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Abstract 

In the Northern-Ethiopian highlands, deforestation and subsequent soil erosion have led to serious environmental 
degradation.  High fuel wood demand and livestock grazing pressure continue causing further deterioration of the 
scarce forest resources.  Low-cost forest rehabilitation is one of many essential factors needed to attain sustainable 
livelihood in the region.  Seed dispersal from isolated forest fragments into adjacent degraded lands can improve 
natural forest regeneration, but basic knowledge on indigenous forest ecology is lacking.  This paper classifies forest 
remnants in Central-Tigray and evaluates their potential as seed sources. 

Environmental and floristic data were assessed in 10 forest remnants and analysed with multivariate techniques 
(TWINSPAN, DCCA).  Five forest types with distinct tree associations were identified.  Soil available phosphorus, 
stoniness, water and topographic position determine forest typology.  Fertile, deep valley soils support Montane 
Evergreen Riparian High Forest and its degraded phase.  Steep Hillside Woodland dominates stony slopes with 
inferior growing conditions.  Shallow, nutrient-poor plateau soils support Degraded Montane Savanna Woodland and 
river banks Degraded Riparian Scrub.  Forest remnants are relatively vital.  High abundance of wind and animal 
dispersed trees enables direct forest expansion if the surrounding lands are properly managed.  Establishment of 
closed areas (grazing exclosures) should therefore be concentrated around the forest remnants. 
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1.  Introduction 
The long history of deforestation and 

subsequent land degradation in Ethiopia is 
one of the many factors that have led to an 
untenable situation for future sustainable 
livelihood in the country.  At present, the 
forest cover is estimated at less than 5 % of 
the total land surface (EFAP, 1993; Woien, 
1995; Bishaw, 2002).  Due to intensive but 
sub-optimal agricultural practices 
(Chadhokar & Solomon Abate, 1988), 
extremely high fuel wood demand and 
livestock grazing and browsing pressure the 
scarce remaining forest and woodland 
resources are further deteriorating. 

In Tigray, the northernmost regional state 
of the country, the infamous drought and 
disastrous famine of 1984 caused the last 
large-scale deforestation for the region, in 
which many remaining large forest areas 
were rampaged heavily.  At present, the 
majority of the remaining forest patches are 
found on sacred grounds, mainly around the 
many Orthodox churches in the area.  
These relics can be described as true isles 
of biodiversity surrounded by a sea of 
barren land, cropland and degraded grazing 
land covered by grasses, herbs, early 
successional shrubs and occasional 
(stunted) trees. 

Low-cost forest rehabilitation is one of 
many essential factors needed to attain 
sustainable livelihood in the region.  Local 
communities have established closed areas 
or grazing exclosures for natural forest 
regeneration at various locations in the 
region.  Seed dispersal from isolated forest 
fragments into these forest rehabilitation 
areas can improve natural forest 
regeneration, but basic knowledge on 
indigenous forest ecology needed to 
develop management guidelines for the 
rehabilitation areas is lacking.  To guide and 
speed up the natural regeneration process, 
natural resource managers need to know i) 
the species composition of the resource 
base; ii) the growth requirements of the tree 
species present in the resource base; iii) the 
potentials and limits of dispersal of 

propagules from the resource base to the 
target areas (the rehabilitation areas); and 
iv) the site characteristics of the target 
areas.  In short, resource managers need to 
know which species are still available and 
where they are most likely to regenerate 
naturally if they want to promote natural 
forest regeneration. 

In a first step towards successful land 
management aimed at natural forest 
regeneration in Tigray, this paper classifies 
forest remnants in the Geba river catchment 
of Central-Tigray, Northern-Ethiopia, in 
terms of tree species associations, growth 
requirements and site characteristics. 
 
 
2.  Materials and methods 
2.1.  Site description 

The forest relics (forest index 0.4%) and 
rehabilitation areas are located between the 
city of Mekelle and the town of Hagere 
Selam in Tigray, Northern-Ethiopia.  This 
region is characterized by a bimodal rainy 
season with 70 % of the rainfall out of the 
yearly 610 mm expected in July, August and 
September (Woldu, 2002). 

