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Abstract. Tamrat Bekele. 1 993. Vegetation ecology of remnant 
Afromontane fore ts on the Central Plateau of Shewa, Ethiopia. 
-Acta Phytogeogr. Suec. 79, Uppsala. 61 pp. ISBN 9 1 -72 1 0-
079-6. (9 1 -72 1 0-479- 1 ) . 

The floristic composition and structure of the vegetation of 
Afromontane forest remnants on the Central Plateau of Shewa, 
Ethiopia are described and related to environmental factors. The 
study was conducted in four forests: one humid forest, the Jibat 
forest, and three dry forests, the Chil imo, Menagesha Suba and 
Wof-Washa forests. 1 46 releves were analysed, 77 in Jibat, 30 in 
Chi l imo, 20 in Menagesha Suba, and 1 9  in Wof-Washa. 

The sample plots were u ual ly 30 m x 30 m for tree and 
hrubs, and 2 m x 2 m for herbaceous plants. For each species 

the cover/abundance value was estimated. Height and diameter 
at breast height of all woody individuals tal ler than 2 m and 
thicker than 2 cm were measured. Profile diagrams were made 
in selected transects in two of the forests, Menagesha and Wof
Washa. 

The fol lowing environmental variables were measured in 
each sample plot: altitude, slope, and exposure. Representative 
soil samples from each sample plot were analysed for chemical 
properties: pH, Electrical conductivity, Na, K, Ca, Mg, N,  P, 
Cation exchange capacity, and Organic matter, and for physical 
properties: Sand, S i lt and Clay . 

The releves were classified with the clustering and reloca
tion program TABORD, and the two-way indicator species 
analysis program TWINSPAN. The resulting clusters were in
terpreted as community types and given provisional names after 
u ual ly two dominant or characteristic pecies. Community
environment relationships were analysed with the ordination 
program Canonical Correspondence Analy i (CANOCO pro
gram) and the Discriminant Analysis program DISCRIM.  

Eighteen community types were described: A rundinaria 

alpina type, flex mitis-Rapanea simensis type, Syzygium 

guineense-Psychotria orophila type, Olea hochstetteri-Olinia 

aequipetala type, Croton macrostachyus-Ficus sur type, Olea 

welwitschii-Carissa edulis type, Syzygium guineense- Vepris 

dainelli type, Erica arborea type, Juniperus procera-Myrsine 

africana-Ehrharta erecta type, Juniperus procera-Maytenus 
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arbutifolia-Peucedanum winkleri type, Erica arborea-Myrica 

salicifolia type, Spiniluma oxyacantha-Scolopia theifolia type, 
Scolopia theifolia-Podocarpus gracilior type, Podocarpus 

gracilior-Olea europaea type, Podocarpus gracilior-Allophylus 

abyssinicus type, Juniperus procera-Sideroxylon gillettii type, 
Podocarpus gracilior-Maytenus arbutifolia type and Euphorbia 

obovalifolia-Podocarpus gracilior type. There is a strong con
trast in  species composition between the humid and dry forests: 
the humid forest is characterized by a mixture of deciduous 
species while the dry forests are dominated mainly by the two 
conifers Juniperus procera and Podocarpus gracilior. 

Analy is of community-environment relationship revealed 
strong correlations with altitude, soil chemical factors - espe
cially organic matter and total cations- and the physical factors 
sand and clay content. It wa deduced from the structural com
parisons and vegetation history of the forests that Wof-Was ha is 
an old forest while Jibat, Chil imo and Menage ha Suba are 
forests in different stages of secondary development. 

Seven general patterns of species population structure were 
recognized for the forests, and interpreted in terms of the dy
namics of the species: ( 1 )  good reproduction and continuous 
recruitment, (2) poor reproduction, but relatively many indi
v iduals in medium-size classes, (3) good reproduction but bad 
recruitment, (4) good reproduction but irregular recruitment, (5)  
good reproduction and continuous recruitment, but under-repre
sentation of medium-sized individuals, (6) poor reproduction 
but relatively many individuals in higher size classes, and (7) no 
reproduction, and only very large and old individuals present. 

Floristic comparisons with other montane forests showed 
that the Jibat forest is more related to the southwestern humid 
forests of Ethiopia, while the forests of Chi l imo, Menagesha and 
Wof-Washa were related to each other, and other dry forests on 
the Southeastern Plateau of Ethiopia. 

Tamrat Bekele, Department of Ecological Botany, Uppsala 

University, Villavdgen 14, S-752 36 Uppsala, Sweden. Perma

nent address: Department of Biology, Addis Abeba University, 

P. O. Box 1176, Addis Abeba, Ethiopia. Fax+ 251 1 552112. 
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1 Introduction 

Ethiopia is a mountainous country with remarkable con

trasts :  it comprises rugged mountains, flat-topped pla

teaux, deep gorges and river valleys, and rol l ing plains. 

The altitudinal variation ranges from 1 1 0 m below sea 

level at Kobar Sink (Dallol  Depression) to 4620 m above 

sea level at the highest peak of Mt. Ras Dejen. The 

biological resources (flora, fauna and vegetation) of the 

country are sti l l  incompletely known. In  other East-Afri

can countries, notably  Kenya, Tanzania and Uganda, the 

overal l composition and distribution of the vegetation 

have been better described, and Flora' s are also avai lable. 

Ethiopia has a long history and a rich cultural heritage, 

and it has been able to withstand foreign invasions which 

may be one of the explanations of our relatively poor 

knowledge of the country . 

Given its unique physical setting and biogeographical 

position in Africa, a complete assessment of the vegeta

tion of Ethiopia contributes significantly to the general 

understanding of African flora and vegetation. The eco

logical crisis the country is facing - drought, deforesta

tion, soi l erosion - has locally been catastrophic and 

detrimental to the biological richness of the country . 

Ethiopia is an agricultural country with about 85 % of the 

population earning its living in direct interaction with the 

biological and physical environment. A ful l  understand

ing of the present remains of natural and semi-natural 

vegetation is required as a basis for the future design of a 

sound resource exploitation programme on a sustainable 

basis. 

To meet such ends, two major projects were estab

l ished with support from SAREC, the Swedish Agency 

for Research Cooperation with Developing Countries. 

The first project, which started in 1 980, aims at a complete 

Flora of Ethiopia. One volume of this work has already 

been published ( I .  Hedberg & Edwards 1 989) and subse-

quent volumes are in preparation . The second project, 

entitled 'Vegetation and land use study of the Central 

Plateau of Ethiopia' was launched in 1 987. The first 

vegetation studies have been devoted to grasslands and 

shrublands (e .g.  Zerihun & Backeus 1 99 1 ) . The present 

study forms part of the latter project and has the fol lowing 

specific objectives: 

1 .  To study the floristic composition and structure of the 

natural forests of the Central Plateau of Shewa, Ethiopia, 

and to classify the forest vegetation ; 

2. To investigate the ecological relationships of the forest 

communities, with a special emphasis on the history of 

vegetation and c l imate, the present human impact, and the 

general dynamical status of the forest types. 

In  this study, the definition of forest given in two 

important studies of East-African vegetation (Greenway 

1 973;  White 1 983a) has been adapted: "Forest is a con

tinuous stand of woody individuals, at least 5 m in height, 

with crowns touching or intermingling". This is  a prag

matic defi nition, applicable to most of the vegetation of 

the forests described here. Where the term woodland is 

used, it refers to open woody vegetation with open space 

between crowns in the canopy. See further Eiten ( 1 992), 

giving the same definitions, who discusses the variation 

and confusion regarding the names used for vegetation. 

This study deals with the four major remnant forests 

left on the Central Plateau of Ethiopia: Jibat forest, Chil imo 

forest, Menagesha Suba forest and Wof-Washa forest .  

Jibat is the name of the mountain on which the forest 

occurs; Chil imo is the name given to the forest; Menagesha 

Suba derives its name from a nearby town and vi l lage 

( Menagesha & Suba respectively);  Wof-Washa, l i teral ly  

meaning 'bird' s-cave' ,  is the name given to  the  forest. I n  

each case 'forest' should b e  read a s  'forest area' ;  within 

each area non-forest vegetation may occur. 
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2 The Central Plateau 

2.1 Physiography 

Ethiopia consists of two major high plateau regions di

vided by the Rift V alley system. Regions of low-lying 

plains border the plateaux in the east, south and west. In 

the west, extending from the former province of Eritrea in 

the north to Kenya in the south, we find the larger Ethio

pian Plateau, also known as the Northwestern Highlands. 

In the Southeast, a smaller plateau designated as the 

Southeastern High lands occurs, also known as the 

Somalian Plateau. The Ethiopian plateau includes parts of 

the administrative regions of Tigray, Gondar, Gojam, 

Wello, Wellega, I l l ubabor, Kefa, Gamo-Gofa and Shewa. 

Apart from the major river val leys, the whole of this 

region lies above 1 000 m and about half of the plateau l ies 

above 2000 m a.s . l .  (Mohr 1 97 1 ) . The Southeastern Pla

teau is situated to the east and southeast of the Rift system. 

The Shewa plateau, mostly situated above 2000 m 

a.s. l . ,  occupies the central portion of the Ethiopian Plateau 

and l ies between the middle valleys of the rivers Abay 

(Blue Ni le) and Awash, and the upper valley of the Omo. 

It extends westwards into eastern Wel lega and forms a 

crescent-like region draining into the A bay . The surface 

consists of plateau basalts into which the important tribu

taries of the Abay have cut deep gorges, isolating smaller 

tablelands (Westphal 1 975) .  

The Rift V al ley, dividing the Ethiopian highland mas

sif into two parts, is  characterized by a chain of l akes 

throughout the greater part of the V alley. It extends gener

al ly  SSW -NNE from Lake Rudolph in the south to Afar in 

the north. The Rift V alley passes through the administra

tive regions of Gamo-Gofa, S idamo, Shewa, Harerge, 

Wello, and Tigray. Fig. 1 shows the geographical position 

of the country and the different regions.  

2.2 Geology 

2.2.1 Bedrock 

The pre-Cambrian rocks which underlie the whole of 

Ethiopia consist mainly of a complex of metamorphic 

rocks of many different grades and types. Igneous rocks 

also constitute an important proportion of the pre-Cambrian 

rocks. The pre-Cambrian rocks might be found exposed in 

the peripheral regions of the country, and in many deep 

river valleys. However, for the most part, especially in the 
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central and eastern parts, they are overlain by more recent 

rocks. Mesozoic rocks, mainly sands tones and l imestones, 

cover the pre-Cambrian rocks; they appear in deep gorges 

in the Northwestern Highlands and in the highly eroded 

terrains of northern Ethiopia. Mesozoic rocks are also 

found on the southeastern slopes of the SE Highlands. 

Volcanic activities during the Tertiary period resulted in 

the extrusion of large quantities of flood la vas which now 

cover the Mesozoic rocks in most parts of the country.  

These lava flows occurred in a series of l ayers to form 

what is now known as the Trap Series. 

Various rock types, including rhyolites, trachytes, tuffs, 

and ignimbrites, compose the Trap Series, but basalts are 

the most important components and they constitute the 

main rock type of the Central Plateau. The basalts are 

uniform in composition over the whole range of the high 

plateaux, both chemical ly and mineralogically .  A detai led 

survey of the geology of Ethiopia is found in Mohr ( 1 97 1 ) . 

A survey of the chemical investigation of the rocks for the 

central eastern plateau, and the l i thology of some selected 

land forms, are found in Zanettin et al . ( 1 97 4) and Mer la et 

al . ( 1 979), respectively .  

2.2.2 Soils 

Detailed descriptions of Ethiopian soi ls are hardly avail 

able.  Data on chemical properties and colours of the soil 

are found in the work of Murphy ( 1 968),  who surveyed 

soi ls ,  mainly along highways, throughout most of the 

country . Lundgren ( 1 97 1 )  studied some soil properties of 

a montane forest on the Southeastern Plateau. The major

ity of the soi ls  of Central Ethiopia are of volcanic origin 

(Logan 1 946). V on B reitenbach ( 1 963) characterized the 

lava plateaux by means of two principal soi l types origi

nating from the disintegration of volcanic substrates inter

mingled with sand and l imestone: the black and compact 

clays ( ' B lack soi l' ) and the reddish-brown and heavy 

loams ( ' Red soil') .  The former type appears on f lat pla

teaux and in the bottom of valleys, and the l atter on 

mountain and val ley s lopes and on better drained pla

teaux. The red and brown soils ,  and loams are the most 

common soil s  in the highlands; they probabl y  make up 

over 60% of the plateau soi l s  (Logan 1 946) and are also 

the most common forest soi ls .  

No classification of Ethiopian soi l s  has yet  been at

tempted, but d ' Hoore ( 1 964) presented some useful infor

mation. His  elements and associations have been trans-
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Fig. 1 .  Map of Ethiopia showing the major physiographic regions, study sites and important places mentioned in the study: 1 = Addis 
Abeba; 2 = Jib  at forest; 3 = Chi l imo forest; 4 = Menagesha Sub a forest; 5 = Wof-Wash a forest; 6 = Mt. Bada; 7 = Bale Mts.; 8 = Semi en 
Mts.; 9 = Ghibe River; 1 0  = Omo River; 1 1 = Baro Lowlands; 1 2  = Afar Depression; 1 3  = Debre Berhan; 14 = Abay (B lue Nile) River; 
1 5  = Awash River. Note the extent of area above 3000 m. 

lated into the names of the soi l orders of the new soil 

c lassification system (FAO/UNESCO 1 974). Westphal 

( 1 975)  presented a survey of what he broadly defined as 

the soi l regions of Ethiopia. According to this characteri

zation, Alfisols (mainly belonging to the suborder Ustalfs), 

Verti sols and Inceptisols dominate the Central Plateau. In 

the National Atlas of Ethiopia (E.M.A. 1 988) various 

types of Vertisols, Luvisols and Cambisols have been 

mapped as constituting the bulk of the soi l s  of the Central 

Plateau of Ethiopia. A short definition of the soil groups is 

given by Buringh ( 1 979). 

As soi l s  and soil-forming processes are infl uenced by 

environmental factors such as topography and climate, 

and because a nation-wide soil classification is  lacking, it 

is sti l l  very difficult to indicate a clear demarcation of the 

boundaries between the soil types. Considering the great 

topographic and geological variability,  the best one can 

say is  that Ethiopia has a great variety of soil types, which 

often form mosaics. 
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2.3 Climate 

2.3.1 Rainfall 

The distribution of rainfall in East Africa is generally 

seasonal , depending on the convergence and alteration 

between the main air streams over this part of the conti

nent (Lind & Morrison 1 974). Four distribution patterns 

have been distinguished in Ethiopia (Daniel 1 977) .  In the 

southwest, rainfall occurs all -year round (Type 1 ) , while 

in the south ea t, rain fal l s  during spring and autumn (Type 

2). Coastal regions along the Red Sea receive rainfall  in 

winter (Type 3)  whereas the remainder of the country has 

a pronounced summer maximum (Type 4). The three 

most important seasonal winds accounting for the sea

sonal distribution of rainfall are ( 1 )  the southeasterlies, 

prevai l ing from about May to October, (2) the north

easterlies, from about November to Apri l ,  and (3)  the 

Atlantic equatorial westerl ies from March to November. 

The latter winds, which are more pronounced in the 

summer months, June-August (Daniel 1 977), bring most 

of the rain (Liljequist 1 986). 

The amount of rainfall varies considerably.  Regional 

variation in rainfal l in Ethiopia is mainly determined by 

two factors, namely the direction of moisture-bearing 

seasonal air currents and the elevation ( Kebede 1 964; 

Daniel 1 977).  In addition, variation in topography is of 

influence ( Kebede 1 964; Lind & Morrison 1 974; Liljequist 

1 986). Daniel ( 1 977) recognized 14 rainfal l  regimes for 

Ethiopia which can be grouped into two main type . The 

difference between the two types is determined by the 

occurrence of rain throughout the year (Type 1 )  or whether 

there are two rainy sea ons (Type 2). Both types are 

represented in the Central Plateau of Shewa. Type 1 

prevai ls in the western and central parts of the Plateau 

while Type 2 is characteristic of the north and eastern half 

of the Plateau . Within Type 1 one can distinguish between 

so-cal led spring rains or 'smal l rains' fal l ing in Apri l and 

May, and the 'big rains' fal ling in June-September. The 

easterly and southeasterly moist air currents produce the 

former, while the warm, moist southwesterl ies and south

easterlies account for the latter. These air currents are also 

responsible for the ' small rains'  coming in March-Apri l ,  

and 'b ig  rains' fal l ing from July to  September. A Type 2 

area on the Central Plateau of Shewa near Addis Abeba, 

situated in the middle of the Central Plateau, at 2440 m 

a.s . l . ,  receives an annual rainfall of 1 270 mm. 

2.3.2 Temperature 

The seasonal variation in temperature in Ethiopia is small 

(Logan 1 946; Westphal 1 975; Friis et al . 1 982; Liljequist 

1 986). Low temperatures are attained during the rainy 

months when there is a maximum of cloud cover. High 
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temperatures occur during the dry and sunny season. 

Dai ly temperature variations, especially during dry peri

ods with clear skies, can be high. The pattern of tempera

ture di tribution in Ethiopia varies from place to place, 

mainly in relation to the altitudinal variation . 

Traditional ly, Ethiopians divide the country into five 

climatic regions: 'wirch ' ,  'dega' ,  'woina dega' , 'qolla' 

and 'bereha' .  These divisions are mainly based on eleva

tion, and hence temperature as wel l .  Daniel ( 1 977) com

bined al titude, temperature and potential evapotrans

piration, and arrived at the fol lowing comparison with the 

traditional c lassification scheme: 

Type Description 

Wirch cool 

Dega cool temperate 

Woina dega temperate 

Qol la warm temperate 

Bereha hot 

Alt i tude (m) Potential 

> 3000 

2300-3000 

1 500-230 

800- 1 500 

< 800 

evapo

transpiration (CM) 

< 80 

80- 1 00 

1 1 0- 1 25 

1 25- 1 60 

> 1 60 

According to Del l iquadri (quoted by Westphal 1 975) ,  

average January temperatures, representing 'winter' , l ie 

between 15 and 20 °C in the highlands with the 1 5  °C

isotherm possibly coinciding with the 2400-m contour 

l ine. Average April temperatures, representing 'spring ' ,  

are the warmest throughout Ethiopia. The 25  °C-isotherm 

surrounds the Ethiopian highlands at this time. During the 

'summer' season the Ethiopian highlands experience mini

mum temperatures, while 'autumn' patterns are similar to 

those of winter' and 'spring ' .  It should be mentioned here 

that there are only two main seasons in Ethiopia: a long 

dry season and a horter wet sea on. 

2.3.3 Climatic classification 

The cl imate map of Ethiopia based on the Koppen system 

(E.M.A.  1 988) divides Ethiopia into three broad cl imate 

types which are subdivided into nine c lasses. The three 

main c l imate types recognized in this system are: the Dry 

cl imate, the Tropical Rainy cl imate, and the Temperate 

Rainy c l imate. According to this c lassification, the Cen

tral Plateau of Ethiopia is characterized by a Warm Tem

perate Cl imate I (CWB)  type and Warm Temperate Cli

mate I I  (CFB) type. The former cl imate type prevail s  in 

regions with distinct dry winter months, covering most of 

the NW and SE Highlands and extending over an altitudi

nal range from 1 750 m - 3200 m. The latter c l imate type 

prevai l s  in regions with sufficient rainfal l at all seasons, 

and occurs in the southwestern part of these Highlands. 



2.4 Vegetation 

2.4.1 General vegetation survey 

Until early this century, general surveys or descriptions of 

Ethiopian vegetation were mostly presented by foreign 

travel lers passing through the country on a mission other 

than floristic. Later, more elaborate attempts have been 

made towards a broader understanding of the country ' s  

vegetation and its c lassification . I n  some of these studies, 

vegetation c lasses have been subjectively as essed, based 

on similarities in geographical distribution with other 

East African countries (0. Hedberg 1 95 1 ,  1 978;  Pratt et 

al. 1 966; Coetzee 1 978;  White 1 983a), while others, such 

as Hamil ton ( 1 982), based their vegetation units on altitu

dinal distribution and moisture avai labi l i ty. 

More significant contributions to Ethiopian vegeta

tion c lassification include those of Pichi-Sermoll i  ( 1 957) 

and von Breitenbach ( 1 96 1 ,  1 963) .  The former recog

nized 24 vegetation units for the whole country, whereas 

the latter proposed seven broadly defined units which are 

further subdivided into smaller associations.  More re

cent! y, authors have criticized these surveys.  Gilbert ( 1 986) 

argued that some vegetation types described by Pichi

Sermoll i  hardly differed from each other, while others 

have been oversi mplified. Fri is et al. ( 1 982) pointed out 

that von Breitenbach 's  associations lack essential infor

mation on localities and distribution. 

Descriptive and classificatory studies on a smal ler 

scale, referring to local conditions and isolated vegetation 

types, were carried out by Logan ( 1 946), Scott ( 1 955), 

Sebald ( 1 968), Beals ( 1 969), Wilson ( 1 977), Verfai l l ie 

( 1 978), Klotzli ( 1 98 1 ), Hailu ( 1 982), Weinert ( 1 983),  

Fri is et al . ( 1 982), Jsaac ( 1 984), Zeri hun ( 1 985),  Fri is 

( 1 986, 1 992), Lisanework ( 1 987), Sebsebe ( 1 988), Zerihun 

& Backeus ( 1 99 1 )  and Miehe & M iehe ( 1 993).  In the 

National Atlas of Ethiopia (E.M.A. 1 988),  ten vegetation 

types have been identified and their general distribution 

mapped. However, this c lassification is based on the 

theory of cl imatic cl imax vegetation ; therefore it can 

hardly be used for the present natural vegetation . 

The fol lowing brief summary of Ethiopian vegetation 

has been taken from the survey by Friis ( 1 992). The 

southwestern slopes of the NW Highlands are covered by 

extensive transitional rain forests . These forests occur at 

altitudes between 1 500 and 2600 m, and characteristical ly 

contain a mixture of Podocarpus and broad-leaved spe

cies in the canopy, with Aningeria adolfi-friedericii as a 

predominant species. The vegetation at higher altitudes 

and under drier conditions, is dominated by the conifers 

Podocarpus gracilior and Juniperus procera. These latter 

forests occur in both the NW and SE Highlands at alti

tudes from ea. 1 500 - 2700 m. The dry evergreen forests 

have been subjected to human interference during a very 
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long period, and at present they are only found scattered 

and in very small patches. Deciduous woodland and 

wooded grasslands are the mai n vegetation types of the 

we tern lowlands of Ethiopia. Along a north-south gradi

ent they show a considerable variation in both physiog

nomy and floristic composition. 

The ' Ethiopian undifferentiated woodland' (sensu 

White 1 983a) is related to a characteristic type of Sudanian 

woodland and occurs along the western escarpment of the 

NW Highlands. The dominant woodland trees include 

Balanites aegyptiaca, Boswellia papyrifera, Combretum 

collinum, Steriospermum kunthianum and Terminalia spp. 

Sudanian wooded grassland with Terminalia spp. is found 

in the Baro lowlands. In addition, small patches of natural 

dry semi-evergreen forest and riverine forests occur here. 

The plant cover of the Ghibe-Omo Basin is  poorly 

known; wooded grasslands and bush land of the Somal ia

Masai type are considered as parts of the natural vegetation. 

Arundinaria alpina occurs in patches on the wet side 

of the mountain massifs. Above 3300 m a.s. l . ,  Afro

Alpine vegetation dominates the landscape . This type is 

poor in species; it is only found on the highest mountains, 

such a the Semien mountains in the north, and the Bale 

mountains in the southeast. 

The Rift Valley, especially in the Lake Region, is 

covered by Acacia woodland (mainly Acacia tortilis). 

This vegetation type is also found in the Lower A wash 

Valley, and along the foothi l l s  of the eastern escarpment 

of the NW Highlands. Along the Afar Depression in the 

northeast, the Somalia-Masai semi-desert grassland and 

bushland forms the major vegetation type. 

The southeastern lowlands of Ethiopia are mainly 

covered by the Somalia-Masai type Commiphora decidu

ous bushland and thickets. Along water courses in almost 

all the vegetation types mentioned above, riverine vegeta

tion, including riverine forest, prevai ls .  

2.4.2 Forest vegetation of  Ethiopia 

Among the general vegetation studies mentioned above, 

some are of particular importance for a forest typology. 

Both Logan ( 1 946) and Pichi-Sermoll i  ( 1 957) provided a 

general outl ine of Ethiopian fore t vegetation, comprising 

three distinct forest types: Montane Dry Evergreen For

est, Montane Moist Evergreen Forest, and Arundinaria 

Bamboo Forest. V on Breitenbach ( 1 963) recognized more 

forest types according to their dominant species, and 

grouped them into two very broad categories: Lower and 

Upper-Highland Forests. The most recent surveys of Ethio

pian forests are those by Fri is et al . ( 1 982), and Fri is 

( 1 986, 1 992) ;  the monograph by Friis ( 1 992) presents a 

description of the forests and forest trees of North-East 

Africa, which includes the fol lowing types occurring in 

Ethiopia: 
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Fig. 2. Remain of isolated Juniperus procera trees in a fannland near the Chi l imo forest. 

a. Dry peripheral semi-deciduous Guineo-Congolian for

est; it is restricted to the Baro Lowlands of western 

I l lubabor, western Ethiopia. 

b.  Transitional rain forest; occurring scattered on the SW 

Escarpment of the NW Highlands. 

c. Afromontane rain forest; in the southwestern parts of 

the NW and SE Highlands. 

d. Undifferentiated Afromontane fore t; in both the NW 

and SE Highlands, especial ly on the plateaux of Shewa, 

Wel lo, Sidamo, Bale and Hararghe. 

e .  Dry single-dominant Afromontane fore t of the Ethio

pian Highlands ; in the northern hal f of the NW High

lands, especial ly in parts of Gojam, Gonder and Tigray. 

f. Dry single-dominant Afromontane forest of the escarp

ments, including transitions between single-dominant 

Afromontane forest and Ea t African evergreen and 

semi-evergreen bushland; a physiognomical ly hetero

geneous but floristical ly more homogeneous vegeta

tion ranging from forest to evergreen scrub with scat

tered trees. 

g.  Riverine forest; exhibiting a floristic composition that 

varies depending on altitude and geographical location. 

