( 1990) epipbyte growth is often limited by inadequate nutrient supply. 

Nutrient leached from the upper canopy arc trapped by epiphytic plant (Tukey, 1970; Benzing, 

\990) . The mineral composi tion of rain through fall available to epiphytes is variable. Variability 

is depending on seasonal d ifferences in the airborne deposition and on the type Idens ity of the 

upper canopy. According to Nadkarni and Matclson, (199 1), the estimated nutrient input from 

litter fall retained wi th in the canopy was shown to be small relative to epiphytic productivity. 

They concl ude that the nutrient source contributing to epiphyti c nutrition, atmospheric deposition 

and foliar leachate were likely to be important. 

According to Ewusie, (1980) epiphytes differ in their adaptation to the collection of water and 

the accumulation of soil. l3ased on their adaptation he classi fied them in to four forms of 

adaptation, as fo llows: 

i. I)roto epiphytes: these an: rather simple forms with no spec ial structures for the col lection 

of water or so il. The roots or rhizomes creep on the support plant in order to exploit a 

large area of substratum. They have xcromorphic structures with variolls types of organs 

for watcr storage. A characteristic anatomical structure is the spccial non- living tissue (It 

the outside of the aerial roots, the velamen tissues become fu ll of water. When thi s water 

dries up in dry weather, the velamen then serves as a layer agai nst further loss of water 

and excessive heating. Examples of such proto epiphytes include the epiphytic orchids, 

ferns , and species of peperomia and l'accinillm (Ewusie, 1980). 

11 . Nest and bract Epiphytes: these types of epiphytes accumulate humus and debri s from 

which the roots obtain water and mineral substances. The roots of nest epiphytes form 
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dense interwoven mass, which looks like a bird 's nest, ants nest in these roots and helps 

to make humus avai lable. Ferns, aroids. and orchids are among the nest epiphytes. 

Bracked epiphytes have bracket like leaves. 

Ill. Tank Epiphytes have long broad stitT leaves which form a rosette with their sheathing 

bases which holds water. 

I V. I lemi epiphytes develop long aeria l root, which eventually reach the ground from where 

they are able to obtain water and nutrient like normal land plants (Ewusie. 1980). 

2.8 Dispersal Mechanisms of Epiphytes 

Nearly all epiphytes have fruits, seeds, or spores with special mechanism for dispersal. This may 

be suited for dispersal by animals or by wind. Often the frui ts arc fleshy with sticky pulp. Thus 

the seed easil y sticks to the bark of the tree whe re they may germinate. The very small seeds of 

orchids and the spores of ferns arc very light indeed and arc easily carried by the wind. Where 

the seeds are heavier, tbey often have parachute appendages. Epiphytes produce far more seeds 

than their grounded counter parts because so many of thei r seeds fail to reach sui table places to 

grow. Many ep ipbytes have wind-dispersed, microscopic seeds equipped with wi ngs, gliding 

apparatuses, or parachutes. Even epiphytes that otTer fleshy fruits may have several thousand 

seeds in a single berry. In addition, the seeds have a sticky coat, so they can easil y stick to the 

tail and feathers of birds. Hence. when the bi rd rubs the seeds on canopy branches. complete 

with natural fertilizer, the seeds end up injust the ri ght place for growth (Chansa et. aI2012).Thc 

largest num ber of epiphytes occurs among the orchids and the pteridophytes. which both have 

vcry millllte di aspores. These are so small thaI they can easil y be carried by the wind. According 
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(0 Jloltum ( 1960). insects di sperse epiphytes. Ants may have an important func tion in several 

\\ays. They may cafTY seeds. espec iall y small seeds which contain food useful to them. Some of 

th l;! seeds. including seeds of orchids. arc sought chiefly for oil drops in the Ollter ti ssues and ants 

ma) nol destroy the embryos. The seeds grow in ants' nests. which provide shelter and mineral s 

lor the seedlings. Numcrous birds, bats. monkeys. and squirrels li ving in the trees may also 

contribute to the dispersa l o Cthe epiphytes. 

2.9 Holo-Epiphyte, Hemi·epiphyte and Accidental 

Epiphytes 

2.9.1 Holo epiphytes 

Also termed "true epiphytes" are plants that never root in so il ; this type completes its cntire life 

cycle anchored to a host plant. and receives mineral nutrients only from non-terrestri al sources. 

lIolo-epiphytes grow slowly and tend to have a long life span (Nadkarni , 1992). For that reason. 

it is likely that substrate instabi li ty, due to tree or branch fall or detaching bark. is a major factor 

of mortal ity among holo epiphytes (Laube and Zotz, 2006a). 

2.9.2 Hemi epiphyte 

It is strictl y epiphyti c for one stage of the life cycle but becomes rooted in the soil during another 

stage. Hemi epiphytes maintain soi l contact for at least part of thei r li fe by means of aerial roots. 

Primary hemi epiphytes start their li fe as epiphytes, germinating on a host tree and sending down 

aeri al roots to the ground to take up nutrients (Benzing, 1990). Some primary hemi epiphytes may 

strangle or kill their host (e.g. , C1l1sia spp., FicliS spp.); others never do so (Philodendron spp.). 

Secondary hemi epiphytes germinate on the forest floor before climbing a host tree, keeping their 

roots connected to the soil during their entire li fe cyc le (Kress, 1986). 

13 



2.9.3 Accidental e piphytes 

Arc predominantl y terrestrial plants that acc idelltall y germinate 111 the tree trunk crevices 

without special adaptations to epiphytic life that can occasionally be found growi ng in so il 

pockets on tfees or on rott ing stumps (Fernanda and Talita, 2000). 

2.10 Host Prefere nces a nd 1·los t Traits of Epiphytes 

Di rrerellce in abundance and flori sti c compositi on of epiphytes may depend on the support 1ree 

(Ewusic, 1980). The abundance of ep iphytes on Salllallea !1'anWII, for example as compared with 

that on other 1ree species commonly planted in trop ica l towns, is o rten very marked. It has been 

shovm that the speciali zat ion of epiphytes on some species of trees is due not to phys ica l factors 

but rather to the chemical composition of the barks (Ewusie, 1980). Under suitable conditions or 

humidity, irrad iat ion, and nutrients, almost all trees cou ld suppon epiphyti c plants. In less 

suitable sites, however, on ly trees with rough and weathcred bark have ep iphytes due to an 

cnhanced capacity for water and nutrient retention by these substratcs (Ter Steege and 

Corne li ssen , 1989). Vascular epiphytes are common in SUbtropical , tropical , and temperate 

rai nforests , making up about 10% of the world 's total fl ora (Kress 1986). Epiphytes benefit 

substantiall y from their host tTces, and so the overa ll relationship, at least in one direction, is 

facu ltative. According to the study of Ragan el of. (2002) the salient role of the host appears to 

be simply to provide substrate above the forest floor. Studies of vascular epiphyte-host 

associations have ident ified a complex array of potcntial interacti ve mechanisms that could lead 

to species-specific interact ions. These include variation in canopy effects on light. a ll elopathic 

and/or fertilization e ffects through fall , substrate moisture condit ions, bark stabi li ty. and factors 

such as bark surface rugos ity that might afTect epiphyte co loni zation (Ragan el 01. , 2002). All of 

these factors are likely to vary among hosts. Tree bark is a common substrate for man y epiphyte 
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specics. a number of which grow almost exclusive ly on this surface (Sarah, and Bruce, 20 11 ). 

Observations of the distribution of bark epiphytes on trees of different species suggest host­

specific differences in composition and abundance. With the bark characteristics of the host tree 

affecting the ability of different epiphytes to establish, remain attached, and grow on the bark 

surface (Wyse. and Burns, 20 1 I). Individual host trees can contai n a diverse community of 

epiphytes that may, or may not, be similar to those fo und on other host trees belonging to even 

the same species, emphasizing host specifi c differences in ep iphyte community assemblages 

(Laubc and Zotz. 2006a). Microhab itat resource avai labil ity, particularl y water suppl y and, to a 

lesser extent, nutrient supply has perhaps the strongest influence on epiphyte diversity. and a key 

fac tor in determi ning a good host (Sots, and I-lietz, 2001). Many epiphytes show prefe rence for 

specific host traits such as tree age, size, branch size, bark quality, and mieroclimatic conditions 

associated with the host (Zotz and Schuli tz, 2003). 

2 .11 Structura l Adaptations of Epiphytes 

Many ep iphytes have a waxy layer over their leaves to protect against water loss during dry 

periods and have roots that absorb water from the humid atmosphere (Reynolds, 2003). Many 

epiphytes also show xeromorphism, including thickened cut icle, sunken stomata and sllceul ence 

(Vickery, 1984). The same author ind icated that many tropical epiphytes belonging to the 

Orcbidaceae family extend thei r roots outward into the air appearing as thick, unbranched 

whitish organ. Covering the surfaces of the roots arc special layers of ce lls, which can take up 

water rapid ly from the brief showers. 
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2.12 Water Economy of Epiphytes 

Most of the substrates used by epiphytes have a limi ted storage capac ity for water. This means 

that the epiphytes themselves must be able to affect a rapid water uptake during the limi ted 

period when the substrate is wei, or collect the water in small pools between the leaves (tank or 

cistern epiphytes among many bromcliads of the Americas). Water absorbed in humus may also 

serve as a water suppl y. The roots of epiphytic orchids ex hibit several speciali zed fealllrcs in 

their morphology and anUIOJll y. The aeria l roots arc surrounded with a white, papery, or spongy 

laye r of dead ce ll s ca lled the ve lamen (Johansson, 1 974). Different parts of the epiphytic parts 

arc appropriate fo r water storage. Some epiphytes with a large root system compared to the SICIll 

and leaves natura ll y hold a major part of the water in the rOOIS. As a rul e the stem and rhi zomes 

of most epiphyti c orchids arc woody and hold only minor amoun ts of water suppl y. 

2.13 Distribution of Vascular Epiphytes on Phorophytes 

The distri butions of epiphytes depend on the phorophyte species, age and characteri stics such as 

shape, bark text ure, branching patterns and height (Fre iberg, 1996). Also crown shape, size of 

leaves and canopy density, affect the total rain reten tion and rearrangement, which also 

innucnces the distribution or epiphytes (Patri ck, 2007). In addition to environmen tal 

characteristics, intra and interspecific interactions can also control the distribution patterns of 

some species (I-lietz and Hietz·Se ifen, 1995). Distri buti on of epiphytes among different host 

species is re lated to factors such as moisture retention, chemical compos ition and bark 

morphology, which can be decisive on the establishment and development of some species 

(l3enzing, 1990). The venical distribut ion of epiphytes is mostly determined by patterns in 
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photon nux density (PFD) and humidity in subsequent fores t strata (Tcr Steege and Corneli ssen. 

1989). 

2. 14 Host tree cha racteristics 

Johansson ( 1974) has published that the physical. properties, and chemical composit ion of the 

bark affect the vascul ar epiphytes in several ways. Sanfo rd ( 1968), Ter Steege and Cornelissen 

( \989) and Johansson (1970) found that in relati vely dry areas, smooth barked trees carried 

fewer epiphytes than rough barked trees. The importance of the bark relief has been connected 

with the establishment of the seedling. A deep-fi ssured bark could provide both suitable 

microclimate for the germi nation of seeds and spores, and also casily prevent the young seedling 

from being washed away (Johansson, 1974). The pH va lue exh ibi ts a more or less significant 

pallem within the phorophyte. The lowest value was obtained from the upper part of the main 

trunk and the outer branches (Johansson, 1974). Many authors using various methods ha ve 

stud ied the pH of the bark. It has been observed that the pH value decreases from tilt; base of the 

trees and upwards, probably due to decreasing dust content. 

2.14.1 Humus Deposit 

The accumulation of hUlllus starts with decomposition of the outer layers o f barks by fungi, 

wh ich in many eases are connected to the roots o f epiphytes. The ex ternal material s like dead 

leaves, twigs, small branches etc. from the phorophytes itsel f can be assumed to form the bulk o f 

the depos it. The root systems of the epiphytes also help to catch debris . The deposition o f humus 

ean also take place through the accumulat ion of organic material s by wi nd, an imals, and water 

runni ng along branches and stems, help in the deposition of humus. Ants and termites carry 

materia l o f inorganic and organic ori gi n up in to the trees. The formation of the humus was slow 

17 

( 



on the phorophylcs. It was estimated thai il takes 10 years to form a layer of 10 em thickness The 

external contribution to the assemblage of humus Inay be small in volume but important in its 

nutritional c OCCI on the epiphytic fl ora (Johansson, 1974). 

