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Abstract 

TIw Bale 1II0untain range is located between the wet east Africml 1II0untains (propel~ and the 

(by northeast AfNcan 1II0untains, Southeast Ethiopia. TIlis 1II0untain range hosts sOllie of 

endelllic flora and fauna which are endangered of extinction. TIle 1II0St extensive Ericaceous 

vegetation in the continent is found in Bale Mountains. TIle southem slope of this 1II0untain 

range is Imown for its distinct vegetation zonation of the Aji'omontane forests. TIle Ericaceous 

vegetation between the montane forest and the afroalpille of this slope is relatively little 

disturbed than other similar Ericaceous vegetation elsewhere in Aji·ica. 

Stltdy on the distribution and structure of this vegetation was made all the sOllthem slope, 

Harrena escmpment. TIle vegetation north of Rira village, between 3000m and 4200m was 

sampled after selecting continuous homogenous sites systematically alollg the altitudinal 

gradient. Cover abundance of the species for vascular plants, frequency, height and DBH for 

woody treeline species were taken in 110 quadrats. TIle envirollmental parameters alollg the 

altitudinal gradiellt illcluding soil pH, texture, total lIitrogen, and soil moisture were 

measured. Altitude, slope, alld aspect were measured for all qudrats. All the envirollmelltal 

alld vegetatioll data were allalyzed with SYlltax, Calloco, Millitab and Sigma plot. 

TIlirteell commullity types were described and their distributioll showed a clear pattern at 

differellt parts of the Ericaceous vegetatioll. However some of the COIII/III11/ity types which were 

restricted to the Afroalpille belt were foulld ill the Ericaceous vegetation. TII;s might be a 

possible illdicatioll of the e;..pansion of the aji'oalpine belt to lower altitude, evell below 3400 m 

(Erica domillated Hagellia-Hypericum zOlle). 

TIle alia lysis of distribution of sevell tree alld shrub species showed that SchefJlera volkensii 

was restricted to the lower part of the Ericaceous vegetatioll (Erica domillated Hagellia­

Hypericum zOlle) and H. revolutum, R. melallophloes alld D. pellllillervium occur both at lower 

alld celltral parts of the Ericaceous vegetation. E. trim era and E. arborea occur in all the three 

parts of the Ericaceous vegetation. TIle density of trees (propel~ was higher at lower parts of 

the Ericaceous vegetation than the celltral part. 
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The analysis of distribution of seven tree and shrub species showed that SchefJIera volkel/sii 

lVas restricted to the 10IVer part of the Elicaceous vegetation (Erica dominated Hagel/ia­

H)1Jericlim zone) and H. revollltllm, R. melanophloes and D. penninervillm occllr both at lower 

and cel/tral parts of tbe Ericaceous vegetation. E. trimera and E. arb area occllr in all tbe three 

parts of tbe Ericaceolls vegetation. The densily of trees (propel) was higber at lower parts of 

tbe Ericaceolls vegetation tban tbe central part. 

The height of the tree and sbrllb species has shown a decreasing tendency with increase in 

altill/de. This trend was velY gradllal for E. trimera. The species occllrs for about 1.2 km 

altiludinal range sbowing difference in heigbt and habit along altitudinal gradient. Tbe 

regression analysis (/=0.58) bas shown a consistent decrease in height along altilude. No 

abrupt transition was docllmellted in the systematically selected continuolls Ericaceous 

vegetation. 

Among the environmellfal parameters taken altitude was the strongest explanatOlY variable. 

Soil pH, and texture have shown stronger correlation wilh altilude. Wbile percent total 

nitrogen was showing more significant (p<0.01) correlation with microsite factors. 

E. trim era, as major constiluellt the vegetation under question showed a gradual transilion 

in height and life-forlll. 
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1. INTRODUCTION 

Scope of the Problem 

Mountain ecosystems are known for their impOitance as a water source for the lowlands and 

source of biodiversity. They are characterized by their environmental extremities that are 

manifested by temperature, light and atmospheric pressure of which temperature stress is the 

most influential one. Accordingly, the organisms living in this fi'agile ecosystem have 

developed adaptive mechanism to cope up with these environmental extremities. Their 

adaptation mainly focuses on avoidance and tolerance of the stress due to the environmental 

extremities. Man also has adapted to live and exploit this environment. Mountain ecosystem 

comprises one-fifth ofthe earth land surface. But the physical and political remoteness of this 

ecosystem has created difficulty for the stakeholders to understand the balance between 

competing claims for protection versus sustainable uses. As a result mountain areas are 

ignored, or regarded as undifferentiated highlands. On the other hand, they are sensitive 

ecological zones stilI inhibited by large number of peoples (Barry, 1992). They are also 

strongly influenced by the surrounding lowland and urban areas with regard to timber 

production and water shade management. 