2.4.3 Human impact 

The estimates of the extension of various forest types in 

Ethiopia today, and in the past, are numerous and vary 

widely.  Logan ( 1 946) estimated that what he called 'high 

forest' covered about 5% of the area of the highlands 

whereas von Breitenbach ( 1 963) estimated the extent of 
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' highland forests ' to be 4% of the total land area. Mesfin 

( 1 972) reported that ea. 85% of the original forest had 

disappeared and that only ea. 5% of the country was stil l 

covered by forests. The National Mapping Agency of 

Ethiopia (E.M.A.  1 988) estimated that once 30% of the 

entire country was covered with forest and that only 3% is 

left nowadays. However, it is very difficult  to establish 

the past and present extent of forest vegetation in Ethiopia 

for two rea ons (Friis 1 986).  First, the estimates do not 

di tinguish between natural high forest, secondary forest, 

and other era] stages in forest regrowth . Therefore, it is 

not possible to make comparisons because it is difficult  to 

infer exactly what type of vegetation is implied. Second, 

estimates of past forest cover were speculative, while 

being mainly based on the combination of distribution of 

rainfal l  and remnant forest patches. 

Despite the uncertainties mentioned, we may assume 

that once the extent of forests in Ethiopia was much larger 

than at present. Isolated forest trees occur scattered through

out most of the highlands (Fig. 2) , suggesting the former 

presence of forest there .  Patches of forest and woodland, 

with a species composition similar to that of the remain

ing natural forests, are very common around churchyards 

and religious burial grounds (Fig. 3) which are abundant 

in the highlands. According to Wilson ( 1 977), the density 

of churches in Central Tigray (north of the Central Pla

teau) is one/ 1 9. 1  km2. Forest patches which are remains 

of a formerly much more extensive area are present both 

in the NW and SE Highlands. In the north, these patches 

are found scattered along the eastern escarpment of the 

NW Highlands. 
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Fig. 3 .  A forest patch on rel igious burial ground in the Wello administrative region. Trees on the hill top 
(arrow) are Olea europaea; Euphorbia sp. is  visible as isolated trees to the right on the lower slopes. 
Note the contrast with the eroded slopes in the background. 

The obvious assumption (e.g. Logan 1 946; Friis 1 986) 

that much of the forested area was turned into fields and 

grassland, has to be substantiated with evidence from 

other studies. For instance, in the northeastern part of the 

Central Plateau, houses are built of stone, which is a 

different system compared to the tradition in the rest of the 

plateau, suggesting scarcity of local timber for at least a 

few hundred years. Tewolde ( 1 989) suggested that high

land forests did not have a conti nuous distribution, but 

were interrupted by a mosaic of highland grasslands and 

swamps, where impeded drainage in the valleys and other 

edaphic factors l imited the growth of trees.  To obtain 

more evidence as regards the past extent of forest vegeta

tion in Ethiopia, relevant information has to be obtained 

from palynological studies, which are crucial for the 

reconstruction of the past c l imate and vegetation history 

of the region . 

Whatever the extent of the land surface that might 

have been covered by forests, most of the forested land 

has disappeared due to c limatic change and particularly 

human activities (Hamil ton 1 974). A h istorical account of 

environmental degradation was presented by Tewolde 

( 1 989). Of special importance are the changes in the 

social organization and land tenure that started in the 1 7th 

century and resulted in  a l and-holding system that put al l  

land other than that under cultivation, avai lable for com

mon use by the local population. The consequence was, 

that the land came to be used virtual ly as a source for food, 

feed and wood. Since the peasants were not al lowed to 

organize themselves, the local resources were exploited 

c haotica l l y  wi thout any co-operative responsibi l ity 

(Tewolde 1 989).  Uncontrol led exploitation is  sti l l  going 

on, e pecial ly  to atisfy dome tic needs for fi rewood and 

construction materials. 

The very high annual rate of population growth, 2 .5% 

between the years 1 980 and 1 985 (Sayer et al . 1 992), has 

also led to further replacement of forests by agricultural 

land. Despite the long history of agriculture in Ethiopia 

(Mesfin 1972;  Tewolde 1 989), tree planting was either 

unknown or not considered necessary (Mesfin 1 972), so 

that hardly any new wood resources were developed unti l 

the end of the 1 9th century .  B y  this time, wood scarcity, at 

least on the Central Plateau, was so acute that exotic 

species (e.g. Eucalyptus globulus, Pohjonen & Pukkala 

1 990) had to be imported to establish plantations.  

To summarize the trends in vegetation change, some 

further figures are presented. Already 50 years ago, Logan 

( 1 946) noted that the forest extending from Addis Alem to 

Jumjum (ea. 1 5  km) had been reduced to scattered mature 

trees with sporadic patches of scrub over a period of 45 

years. This process has continued further to the west to the 

same extent in the last 1 5-20 years. Of the estimated 87 % 

of forest and woodland cover in the Ethiopian highlands, 

only 40% was left by 1 950 and as little as 5 .6 % by 1 980 

(Sayer et al . 1 992) . For the country as a whole, the figures 

are as fol lows:  of the original 35% forest cover, 1 6% was 
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left by 1 952, 3 .6 % by 1 980, 2.7% by 1 987 and about 

2.4% by 1 990 (Sayer et al . 1 992). The few scattered and 

relatively  smal l areas of forest that survive today are 

largely confined to inaccessible steep hi l l  slopes, escarp

ments and mountai ns far from motorways.  

2.5 History of climate and vegetation 

There is ample evidence of long-term changes in the 

climate and vegetation of Africa (0. Hedberg 1 954; Moreau 

1 938,  1 95 1 ,  1 963;  Coetzee 1 964, 1 967 ; van Zinderen 

Bakker & Coetzee 1 972; Livingstone 1 975 ;  Potter 1 976; 

Hastenrath 1 977;  Axelrod & Raven 1 978 ;  Hamilton 1 98 1 ,  

1 982; Bonnefi l le & Hamilton 1 986). The highlands of 

Ethiopia and East Africa provide some of the clearest and 

most convincing pieces of evidence for these changes 

(Livingstone 1 975),  although palynological evidence for 

long-term changes in Ethiopia is sti l l  scanty. Fossil pol len 

and spore assemblages in Upper-Neogene lignitified la

custrine deposits have been recorded from the northwest

ern Ethiopian highlands ( Kedamawit 1 986).  They show 

the fol lowing features: 

- presence of spec ies bel onging to genera such as 

Afrocrania, Anthonota, Brachystegia, Holoptelea, lodes, 

Isoberlinia, Isomacrolobium, Oligocodon and Rauvolfia, 

which are completely lacking in the present Ethiopian 

flora; 

- absence of a gymnosperm flora, which i now the 

predominant highland flora, with particularly Podocarpus 

and Juniperus; 

- much higher abundance of pteridophytes;  

- poor non-arboreal flora, with low representation of i .a. 

Poaceae and Cyperaceae. 

Al l  these features suggest a warm and humid cl imate with 

a richer flora than nowadays (Fri is et al .  1 992). 

Pollen spectra from Holocene sediments around Lake 

Rudolph [(Lake Turkana), (northern Kenya and Ethio

pia)], contain relatively high quantities of tree pollen 

assigned to the genera Euclea, Ekebergia, Podocarpus, 

Juniperus and Olea. This suggests a wet period during the 

early Holocene. Later, the trees decl ined while grasses 

became much more common, suggesting drier conditions 

(Bonnefi l le & Hamilton 1 986). 

From a pol len diagram from Mt. Badda ( 4040 m a .s . l . ,  

Arsi province) presented by Hamilton ( 1 982), four pol len 

zones were recognized: 

- Zone D, before ea. 1 0  000 B .P.,  with a much higher value 

for Chenopodiaceae-type pol len than known from else

where in montane Eastern Africa. The high abundance of 

Suaeda pol len suggests the occurrence of semi-desert or 

salt pans in a much drier climate. The presence of a dry 

montane forest on the Arsi mountains is indicated by the 

abundance of pol len types assigned to montane forest 
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genera, such as Podocarpus, Juniperus, Olea and Myrica . 

The scarcity of pol len types suggesting wetter environ

ments, e .g.  Alchemilla, Ericaceae, Hagenia, Macaranga 

kilimandscharica, and Urticaceae, is further evidence of 

arid conditions. 

- Zone C, max. 50 cm, based on a thin pol len depo ition, 

covering a period of 6000-7000 years, has not been treated 

in detai l .  

- Zone B ,  ea. 3700 - 1 850 B .P.,  i s  characterized b y  pollen 

of Podocarpus, Juniperus and Olea, indicative of dry 

montane forest. 

- Zone A, ea. 1 850 B .P.,  shows a major change in vegeta

tion, primari ly due to human infl uence. A widespread 

decl ine of Podocarpus pol len and the increa e in Celtis 

(secondary forest), Dodonaea, Hagenia and Myrica (for

est at high altitude), and Chenopodiaceae, Plantago and 

Rumex (grazed and cultivated land), suggests a devasta

tion of Podocarpus forest and a replacement by secondary 

forest, montane woodland, and agricultural land. A com

pared with other East African mountains, where human 

influence is supposed to be of very recent origin, vegeta

tion degradation and soil erosion in the Ethiopian high

lands have a longer history. 

A second peat core studied by Hamilton ( 1 982) from 

the Bale Mountains (3830 m a.s . l . ,  Bale province) was 

dated at 7920 ± 80 BP. ,  and comprises three pollen zones 

(A - C). There seems to be a correlation between the A and 

B pol len zones of both the Bale Mts. and the Badda Mts . ,  

indicated by (a) persistent Podocarpus and Juniperus 

presence, indicative of a dry montane forest; (b) re latively 

high amounts of Celtis, Dodonaea and Hagenia pollen;  

(c) decrease in Ericaceae over the Zone B/A ( 1 850 B .P.)  

boundary, indicating human di turbance; and (d) increase 

of Urticaceae suggesting the opening up of the forests. A 

switch to drier c l imates at the Zone C/B boundary is 

indicated by the rise in Podocarpus pol len, a phenomenon 

observed in other East African pol len diagrams too. Moister 

conditions than in Zone B are indicated for Zone C by 

higher values of Macaranga kilimandscharica and 

Rapanea-type pollen.  Palynological studies on the veg

etation history of the Lake Wenchi area, western Shewa, 

by Bonnefi l le  & B uchet ( 1 987) indicate a rather unaltered 

si tuation over the last 1 000 years. The present-day vegeta

tion around the lake comprises i .a. Juniperus, Hagenia 

and Olea species. 



2 . 6  Phytogeographical description 

2.6.1 Africa 

The fol lowing short characterization is based on descrip

tions by Wickens ( 1 976), Brenan ( 1 978), Fri is ( 1 986) and 

Iversen ( 1 99 1 ) . Most of these descriptions are in agree

ment with the classifications of Chapman & White ( 1 970) 

and White ( 1 976, 1 983a). Here, we adopt the system of 

White ( 1 979, 1 983a) with four phytochoria types at the 

rank of a region : (a) regional centres of endemism, (b) an 

archipelago-l ike centre of endemism, (c) an archipelago

l ike centre of extreme floristic impoverishment, and (d) 

regional transition zones and mosaics .  The phyto

geographical regions of Africa are shown in Fig . 4. Each 

regional centre of endemi sm is  characterized as a 

phytochorion with > 50% of its species confined to it with 

a total of more than 1 000 endemic species. The phytochoria 

Fig. 4. Phytogeographical map of Africa according to White 
( 1 983a) taken from Iversen ( 1 99 1 ) . Regional centers of ende
mism: 1 = Guineo-Congolian; 2 = Zambezian; 3 = Sudanian; 4 = 
Somalia-Masai; 5 = Karoo-Namib; 6 = Cape; 7 = West Mala
gasy; 8 = East Malagasy; 9 = Mediterranean; Regional transition 
zones: 1 0  = Guineo-Congolian/Sudanian; 1 1  = Guineo-Congo
l ian/Zambezian; 1 2  = Kalahari-Highveld; 1 3  = Sahel; 14 = 
Sahara; 1 5  = Mediterranean/Sahara; Regional mosaics: 1 6. Lake 
Victoria; 1 7 . Zanzibar-lnhambane; 1 8 . Tongaland-Pondoland. 
Black: Afromontane and Afroalpine areas. 
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constituting regional centres of endemism are: Guineo

Congolian, Zambezian, Sudanian, Somalia-Masai , Cape, 

Karoo-Narnib and Mediterranean; two additional regional 

centres of endemism are recognized for Madagascar; East 

Malagasy and West Malagasy. 

Since the boundaries between these regional centres 

of endemism are not sharp, and because there is some 

overlap between adjacent phytochoria, a phytogeographical 

category named 'transitional zone' is employed to charac

terize overlapping zones. These are: Guineo-Congolian/ 

Zambezian, Guineo-Congolian/Sudanian, Lake Victoria, 

Zanzibar- I nhambane, Kalahari - Highveld, Tongaland

Pondoland, Sahel ,  Sahara, and Mediterranean/Sahara. 

The archipelago-l ike regional centre of endemism cor

responds to the disjunct Afromontane regions with floris

tic similarities to each other that are greater than those to 

adjoining areas. This centre comprises all the montane 

forests and extends discontinuously from Ethiopia in the 

north to the Cape Province in the south and the Cameroon 

mountains in the west. 

The archipelago-l ike centre of extreme floristic im

poverishment refers to the Afroalpine zone, situated at 

higher altitudes than the Afromontane Region. 

2.6.2 The Afromontane Region 

The Afromontane Region comprises two of the three belts 

of highland vegetation distinguished by Hedberg ( 1 95 1  ), 

the Montane forest belt and the Ericaceous belt ;  the Al

pine belt characterizes the Afroalpine Region (Wickens 

1 976). The Afromontane Region is an archipelago-like 

centre of endemism mostly found above 2000 m a.s. l .  in 

the Tropics (White 1 983a,b) .  This region extends from 

Ethiopia in the north to the Cape Province in the south and 

to the Cameroon mountains in the west, but it is most 

prominent in East Africa. The altitudinal demarcation 

between lowland forest and highland vegetation varies: 

900 m (Dowsett-Lemaire 1 989), 1 300- 1 500 m (Chapman 

& White 1 970; Hami lton 1 974), and 1 500 m (Fri is 1 992). 

According to White ( 1 983a), most Afromontane commu

nities are found above 2000 m a.s . l .  but may extend as far 

down as 1 200 m under more oceanic conditions, as in the 

western Usambara mountains in Tanzania. In the Cape 

Region, exclaves of Afromontane forests can even be 

found only a few hundred metres above sea level (White 

1 983a).  The del imitation of the boundary between low

land and upland forest is thus somewhat arbitrary (Lind & 

Morrison 1 974) . 

A general analysis of the tropical African montane 

flora is  l acking, but according to White ( 1 983a) it com

prises at least 4000 species, of which ea. 3000 are endemic 

to the Afromontane region or almost so; an endemic 

species bei ng a taxon l imited to a stated area. The Afro

montane endemics are classified into the fol lowing three 
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categories (Chapman & White 1 970). These categories 

were initial ly based on observations of Malawi forest tree 

species, but they can also be applied to the montane 

vegetation elsewhere in Africa (Wickens 1 976; Coetzee 

1 978) :  

1 .  Afromontane 'nephews' , with a c lose relationship with 

the lowland forests of the Guineo-Congol ian Region ; 

2. Afromontane 'orphans' , without a close relationship 

with the humid tropics of Africa; 

3 .  Afromontane flora sensu stricto, which never had rela

tives in the humid tropics of Africa or elsewhere. 

In addition to the endemic categories, a few other 

groups of species are recognized in the description of the 

Afromontane flora. These are l isted and defined as fol 

lows: 

1 .  Linking species - species occurring in the Afromontane 

region and in one or more other phytochoria as wel l ;  

2 .  Marginal intruders - species widely distributed i n  one 

phytochorion, but they extend a short distance into one 

or more adjacent phytochoria; 

3 .  Transgressors (chorological or ecological) - species 

which occur in two or more major phytochoria and are 

characteristic members of two or more vegetation types. 

At present, the montane forest belt is reduced to insu

lar entities separated by a wide variety of drier vegetation 

types below their altitudinal l imits (Coetzee 1 978) .  The 

forests of the montane belt  have suffered from human 

impact and have been reduced in extent. Al though many 

forest tree species are endemic to the Afromontane region 

as a whole, only very few are endemic to a single moun

tain;  neither are there many vicariant species known 

(Chapman & White 1 970) .  The large variabi l i ty of 

Afromontane tree species regarding geographical distri

bution, ecological ampl itude, and growth form makes the 

c lassification of the forests very difficu lt  (White 1 983a) .  

The fol lowing pragmatic forest typology can be adopted:  

Afromontane rain forest, Undifferentiated Afromontane 

forest, Dry transitional montane forest, and Single-domi

nant Afromontane forests, such as Juniperus procera 

forest and Hagenia abyssinica forest. 

2.6.3 Ethiopia 

The principal physical characteristic of Ethiopia is  the 

extension of high altitude areas. Y alden ( 1 983) estimated 

that of the 37 1 432 km2 of land above 2000 m a.s. l . ,  1 87 

1 00 km2, or 50.4%, is found in Ethiopia; for land above 

3000 m a.s . l .  the corresponding figures are 28 545 km2, of 

which 22 750 km2, or 79.7% is  Ethiopian . Within Ethio

pia, ea. 1 5% of the total land area of 1 . 1 2  mi l l ion km2 is  

above 2000 m a.s . l .  and 2% is above 3000 m a.s . l .  Due to 

the diverse c limatic conditions and the high physiographic 

variabil ity in Ethiopia, an important endemic element in  

i t s  flora may be expected. Brenan ( 1 97 8) ,  referring to 
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Cufodontis ( 1 953- 1 972), concluded that approximately 

2 1 %  of the 2638 species distinguished are endemic to 

Ethiopia. An IUCN report from 1 986 estimates the size of 

Ethiopia' s flora to be ea. 5750 species. The floristic ende

mi m is paral leled by a faunistic endemism: 3 .6% of the 

birds, and 1 2.8% of the mammals known in Ethiopia are 

endemic. There are 242 species of mammals, 847 species 

of birds and 30 endemic amphibian species found in the 

country (Sayer et al . 1 992). Indeed, most endemics are 

associated with montane grassland and forest habitats. 

As to Ethiopia as a whole, Fri is ( 1 986) distinguished 

three centres of local endemism for both the mountains of 

Ethiopia and adjoining Somalia, based on topography, 

rainfal l regime, and physiognomy of the vegetation . In a 

l ater, more elaborate description (Friis  1 992), six local 

phytochoria were recognized, mainly based on the pres

ence of particu lar forest types:  

1 .  Lowland dry peripheral Guineo-Congolian forest area, 

LGC, including the exclave of lowland dry peripheral 

semi-deciduous Guineo-Congolian forest vegetation 

in the Nile V al ley plains and in the B aro Lowlands. 

2. Transitional area between Lowland Guineo-Congol ian 

and Afromontane vegetation, TGC, on the s lopes of the 

SW Escarpment of the NW Highlands. 

3 .  Humid Afromontane area, HUA. 

4. Widespread, Afromontane forest area, WIA.  

5 .  Transitional area between Afromontane and Somalia-

Masai vegetation, TSM .  

6.  Riverine forest area, RIV.  

A maximum of  Afromontane taxa is reached in the phyto

choria TGC, HUA, WIA, and TSM .  Guineo-Congolian 

taxa are almost completely restricted to LGC. Overlap

ping taxa occur in all phytochoria, but are most numerous 

in the humid types TGC and HUA.  



3 Study area: location and description 

3 .1 Introduction : 

Dry and humid Afromontane forests 

The four forest sites (Fig. 1 )  included in this study are 

different from each other with respect to c l imate, topogra

phy, environment, history of land use and human impact. 

The characterization of forests as 'moist' or 'dry ' ,  and the 

criteria fol lowed to define the l imits are loose . Logan 

( 1 946) used altitudinal variation to distinguish between 

what he cal l s  'c l imatic moist woodland' and 'c l imatic dry 

woodland' on the Ethiopian Plateau . Trapnel l  & Langdale

Brown ( 1 962) characterized wet montane forests as those 

vegetation types with a high proportion of large-lea ved and 

soft-leaved species. The dry montane forests, on the other 

hand, are described as being dominated by hard-leaved 

evergreens.  Coetzee ( 1 978) considers temperature and 

moisture to be the important variables that help delimit 

moist and dry evergreen forests in East Africa. Swaine 

( 1 992) described dry forests in West Africa as having two

peak annual rainfall between 850 and 1 350 mm, with 6 - 1 0  

dry months of less than 1 00 mm rain per year. 

In the present study, forests are del imited as moist or 

dry fol lowing Gerhardt & Hytteborn ( 1 992), who set the 

c l imatic l imits for the dry forests to be a drought period of 

about half the year in one or two periods and an annual 

precipitation of between 400 - 1 700 mm. The moist forests 

can be cl imatical ly del imited as having a period of at least 

six months of rainfall in one period and an annual precipi

tation of at least 1 700 mm. 

Three of the forests in the present study can be consid

ered as dry Afromontane forests, while one is  a humid 

Afromontane forest. The three dry forests are the Chil imo 

forest, the Menagesha Suba forest and the Wof-Washa 

forest; the humid forest is the Jibat forest. The mountains 

and escarpments covered by the forests differ from each 

other in geographical location, altitudinal variation, expo

sure and s lope . The escarpments containing the Wof

Washa forest extend north-south, and the forest is situated 

on an eastern s lope. The Menagesha forest is situated on 

the western slope of the mountain which has a north-south 

alignment. On the other hand, the h i l l  chains bearing the 

Chil i mo forest run from east to west, and the forest is 

situated on a southern slope. 

The only forest among the dry forests that escaped 

selective cutting for commercial use is  the Wof-Washa 

forest. Considerable exploitation occurred in the Mena-

gesha forest, but there sti l l  remains a small patch of the 

original primary forest. The Chi l imo forest is the most 

severely influenced and this was partly due to i ts proxim

i ty to a town and a motor road. Although there had 

been some selective cutting in the Jibat forest, the effects 

are minor also because of its large size. 

3 . 2  The Jibat forest 

The Jibat forest is located in western Shewa about 200 km 

west of Addis Abeba. The forest is situated on the western 

slope of a mountain range with approximately a north

south alignment (see Fig. 1 in Tarnrat 1 994) .  The forest 

extends between ea. 2000 m and 2950 m a.s . l . (Fig. 5 ) .  

The soil s  of  this area have not yet been systematical ly 

described. However, most of the plateau soi ls on hi l lsides 

and steeper s lopes are red to reddish-brown. 

At the peak of the mountain, where there is at present 

an extensive bamboo cover, there are signs of what is 

bel ieved to be the ruins of a palace from the 1 5th century. 

Charcoal pieces and fragments of pottery have been found 

in soi l pits. This indicates that once there was a settled 

population at the site and that the existing forest includes 

secondary vegetation . There is one defunct sawmi l l  in the 

forest; selective cutting and charcoal production (Fig. 6), 

however, is sti l l  in progress. For a more detai led descrip

tion of the forest area, see Tarnrat ( 1 994). 

Meteorological data from Shenen at 2550 m a.s . l .  

(8° 48' N ,  37°33' E), a small town a t  the edge o f  the forest, 

are presented here. The mean annual rainfal l is 1 800 mm, 

with a high concentration in the months May to October 

(Fig. 7a) .  The mean monthly dai ly temperature maxima 

range from 2 1 .3 to 23.5 °C, while the means of the dai ly 

minima range from 8 .8  to 1 0. 1  oc. The mean monthly  

temperatures range from 1 5 .4 to  1 6.5 °C,  and show l i ttle 

variation . The nights may be cold, especial ly in  winter; 

hail and frost are not uncommon in the area, as could be 

observed during the field work. The months November to 

January are relatively dry. 

3 .3 The Chilimo forest 

The Chil imo forest is situated 90 km west of Addis Abeba, 

very near to the smal l town of Ghinchi, and close to the 
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Fig. 5. A view of part of the J ibat forest at 2400 m a.s. l .  Note the variation in tree species of which 
Albizia sp., Ficus sur and Olea welwitschii are the most abundant at this altitude. 

main road running from the capital to western Ethiopia. 

Its geographical location is 38° 1 0' E, and 9°05' N (Fig . 8) .  