2.15 Slow Growth Rate and Establishment Limitation of epiphytes 

Epiphytes arc inherently slow growing organisms and usuall y take a long period of time to full y 

reach maturity and co lonize thei r hosts (ZOIZ, 1998). The slow growth of epiphytes is assumed 10 

be a result o f the in termittent supply of water and nutri ent s in the habitats they occupy (Benzing, 

1990). Growth rates and habitat suitabil ity determine epiphyte establi shment process. The 

inabil ity of epiphytes to co lon ize or establish in a new stand can be referred to as establishment 

limitation. Establ ishment limitati on in epiphytes cou ld be related to biotic factors like 

competition and host specificity (Sillc tt ef aI. , 2000). Substratc ava ilabi lity is a critical factor in 

epiphytc species diversity because dispersed seeds or spores requi re suitable substrates to 

germinate. grow, and co lonize. Epiphytes usually establish on the tree bark and branches. and 

trapped so il or organic matter in crev ices on bark surfaces and branches . Their preference for 

these substrates is related to the roughness, water-holding capac it y, bark pH, branch age and 

branch size (Callaway el ai. , 2002) 

2.16. Climatic Factors 

2.16.1 The effects of rainfall and seasonality on epiphyte 
community composition 

Epiphytes can onl y have access to water afte r exposure to rain or dew. Mature epiphyte success 

is more likely a fac tor of rainfall distribution during the year rather than total annual rainfall 

(Benzing, 1995; Reynolds, 2003). In a study o f vascu lar epiphytes in Weste rn Amazon ia, Kreft 
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e( al. (2004) found that climatic patterns of high annual rainfall and low seasonalit y were 

strongly correlated with high species richness. Benzing (1998) suggests that arcas that receive 

heavy but unevenl y distributed rainfall arc morc likely to have smaller and less diverse epiphyte 

communities than arcas wi th less total but more evenl y di stributed rainfall. The rainfall may not 

on ly be of importance for the water economy of the epiphyte hut also serve as a source of 

nutri ents. 

The high diversi ty of vascular epiphytes in the trop ica l forest may be the result of high rainfall 

distribution (Johansson, J 974). Wi th higb environmental humidity in the rain forcsl. one would 

thi nk waler loss through transpirat ion wou ld be minimal. High in the canopy, however, a ir 

ci rculation and turnover is greater than at the fo rest noor, so condit ion is drier. In dry climates. 

epiphytes arc restricted 10 non-vascular epiphytes but in warm, wet climates, fe rns and flowering 

plants are abundant (V ickery, 1984). Therefore, accordin g to Vicke ry (1984), of a ll classes of 

vegetation, epiphytes are the most dependent on humid ity. The greatest abundance o f epiphytes 

is found where there is a yearl y ra infall of 100 inches (::::: 2500 mm) or more and where no month 

has an ave rage of less than 2 or 3 inches (Hoi tum, 1960; cited in Johansson, 1974). 

2.16.2 Light and epiphytes 

Epiphytes may ex perience photo system damage in hi gh light or may experience li ght limitation 

in deep shade ( Ragan, el. (II 2002).A higher abundance of ep iphytes occurred at intemlediate 

heights on the phorophytes, probably because of an intermediate li ght incidence at these 

positions. Shade tolerant species are 1110rc onen found close to the forest floor than that requiring 

sun radiation (Reynolds, 2003). 
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2.17 Severity of Disturbances for Epiphytic Diversity 

Disturbance that causes the loss o f a preferred host species or suitable habitat can consequently 

result in the loss o f dependent epiphyte species (I-lietz, 1998). In addit ion, a d isturbance event 

disrupts the prevailing microclimatic conditions in the habitat, and the resulting changes in 

microclimate arc key determinants of epiphyte assemblages (Samuel and !-Ian, 20 12). Both 

stand-rep laci ng di sturbance and intermediate or non-sland-replacing types of di sturbance might 

affect epiphyte spec ies di versity in several ways. Stand-rep lacing disturbances have both short 

nnd long term e ffects on epiphyte diversity (Samuel and I-Ian, 20 12). Stand rep lacing disturbance 

such as wild fi re potentially consumes all host trees including old, large trees and branches. 

together with available in silll di spersed propagulcs, result ing in loss o f epi phytes in the stand or 

landscape. Because all trees present are phys ica ll y consumed including old trees, specialized 

epiphyte species that require or establish so lely on old and large trees and branches arc 

p~l rticularl y vulnerable. In the event that stand replacing di sturbance initi ales a new stand or 

creates a mosaic of yo ung and old-growth stands at the landscape, epiphyte propagules for 

colonizing the new. yo ung stands would have to come from a nearby source community, usuall y 

an adjacent old-growth stand (Samuel and I-I an, 201 2). Intermediate or non-stand replac ing 

di sturbances such as tree fall , blow down, disease, and insect outbreak cause partial tree 

mortality. resulting in the loss of habitat or establishment substrates for epiphytes because of 

their less severe nature, many preferred hosts and habitats are retai ned, together with in sitll 

propagules, and therefore less di versity loss. Such small-sca le disturbances typically create space 

in the canopy with the concomitant rclease of hitherto scarce resources such as light and 

moisture. This may enhance epiphyte species diversity since the niche requi rements of the 

different resident epiphytes can be met (Samuc\ and Han, 20 1 2).There is however, the potent ial 
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of high inso lation and desiccation in the new open environment in the disturbed habitat to whieh 

some epiphyte species that arc not well adapted to it may be affected (Laube and Zotz, 2003). 

2.18 Global Climate Change and Epiphyte Diversity 

Cl imate change is wide ly considered one of the greatest threats to biodiversity (Samuel and I-Ian , 

20 12). Epiphytes occupy narrow ecological ni ches because of their existence at the interface of 

vegetati on and atmosphere. Therefore, changes in lI tmospheric cli mate can potenti all y alter the ir 

diversity. Many studies have demonstrated that temporal and spatial variatio n in climatic 

conditions including moisture, humidity, temperature, and rain fall patterns infl uence epiphyte 

diversi ty (llietz and Briones, 1998; Zotz and I-lietz, 200 1). Epi phyte di vc rsity is not only directl y 

affected by changing climates. Drought and global warming a ffec t epiphytic diversity indirectl y 

increase tree mortality, fi re acti vity, and insects and p.:lthogens assoc iated with cl imate change 

(Logan el aI., 2003; Flann igan el al., 2009). 
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CHAPTER THREE 

3. Material and Methods 

3.1 Study Area 

3.1.1 Location 

The study was conducted in Gera District, Jimma Zone of Oromia National Regional Siale, 

So uthwest Ethiopia (Figure I). The study Forest is located a l about 380 kill from Addis Ababa 

and has a total area of 80,830.4 ha. The altitud inal mngc of the study Forest varies from 1650 to 

2320 III a.s.1. Gera District has an area of 1,330. 1 km2 and one urban center, Chira town. It is 

bordered on the south by Gojeb River which separates it from the Southcm Nations, 

Nationalities and Peoples Region, on the northwest by Sigmo, on the north by SClcma, on the 

northeast by Gomma, and on the east by Scka Chckorsa di stri cts ( Figure 1). 

n..­o 
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! 

Figure I Maps of Ethiopia and Jimma Zone showing the Study Area 
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3.1.2 Topography 

Gera District is characterized by mountains (Waka, Kimbibit and Timba), plateaus (Chcwra and 

KcUa). plains (Walla, Keeho, Tuta and Tuam Mayi.) and va lleys (Nasa and Oojeb). The District 

extends between 1390 and 2980 m a.s.l. Gera Forest, however, is situated in the intermediate 

al titudinal range between 1600 and 2400 m a.s. 1. (GPS reading du ring field work). 

3.1.3 Soil 

The study area has a dyslric nitisol soil type, wh ich is deep, clay red soil. The soi l is porous and 

has good potential fo r agriculture, good phys ical propert ies, stable st ructure, deep rooling 

,alume. and high moisture storage volume. Onhic acri sol and dystric nitosol arc the major soil 

types found in Gcra District (GDARDO., 2012). 

3.1.4 De mographics 

The 2007 national census reported a total population for this Distri ct of 11 2,395, of which 56,488 

wcre men and 55,907 were females; 4,746 or 4.22% of the population were urban dwe llers. The 

three largest ethnic groups reported in Gera Distri ct were Oromo (86.08%), Amhara (8.27%), and 

Kafficho (4. 16%); all other ethnic groups made up 1.49% of the population. Afan Oromo is 

spoken as a first language by 86.02%, 9.71 % spoke Amharic, and 3.48% spoke Kafa: the 

remai ning 1.52% spoke all other primary languages (Wikipedia, 20 12). 
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3.1.5 Climate and agroclimatic zones 

The rainfall and temperature data for the study area was collectcd from National Meteoro logic"l 

Service Agcncy (NMSA, 20 13). The mean annual temperaturc is about 18.4Co and thc mcan 

minimum and max imum tempcmtures are I \.7 CO and 26.5Co respectively. '1l1C mcnn annual 

rainfall of the study area is 1805 mm (Figure 2). Gera is classified into dcga (5%), woinadega 

(75%) and koBa (20%) agroclimatic zones (G. DA R.D.O, 2012). 
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Figure 2 C li madiagram of the study area showing rainfall di stribution and tcmperature variation 

from 2000 to 20 10. Data source: National Meteorological Service Agency (NMSA, 20 \3). 
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3.1.6 Land use, agriculture, trade and tourism 

The proportion of arable, grazing and forest lands in Gera District is 15.47%, 5.6% and 56% 

respect ively (GDARDO., 20 12). The remaining land area is either degraded, built-up or serves 

for other purpose (Table 1). High forest, woodland and plantation forests arc avai lable in the 

District The majority of the natural forests are under the government protection. Gcra District 

has 226,754 cattle, 54,80 1 sheep, 14,473 goats, 7,041 mules, 30,532 horses. 1934 donkeys <lnd 

21.205 poullry (GDA RDO., 20 12). 

There were some retail traders, small shops, and open markets, in the District . Tefl~ maize, 

wheat, sorghum, barely, horse bean, field pea, peppers, fruits, spices, and corree are important 

cash crops in the District. Honey production is also practiced in the forest area. Regarding 

touri sm, water fall on the aso River, hot springs at Walla and Timba Chele and largely 

available wi ld animals are some of the major potentials of the development of touri st industry in 

the District. Moreover, hi stori cal ly, the District is one of the five Gibe States, created by Guunji , 

around 1835 (G.D.A.R.D.O .• 20 12). 

rable 1 Land usc pattern of Gera District 

No. Land usc Type ArCll in hcctllrc % 

1 Potentia l arab le land 22,323 15.47 

2 Grazing land 8089.22 5.6 

3 Forest 80,830.4 56 

4 Cultivable land 3,1 48 2.18 

5 Uncultivable land 5.901.76 4.09 

6 Construction 9002.62 6.24 

7 Others 15,045 10.42 

To tal 144,340 100 

Source: G.D.A.R.D.O. (2012) 

25 



3.1.7 Wild life 

The Forest vegetation of Gera Distri ct hosts various species of wi ld animals including mammals. 

birds, reptiles and amphi bians. Some of the common mammals like buffalo lion Colobus • • 

monkey, Gelada baboon, verve! monkey. leopard , warthog, pig, civet cal and antelope arc found 

in Ihe Forest. However, the wild life popu lations of tbese animals are under severe threat due 10 

deforestation and habitat fragmenta ti on mainly because of human encroachment. There is no 

wildl ife conservation area in the District. 

3.1.8 Drainage 

Gera District, with an altitudinal range between 1390 and 2980 m a.s.1. and with vanous 

topographic land romls, is endowed with numerous streams and ri vers. Several perenni al rivers 

such as Nasa and Gojeb, and intermittent streams (Atta, Naniya, Sisay, Koka, Dacho.) arc 

flowing through the District. Loca ll y protected springs, rivers, developed springs and well s arc 

the major sources of drinking water in Gem (Wikipedia, 2012) . 

3.1.9 Vegetat ion 

The vegetation type of the study area is broad·leavcd and moist montane forest with important 

spec ies in the forest includ ing Olea capensis, Scheff/era abyssinica, Prill/liS a/ricana, 

Elaeodendoron, buchannanii, Diospyros abyssinica, A/bizia gummifera, Syzygium guineense, 

Bersama abyssinica, POll/erio adolf! ji-iedericii. Apodyrel' dimidiaw, Cassipourea malosano, 

Cel,is a/ricana. Croton macros/achYllS, Ekebergia capensis and Ficlls sur ( lBe 2005.) 
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The high rorest area o r Gera Forest has been cleared ror COffell plamati on, road construction, 

ti mber harvesting, and agri cultural intensifi cation which resulted in bushland and rarmland 

fo rmat ion. 

. 
I. ". -. 

Plate 1 Photo showing parts orGera Forest (Photo by Bcdilu Tarcsse) 
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3.2. Marerials 

The muwria ls thai were lIsed during the actual plant data collection in the field were plant press, 

Pole culler, Secatcurs, Plastic bags. Diameter tape, Binocular, GPS, Digital camera and Tree 

climbing rope. 

3.3 METHODS 

3.3.1 Reconnaissa nce survey 

A Reconnaissance survey of the study area was done on November 15, 2012. The actual 

collection of the samples was carri ed out from November 16/2012 to 13 December 20 12. 