The soils in the study area (15000 ha) 
are in close relationship to the topography 
and geology.  In the valleys Vertisols and 
Vertic Cambisols are the main soil units.  On 
plateaus and gentle slopes Vertic and 
Dystric Cambisols are dominant (Nyssen, 
2001).  The remaining vegetation consists 
mainly of shrubs, which are found in the 
grazing land, the dominant land use type. 
 
2.2.  Data collection 

31 rectangular plots were laid out in ten 
forest remnants.  In every forest remnant a 
stratified random sampling method (Kent & 
Coker, 1992) was used, after visual 
interpretation of the different vegetation 
types.  The sampling was conducted using a 
nested plot design (Koop, 1981).  
Preferentially square plots of 20 × 20 m² 
were laid out in which the tree layer was 
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sampled.  The shrub layer was assessed in 
a subplot of 10 × 10 m² and the herb layer in 
a second subplot of 2 x 2 m². 

For each tree, 15 variables were 
measured of which the most important are 
species name, total tree height, 
circumference of the stem at breast height, 
vitality and seed production.  For each 
shrub, the species name, the height and the 
mean crown diameter was measured.  The 
herb layer was sampled using a 
presence/absence sampling method. 

Each unidentified plant specimen was 
collected in a herbarium and sent to the 
National Herbarium of Addis Ababa for 
identification. 

In each plot 2 mixed soil samples were 
taken, one consisting of 3 mixed topsoil 
samples (0-20 cm) and one containing 3 
mixed subsoil samples (deeper than 20 cm).  
Each mixed sample was analysed for 
phosphorus, organic carbon, total nitrogen 
and CaCO3 content, texture, pH(H2O) and 
pH(KCl).  In each stony or shallow soil, 60 
systematic depth measurements were 
carried out with a steel bar.  These 
measurements revealed the stoniness of the 
soil and the mean soil depth. 

For each plot, some abiotic variables 
were recorded, such as inclination and 
position in the landscape. 

The soil and abiotic variables were 
grouped into an environmental matrix with a 
code for each variable.  The vegetation data 
was processed in different matrices.  A 
presence/absence matrix was created, 
using the data of all three vegetation layers.   
Another matrix was created using the 
percentage of the stem number of the tree 
and shrub layer.  The percentages of the 
tree and shrub layer were calculated 
separately per layer and per plot.  
Thereafter the two matrices were merged 
and the percentages of identical species 
added together. 

To decide which vegetation matrix to use, 
a correlation analysis was carried out 
between the presence/absence matrix and 
the matrix with the percentages of the stem 

number.  The matrices were processed by 
means of Detrended Correspondence 
Analysis (DCA), and the Pearson’s 
correlation coefficient was calculated 
between the ranks of each canonical axis 
(Hermy, 1988). 

For the classification of the plots, Two-
Way Indicator Species Analysis 
(TWINSPAN) (Hill, 1979) was applied.  The 
indirect ordination of the plots was carried 
out by means of a Principal Correspondence 
Analysis (PCA) for the environmental data 
and a Detrended Correspondence Analysis 
(DCA) for the vegetation data.  The choice 
for DCA was made, because of the high 
value for the length of gradient for the first 
DCA axis, which indicates a unimodal 
response of the vegetation. 

For the direct gradient analysis, a 
Detrended Canonical Correspondence 
Analysis (DCCA) was used. 

The differences in environmental and 
dendrometric variables between the forest 
types were tested for their significance by 
means of the non-parametrical Kruskall-
Wallis test.  Pairwise comparisons were 
made using the ranks of the Kruskall-Wallis 
test. 

Different measures were adopted to 
describe the diversity of the forest types.  
The α-diversity, the total number of species 
per forest type, was used together with more 
complex measures, such as the Shannon-
Wiener index and rank-abundance curves. 

The sociological positions of the main 
tree species were calculated using the 
Importance Value Index (IVI) (Curtis & 
McIntoch, 1951). 
 