As a result, the interaction between mountain cOll1ll1unities and lower lying regions, cultural 

aspects of traditional relationships between people, forests, and forest values is becoming the 

top agenda of UN (Butt and Price, 1999). After the Rio-sull1ll1it the sustainable use of this 

fragile ecosystem has drawn a worldwide attention. Agenda 21 (Chapter 13) approaches the 

problem fi'om two angles. On the one hand, generating and strengthening knowledge about 
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the ecology and sustainable development for the world ecosystems and on the other hand the 

integrated watershed management and altemative livelihood opportunities have become 

global priorities. This challenge is expected to be more enteltained in the year 2002 UN­

hltemational year of mountain (Butt and Price, 1999). 

Most research work on mountain focused on commercial exploitation of timber and other 

resources. The value of mountains as a source for timber and other commercial products is 

incomparable to their impOitance as safe water supply to over half of the world population and 

biodiversity resource. This is hue both in economic terms and conservation (Chapin & 

Whiteman, 1998). Neveltheless, the distinct pattems of vegetation of mountains had attracted 

the attention of many scholars for a century (Hedberg, 1964; Lovett, 1996). The change in 

high mountain is more conspicuous than the lower ones due to their unique environmental 

setting. High mountains are marked by the existence of treeline. The existence of later is the 

basis for using the teml "high mountain" (Troll, 1973). It is the most striking vegetation 

boundmy wherever the mountain lises to a sufficient height (Helmes 1950 cited in Komer, 

1999). Since many facts are unproved and hypothetical, the opinions about tree/timberline are 

different. Moreover, the natural barriers of forests are expressed in different fOlms, despite 

their general similar trend. 

Wardle (1971) defines timberline as the upper limit of forest (trees or shrubs about 2m height) 

on mountain. While Troll (1973) puts an altitudinal range between few meter above sea level 

(e.g. 1,600m NOith Scandinavia) to 4,500m in equatorial Cordilla of South America for using 

the above tenn "treeline". The altitude could also be as law as 420m in Finland (Tikkanen and 
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Heikkinen, 1995). A treeline is a labile combat zone, ecotone (kalllp/zolle) where the protective 

forest encounters an open wind landscape and often used as indication of boundary. It is a 

discontinuity, between extreme harsh conditions and more moderate ones (Heikkinen et al., 

1995). But tIlis definition is too naiTOW and restricted to the temperate climate. Autio (1995) 

and Korner (1999) have stressed on ambiguity and the vagueness of the terms that are used to 

express these boundaries. The former stress on the need for more expressive and clear term, 

wrule the later took treeline as middle tenn between timberline and tree species linlit. Korner 

(1999) had suggested treeline as more appropriate term for the forest line. Similarly, Autio 

(1995) has attempted to explain the differences between treeline, forestline, timberline, and tree 

species limit schematically. According to Korner (1999) treeline mal'ks a line connecting the 

rughest patches of forest and the opening of the canopy and the decline of it gradually. It is a 

thernlal stress transition in life-form dominance beyond which massive single stems and tall 

crowns either can not be developed, unaffordable or disadvantageous. 

There al'e two wings of argument on this line. The first group argues that the forest may reach 

its upper limit as closed stand and ceases abruptly as shatp line against a tree-less alpine zone. 

It may also however, gradually dissolve from dense rugh stand to isolated tree and fmally to 

stunted individuals (Wardle, 1971; Tranquillini, 1979). The gradual opening of the forest 

results from the worsening of the factor for the growth and survival with increase in altitude. 

So, isolated trees receive more heat and light ensuring a greater productivity than the closed 

stand. These isolated trees that al'e exposed to cold damage will show a stunted growth. 

Therefore, broad transition is a natural and primalY condition (Tranquillini, 1979). 
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The other group argues if edaphic condition and topography allow, the forest continues as 

closed stand up to its final upper limit and form a sharp boundary. There is a clear contrast in 

microclimate between closed forest and the region outside the limit where trees are 

eliminated. The proponents of this theOlY take the broad transition as a secondary 

phenomenon (due to fire, grazing, cutting). The tree lines that we have now are at lower site 

than have to be potentially (Mayer, 1976 cited in Tranquillini, 1979; Ellenberg, 1968 cited in 

Mattson, 1995). If the broad transition left undisturbed, the forest would began re-invading the 

upper pmi that will be accompanied by severe damage to the young trees due to cold. 

Eventually this secondmy transition would be transformed to abmpt boundary. 

Despite the two opposing views, all parties agree that trees are struggling to survive the 

extremities of the climate and microclimate in the zone with their different physiological and 

morphological adaptation. In both views the treeline depends on unfavorable heat balance 

with rising elevation. According to Gates (1980) temperature is an extremely important 

enviromnental variable to all life-forms. Because it is the measure of the energy status 

determined by energy exchange with environment. Consequently, it affects all life processes 

(Raven, 1986). The decrease in temperature with altitude is COl11l11on to both temperate and 

tropical climate (Lovett, 1993). In the former, where seasonal variation of temperature 

dominates, growth is restricted to the vegetative period. In tropics growth inhibited by night 

fi·ost. In addition the fluctuation of the temperature on diurnal basis which has a higher 

amplitude plays a cmcial role (Daubenmire, 1957). 
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The possible explanation how this overriding factor affects the perfonnance of the plants is 

hitherto unresolved issue. This could be due to lack of long tenn ecophysiological studies 

(Tranquillini, 1979) and remoteness of the mountahl from metreological station lI-mll most 

alpine region (Grace & Russel, 1982; Barry, 1992; Bany & Chorley, 1992; Jones, 1993). 