It is situated between ea.  2400 and 2900 m a .s . l .  The forest 

is a smal l enclave in the western section of a chain of hi l ls  

and ridges that stretch 200 km from north of Addis Abeba 

westwards up to the Ghedo Highlands; local ly river val-

Fig. 6. Charcoal production in the Jibat forest. 
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leys and gorges cut through the chain .  This  entire upland 

is bel ieved to have been covered once by Juniperus

Podocarpus forest. Most of this forest has been c leared in 

order to obtain more agricultural land; at present shrub lands 

of various types (Zerihun & Backeus 1 99 1 )  dominate 

most of the landscape . The remaining forests cover an 
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Fig. 7a. Climate diagram for the Jibat forest - town of Shenen, 2550 m a. s . l .  (after Walter 1 979). 
b. Rainfall distribution for the Ch il imo forest - town of Ghinchi at 2290 m a.s.l .; month ly values are averages over the years 1 983- 1 989. 
c .  Climate diagram for the Menagesha forest - town of Holeta, 2000 m a .s . l .  (after Waiter 1 979). 
d .  Cl imate diagram for the Wof-Washa forest - town of Debre Berhan, 2750 m a.s . J .  (after Walter 1 979). 

area of ea. 2400 ha. Selective cutting of trees for commer

cial use has continued until about 1 973 (Fig. 9) .  

Saw mil l s  were establi shed at  Jumjum, Gaji ,  Bejiro 

and Chi l imo, forest sites along the stretch of hi l ls  men

tioned above. There is virtual ly  no forest remaining at 

Jumjum, 70 km west of Addis Abeba. A saw mil l ,  sup

posed to be the oldest in the country (Logan 1 946), was in 

operation for a long time with a production capacity of 

1 00 m3 of wood per month . Further west along the chain 

of hi l ls ,  at Gaji ,  80 km west of Addis Abeba, there were 

three small mil ls  with an estimated output of 350 m3. Sti l l  

further west a t  Bejiro, about 1 00 km from Addis, there 

was one mil l ,  producing about 1 00 m3 per month . Both 

these forests have been reduced to small patches of sec

ondary forest vegetation. The saw mi l l  at Chil imo pro

duced an estimated 300 m3 of wood per month . 

The soi ls are reddish brown, gravelly and shallow at 

higher al titudes, while at lower sites they tend to become 

dark-grey and deep. The soi l s  in the surrounding low 

plains are vertisols, black soi ls  with a characteristic high 

clay content. 

Rainfall data for the period 1 983- 1 989 are shown in 

Fig . 7b; there are no temperature data avai lable for this 

site and a cl imate diagram could not be constructed. The 

mean annual rainfall is 1 264 mm, and there are five rainy 

months, May-September, with a peak in July .  

3 .4 The Menagesha Suba forest 

The Menagesha Suba forest is located about 1 5  km to the 

west of the outer boundaries of the capital city, Addis 

Abeba. I ts geographical location is 38° 35' E, and go 00' N 

(Fig. 1 0) .  

The area consists of  an  almost isolated massif, sur-
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Fig. 8. Topographic map of the Chi l imo forest area showing approximate boundaries of the Chi l imo forest and the location of the sample 
plots. 

rounded by low-lying plains. The forest is situated on Mt. 

Wachacha, a denuded silicious volcanic cone (Mohr 1 97 1  ), 

which culminates in two prominent peaks, local ly known 

as 'Amota' (3385 m) and 'Mogle' (3220 m a.s . l . ) .  The 

topography of the area is extremely dissected, with alter

nating ridges and valleys dominating the landscape. The 

forest covers the western half of the mountain, while the 
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eastern slope has been turned into farmland. Above 3000 

m a.s . l .  barley is commonly grown. 

The soi ls  at higher altitudes are l ight brown and shal

low; the substrate is local ly rocky. At lower altitudes the 

soi ls are reddish-brown, deep and less gravel ly .  The forest 

has its lower boundary at ea. 2300 m a.s . l .  and extends up 

to ea. 3000 m a.s . l .  

Fig. 9.  Boundary between the closed 
forest of Chi l imo and grazing land . 
Juniperus procera is the most abundant 
species here. Note the saw-dust heap in  
the center of  the picture. 
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M E N A G E S HA S U B A  FO R E ST 

Fig. 1 0. Topographic map of the Menagesha Suba forest area showing the boundaries of the Menagesha forest and the location of the 
sample plots. 

There are no meteorological data avai lable for the 

forest. The mean annual rainfal l recorded at Holeta at 

2380 m a.s . l . ;  9° 05 ' N, 38° 32' E, a town 5 - 7  km west of 

the forest, is 1 225 mm (Fig. 7c). There are six rai ny 

months, April-September, with most rain fal l ing in July

September. The period October-January is relatively dry .  

The mean monthly daily temperature maxima range from 

1 9 . 1  to 23.8 °C, and the corresponding minima from 2.4 

to 9.2 oc. The mean monthly temperatures range from 

1 2 .4 to 1 5 .9 oc. May is the warmest month and November 

the coldest. 

The Menagesha forest is  believed to have been planted 

under King Zera Yakob ( 1 434- 1 468),  who ordered the 

col lection of seeds from the Wof-Washa forest (Sebsebe 

1 988) .  The total area covered by natural forests is about 

2720 ha; at present only a very small part hereof, ea. 1 00 

- 1 50 ha, is in a primary state. Because of its proximity to 

the capital and three other small towns, the forest has been 

more intensively exploited than the other forests included 

in this study. The forest became protected for the first time 

by a Royal Decree in 1 888 .  Soon thereafter, however, 

exploitation recommenced, and a steam-powered sawmil l  

was establi shed, which produced ea .  1 50 - 200 m3 of wood 

per month (Logan 1 946) .  This  plant was abandoned in 

1 955 in order to preserve the small remains of natural 

forest. 
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WO F - WA S H A  FO R E S T 

Fig. 1 1 . Topographic map of the Wof-Washa forest area showing the boundaries of the Wof-Was ha forest and the location of the sample 
plots. 

3 .5 The Wof-Washa forest 

The Wof-Washa forest is situated on the slopes of the 

eastern escarpment of the NW Highlands. The escarp

ment forms part of the catchment of the Awash river 

system which drains into the Danakil Plains in the north

ern section of the Rift Valley. The forest is located be

tween 39° 45' E and 9° 35' N; it covers an area of ea. 3600 
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ha (Fig. 1 1 ) .  The topography is highly dissected. The 

slopes of the escarpment are steep and they rise a lmost 

abruptly from the lowlands at 2 1 00 m up to about 3600 m 

a.s . l .  (Fig. 1 2) .  Outside the northern boundary of the forest 

the escarpment stretches for 4 - 5 km forming a cl iff that 

fal l s  ea. 1 00 - 200 m. 

The bedrock consists of Termaber basalts, which con

stitute the major rock type of the region; they are named 

after the Termaber Pass near Debre Sina (ea. 20 km north 
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Fig. 1 2 . View towards the southern edge of the Wof-Washa forest. Juniperus procera and Podocarpus 

gracilior are the most abundant species here. Note the eroded slopes of the escarpment in the 
background. 

of the forest). The l i thology of the area is very heterogene

ous (Zanettin et al . 1 974). It comprises ferric basalts, fine 

grai ned basalts, zeol itised basalts, phonolites, alkali

trachytes, trachyphonolites and subordinate alkaline and 

peralkaline rhyolites. The basaltic assemblage is reported 

to be alkaline.  The Termaber basal ts differ from the 

typical ly fissured ones of the plateau, owing to markedly 

lower Si02 and much higher A1203 and alkali  contents. It  

is worth noting that the alkal ine character of the Termaber 

rocks is essential ly due to the high level of Na20 (Merla et 

al . 1 979). Reddish-brown soi l s  are predominant on slopes, 

while black soi ls  are prevalent in val ley bottoms and on 

the surrounding highland plains. The soi ls  are very shal

low and mostly rocky, especially on the slopes. Soil 

erosion is a very serious problem in these highlands. 

There are no cl imate data avai lable for the forest area 

itself. There are two rainy seasons in this region; March

May and July-September (Daniel 1 977) .  The first season 

includes the so-cal led ' smal l rains' which have a peak in 

Apri l ,  while the latter season includes the 'big rai ns' with 

high concentrations in July and August. 

I t  is worth mentioning here, that cloud persistence is 

not uncommon in this forest; a phenomenon not observed 

elsewhere on the Central Plateau. A c loud belt  is formed 

at the altitude of the forest bel t  and stays for the most part 

of the day. Hedberg ( 1 964) mentioned that low clouds and 

mist occur frequently on the upper parts of the mountains 

of East Africa. Such cloud formation is  the result of 

orographic condensation and forced convecti ve raising. 

Vascular plants probably can not benefit much from it, but 

the condensation of fog on foliage can be so great that 

water drips to the ground and thereby augments the sup

ply of soi l moisture (Daubenmire 1 947; Kerfoot 1 968) .  It 

is thought that this cloud formation causes most of the 

precipitation to occur at the level of the forest belt  (Lind & 

Morrison 1 974). Cloud forests, montane forests frequently 

enshrined by c louds and fog, and benefiting from cloud 

interception have been described from Colombia by 

Sugden ( 1 982).  

The cl i mate data from Debre Berhan, at 2750 m a .s . I .  

(9° 40' N, 39 °30 '  E) and 30 - 35 km west of the forest, can 

be presented for comparison (Fig. 7d). The mean annual 

rainfal l at Debre Berhan is 90 1 mm .  The small rains come 

in March and the big rains last from late June to Septem

ber, with a peak in August. The mean monthly tempera

tures of the daily maxima in Debre Berhan range from 

1 8 .5 to 20.6 °C, and the corresponding minima from 3 .2  to 

9.2 oc. The mean monthly temperatures range from 1 1 .0 

to 1 4.3  °C. 

The Wof-Wash a forest is located in a remote area far 

from roads and towns. Forest products are mainly used by 

local people, and Wof-Washa is perhaps the only forest on 

the Central Plateau where commercial exploitation has 

not taken place. 
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4 Floristic, environmental and statistical analysis 

4. 1 Sampling procedure 

4.1.1  Vegetation analysis 

A reconnaissance survey of the Central Plateau of Shewa 

was made in October-November 1 988. Boundaries of the 

four forests selected were establi shed on the basis of 

recent topographic maps, scale 1 :50 000. Field data were 

col lected in different periods, as fol lows: 

- Jibat forest, November 1 988 to January 1 989 and De

cember 1 990 to February 1 99 1 ;  

- Chil imo forest, December 1 989 to January 1 990; 

- Menagesha forest, February to March 1 990; 

- Wof-Washa forest, January to February 1 99 1 ;  

The selection of sample plots and the methods of vegeta

tion and environmental analysis are briefly described here 

(see further Tarnrat 1 994) .  

First a reconnaissance was made across the entire 

forest in order to obtain an impression about the internal 

variation in site conditions and physiognomy of the veg

etation. Then, sample plots were selected in such a way 

that the various conditions encountered were represented 

by at least one sample and the sample plots were more or 

less evenly distributed throughout the forest. Due to the 

rough topography and inaccessibi l ity of parts of the forest 

areas, this latter guideline could not al ways be fol lowed. 

In each plot, the vegetation was described according to 

the Braun-Blanquet approach (Braun-B lanquet 1 964; see 

Westhoff & van der Maarel 1 978) .  Plots were usual ly 900 

m2 (30 m x 30 m) in size. Cover-abundance values were 

estimated for all tree and shrub species fol lowing the 

modified 1 - 9 Braun-B lanquet scale (Westhoff & van der 

Maarel 1 978;  van der Maarel 1 979), as follows: 

r � 1 (rare) 

+ � 2 (occasional) 

1 � 3 (abundant) 

2m � 4 (very abundant) 

2a � 5 (cover 5 - 1 2 .5%) 

2b � 6 (cover 1 2.5 - 25%) 

3 � 7 (cover 25 - 50%) 

4 � 8 (cover 50 - 75%) 

5 � 9 (cover > 75%) 

Additional tree and shrub species within 10 m distance 

from the plot ' s  boundaries were recorded as 'present' .  

Inside the sample plot a 2 m x 2 m subplot was laid out for 

the analysis of the field layer. Here, cover-abundance 

values for all herb and graminoid species and the cover of 
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l i tter were estimated using the same scale.  Additional 

field layer species occurring outside the subplot, but within 

the sample plot, were noted as 'present' . In this way, the 

analyses can be considered as releves in the Braun-Blanquet 

sense of the word. 

The total number and distribution of releves taken 

from each forest varied with accessibi l i ty but a releve 

density of at least one releve/ 400 ha could be reached: 

Forest Area No. Running Releve 

(ha) of releves no. density (per ha) 

J ibat 32 000 77 1 - 77 l /400 ha 

Chil imo 2400 30 78 - 1 07 1 /80 ha 

Menagesha 2720 20 1 08 - 1 27 l / l 40 ha 

Wof-Washa 3600 1 9  1 28 - 1 46 ea. 1 1 1 90 ha 

Due to an all-weather road passing through the Chi l imo 

forest it was possible to make relatively more releves in 

this forest. The 1 46 releves included are considered to 

give a fair representation of the total within- and between

variation of the forests studied. In addition to the floristic 

analysis, the fol lowing notes were made: the total number 

of dead standing trees was counted, and the occurrence of 

logs and stumps within the plot were noted . Occurrence of 

epiphytic bryophytes and lichens were noted. 

Plant species were identified and checked at the Na

tional Herbarium, Addis Abeba University. Voucher peci

mens are kept at the National Herbarium. Nomenclature 

fol lows Cufodontis ( 1 953- 1 972). The nomenclature of 

species belonging to the fol lowing fami l ies fol lows I .  

Hedberg & Edwards ( 1 989) :  Anacardiaceae, Aqui

fol iaceae, Celastraceae, Crassulaceae, Fabaceae, Icacina

ceae, Meliaceae, Mel ianthaceae, Moraceae, Pittospora

ceae, Rhamnaceae, Rosaceae, Rutaceae, Sapindaceae, 

Simaroubiaceae, U lmaceae and Urticaceae. The nomen

clature of grasses fol lows Froman & Persson ( 1 974) and 

that of Pteridophyta fol lows Johns ( 1 99 1 ) . 

Information on the exact location and site conditions 

is avai lable from the author (at his permanent address) 

upon request. 

4.1 .2 Site description and soil analysis 

For each plot, alti tude (m a.s. l . ), s lope (0) and aspect were 

determined. Aspect was indicated with a modified scale, 

referring to the total amount of solar energy received, 



based on Zerihun et al . ( 1 989): N = 0, NE = 1 ,  E = 2, SE = 

3, S = 4, SW = 3 .3 ,  W = 2.5,  NW = 1 .3 ,  Ridge top = 4.  

A composite soi l  sample of 1 - 1 .5 kg was obtained by 

mixing samples from five different points in the plot, four 

located in the corners and one in the middle. Separate 

samples were taken per 1 0  cm depth until 60 cm depth, or 

until the bedrock was reached. Soil samples were ana

lysed at the Soil Laboratory of the Ministry of Agricul

ture, Addis Abeba, fol lowing standard procedures (Alien 

1 989). The fol lowing physical and chemical properties 

were included: 

- texture (hydrometer method) ,  with the categories sand, 

silt and clay, expressed as % weight; 

- Organic matter (Walkely-B lack wet oxidation) as % dry 

weight; 

- pH and electrical conductivi ty (m mhosn)  ( 1 :  1 soi l -water 

suspension) ;  

- P ,  as  avai lable phosphorus (Bray No .  I I  method) (ppm) ;  

- N,  as  total nitrogen ( Kjeldahl method) (meq./ 1 00 g ) ;  

- Ca  and Mg (atomic absorption method) (meq./ 1 00 g ) ;  

- Na and K (flame photometry) (meq./ 1 00 g); 

- Cation exchange capacity (extraction with ammonium 

acetate at pH 7)  (meq./ 1 00 g).  

4.2 Multivariate analysis 

Various multivariate methods were used to describe the 

floristic composition of the vegetation and to examine the 

relation between vegetational variation and the variation 

of the environmental factors involved, particularly the 

gradient structure. 

4.2.1 Classification 

Releves were grouped into clusters with the aid of the 

programs TABORD (van der Maarel et al . 1 978) and 

TWINSP AN (Hi l l  1 979). First, the J ibat material was 

treated separately  (Tamrat 1 994) ;  then the three dry for

ests were treated separately  and subsequently they were 

treated together. 

The fol lowing options were chosen in the T ABORD 

program: 

- Weighted-Pair-Group Agglomerative c lustering with 

the Similarity Ratio as a measure of resemblance; 

- Fusion limit of 0.50; 

- Allocation threshold of 0.50 (Jibat), 0.20 (Wof-Washa 

and Chil imo forests) and 0.25 ( Menagesha forest) . For the 

T ABORD c lassification of the three dry forests together, 

an al location threshold of 0.25 was used. The resul ting 

c luster structure was then arranged in  an ordered 

phytosociological table  (subprogram T ABOP) using a 

frequency limit of 0 .60 for characterizing species. 

The fol lowing options were chosen in  TWINSP AN:  
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- Number of cut levels: 9 ;  

- Minimum group size for division: 2 ;  

- Maximum number of indicators per division : 7 ;  

- Maximum division level : 6 ;  

- Different weights a t  different cu t  levels :  a l l  set to  1 ;  

- Indicators at different cut levels :  al l values set to 1 .  

The fi nal c lassification was based on a combination of 

the results from TABORD and TWINSPAN. Generally, 

the clusters obtained with T ABORD at a fusion level of 

0.50 (Simi larity Ratio) and TWINSPAN at the 5th hierar

chical level ,  were similar, meaning that largely  the same 

releves were assigned to the same c lusters in both proce

dures. However, the TWINSP AN groups were less homo

geneous because some releves were assigned to a cluster 

on the basis of the occurrence of certain species which 

were recognized by TWINSP AN as good indicator spe

cies, but which occurred with a low frequency in the 

c luster under consideration. 

Another drawback, related to the previous problem, is  

that the blocks of species considered characteristic of a 

certain c luster, are rather loose; many species have a low 

frequency and occur also in  subclusters of another cluster. 

Thanks to the relocation procedure and the diagonal struc

turing option in T ABORD, the clusters obtained with this 

program are more homogeneous and can more easi ly  be 

inspected in the resulting table. In the combined approach 

fol lowed here, TWINSP AN results were used to start 

T ABORD with a well-prepared initial c lustering array. 

After seven provisional c lusters were obtained for the 

Jibat humid forest releves, and ten clusters for the releves 

from the three dry forests respectively, the T ABORD 

program was run on the entire material with the same 

options as mentioned above (except for the al location 

threshold, which was 0.20) and with 1 7  clusters as the 

optimal solution. This  did not alter the composition of the 

clusters, although some minor differences in the alloca

tion of single releves occurred. The clusters thus obtained 

with the program TABORD were characterized as local 

plant community types, and described as 'types ' ,  which 

were provisional ly  characterized by dominating and/or 

characteristic species, mainly trees and shrubs, a dominat

ing species having an average cover-abundance value of 

at least 7, a characteristic species having a high frequency 

in the type and a lower frequency in most other types. 

The community types identified were further charac

terized by means of environmental factors which ap

peared to be correlated to the floristic composition of the 

types. This  was achieved with the program DISCRIM (ter 

Braak 1 982, 1 986), a program that uses simple discrimi

nant functions based on a set of environmental variables 

to test for significant separation between groups. DISCRIM 

is l inked to the TWINSP AN program and selects the most 

discri minating variables at each level of c lassification; it 

is helpful in identifying environmental variables that opti

mally  predict the floristic c lassification . 
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The community types distinguished were further re

fined in a synoptic table where each column represents a 

community type and species occurrences are summarized 

as synoptic cover-abundance values. These synoptic val

ues are the product of the species' frequency and average 

cover-abundance value (van der Maarel et al .  1 987).  

Here, the types from both the moist and the dry Afromon

tane forests wi l l  be documented in one table (Table 1 ) . 

Final ly,  the types were named after two ( in some cases 

one or three) of the dominant and/or characteristic spe

cies; the first species being one of the canopy or su bcanopy 

species. 

4.2.2 Ordination 

The main ordination program used was CCA, Canonical 

Correspondence Analysis (ter Braak 1 986, 1 987), a tech

nique which reveals l inear combinations of environmen

tal variables explaining most of the variation in the spe

cies scores along the ordination axes. A l l  species and 

environmental data were included in this analysis. CCA is 

sometimes considered as a direct gradient analysis be

cause it is based on the variation in the environmental data 

included. However, it is at the same time an indirect 

method because the variation in species occurrences is 

used . CCA was performed with procedures in the pro

gram-package CANOCO (ter Braak 1 988) .  

An analysis of variance (ANOV A) was carried out  to 

find significant difference between the derived commu

nity types in terms of the environmental variables. Quantita

tive relationships between the environmental variables 

were analysed by calculating a matrix of Pearson ' s  correla

tion coefficients. Both the ANOVA and Pearson's  corre

lation coefficients were calculated with the General Lin

ear Models  (GLM) procedures available in the SAS (Sta

ti tical Analysis Systems) program package (Anon . 1 990). 

As in the c lustering procedure, the CCA ordination 

was first applied to the humid forest and dry forest releves 

separately, and then to the entire material . Since the result  

of this run was overruled by the contrast between one 

deviating high-al titude type in the moist J ibat forest, a 

new CCA was run on the entire material after removing 

the releves of this ' type' . 

4.3 Results 

4.3.1 Classification : humid forest types 

The 77 releves from the Jibat forest showed a large 

variation, with a total of 1 3 1  species identified. The re

sults of the programs TWINSP AN and T ABORD were 

largely  the same. Because the tabular output of TABORD 
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shows a clearer structure, this output was taken as the 

basis for the description of the types obtained. 

A division of the material into even c lusters was 

considered optimal ; more clusters would give more ho

mogeneous groups, but their ecological interpretation 

would become more difficult; a smal ler number of groups 

would mean that some groups would become too hetero

geneous in terms of floristic composition and environ

mental characterization. However, one releve did not 

show a sufficient similarity with any of the seven clusters 

and was separated as a cluster of its own (number 8) .  One 

other releve, which did not fit any c luster was considered 

to represent a fragmentary development and wa ne

glected in al l  further analyses. 

The eight community types obtained in this way were 

named after one or two of the dominant and/or character

istic tree and shrub species. They are indicated by a 

running number fol lowing the letter 'H '  for humid. Here, 

they wi l l  be briefly described under reference to Table 1 .  

A detai led description of the types is given in Tarnrat 

( 1 994). 

H l. Arundinaria alpina type 

The dominant species in this type is Arundinaria alpina, 

the mountain bamboo. The main associated characteristic 

species are Hagenia abyssinica and Rapanea simensis in 

the tree layer, and Carex spicato-paniculata and the grass 

Oplismenus compositus in the field l ayer. 

H2. flex mitis-Rapanea simensis type 

Characteristic tree species in this community type, in 

addition to the two occurri ng in the type ' s  name, include 

Galiniera coffeoides and Olinia aequipetala. Oplismenus 

compositus reaches a high abundance in the field layer. 

One releve from the Chilimo forest showed about 

equal similarity to this type a to the typical Chil imo type 

D-5 , to be described below. It was considered as a transi

tional releve and excluded from synoptic community cal

culations. 

H3. Syzygium guineense-Psychotria orophila type 

The main characteristic species in this type are the domi

nant tree Syzygium guineense and the characteristic shrub 

Psychotria orophila. Further characteristic species are the 

trees Apodytes dimidiata, Galiniera coffeoides and /lex 

mitis, and the shrub Dracaena afromontana. 

H4. Olea hochstetteri-Olinia aequipetala type 

This type is characterized by the abundant trees Olea and 

Olinia, which are associated with Lepidotrichilia volkensii 

and Apodytes dimidiata; Oplismenus compositus is the 

dominant species in the field layer. 

HS. Croton macrostachyus-Ficus sur type 

The most abundant tree species in this type other than the 
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Table 1 .  Synoptic phyto ocio1ogical table of all moist and dry Afromontane fore t type . Values are the product of average cover-abundance value and 

frequency in the type. Only species with at lea t one value 2:: 1 .0 are included, as well as Aningeria adolfi-frederici, an important montane tree elsewhere 

in  Ethiopia. Val ue in bold ita l ics refer to occurrence as characteristic species, as mentioned in the de cription in Ch. 4 .3 .  The sequence of types fol lows 

roughly the arrangement in the ordination diagram of humid and dry fore ts ( Fig. 1 4b). 