 
3.  Results and discussion 
3.1.  Correlation between vegetation layers 

The correlation between different 
vegetation layers and sampling methods 
revealed that there is a high correlation for 
the first 3 principal component axes 
between the total presence/absence data 
and the matrix with the percentage of the 
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stem number for the tree and shrub layer.  
Therefore, further analysis of the vegetation 
was carried out using only the percentage of 
the stem number of the tree and shrub layer.  
The loss of information, not using the herb 
layer, was compensated by the gain in 
information using the stem number of each 
species.  Since relative abundance is 
included in this analysis, a better measure is 
obtained for the phytosociological relations 
compared to presence/absence data. 
 
3.2.  Indicator species analysis 

The Twinspan classification grouped the 
31 plots into 5 vegetation types.  The first 
division reveals 4 plots in a valley, in two 
adjacent forest remnants, which are situated 
along a stream.  Justicia schimperiana T. 
Anders is an indicator species and 
Achyranthes aspera L. and Faidherbia 
albida (Del.) A. Chev. are preferential 
species for this forest type.  F. albida is a 
tree species which prefers riparian forests 
(Fichtl & Admasu Adi, 1992; Friis, 1992).  A. 
aspera is also known as a species of 
riparian forests.  Other tree species in this 
forest type are Olea europaea subsp. 
cuspidata (Wall. ex G. Don) Cif., Acacia 
sieberiana DC. var. woodii (Burtt Davy) 
Keay & Brenan and several Ficus spp., 
which are all found in forests along river 
banks (Friis, 1992).  This forest type is 
further called Montane Evergreen Riparian 
High Forest (MERHF). 

The second group is composed of 4 plots 
in two different forest remnants, which are 
also found along riverbanks.  Celtis africana 
Burm. f. and Pterolobium stellatum (Forssk.) 
are two preferential species for this forest 
type.  Celtis africana and O. europaea, 
which are dominant trees in this forest type, 
are also tree species of riparian forests 
(Fichtl & Admasu Adi, 1992; Friis, 1992).  
The difference with forest type 1 is that 
some disturbance species such as Euclea 
schimperi (A. DC.) and Rhus natalensis 
Bernh. ex Krauss. are present in the shrub 
layer.  The physiognomic appearance of this 
forest type is further quite the same as the 

MERHF.  Both forest types have relative 
high trees and have an abundance of 
climbing plants.  Therefore, the proper name 
for this forest type is Degraded Montane 
Evergreen Riparian High Forest (dMERHF), 
using the adjective degraded to indicate the 
presence of some disturbance indicators. 

A third forest type, of which the 7 plots 
were situated on steep and stony hill slopes, 
has 2 indicator species, which are Psydrax 
schimperiana (A. Rich.) Bridson and 
Clerodendron myricoides R. Br. Vatke.  This 
forest type is called Steep Hillside Woodland 
(SHW). 

The term Degraded Montane Savanna 
Woodland (dMS) was chosen for group 4.  
This forest type, with 11 plots, located on 
plateaus in several forest remnants, has two 
indicator species, Leucas abyssinica 
(Benth.) Briq. and O. europaea, and is 
characterised by shallow soils on plateaus 
and small trees. 

The fifth and last vegetation type is found 
along riverbanks and is heavily grazed and 
browsed.  It is characterised by small trees 
and a dominance of several Acacia spp.  An 
indicator species of this forest type is 
Maytenus senegalensis (Lam.) Exell, a 
shrub of riverbanks (Azene Bekele-
Tesemma, 1993).  This forest type is called 
Degraded Riparian Scrub (dRS). 
 
3.3.  Environmental variables 

The principal component analysis of the 
environmental variables indicates that the 
first 4 PCA axes explain 64.4 % of the total 
variance.  The surface stoniness, the 
grazing intensity, organic carbon content of 
the topsoil and the texture of the topsoil are 
the most important variables.  In positive 
direction, the first PCA axis explains mainly 
differences with respect to the landscape, 
whereas in negative direction favourable soil 
conditions such as soil depth and 
phosphorus content explain the variance.  
The second axis divides the plots based on 
inclination, grazing intensity and texture.  4 
out of the 5 vegetation types can be readily 
distinguished.  The MERHF and dMERHF 
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seem to cluster together.  It was already 
mentioned that their physiognomy is alike.  
The PCA seems to confirm this previous 
conclusion. 
 