Moreover, the meteorological stations do not reflect the microenvirolllllent which is more 

impmtant to plants. This observation was pioneered by Grieg, who had added a new 

dimension on high monntain research with his book, pnblished in 1927,"the climate Ileal' the 

ground" (Grieg, 1959). The other reason is dne to complex nature of temperature on life­

fOlms. Temperature has a direct inflnence on nnmerons physiological processes sllch as 

gelmination, growth, photosynthesis, respiration and water transpolt (Danbenmire, 1957; 

Tranquillini, 1979; Larcher, 1980). Plants in both region are subjected to temperature stress 

(Levitt, 1972). 

A July temperature of 10 DC is taken as a forest limit in most literature (Daubenmire, 1957; 

Heikkitmen et al., 1995; Autio, 1995; Grace, 1990). Ohsawa (1990) took the temperature of 

the warmest month as in indicative of treeline. But, following global analysis on the secondary 

data Korner (1998), found the watmest temperature was less indicative of the treeline. Rather 

it overestimates the actual temperature during growing season. The wannest month 

temperature hypothesis was also criticized by Miehe & Miehe (1994) and Goldstein et al. 

(1994). Both authors have indicated that the treeline occurs at a temperature lower than 10 DC. 

Korner (1998) proposed the temperature of 5.5 - 7.5 D C which is close to 7 DC soil 

temperature. In fact a soil temperature of7 DC as a more reliable indicator of treeline has been 

hypothesized earlier (Walter & Medina 1969, cited in Walter, 1973). Soil temperature is more 
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impOliant for plant growth (Skiba, 1995) by affecting the soil physical and chemical 

weathering (Smith, 1983), microbial activity (Gonzalez et al., 2001), water movement 

(Ishikawa & Bledsoe, 2000) 

The diumal vmiation of temperature in tropical climate is found to be greater than the 

seasonal temperature which contrasted markedly with higher latitudes. Hedberg (1951) put a 

comer stone on the study oftropico-alpine ecology with his universally accepted and widely 

quoted expression of this environment: "slimmer evelyday alld will tel' evelY Ilight". A soil 

temperature of 5.9 - 7.3 DC was found to coincide to the treeline (Rundel, 1994; Miehe & 

Miehe, 1994) which is in agreement to 7 DC mean soil temperature (Walter and Medina, 1969 

cited in Walter, 1973 ). But tillS data lacks long term micro-metreological information from 

tropical regions especiaJIy fi'Om tropical African mountains that are some times called "The 

Galapagos Island of Africa" (Kingdon, 1997). 

Nevertheless, the functional explanation has been investigated both at higher and low 

latitudes (Gates, 1980; Larcher, 1980; Schulze, 1985; Grace, 1990; Goldstein et al., 1994, 

Beck, 1994; Meinzer, et al., 1994; Rada et al., 1996; Masresha Fetene et al., 1997 & 1998). 

Komer (I 999) hypothesized the growth linlitation in relation with microclimate. Although he 

accepts the adaptation of carbon assimilating machinelY to low temperature from his own 

investigation (Komer, et al. 1988), he criticize overlooking leafphotosynthesis. The trade-offs 

between potential carbon gain and allocation to un productive tissue to ensure mechanical 

support has earlier been discussed by Givinich (1986) and Raven (1986). Komer (1999) 

argues that tree life-fOilli is limited at treeline altitudes by the possibilities for the investment 
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rather than by production of assimilates. In his strong critics on carbon assimilation he stated 

that "Diy matter production is generally poorly documented for treeline than leaf 

photosynthetic rate as fascination with electronic machinery than spades but, lacks any 

rationale". Because there is tremendous discrepancy between altitudinal trends in growth and 

the potential for photosynthesis. 

Korner's functional approach and closer look in to the microclimate is widely accepted by 

many scholars. The functional explanation is based mainly on water relation and 

photosynthesis (Beck, 1994; Meinzer et al., 1994; Masresha Fetene et al., 1997 & 1998; Field 

& Brodribb, 2001; Rada et al., 1996). But the argument lies in explaining this functional 

adaptation. There is a sharp contrast on the interpretation of the adaptation of life-fonns to 

microclimate. Korner (1999) argues that tree life-fonn is disadvantageous on high mountains 

because the degree of stress is more sever in the free air than near the ground. However, 

ecophysiological investigation of the giant rosette tree-like life-fonn Lobelia rhYllchopetalulII 

in Bale mountains has shown that the plant escape the harsh diurnal fluctuation of 

environmental stress near the ground by having arborescent habit (Masresha Fetene, et al., 

1998). A similar observation has been made on Mt. Elgon (Wesche, 2000). In fact, Hedberg 

(1964) has made such an observation earlier. He had expressed the harsh environmental 

condition in the ground by asking" why a person need to have more blanket in the ground 

than above when camping in afroalpine environment". 