Vegetation type H I  H7 H6 HS H4 H 3  H 2  D5 07 D3 08 06 04 D J  D2 D I O  D9 H8 
Size 7 2 2 4 1 6  22 22 20 9 3 4 3 8 9 5 3 4 I 

Arundinaria alpina 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Hagenia abyssinica 1. 1 0.0 0.0 0.0 0 . 1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 

lmpatiens aethiopica 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Vepris dainellii 0.0 1.5 0.0 0.0 0. 1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Syzygium guineense 0.0 8.0 0.0 3.2 3.2 6. 9 0. 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Galiniera coffeoides 0.0 6.5 0.0 0. 1 0.6 4.3 3.8 0.0 0. 1 0.0 0.0 0.0 0.0 0.3 0. 1 3.3 0. 1 0.0 

Prunus africana 0.0 4.0 1 . 3 0. 1 1 .5 0.0 1 .0 0.0 1 .2 0.0 0.9 0. 1 0. 1 0.0 0.0 0.0 0.0 0.0 

Hippocratea sp. 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cassipourea malosana 0.0 0.0 1.5 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 0.0 0.0 

Carex spicato-paniculata 4.8 0.0 8.0 2. 1 0. 1 0.0 1 .6 0.0 0.0 0.0 7.0 6.3 1 .7 0.0 0.0 0.0 0.0 0.0 

Olea welwitschii 0.0 1 .0 7.0 0.8 0 .2 0 .0 0 .0 3 .7  2. 1 1 . 3 3 .5 0.8 4.5 0.5 0.0 0.0 0.0 0.0 

Carissa edulis 0.0 0.0 4.0 0.0 0.0 0.0 0.0 1 .0 0.4 0.0 0 . 1 0.0 0 . 1 0.0 0.0 0.0 0.0 0.0 

Millettia ferrruginea 0.0 2.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Calpurnea aurea 0.0 0.0 4.0 0. 1 0.0 0.0 0. 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Rytigynia neglecta 0.0 0.0 3.5 1 . 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Oplismenus compositus 4.8 0.5 4.5 7. 1 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 

Maytenus addat 0.0 0.0 0.2 1 .4 3. 7 3. 6 0.2 0.4 4.3 0.4 0.0 0.0 0.0 0.0 0.0 

Hypoestes trijlora 0.0 0.0 0.5 0.9 5.8 0.0 7.3 0.2 0. 1 0.0 0.0 0.0 0.0 0.0 

Teclea nobilis 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Croton macrostachyus 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 0.0 

Ficus sur 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 0.0 

Ehretia cymosa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Albizia sp. 0.0 3.5 1 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Olea hochstetteri 0.0 1 .5 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Olinia aequipetala 0.0 0.0 0.0 4.0 4.0 0.2 2.6 5.3 0. 1 0.8 0.0 0. 1 0.0 0.0 

Lepidotrichilia volkensii 0.0 1 .3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Apodytes dimidiata 0.0 0.3 4.0 0.0 0. 1 0. 1 0.0 0.0 0.0 0.0 0.0 0.0 

Psychotria orophila 0.0 1 .3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Dracaena afromontana 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

flex mitis 0.0 0.0 0.0 0.4 0.0 0.0 0.0 3.9 3.2 2.2 0. 1 0.0 

Rapanea simensis 2. 7 0.0 0.0 0. 1 0. 1 1 .6 0.0 0.0 0.0 0.0 0.0 0.0 

Hypoestes forskali 0.0 0.0 0.0 0. 1 0.0 0.0 3.8 1 .2 0.0 0.0 0.0 0.0 0.0 

Rhus glutinosa 0.0 0.0 0.0 0.0 0.0 0. 1 0. 1 0.8 0.0 0.0 0.0 0.0 0.0 

Scotopia theifolia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.5 0.2 0.0 0.0 0.0 0.0 

Podocarpus gracilior 0.0 0.3 0.0 0.0 4.5 0.0 0. 1 6.0 0.7 0.0 0.0 6.3 7.8 0.0 

Allophylus abyssinicus 0.0 0.3 0.0 0. 1 0.5 0.0 3.8 0.7 0.4 0.0 0.0 1 . 7  0.6 0.0 

Bersama abyssinica 0.0 0.5 0.3 1 .3 0.3 0.4 0.2 0.5 2. 1 0.0 1 .0 0.7 0.0 0.0 0.9 0.8 0.0 

Ekebergia capensis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.8 0.0 0. 1 0.0 0.0 0.0 0.0 0.5 0.0 

Thymus sp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Osyris lanceolata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.3 2. 7 0. 1 0.0 0.4 0.0 0.0 0.0 0.0 

Erica arborea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 8. 7 0. 1 0.0 0.7 0.0 0.0 0.0 � 
Myrica salicifolia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1. 7 0.0 0.0 0. 1 0.0 0.0 0.0 0.0 

To/pis virgata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Nuxia congesta 0.0 0.0 0.0 0.0 0.0 0.0 l . l  0.6 0.6 0.4 0.2 0.2 0.0 0.0 0. 1 0.0 

Juniperus procera 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2. 1 0 . 1 8.5 5.0 7.8 1 .0 1 .8 0.0 

Dovyalis abyssinica 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1 . 1  4.0 1 .0 0.2 1 .3 0.6 0.0 

Sideroxylon gillettii 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 0.0 0.0 0.0 0.0 

Myrsine africana 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 1 .8 0.4 1 .3 4.8 3. 6 0.0 0. 1 1 .0 

Olea europaea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3. 7 2. 1 1 . 3 3.5 0.0 0.0 0.0 0.0 

Spiniluma oxyacantha 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 0.3 0.0 0.9 0.0 0.0 0.0 0.0 

Pittosporum viridijlorum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.3 0.0 0.0 0.0 0.0 

Ehrharta erecta 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 l . l  0.3 0.0 0.2 0.0 6. 7 0. 1 0.0 

Maytenus arbutifolia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 2.0 0.4 3.2 0.9 2.0 0.0 

Cynoglossum amplifolium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 0.0 0.0 0.0 2.6 0.0 0.0 0.0 

Peucedanum winkleri 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2. 1 0.0 0.0 0.0 

Euphorbia obovalifolia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 

Maesa lanceolata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 0.0 0.0 0.0 2.2 0. 1 0.0 

Pavetta abyssinica 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 1.5 0.0 

Pteris cretica 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4. 7 4. 1 0.0 

Geranium arabicum 0.0 0.0 0.0 0.0 0.6 0. 1 1 .0 0.0 0.0 0.0 0. 1 0.0 0.6 0.6 1 .3 0.0 

Aningeria adolfi-frederici 0.0 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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species occurring in the name, are Albizia sp., Olea hoch

stetteri and Syzygium guineense. Teclea nobilis is a charac

teristic shrub. The field layer is heterogeneous and con

sists mainly of species of Carex spicato-paniculata and 

Hypoestes triflora . 

H6. Olea welwitschii-Carissa edulis type 

In this community type, Olea welwitschii is the dominant 

tree while Carissa edulis is the dominant shrub. Other 

characteristic species include Apodytes dimidiata, Cal

purnea aurea, May tenus addat, Millettiaferruginea, Olea 

hochstetteri and Rytiginia neglecta. Teclea nobilis is a 

characteristic shrub. The most important field layer spe

cies are Carex spicato-paniculata, Hypoestes triflora and 

Oplismenus compositus. 

H7. Syzygium guineense- Vepris dainelli type 

The tree layer in this community comprises the two char

acteristic species, of which Syzygium is dominant, and 

Albizia sp., Galiniera coffeoides, Millettia ferruginea, 

Prunus africana, Vepris dainellii. The field layer consists 

mainly of the dominant herb lmpatiens aethiopica. 

HS. Erica arborea type 

This community type is based on a one-releve cluster; it 

occurs on a site where the vegetation was burned down 25 

years ago. The community is almost entire ly composed of 

Erica arborea individuals, 5 - 6  m tal l .  Oplismenus compo

situs and seedlings of Myrsine africana are abundant in 

the field layer. 

4.3.2 Classification : dry forest types 

The results obtained with the total set of 69 dry forest 

releves, including 1 02 species, were taken as a basis .  In 

this analysis the results of TWINSPAN and TABORD 

were not always similar. Again, because of the clearer 

structure in the output table, the final T ABORD results 

were taken as a basis. The results are included in Table 1 .  

One releve, no. 7 from the Chil imo forest, appeared to 

be insufficiently similar to any other cluster. There are a 

number of Juniperus stumps in this stand. Due to the steep 

s lope, the plot size had to be l imited to 750 m2 in stead of 

the standard size (900 m2) .  This plot was omitted from 

further analysis. Releve no. 57 from the Wof-Washa 

forest, originally assigned to c luster no. 1 0, was relocated 

to c luster no. 9 because it was more similar to this c luster 

as regards the characteristic species. Ten community types 

were derived from the combined analysis of the three dry 

forests, and these are indicated with a running number 

fol lowing the letter 'D' for dry. They wil l now be de

scribed briefly .  It is  c lear from this description that the dry 

forest types are more similar to each other than the humid 

types. Juniperus procera, Podocarpus gracilior, Maytenus 
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arbutifolia and Myrsine africana occur in most of the 

types. 

The c luster structure of the dry forest releves showed 

some changes in the joint treatment of the moist and dry 

forest material . Types D5 and D6 were now united into one 

c luster, and so were D9 and D 1 0. The simi larity between 

the releves of D5 and D6 was considered relatively more 

important in relation to their joint dissimilarity to the H

types. The same holds for the releves of D9 and D 1 0. 

However, the differences between the respective types, 

which concern some local ly differentiating species, were 

considered large enough to maintain the types. 

D l .  ]uniperus procera-Myrsine africana-Ehrharta erecta 

type 

This type has a well-developed tree and shrub layer with 

old emergent Juniperus trees, associated with flex mitis, 

which has its optimum in the humid forest. Maytenus 

arbutifolia and Myrsine africana are both characteristic in 

the shrub layer, l ike in the next type, but Myrsine is more 

abundant. The dominant species in the field layer is the 

grass Ehrharta erecta. 

D2. ]uniperus procera-Maytenus arbutifolia-Peuce

danum winkleri type 

Juniperus procera is dominant in the tree layer; the asso

ciated species include flex mitis in the tree layer, and 

Maytenus arbutifolia and Myrsine africana in the shrub 

layer. The herbs Cynoglossum amplifolium and Peuceda

num winkleri are abundant in the field l ayer. 

D3. Erica arborea-Myrica salicifolia type 

Erica arborea forms a well-defined layer in this type. The 

canopy of the Juniperus procera trees is rather discon

tinuous. Other associated trees and shrubs in this commu

nity include Myrica salicifolia, Myrsine africana, Nuxia 

congesta, Osyris lanceolata, Olea europaea, 0. welwitschii 

and Tolpis virgata. Thymus sp. is a characteristic compo

nent of the field layer. 

D4. Spiniluma oxyacantha-Scolopia theifolia type 

The dominant species in this community type is the tree 

Spiniluma oxyacantha, which forms a canopy at a height 

of 5 - 7  m. Other tree and shrub species include Scolopia 

theifolia, Juniperus procera, Maytenus arbutifolia, Olea 

europaea, 0. welwitschii, Pittosporum viridiflorum and 

Sideroxylon gilletti. The most abundant field l ayer species 

are Carex spicato-paniculata and Hypoestes forskali . 

D5. Scolopia theifolia-Podocarpus gracilior type 

Additional associated tree and shrub species in this com

munity type include Juniperus procera, Olea europaea, 

0. welwitschii, Olinia aequipetala, Maytenus addat, 

Myrsine africana and Rhus glutinosa. The grass Ehrharta 

erecta is a characteristic field layer species. 



D6. Podocarpus gracilior-Olea europaea type 

This community type is characterized by Podocarpus 

gracilior and Olea europaea as the dominant trees. Other 

associated species in this group include Maytenus addat, 

Myrsine africana, Olinia aequipetala and Rapanea 

simensis. Carex spicato-paniculata is dominant and Hypo

estes forskali is abundant the field l ayer. 

D7. Podocarpus gracilior-Allophylus abyssinicus type 

This community type is found at the lower end of hi l l  

slopes and val ley bottoms. Characteristic species in this 

group al so inc lude Bersama abyssinica, Ekebergia 

capensis, Maytenus addat, Olea europaea, 0. welwitschii 

and Olinia aequipetala. The field layer is dominated by 

Hypoestes triflora. 

D8. ]uniperus procera-Sideroxylon gillettii type 

Juniperus procera constitutes the dominant tree layer. 

There is a prominent cover of tree lichens, Usnea spp. ,  on 

the Juniperus trees. Dovyalis abyssinica is also character

i stic for this type. Other tree and shrub species include 

Maytenus arbutifolia, Myrsine africana, Olea europaea, 

0. welwitschii and Olinia aequipetala. The field layer is 

mainly composed of Carex spicato-paniculata and Hypo

estes triflora. 

D9. Podocarpus gracilior-Maytenus arbutifolia type 

This community type is mainly dominated by Podocarpus 

gracilior in the tree layer. Other important but less abun

dant species in this type include the tree species Juniperus 

procera, and the shrubs Maytenus arbutifolia and Pavetta 

abyssinica. The fern Pteris cretica is a characteristic field 

layer species. 

D lO. Euphorbia obovalifolia-Podocarpus gracilior type 

Euphorbia obovalifolia is the most characteristic species 

of the tree layer. Regenerating Podocarpus gracilior trees 

form a conspicuous subcanopy. Other trees and shrubs in 

this  type inc l ude A llophylus abyssinicus, Dovyalis 

abyssin ica, Galiniera coffeoides, /lex mitis, Maesa 

lanceolata and Pavetta abyssinica. The ground cover is 

dominated by Ehrharta erecta and Pteris cretica. 

4.3.3 Community-environment relations 

Ordination of the humid forest releves. Ordination with 

Canonical Correspondence Analysis of the J ibat releves 

(see Fig. 2a in Tarnrat 1 994) revealed the fol lowing rela

tionships between community types and environmental 

factors. Axis 1 of the ordination diagram reflects mainly a 

gradient in altitude, organic matter, phosphorus and cation 

exchange. Axis 2 reflects a gradient in calcium, pH and 

sand. The A rundinaria alpina type ( H 1 )  is  clearly differ

entiated from the other community types H2 - H7,  both 

along the first and the second axis .  I t  is  an outspoken high 
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altitude type. Fig .  2b in Tarnrat ( 1 994), presenting the 

CCA ordination of al l  releves except those of type H 1 ,  

shows more c learly than Fig. 2a that altitude is the main 

differentiating factor for the other types, with type H2, 

flex mitis-Rapanea simensis, at the relative higher alti

tudes and type H5, Croton macrostachyus-Ficus sur at 

lower altitudes. Along axis 2 the differentiation is accord

ing to general nutrient status with types H2 and H5 on the 

richer soi l s  and types H3,  Syzygium guineense-Psychotria 

orophila and H7, Syzygium guineense-Vepris dainelli on 

the poorer soil s .  

Examination of the  relationships between environ

mental variables revealed a strong correlation between 

altitude, organic matter, si lt, cation exchange, nitrogen 

and phosphorus.  The correlation between altitude and soil 

development has been further discussed by Tarnrat ( 1 994). 

There is also a correlation between altitude and slope 

steepness, which means that steep slopes are more com

mon at higher altitudes. Clay content showed a negative 

correlation with si lt  and altitude. Further attempts were 

made to describe the community types in relation to those 

environmental factors that optimally  predict the c lassifi

cation. This can be achieved with the program DISCRIM. 

Altitude is  identified as the variable differentiating be

tween the TWINSP AN clusters at the first and second 

levels of division. At lower levels in the hierarchic classi

fication, it was possible to arrive at a more meaningful 

interpretation by using both species composition and en

vironmental variables. 

Ordination of the dry forest releves. The resu l ts of the 

ordination with Canonical Correspondence Analysis of 

the releves of the dry Afromontane forests of Chil imo, 

Menagesha and Wof-Washa is shown in Fig. 1 3a. The 

eigenvalues for axis  1 and axis 2 are 0.36 and 0.29 

respectively. 

Axis 1 reflects an altitudinal gradient; communities at 

high altitudes, particularly D2, Juniperus procera-Mayte

nus arbutifolia-Peucedanum winkleri and D3 , Erica 

arborea-Myrica salicifolia, are shown to the right  of the 

axis, while those occurring at lower altitudes are found to 

left. Axis 2 reflects a soi l ferti l ity gradient, with phospho

rus as the most significant factor. The community types 

D9, Podocarpus gracilior-Maytenus arbutifolia and D 1 0, 

Euphorbia obovalifolia-Podocarpus gracilior, occurring 

on soi l s  with a high content of phosphorus, have high 

positive scores on axis 2 .  Community types on soils with 

a low phosphorus status, including D3, have negative 

scores. In terms of individual species one may conclude 

that Podocarpus is  indifferent regarding the soi l ferti l ity 

gradient, and that May tenus arbutifolia is indicative of the 

richer part, while Scotopia theifolia is  indicative of the 

poorer part. 

Some environmental variables are related to both axes. 

Phosphorus, having its c learest expression along axis 2, is 
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also related to axis 1 .  Soil texture and organic matter also 

show this diagonal trend. 

Table 2 presents information on the canonical coeffi

cients and t-values of the regression coefficients of the 

various environmental variables on the two axes, as pro

duced by the CANOCO program (ter Braak 1 988) .  Since 

this Canonical Corre pondence Analysi is used here as 

an exploratory technique one should not c laim statistical 

significance for the e coefficients. Sti l l ,  the combined 

figures for al titude and phosphorus clearly indicate that 

these are the main environmental variables. 

The results of the c lassification are generally in agree

ment with the configuration of the corre ponding releve 

positions in the ordination diagram (Fig. 1 3a) .  General ly,  

the types D l ,  D2, D3, D9 and D l O, which are found 

towards the positive ends of axes 1 and 2, are wel l 

separated, whereas the points representing types D4-D8 

and most of the releves of type D5, form a cloud in the 

left -central part of the diagram. This is due to the masking 

effect of either altitude or phosphorus, i.e. the releves of 

these types are similar in their altitude or phosphorus 

status. 

Axis 2 

4 

0 1 0 

3 

\J 
2 

0 

-1 

-2 

-3 

-4 
-2 -1 0 

Axis 1 

Table 2. Canonical coefficients (cc) of environmental 

variables on axes 1 and 2 of the Canonical Correspondence 

Analysis of (a) all Dry forest releves; (b) Dry forest types 

D4-D8 only. t-values of the regression coefficients (ter 

Braak 1 988) are added; critical value (df � 1 8 , a =  0.05) = 2. 1 .  

a b 

Axi 2 2 

Eigenvalue 0.36 0.29 0.26 0. 1 8  

cc cc cc cc 

Altitude 0.6 6. 1 -0.4 -3 .5 0.0 -0. 1 0.4 2. 1 

Slope 0.0 -0. 1 0.2 1 .7 0.0 -0.4 -0.3 - 1 .9 

Expo ure -0. 1 - 1 .2 -0. 1 - 1 .3 0.0 -0.4 0. 1 0.4 
Sand -0. 1 -0.3 -0. 1 -0.2 0. 1 2 . 1 -3.5 - 4. 1  

Si l t  -0.9 -0.7 - 1 .2 -0.8 2.9 2. 1 - 1 .0 - 4.3 

Clay -0.7 -0.5 - 1 .4 -0.9 3 .2 2 . 1 - 1 . 1 - 4.4 
pH -0. 1 - 1 .3 0.2 1 .8 0.2 2 .2  0.5 2.2 

Electrical conductivity -0. 1 -0.6 0. 1 1 . 1  0.0 0. 1 -0. 1 -0.5 

Na 0.0 0.0 0. 1 0.7 0.3 1 .8 -0.4 - 1 .4 

K -0. 1 - 1 .3 0.0 -0.2 -0. 1 -0.6 0.0 0. 1 

Ca -0.2 - 1 . 2 0. 1 0.6 -0.2 - 1 . 2 -0.2 - 0.6 

Mg -0. 1 -0.6 0.0 0.4 -0. 1 -0.5 0. 1 0.8 

Cation exchange capacity 0.0 -0.3 0.3 2. 1 -0.4 -2.4 0.0 0. 1 

Organic matter 0.2 0.8 0.2 1 .0 0.3 1 .0 -0.8 - 1 .8 
N 0. 1 0.7 -0.3 - 1 .5 -0.2 - 1 .0 0.6 1 .3 
p 0.2 2.3 0.6 4.6 0.2 2.0 0.0 -0. 1 

0 9  

2 3 4 

Fig. 1 3 . a. Ordination diagram with axes 1 and 2 of a Canonical Correspondence Analysis of al l  releves and environmental data of the 
dry forests of Chi l imo, Menagesha and Wof-Wa ha. The position of the type D l - D l O  is indicated. Note the dense cloud of points 
representing c lusters D4 - D8. Environmental vectors (for abbreviations, see Table 4) enlarged with a factor 3 .  
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To find out whether there are any environmental gra

dients which may be correlated with floristic variation 

within these groups, a separate ordination was performed 

only for the releves of community types D4 - D8. The 

eigenvalues for this CCA for axis 1 and axis 2 are 0.26 and 

0. 1 8  respectively (Table 2) .  The diagram for this ordina

tion is shown in Fig. 1 3b.  In this diagram, it appears more 

c learly that the community types D4 - D8 are arranged 

more or less along the same soi l  ferti l ity gradient as 

detected in the entire material (Fig. 1 3a). Now, it is 

particularly the contrast between a high soi l sodium con

tent and high potassium and magnesium contents. Com

munity types D4, Spiniluma oxyacantha-Scolopia theifolia, 

and D8, Juniperus procera -Sideroxylon gilletti, at the 

right-hand side of the diagram, are correlated with high 

values for sodium and phosphorus, while community 

types D5, Scolopia theifolia-Podocarpus gracilior, and 

D7, Podocarpus gracilior-Allophylus abyssinicus, at the 

left-hand side of the diagram, have high values of cal

cium, magnesium, nitrogen, organic matter and cation 

exchange capacity. 

Axis 2 of the restricted ordination reflects to some 

Axis 2 

4 

3 

2 

0 

-1 

-2 -1 0 

Vegetation ecology of remnant Afromontaneforests 3 1  

extent the altitudinal variation (which is reflected more 

clearly in Fig. 1 3a) .  Type D8 is the higher-altitude type 

within the group D4-D8. Soil texture, particu larly the 

amount of sand, which was shown to form an additional 

gradient along axis 1 of Fig. 1 3a, is now clearly related to 

axis 2, with type D7 as the most indicative type . Clay is 

negatively correlated with axis 2, which is related to the 

difference between types D4 (high clay content) and D7. 

Relations between Dry forest communities and their 

environment. In addition to the observations reported in 

the previous sections some statistical tests concerning 

community-environment relations for the Dry forest com

munities and correlations among the environmental fac

tors are presented. An analysis of variance (ANOV A) was 

performed to see if there is any significant variation 

among the community types of the dry forests with re

spect to any one environmental factor. This was achieved 

by the Tukey test (Anon. 1 990). The results of this analy

sis are shown in Table 3 .  Significant variations between 

community types were obtained for al l  variables except 

slope, exposure and sodium. 

2 

Axis 1 

Fig. 1 3 . b. Ordination diagram with axes 1 and 2 of a Canonical Correspondence Analysis, with only the releves of types D4 - D8 
included. Environmental vectors (for abbreviations, see Table 4) enlarged with a factor 3 .  
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Table 3. Tukey's multiple range test between environmental variables and the Dry forest 
community types D l - D l O. Different letter notations within each row indicate significant 
differences at p < 0.05 . 

Community type 

A ltitude 

Slope 

Exposure 

Sand 

Silt  

Clay 

pH 

Electrical conductivity 

K 

Na 

Ca 

M g 

Cation exchange capacity 

Organic matter 

N 

p 

2 3 4 5 6 7 8 9 1 0  

2833 2900 2867 2575 2588 2647 258 1  2643 2540 2583 

a a a b b b b b b b 

20 2 1  
ns ns 

1 4  2 1  

ns ns 
28 23 23 

ns ns ns 
28 25 28 

ns ns ns 

1 .3 1 .5 1 .9 2.3 2.7 2.2 3.0 3 .3  1 .0 2 .3 

ns ns ns ns ns ns ns ns ns ns 

1 1 .5 1 4.7 6.0 6.9 5.0 7.7 8.9 6.4 1 2.7 1 0.3 

a be a be be c abc abc be ab abc 

72.6 69.7 57. 1  65.0 7 1 .0 80.6 76.8 69.3 73.5 82.3 

ab ab b ab ab a ab ab ab a 

1 5 .9 1 5 .7 36.9 28.2 23.9 1 1 .7 1 3 .4 24.4 1 2.8 7 .3 

be be a ab abc be be abc be c 

6.23 6.08 5.57 6.46 6.07 6.8 6.4 6.8 6.7 6.6 

ab ab b a ab a ab a a a 

0.27 0.36 0. 1 5  0.3 0.35 0.4 1 0.42 0.30 0.40 0.28 

ab a b ab a 

0.97 

ab 

1 .09 0.5 1 0.38 1 . 1 1  

ab b b ab 

a a ab a ab 

0.89 1 .92 1 .55 0.70 0.80 

ab a ab b ab 

0.64 0. 1 4  0.40 1 .32 0.42 1 .2 1  0.30 0.80 0. 1 5  0.27 

ns ns ns ns ns ns ns  ns ns ns 

34.3 22.3 9.67 1 2. 1  37.9 20.6 33 .5 23.2 5.50 50.5 

ab ab b b ab ab ab ab b a 

6. 1 6  6.58 2.97 4.20 7.5 1 6.63 9 .34 5.53 5.68 6.80 

ab ab b ab ab ab a ab ab ab 

65 .2  58 .8 4 1 .7 4 1 .0 63.0 44.9 64.8  49. 1 60.6 64. 1 
a abc c c ab be ab abc abc ab 

1 4. 1  1 2.0 7 .60 4.94 8.9 1 5 .87 8.8 1 6.50 1 6. 1  1 5 . 1 

ab abc be c abc c abc c a a 

0.67 0.52 0.50 0.29 0.43 0.34 0.50 0.30 0.6 1 0.47 

a ab ab b ab ab ab ab ab ab 

1 6.4 43.4 2. 1 0  6.54 5 .24 1 3 .2 2.23 1 3 .7 56.7 57.3 

b a b b b b b b a a 

The community types can be generally  grouped into 

two main groups, which are differentiated regarding alti

tudinal variation : types D 1 - D3, which are found above 

ea. 2800 m, and types D4 - D 10 found below ea. 2800 m 

a.s. l .  Soil  pH shows a more or less inverse trend to that of 

altitude; it is high at low altitudes and low at high alti

tudes.  Organic matter and phosphorus show simil ar 

changes; their quantities are high at low altitudes and 

decrease towards high alti tudes. 