3.3.2 Sampling design 

Sampling method employed was systematic sam pling method. A line transect was laid along un 

altitudinal gradient between 1600 to 2400 m a.s. 1. Sampling sites were arran ged along transects 

in three di rections. The first transect was laid from Chira lawn to Anfallo . The second transecl 

was laid from C!lira town to non- ColTca Forest of Gem. The third transcct was laid from Chi m 

town to Beshasha town , on the way to Agaro. The size of each rei eve was 30 In x30 m (900 m
2

). 

The plots were arranged at a di stance of 100 m from each o ther depending on the length of the 

transect. In each releve, the number of individual species o f epiphytes occurring on the 

phorophytes were counted. The OBI-I (diameter at breast he ight) and bark texture of the 

phorophytes. a ttachment direction of epiphytes, height of the phorophytes, and dctcnninntion of 

the exact location o f the epiphytes on the phorophytes were carried ou\. The area around the plot 

28 



I 

and along the transect line was searched systemat ically for additional epiphyte spec ies in order to 

complete inventory. A total of tiny (SO) quad rants were analyzed. 

3.3.3 Epiphytes and Host sampling 

During sampling, all vascular epiphytes occurring on hosl trees rooted inside the plots were 

recorded. Sample collection of vascular epiphytes was performed with the help of indigenous 

climbers. The number of vascu lar epiphytes on each phorophyte was counted. Those epiphytes 

occurri ng in dense stands such as Peperomia abY!iSil/;ca and O'Ylwria volkel/sii, Peperomia 

felraphylla, Peperoma molleri. Polysrachya be""ellial1a were counted as one individual 

followi ng Barthlott el 01. (200 I) and Johansson ( 1974), where one stand is counted ' as one 

ind ividual. 

To sludy the altitudinal distribution of vascular epiphytes, the alti tudes were systematica ll y 

classified into lower 1600 - 1800 m), middle (1800 - 2000 m), and higher (2000 - 2400 Ill ) 

altitudes. The vertical di stribut ion of vascular epi phytes on the phorophytes was studied 

fol lowing Johansson zonation (Johansson, 1974). Accordi ngly. host trees were parti tioned into 

four sections as depicted in Figure 2: (i) 0-2 In above ground level , (ii) stem from 2 m 10 below 

first branch, (iii ) intermediate height (from first branch to below thi rd branches), (iv) upper 

crown (from third branch and above). Trees, which arc dangerous to cl imb, were not selected. 
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Figurc 3 Modified from Johansson Zones ( Johansson, 1974). 

Legends: 

I =0 to 2m above ground level. 

11 = stem from 2m to below first 

branch. 

[II = in termediate hcight (from 

first braneh to below third 

branchcs. 

IV= upper crown (from third 

branch and abovc. 

To investigate the relationsh ip of host tree characters with epiphytes abundance and diversity, the 

bark waS classified into rough, corcky, fl acky and smooth tex ture. The abundance and exact 

location of vascular epiphytes on the phorophytcs, and the li fe forms of epiphyte spec ies were 

determined. 

Dbh and I-Ieight of host tree (phorophytes) was also measured to correlate epiphytes abundance. 

I-lost size was classified as follows: slllall phorophytes with diameter at breast height (dbh) 2.5 to 

20 cm: medium phorophytes dbh 21 to 50 cm and larger phorophytes dbh > 5 1 cm. 

Plant specimen identification look place at the Nat ional Herbarium (ETJ-I) of Addis Ababa 

Uni versity by means of taxonomic keys. comparison with authenticated Herbarium co llections. 

and with reference to the publi shed Flora of Eth iopia and Eritrea. The life forms of epiphytes 

were recorded fo llowing Hosokawa ( 1943 ; cited in Freiberg. 1996). 
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3.4 Data Analysis 

3.4.1 Epiphytes and host relation analysis 

The re lationship between the size of host trees and the numbers o f epi phyte species per host trees 

was analyzed by using regression correlation stati stical package SPSS vers ion 20. The influence 

of bark texture o f the phorophytc on the diversity and richness o f epiphyte spec ies per tree was 

analyzed by one way A OVA stati stica l package SPSS version 20. 

3.4.2 Epiphyte diversity analysis 

The diversity of vascular epiphytes in Gera Forest was anal yzed by using Shannon · Weiner 

di versity index. 

Shannon· Weiner divers ity index was calculated by the following formula. 

s 
H ' = - L P; lnp; 

i=l 

Where; 1-1 : Shannon-Wiener Index 

Pi: is the proportion (n/N) of indi vidual epiphyte species 

Ln: is the natural log 

L: is the sum orthe calculations, and 

$ : is the number or spccies. 
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3.4.3 Similarity coefficient analysis of Gera, Hal'enna and Yayu 

forest epiphytes 

Sorensen's similarity index was used to determine the pattern of species turnover between the 

epiphytic community o f Gera, J-Iarcnna, and Yayu forests. The epiphyt ic data fo r Ilarenna and 

Yayu was obtained from the study of Tes fa Alcmaychu (2006) and Abuna Tfa (2010) 

rcspccti vel y. 

Calculated as follows 

Where; S5= Sorensen 's similarity coeffic ient ; 

Sorellson's Coefficient (55) = 2:. 

2a +b + c 

a = common epiphytic species between Gem and the forest in comparison 

b =- number of epiphytic species found only in Gera Forest 

c = number of epiphytic species found in forest of other sites in comparison with Gem Forest 
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CHAPTER FOUR 

4. I{ ESULTS 

4 .1 Va scula r Epiphyte Composition o f the Study Area 

A total of 59 vsacular epiphyte spec ies be longing to 37 genera and 26 families were recorded, 

identified and presented from Gera Forest (Appendix 1). or these, halo epiphytes constituted 59 

%. hcmi epiphytes 4% and acc idental epiphytes abollt 37% (Figure 4). Orchidaccac was the most 

dominant family with twelve species (20%) belonging to six genera, Asplcninccae was the 

second dominant fam ily with eight species (13.33%) representing one genera. The third species 

rich famil y was Polypodiaceac with seven species {I 1.66) belonging \0 four genera. The fou rth 

species rich fam il y were I>iperaceac and Asleraceac with four species (6.66%) cnch (Table 2). 

The families, which contributed two species each, were Acanthueae, Balsaminaceae and 

L:uniaceae. The rest 18 fami li es contained only one spec ies each (Table 2). The species diversity 

of the vascular epiphytes for the study area is calcu lated using Shannon - Weiner index of 1-1' = 

3.537. 

Sebsebe Demisscw ef a/. , (2004) suggested that among three orchid genera that arc represented 

by more than ten species in Ethiopia, Po/ysllIchya is predominantly an epiphytic genus with 12 

species. Qut of the 12 species of PO/YSllIchya, Gera Forest hosted 5 species. 
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• Holo epiphytes 

• Hemi epiphytes 

• Accidental epiphytes 

Figure 4 Percentage distri bution of the, holo, hcmi and accidcnlJ l epiphytes in Gem forest. 
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Figure 5 The species richness o f the fami lies of holo epiphytes 
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4.2 Host specificity of vascular holo epiphytes 

In the study area, most of the vascul ar epi phyte spec ies (9833%) were nOI hosl spec ific. They 

were recorded from more than two species of host phorophytcs. Only one ( 1.66 %) species o f 

vascu lar epiphytes were recorded from specific host tree species. Most of the phorophytcs in the 

study area carry two and more than two species of vascular epiphytes. 

Table 2 Families o f epiphytes with their corresponding num ber of genera and species. 

Fami ly Ccncfll % Number % 
of s llccics 

AC<llllhaeae 1 2. 7% 2 3.33% 
Amnryllidaceae 1 2.7% 1 1.66% 
Araliaccac 1 2.7% 1 1.66% 
A!I!!cniaceae 1 2.7% 8 13.33% 
Aslcraccae 4 10.81 % 4 6.66% 
Balsaminaccae 1 2.7% 2 3.33% 
Commelinaceae 1 2.7% 1 1.66% 
Crassulaceae 1 2.7% 1 1.66% 
Davalliaceae 1 2.7% 1 1.66% 
Geraniaceae 1 2.7% 1 1.66% 
Icaci naceae 1 2.7% 1 1.66% 
Lamiaccac 1 2.7% 2 3.33% 
Lycopodiaceae 1 2.7% 1 1.66% 
Mclian thaceae 1 2.7% 1 1.66% 
Moraceae 1 2.7% 1 1.66% 
Myrtaceac 1 2.7% 1 1.665 
Olcandraceae 1 2.7% 1 1.66% 
Orchidaceae 6 16.21 % 12 20% 
P~raccae 1 2.7% 4 6.66% 
Poaceac 1 2.7% 1 1.66% 
PoJypodiaceae 4 10.81% 7 11.66% 
Rutaceae 1 2.7% 1 1.66% 
S~indaccae 1 2.7% 1 1.66% 
Unicaceae 1 2.7% 1 1.66% 
Vittariaccae 1 2.7% 1 1.66% 
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• 4.3 Life Fo rms of Holo epiphytes in Gera fo rest 

IThe moSI life form of epiphytes species in Gera forest was buds close to one another (Rcptata 

[dcnsa upright). Buds close to one another, dense ly tufted , pcnctulus life fonn was the second 

life form of epiphytic species. Buds far apan. shoots or leaves scallcrcd (Rcptala 

remota) and Roselle fo rms (Fas icularis) life form was relatively low. Buds on basal I>onion of 

plant, upright shoots tufted (CacspitDsa) life fo rm is rare in epiphytic species recorded from Gera 

Forest. The life fo rms recorded for each species of halo epiphyte is given (Table 3). 

[Table 3 Life-forms orholo epiphytes in Gera Forest 

Species 

, uUJ 

" ," 

ereclwII 

Asplellillm proienslim 

sandersonii 

aerhiopcul1l 

theciferum 

Arrhropteris orientalis 

L} ,;oJ arCliafa 

(ulu;w 

DrYl1aria 

I-I/lperzia 
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I Life fo n" 

densa upright 

Fasiculari s 

Rep'ala densa uprigh' 

,densa uprigh' 

a densa upright 

dcnsa "I" '6' 

Rep,a'a densa " 0' 

Rcptata dcnsa upright 

densa "I" :." 

dcnsa 

Rcptata densa pcndulus 

densa I 

" ,. 

densa 
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Lep;sorlls excavatlls Rcptata dense upright 

Lepisorlfs schradcri Reptata dense upright 

Loxogramme abyssinica Reptata dcnse upright 

Microcoelia globulsa Reptata dcnsa pcndulus 

Peperoma moIler; Reptata remota 

l'eperomia abyssinica Reptata remota 

I'eperomia (e lraphylla Reptata densa upright 

l'hymCllosorlis scolopendriCl Reptata dcnsa upright 

l'leopellis excavala Reptata dense upright 

Pleopelris macrocarpa Reptata dense upright 

Po lyswchya rivae Reptata densa upright 

Polyswchya bellnefliana Reptata dense upright 

l'olysUlchya clilirijormis Caespitosa 

Polystachya ressel/ala Rcptata denseupright 

PolYl'rachya lindhlomi; Reptatu denseupright 

Diaphanonte adoxa Reptata densa pendulus 

Scodoxus IIl1fans Fasicularis 

ViI/aria lIo/kensii Reptata dcnsa pendulus 

Asplellium lil1kii Reptata densa pendulus 

lndel. fern sp. Fasicularis 

For description of life forms see glossary in Appendix 7 
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4.4 Altitudina l Distribution of Vascular Epiphytes 

The ahitudinal di stribution of holD and hemi vascular epiphyte species in Gem forest ShO\\ 5 

diITerent pallcrn (Table 4). At alti tude between 1600 III to 2400 m 30% of halo and hemi 

vascular epiphytes were recorded in the study area (Figure 6). Most of the ha lo [lnd hem; 

vascular epiphyt ic species (52%) were recorded from the middle attitudinal range between 1800 

1I1 to 2000 Ill . wit hin the upper( > 2000 m) and lower alt itudinal range (1600 m to 1800 m) 13% 

and 5% of ha lo and hemi vascular epiphytic species were recorded respectively (Figure 6). 

Table 4 Patterns of alt itudinal di stribution of 1-1010 and Hemi - vascular epiphytes in Gem 
Forest 

Legend: A ~ 2400 -2300. B~ 2300 -2200. C ~ 2200 - 21 00. D~ 2100 -2000, E ~2000 -1900. 
F: 1900 -1800, G~ 1800 -1 700, H~ 1700 -1600 

SIJccics Altitudinal nan2e 
A B C D E F G I-I 

Aerangii thomsonii + + + + + + + + 

Aerangis brachycarpa + + + + + + + + 

+ + + 
Al/ojJhyllis mC/crobotrys - - - - -

Apodyles dimidiata + + - - - --

!Irrhropferis monocarpa + + + + + + + + 

AnhrojJleris orientalis + + + + - - -
+ + + 

Asplenium anisophyllum - - - - -

+ + + + + + + + 
Asplenium erectum 

+ + + + + + + + 
Asplenium prOlensum 

+ + + 
.4Jplenillm sandersoni; 

- - -
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Asplenium abyssinicwn - + + + + + -
Asplenillm aefhiopclll1l + + + + + + + + 
Asplenillllliinkii · · · · + + + + 
Asplenilllll fheciferul1I + + + + + - - -
CyrlOrchis arcllata - - + + + + -
Diapiumanfhe adoxa + + + + + + + + 
DiaplulIJanfhe lel1l1ica/car . + + + + + + + + 

Drynaria vo lkensii + + + + + + + + 

Ficus (iJonningii + + + - - - - -
Huperzia ophiog/ossoides + + + + - - - -
Lepisorlls excavafus + + + + + + + + 

Lepisorus schraderi + + + + + + + + 

Loxogramme abyssinica + + + + + + + + 

Microcoelia globulosa + + + + + - - -
!'eperomia molleri · · · · . + + + 

Peperomia abyssinica + + + + + + + + 

!)eperomia lefraphyfla + + + + + + + + 

PhYII/(IIosorlis sc% pendria · · · · . . . + 

Pleopel(is excavata + + + + + + + . 