The diurnal variation of the temperature and the hygric season was noted in most investigation 

of this enviromnent (Smith, 1980; Goldstein et al., 1994; Hedberg, 1964; Rundel, 1994). 
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However, tins need to be further investigated pm'allel with the measurement of the thermal 

deficit, impact on the life processes in relation with the changing environment. Unfortunately, 

tins ecophysiological approach in the investigation of treeline is very young (Tranquillitn, 

1979). Therefore, much is expected from such investigation in the tropical alpine region to 

resolve the treeline saga (Miehe pers.com.). Investigation of the stmcture and distribution of 

this vegetation in less disturbed (if there is any) tropical alpine environment is prerequisite for 

the ecophysiological assessment. 

On the other hand, the treeline is a heterogeneous boundary both ecologically and 

taxonomically and thus different tree specIes constitute the boundmy or the ecotone 

(Tranquillini, 1979). A number of trees or sbmbs ascend the tree linnt. The treeline species 

valY fi-om place to place. The fanlily Pillaceae is confined to NOithem Hennsphere while the 

Ericaceolls genera are common in treelines oftropical Africa (Hedberg, 1964; Wardle, 1971). 

The treeline in most east Africa is marked by Ericaceolls vegetation (Miehe & Miehe, 1994). 

The family Ericaceae is distdbuted throughout the world. The sub-family Ericoideae is 

restricted to Africa, the Meditenmlean and nOlihem Europe (Beentje, 1994). Revising works 

on the family Ericaceae, Miehe & Miehe (1994) has pointed the following three differences: 

The main natural dishibution of Ericaceolls vegetation in the tropical Africa is altimontane 

although it is some times found as a secondalY scmb. It occupies a broad trmsition belt 

beyond the climatic upper limit of the broad-leaved and coniferous montane trees and below 

alpine vegetation. 
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Secondly, unlike the extratropical heathlands, the Ericaceous vegetation occupies climatic 

rather than edaphic ecological niche. Since the soils of most east African mountains are young 

and volcanic, soil nutrients are not a limiting factor. 

Third, the dominant Ericaceous species of tropical Africa are tall trees (up to 15 meter high) 

that could sUlvive as old as 100 years, whereas it is low to medium sized shrubs with limited 

life span in Europe. A good example is Cal/ul/a vulgaris. 

The most extensive type of this vegetation is found in Ethiopia. Ethiopia accounts for the 

fifty-five percent of the highlands of tropical Africa that cover 99.5 million hectare of land 

(FAO, 1978 cited in Daniel Gemechu, 1988). In fact, 3% of the land of the country is above 

3000 m (Yalden, 1983) among which Arsi-Bale massive is the most notable one. The highest 

peaks of this massif are found in Bale mountain range in southeast Ethiopia that host a 

number of endemic flora and fauna (Mesfin Tadesse, 1991). This mountain range contain the 

most extensive Ericaceous vegetation in east Africa that suffered relatively little from 

destmction by man made fire (Hedberg, 1986; Miehe & Miehe, 1994). 

Botanical expedition in the Bale mountains was repOlied in 1906 by Neuman & Ellenbeck 

(cited in Miehe & Miehe, 1994) followed by Smeds (1959), Mooney (1963) and Hedberg 

(1979). Studies on the florisic composition and physiognomy of the vegetation has been 

made by Mesfin Tadesse (1986), Friis (1986a & 1986b), Lisanework Negatu (1987), Uhlig 
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(1988). However, except Hedberg (1986), Friis (1986b), and Miehe & Miehe (1993 & 

1994), most of the studies conducted in this mountain are confined to montane forest. 

Friis (1986b) recognized the zone between 3200m and 3500m as the upper most forest zone 

based on its physiognomy. This vegetation zone is relatively little disturbed by human 

factor (Miehe & Miehe, 1994). The main constituent of this zone, E. trilllera has a height of 

up to 15 meter. This vegetation has a considerable physiognomic difference with that of the 

upper elevation. Friis (1986b) account fire as the primary reason for the physiognomic 

change, and altitude as a possible factor. 

More detailed account of the EricaceOIiS vegetation of Bale was given by Miehe & Miehe 

(1994) where they compared and contrasted their finding globally and regionally. The 

Ericaceolls vegetation of Bale Mountains is about 1,200 km2
, which is 2.5 times the 

equivalent amount in Kenya. The significance of this figure should be considered in relation 

with the impOltance of this vegetation for the endemic mal11l11als living in the Bale 

mountains. It harbors epiphytic cOl11l11unities that are cmcial in hygric buffering between 

montane and afi-oalpine vegetation. The cryptograms also serve as bio-indicators of 

environmental conditions (Grandstien, 1996). This epiphytic moss gradually releases the 

amount moisture they absorbed. It is known that water as high as, 50, 000 litters was 

calculated for other east African cloud forest (Pocs, 1976). 