Altitude is positively correlated with organic matter, 

nitrogen and sand, but it is negatively correlated with 

exposure and pH. Slope shows a strong correlation with 

calcium and cation exchange capacity . Among the soi l 

inorganic particles, clay is negatively correlated with sand 

and silt .  The factors calcium, magnesi u m, nitrogen,  or

ganic matter, and cation exchange capacity show a strong 

correlation in most cases; calcium is  highly correlated 

with magnesium, cation exchange, and nitrogen.  Cation 

exchange is  strongly correlated with organic matter and 

n itrogen, while nitrogen and phosphorus are highly corre

lated with organic matter. Sodium and clay ,  on the other 

hand, are negatively correlated with most soil nutrients 

but sl ightly positively correlated with each other. 

The changes among other environmental variables do 

not fol low a general pattern, but rather differ from one type 

to another. The rel ationship between the variables was 

assessed by computing Pearson' s  product-moment corre

lation coefficient. The results are presented in Table  4. 
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Table 4.  Pearson's product-moment correlation coefficient for correlations between environmental variables. * * *  = p < 0.00 1 ; * *  p < 0.0 1 ;  
* = p < 0.05; n s  = not significant. 

Altitude 

Slope 

Exposure 

Sand 

Si l t  

Clay 

pH 

Electrical conductivity 

-0.09 

ns 

-0.30 0. 1 4  
ns 

0.33 -0.04 -0.20 

** ns ns 

-0.05 0.30 -0.05 -0.02 
ns ns ns 

-0.07 -0.25 0. 1 3  -0.4 1 -0.9 1 

ns ns 

-0.25 0.28 0.05 
*** ***  
0.2 1 0.33 -0.39 

** *** ns 

-0.28 0. 1 6  0. 1 5  

ns 

0.09 0.32 -0.34 0.34 

ns ns ns ** ** ** 
Na -0.05 -0. 1 5  0.07 -0.38 -0. 1 1  0.26 0. 1 7  0.0 1 

K 
ns ns ns 

0.00 0.20 0.08 

ns ns ns 

** 
0.2 1 

ns 

ns os ns 

0.26 -0.34 0. 1 7  0.29 -0.48 

** ns ***  
ea 0.09 0.44 0. 1 4  -0.03 0.43 -0.38 0.2 1 0.24 -0.23 0.33 

0 ***  n s  n s  ***  **  n s  n s  **  
M g  -0.0 1 0.29 0.06 0.09 0.35 -0.36 -0.0 1 0 . 2 8  -0.37 0.42 0.49 

Cation exchange capacity 

Organic matter 

N 

p 

ns 

0. 1 3  
ns 

0.35 

** 
0.39 

** 

ns ns 

0.32 -0.02 0. 1 5  

* *  ns ns 

0. 1 2  -0. 1 8  0.4 1 

ns ns *** 
0.09 -0. 1 4  0.30 

ns ns 

0. 1 5  -0. 1 0  -0.22 0.53 

ns ns ns ns 

** ** ns 
0.52 -0.54 0. 1 6  

***  *** ns 

0.45 -0.58 0.2 1  

*** ***  n s  

0 . 3 9  -0.48 0. 1 7  

**  *** ns 

0. 1 5  -0.36 0.20 

ns ns ns 

** ***  
0.34 -0.39 0.48 

** *** *** 
0.09 -0.38 0. 1 7  

ns ** ns 

0.08 -0.35 0.24 

*** 
0.75 

*** 
0.47 

*** 
0.48 

0.58 

***  
0.20 0.63 

ns 

0. 1 9  
*** 
0.57 

ns ** ns *** ns *** 
0.04 -0.3 1 -0. 1 2  -0. 1 3  -0.0 1 0. 1 2  

ns ns ns ns ns 

0.85 

***  
0.48 0.22 

*** ns 

Alt  Slope Expo Sand S i lt Clay pH Cond Na K Ca Mg CEC Org N p 

Ordination of the moist and dry forest releves to

gether. In order to detect the overal l environmental vari

ation underlying the floristic variation in the four Afro

montane forests, as wel l  as the floristic relations between 

the humid and dry forest types, a CCA ordination was 

performed on al l releves together (with the exception of 

one Jibat and one Chil imo releve, as mentioned above) .  

The eigenvalues for axis  1 and axis  2 are 0.53 and 0.32 

respectively. These values are considerably higher than in 

both the Dry forest ordination (see above) and the Humid 

forest ordination (Tamrat 1 994), indicating a good recov

ery of the now much bigger environmental variation in

cluded. Fig. 1 4a presents the results. Since i t  is impossible 

to reproduce the position of the individual releves with 

their number, this figure only presents the coherence of 

positions within vegetation types. Table 5 shows the 

al location of the individual 1 44 releves to the 1 8  vegeta

tion types. 

The main division is again according to altitude, with 

types H2-H7, D l -D 1 0  and H 1  separated. Also, pH and 

phosphorus are important along axis 1 .  Table 6 gives the 

canonical coefficients and t-values of the regression coeffi

cients for the environmental variables on the axes 1 and 2. 

Table 5 .  Al location of 1 44 releves to the 18 vegetation types. H 
= humid forest types; D = dry forest types. J = Jibat forest; Ch = 
Chilimo forest; M =  Menagesha forest; W = Wof-Washa forest. 

H l  J 44-50 

H2 J 1 ,  2, 8, 9 , 1 1 , 1 5 , 1 8-2 1 ,  35, 5 1 -58, 60, 6 1 , 75 

H3 J 1 3 , 1 4, 1 6, 1 7, 22-25, 40-43, 59, 63-69, 73, 74 

H4 J 3-7, 1 0, 1 2, 28, 32-34, 36-38, 62, 72 

H5 J 29-3 1 , 39 

H6 J 26, 27 

H 7  J 70, 7 1  

H 8  J 76 

D J  M 1 1 7, 1 2 1 ,  1 22;  W 1 26- 1 28, 1 30, 1 3 1 ,  1 35 

02 w 1 29, 1 34, 1 37- 1 39 

03 Ch 83; M 1 1 0, 1 1 1  

04 M 1 1 3- 1 1 6, 1 20, 1 23- 1 25 

05 Ch 77-80, 82, 84, 86-89, 95- 1 00, 1 02- 1 05 

06 M 1 08, 1 09, 1 1 8 

07 c 8 1 ,  85, 90-94, 1 0 1 ;  w 1 33 

08 M 1 06, 1 07,  1 1 2, 1 1 9 

09 w 1 32, 1 4 1 - 1 44 

0 1 0  w 1 36, 1 40 
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Axis 2 

4 

3 

2 

0 

-1 

-2 

H 2-7 

-3 �--------------------------------------------------------------------------
-2 -1 0 2 3 

Axis  1 

Fig. 1 4. a. Ordination diagram with axes 1 and 2 of a Canonical Correspondence Analysis of al l  releves and environmental data of the 
humid forest of J ibat and the dry forests of Chil imo, Menagesha and Wof-Washa. Environmental vectors (for abbreviations, see Table 
4) enlarged with a factor 3 .  

Table 6. Canonical coefficients (cc) o f  environmental variables 
on axes 1 and 2 of the Canonica Correspondence Analysis of (a) 
all Humid and Dry forest releves except that of type H8; (b) all 
Humid and Dry forest releves, except those of types H8 and H7. 
t-values of the regression coefficients (ter Braak 1 988) are added; 
critical value ( df � 1 8, a =  0.05) = 2 . 1 .  

a b 

Axis 1 2 1 2 

Eigenva1ue 0.36 0.29 0.26 0. 1 8  

cc cc cc cc 

Altitude 0.5 9.9 0.4 6. 1 0.5 1 0.2 0. 1 2.0 
Slope 0.0 0.7 0. 1 1 .7 0.0 0.5 0. 1 2 . 1 
Exposure 0. 1 1 .0 0. 1 1 . 1  0. 1 1 .2 0.0 - 1 .0 
Sand -0.3 -0.9 -0.9 -2.4 -0.7 - 1 .7 -0.4 -0.9 
Silt  -0.8 -0.9 -2.6 -2.6 - 1 .9 - 1 .7 - 1 .9 - 1 .5 
Clay -0.5 -0.6 -2.9 -2.8 - 1 .6 - 1 .5 -2.2 - 1 .7 
pH 0.3 5.2 0. 1 0.8 0.4 5.8 -0.2 -2.7 
K -0.2 -2.7 -0. 1 - 1 .4 -0.2 -3.4 0.0 0.0 
Na -0. 1 -0.9 0.0 -0.3 -0. 1 - 1 .7 0. 1 1 .0 
Ca 0.0 -0.4 -0.2 -2.2  -0. 1 - 0. 1  -0. 1 -0.6 
Electrical conductivity 0. 1 0.8 -0.3 -4.5 0.0 0. 1 -0.2 -2. 1  
Mg 0. 1 2.3 -0.3 -4.7 0. 1 1 . 8 -0.3 -4.3 
Cation exchange capacity 0.2 2.3 0. 1 0.8 0.2 2.7 -0. 1 - 1 .2 
Organic matter -0.4 -4.5 0.4 3 .8  -0.3 -3.9 0.4 3.9 
N 0. 1 1 .9 -0.2 -2.2 0. 1 1 .5 -0.2 -2.2 
p 0.2 3.8 0. 1 1 .6 0.2 2.9 0.6 7 .5 
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The variation according to altitude runs s l ightly diago

nal ly  from the lower left to the higher right part of the 

diagram. Perpendicular to this  variation there is  variation 

according to the amount of organic matter. The releves of 

the J ibat type H I ,  Arundinaria alpina, are characteristic 

of a combination of high altitudes and high amounts of 

organic matter. 

In order to obtain a clearer structure in the remaining 

H-types and the D-types, the CCA was repeated after 

removal of the seven H I  releves (Fig. I 4b) .  The eigenval

ues for axis I and axis 2 are 0.54 and 0.29, i.e. roughly the 

same as in the previous ordination. The individual posi

tion of the releves is indicated again without numbers, but 

now the types the releves belong to, are indicated with 

separate numbers. The main structure in  the diagram 

suggests the separate position of H-types within the J ibat 

forest, D-types within the Wof-Wash a forest and D-types 

within a complex of the Chil imo and Menagesha forests. 

Within these main groups the community types are not 

very well separated. This i l lustrates the difference be

tween the two procedures T A B ORD and CCA : i n  

T ABORD the overal l  floristic similarity o f  releves i s  
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Chi l imo and 
Menagesha 

-3 �-------------------------------------------------------------------------------
-2 -1 0 

Axis  1 
2 3 

Fig. 1 4. b. Ordination diagram with axes 1 and 2 of a Canonical Corre pondence Analysis, releves of high-altitude J ibat types H l ,  
A rundinaria alpina, and H8,  Erica arborea, omitted. Position of the types H2 - H7 and D 1 - D 1 0  i s  indicated. Environmental vectors (for 
abbreviations, see Table 4) enlarged with a factor 3 .  

decisive, whi le in CCA the differences between the releves 

regarding the ecological ly  differentiating species are more 

important. Sti l l ,  some general conclusions are possible. 

First, the main differentiation is between the moist forest 

type and the dry forest types, which are clearly separated 

along axis 1 .  As in the ordinations of the separate forest 

types, altitude is a main differentiating factor, which 

seems somewhat surprising, because the altitudinal spec

trum of H-types is relatively broad. However, the high

altitude H-types were removed from the analysi s !  A fur

ther differentiating contrast is between the soi l s  of Jibat, 

with a high silt content, on the one hand, and either a 

higher clay or a higher sand content predominating in the 

dry forests (Table 6) . In spite of the variation in these 

textural components, the soi l  c lass for most types is silty 

loam. 

A long axis 2, most of the Wof-Washa dry types are 

separated from the types of Chil imo and Menagesha, 

which themselves are not separated. Type D l ,  Juniperus 

procera-Myrsine africana, is represented in both Wof-

Washa and Menagesha. Environmentally, the differentia

tion is determined mainly by pH, phosphorus and soi l 

texture. 

Based on the similarity between types and while also 

taking the position of the releves in Fig. 1 4b into account, 

an arrangement of types is possible in the fol lowing way : 

H7 � H6 � HS � H4 � H3 � H2 � DS � D7 � D3 

� D8 � D6 � D4 � D l  � D2 � D l O  � D9. This 

sequence is adopted in Table 1 .  Type H8, Erica arborea 

represented by only one releve - is found in the middle of 

types mainly found in the Menagesha forest, which share 

Erica arborea and Myrsine africana with it. 

Although the dry and humid forest types are generally 

clearly separated, there are some l inks between the two 

groups. One l ink is between type H2 and nearby releves of 

the Chil imo types D5 and D7, with Maytenus addat and 

Olinia aequipetala as l inking species, the other l ink con

nects types H2 and H3 with the Wof-Washa type D l O, 

with Galiniera coffeoides and /lex mitis as connecting 

species. 
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5 Analysis of the vegetation structure 

5 . 1 Introduction are damaged beyond repair and have not have any chance 

The importance of the inclusion of structural characteris

tics in vegetation description has been stressed repeatedly 

by, among others, Richards et al . ( 1 940), Richards ( 1 952, 

1 973, 1 983), Cain & Castro ( 1 959), Shimwell ( 1 972), 

Webb et al .  ( 1 976), Werger & van der Maarel ( 1 978),  

Barkman ( 1 979),  Werger & Sprangers ( 1 982) ,  and 

Stoutjesdijk & Barkman ( 1 992) . However, there is no 

unanimity as to how to define and analyse structure. 

Barkman ( 1 979) defined structure as al l  the morphologi

cal characters of the vegetation, except the qualitative and 

quantitative properties of the plant taxa included in the 

vegetation. He includes the fol lowing components in an 

analysis of structure : l ife form, growth form, height class 

distribution, leaf type and leaf size class distribution. He 

emphasized the distinction between horizontal structure 

(pattern) and vertical structure (stratification) .  Popma et 

al . ( 1 988)  emphasized the vertical distribution of density, 

basal area, cover and leaf type in the description of tropi

cal rain forest. Leemans ( 1 989) analyzed density, basal 

area, maximum tree height, and minimum and maximum 

bole height in his study of stand structure in Swedish 

boreal forests. 

In this study, the empha is wi l l  be on the vertical 

distribution of structural properties, particularly stratifi

cation . The existence of stratification in tropical forests 

has been much discussed (e.g. Richards 1 952, 1 983, Grubb 

et al . 1 963, Halle et al . 1 978) ;  general izations are difficult 

because concepts and criteria differ widely among the 

various studies (Popma et al . 1 988) .  Richards ( 1 952) 

stated that there is always some stratification in tropical 

forests. He defined a stratum (or storey) as a layer of trees 

whose crowns vary in height around a mean. Each of the 

layers defined in this way should have a floristic compo

sition of its own, but often the trees characterizing the 

upper story are also represented in lower strata - with 

lower or younger trees. Hal le et al . ( 1 978)  expressed the 

opposite view; there are "no strata in the forest as subdivi

sions of the total population", but only horizontal 'sets' of 

'trees of the present' .  They classified trees into three 

different groups, based on their sylvigenetic roles. 1 .  

'Trees of the present' l ack any potential for further expan

sion and persist at a stationary height, without adding to 

their vertical or horizontal dimension. 2 .  'Trees of the 

future' are found in the lower parts of the forest, being 

either in a phase of rigorous expansion, or suppressed and 

awaiting conditions of rapid growth. 3. 'Trees of the past' 
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to grow, not even to survive in a stationary state. 

Richards ( 1 952)  approached forest stratification 

through the construction of frequency distribution histo

grams for c lasses of values for important characteristics, 

notably height c lasses. Grubb et al . ( 1 963), also working 

with frequency distributions, distinguished between strati

fication of individuals and stratification on the species 

leve l .  Bourgeron ( 1 983)  added a third aspect, the strati

fication of leaf mass. Generally, both the occurrence of 

peaks and of empty classes in the height distribution may 

imply stratification . As Grubb et al . ( 1 963) and later 

Richards ( 1 983) pointed out, the study of species stratifi

cation is very complicated. It  is especial ly difficult to 

indicate the average height of mature trees of a species, 

because genetic and environmental factors interfere . 

Another point made by Grubb et al . ( 1 963 ) is that the 

detection of strata depends on the selection of height 

c lasses; when based on narrow height c lasses, strata wil l  

be easi ly recognized, but the use of wide height c lasses 

may obscure stratification. 

Thus, the differences of opinion regarding the exist

ence of strata originate, at least in part, from apparent 

differences in the concept of stratum and in the methods to 

detect them, and al o from the lack of a clear view of the 

forest in profi le .  The latter problem can be overcome 

through the construction of profile diagrams, drawings of 

both the vertical and horizontal extension of trees in a 

transect across the forest, albeit that such profi les have 

their shortcomings. Paij mans ( 1 970) pointed out that the 

selection of the transects to be analyzed is  subjective and 

that only two dimensions can be involved. Richards ( 1 983) 

considered profi le  diagrams i l lustrative, but only quanti

tative, i.e. difficult to use for quantifications of the forest 

structure.  Grubb et al . ( 1 963) considered profi le diagrams 

of l imited use because they mainly show the distribution 

of tree crowns, whereas height-class distributions give 

information on the entire height profi le  of the forest. 

Furthermore, the vertical structure encountered in  a 

transect, which is always very narrow and usually  not 

very long, wi l l  vary from one site to another as a resu lt  of 

the occurrence of regeneration patterns (Uhl & M urphy 

1 98 1 )  and of gaps (Whitmore 1 984) . Final ly ,  profil e  dia

grams depict the forest architecture at one moment in  time 

and have therefore only a static value (Oldeman 1 983) .  

Despite the shortcomings of  profile diagrams, they 

wi l l  be used in this study, particularly in order to charac

terize the stratification of the different forests . 



5 .2 Methods 

All  tree and shrub species tal ler than 2m and more than 2 

cm in diameter were measured for height and diameter at 

breast height (DBH),  i .e. 1 .3 m above ground level .  The 

heights were measured with a Suunto c l inometer, the 

diameters with a DBH measuring tape. Where slope, 

topography and/or crown structure made it difficult to use 

the height meter, heights were estimated visual ly .  In cases 

where tree boles were buttressed, measurements were 

related to the point just above the buttresses . If the tree 

branched at about breast height, the diameter was meas

ured separately for the branches. 

Basal area, measured as the cross-section area of a tree 

at breast height, was used as a relative importance meas

ure (Cain & Castro 1 959).  Ground-level measurement of 

the basal area was avoided because some individual trees 

showed a convol uted outl ine due to buttresses. 

Density figures for the different forests and forest 

types were calculated on the basis of the countings of the 

woody individuals .  Height, DBH and basal area measure

ments were used to construct frequency distributions for 

the various categories the measurements can be al located 

to. 

The most commonly recommended way of construct

ing profi le diagrams is to fel l  trees along a specified strip 

and perform the actual measurements on the pieces 

(Richards 1 952;  Cain & Castro 1 959).  Paij mans ( 1 970) 

noted that measurements on fel led trees give better esti

mates than measurements of intact trees. In  the present 

study this destructive sampling was impossible; hence 

measurements were made without the fel l ing of trees. 

A transect of 6 1  m x 7.6 m (200 ft x 25 ft), fol lowing 

Richards ( 1 952), was selected in the forest and a drawing 

of trees and shrubs inside the plot was made. Al l  trees and 

shrubs > 2 m in height and > 2 cm in diameter were 

included in the drawing. The relative distribution of indi

viduals on the ground was mapped and incorporated in the 

profi le diagram. The relative position of the trees within 

the strip, their diameters, crown mass and crown shape 

were all drawn to a visual ly  determined scale. Profile 

diagrams were made at the fol lowing six sites : 

- a very old Juniperus procera stand (community type 

D 1 ,  Juniperus procera-Myrsine africana-Ehrharta erecta) 

in the Menagesha forest at 2650 m a.s . l . ;  

- a  Juniperus procerastand (community type D2, Juniperus 

procera-Maytenus arbutifolia-Peucedanum winkleri) in 

the Wof-Washa forest at 2720 m a.s . l . ;  

- aluniperus procera stand (community type D l , Juniperus 

procera-Myrsine africana-Ehrharta erecta) in the Wof

Washa forest at 2820 m a.s . l . ;  

- an open Podocarpus gracilior stand i n  the Wof-Washa 

forest (community type D7 , Podocarpus gracilior

Allophylus abyssinicus) at 27 1 0  m a.s . l . ;  

- a Podocarpus-Juniperus stand (community type D9, 
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Podocarpus gracilior-Maytenus arbutifolia) in the Wof

Washa forest at 29 1 0  m a.s . l . ;  

- an Euphorbia obovalifolia stand (community type D 1 0, 

Euphorbia obovalifolia-Podocarpus gracilior) in the Wof

Washa forest at 2540 m a.s . l .  

Two profi les were taken from a Juniperus procera 

stand to compare the forest structure at two different 

altitudes. 

5 . 3  Results 

5.3.1 Tree density 

Table 7 presents data on the density of forest trees, ex

pressed as numbers per hectare of individuals of more 

than 1 0  cm and more than 20 cm DBH respectively, as 

well  as their ratio. The forest at Chi l imo has the highest 

density of trees > 1 0  cm DBH, fol lowed by the Jibat, 

Menagesha and Wof-Washa forests. The ratio of 'density 

> 1 0  cm' to 'density > 20 cm' is taken as a measure of the 

distribution of the size c lasses (Grubb et al . 1 963 ). Among 

the dry Afromontane forests, tree density at Chil imo is 

much higher than at Menagesha and Wof-Washa in both 

diameter c lasses. The moist Afromontane (Jibat) forest is 

next to Chil imo in DBH class > 1 0  cm, but much denser 

than al l the dry forests in DBH class > 20 cm. 

The very high a/b ratio in the Chil imo forest indicates 

the predominance of small -sized individuals; this is a 

result of to the excessive cutting, which took place here a 

long time ago. In the Wof-Washa forest, on the other 

hand, the proportions of small-sized and large-sized indi

viduals do not differ much, which indicated that this forest 

has developed under natural conditions and without major 

disturbances. 

5.3.2 Tree height and diameter 

The distribution of trees in different height c lasses is  

shown in  Table 8 .  A considerable proportion (i .e .  > 70%) 

of the individuals in the Chil imo and Menagesha forests 

belongs to the lowest height c lasses ( i .e .  6 - 9  m and 9 - 1 2  

m) .  In the Jibat forest 49 .5%, and in Wof-Washa 44.6% of 

Table 7. Tree density (number of trees/ha) in the four forests; a =  
for trees > l Oc m  DBH; b = for trees > 20 cm DBH;  alb = ratio 
between a and b. 

a b a/b 

J ibat 565 287 2.0 

Chi l imo 638 250 2.6 

Menagesha 484 208 2.3 

Wof-Washa 329 2 1 5  1 .5 
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Table 8. Height-class (m) distribution of trees in the four forests; 
figures are % values within each of the fore ts. 

Height c lass Jibat Chi l imo Menages ha Wof-Washa 

6 - 9 25.5 42. 1 38.5 23.3 

9 - 1 2  24.0 30.8 32.0 2 1 .3 

1 2 - 1 5  1 5 .2 1 5 .3 l 0.8 1 3 .7 

1 5 - 1 8  1 4.0 7.5 1 1 .0 1 3 . 1  

1 8 - 2 1  7.2 3.4 2.2 6. 1 

2 1 - 24 3.7 < 1 2 .2 1 .6 

24 - 27 3 .5 1 .0 8.0 

27 - 30 2.5 < 1 8.0 

> 30 4.3 2.0 4.8 

the individual s are found in the lowest height c lasses. 

Only few individuals ( < 1 %) attain heights of more than 

2 1  m in the Chilimo forest. For Menagesha this figure is < 

6.0 %, but in Jibat and Wof-Washa the figures are 1 4.0 % 

and 2 1 .6% respectively. In the Menagesha forest, indi

vidual s reaching heights of 30 m are not uncommon; these 

are old and big individuals which survived in this natural 

forest stand. The Jibat and Wof-Washa forests on the 

other hand, are wel l-represented by individuals distrib

uted in all height c lasses, including the > 30 m class. 

DBH measurements reveal a trend simi lar to that of 

the height distribution (Table 9).  Most trees have a diam

eter < 20 cm. Most of the individuals in the Chil imo and 

Menagesha forests, i.e. 6 1 %  and 57% respectively, were 

in the DBH class < 20 cm. In the Chil imo forest there are 

hardly any individuals with a DBH > 80 cm, while in the 

Menagesha forest 3 .6% of the trees have DBH values of > 

80 cm. A very small proportion of the stems in the Jibat 

forest (i .e . < 1 %) attains diameters of > 1 40 cm, but 88 .4% 

belong to the DBH class 1 0 - 50 cm. The largest trees are 

found in the Wof-Washa forest where individuals may 

reach a DBH of up to 200 cm. About 64.4% of the 

individuals are in the 1 0 - 50 cm classes, while about 3 .6% 

belong to the > 1 40 cm class; one individual with a diam

eter of 2 1 0  cm was encountered. 