Pleopel(is macrocarpa + + + + + + + + 

Polyslachya rivae + + + + + + + + 

Polyslachya bennelfiana + + + + - - - -

Polysfachya cul1riformis + + + 
- - - - -

Polyslachya fessel/ala + + + + + - - -
Polyslochya lindb/omi; · · · · + + + + 

Scadoxlls nll/am + + - - - -- -
Schefflera abyssinica + + + + - - - -
Viltoria volkensii + - - --
Indct. fe rn sp. · · · + + . . 

· 
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Holo and Hemi epiphytic destribution at different 
alititudinal ranges 

Figure 6 Altitudinal distribution of Holo and Hcmi epiphytic vascular cpiphyH.."S species in Gem 
Forest. 

4.5. Altitudinal distribution of dominant vascular epiphhyte Family 

In Gem fo rest the dominant families of holo and hcrni vascular epiphytes show diflcrcllI 

distributi onal pattern along altitudinal gradient from 1600 m to 2400 m a.s. l. (Figure 7). 

Orchidaceac, Aspleniaceae. poJipodiaceae and Lycopodiaceae arc dominant families of vascular 

epiphytes in the study area. 
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0 . 2000 · 2400 m 

Figure 7 Altitudinal distribution of dominant families orholo and hcmi vascular epiphytes in 
Gera forest. 

The fi gure (7) shows that most of the orchidaccac and Aspicniaccac family di stri bution was 

restricted at the middle(1800 m - 2000 m) alt itudi nal ranges followed by declining utlowcr aJld 

upper altitudinal ranges. The species of these fami lies arc also distributed throughout the 

alt itudinal ranges in the forest. Piperaccac also distributed at all alti tudinal r'dngc however SOllle 

of the species are restricted to the lower (1600 m - 1800 Ill) and middle (1800 III - 2000 Ill) 

alti tudinal ranges. 

4.6 Attachment direction of epiphytes on phorophytes 

The attachment direction of vascular epiphyte species in Gera fo rest shows di fferent patterns 

(Table 5). Most of the species were recorded from west and cast direction of the phorophytes. 

Species such as: Drynaria va/kensi;, Asplenium onisophyllum, Asplenium Iheciferum. 

Microcoelia globulosa and Peperamia letraphylla were collectcd from north and south face of 

the phorophytes (Table 5). However, richness of species was observed on the cast and west face 

of the phorophytes. Attachment direction recorded for each species of epiphytc is given (Table5). 
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Figure 8 Number of species attached at different directional phase or phorophytcs. 
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Toblc 5 Attachment direction of Holo and Herni • vascular epiphytes on phorophyts in Gera 
Forest 

!! Species Atlachmcnt direction 0 11 

)horouhvtcs 
East West North south 

Asplcm;um abyssiniclIl1l + + - -
Aeral/xis braehyearpa + + - -
Arlhropteris monoearpa - + - -
ArlhroJ)/er;s orienla/is + + - -
Aerongii Ihomsonii + + - -
AspleniulII aelhiop cllm + + - -
Aspfeniumlinkii + + - -
Am/ell ium smedsii + + - + 
Aso/ellilllll prOlensum + + - + 
Asp/enium sander sonii - + - -
;/sfl/eniul1I Iheeiferum + + + -
('1'rlOI'cll;s arcuafa + - + -
Diaphallanlheadoxa + + - -
Diap/ulIIGnrhe lenuieallcar + + - + 
Dnmaria volkens;; + + + + 
Huperzia o{Jhio~lossoides + + - -
Le{)isol'lIs excavafus + + -
ASlJillinilllll eree/um + + + -
Lepisorus schraderi - + - -
LoxoJ,tl'omme abvssinica + + - + 
Microcoelia Klobulosa + + + + 
Pe )erOIl/ ;a abvssinica + + - -
Pe Jeroll/ ia fen w ndopoiana + - - -
Pe/Jel'omia moller i + + - -
1~l'omia le lraoi1ylla + + + + 

Ph 'IIIa/osorus scolopendria + + - -
PleoJ:Jeliis excavate - + - -

P/eopelti~' macr ocarpa - + - -
PoiYSlachya bennelliana + + + -
PO/i'siachya cllilrifon nis + + - -
POlystachva rivae + + + -

Polystachya lindblomi; + - - -
RhioidofdosSll11l adoxllm + + + -
Scadoxus IJlI/ans + - - -
Vittaria vo/kensi ; - + - -
IndcL fern sp. + - - -
Ficus 11I011I1il1£i; - - + -
Schefflera obyssinica + - --
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~~alc 2 Picl~res of some vascular epiphyte species of the Gera Forest. (A) Aerangbj brachycaqxl, 
p ) Asplenillm sandersonii, (C) Peperomia lefraphylla. (D) Polystachya bellneuilUUI, (E) 
eperomio abyssinica, (F) FiclJs thonningii, (G) HI/perzia ophiog{ossoides, (H) DrYlloria 

;olkefiSii, (J) Vittorio volkensii, (J) Asplenium smedsii, (1<) Asplenium fh eciJerum. (L) 
olysfachya cU/lriformis. (Photo by Bedilu Tafesse, 20012). 
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4.7 Vertical Distribution of Epiphytes on Phorophytes 

In the study area the distri butional patterns of vascular epiphytes on phorophytes vary from the 

basal part to the top of most crowns. The numbers of epi phytic species increase from the tree 

base 10 middle branches fo llowed by a decline in the top branch region. The lisls of epiphytes 

recorded from different part of the phorophytes are given in Table 6. 

Table 6 Lists of species of vascular epiphytes distributed in different zones of the host tree 

e - - , - - , , , L gend' Class A - base area (0 2 m above ground) Class B - 2m first br'Ulchcs Class 

C = middle crown (first branches to below third branches), Class 0 = upper crown 

third branches) 

Class of phorophytes /host 
Species tree. 

A II C 0 

Ac!!1!amhes asoera + - - -
Arienos/ema maurifianum + - - -
Aerangis thomsoni; + + + -

Ael'allgis brachycarpa - + - -

Allophy/us mQcroborrys + + - -
ApodYles dimidiata + + + -
Anhroplel'is monocarpa + + - -

A.!E!enium ubyssinicum + + - -
Asplenium aerhiopcum + + + + 

AspleniuIII smedsii + + + -
Asplenium eree/llm + + + + 

Asplenium l inkif + + --
1!pjell;um prOfel/sum + + + -
Asp/eniulli sandersonii + + + + 

'!!e(- + - -+ emum rheciferum 
- -ee.rsQmQ uEEsinica + -
- -Bldell~' pi/osa + -
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Clllllsel/o a"isara + · · 
Commelina dif{usa 

· 
+ · · 

Cfossocephalum crepidioides 
· 

+ + + · 
CYflOfChis afclIata · + · · 
oi(lf}hallonlhe adoxa · · + + 
Ditwhananlhe lelJuicalcar · + · · 
Drl'//ario valkensii · + + + 
Fiells I1lOlll1illxii · + + 
Geranillm arabicum + · · · 
!llI/Jerzia oohioglossoides · + + + 
Ifwoestes fo rskaolii + · · · 
/{;JOestes trijlora + · · · 
l'I/IXll iens hocilslelleri + + · · 
h1lxlliens rolhif + · · · 
Klilanchoe pelil iana + + · · 
lmtsorus excavatlls + + · · 
lfl)isorlls schraderi + + + · 
wX01'ramme abyssinica + + + · 
rIIicrocoelia 2lobuiosa · + · · 
OplismellllS hirlellus + · · · 

Pl!lJffOmia abyssinica + + + + 
Prpel'omia molleri + + + + 

Pevel'omia lelraphyl/a + + + + 
Phl'lI/(/fosorliS scoiopendria + + · · 

Pilea rivuaris + + · · 
PleOIJe/fis excavata · + + + 
Pleopelfis macrocarpa + + + · 
Polysrachya rivae · + + + 

POI)'Machva bennettiana · + + + 
Polvstachva cuilriformis · + · · 
PolYJlachya lindb/omii · · + + 

Polystuchva fessel/ala · + 
pYCnoslachys abyssinica + · · -

Pycllosrachys eminii + · · · 

DiaPlulllame adoxa · + · · 

&adoxus nlllans + · · · 

&hemera ab ;)'s inica · + + 

S)'Z)'gillm gllineense + · · -
Urera h~1 )se/odel1dron. + + · -
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Vernonia ouriculifera + - - -
Villaria vo/kensf; - - + -
Indet. fern sp. - + + -

Accidental epiphytes were highly distri buted in the lower class of the host plant (C lass A). 

Rarely some spec ies such as Impatiens hochslefleri and Ka/onclloe petitiana rcached up to 

clases Band C respective ly. Po/ysrGchya cullriformis species were restricted to c1nscs A and 0 of 

the phorophytcs. And Scadoxus nutans was restricted to the lower class A of phorophYlcS Ihul 

usually grow between branches. However, hemi epiphytes such as Ficus Ih0l1llillgii, and 

, Schefflera abyssinica extend only up to Class C (Table 6). The lenness orchid Microcoelia 

globillosa mostly grows on the top most outer branches and twigs of trees. The Dlyl/oria 

I'olkensii is the most common species of epiphyte in the study area. It is found in all clascs orthc 

phorophytcs and abundant in upper canopy_ 

3S 

30 

2S • v 

1 20 • Holo - epiphytes 
• 
'-
0 15 

• Hemi epipiytes 

0 
Z 

• Accidental epipytes 

10 

S 

0 

Class (A) Class (B) Oass(C) Class(DJ 

/-- - -b d d-fTcrenl class or host tree -Igure 9 Types or vascular epiphytes dlstn ute on I 
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The holo epiphytes are gradually increased from Class A to Class C, followed by decline in 

Class D (Figure 9). Highes ho lo epiphytes (39%) oceurred on the middle class or the 

phorophytes from below the fi rst branch to the third branches, most of thesc epiphytes arc orchid 

species, fo llowed by class 8 (27%) occurred from 2 meier to below third branches. The leas t 

holo vascular ep iphytes were recorded from class 0 (15%) and class A (19%) of phorophytc 

(Figure lOA). However. Accidental epiphytes gradually decreased from class A to Class , and 

totally absent on upper crown (Class D) (Figure 9). In Gera Forest high accidental vascular 

epiphytes were recorded at class A (75%) followed by class B (21 %). Only 4% of accidental 

vascular epiphytes reached up to class C of phorophytes (Figure lOB). Hemi epiphytes were 

totally absent on the lower class (A) and upper crown (Class D), they arc only restricted on class 

Band C (F igure 9). 

Holo - epiphytes 

A 
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Accidental epipytes 
• Class AI 0 to 2m) 

• Class B ( 2m to firist branche) 
• Class C ( middle crown) • Oass D(upper crown) 

' " 0% 

B 

Figure 10 Species Percentage of Holo epiphytes (A) and Accidental epiphytes (11) at vertical 
class of phorophytes 

4.8 Epiphytes and characteristics of Phorophytes 

In the study area, 29 host species belonging to 23 famili es were recorded. 

Table 7 List of I lost species (Phorophytcs) harboring the vascular epiphytes 

List of Host Species (Phoroj>ltytesl Fa mili es 

Albi:i" glimmiferqiJ.F.Gmel.) C.A.Sim. Fabaceae 

Allophyilis abyssiniclls (Hochsll Rad lk. Sapindaceae 

ApodYles dimidiala E. Mey.exAm. Icacinaceac 
Bersama a!!Esinica Fresen. Melianthaceae 

Coffea arabica L. Rubiaceae 

Cordia africana Lam. Boraginaccae 

Croton macros/achyus Del. Eu.Q!1orbiaceae 

Dracaena steudneri Sew.ex E!!.S.1. Oracaenaceac 

Ficus Sur Forssk. Moraceae 

Flacollrtia indica Bunn.f.Mcrr. Flacourtaceac 

GrewiqJerruginea Hochst. ex A.Rich Ti liaceae 

Macaranga cqpensi~ail.:l.. Sim. 
Euphorbiaceae 

Maesa lanceolata Forssk. Mr.rsinaceae 
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Mavfenl/s arbllli(olia (A .Rich) Wilczek 
Celastraccae 

Millellia rernlKinea (Hochst.)Bak. 
Fabaceae 

Olea cm:Hmsis L. Olcaccae 
Olea we/lVi/schii (Knoblj Gil. & Schellenb Oleaccac 
PilloSPorum viridi!lorum Sims. 