According Daniel Gemechu (1988), the Ethiopian mountains can be divided in to north and 

south based on their relative position to 9 0 latitude. The Bale mountain range being located 
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at 6 0 N has an intetmediate position between the East Africa proper and the drier northeast 

African mountains (e.g. Semien mountains). This makes the place an important site for 

making a continent-wide investigation on treeline. The southel1l mountains are more similar 

to the mountains of Uganda and Tanzania than Semien. Bale mountains are also a home for 

endemic and endangered species that include the largest proportion of the 400 remaining 

Semien foxes in the world (Sillerio-Zuberi & Gotteli, 1992). 

Although the El'icaceolls vegetation of Bale mountain is relatively less disturbed and more 

extensive than the other El'icaceolis vegetation in east Afi'ica, it is frequently cleared in 

search of grazing lands. As a result the afroalpine dwarf-shlUblherbaceous mixed 

communities have been expanding at the expense of El'icaceolls population. The growing 

concel1l of the destlUction of mountain ecosystems in one hand and the importance of this 

mountain as refuge for the endemic fauna and flora (Brown, 1973) on the other hand, urges 

conservation and maintenance of the study area. 

Accordingly, any plausible conservation or management strategy needs prior ecological 

investigation of the area. A study on stlUcture and distribution of the Ericaceolls vegetation 

is expected to contribute on this line. Moreover, as Hillman (1986) and Miehe & Miehe 

(1994) emphasized the lack of data for giving possible explanation of the present pattel1l 

and potential of the El'icaceo/ls vegetation. Many questions could arise in attempt to resolve 

this problem that include growth and regeneration, impact of fire and performance of the 

plant. A study on the stlUcture and distribution of this vegetation is crucial in paving the 

way on this line. 
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In light of this purpose, the present study aims investigating of the distribution and the 

altitudinal change of the structure of the Ericaceolls vegetation in relation to some 

environmental factors. 
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2. OBJECTIVES 

General objectives 

To document pattern of distribution of treeline species and the change in structure of the 

Ericaceolls vegetation along the altitudinal gradient. 

Specific objectives 

.:. To detelmine the change in height and DBH of E. Irimera and other treeline species 

along the altitudinal gradient, 

.:. To investigate the trend of change in density and fi'equency oftreeline species, 

.:. To document the change in diversity oftree and sruub species along the altitudinal 

gradient 

.:. To investigate the tendency of environmental factors in relation to the change in height 

and DBH of E. trim era and other treeline species 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study area is located in southern slope of the Bale mountain range, the Harrena 

Escarpment. In the lower part of this slope the change in altitude (between 1500 and 2800) 

is gradual and sharp at the upper part (above 2800). The Ericaceous vegetation is found 

stretched in the upper part of this slope. The area is known for its floral and faunal diversity 

as well as endemicity (Friis, 1986b; Hedberg, 1986; Hillman 1988; LisaneworkNegatu and 

Mesfin Tadesse, 1986; Zerihun Woldu et at., 1989; Minase Gashaw and Masresha, Fetene, 

1996), in addition to its socioeconomic importance and value as a genetic reservoir. The 

present study was conducted north of Rira village 536 km from Addis Ababa which is 

between 6 0 45' and & 7 0 Nand 39 0 45'and 39 040' E (see map). 

;:; ~ .. ';";.!:-;:;:.!." _., ""~ ... . . 

Figure 1. Map of the area 
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3.1.1. Clim~te 

High mountain ecology largely focused on the interplay of climatic condition and 

vegetation, the climatic data of this region is still sparse (Hillman, 1986; Liljequest, 1986; 

Daniel Gemechu, 1988; Bany, 1992; Rundel, 1994; Wesche, 2000). In general the east 

African climatic domain borders the Congo basin in southwest and the Somalian desert in 

n011heast. The Ethiopian climate is highly influenced by the position of ITCZ (INTER­

TROPICAL CNVERGENCE ZONE) that separates the humid tropical air mass to south 

from the my northeast. The main wind regimes that govern the climate of Bale mountains 

include north-easterly, south-easterly and south-east monsoon (Daniel Gemechu, 1977). 

The general trend is modified by altitude, topography and aspect. Therefore, the Bale 

mountains experience similar climatic conditions to the great lake region. The result of the 

interaction ofthese winds results a bi-modal rainfall (small and big rains). 

The seasonality of the rainfall depends on the relative position oflTCZ. From December to 

FeblUaty the ITCZ is located south of Ethiopia and northeast trade wind predominates in 

most of the countty. In April the ITCZ moves towards the north and moist southeasterly 

wind prevail over eastern Ethiopia. This brings the small rains mainly to the southeastern 

and the eastern Ethiopian highlands. When ITCZ gained its north most position the moist 

southwest monsoon reaches the western pat1 of the country and brings the long rains. 

Regions that are windward side to the moist southwest (e.g. some part of the Bale 

mountains) have a rainfall that strongly reflects the advection of the humidified air. Those 

areas that are sheltered fi'om the southwest receive low rainfall. Dolo Mena is the extreme 
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example of rain shadowed station while Dinsho is the highest precipitation side. Therefore 

the small rains are actually big for some of the stations. The long rain stops abmptly as soon 

as the ITCZ crossed the Ethiopian highlands. 