The variation in height and DBH distribution can be 

attributed in part to the history of the forests. The forests 

Table 9.  DBH-class (cm) distribution of trees in the four forests; 
figures are % values within each forest. 

DBH-class Jibat Chi1imo Menagesha Wof-Washa 

1 0 - 20 48.9 60.8 56.9 32.6 

20 - 50 39.5 36.5 32.8 3 1 .7 

50 - 80 9.8 2.6 6.5 1 4.6 

80 - 1 l 0 1 .4 2.5 1 1 .7 

l l O - 1 40 < 1 1 . 1  5 .9 

> 1 40 < 1  3 .6  
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of Chilimo and Menagesha have been heavily  exploited 

through selective cutting, particularly the Chil imo forest. 

At present these forests are in different stages of second

ary development. The Wof-Wash a forest on the other 

hand, has never been under such intense disturbance 

except very local ly .  The large number of very big trees 

and the relatively small proportion of small-sized indi

viduals in this forest indicates that the Wof-Washa forest 

is in advanced stage of development. Although some 

commercial exploitation has occurred in the Jibat forest, 

there are sti l l  parts left which remained largely  undam

aged. The presence of some large trees and the prevalence 

of small to medium-sized individuals in this forest may 

indicate that the forest is in a late stage of secondary 

development. 

5.3.3 Basal area 

A comparison of the basal areas and densities of the 

forests is presented in Table 1 0. The Wof-Washa forest 

has the highest basal area for trees > 1 0  cm in DBH, 

fol lowed by the Jibat, Menagesha and Chilimo forests. 

The total basal area for the Wof-Washa forest is  1 0 1 .8 m2/ 

ha, while it is 49 .8  m2/ha, 36. 1 m2/ha, and 30. 1 m2/ha for 

the forests of Jibat, Menagesha and Chi l imo respectively. 

Fig. 1 5a-d presents block diagrams of the numbers of 

trees in 30-cm DB H classes (above the horizontal l ine) 

and basal area in m2 (below the l ine). There is  a consider

able decrease in number of individuals with increasing 

DBH.  This decrease is very drastic in the forests of 

Chilimo and Menagesha, but less so in Jibat and Wof

Washa. Most of the trees in the Chi l imo forest are smal l

sized, as shown by the peak in basal area in the lowest 

DBH c lasses ( i .e .  up to 50 cm).  Some trees in the 

Menagesha forest are of medium size. The trees belong

ing to higher DBH classes are fewer but they contribute 

nevertheless considerably  to the total basal area. In Wof

Washa, the DBH classes > 50 cm are better represented 

Table 1 0. Structural characteristics in the four forests, differentiated 
for woody individuals in different DBH-classes. 

Characteristic J ibat Chil imo Menagesha Wof-Washa 

B asal area (m2/ha), 
DBH > 1 0 cm 47.5 27 .3 32.4 1 00.3 

Density (ind./ha), 

D B H  < 1 0  cm 1 254 1 606 20 1 0  696 

Density ( ind./ha), 

1 0 cm <  D B H < 20 cm 275 388 276 1 07 

Density ( ind./ha), 

D BH > 20 cm 287 250 208 2 1 5  
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Fig. 1 5 .  Frequency distribution of trees in DBH classes (al l  trees 
included) in the forests of a. J ibat; b. Chilimo; c. Menagesha; d. 
Wof-Washa. B locks above the 0-line: figures based on relative 
DBH (%) ;  blocks below the 0-line: figures based on relative 
basal area (% ) .  

and hence they contribute much t o  the total basal area. A l l  

the forests have more than half their total number of 

individuals in the smallest DBH class ( i .e .  < 20 cm). The 

contribution of these individuals to the basal area is only 

pronounced in the forests of Chil i mo and Menagesha. 

Many individuals in the lowest D B H  classes are of a small 

stature; hence the basal area contributed by these classes 

is small .  The basal area contribution by the lowest and the 
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Fig. 1 6. Frequency distribution of a. density contributions by 
height class for the four forests, and b. density contributions by 
DBH class. 

highest DBH c lasses in any one forest is very low as 

compared to the contribution of the intermediate classes, 

irrespective of the state of successional stage of the forest. 

The density distribution in different height- and DBH 

classes shows a similar pattern (Fig. 1 6a,b). Most of the 

individuals in all forests are found in the lowest DBH 

class, which is  a lso  reflected by the h igh aggregation of 

individuals in the lowest height class. Such a relationship 

is evident, as very few individuals attain a large diameter 

when they are short. 

The basal area and density distributions of five spe

cies in each of the forests is  shown in Table 1 1 . These 

species rank highest as to their contribution to the total 

basal area in the respective forests. The basal area contri

bution of these species in the Jibat and Chilimo forests is 

similar, 65.6% and 73 .8% respectively .  However, the 

absolute basal area value for Jibat is  much higher than in 

Chil imo (33 against 22 m2/ha). The Chilimo forest is 

successional ly younger and consists of smaller individu

als. None of the five major species in the Jibat and 

Chil imo forests shows an overriding dominance over the 

others in terms of basal area. On the other hand, in the 

Menagesha and W of-Washa forests, one of the important 

species, Juniperus procera, dominates completely, con

tributing no less than 60.4% and 6 1 .8% of the total basal 

area respectively .  Note, that the fifth species in Wof

Washa, Hagenia abyssinica, is represented with a low 
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Table 1 1 . Basal area and density of the five mo t important 
species in each of the four forests. 

Basal area Density 

m2/ha % stems/ha % 

Jibat 

Ilex mitis 9.4 1 8.9 1 79 9.9 

Syzygium guineense 7.9 1 5 .9 1 37 7 .5 
Prunus africana 5.6 1 1 .2 36 2.0 

Apodytes dimidiata 5 .0 1 0.0 1 29 7. 1 

Olinia aequipetala 4.8 9.6 79 4.3 

Total 32.7 65.6 560 30.8 

Chilimo 

Olea europaea 5.5 1 8 .3 1 39 6.2 

Podocarpus gracilior 5.3 1 7 .6 308 1 3 .7 

Juniperus procera 4.5 1 5 .0 1 50 6.7 

Olinia aequipetala 4.4 1 4.6 1 95 8.7 
Scotopia theifolia 2.5 8.3 493 22.0 

Total 22.2 73.8 1 285 56.6 

Menages ha 

Juniperus procera 2 1 .8 60.0 1 64 6.6 

Olea europaea 4.5 1 2.5 1 33 5 .3  
Olinia aequipetala 2.8 7.8 1 63 6.5 
Spiniluma oxyacantha 1 .9 5 .3  378 1 5 .2 

Scotopia theifolia 1 .0 2.8 430 1 7 .3  

Total 32.0 88.8 1 268 50.9 

Wof-Washa 

Juniperus procera 62.9 6 1 .8 78 7 .7  
Podocarpus gracilior 1 6.3 1 6.0 1 44 1 4.0 
flex mitis 8.4 8.3 83 8. 1 
Euphorbia obovalifolia 5.2 5 . 1  50 4.9 
Hagenia abyssinica 2.3 2.3 3 0.3 

Total 95. 1 93.5 358 35.0 

value in Table 1 (Type D3). The relatively high basal area 

of this species is based on the occurrence of only few, but 

very large trees, which did not reach a high cover-abun

dance value in the releves of this type . 

The density distribution of the five most important 

species does not fol low the same trend as that of the basal 

area. Species with the highest basal area/ha do not always 

have the highest density, indicating size differences be

tween the species (e.g. Prunus africana and Apodytes 

dimidiata in the Jibat forest). In other cases, differences in 

growth forms could be important; the shrubby tree Scolopia 

theifolia is the densest of the five species in the Chi l imo 

forest, but its contribution to the basal area is the least. In  

the forests of  Menagesha and Wof-Washa, one single 

species, 1uniperus procera, attains the highest sizes and is 

by far the most dominant, contributing more than 60% of 

the total basal area. 1. procera is also the densest species 

in the Menagesha forest, while Podocarpus gracilior is 

denser than 1. procera in the Wof-Washa forest. The low 
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Fig .  1 7 . Frequency distribution of tree numbers in height cla ses 
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Fig. 1 8 . Profile diagram of a Juniperus stand (6 1 m x 7.6 m) in the Menagesha forest at 2650 m a.s . l .  Ba = Bersama abyssinica; Da = 
Dovialis abyssinica; Dp = Discopodium penninervium; Jp = Juniperus procera; Oa = Olinia aequipetala; Oe = Olea europaea; Sg = 
Syzygium guineense; So = Spiniluma oxyacantha. Interrupted l ine around Jp to the right = canopy extension from outside the strip. 

density in the latter forest might be due to its very old age ; 

indeed, trees are showing signs of old age and while 

J. procera has a poor regenerating capacity under its own 

canopy, P. gracilior is successfu l ly  regenerating in this 

stand; hence the density dominance of the latter species. 

As basal area provides a better measure of the relative 

importance of tree species than simple stem counts (Cain 

& Castro 1 959);  species with the largest contribution in 

basal area can be considered as the most important in 

these forests. 

The structural comparisons presented above, indicate 

a variabil i ty in the successional stage of the forests. Wof

W ash a is a forest that has reached maturity . The other two 

dry forests (i .e .  Chil imo and Menagesha), and the humid 

forest of Jibat are in different stages of secondary devel 

opment, Jibat probably  in a l ate-successional stage. 

5.3.4 Stratification 

In terms of tree height, the forests of Jibat, Chil imo and 

Menagesha do not show a stratification (Fig. 1 7a-c) .  In 

the Wof-Washa forest, however, the height distribution 

suggests the presence of at least two strata, one from 6 - 1 8  

m and one above 24 m (Fig. 1 7d) .  

The profi le  diagram from the Menagesha forest refers 

to a very old Juniperus stand at 2650 m a .s . l .  (Fig. 1 8) .  

The canopy l ayer i s  entirely composed of  o ld  Juniperus 

trees. Most of these trees have started dying-back from the 

tips, as observed from the stag-heads. The crowns are 

degenerating and on some trees they are completely ab

sent (see tree at the extreme right-hand side of the figure) .  

The characteristic feature of this profile  is  the well-de

fined canopy at 20 - 35 m. The understorey consists of 

shrubs and small trees with dense crowns between 4 and 7 

m, with mai n ly  Syzygium guineense and Spiniluma 

oxyacantha. 

Figs. 1 9  and 20 show the profile  diagrams from the 

Juniperus stands in the Wof-Washa forest at 2720 and 

2820 m a.s . l .  respectively. Both profiles depict a Juniperus 

stand with a mixed understorey. In the former, there is a 

canopy stratification, but only at the right-hand side of the 

strip. In the Juniperus stand depicted in Fig. 20, the 

understorey trees and shrubs are better developed than in 

the stand depicted in Fig. 1 9. Their canopies merge with 

that of the bigger trees.  The apparent gap at the right-hand 

side of the diagram, which is  being fi l led up with under

storey species, is actually covered by a taller canopy of 

Juniperus, extending from j ust outside the strip. Overal l ,  

there is no distinct layering in  this plot. 
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Fig. 1 9. Profile diagram of a Juniperus stand (6 1 m x 7.6 m) in the Wof-Washa forest at 2720 m a.s. l .  Dp = Discopodium penninervium; 

Gs = Galiniera coffeoides; Im = flex mitis; Jp = Juniperus procera; Lb = Lobelia gibberoa; Ml = Maesa lanceolata; Sv = Schefflera 

volkensii. Interrupted lines = canopy extensions from outside the strip. 
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Fig. 20. Profile diagram of a Juniperus stand (6 1 m x 7.6 m) in the Wof-Washa forest at 2820 m a.s . l .  Dp = Discopodium penninervium; 

Gs = Galliniera coffeoides; Im = flex mitis; Jp = Juniperus procera; Ml = Maesa lanceolata; Pv = Pittosporum viridiflorum.Interrupted 

l ines = canopy extensions from outside the strip. 
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Fig. 2 1 .  Profi le diagram of a Podocarpus stand (6 1 m x 7.6 m) in the Wof-Washa forest at 27 1 0  m a.s . l .  Aa = Allophyllus abyssinicus; 

Gs = Galiniera coffeoides; Im = flex mitis; Jp = Juniperus procera; Pa = Pavetta abyssinica; Pg = Podocarpus gracilior. Interrupted l ines 
= canopy extensions from outside the strip.  
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Fig. 22. Profile diagram of a Podocarpus-Juniperus stand (6 1 m x 7.6 m) in the Wof-Washa forest at 2590 m a.s . l .  Ba = Bersama 

abyssinica; Dp = Disco podium penninervium; Gs = Galiniera coffeoides; Im = flex mitis; Jp = Juniperus procera; Lb = Lobelia gibberoa; 

Ma = Maytenus arbutifolia; Ml = Maesa lanceolata; Pg = Podocarpus gracilior. Interrupted l ines = canopy extensions from outside the 
strip.  
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Fig. 2 3 .  Profi le diagram o f  a n  Euphorbia obovalifolia stand (6 1 m x 7.6 m )  i n  the Wof-Washa forest at 2540 m a.s . l .  D p  = Discopodium 

penninervium; Eu = Euphorbia obovalifolia; Gs = Galiniera coffeoides; Im = flex mitis; Lb = Lobelia gibberoa; Ml = Maesa lanceolata; 

Pg = Podocarpus gracilior. Interrupted lines = canopy extensions from outside the strip. 

Fig. 2 1  shows the profile diagram of the Podocarpus 

forest. The dominant tree is Podocarpus gracilior. There 

are large openings between the canopy trees. Apart from 

the young trees, the shrub layer is missing here, which is  

probably due to the effect of grazing animals and human 

activity. The canopies of the young trees smoothly merge 

with those of the upper trees without any signs of a distinct 

stratification . 

The profi le diagram from the mixed Podocarpus

Juniperus stand in the Wof-Washa forest is shown in Fig .  

22 .  The stand is situated towards the  lower periphery of  

the forest where it is  drier. Except for the  one emergent 

Juniperus procera tree at the left-hand side of the dia

gram, there is a continuous canopy cover between 5 - 1 5  

m, with !lex mitis and Maesa lanceolata. However, no 

distinct canopy stratification is displayed by the indi

vidual species involved. 

The profile diagram from the Euphorbia stand in the 

Wof-Washa forest is shown in Fig. 23. The stand is  situ

ated on the banks of a river along the boundary between 

the montane forest and the dry lowland vegetation. The 

Euphorbia trees are of varying height, and except for 

openings in the canopy where the larger individuals have 

been cut (see right-hand edge of the diagram), the crowns 

form a more or less continuous layer at about 1 2  - 1 3  m .  

The understorey is  mainly composed o f  regenerating 

Podocarpus gracilior and Galiniera coffeoides.No l ayer

ing is  evident here. 
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5.3.5 Species population structure 

As an addition to, and differentiation of, the general 

picture presented by the profile diagrams and especial ly 

the general frequency distribution of trees in DBH classes 

(Fig. 1 5a-d), some frequency distributions of representa

tive trees in the different forests are presented. The popu

lation structure of 1 4  species from the humid forest and 2 1  

species from the dry forest communities were analyzed. 

The patterns of species population structure that emerge 

can be interpreted as an indication of variation in popula

tion dynamics in the forest (Popma et al . 1 988) .  

Five general patterns of population structure were 

recognized in the six community types from the Jibat 

forest, i .e .  types H2-H7 [species from the Arundinaria 

(type H 1 )  and Erica (type H8)  types were not analyzed)] . 

The first pattern (Fig. 24a) is formed by the species with a 

more or less even frequency distribution in a l l  DBH 

classes. This  pattern suggests a good reproduction and 

recruitment. Only one species, Rapanea simensis (type 

H2), belongs to this group. 

The second type (Fig. 24b) shows a Gauss-type distri

bution pattern, with the first and second DBH classes 

having a low frequency, a gradual increase in the number 

of individuals towards the medium classes, and then a 

subsequent decrease in frequency towards the higher DBH 

classes. Three species show th is  pattern : Galiniera 

coffeoides ( types H2,  H 3 ,  H4 and H6) ,  Dracaena 

afromontana (types H3 and H7), and Nuxia congesta 

( type H4). This pattern indicates a poor reproduction, but 

we can only specu late about the reason for the decline in 
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the number of big-sized trees. 

The third type (Fig. 24c) shows a pattern where the 

frequency is very low in the first and second DBH classes, 

but increases towards the higher classes. This pattern 

i ndicates poor reproduction. This group includes: Olinia 

aequipetala ( type H2), /lex mitis (types H2 and H3) ,  

Apodytes dimidiata (types H3, H4 and H5) ,  Rapanea 

simensis ( type H3),  Syzygium guineense (types H3 and 

H4),  Olea hochstetteri ( types H4 and H5) ,  and Galiniera 

coffeoides (type H5) .  

The fourth type (Fig .  24d) shows a U-shaped pattern; 

the frequency is high in the lowest and highest D BH classes 

but very low in the intermediate c lasses. Only one species, 

Olea hochstetteri (type H2), belongs to this group. This  

pattern probably indicates selective cutting and removal of 

medium-sized individuals of this species. 

The fifth type (Fig. 24e) shows a pattern that is formed 

by species with the highest frequency in the first or second 

DBH classes and a gradual decrease towards the bigger 

c lasses. Species in this group include Psychotria orphila 
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Fig. 24. Five representative patterns of frequency distribution of 
tree density values over DBH classes (cm) in the Jibat forest, 
repre ented by a. Rapanea simensis ( type H2) ;  Galiniera 

coffeoides (types H2, H3,  H4 and H6); c. /lex mitis (types H2 and 
H3);  d. Olea hochstetteri (type H2);  Psychotria orphila (types 
H2, H3, H5 and H6). Class 1 = 2 - 5 cm; 2 = 5 - 8 cm; 3 = 8 - 1 1  
cm; 4 = 1 1  - 1 4  cm;  5 = 1 4 - 1 7  cm; 6 = 1 7 - 20 cm; 7 = 20 - 50 
cm; 8 = 50 - 80 cm; 9 = 80 - 1 1 0 cm; 10 = > 1 1 0 cm. 

(types H2, H3, H5 and H6), Rytyginia neglecta (type H4) 

and Lepidotrichilia volkensii (type H4). 

Six general patterns of population structure were rec

ognized in the ten community types from the dry montane 

forests of Chil imo, Menagesha and Wof-Washa, i .e .  types 

D l -D l O. The first type (Fig. 25a) shows a somewhat J

shaped pattern where frequency is very low in the lowest 

DBH classes and gradual ly increases towards the higher 

c lasses (as type 3 in Jibat) . Species in this group include 

Juniperus procera (types D l ,  D2 and D5) ,  Olea europaea 

(types D l ,  D5 and D7), Pittosporum abyssinicum (type 

D 1 ) , Pittosporum viridiflorum (type D3),  May tenus addat 

(type D4), Rhus glutinossa ( type D5), Olinia aequipetala 

(type D5 and D7), Maesa lanceolata ( type D9), and 

Euphorbia obovalifolia (type D 1 0).  This pattern indicates 

poor reproduction. 

The second type (Fig.  25b) shows a pattern where 

individuals are frequent only in the highest DBH classes. 

This  indicates very big and old individuals which are no 

longer reproducing or regenerating. This  pattern is shown 
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only by Juniperus procera (types D l ,  D8 and D9). 

The third type (Fig. 25c ) ,  which is identical to J ibat 

type 1 ,  shows a pattern where there is an even frequency 

distribution in al l  c lasses. Species in this group include 

Podocarpus gracilior (D5 and D7), and Scolopia theifolia 

(types D5 and D7). This  pattern indicates a good repro

duction and a good recruitment. 

The fourth type (Fig. 25d) (Jibat type 2) shows a Gauss 

distribution. Species in this group include: Erica arborea 

(type D l ), Olinia aequipetala (type D l  and D8), Spiniluma 

oxyacantha (type D l ,  D4 and D7), Podocarpus gracilior 

( type D l  and D4) ,  Maytenus arbutifolia ( type D2), 

Allophylus abyssinicus (type D8), Sideroxylon gilletti (type 

D8), Galiniera coffeoides (type D9), and Maesa lanceolata 

(type D I O) .  These species have a poor eproduction . 

The fifth type (Fig. 25e) (Jibat type 5 )  shows a pattern 

where the frequencies are highest in the lowest DBH 

classes, and then decrease towards the h igher c lasses. 

Species in  this  group i nclude Erica arborea (type D3), 

Acta Phytogeogr. Suec. 79 

5 
DBH class 

9 10  

d 

Fig. 25 . Six representative patterns 
of frequency distribution of tree 
density values over DBH classes in  
the Chil imo forest, represented by 
a. Olea europaea (types D 1 ,  05 
and 07) ;  b. Juniperus procera 

(types D 1 ,  D8 and D9); c. Podo

carpus gracilior (D5 and 07);  d.  
Spiniluma oxyacantha (type 0 1 ,  D4 
and 07) ;  e. Erica arborea (type 
D3);  f. Podocarpus gracilior (type 
D 1 0) .  Class 1 = 2 - 5 cm; 2 = 5 - 8  
cm; 3 = 8 - 1 1  cm; 4 = 1 1  - 1 4  cm; 5 
= 1 4 - 1 7  cm; 6 = 1 7 - 20 cm; 7 = 20 
- 50 cm; 8 = 50 - 80 cm; 9 = 80 - 1 1 0 
cm; 1 0 = 1 1 0 - 1 40 cm; 1 1  = 1 40 -
1 70 cm; 1 2  = 1 70 - 200 cm; 1 3  = > 
200 cm. 

Maytenus addat (type D5 and D7), Myrsine africana 

(type D5), flex mitis (type D6), and Maytenus arbutifolia 

(type D6). This pattern indicates a good reproduction but 

a bad recruitment. 

The sixth type (Fig. 25f) shows a pattern where fre

quency is high at lower D B H  c lasses but becomes irregu

lar towards higher c lasses. This pattern indicates a good 

reproduction but discontinuous recruitment. Two species 

that show such a pattern are /lex mitis (type D6) and 

Podocarpus gracilior ( type D l O) .  

Few species do not strictly conform to any one of the 

described patterns above, but rather show intermediate 

trends in-between.  These species inc l ude Apodytes 

dimidiata (type H2),  Croton machrostachyus and flex 

mitis (type H3),  Rapanea simensis (type H4), Olea hoch

stetteri, Rytyginia neglecta & Syzygium guineense ( type 

H5), flex mitis (type H6), Erica arborea (type D l ), Olinia 

aequipetala (Type D4 ), and Rapanea simensis (Type D7) .  



5 .4 Discussion 

The profi le diagrams i l lustrating the forests provide a 

general impression of the structure of the forests under 

study. The profi le from the old Juniperus stand from the 

forest of Menagesha shows two distinct strata of canopy 

layers. This observation is  in l ine with that of Grubb et al . 

( 1 963), who noted that a stratification into two tree layers 

is common in species-poor forests in Ecuador where only 

one or two species are represented with l arge trees. No 

such stratification could be detected in the other forests. 

General ly ,  there is considerable variation in the height 

structure within a forest, or even within one stand. Maybe, 

the search for distinct l ayers is  not meaningful (cf. Grubb 

et a l .  1 963 ; Paijmans 1 970; Uhl & Murphy 1 98 1 ) . Sti l l ,  

variation in tree height is  an important ecological phe

nomenon which effects the microcl imate (e.g.  Grubb et al .  

1 963, Stoutjesdijk & Barkman 1 992) and the distribution 

of epiphytes and c l imbers. 

Gaps in the canopy are evident in the profile  diagrams 

(Figs. 1 8-23) .  Since the individuals included in the dia

grams were obviously  intact, the gaps cannot be attributed 

to any recent tree fal l  or a snapped-off large branch, or the 

death of a tree from old age. In fact, these gaps are fi l led 

by the canopy of trees from outside the sample plot (see 

stippled outlines in Figs. 1 8-23) .  

The patterns of species population structure suggest at 

least two major types of trees: ( 1 )  species able to regener

ate in the forest understory and (2) large and probably old 

trees with difficulties to reproduce in the understory envi

ronment. A third type, including species with both a good 

reproduction and a good recruitment in the dry and humid 

forests are rare. Rapanea simensis (humid forest) and 

Podocarpus gracilior (dry forests) have such viable popu

lations. Both species have a good regeneration under the 

canopy of mature trees. Several species have a good 

regeneration but most of the seedling individuals do not 

thrive long enough to grow into adults .  
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The patterns in the population structure of some spe

cies are suggestive of the past occurrence of disturbance. 

In cases of trees with a U-shaped population structure 

(e.g.  Fig. 24d), medium-sized individuals from the popu

lation have probably been selectively cut. Olea hochstetteri 

is one such species in the Jibat forest that was exploited in 

this  way . In some populations, only the older and bigger 

individuals are considered for cutting, and such species 

may display the kind of population pattern as depicted in 

Fig. 24b and 25d. This pattern could also mean that older 

individuals are e l iminated by other, more succesful 

competative species. Thus, such a pattern can not be 

definitively explained on the basis of the present observa

tions alone. 

Juniperus procera does not show a good regeneration 

capacity; the individuals whose population pattern is shown 

in Fig. 25b are very old trees that have started to die back. 

This particular pattern is from a very old stand (ea. 400 yr) 

that is  now under protection, and it reveals the incapabil

ity of the species to regenerate under i ts own canopy. 