Pittosporaceae 
podocarpusjalcatus (Thunb.)R. B. ex Mirb. 

Podocarpaceac 
PolJlscias (u/va Hiem) Harms 

Araliaccae 
Pal/feria ado/fi- riedericl(Ernil.) Baehni Saootaceae 
Pr/ll1llS africana (Hook.f.) Kalkm Rosaceae 
psychofria orophila Petit 

Rubiaccac 
S(uium ellipficum (Krauss) Pax Euohorbiaceae 
Schefflera abvssinica ffiochst.ex A.Rich.) Harms Araliaceae 
Syzygium guineense (Willd.) DC. subsp. a/romonfanum Myrlaceae 
F, White 
Tecfea nobilis Del. RUlaccac 
Vernonia ollriculi(era Hiem. Astcraecac 

In Gem Forest host species such as Croton macroslachys, Millenia ferruginea and Polyscills 

filil'u harbored low epihyte species richness. Only a small num ber of Polyslachya bel1l1elli(ma 

e~ph)'te species occurred on the branches of these host species. Host species such as Albi:ia 

glllllll1ifera and POllleria adolji-friederici have large dbh size and heights. Howcver, they 

harbored low number of epiphytic species in the study area I-Iost species slich as Flacollr,ia 

indiC(I, Crewia jerrllginea, Macaranga capensis, Maesa lanceo/ala, Mayfel/lls arbufijolia, 

Vernonia allriClilijera and Coffea arabica are suitable for epiphytes like Polysrachya 

rllJlrijormis, Diophananre adoxa, Microcoelia globulosa and Aerangis brachycarpa. 

In the study area host tree species such as: Cordia africana, Syzygium guineense, Sapium 

~ , ' h s " 11m and Olea capensis harbored high epi phyte species TIC nes . 
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I, 
4.9 Relatio.n of types .Host ~arks, DBH, Height, and Canopy 

Architecture with Epiphytic Richness and Diversity 

4.9.1 Host bark types and epiphyte richness 

In Gem Forest, epiphytic species di versity and richness show significant difcrcncc betw{.'Cn hosl 

bark types (Appendix 5) and positive correlation with host tree size (Figures J I and 12). 

Epiphytic species were recorded from smooth, rough, flack y and corky host barky textures. 

There were significant interact ions between hosl bark texture and epiphyte species richness in 

w study area . The mean value for species recoreded from smooth bark tecture is 3.50, rough 

13.4, ilacky, 11 .66 and corky, 10.26(Annex 5). The rninimun and maximum species recorded per 

!Itt was significantly differente between smooth and other host bark texture. Minimum and 

maxmum speies recorded from smooth bark is ( I and 10), rough bark (5, 10) flacky bark (3 and 

21) and cork y (12 and 28) species respectively (Annax 5). There was a ststist ically significant 

difcrence between bark type and epiphyte abundance as determined by onc - way ANOVA (F(3. 

911 = 21.833, p = 0.00 I), with rough host bark hosting the greatest abundance of epiphytes. The 

post - hoc test shows that there is significant difference of vascular epiphyte richness between 

the host bark types between Smooth bark and Rough, flack and Corky bark ( P =0.001). as well 

as Rough bark and cork bark (p =0.043 < 0.05). However between Rough and Flack bark (p = 

0.753 > 0.05) and between Flack and Corky bark (p = 0.854 > 0.05) no significant difference of 

~iphyte abundance was observed (Annex 5). Species richness shows that 38 % was from rough 

ban; 26 %, 25 % and I I % were from flack, corky and smooth bark textures, respectively (Figure 

10) Th ' . bl ~ seedling establishment and 
. IS result shows that smooth bark textures are less suJla e or 
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anchoring of epiphytes. in other hand Rough bark types 
are more Sutable for cpiph}IC 

attachment. 

Figure 11 I lost bark textures and epiphytes species richness 

4.9.2 Host DBH size and epiphytes species richiness. 

In the study area DBH had positive effect on epiphyte richness (Figure 12). The results sho\\ 

that host tree species having large OBl·1 anchored high amounts of vascular epiphyte species. 
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Figure 12 Host DBJ-I classification and epiphytic abundance 

The highest epiphyte abundance was recorded from larger OBI-! class >5 1 em (52%), fo llo\\oo 

by medi um class size 2 1 to 30 em (35%) were recorded and the least epiphytes abundance (13%) 

were recorded from the small host class size. The result shows thai strong relation bcl\\ccn 

epiphytes richness and host DBH size. 

The regression correlation test showed that the number of species of vascu lar epiphytes and the 

Si7..e of host tree are positively correlated (R2 = 0.773, p = 0.0001 < 0.05). This may be due to 

large hosl size having different microcl imate, which is suitable for di fTe rent species Of vDscuiar 

epiphytes. In current study host trce DBH size and epiphyte species richnes shows strong 

(Xlsitive correlat ion. Larger sized host tree species harbored high epiphyte species richness 

(Figure 13A). 

The regression correlation test (R2 = 0.28. p = 0.0001 < 0.05). showed that the epiphyte species 

richness increased with host tree height increase (Figure 138). 
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The ligure shows positive correlation relation between DBH and height arhos! tree species and 

ncltncss of vascular epiphytes. Epiphytes richness significantly increased with increasing host 

I<ight. 

4.10 Phytogeographical Comparison of Vascular Epiphytes 

~.ccording to the Tadesse Woldemariam( 2003) direct compari son of the species diversi ty with 

~hcr fores ts is not feasible due to differences in size of forests , survey methods, and objective of 

the study. 

Accordingly. Gera Forest was compared with 2 forests in the country to know the similarity of 

\':ISC ular epiphyte species in the forests and indicate to which forest type it is related (Table 8) 

Yayu forest is located in southwestern part of northwestern hi glands, in illu - Ababora Zone of 

oromia National Regional State, which lie~ between S021 to SO 26 Nand 35°45 to 35°03 E. [I 

e~ tends froml 200 to 2000 m a.s.1. The mean annual temperature is about 20° C and the mean 

annual rain fall is 2 100 mm to /year (Tadesse Woldcmariam, 2003). 

Table 8 Comparison of Gera Forest Vascular epiphytes with two other forests in Ethiopia based 

on their simi larity and difference. 

Forrst Altitude (m) a b c Ss References 

Yayu 1300 - 1700 17 43 19 0.354 Abuna Tafa. 2010 

Harenna 2000 - 3000 17 43 38 0.295 Tesfa Alemayehu, 2006 
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Result of similari ty analys is (Table 9) of Gera Forest showed the highest vascular epiphytic 

similarity (0.354) with Yayu Forest and shared the least vascular epiphytic similarity (0.295) 

with Harenna Forest. Common vascular epiphytic species between the three forests is listed in 

Table 10. The result shows that Gera Forest had more ho10 vascu lar epiphytic similarity wi th 

Yayu Forest than J-Iarenna Forest. The mOSI common epiphytic species betwl.'Cn Gcm and 

Harenna forests arc Accidental vascular epiphytes. The high simi larly observed Gcm and Yayu 

forests could be due to similarity in altitudinal range, climatic condition and proximity. 

25 

20 ~--____ -----------------------

• Gera Forest 

• Harenna Forest 
10 

• Yayu Forest 

5 

o 
Orchidaceae Aspleniaceae Piperaceae Polypodiaceae 

,. ' . f he common Families within Gcm. hgure 14 Comparison of epiphytic species abundance 0 t 

i-Iarenna, and Yayu forests 

species abundance bet\\ccn common 
The above figure shows that comparsion of epiphyte 

Th result shows that Orichidaccae arc 
epiphyte families in Gera, i-Iarenna and Yayu forests. e 
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bundant in Yayu Forest, folowed by Gera Forest. However Aspleniaceae Pipcraceae and more a , 

Polypodiaceae are more abundant in Gera Forest than the two forests (Figure 14). 

lbe common vascular epiphye species recorded from the three forests are Asplenium theciferulII, 

A/fhropleris monocarpa, Aerangis brachycarpa, Drynaria volkensii and Peperomia abyssinica 

(Appendce 4). 
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CHAPTER FIVE 

S, Discussion, Conclusion and Recommendations 

5,1 Discussion 

5.1.1 Epiphytic Species Composition of Gera Forest 

A lowl of 59 vascular epiphytes species recorded from Gera Forest is very [ow number compared 

to the number repo rted for different tropical forest. Banhlott el al. (200) reported 178 fi nd 81 

e?iphylic species from primary and secondary rainforests respect ively in the Vcnczuclnn; 

Bussmann (2000) repo rted 223 species from Estacion Cienlifica San Francisco. This could be 

ulaloo to the fo rest disturbances caused by human activities. The deforestation activities 

p:rformed by local people (for agriculture, fuel , and limber) and logging activities were SOllle of 

t1:e disturbances observed in the study area. Coffee cultivator fanners and investors rcmove 

shrub plants and only leave se lective tree species for coffee shade purpose. Most of the coffee 

shade plants have smooth bark textures which are not suitable for seedling establi shment of 

vascular epiphytes. This could be due to low accumulation of litter and low water retaining 

capacity. The disturbance activities mentioned above resulted in the removal of forest trees on 

I>.hich the epiphytes could have been hosted, thus resulting in the decrease of epiphyt ic spec ies 

d~'ersi ty . 

1'1 d' . " \' h'ghcr than other families of e tVerslly of Aspleniaceae and Orchtdaceac faml les was .1 

\':~" \ I II and PolJlstachya benlle/tiana ...... u ar epiphytes. Dfynaria volkensii, Peperomia tetrap Iy (I, 

I\ ~re the most abundant epiphytic species in the study area . 
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5,1,2 Altitudinal Distribution of Vascular Epiphytes 

Tht' :lItitudinal distribution of vascular epiphytes in the study area showed that most species \\crc 

found in the middle elevation (Figure 7). At altitudes between 1600 and 2400 m the following 

epiphytic species were reco rded: Drynaria va/kensii, Asplenium aelhiapcum, Peperomia 

abysSillica. Peperomia tetraphylla, Aerangis thomsonii, Aerallgis brachycarpa, ArlhroplCris 

mO/loc{//,pa, Asplenium ereetum, Asplenillm prOlenslIm, Diaphananthe adoxa, Diaph(IIl(lfIlhe 

Iellllic(l/car and Lepisorlls ."'chraderi all Dccuring throughout the alt itudinal gradient Crable 4). or 

me total vascular epiphytic species 30% were recorded from this alt itud inal range. Simil"rl y. 

Abuna Tafa (20 1 0) recorded the following species: Drynaria volkensii and Arlhropleris 

monocarpa throughout the altitudinal gradient (1300 m to 1700 01) of Yayu Forest. 

In Gem Forest. the distribution of Phymalosarus sc%pendria was restricted below 1800 III 

Ifuperzia ophioglossoides, Seadoxus nutans and Viflaria lIolkensii were only recordcd from the 

ahitud inal range between 2000 and 2350 m. 

The highest species richness was found at mid _ elevation between 1800 and 2000 III (Figure 7). 

Similar to th is study Wolf and Alejandro (2003), recorded the highest species richness in 

Chiapas study area at mid _ elevation between 500 and 2000 m. A mid-elevation species richness 

001 h ' . I (S h'mpcr 1888' Madison 1977: ge as been suggested for vascular epiphytes In genera C I • 

Nieder ef al., 2001.). From dominant families of holo and hemi vascular epiphytes in the study 

~, 0 ' , d' 'b d t middle elevation between 1750 a, rchldaceae and Aspleniaceae were highly Istn ute a 

d d d h'd richness at clcHltions an 2000 In (Figure 8). Similarly Cardelus el al. (2006). rccor e orc I 

be d h . B r via a mid-elcvation belt 
tween 1600 and 2000 m. Kessler (2001), in his study state t at In 0 I 

of h" "h h" I unts of precipitation in that 
Igh epiphyte pteridophyte diversity was correlated Wit Igl amo 
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woe. However, in Gera Forest, Piperaceae and Polypodiaceae were distributed at all alti tudinal 

ranges and few of them were restricted to middle and lower elevations (Figure 7). 