3.1.1.1. Rainfall 

Eventhough the rainfall data in Bale mountain range in general and in the southern slope in 

particular is suffering from missing data, the available data indicate this mountain range 

belong to the highest rainfall regime. The area receives an average rainfall of600-1500mm 

of rainfall per annum. But, there is 40% variability of the mean. The annual mean rainfall 

for Rira for the year 1987/88/89/90 as summaIized by Miehe & Miehe (1994) was 848mm 

(Figure 2). Rira basin with exposed steep slope to advective winds and daily rise of 

convective clouds has unexpectedly low rainfall (less than 1000mm). Therefore, the amount 

mentioned under estimate the humid condition (Miehe & Miehe, 1994). 
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Figure 2. Annual mean precipitation of Rira for the year 1987/88/89/90 as presented 
by Miehe & Miehe (1994). 
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Unlike the temperate regions where rainfall increase in a predictable mallller with elevation, 

precipitation in tropical African mountains reaches its peak in the middle and decrease 

steadily toward the peak (Runde!, 1994). Generally, allllual rainfall in Bale mountain range 

increases with altitude up to certain altitude (Hillman 1986; Miehe & Miehe, 1994). For the 

northem slope the maximum rainfall is recorded at 3,850m. Though, EWCO (Ethiopian 

Wildlife conservation organization) has described the altitudinal gradient in nOlihem slope, 

it is unfortunate that the altitudinal variation in Rira side is not well documented and the 

only rainfall stations are in Rira and Dolo Mena. The Hall'ena forest which is influenced by 

oceanic messoc1imate and supporting Bamboo forest (Bamboo forest is found to occur in 

more humid areas with rainfall at least more than lOOOmm) other luxuriant epiphytes and 

lianas could not be described with rainfall data from Mena (monomodal). The altitudinal 

variation in precipitation is shown in Figure 3. 
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Figure 3. Altitudinal variation in precipitation (mm) fol' different meteorological 
station in Bale mountains. Source Hillman (1986). 
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As it is indicated in Figure 3, the lowest rainfall was recorded at the foot of southern slope, 

Dolo Mella and the highest at Dinsho at 3 I 70. The rainfall increases with altitude up to 

3000m and decreases gradually above 3 100m. The rainfall above 3170m shows a gradual 

decrease between Dinsho and Koromi followed by a sharp drop between Koromi and 

Konteh. But, the only metreological stations that represent the southern slope are Dolo 

Mena and Rira. 

3.1.1.2.Temperature: 

As it is in all tropical mountains, the air temperature shows a higher diurnal variability than 

seasonal variation. The seasonal amplitude for the southern Ethiopia is found to be 2 °C 

(LiIjequist, 1986). Most pronounced effect of this diurnal temperature variation occurs in 

dry seasons (mainly from November to FeblUary) (Miehe & Miehe, 1994). As it is 

mentioned in Hillman (1986) the season with low rainfall, low humidity exhibit high 

diumal temperature variation. Because maximum temperatures are more strongly depressed 

during cloudy day than the minimum. This explains the smaller thermic amplitude during 

wet seasons. The seasonal contrast of thelmic amplitude increases with altitude which is 

mainly due to more strong wind. Hillman (1986) has recorded a minimum temperature of -

15°C in Weyib valley (3850m), while Miehe and Miehe (1994) has found noctumal 

minimum temperature of _3°c in the sparsely vegetated area. 

This sub-zero temperature results in fOimation of frost. Frost in Rira has been reported by 

Mooney (Mooney, 1963). Hillman (1986) and Miehe & Miehe (1994) have also observed 
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needle ice fOlmation in the sparsely vegetated places in the same area. Frost is expected to 

occur during clear nights of the year in open places of the Ericaceolls belt. This implies 

solifluction (freezing and thawing of the soil) which is common in the afroalpine area is 

also observed in the upper parts of the Ericaceolls vegetation. Frost in the open places of 

the Ericaceolls belt is expected during all clear nights of year. So frost-induced substrate 

movement is seasonal phenomenon in the El'icaceolis belt. It is highly pronounced during 

the first part of the long dry season where raw materials, low temperature and water are 

available (October-December). Because in the later season the soil become too dry and low 

temperature alone could not result in formation of needle ice. However, low temperature 

occurs only on the top Palt of the soil. A soil temperature of _12°c has been recorded at 

surface while it was _7° at 5 cm depth and it was only 0 °c at 15 cm (Miehe & Miehe, 

1994). 

Like the rainfall the temperature data for the Ericaceolls vegetation is sparse. The only 

long-term data available is fi'om Goba and Dinsho. The average temperature for Goba is 

13.1 ° C whereas it is 11.8 0 C for Dinsho (see Figure 3). Temperature generally decreases 

with altitude linearly in the southern mountains. But the mean minimum temperature values 

are highly variable due to local micro climatic factors. The rate for this decrease in 

temperature is about 0.4 °C/lOOm (Daniel Gemechu, 1988). Miehe & Miehe (1994) has 

found this rate to be 0.63 ° C/I 00 between Goba (2800m) and Dinsho (3170m). 