However, where there has been a complete c learing of the 

original forest as in Chil i mo, a second generation of 

Juniperus trees has grown up and is thriving. The quantity 

and spectral distribution of l ight reaching the ground is 

cri tical for the regeneration of Juniperus procera, and as a 

result regeneration in most of the forests where the species 

occurs is  always more abundant at the margins of stands 

( Kerfoot 1 963) .  White ( 1 983a) also mentioned that 

Juniperus procera is strongly l ight-demanding and cannot 

regenerate in its own shade. 

The structural comparisons discussed above indicate 

variability in successional stages attained by the forests. 

Wof-Washa is  a forest that has reached maturity . The 

other two dry Afromontane forests ( i .e .  Chil imo and 

Menagesha), and the humid Afromontane forest of Jibat 

are in different secondary developmental stages with the 

l atter probabl y  in a late secondary stage of development. 
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6 .  Phytogeographical description 

6. 1 Survey of tree and shrub species 

A total of 20 1 species were recorded from the four Afro

montane forests of the Central Plateau (Appendix 1 ) . This 

l ist, however, is not assumed to be complete ; more species 

will probably be added as the taxonomic work on the flora 

proceeds. This is particularly relevant to herbaceous and 

grarninoid species which need repeated col lections to 

produce a more exhaustive list .  The tree and shrub spe

cies, on the other hand, are easier to identify even when 

flowers or fruits are missing, and it is not expected that 

many additional species will be found. The fol lowing 

description is, therefore, based on the tree and shrub 

species. The distribution of 70 tree and shrub species is  

shown in Table 1 2. The assignment of species to floral 

elements fol lows the description of Chapman & White 

( 1 970), and White ( 1 979).  

Most of the tree and shrub species are characteristic 

Afromontane species. Only three ( i .e .  4%) of the species 

(Ehretia cymosa, Ficus sur, and Oxyanthus speciosus) are 

Guineo-Congol ian floral elements, and these were al l 

recorded from the humid J ibat forest. The Guineo

Congolian elements are not widely distributed on the 

Central Plateau of Shewa and are mostly found in special

ized habitats uch as along river courses (e.g. Ficus sur). 

The presence of these species in the Jibat forest has to do 

with the c lose proximity of the forest to the lowland floral 

region, and the presence of suitable habitats at lower 

altitudes in the forest. Chapman & White ( 1 970) de

scribed such species from Malawi and noted that they 

could extend upwards into the submontane forests of the 

Afromontane Region . 

The Afromontane 'nephews' (sensu Chapman & White 

1 970), those species with relatives in the lowland phyto

choria, have only been recorded from the moist montane 

forest of J ibat. These species inc lude Aningeria adolfi

friederici, Prunus africana and Olea welwitschii. Lind & 

Morrison ( 1 97 4) considered these species as typical of 

moist montane forests in East Africa. 

Apodytes dimidiata and Rapanea simensis have not 

been recorded from the Wof-Washa forest, while on the 

other hand, Halleria lucida was only recorded from here. 

Al l  three species belong to the Afromontane 'orphans' , 

species with no relatives in the humid tropics at present, 

although they may have relatives e lsewhere in the tropics. 

The dry montane forests mostly contain those Afro

montane endernics that belong to the category Afromontane 

flora sensu stricto. These species i nc lude Juniperus 
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procera, Olea europaea, Hagenia abyssinica, Halleria 

lucida, Podocarpus gracilior, Apodytes dimidiata, flex 

mitis and Rapanea simensis. Some of these species have 

also a wider distribution and can be found in the moist 

lowland forests as wel l .  A few characteristic Afromontane 

endemic species (e.g. Juniperus procera, Olea europaea 

and Olinia aequipetala), however, were only recorded 

from the dry montane forests. Juniperus procera and Olea 

europaea are characteristic species of dry Afromontane 

forests. Olea europaea, and Maytenus undata are known 

to possess strong xeromorphic features which enables 

them to survive during severe dry conditions (Coetzee 

1 978) ;  the latter species has only been recorded from the 

Wof-Washa forest. 

In  addition to the Afromontane endemics, other spe

cies belonging to connecting elements have also been 

identified from the plateau forests in Central Ethiopia. 

These inc lude the 'ecological transgressors ' ,  e.g. Cassi

pourea malosana and Ekebergia capensis, and forest 

pioneer connecting species, e.g. Trema orientalis, Maesa 

lanceolata, Clausena anisata and Bersama abyssinica. 

The former can be found dispersed over a wider geo

graphical area, while the latter are found in disturbed 

habitats along forest edges. 

Bronner ( 1 990) mentioned that the tree species Olea 

hochstetteri and Nuxia congesta, and the grasses Oplis

menus compositus and also Ehrharta erecta are wide

ranging species in the Mathews Range in Kenya. Accord

ing to the present study, Oplismenus is dominant in Hu

mid forest types, while Ehrharta is dominant in the Dry 

forest types. 

The Euphorbia community type from Wof-Washa 

forest constitutes a distinct vegetation type along the 

fringes of the forest. lversen ( 1 99 1 )  stated that Euphorbia 

thickets invading degraded slopes of the mountains can be 

secondary, while von Breitenbach ( 1 963) correlated their 

presence with drier conditions at higher altitudes. The 

plausible explanation of their presence here is the latter, a 

dry environment, as there is no c lear evidence of past 

disturbance at this site .  

In  Cameroon ' s  mountains, Hypericum revolutum, 

Agauria salicifolia and flex mitis are mentioned as forest 

fringe and forest outlier species ( Richards 1 963) ;  here 

fues are frequent and l ight conditions more favourable.  

Some of the montane forest species in the present 

study have also been recorded from shrubland vegetation 

on the Central Plateau of Ethiopia (Zerihun & Backeus 

1 99 1 ) . These species include Erica arborea, Juniperus 
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Table 1 2 . Distribution of trees and shrubs in the plateau forests of Shewa. J = Jibat; C = Chilimo; M =  Menagesha; W = Wof-Washa; 
G-C = Guineo-Congolian flora element; L = Linking species; Tr = Ecological tran gressor. All other species are considered Afromontane 
species. 

Species c M w 

Trees > 1 0  m 

Albizia sp. X 
Aningeria adolfi-friederici X 
Allophylus abyssinicus X X X X 
Apodytes dimidiata X X X 
Cassipourea malosana (Tr) X X 
Cordia abyssinica (L) X 
Croton macrostachyus X 
Ekebergia capensis X X X X 
Ficus sur (G-C) X 
Galiniera coffeoides X X 
G. saxifraga X 
Hagenia abyssinica X X X X 
llex mitis X X X X 
Juniperus procera X X X 
Lepidotrichilia volkensii X 
Millettiaferruginea X 
Myrica salicifolia X X X 
Nuxia congesta X X X X 
Olea europaea X X X 
0. hochstetteri X 
0. welwitschii X 
Olinia aequipetala X X X 
Pittosporum mannii X 
P. viridiflorum X X X X 
Podocarpus gracilior X X X X 
Polyscias fulva X X 
Prunus africana X X X 
Rapanea simensis X X X 
Schefflera volkensii X X X X 
Syzygium guineense X 

procera, Olea europaea, Pittosporum viridiflorum, Prunus 

africana, May tenus arbutifolia, Myrsine africana, Scolopia 

theifolia and Spiniluma oxyacantha. The species must 

have a high tolerance of variations in temperatures, hu

midity and moisture availabil i ty to be able to survive in 

different vegetation types such as forests and shrublands. 

This shrubland type has been described as a secondary 

community that has expanded from lower altitudes and 

drier sites as the forests gradually disappeared (Zerihun & 

Backeus 1 99 1 ) . The possible occurrence of some dry 

montane forest species in secondary vegetation was noted 

earlier by Hamil ton ( 1 972) .  

Species c M w 

Small trees and shrubs < 1 0  m 
Agauria salicifolia X 
Bersama abyssinica X X X X 
Brucea antidysenterica X 
Buddleja polystachya X 
Calpumea aurea X X 
Canthium oligocarpum X 
Carissa edulis X X 
Clausena anisata X X 
Discopodium penninervium X X 
Dovyalis abyssinica X X X X 
Dracaena afromontana X 
Ehretia cymosa (G-C) X 
Embelia schimperi X 
Erica arborea X X X X 
Erythrococca trichogyne X 
Euphorbia obovalifolia X 
Euclea schimperi (Tr) X 
Flacourtia sp. ( L) X 
Halleria lucida X X 
Hypericum revolutum X X X X 
Jasminum abyssinicum X 
Lobelia gibberoa X X 
Maesa lanceolata X 
Maytenus addat X X X 
M. arbutifolia X X X X 
M. undata X 
Myrsine africana X X X X 
Oxyanthus speciosus (G-C) X 
Pavetta abyssinica X X 
Psychotria orophila X 
Rhamnus prinoides X 
Rhus glutinosa X X 
Rosa abyssinica X 
Rytigynia neglecta X 
Scotopia theifolia X X 
Spiniluma oxyacantha X X 
Teclea nobilis X 
Trema orientalis X 
Turraea holstii X 

6.2 Comparison between East-African 

montane forests 

An attempt was made to compare some montane forests in 

Ethiopia and East Africa on the basis of the simi larities in 

species distribution. A complete l ist of the species is  not 

avai lable, but the data at hand are considered to enable a 

regional comparison. A similarity analysis was carried 

out to evaluate the relationship between the forests based 

on the presence of tree and shrub species. The similarity 

index used is  S�rensen' s  Similarity Coefficient 2c/(a+b), 

where c is the number of species shared by the forests 
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Table 1 3 . Floristic imi larity between the four fore ts de cri bed in this study and four comparable other forests: 
Belette forest (Fri is  et al .  1 982), Mt. Elgon (Hamilton & Perrot 1 98 1  ), Chilalo forest ( Kebrom 1 984 ), Harenna 
forest (Lisanework 1 987). N = number of species included in the comparison. 

Forest Alt itude (m)  N 2 

Jibat 2200 - 2900 58 
Chil imo 2400 - 2800 30 0.3 1 
Menage ha 2400 - 3000 30 0.29 0.45 

Wof-Wa ha 2400 - 3000 27 0.26 0.34 
Belette ea. 2800 28 0.35 0. 1 7  
Harenna ea. 2200 - 3300 48 0.36 0. 1 9  

Chi lalo 2400 - 3700 22 0.24 0.30 
Mt. Elgon ea. 2000 - 3450 28 0.26 0.24 

compared, a is the number of species in one forest, b is the 

number of species in the other forest. The results of the 

analysis are presented in Table 1 3 . 

The forests of Chi l imo and Menagesha show a higher 

similarity to each other than to any other forest. Consider

ing the geographical proximity of these forests to each 

other, and the similar human influence they have been 

exposed to, it is expected that they wil l  not show much 

variation. The Wof-Washa and Jibat forests are in two 

different c l imatic zones, with the forests of Chilimo and 

Menagesha distributed in the intervening range. 

The Chilalo forest, another remnant forest on the SE 

Plateau and situated very close to a regional town, is 

b� l ieved to be under severe human influence too. The 

presence of the exotic species, Eucalyptus globulus, in 

this forest indicates a far-reaching human infl uence in the 

forest. This forest is more simi lar to the dry forests of the 

Central Plateau than to the Harenna forest, which is also 

situated on the SE Plateau . 

There is a very close relationship between the moist 

montane forests; the Jibat forest is equal ly related to the 

forests of Belette and Harenna. These forests are situated 

in the same ecological zone; they are found on the moister 

sides of the NW (Jibat & Belette) and SE (Harenna) 

Ethiopian Plateaux.  A very close floristic relationship 

between these forests was earl ier noted by Friis ( 1 992). 

The forests of Belette and Harenna are more related to 

the forest on Mt. Elgon (Uganda) than to the dry montane 

forests of Ethiopia. These forests are exposed to a similar 

moister climate, when compared to the dry Afromontane 

forests in Ethiopia. Gil lett ( 1 955)  noted the flora of south

ern Ethiopia to be more similar to the flora of the East 
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African highlands ( Kenya and Uganda) than to that of 

northern Ethiopia. 

The forests that show the least similarity are those of 

Belette and Chilalo. The former forest is situated in the 

wettest region of the country while Chilalo forest is situ

ated on the leeward side of the SE Plateau. 

Within Ethiopia, the forests in the southwest are spe

cies-rich and start to decrease to the north. The species 

richness of the lowland forests of Ethiopia in particular, 

however, is not comparable to that of the forests of East 

Africa. The general poverty in woody species in the 

Ethiopian flora has already been mentioned (e.g. White 

1 978 ;  Hamil ton 1 989). Chapman & White ( 1 970) charac

terize the moist montane forests of Malawi as differing 

from the dry montane forests in having a much higher 

proportion of species with relatives in the lowland. A 

distinct pattern in floristic impoverishment from west to 

east in the distribution of lowland forest trees in Uganda 

was also shown by Hami lton ( 1 974) . 

There is a very long history of human inhabitation in 

East Africa, with the result that the natural vegetation has 

l argely changed into a mosaic of remnant vegetation, 

woodlands, and various seral stages in the development of 

vegetation. Vegetation changes due to human impact as 

far back as ea. 2000 years ago have been noted to have 

taken place in Ethiopia (Bonnefi l le & Hami l ton 1 986). 

Only a few pol len studies have been carried out to recon

struct the vegetation history of the plateau so far (Hamil

ton 1 982, Bonnefi l le  & Hami l ton 1 986, Kedamawit 1 986, 

Bonnefi l le & B uchet 1 987).  Sti l l ,  more palynological 

work is needed to enable the complete reconstruction of 

past vegetation types. 



7 General Discussion 

If we consider al l forest community types de cribed for 

the Central Plateau in general , the main differentiation 

appears to fol low the altitudina] gradient. The altitudinal 

ranges (m) for the four forests are as fol lows: 

Jibat 
Wof-Washa 

Menagesha 

Chi l imo 

2000 ------ 2950 

2 100 

2300 ---- 3000 

2400 -- 2900 

3600 

The importance of an aJtitudinal gradient in the distri

bution of vegetation on East African mountains has been 

shown repeatedly (0. Hedberg 1 95 1 ;  Lind & Morrison 

1 974; Hami l ton & Perrot 1 98 1 ;  Hami lton 1 982; Dowsett

Lemaire 1 988 ;  Tewolde 1 989). Three vegetation bel ts 

were described as characteristic for East African moun

tains (0. Hedberg 1 95 1 ) ; the Montane forest belt, the 

Ericaceous belt and the Alpine belt. The Montane forest 

belt, and the Ericaceous belt  to some extent, are repre

sented in the Wof-Washa forest. The Montane forest belt 

is further subdivided into three zones (0. Hedberg 1 95 1 ) ; 

the Montane rain-forest zone, the Bamboo zone and the 

Hagenia-Hypericum zone . The Montane rain forest and 

Bamboo zones have been described from the Jibat forest. 

The Arundinaria alpina type in the humid Jibat forest, 

and the Erica arborea type in the dry Afromontane forests 

Chi l imo, Menagesha and Wof-Wash a, prevai l at the high

e t elevations ( > 2700 m a.s . l . ) . At Wof-Washa, where the 

highest elevation is encountered, the Erica individuals 

decrease in size towards the upper l imit of their occur

rence and merge with the Afroalpine vegetation at about 

3000 m a.s. l .  There is a distinct Arundinaria alpina zone 

in the Jibat forest. It was noted that the mountain bamboo 

forms a natural zone in moist montane forests (Trapnell  & 

Langdale-Brown 1 962; Lind & Morrison 1 974; Hamil ton 

& Perrot 1 978) .  

Erica arborea is favoured by fire, according to per

sonal observations in the Jibat forest. Under natural con

ditions it forms a distinct community towards the upper 

edges of the forest, as found in Menagesha (above ea. 

2800 m a.s . l . )  and Wof-Washa forests (above ea. 3000 m 

a.s . l . ) .  

The Hagenia-Hypericum zone sensu stricto is not 

distinct although the species assemblage is represented in 

the dry forests, except in the Chi l imo forest. White ( 1 978)  

mentioned that the Montane forests and Ericaceous bel ts 

can be differentiated on the highest mountains, where (as 

elsewhere) the two floras intermingle. Above ea. 3300 m 

a.s . l . ,  species of the Alpine belt (e .g.  Lobelia giberroa) 

start to appear on the upper ranges of the Wof-Washa 

forest. However, since the vegetation above the upper 

ranges of the montane forest has not been floristical ly 

analysed, it is  difficult to say whether a well-defined 

Alpine zone real ly exists here. 

The mountain bamboo (Arundinaria alpina) has only 

been described for the Jibat forest. However, a very small 

population of this species was found about 25-30 km from 

the Wof-Washa forest, situated in a val ley surrounded by 

a completely degraded slope, and devoid of any natural 

vegetation . Local people state that this patch was larger in 

the past. Mountain bamboo is known as a component of 

humid montane forests (Lind & Morrison 1 97 4 ) ,  although 

its occurrence on African mountains depends on incom

pletely understood edaphic, biotic and cl imatic factors 

(Richards 1 963).  

The Aningeria adolfi-friederici forest type is distrib

uted widely in wet montane forests of East Africa at 

altitudes of ea. 1 500 - 2400 m (Lind & Morrison 1 974). 

This community type has only been described from the 

Jibat forest and was absent from the dry Afromontane 

fore t of the Plateau . However, due to its good wood 

qual i ty this tree has been under high exploitation pressure 

and at present it is only parsely distributed in the Jibat 

forest. 

The species composition of the community types of 

the humid Afromontane Jibat forest is quite different from 

that of the dry Afromontane Chi l imo, Menagesha and 

Wof-Washa forests. The contrast is evident both in the 

tree and field layer. The humid Afromontane forests are 

mixed types, with several deciduous species present as 

dominants. The local distribution of many species appears 

to be related to variation in altitude and other environmen

tal ,  particularly soil ferti l ity factors, and distinct commu

nity types can be distinguished . 

The dry Afromontane forests differ from the humid 

ones by being evergreen and mainly dominated by two 

conifers: Juniperus procera and Podocarpus gracilior. 

Although the humid and dry Afromontane forests have 

certain species in common, the overriding conclusion is 

that the two types are floristical ly  quite distinct. Species 

only occurring in the Jibat forest include: Albizia sp., 

Aningeria adolfi-friederici, Arundinaria alpina, Millettia 

ferruginea and Olea hochstetteri. Species that have only 

been encountered in the dry Afromontane forests include 

Euphorbia obovalifolia, Haleria lucida, Maytenus arbuti

folia, M. undata, Olea europaea, Oxyanthus speciosus, 
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Podocarpus gracilior, Scolopia theifolia, Sideroxylon 

gillettii, Spiniluma oxyacantha, and Turraea holstii. 

The presence of an altitudinal zonation in forest vegeta

tion in East Africa has been claimed by 0. Hedberg ( 1 95 1 ,  

1 955,  1 978),  and Moreau ( 1 966), and more recently by 

Fri is & Lawesson ( 1 993) ,  while Hamilton ( l 975) proposed 

the opposite view, especially regarding the forests in  

Uganda. The presence of  a l  titudinal zonation, typical of  the 

East African mountains (0. Hedberg 1 95 1 ), is  described 

from the Semien Mountains in the northern highlands of 

Ethiopia by Verfail l ie ( 1 978) .  There are two main reasons 

why it is not possible to make conclusive deductions 

regarding the mountains and escarpments of the Central 

Plateau of Ethiopia studied in the present work. Firstly ,  the 

extent of disturbance in  most of the forests has been noted 

to be very large, thus obscuring the original state of the 

natural vegetation. Secondly, the altitudinal range in  the 

mountains and escarpments may not be high enough to 

enable such a comparison to be made. 

No attempt has been made in the present study to 

col lect the epiphtyic plants in the sample plots . However, 

a visual estimate of their abundance has been recorded in 

the field. The general pattern in  the distribution of the 

epiphytes can be summarized as follows. Epiphytic plants, 

predominantly mosses and l ichens, are more prevalent in 

the forest of Jibat than in  the other three forests. The tree 

l ichen Usnea sp., on the other hand, is predominant in the 

forests of Wof-Washa, Menagesha and Chil imo, espe

cially on the tree species Juniperus procera. This differ

ence can probably be explained by the higher precipita

tion and humidity in the humid Jibat forest. Estimations of 

epiphytes can be used as a diagnostic characteristic in 

order to detect old secondary and c limax forest communi

ties (see B udowski 1 970):  epiphytes are common on 
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trunks and branches of trees of old secondary communi

ties, but few species are represented, while in climax 

communities the specimens are few but many species are 

present. S ince the observations in this study have not been 

quantified, it is not possible to derive at such a conclusion. 

The number of logs, tree stumps and dead but 

standing trees in each sample plot were counted as possi

ble indicators of disturbance and senescence. The fol low

ing is a summary of the recordings - figures are numbers 

of individuals/ha -

Forest Logs Stumps Standing dead 

J ibat 64 1 0  1 23 

Chil imo 1 02 1 60 1 3  

Menagesha 1 8  50 5 

Wof-Washa 1 09 47 5 

The smaller number of stumps in Jibat suggests a less 

intense selective cutting in this forest. However, i t  has to 

be noted that, in this forest, sites under human interference 

have been avoided during sampl ing and the effects of 

exploitation can not be seen from the distribution of the 

stumps alone. It has earlier been noted that there is some 

selective cutting going on in the Jibat forest (see Fig. 6). 

The very large number of standing dead trees indicate that 

this forest is sti l l  in  a developmental stage. The very high 

number of stumps in the Chil imo forest indicates the 

extent of exploitation in the forest .  The forests of 

Menagesha and Wof-Washa are similar, except for the 

very low number of logs in the former. Most of the stumps 

in the forest are very large, and the forest could probably 

have attained a structure similar to that of the Wof-Washa 

forest at present if  it had been left untouched. 
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Appendix 1 .  Species recorded from the remnant forests of the Central Plateau of Shewa, Ethiopia. b = bamboo; c l = cl imber; 

f = fern;  g = graminoid;  h = herb ; s = shrub; sp = pioneer shrub;  t = tree; tp = pioneer tree. 

Acanthaceae Asteraceae (cont.) 
Acanthus sp. s Gerbera piloselloides 
Hypoestes triflora h Guizotia scabra 
H. forskali h Haplocarpha p. 

lsoglossa punctata h lnula confertiflora 
I. somalensis h lnula sp. 

Justicia flava h Laggera sp. 

J. schimperiana h Microglossa pyrifolia 
Mimulopsis solmsii h Mikaniopsis clematoides 

Prenanthes subpaltata 
Adianthaceae Senecio sp. 

Cheilanthes afromontana f Tolpis virgata 
Vernonia amygdalina 

Agavaceae V. rueppellii 
Dracaena afromontana 

B alsaminaceae 

Amaranthaceae lmpatiens aethiopica 
Achyranthes aspera h I. hochstetteri 
Celosia argentea h 

Boraginaceae 

Anacardiaceae Cordia africana 
Rhus glutinosa Cynoglossum amplifolium 

Ehretia cymosa 
Apiaceae Heliotropium sp. 

Agrocharis incognita h 

A. melanantha h Caryophyl laceae 

Centella asiatica h Cerastium afromontanum 
Peucedanum winkleri h C. octandrum 
Sanicula elata h Stellaria media 

S. senii 
Apocynaceae 

Carissa edulis Celastraceae 
Hippocratea sp. 

Aquifoliaceae Maytenus addat 
flex mitis M. arbutifolia 

M. undata 
Araliaceae 

Polyscias fulva Commel i  naceae 

Schejjlera volkensii Commelina latifolia 

Asclepiadaceae Convolvulaceae 

Leptadenia sp. c l  Convolvulus sp.  

Periploca linearifolia cl  

Crassulaceae 

Aspidiaceae Crassula alsinoides 
Dryopteris inaequalis f Kalanchoe petitiana 

Kalanchoe sp. 

Aspleniaceae 

Asplenium abyssinicum f Cupressaceae 

A. aethiopicum f Juniperus procera 
A. bugoiense f 
A. erectum f Cyperaceae 

A. monanthes f Carex chlorosacus 
A. theciferum f C. spicato-paniculata 

Carex sp. 

Asteraceae Cyperus fischerianus 
Athrixia rosmarinifolia h Cyperus sp. 

Bidens pilosa h Kyllinga apendiculata 
Carduus leptacanthus h 

Cirsium deuderii h 

Conyza hypoleuca s Dennstaedtiaceae 

Crassocephalum sp. h Blotiella glabra 
Crepis sp. h Pteridium aquilinum 
Echinops sp. 
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Ebenaceae 

Euclea schimperi 

Ericaceae 

Agauria salicifolia 
Erica arborea 

Euphorbiaceae 

Clutia abyssinica 
Croton macrostachyus 
Erythrococca trichogyne 
Euphorbia obovalifolia 

Fabaceae 

Albizia sp. 

Calpurnea aurea 
Crotalaria incana 
C. rosenii 
Crotalaria sp. 

Desmodium sp. 

lndigofera sp. 

Millettia ferruginea 
Parochetus communis 
Trifolium sp. 

Vigna sp. 

Flacourtaceae 

Dovyalis abyssinica 
Flacourtia indica 
Flacourtia sp. 

Scotopia theifolia 

Geraniaceae 

Geranium aculeolatum 
G. arabicum 

Hypericaceae 

Hypericum lanceolatum 
H. revolutum 

Icacinaceae 

Apodytes dimidiata 

Larniaceae 

Ajuga remota 
Ocimum sp. 

Plectranthus assurgens 
Salvia merjamie 
S. nilotica 
Satureia abyssinica 
Stachys aculeolata 
Thymus sp. 