Gera Forcst is relatively more diverse compared to other moist montane forests in Ethiopia. In 

Harcnna Forest, southeastern Ethiopia, 55 vascular epiphytes were reco rded between an alti tude 

of 2000 III and 3000 m (Tesfa Alemayehu, 2006). Thirty - six vascular epiphytes were recorded 

at alti tudes between 1300 and 1700 m in Yayu Forest, southwestern Ethiopia (Abuna Tafa, 20 I 0) 

5.1.3 Vertical Distribution of Epiphytes on Phorophytes 

Vertical stratification of epiphytes on forest trees in relation to changes in microclimatic 

conditions along the tree has often been described ( Johansson 1974, Ter Stecgc and Cornelissen, 

1989). The distribution of vascular epiphytes amongst trees (horizOIlIal) and within trees 

(Iertieal) depends on niche different iation (competition) and dispersal (Wolf and Alcjandro, 

20(13). The vert ical distribution of vascular epiphytes in the study area depicted dirTercllccs in 

epiphytic species diversity and abundance from the base of the host tree up to its crown, This 

may be due to the difference of microclimate in dirTerent zones of the host plants, Venical 

distribut ion of epiphytes is mostly determined by light, moisture, water and substrate avai lability 

rrer Steege and Cornelissen, 1989), 

In this study, high abundance (39% ) of the halo _ epiphytic species was recorded from the 

m'ddl ' d as recorded from 2 III to fi rst I e of the host crown; 27% epiphytic species abun ance w 

branches (Class 8) fo llowed by J 9% and 15% from basal to 2 meter of the main trunk( class A) 

and ~ . lOA) Th ' finding is in agreement with rom upper crown Class (D) respect ively (Figure . IS 
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OIher studies 0 11 vascular epiphytes (Freiberg, 1996; Arevalo and Betancur, 2006) who retorded 

high epiphytic abundance in the centre of host crown. 

In Gcra Forest accidental epiphytes were highly distri buted in the lower class of the host plant 

(Class A): they were dominant in the fo rks of the big branches, main ly in the base branch region. 

This could be due to the ir humus-adaptation. Simi lar to thi s study Patrick (2007) recorded 

dominance of Ficus species and herbaceous epiphytes from the forks of big branches. Rarely, 

some species sllch as Impatiens hochSfetleri and Kalanclloe peliliana reached up to class (13 and 

C) respecti vely (Table 6). However, hemi epiphytes such as Ficus Ihonningii lind SclleDlera 

/lbyssinica extend only up to Class (C). The existence of forks of the big branches where there is 

humus and moisture accumulation and the bryophyte mats on branches for moistuTC and 

mechanical support provision to the epiphytes are other factors favori ng the diversi ty of the 

hemi-epiphytes and facultat ive epiphytes (Patrick, 2007). The leafless orchid MicrocoeJia 

g/Qbulosa mostly grew on the top most outer branches and twigs oftrecs in the study area 

In Gcra Forest, epiphytic species such as Drynaria volkensii, Peperomialelraphy/la, Peperomia 

abyssinicc/. Asplenium aerhiopicum, Asplenium sandersol1;; and Peperomia mollen' were 

distributed in all sections of the phorophytes. Drynaria va/kens;; is probably the most common 

Species of epiphyte in the study area. It was found in sunny habitats, mostly in the crowns. 

In the study area, vascular epiphytic species such as Polystachya bennelliano, f{uperzia 

ophioglosSaides. PieopelNs excavafa and Pleopelris macrocarpa were widely distributed in 

Oddl h )rd branches (class C). Three 
I e strata of the phorophytes, from below first branc es to 

vascular epiphytic species, Microcolia g/obulosa, Aerangis brachycarpa, Diaplumalllhe 

len . . d to 2 meter to 3rd branches of the mealear and Diaphananre adoxa, occurred restncte 
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phorophytes. Twenty fi ve vascular epiphytic spec ies were fOllnd mostl y in two or th ree classes of 

phorophytes (Table 6). Similarly, difTercni studies showed different epiphytic di stribution pallcm 

along verti cal gradient in the forest, explained by variation of moisture, luminosity_ substrate 

availability and substrate characteristics (Terslccgc and Corneli ssen, 1989, Kernan and Fowler 

1995). 

Other studies showed that certain epiphyte species were more abundant at spec ific site inside the 

forest (San ford, 1968). Niche segregation in epiphytes apl>carcd related to species-specific 

adaptations to the environmental and structural condi tions along a tree (Wolf and SOlS, 2009). In 

the study area. the species Drynari(l volkellsii was highl y dominant on the upper crown of host 

trees both on the vertical trunk and horizontal branches. On the other hand species such as 

DiapJulIIol1lhe lenuicalcar occured on the branches and twigs of the host trees. According to thc 

study of Bussmann (2000), the upper most crown epiphytes were characteri zed by their low 

moisture requirement and apparent demand for high light intensities. 

According to Patrick (2007), the species rich community in the canopy zone may renecI an 

Optimum balance between light and moisture requirements. The other factor is that of niche 

diversification and the large surface area available for attachment of epiphytes on the large 

branches. The result obtained from Gera Forest demonstrated the different vertica l distribution of 

vascular epiphytes aIong host trees from base to upper crown. This could be due to difference in 

microclimate and substrate availabi lity on the different strata of phorophytes. 
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5.1.4 Attachment Direction of Epiphytes on Phorophytes 

In Ihe current stud y, 30 species (39%) were recorded from the west face of the phorophytcs and 

29 species (38%) [rom east face of the phorophylCs. The leasl epiphyte species were reco rded 

from sOlllh and north direction of phorophytes seven (9%) and 11 (14%) respectively (Figure 8). 

This may be related to the entrance of nux of light 10 the forcSI during sun ri se in the caSl , and 

SUIl set in the west. Wh ile the nest fOfming Drynaria volkensii epiphytic species occurred in all 

face of Ihc phorophytes, however the species abundance was observed in cast and west focc of 

thc vertical tfunk. According to the study of Hictz and Briones (1998), epiphytes can grow under 

different light conditions ranging from the nearly fu ll sun, which is out in the open branches to 

the deep shade on base of the stem. Epiphytes depend on their host tree mainly for support. 

Successful establishment of epiphytes on their host depends on several host tree traits sllch as 

size, age, branch quality and bark texture (Callaway et tlr , 2002). Not only requirement of light 

determines the attachment of epiphytes direction on the phorophytes, but the deposition of 

humus, host tree architectures and wind direction affect the attachment of epiphytes in the 

Studied forest. Other epiphytic species, especia lly members of the Orchidaceae family were 

attached on the phorophytes on the west or east direction depending on the openings of the 

canopy. 
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5.1.5 Effect of Host Tree size. Bark Texture. and Canopy 

Architecture on Vascular Epiphyte Richiness and Abundance 

Hosl tree size showed a strong positi ve effect on epiphyte species diversity and abundance in the 

study area. Phorophyte characteri st ics such as Iree size bark texture, age and crown architecture 

contributed to habi tat heterogene ity and created vertical strati fica tion, which promoted epiphyte 

di versity (Bennet, 1986). Several Sllldies undertaken in difTerent areas have demonstrated the 

cflects of bark traits in shaping epiphyte communities (Bates, [992; Ta ll ey el al., 1996; Cal laway 

ct aI., 2002). 

5.1.5.1 Effect of Bark texture on vascular epiphyte richness 

The ditTercllt bark lypes of the host plants showed different epiphytic diversity and abundance in 

the Gera Forest. This may be due to the water holding capac ity, humus deposition and bark 

chemical di fferelll.;t:s uflhe host plant. 

There was a statistically significant difference between bark type and epiphyte ri chiness as 

determined by one - way ANOV A (F (3 , 91) = 21.833, p :: 0.00 I), with rough host bark hosting 

the greatest richness and abundance of epiphytes. The post - hoc test shows that there is 

Significant difference of vascular epiphytes richness between the smooth host bark type and 

rough, flack and corky bark ( P =0.00 I < 0.05), as well as rough bark and cork bark (p ""0.43 < 

0.05). However between rough and flack bark (P = 0.753 > 0.05) and between flack and corky 

bark (p = 0.854 > 0.05) no significant difference of epiphyte richness was observed (Appendix 

In the CUrrent study 38% of vascular epiphyti c species were recorded from rough bark texture 

and 26%, 25% and 11 % of them were recorded from flack , corky and smooth bark textures 
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respecti vely (Figure I I). Smooth bark texture, on the other hand, harbored lower number of 

epiphyte richness. This could be related to the low Waler hold,·ng c ·,· h d .. 
, apaci le5, umus cpoSlllon 

and inappropriateness of the bark fo r seedling establishmen ts. However, rough bark had space 

fo r holding water, hum us and seeds. This creates a suitable environment fo r epiphytic 

establishment and colonization. This could be the main reason fo r high epiphyti c abundance 

recorded from rough bark types. Similar to this study, Chansa el 01. (20 II) stated that rough 

barks provided better surface for anchorage of epiphytes. Khullar (J 98 1) also suggested thm the 

bark of trees is a factor meriting considerable importance for Ibe preva lence of epiphytic ferns. 

5.1.5.2 Host tree s ize and vascular epiphyte ri chness 

In Gera Forest, hosl species having large DBH harbored high numbers of vascu lar epiphytic 

species, especially epiphyte richness of Asplen iaceae and Pipcraceae families reco rded from 

large sized host trees . This may be due to large sized trees ha ve different microcl imate suitable 

for difTcrcnt epiphytic species colonization. The regression correlation test showed thm the 

number of species of vascular epiphytes and the DBH size of host tree arc positi vely corre lated 

(R2 : 0.773. p : 0.0001 < 0.05) (Fig I5A). Similar to this study Laube and Zo,z (2006). found 

pos itive correlat ion between host tree size and epiphyte ric hness. They also detected higher 

COlonization rates of epiphytes per surface area on larger trees. 

Not only host D8H, but also host tree height has its own relation with epiphyte richness. The 

regression correlation test for epiphytes richness and host tree height (R.2 = 0.28. P :z 0.000 I < 

0.05) showed that the number of species richness and host tree height are positively correlated in 

the study area (Figure 138). According to the study of f\nnasclvam and Parthasarathy (2001). 
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bigger trees o ffering a larger area and more microhabitats arc expected to have larger numbers 01 

epiphytcs. Arevalo and Bctancur (2006) also found high number of epiphyle richness on larger 

hosl tree size in their study area. 

In the study area epiphyt ic diversity and abundance also showed differell t pattern on vertical and 

horizontal branches of host trees. The difTerence in epiphytic ri chness on vertical trunk and 

horizontal branches of host tree has been reported (e.g. Benzing, 1981 , 1990; Barkman, 1995 ; 

Chansa el (fl. , 2011 ,). According to Benzing ( 1981 , 1990), the presence of humus on hori zontal 

branches improves water retention capacity that provides II more continuous moislllre supply for 

epiphytes than the atmosphere of a vertical or bare bark. A significant difTerence o f epi phyti c 

richness in vert ical and horizontal branches of host tree occurred in Gera Forest. Especially 

Orchidaceae, Lycopodiaceae and Piperaceae families were abundant on vertical branches than 

trunks. This may be due to the dead organic mailer that more e;'lsily accumulated on the 

horizontal branches than vertical trunks. Thi s accu mulation of dead organic mater was importnnt 

for the seed ling establi shment, colon ization and survival of vascular epiphytes. Chansa el 01. 

(2011) reported a more inclined or vertical branch receives less wet season rainfall and 

experiences more rapid run off than a less inclined or horizontal branch. Propagulcs and canopy 

liller arc less likely to settle on a verti ca l branch and rapid runoff of moisture could accelerate 

leaching compared to conditions on horizontal surfaces (Chansa el 01., 201 1). 

The humus coll ect ing on horizontal surfaces may also accelerate bark decay (Barkman. 1995) 

and improve phys ical anchorage of seeds. spores, and propaguJcs. Likewise. interception of light 

. , d > > I> > d ases Decreasing inclination enhances successful sett ling 1 Water mcreases as 1I1C 1I1atlOn ecre. , 

68 



of seeds and spores and the accumulalion o f organic matter (Chansa et 01., 201 1). All these 

conditions provided a suitable medium fo r epiphyte establishment These properties favor 

horizontal branches to have more epiphytes than inclined or vertica l branches. It is for this reason 

that, in the Gera Forest, more epiphytic abundance was recorded from the upper layer of 

horizonta l branches than vert ical trunk . The other reason fo r abundance of epiphytes in the 

branches is that epiphytes are light demanding species, and therefore, light avai labili ty becomes 

higher in the crown than in the vertical trunks. 

l'leight of host tree was another factor for epiphyte di versity and abundance. This may be due to 

increasing of light avai lability as the tree trunk height increases. This condition is more suitable 

forthe co lonizatio n of sun epiphytes such us Orchidaccae family than shade epiphytes. lIo\\ever, 

as the host tree grows above the forest canopy, it becomes a big chall enge for the survival of 

shade epiphytes such as Aspleniaceae and Piperaceae famili es. This could be the reason why 

shade epiphytes are abundant in the basal area of the host trces. In Gem Forest some host tree 

species (e.g., Poureria adolji-friederici and Poly,\'cj(l!)' / 1111'0) havi ng large height harbored less 

number of epiphyt ic richness, This could be due to smooth bark types whi ch are not suitable for 

epiphytes seedling attachment and humus deposition and low num ber of branches, 

5.1.6 Host Tree Preference 

In Gera Forest, no host specificity was observed except in a single species (Viuaria l"Olkensii), 

which was recorded from Syzygium gllineense host tree. However, the result may not necessarily 

indicate the host preference of the species because the species was not recorded repeatedl y from 

other individual trees of Syzygillm gllineenl'e, Similar to this study Maaike (J 999) didn ' t record 

host specificity in his study of the di striblltion of vascu lar epiphytes in secondary cloud fo resl of 
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central Cordi llera. In the current study most of thc cp,'phy,,'c s ' d d ' 
• peelcs wcre reeor c Ifom more 

than two host tree species. According to the study of Challsa el 01. (20 11 ), hosl preference of 

epiphytes depends on humidity. bark texture Orhosl trees, trunk physiognomy and avai labi lity of 

mineral s in the canopy of host trees. Variations in the di stribution of epiphytes on host tree 

species may also have reflected differences in esta blishment requirements, hosl tree 

microhabitats and dispersal agents (Johanson, 1974). 