As it can be seen from the Figure the amplitude of the temperature is higher in dry season 

(December and January) and lower in wet season (April). 
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Figure 4 a, b. Altitudinal variation in minimnm, maximnm and average monthly 
temperatnre at Goba (a) and Dinsho (b) in Bale monntains (modified from 
Hillman, 1986). 
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3.1.1.3. Humidity: 

The southern slope of the mountain exposed to frequent mist and fog. This could be 

observed from luxuriant epiphytic mosses in the Ericaceous vegetation near Rira The 

contrast in the humidity between the northern and southern slope two slopes is also 

reflected by the dominance of Juniperus proce/'a a differential species of the drier forest 

which is absent in the southern slope. Relative humidity (RH) also shows diurnal variability 

like temperature. The minimum RH occurs around noon depending on the cloudiness of the 

sky and the maximum at dusk and down. It is higher in wet season and lower in dry 

seasons. 

Figure 5. Diurnal variability ofRH aud temperature in Rira. Taken from (Miehe & 
Miehe, 1994). 
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3.1.2. Soil 

The soil of Bale mountains has been described as young volcanic soils with no pronounced 

limitation of nutrients (Weinert and Mazurek, 1984). 

3.1.3. Vegetation 

The southern slope of Bale mountain range show a very distinct vegetation zonation due to 

its exposure to the oceanic southwest wind. The shelter from the dry northeast trade wind that 

affects the northem declivity, the connvective cloud coupled with significant variability of 

topography and altitude contribute to this end. This has made the place a natural laboratory 

for studying the vegetation zonation. The vegetation includes the montane and the afi'oalpine 

vegetation separated by the Ericaceolls belt (senslI Hedberg, 1951). The montane forest is part 

of the Afi'omontane vegetation of Africa that occurs on isolated highlands and mountains 

stretching from Mt Cameroon in the west to the Ethiopian highlands in the east and to the 

highlands of South Afiica to the south. 

The montane forest of southern slope which is palt of this vegetation lies between 1450 and 

3200m was described by several authors including (Mooney, 1963; Mesfin Tadesse, 1986; 

Friis, 1986b; Lissanewerk, 1987; Uhlig, 1988; Zedhun et al., 1989; Bussmann, 1997). These 

authors have descIibed the altitudinal variation of vegetation in different ways. 

The lower montane forest 

At the bottom of Han' en a escarpment (1,450m) the forest is composed of open COlllbretlllll­

Terlllinalia woodland which is graded into lowest zone of the montane forest belt. The 
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high forest trees like Allillgeria adolji-ji-iederci occur between the altitudinal range of 1650 to 

l860m. Other trees like PodocmplIs falcatlls and Olea capellse have a height of 32-36 (40) m. 

The stratification of this zone is reflected by its understorey shl11bs like Ocotea kellyellsis, 

MilllllSOpS kllllllllel, Tre/lla orielltalis, Celtis africalla, Diospyros abyssillica, Polysacias fit/va 

and Crotolllllacrostachyus. 

The wettest vegetation zone in the whole slope is found between 1850-2160m. This is 

reflected by the higher abundance of climbers and epiphytes. The height of the canopy 

attained here rich 38-40m. It is dominated by SyzygiuIII gllilleese. The other emergent trees are 

Podocarplls faicallis and Allillgeria adolji-ji-iedericii. The middle strata is occupied by Ocolea 

kellyellsis, Alophyllus abyssillica, Teclea Ilobilis, Vepris daillellii, Bersallla abyssillica and 

Galilleria saxiji'aga 

The upper montane 

The upper montane forest zone that range between 2160-2700m is differentiated from the 

lower montane forest by its more openness that suppmt more herbaceous vegetation. The 

dominant trees in this part include SchefJIera abyssillica, and Hagellia abyssillica, DOlllbeya 

lorida, Prlmlls Afi'icall and Elylhrilla abyssillica are also COllllllOll. A nan'ow belt of Bamboo 

is also found in this zone. 

At about 2800 to 3200m altitude the treeline species Hypericulll revolutulII, E. Irilllera and 

Erica arborea dominate the vegetation. The complexity of the physiognomy, structure and 

the species richness is different at different vegetation belts. The vegetation transition is 

distinct. 

23 



Unlike the other east African mountains the transition to the Ericaceous belt in Han'ena 

escarpment is gradual (Miehe & Miehe, 1994). E. trim era starts to appear in Hagellia-

Hypericum zone between 2800 and 3200m. Hagellia abyssillica is an emergent tree in this 

zone. The lower limit of this zone is marked by the appearance of Hypericum revo/utulII, 

Rapallea lIIe/allophioes alld Pittosperlllll viridiflorllm. 

Zonation scheme of the Ericaceolls and the afroalpine vegetation is based on the vertical 

distribution of plant cOll1ll1unities alone (Hedberg, 1951). Although Tewolde Berhan G.E. 

(1988) has classified the mountain vegetation in to montane and afroalpine, there is a third 

vegetation belt in between the two, the Ericaceolls belt (Hedberg, 1964). The transition 

from the Ericaceous belt to afroalpine zone is gradual. 