Liliaceae 

Gloriosa simplex 

Loganiaceae 

Buddleja polystachya 
Nuxia congesta 

Meliaceae 

Ekebergia capensis 
Lepidotrichilia volkensii 
Turraea holstii 

s 

h 

h 

s 

h 

h 

t 

h 

h 

h 

h 

h 

h 

h 

s 

h 

h 

h 

h 

h 

cl  



Melianthaceae 

Bersama abyssinica sp 

Menispermaceae 

Cissampelos sp. cl 

Stephania abyssinica cl 

Moraceae 

Ficus sur 

Myricaceae 

Myrica salicifolia 

M yrsinaceae 

Embelia schimperi 
Maesa lanceolata tp 

Myrsine africana 
Rapanea simensis 

Myrtaceae 

Syzygium guineense 

O leaceae 

Jasminum abyssinicum 
J. stans 
Olea europaea 
0. hochstetteri 
0. welwitschii 

Oliniaceae 

Olinia aequipetala 

Orchidaceae 

Aerangis sp. h 

Polystachya fuscopalaeum h 

Piperaceae 

Peperomia abyssinica h 

Pi ttosporaceae 

Pittosporum mannii 
P. viridiflorum 

Plantaginaceae 
Plantago palmata h 

Plantago sp. h 

Poaceae 

Andropogon abyssinicus g 
Arundinaria alpina gib 

Ehrharta erecta g 
Erag rostis tenuifolia g 
Oplismenus compositus g 
Panicum repentallum g 
Pennisetum sp. g 
Sporobulus africanus g 
Strebochaete longifolium g 

Podocarpaceae 

Podocarpus gracilior 

Polygalaceae 

Polygala steudneri h 

Polygonaceae 

Phytolacca dodecandra 

Polypodjaceae 

Pleopeltis macrocarpa f 
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Proteaceae 

Protea gaguedii 

Pteridaceae 

Pteris catoptera 
P. cretica 

Ranunculaceae 

Thalictrum sp. 

Rhamnaceae 

Rhamnus prinoides 
R. staddo 

Rh izophoraceae 

Cassipourea malosana 

Rosaceae 

Alchemilla abyssinica 
Alchemilla sp. 

Hagenia abyssinica 
Prunus africana 
Rosa abyssinica 
Rubus apetalus 

Rubiaceae 

Canthium oligocarpum 
Galiniera coffeoides 
G. saxifraga 
Oldenlandia monanthos 
Oxyanthus speciosus 
Pavetta abyssinica 
Psychotria orophila 
Rytigynia neglecta 

Rutaceae 

Clausena anisata 
Teclea nobilis 
Vepris dainellii 

Santalaceae 

Osyris lanceolata 

Sapindaceae 

Allophylus abyssinicus 

Sapotaceae 

Aningeria adolfi-friederici 
Sideroxylon gillettii 
Spiniluma oxyacantha 

Scrophulariaceae 

Halleria lucida 

Selaginel laceae 

Selaginella abyssinicum 

Simaroubiaceae 

Brucea antidysenterica 

Smilacaceae 

Smilax goetzeana 

Solanaceae 

Discopodium penninervium 
Solanum indicum 

Sterculiaceae 

Dombeya burgessiae 

f 

f 

h 

h 

h 

t 
h 

sp 

h 

h 

c l  

Thymelaeaceae 

Gnidia glauca 

Ulmaceae 

Celtis africana 
Trema orientalis 

Urticaceae 
Droguetia iners 

sp 

h 

Urera hypselodendron 

Verbenaceae 

Lippia sp. 

Violaceae 

Viola abyssinica h 
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alpina, Aconitum septentrionaJe, Ranuncu lus platanifolius 
och Polygonatum vertici l latum. (Zusarnmenfassung: Die 
nordische Verbreitung von Lactuca alpina.) ISBN 9 1 -
72 1 0-24-9. Price: 1 20 SEK. 

25.  0. Gjcerevoll. 1 949. Snj1Sleievegetasjonen i Oviksfjel lene. 
(Summary: The snow-bed vegetation of Mts Oviksfjallen, 
Jamtland, Sweden.)  ISBN 9 1 -72 1 0-025-7. Price: 1 20 
SEK. 

26. H. Osvald. 1 949. Note on the vegetation of British and 
Irish mos es. ISBN 9 1 -72 1 0-026-5.  Price: 1 20 SEK. 

27. S. Selander. 1 950. Floristic phytogeography of southwest
em Lule Lappmark (Swedish Lapland) .  I. 1 950. ISBN 9 1 -
72 1 0-027-3 . Price : 200 SEK. 

28.  S.  Selander. 1 950. Floristic phytogeography of southwest
ern Lule Lappmark (Swedish Lapland). 1 1 .  Karlvaxtfloran 
i ydvastra Lule Lappmark. (Summary : Vascular flora.)  
ISBN 9 1 -72 1 0-028- 1 .  Price: 1 20 SEK. 

29. M. Fries. 1 95 1 .  Pol lenanalytiska vittnesbord om enkvartar 
vegetationsutveckling, sarskilt skogshistoria, i nordvastra 
Gotaland. (Zusarnmenfassung: Pollenanalytische Zeugnisse 
der spatquartaren Vegetationsentwicklung, hauptsachlich 
der Waldgeschichte ,  im nordwest l ichen Gotaland,  
Siidschweden.)  ISBN 9 1 -72 1 0-029-X. Price: 200 SEK. 

30. M. Wee m .  1 952. Rocky-shore algae in the Oregrund Archi
pelago. ISBN 9 1 -72 1 0-030-3. Price: 240 SEK. 

3 1 .  0. Rune. 1 953 .  Plant l ife on serpentines and related rocks 
in the North of Sweden. 1 953 .  ISBN 9 1 -72 1 0-03 1 - 1 .  Price: 
200 SEK. 

32. P. Kaaret. 1 953.  Wasservegetation der Seen Orlangen und 
Trehomingen . ISBN 9 1 -72 1 0-032-X. Price: 1 20 SEK. 

33 .  T. E.  Hasselrot. 1 953.  Nordliga lavar i Syd- och Mel lan
sverige. (Nordliche Flechten in Siid- und Mittelschweden.)  
ISBN 9 1 -72 1 0-033-8. Price: 200 SEK. 

34. H. Sjors. 1 954. Slatterangar i Grangarde Finnmark. (Sum
mary: Meadows in  Grangarde Finnmark, SW Da1arna, 
Sweden. )  ISBN 9 1 -72 1 0-034-6. Price: 1 20 SEK. 

35.  S. Kilander. 1 955 .  Karlvaxtemas ovre granser pa fjal l  i 
sydvastra Jamtland samt angransande del ar av Harjedalen 
och Norge. (Summary: Upper l imits of vascular plants on 
mountains in  Southwestern Jamtland and adjacent parts of 
HarjedaJen (Sweden) and Norway. )  ISBN 9 1 -72 1 0-035-4. 
Price: 200 SEK. 
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36. N. Quennerstedt. 1 95 5 .  Diatomeerna i Langan JO
vegetation. (Summary : Diatoms in the lake vegetation of 
the Langan drainage area, Jamtland, Swecen. ) ISBN 9 1 -
72 1 0-036-2. Price: 200 SEK. 

37. M. -B. Florin . 1 957.  Plankton of fresh and rackish water 
in the Sodertalje area. ISBN 9 1 -72 1 0-037-0. Price : 1 20 
SEK. 

38. M. -B. Florin . 1 957.  Insjostudier i Mel lansverige. Mikro
vegetation och pollenregn i vikar av bstenjobackenet och 
insjoar fran preboreal tid t i l l  nutid. (Summary: Lake stud
ies in Central Sweden.  Microvegetation arrl pol len rai11 in 
in lets of the Baltic ba in and in lakes from Preboreal t ime 
to the present day. )  1 957.  ISBN 9 1 -72 1 (-038-9. Ptice: 
1 20 SEK. 

39. M. Fries. 1 958 .  Vegetationsutveckling ochodlingshi,.Storia 
i Varnhemstrakten. En pol lenanalytisk undt:rsokning'i Vas
tergotland. (Zusammenfassung: Vegetationsentw}'Cklung 
und Siedlungsge chichte im Gebiet von Varnhe(n. Eine 
pollenanalytische Untersuchung aus Vastergotland (Siid
schweden) . )  ISBN 9 1 -72 1 0-039-7. Price: 1 20 SEK. 

40. B. Pettersson. 1 958 .  Dynamik och konstans i Gotlands 
flora och vegetation. (Zusammenfassung Dynamik und 
Konstanz in  der Flora und Vegetation von Gotland, 
Schweden.)  ISBN 9 1 -72 1 0-040-0. Price: 320 SEK. 

4 1 .  E. Uggla. 1 95� Skogsbrandfalt i MuddL nationaJpark. 
(Summary: Forest fire areas in Muddus National Park, 
northern Sweden.)  ISBN 9 1 -72 1 0-04 1 -9. Frice: 1 20 SEK. 

42. K. Thomasson. 1 959. Nahuel Huapi. Plmkton of some 
lake in an Argentina National Park, with ote on terres
trial vegetation. ISBN 9 1 -72 1 0-042-7. Pri;e: 1 20 SEK. 

43. V. Gillner. 1 960. Vegetations- und Starrlortsuntersuch
ungen in den Strandwiesen der schwedischen Westkiiste. 
ISBN 9 1 -72 1 0-043-5. Price: 200 SEK. 

44. E. Sjogren. 1 96 1 .  Epiphytische Moosvegt:tation in Laub
waldem der In el bland. Schweden. (Su1TIJ11ary: Epiphytic 
moss communities in deciauous woods <n the is land of 
bland, Sweden.)  ISBN 9 1721 0-044-3 (JS BN 9 1 -72 1 0-
444-9). Price: 1 20 SEK. 

45 . G. Wistrand. 1 962. Studier i Pite Lappmarls karlvaxtflora, 
med arskild hansyn ti l l  skogslandet och de i solerade 
fjal len.  (Zusammenfassung : Studien iiber cie Gefasspflan
zenflora der Pite Lappmark mit besorderer Beriick
sichtigung des Waldlandes und der isolierten niederen 
Fjelde . )  ISBN 9 1 -72 1 0-045- 1 ( ISBN S l -72 1 0-445-7) .  
Price: 200 SEK. 

46. R. lvarsson. 1 962. Lovvegetation i Molbsunds socken.  
(Zusarnmenfassung: Die Laubvegetation im Kirchspiel 
Mol losund, Bohu Hin, Schweden. )  ISBN 9 1 -72 1 0-046-X 
( ISBN 9 1 -72 1 0-446-5) .  Price: 1 20 SEK. 

47 . K. Thomasson. 1 963. Araucanian Lakes. Plankton studies 
in North Patagonia, with note on terrestrial vegetation. 
ISBN 9 1 -72 1 0-047-8. Price: 200 SEK. 

48. E. Sjogren. 1 964. Epi l itische und epigais::he Moosvege
tation in  Laubwaldem der Insel bland, Schweden.  (Sum
mary: Epi l i thic and epigeic mo s vegetat i )n in deciduous 
woods on the island of bland, Sweden. )  lS BN 9 1 -72 1 0-
048-6 ( ISBN 9 1 -72 1 0-448- 1 ). Price: 200 SEK. 

49. 0. Hedberg. 1 964. Features of afroalpinc plant ecology. 
(Resume fran<;:ais . )  ISBN 9 1 -72 1 0-049-4 ! ISBN 9 1 -72 1 0-
449-X).  Price: 200 SEK. 

50. A non. 1 965 . The Plant Cover ofSweden. A tudy dedicated 



to G. Einar Du Rietz on his 70th birthday by his pupi ls .  
ISBN 9 1 -72 1 0-050-8 .  Price: 400 SEK. 

5 1 .  T. Flensburg. 1 967 . Des mid and other benthic algae of 
Lake Kav jon and Store Mosse. SW Sweden. ISBN 9 1 -
72 1 0-05 1 -6 ( ISBN 9 1 -72 1 0-45 1 - 1 ) . Price: 200 SEK. 

52. E. Skye. 1 968. Lichen and air pollution. A tudy of crypto
gamic epiphyte and environment in the Stockholm region. 
ISBN 9 1 -72 1 0-052-4 ( ISBN 9 1 -72 1 0-452-X). Price: 200 
SEK. 

53. J. Lundqvist. 1 968.  Plant cover and environment of steep 
hil lsides in  Pite Lappmark. (Resume: La couverture vege
tale et I' habitat des flanc escarpes des colli nes de Pite 
Lappmark. )  ISBN 9 1 -72 1 0-053-2 ( ISBN 9 1 -72 1 0-453-8).  
Price: 200 SEK. 

54. /. Hedberg & 0. Hedberg (eds. ). 1 968.Con ervation of 
Vegetation in Africa South of the Sahara. Proceedings of a 
symposium held at the 6th Plenary meeting of the AETF AT, 
Uppsala Sept. 1 2- 1 6, 1 966. ISBN 9 1 -72 1 0-054-0 ( ISBN 
9 1 -72 1 0-454-6). Price : 240 SEK. 

55. L. -K. Konigsson. 1 968. The Holocene history of the Great 
Alvar of bland. ISBN 9 1 -72 1 0-055-9 (ISBN 9 1 -72 1 0-
455-4). Price:  240 SEK. 

56. H. P. Hallberg. 1 97 1 .  Vegetation auf den Schalenablager
ungen in Bohuslan, Schweden. (Summary : Vegetation on 
hell depo'it in Bohu lan, Sweden.)  ISBN 9 1 -72 1 0-056-

7 ( ISBN 91 -72 1 0-456-2).  Price: 200 SEK. 
57. S. Fransson. 1 972.  Myrvegetation i sydvastra Varmland. 

(Summary Mire vegetation in southwestern Varmland, 
Sweden.)  ISBN 9 1 -72 1 0-057-5 ( ISBN 9 1 -72 1 0-457-0). 
Price: 200 SEK. 

58 .  G. Wallin. 1 973.  Lovskogsvegetation i Sjuharadsbygden. 
(Summar y Deciduous woodlands in Sjuharadsbygden, 
Vastergotland, south-we tern Sweden.)  ISBN 9 1 -72 1 0-
058-3 ( ISBN 9 1 -72 1 0-458-9). Price: 200 SEK. 

59. D. Johan.sson. 1 974. Ecology of vascular epiphytes in 
We t African rain forest. (Resume : Ecologie des epiphytes 
va cu la i res  dans la  foret dense hu mide d' Afrique 
occidentak. )  ISBN 9 1 -72 1 0059- 1 ( ISBN 9 1 -72 1 0-459-
7). Price: 240 SEK. 

60. H. Olsson 1 974. Studies on South Swedish sand vegeta
tion. ISB.K 9 1 -72 1 0-060-5 ( ISBN 9 1 -72 1 0-460-0). Price: 
200 SEK. 

6 1 .  H. Hyttebum .  1 975 .  Deciduous woodland at Andersby, 
Eastern S eden.  Above-ground tree and shrub production. 
ISBN 9 1 -"2 1 0-06 1 -3 ( ISBN 9 1 -72 1 0-46 1 -9). Price: 200 
SEK. 

62. H. Perss01:. 1 975 .  Deciduous woodland at Andersby, East
ern Sweden. Field-layer and below-ground production. 
ISBN 9 1 -72 1 0-062- 1 ( ISBN 9 1 -72 1 0-462-7) .Price: 1 20 
SEK. 

63. S. Brakenl:ie Lm. 1 977.  Vegetation dynamics of afforested 
farmland iJ a district of South-eastern Sweden. ISBN 9 1 -
72 1 0-063-X ( ISBN 9 1 -72 1 0-463-5).  Price: 200 SEK. 

64. M. Y. Amrr.ar. 1 978 .  Vegetation and local environment on 
shore rid�s at Vickleby, bland, Sweden. An analysis .  
ISBN 9 1 -"2 1 0-064-8 (ISBN 9 1 -72 1 0-464-3) .  Price: 200 
SEK. 

65. L. Kullman. 1 979. Change and stabi l i ty in the altitude of 
the birch tree-l imit in the southern Swedish Scandes 1 9 1 5-
1 975. ISB:-.J 9 1 -72 1 0-065-6 ( ISBN 9 1 -72 1 0-465- 1 ) .  Price: 
200 SEK. 
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66. E. Waldemarson Jensen. 1 979. Successions in relation hip 
to lagoon development in the Laitaure delta, North Swe
den.  ISBN 9 1 -72 1 0-066-4 ( ISBN 9 1 -72 1 0-466-X). Price: 
200 SEK. 

67. S. Tuhkanen. 1 980. Climatic parameters and indices in 
plant geography. ISBN 9 1 -72 1 0-067-2 ( ISBN 9 1 -72 1 0-
467 -8).  Price: 200 SEK. 

68. Studies in plant ecology dedicated to Hugo Sjors. E. Sjogren 
(ed . )  1 980. ISBN 9 1 -72 1 0-068-0 ( ISBN 9 1 -72 1 0-468-6). 
Price: 240 SEK. 

69. C. Nilsson. 1 98 1 .  Dynamics of the shore vegetation of a 
North Swedish hydro-electric reservoir during a 5-year 
period. ISBN 9 1 -72 1 0-069-9 (ISBN 9 1 -72 1 0-469-4 ) .  Price: 
200 SEK. 

70. K. Warenberg. 1 982. Reindeer forage plants in the early 
grazing season.  Growth and nutritional content in relation 
to cl imatic conditions. ISBN 9 1 -72 1 0-070-2 ( ISBN 9 1 -
72 1 0-470-8) .  Price: 200 SEK. 

7 1 .  C. Johansson. 1 982. Attached algal vegetation in running 
waters of Jamtland, Sweden. ISBN 9 1 72 1 0-07 1 -0 ( ISBN 
9 1 -72 1 0-47 1 -6). Price: 200 SEK. 

72. E. Rosen. 1 982. Vegetation development and heep graz
ing in l imestone grassland of south bland, Sweden.  ISBN 
9 1 -72 1 0-072-9 ( ISBN 9 1 -72 1 0-472-4). Price: 240 SEK. 

73. Zhang Liquan. 1 983.  Vegetation ecology and population 
biology of Friti l laria meleagris L.  at the Kungsangen Na
ture Reserve, Eastern Sweden. ISBN 9 1 -72 1 0-073-7 (ISBN 
9 1 -72 1 0-473-2). Price: 200 SEK. 

74. /. Backeus. 1 985.  Aboveground production and growth 
dynamics of vascular bog plants in central Sweden. ISBN 
9 1 -72 1 0-074-5 ( ISBN 9 1 -72 1 0-474-0). Price: 200 SEK. 

75.  E. Gunnlaugsd6ttir. 1 985.  Composition and dynamical 
status of heathland communitie in Iceland in relation to 
recovery measures. ISBN 9 1 -72 1 0-075-3 ( ISBN 9 1 -72 1 0-
475-9). P1ice: 200 SEK. 

76. Plant cover on the l imestone Alvar on bland. Ecology
Sociology-Taxonomy. E. Sjogren (ed.)  1 988.  ISBN 9 1 -
72 1 0-076- 1 ( ISBN 9 1 -72 1 0-476-7).  Price: 320 SEK. 

77. A. H. Bjarnason. 1 99 1 .  Vegetation on lava fields in the 
Hekla area, Iceland. ISBN 9 1 -72 1 0-077-X (ISBN 9 1 -
72 1 0-477-6). Price: 240 SEK. 

78.  /.  Wallentinus & P. Snoeijs (eds. ). 1 992. Algological 
studies of Nordic coastal waters - A fe tschrift to Prof. 
Mats Wrern on his 80th birthday-. ISBN 9 1 -72 1 0-078-8 
( ISBN 9 1 -72 1 0-478-3 ) .  Price: 240 SEK. 

79. Tamrat Bekele. 1 993. Vegetation ecology of remnant Afro
montane forests on the Central Plateau of Shewa, Ethiopia. 
ISBN 9 1 -72 1 0-079-6 ( ISBN 9 1 -72 1 0-479- 1 ) . Price: 240 
SEK. 

A l imited number of cloth-bound copies of Acta 44, 45, 46, 48, 
49, 5 1 , 52, 53, 56, 57, 6 1 , 63, 66, 67, 68, 69, 70, 7 1 ,  72, 73, 74, 
75, 76, 77 and 78 is  available at an additional cost of 75 SEK per 
volume. (Use ISBN n°S. within brackets to order. )  
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STUDIES IN PLANT ECOLOGY (VOL. 1 - 1 8) 

1 .  S. Brakenhielm & T. lnge!Og. 1 972. Vegetationen i Kungs
hamn-Morga naturreservat med fOrslag ti l l  skotselplan. 
(Summary: Vegetation and proposed management in the 
Kungsharnn-Morga Nature Reserve south of Uppsala. ) 
ISBN 9 1 -72 1 0-80 1 -0. Price: 80 SEK. 

2 .  T. Jngelov & M .  Risling. 1 973.  Kronparken v id  Uppsala, 
historik och bestandsanalys av en 300-ang tallskog. (Sum
mary: Kronparken, history and analysis of a 300-year old 
pinewood near Uppsala, Sweden.)  ISBN 9 1 -72 1 0-802-9. 
Price: 80 SEK. 

3.  H. Sjors et a!. 1 973 .  Skyddsvarda myrar i Kopparbergs Hin. 
(Summary: Mires considered for protection in Kopparberg 
County (Prov. Dalarna, Central Sweden. )  ISBN 9 1 -72 1 0-
803-7. Price: 80 SEK. 

4. L. Karlsson. 1 973 .  Autecology of cliff and scree plants in 
Sarek National Park, northern Sweden 1 973. ISBN 9 1 -
72 1 0-804-5. Price: 1 20 SEK. 

5.  B. Klasvik. 1 974. Computerized analysis of stream algae. 
ISBN 9 1 -72 1 0-805-3.  Price: 80 SEK. 

6. Y. Dahlstrom-Ekbohm. 1 975 .  Svensk rni ljovards- och 
omgivningshygienl itteratur 1 952- 1 972.  Bibl iografi och 
analys. ISBN 9 1 -72 1 0-806- 1 .  Price: 80 SEK. 

7.  L. Rodenborg. 1 976. B odennutzung, Pflanzenwelt und 
ihre Veranderungen in einem alten Weidegebiet auf Mit
tel -Oland, Schweden. ISBN 9 1 -72 1 0-807-X.  Price: 80 
SEK. 

8 .  H .  Sjors & Ch. Nilsson. 1 976. Vattenutbyggnadens effek
ter pa levande natur. En faktaredovisning overvagande 
fran Umeiilven. (Summary: Bioeffects of hydroelectric 
development. A case study based mainly on observations 
along the Ume River, northern Sweden.)  ISBN 9 1 -72 1 0-
808-8. Price: 1 20 SEK. 
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9 .  J. Lundqvist & G .  Wistrand. 1 976.  Strandflora inom 6 v  0\1 ovre 
och mellersta Skel leftealvens vattensystem. Med en s:arsru sam
manfattning betraffande botaniska skyddsvarden.  (SmomSum
mary: Riverside vascular flora in the upper and micdd daiddle 
catchment area of the River Ske lleftealven, northern S wo� Swe
den. )  ISBN 9 1 -72 1 0-809-6. Price: 80 SEK. 

1 0. A. Miiller-Haeckel. 1 976. Migrationsperiodik einze l liigJiglliger 
A lgen in Fliessgewassern. ISBN 9 1 -72 1 0-8 1 0-X. Price�: �: �e :  80 
SEK. 

1 1 . A. Sjodin. 1 980. Index to distribution maps of bryoph�taythytes 
1 887- 1 975 . 1 .  Musci. (hard-bound). I S B N  9 1 -72 1 0-8 1 1 - 1 , 1 1 -8 .  
Price: 1 20 SEK. 

1 2 . A. Sjodin. 1 980. I ndex to distribution maps of bryoph�ttythytes 
1 887- 1 975.  11 .  Hepaticae. (hard-bound).  ISBN 9 1 -7:E H 2 172 1 0-
8 1 2-6. Price: 80 SEK. 

1 3 . 0. Eriksson, T. Palo & L. Soderstrom, Renbetning vimtmtcinter
tid. U ndersokningar reran de svensk tarnrens naringseko lo>loologi 
under snoperioden. 1 98 1 .  ISBN 9 1 -72 1 0-8 1 3-4. Price: : � :  �e: 80 
SEK. 

1 4. G. Wistrand. 1 98 1 .  B idrag t i l l  Pite lappmarks vaxtgegetgeo
grafi. ISBN 9 1 -72 1 0-8 1 4-2. Price: 80 SEK. 

1 5 .  T. Karlsson.  1 982. Euphrasia rostkoviana i Sverige. ISiB)BSBN 
9 1 -72 1 0-8 1 5-0. Price: 1 20 SEK. 

1 6. R. Leemans, I. C. Prentice & E. van der Maarel (e«isdseds.). 

1 985. Theory and Models in Vegetation Science: .A A Ab
stracts. ISBN 9 1 -72 1 0-8 1 6-9. Price: 1 20 SEK. 

1 7 . I. Backeus. 1 988.  Mires in the Thaba-Putsoa Range o · tlf t f the 
Maloti, Lesotho. ISBN 9 1 -72 1 0-8 1 7-7. Price: 1 20 SEIK: K  K.  

1 8 . E. Sjogren (ed. ). 1 989. Forests of the world - diversity ar ary and 
dynamics (Abstracts) 1 989. ISBN 9 1 -72 1 0-8 1 8-5 .  Priaic>rice : 
240 SEK. 
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