5,1.7 Epiphytes and Characteristics ofPhorophytes 

In Gera Forest. some host tree species have higher number of epiphytic species than others, In 

the current study, the host species such as Cordia a/ricana, Sapium ellip/jellm, Olea we/wi/seh;;. 

Prunlls africana and Scheff/era abyssiniccl harbored large number of vascular epiphytes. This 

may be due to their large crown, rough and corky bark tex ture. In agrecmentto thc present study 

Matth ias (2011 ) reported Sapium elliplicliln as the most species ric h host trcc. In thc study area 

host trce species harbored different number of epiphytic species richness and abundance which 

could be due to bark characteristics, canopy architecture, number o f branches, DBH and heights 

of host trees. The physical attributes of a host tree such as huge trunk size, rough bark, horizontal 

branching and numerous invagi nalions on the stcm faci litate epiphyte establishment (Mucunguzi. 

2007). Scheff/era abyssinica host tree harbored high number of accidental epiphytes in Gem 

Forest. lllis could he due to the high accumulation of humus and large trunk size. Manhias, 

(20 11 ) reported that depending on the species, host plants can ha ve certain characteri stics that 

improve the establishment and growth of vascular epiphytes. 
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In Gcra Forest, Croton macrostGchys has the most abundant individuals; however, it harbored a 

low number of epiphyte species. This could be duc to it is open crOwn and a smooth bark natu re 

of the tree. Millel/ia /errllginea and Polyscias /IIII'a harbored the least vascular epi phyti specics 

richness in the study area. This may be due to their smooth bark tcxtures, which arc not su itable 

fo r seedling estab li shment of vascular epiphytes. SYZygilllll gllilleen~e, which is a medium sized 

tree with dense crown and a flacky bark texture harbored large number of epiphyti c species of 

Nuperzia ophioglossoides. A variety of spatial, temporal and many other abiotic fac tors 

influence epiphyte diversity and abundance. I-I ost tree characteristics such as taxonomic identity 

or size have an important effect on spec ies richness and composition of epiphytes (Z II. and 

Schultz 2008). 

5.1. 8 Phytogeographical Co mparison of Vascula r Epiphytes 

The result of simi larity anal ysis indicates that Gera Forest showed the hi ghest vascular epiphyti c 

similarity (0.35) with Yayu Forest. Range of altitude and climatic condition o f Yayu Forest are 

very similar to that of Gera Forest. The two forests are among the moist montane forests in 

southwest Ethiopia. This common characteristic of the two forests contri buted to the v'lscular 

epiphytic similarity. Gera Forest shared least vascu lar epiphytic similari ty with Harenna Forst 

(0.29). The altitudinal range of Harenna Forest is very different from that of Gera Forest; 

moreover, the geographical location and climatic condit ion of thc two forests arc also different. 

. . .' ilarity of the two forests. These may be the reasons for the low epiphytic species Slm , 

• • t: T between the three forests (Figure 14). the In comparison of common vascular eplphytlc lallli les 

. d'" sity in Orchidaceac family than the t\\O result ind icated that Yayu Forest had more species I er 
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fo rests. Gera Forest is more diverse than Harcnna in Orchidaccac fami ly. For comparison of 

Asplcn iaceae family, Gcra Forest has more species diversity than the Iwo fores ts. 

Yayu Forest has less number of species than thc two forests for Asplcniaccac family. I)ipcraccac 

fam ily species d iversity is more abundant in Gem Forest than in the two forests; however Ynyu 

Forest has more species diversity for Pipcraccae fami ly than Harcn na Forest. For Polypodiaccac 

family, species di versity is higher in GCTa Forest than in the two forests fol lowed by Yayu 

Forest. Generally, in comparison of common epi phytic family of the three forests, Gem Forest 

was found to be more diverse than the two forests fo ll owed by Yuyu except for the Orchidnccac 

family. I-Iarenna forest has the least species di versity than the two forests in al l of comparnble 

families. 
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5.2 Conclusion and Recommendations 

5.2.1. Conclusion 

Based 011 the results of this study, the fo llowing conclusion and rcconllncndnt ions may be drawn. 

Size, bark types. canopy architectures, and species of hosl plants were the fac tors inO ucncing 

diversity and abundance of vasc ular epiphytes. Large DBH and hcigllts of trunk and branches of 

host trees have diffe rent microclimate and high amounts of humus deposition. These co uld be Ihe 

reasons for high epiphytic abundance on the larger poropohYlcs. Older and rough hosts 

accumulate high humus and have hi gh water holding capacily [han smooth bark textures. Due to 

these reasons older trees, larger trunks and rough bark types were found to be better substrates 

fo r epiphyl colonizers. 

Vascular epiphytes are one of the most important componcnts of forest ecosystem Ihey arc the 

home of many arthropods and birds, thus reduction of epiphytcs species duc to human activi ty 

may have indi rect effect in agro ecosystem re lated to pollination and other ecosystem service. 

[n the study area, fo rest disturbance due to logging of trees for timber and removal of 

regcnerated shrubs and se lective growing of trees for coffee shade system have becn found 10 be 

big challenges for fu ture epiphyte diversity and di stribution. 

Another problem in the study area is that the cofTee cultivator' s thinking of vascular epiphytes as 

. d f h ' fTee TIley remove epiphytes from coffee parasites thai reduce the quality and Ylel s ot Clr co . 

sI h b Most of the orchid species arc highl y host trees and small shrubs around the coffec tree s ru S. J 

affccted by this factor. 
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Generally, the study of vascular epiphytes is full of challenges in OUf coun try, sianing from daln 

collection 10 herbarium specimen identification. Due to insufficient field materials and expcns. 

For this slUdy, epiphyte species sampling from Upper crown, wcre done by the help of 

indigenous tfec climbers by using single rope technique. 

5.2.2 Recommendations 

From the resu lts of this study, the following recommendations can be forwarded : 

.:. Since epiphytes are affected by forest dist urbance, which arc highly imponanl tiS 

climate change indicators, any forest management acti vi ty should be considering the 

conservation of vascular epiphytes . 

• :. Agri cultural institutions, research cell iers, biodiversity institutions, biologists. 

ecologists, envi ronmentalists and other stakeholders should work on the study on 

their diversity, ecologyl, physiological aspects and conservati on of vascul ar epiphytes 

in d iffe rent parts of the remaining Ethiopian forests . 

• :. Awareness rais ing to coffee cul ti vator fanners and investors' on the ecological 

importance of vascular epiphytes should be critica ll y important for future 

sustainabil ity of vascular epiphytes in coffee cultivated areas. 
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f\I)I)£NDI CES 

Append ixe I List of epiphyte species collected from Gera Forest 

Key: HO: HO~o ep~Phytes. HE: Hemi epiphytes, AC : Accidental epiphytes, BT. Bcdilu Tafessc '1': Tree, EI': "piphyte. 

Species 
Family Local 1"la b Coli. 

Achyranthus aspera L. Name it No. -
Adenostema f}laur;lianum DC. Amaralllhaccac AC UI"4T211'6 

--
Astcraccac maxxllne AC UT41TIU'I 

Aera!!8is brac!!kca!PC!..J.A. Rich.)Th.Dur.& Schinz 
Orchidaceac 

I/O Bl'lTnPl Aerlll1gis thomsoni; (Rolfe) Schltr 

Orchidaccae I/O OT/4T21P2 

AllopJIJ'IlIJ macrobOIlYs G~ 
S~ndaceac AC IJ Dr /I P2 Apodytes dimidiata E. Mey.ex Am. Icacinaccac wendaboo AC 

unlTIi PI Arthropleris monocarpa (Cordem.) C.Chr. Olcandraccac HO 
HT4T21 pj 

Davalliaceae 
Arritropreris orientaIiJ.J.Gme!lPosth. I/O unr~1 
Asplenium abyssinicum Fee Asplcniaccae flO 

l.IT2j ril.pl 

A!J!1enium aerhiopicmn (Burm.f.)Bech. A~eniaceac 1-10 UTl T6EI'J 

AH)/enilll1l erectum Bory ex Wi lid. Aspleniaccae HO UnnLP) 

A!l!!enium linkii Kuhn. A~eniaceac 110 OHnEP2 

;J§J!.!.enilim protensum Schrad. Aspleniaceae flO OT2l nEP) 

AJjJlenilim sandersoni; Hook. A~leniaccae 110 DTI<HI EPJ 

A:.!E1enillm smedsii Pic.Senn. Aspleniaceae 1-10 8T22T2EP2 

"!J!!..eniwn theci&rw'.!..LHBK-.l Men. A~eniaccac HO OnTi EPI 

8ersama abyssinica Frescn. Melianthaccac 
AC SDnlPI 

Oidens pilosa L. 
Asteraccac AC OTlITJI!f'2 

Rutaccae AC 
SDIT2EP2 Ciausena (misata..J...WillcU Benth. 

a2 

[ 

• 





Viuaria volkensii Hierofl. Vinariaceae HO nTIITIcP2 
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Appendix 2 Shanon-winner diversity index va lue of Gera epiphytes 

species number of nIN pi pi In pi -(P, ·In P,) 
individuals 
n 

Ach 'rallllles as ya L. 5 51902 0 .005 2.5 -5.298 -0.026 
4/902 0.004 1.6 -5.52 1 -0.022 

Adenoslellw maurilianum DC. 4 
Adiantum illcisulI1 Forssk. 14 0.015 -4 .199 -0.062 
Aero/! is ,homsoni; Rolfe Schltr. 19 0.021 -3 .863 -0.08 1 
Aerollgis brachycarpa 0.036 -3.324 -0.1 19 
A.Rich. Th.Our.& Schinz 3J 

0.003 -5 .809 -0.0 17 
AI/(u/wllls II/(lcrobolrys Gi l l 3 
A les dimidiata E. Me .ex Arn. 3 0.003 -5.809 -0.017 
Arlhropleris IIIOllocarpa (Cordem.) 0.025 -3.6888 -0.092 
C.Chr. 23 
Asplenium aell/iopiculIl (Burm.f.) 0.05 -2.995 -0.149 
Bcch. 54 

0.027 -3.611 -0.097 
As fenium smedsii Pic.Senn. 25 
Asplenium f reelUIII Bary ex Wi li d. 0.025 -3 .688 -0.092 

23 
A~plellilllll proteI/sum Schrad. -3.352 -0.117 

J2 O.oJ5 
0.028 -3.575 -0.100 

As 1let/illm sonderSOl1ii Hook. 26 
As ,Ienilllll thed erllm HBK. Mett. 5 0.005 -5.298 -0.026 

BersQm(l ab 'Ssinica Fresen. 2 0.002 -6.2 14 -0.012 

Bidem' ?i1osa L. 4 0.004 -5 .5 21 -0.022 

C/ausellQ ollisala Wi lid. Benth. 4 0.004 -5.521 -0.022 
0.004 -5.521 ·0.022 

COllllllelill Cl di I.m Burm.f. 4 
-0.030 Craswcep/ia/ulJI crepidioides 0.006 -5 .11 5 

Benth. S.Moore. 6 
-4 .828 -0.038 0.008 

C riorchis arcuata Lind!. Schltr. 8 
-4.268 -0.059 

Dia hallQmlie tenuicalcar Summerh. 13 0.014 
0.060 -2.81 -0.168 

Dr lIaria volkensii Hieroll . 55 
-5.521 -0 .022 

Ficus Ih01ll1in ii Blume 4 0.004 
0.003 -5 .809 -0.017 

GeraniulI/ arabiclllII Forssk. 3 -3.506 -0.129 
Hliperzia ophioglossoides (Lam.) 0.037 

ROlhm. 34 -6 .214 -0.012 0.002 H eSles orskaolii ahl R. Dr. 2 -5.809 -0.017 
Hypoestes Irijlora ( Forssk.) Roem & 

0.003 

Schult. 3 
0.004 -5 .5 21 -0.022 

11/1 aliens hochSlelteri Warb. 4 
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1111 IliellS rOlltii Hook.f. 4 
Kololleltoe lilialla A. Rich. 2 
I.e isorllSeXeQValUS Willd. Chin 20 
I.e isorusschraderi (Men. Chin 19 
Loxogramme abyssinica (Baker) 
M.G,Price 21 
Microcoelia globulosa (Hochst) 
LJonsson 23 
011b,mellUS lIirtel/lis L. P. Beauv. 3 
Pe )C!rOllla mol/eri C. DC . 32 
Pe eromia ab s'sinica Mi . 46 
Peperomia lelraphyl/a (Forster) 
Hook.& Arn. 66 
PhymalOsorllS c%pendria (Bunn. f.) 
Pic.Scnn. 4 
Pi/ea rlvlIlaris Wedd. 4 
Plea Ilis excaVQIa Wi lid Sled e 25 
Pleopeliis macrocarpa ( Willd .) 
Kau lf 32 

Pol 'Slaeh 'G rivae Schweinf 21 
Pol 'Siach 'a bel/nellialla Rchb.f. 
Polystachya cultriformis (Thouars) 
S ren . 