The Ericaceolls belt can be divide into three zones. Erica dominated Hagenia-Hypericllm 

zone where E. trim era occurs as tree with height of 10-15m. this zone lies between the 

altitudinal range of 3000-3400m. It is taken as sub-zone in the upper montane zone 

(Wesche, 2000) or a SUbalpine forest (Schmitt, 1991). 

The next part of the Ericaceolls vegetation is referred as transitional cOll1ll1unity. This 

community type reach up to 3600m. This part of the EricaceoliS belt is poor in number of 

tree/shrub species. The only cOll1ll1on associate of E. trim era in this part is Discopodilllll 

peninervulII. 

The central and the upper part of Ericaceolls vegetation are noted for the dominance of 

monotonous secondary scrub. This vegetation become more patchy and could continue upto 

4000m. The later dwarf secondary scrub, sometimes is mixed with afi'oalpine cOll1ll1unities. 
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The afroaJpine zone 

This zone is found above continuous El'icaceolls belt. After 4000111 the El'icaceolls 

vegetation gradually dis'integrate in to 1.5 to 0.5m low solitary scrub. This lower limit is 

depressed in areas where human interference is higher. The afi'oalpine zone is open and 

richer in grass forming community. HeliclllyslIlII dwarf shrub is a dominant fonnation in 

the afi'oalpine zone. The giant rosette is also a commonly found. H. citl'ispilllllll replaces H. 

spielldidlllll in a more drier and cooler sites. All the 5 life-fOlIDs of Hedberg (1951) giant 

rosettes, tussock grass, acaulescent rosette, cushion plant and sclerophyllous shrubs are 

common. 

3.1.4. Fauna 

The habitat diversity in Bale mountain range allows the area to host a large number of 

animals. According to Hillman (1986) there are at least 50 mammals, 180 birds and 14 

amphibian species among which more than 20% of mammals and 8% birds and 78% of 

amphibians are endemic to the counliy. But later Hillman (1993) found that the number to 

be higher, 66 mammals and 262 bird species (30.4% of 861 species in Ethiopia). A 

systematized altitudinal zoological expedition to the southern slope has statted lately 

(Afework Bekele, 1988). The Bale mountains serve both as a center of diversity and as hot 

spot of genetic diversity. According to Yalden (1983) 52.4% of mammals 60% of birds and 

35 5% of fi'ogs that are endemic to the country are found in Bale mountains. This accounts 

23.85 of277 mammal species recorded in Ethiopia (Hillman, 1993). 
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The closed Ericaceolls vegetation provides a shelter for wild animals in addition to its 

preference for grazing by some wild animals such as Mountain Nyala. But the real density 

of the wild animals in the Ericaceolls belt which is necessary for the analysis of habitat 

preference is lacking. Distribution of major large mammals in the Ericaceolls vegetation is 

indicated in Table!. 

Table 1. Larger herbivorous mammals in the Ericaceous zone ofBMNP (Bale 
Mountains National Park). 

English name Occurrence Total N' of estimates after 

(altitudinal range m) Hillman (1986) 

Mountain Nyala 3000-4200 1200-1400 

Menlik's bush buck 2100-3410 c,340 

Bohr Reedbuck 3000-3750 c.400 

Grey duckier 3000-3750 c.230 

Klipspringer 3450-4300 c.435 

Olive baboon 3060-3900 c.400 

Rock hyrax 2800-4300 several thousand 

Stack' sHare 3100-4300 several thousand 

3.1.4. Human Settlement: 

The southern Ethiopia was found to be more drier 22,000-12,000 BP (before present) and 

become more humid after 10,000 BP (Mohammed et ai, 1992). The earliest evidence of 

man in Bale was found in the Godeb plain in the upper Wabi-Sheble (Williams et al., 
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few quatemalY pollen analysis show no major vegetation change up to 1850 BP 

(BOlU1efille, 1993; BOlU1efille & Hamilton, 1986). Evidence ii-om Mt. Bada indicates for the 

existence of agro-pastorialism 7000 years BP. But this has not been found in the Ericaceolls 

zone. All the above evidences lead to the conclusion that strong clearance (if any) occurred 

after 1000 BP. The present settlers of Bale were animistic cattle breeders who were 

Islalllized during the last few centuries. Pastoralism and honey gathering constitute the main 

traditional economy ofthis population (Mooney, 1963). 

The EricaceOllS and afi'oalpine areas are utilized by pastorals in search of pasture for their 

animals, and springs (Hora) in this area (plate I). The highlands of Bale mountains are less 

densely populated than Semien. For example Barley was cultivated 600-800m lower than 

Simen. This is also due to the nomadic way of living. 

The Ericaceolls and the afro alpine areas serve as an important source of pasture especially 

when the herbaceous vegetation is dried up, mineral spring, Hom and a good ground for 

hunting Mountain Nyalas and small antelopes. These activities induce bush fire as an 

important weapon for hunting, clearing (for cattle track and grazing), and improvement of 

pasture and simulation of growing fi'esh grass. The extent to which the composition and 

dynamics of the Ericaceolls vegetation is affected is not known. The effect of grazing is 

complex which is not only limited on biomass removal. It is related with soil water 

availability and light absorption efficiency (Leriche et al., 2001). 
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