P)'Cllostach 's ab 'Ssinica Freseo. 
PJ'CIIO~·lachy,\· emin;; Gurke. 
Diaphanante adoxa Rasm. 

45 

34 

3 
4 

23 
SCtl(/OXIIS IlIIlans (Friis & I.Bjernstad) 
Friis & Norda l 3 
Schef/lera abyssinicci (Hochsi ex A. 
Rich. Harms 3 

illd . DC. 3 

VernOlliaal/riel/1i era Hiem 
Villaria volkensii Hieron. 

3 

5 
3 
902 

0.004 

0.002 
0.022 
0.021 
0.023 

0.025 

0.003 
0,0)5 
0.050 
0.073 

0.004 

0.004 
0.027 
0.035 

0.023 

0.049 
0.037 

0.003 

0.004 
0.025 

0.003 

0.003 

0.003 
0.003 

0.005 

0.003 
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-5 .521 

-6.2 14 
-3.816 
-3.863 
-3.772 

-3 .688 

-5.809 
-3,)52 
-2 .995 
-2.617 

-5.521 

-5.521 
-3.611 
-3.352 

-3.772 

-3.01 5 
-3.296 

-5.809 

-5.521 
-3.688 

-5 .809 

·5.809 

-5.809 
-5.809 

-5 .298 

-5.809 

-0.022 

-0.012 
-0.083 
-0.081 
-0.085 

-0.092 

-0.01 7 
-0.117 
-0.149 
-0.1 91 

-0.022 

-0. 121 
-0.097 
-0.1 17 

-0.086 

-0. 147 
-0. 121 

-0.01 7 

-0.022 
·0.092 

-0.01 7 

-0.01 7 

-0.017 
-0.017 

-0.026 

-0.01 7 
H­
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Appendix 3 Alititudnal range ofholoepiphyic species 

Spe.Eies 
Alt itudinal ra~ Aera!!E/s thomsoni!....iRolfCEl Schilr 
1650 -2350 Aera'!8is brac"xca'1"'J..A .RicJclTh.Dur.& Schillz 
1650-2350 A//op0!1l1s macrobOl2..s Gi.!B 
2125 -2350 1l!!!!!J:!.es dimidialG E. M!l.exAm. 
2125 - 2275 Arthr(~l!.leris monoca!1!E.J... Cordem.l. C.Chr. 
1650 -2350 Arlhrqpt eris orientaliU Gme!.:LPosth. 

A!}!/enillfll anisC!J!!!l!!umO. Kuntze 
1875 - 1950 A~!/ellillm er eClllnl Bo!X.. ex Wi lId. 
1650 -2350 A!£!.ell iumJ!!olensum Schrad. 
1650 -2350 A~' )illinium sandersonii Hook. 
1800- 2125 Asplenium a!!J:...ssinicum Fee 

A.!J!!.eniwn aelhi~UI-'.!J...B urm . .!1..Bech. 
A!i!lenium linkh Kuhn. 1650 -2350 

A!J!!.enium Ihecl,&run:!.iHBgMett. 
1875 - 2200 9:!:rorchis arcuatl!.1Lind!.l. Schilr. 
1650 - 2025 Dil!Phananthe adoxa Rasm. 
1650 -2350 Dil!l!.!.wnanthe tenuicalcar Summerh. 
1650 -2350 D!J!!wria volkensii Hieron. 
1650 -2350 Ficus Ihonni'.!.8.ii Blume 
1875 -2125 

fll!EE:izia flEhiC!%lossoides Lam.Rothm. 
2125 - 2350 L~sorus excavatus-.lWi 11 d~ Chi~ 
1650 -2350 L!1!isorus schrader; (Mc1'l Chi!!£.. 
1650 -2350 

Lox2..8!..·amme a~sinica....LBake.!l. M.G.Price 1650 -2350 
Microcoelia ~obulosaJ)-Iochs~ L.Jonsson 1650 - 2125 P!!l!eromia molleri C. DC. 

1650 - 1950 
P!p!romia aEEsinica Miq. 1650 -2350 
P!!p"eromia lelrqp'!l!..la fforsler) Hook. & Arn. 1650 -2350 
Pl.!l!.narosorus sco/~ndria~urm .Q Chi.!!1:l 1650 
Pie'!£l!ilis excavGI'!.fW illdl Sle<!ge 1800 - 2350 
PleCJ[Jeilis lIIacroca~lWilldl. Kaulf 1725 -2350 
P0!Eracl.!E! rivae Schweinf. 1725 - 2350 -
POJErac!!J!..a bennelliana Rchb.f. 1650 - 2025 
P0.!Elacl1.l'a cuilr!!!>rmisJThoua~§Erell£ 1725 1950 
P'!!Elacl!l'!! lesse/lala Lind!. 

1650 1875 PolErac!!J!a lindblomii Schltr. 
Scadoxlis nUlan.uFriis & Llli0mstac!l Friis &Nordal 2125 2275 
Sch.9.!!!!ra aEEsinica....LHochst. ex A. Ric)U Hamls 1875 2200 
Vi/faria Jlolkensii Hieron. 2275 
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Appendix 4 List of Common epiphytic species between Gera, I-Iarenna and Yayu Forest 

Genl Vs. Harcnna Forest 
Gcra Vs. Yayu forest 

Common spc("ics with ill Ihe 
Ihree forests Asplenium smedsii 

AJplenium sandersonii 
Asplenilllllll1eci/enllll Pfeopellis macrocmpa 

Polysfachya benneflicm(l 
Aerangis hrachycarpa Ac!!J:!anfhes a~ra 

Aera!!£is brac!!J:2a!J3.(j 
Arthr£EferiS mOIlOC(I!]!O Aerangis hrachycmpa 

Asplenium Il1ec:iferuf1/ 
Dlynoria volkel/sii Arfhropleris monocmpa 

Peperomia /elraphyl/a 
Peperomia abyssinica Alplenium aelhif!E!...cum 

9!torchis arCli(lfQ 
A!l!..lenilll1l thec.!l!rum 

P~roma moiler; 
A~' 'J/eniut1!..l!!.'olensum 

LoxQgtamme a£f~:sil1ic:a Bersama a~sinica 
DQ!!!aria volkensii 

Di~han(mlhe tenuicalar Lqzisorus eXClivalus 
D-,ynaria vo/kensi; Vittario vo/kensit' 
HYLJerzia QJ!}: i~ossoides 

PE!!romia a~l§Sinica 
KalallchoeJ!!!1 itiana 

.Arthr!!l?!eris mOnOCll!]!!1 
P~omia a~ ... sinica Ple!!./!!.!Jis macroca!Lxl 
Ple~lis excavata 

PO!E.tac~ clllt!ff!!rmis 
Sc/u!l1!era a!!.f...ssinica P~tacl!J!!! tessel/ara 
Urera ~'elodendron Dil!I!.!.lananthe tel1uicalmr 
Vernonia auriculifera 
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Appendix 5 ONEWAY ANNOVA 

species BY bark 

/STATISTICS DESCRIPTIVES OMOGENEITY WELCH 
/PLOT MEANS 
/MISSING ANALYSIS 
/POSTHDC ~ TUKEY BON FERRON I GH ALPHA(.05) . 

Oneway 

Descriptives 

s ;:,pecles 

95% Confidence Imerva! for N Mean Std . Deviation Std. Error Mean 

smooth 2. 3.5000 2.88926 .58977 2.2800 4.7200 Rough 30 13.4000 6.58420 1.2021 1 10.9414 15.8586 Flack 9 11 .6667 5.78792 1.92931 7.2177 16.1157 Corky 32 10.2813 2.53026 .44729 9.3690 11 .1935 Total 95 9.6842 5.92015 .60739 8.4782 10.8902 

Test of Homogeneity of Variances 

s ~cres 

Levene 
Statistic df1 df> ~ig . 

12.277 1 31 91 .000 

ANOVA 

s ~cles 

Sum of 

$ig, Squares df Mean SQuare F 
Between Groups 1378.858 3 459.619 21 .833 .000 
Within Groups 1915.669 91 21 .051 
Total 

3294.526 94 

Robust Tests of Equality of Means 

s ~ecles 

Statistic(a) I df1 1 df> 1 SiQ. 
Welch 

34.056 1 31 28 .957~ .000 
a AsymptotIcally F dIstributed. 
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Maxim 
Mmlmum ,m 

I 
1 00 1000 I 
5.00 2900 
300 21 00 
600 1500 
100 2900 



Post Hoc Tests 

MUltiple Comparisons 
Dependent V bl aoa e: .!£.ecles 

Mean 
Difference ...J.!l. ba,' .J:!l. bao< .J!:,!L SId. Error ~!l:. 95% Confidence Inlerval 

Upper lower 
Bound Bound 

Tukey HSD smooth Rough -9.90000(0) 1.25652 .000 -13.1885 -S.6115 
Flack -8.16667(") 1.79337 .000 -12.8602 -3 4732 
Corky -6.78125(0) 1.23895 .000 -10.0238 ·35387 

Rough smooth 9.90000(0) 1.25652 .000 6.6 115 13.1885 Flack 1.73333 1.74377 .753 -2.8304 62970 Corky 3. 11875(' ) 1.16600 .043 .0672 6 1703 
Flack smooth 8.16667(°) 1.79337 .000 3.4732 128602 Rough ·1.73333 1.74377 .753 -6.2970 28304 Cor1c:y 

1.38542 1.731 15 .854 -3.1453 59 161 Corky smooth 6.78125(0) 1.23895 .000 3.5387 100238 Rough -3.11875(· ) 1.16600 .043 -6.1703 · 0672 Flack -1.38542 1.731 15 .854 -5.9161 3 1453 
Bonferronl smooth Rough -9.90000(") 1.25652 .000 -13.2890 -65110 Flack -8.16667(°) 1.79337 .000 -13.0037 -3.3297 Corky -6.78125(°) 1.23895 .000 -10.1229 ·3 4396 Rough smooth 9.90000(°) 1.25652 .000 6.5110 13.2890 Flack 1.73333 1.74377 1.000 -2.9699 6.4366 Corky 3.1 1875 1.16600 .053 -.0261 6.2636 Flack smooth 8.16667(°) 1.79337 .000 3.3297 13.0037 Rough -1.73333 1.74377 1000 -6.4366 2.9699 Corky 1.38542 1.73115 1.000 -3.2838 6.0546 Corky smooth 6.78125(") 1.23895 .000 3.4396 10.1229 Rough -3. 11875 1.16600 .053 -6.2636 .0261 Flack -1.38542 1.73115 1.000 -6.0546 3.2838 GameS-Howell smooth Rough -9.90000(°) 1.33899 .000 -13.4831 -6.3169 Flack -8.16667(°) 2.01744 .011 -1 4.3935 -1.9399 COrky -6.78125(°) .74020 .000 -8.7545 -4.8080 Rough smooth 9.90000(") 1.33899 .000 6.3169 13.4831 Flack 1.73333 2.27317 .870 -4.8286 82953 Corky 3.11875 1.28262 .089 -.3315 6.5690 Flack smooth 8.16667(°) 2.01744 .011 1.9399 14 3935 

Rough -1.73333 2.27317 .870 -8.2953 4.8286 
1.98048 .895 -4.8147 7.5856 

Corky 1.38542 
Corky smooth 6.78125(°) .74020 .000 4.8080 8.7545 

Rough -3.11875 1.28262 .089 -6.5690 .3315 
Flack -1.38542 1.98048 .895 -7.5856 / 4.81 47 ° 

The mean difference IS Significant at the .05 level 
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Appendix 6 Correlation test between host size and vascular epiphytes richness 

Correlations 

Diameteral 

breast height 

Diameter at breast height Pearson Correlation 1 

Sig. (2-tailed) 

N 71 

SpeCies Pearson Correlation .773 
.. 

Sig. (2- tailed) .000 

N 71 

.", Correlation is significant althe 0.01 level (2-lailed). 

Appe ndix 7 G lossary 

Reptata remota: buds far apart, shools or leaves scaltered 

Reptata densa: buds close to one another 

Reptata densa upright: buds close to one another, densely 

tufted , upright 

Reptata densa pendulus :buds close to one another, densely 

tufted, pendul us 

Fascicularis : rosette leaves 

Caespitosa : buds on basal portion of plan t, upright shaOis 

tufted 
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.773 
.. 

.000 

71 

1 

71 