3.4.  Indirect gradient analysis 

The vegetation matrix for the percentage 
of the stem number of the tree and shrub 
layer was subjected to DCA.  The 
correlation between the DCA scores and the 
environmental variables was carried out by 
means of Spearman’s rank correlation.  The 
first DCA axis is correlated with the 
presence of a water source (rs = 0.50; 
P<0.01), the phosphorus content of the 
topsoil (rs = 0.48; P<0.01), the grazing 
intensity (rs = -0.57; P<0.01) and the 
inclination (rs = 0.36; P<0.05).  The third axis 
is correlated with the presence of a water 
source (rs = -0.49; P<0.01), the inclination  
(rs = 0.36; P<0.05), the soil depth (rs = -0.49; 
P<0.01), the texture of the subsoil  

(rs = -0.37; P<0.05), the position in the 
landscape (rs = 0.43; P<0.05) and the 
surface stoniness (rs = 0.57; P<0.01).  The 
second axis has no correlated variables and 
the fourth axis only one, the surface 
stoniness (rs = 0.40; P<0.05). 
 
3.5.  Direct gradient analysis 

The direct ordination (Figure 1) by means 
of DCCA, shows that the phosphorus 
content of the subsoil (DCCA I: Absolute 
percentage of explained variance EVa = 
14.5%), the surface stoniness (DCCA II: EVa 
= 8.4%), the presence of a water source  
(DCCA III: EVa = 3.7%) and the position in 
the landscape (DCCA IV: EVa = 2.3%) are 
the most important variables which explain 
the occurrence of the 5 forest types.  The 
ordination diagram shows a sharp 
delineation of the forest types, but pairwise 
comparisons for the environmental variables 
indicate that there are no significant 

 

 
 

Figure 1  Ordination diagram of the direct gradient analysis by means of DCCA 

= Montane Evergreen Riparian High Forest (MERHF);   = Degraded Montane Evergreen Riparian 
High Forest (dMERHF);   = Degraded Montane Savanna Woodland (dMS);    = Degraded Riparian 
Scrub (dRS);    = Steep Hillside Woodland (SHW) 
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differences between the MERHF and 
dMERHF for the selected environmental 
variables.  All other comparisons show one 
or more significant differences between the 
forest types. 
 
3.6.  Forest typology 

The phosphorus contents of the soils of 
the valley forests (MERHF, dMERHF and 
dRS) are much higher than for the other two 
forest types.  The soil depth is much higher 
for these forest types and the stoniness is 
almost zero.  The soils of the MERHF and 
dMERHF are mainly classified as Calcari 
Vertic Cambisols and have favourable soil 
conditions for plant growth.  The most 
striking characteristics of the SHW are the 
high inclination and the high stoniness.  
These soils are mainly classified as 
Leptosols.  The dMS has a very low soil 
depth and has the lowest phosphorus 
content.  The soils are Verti Skeletic 
Cambisols or Calcari Skeletic Cambisols.  
The dRS also has favourable soils for plant 
growth, although the tree height is rather 
low.  The soils are quite heterogeneous and 
are mainly Calcaric Cambisols or Vertisols. 

Water availability (rs = 0.56; P<0.01), soil 
depth (rs = 0.36; P<0.05) and phosphorus 
content of the soil (rs = 0.50; P<0.01) are the 

main factors promoting high tree dimensions 
(correlations mentioned are between 
environmental parameters and dominant 
height).  Higher positions in the landscape 
(rs = -0.50; P<0.01) and high stoniness (rs = 
-0.36; P<0.05) have a negative impact on 
tree dimensions. 

The SHW is the most diverse forest type 
and the dRS the least diverse one.  
Surprisingly, the high forests, MERHF and 
dMERHF, are not the most diverse forest 
types.  Possibly, the small size of these 
forest remnants has a large influence on the 
diversity. 

The Shannon-Wiener indices and the 
Evenness or Equitability index (Table 1), 
lead to similar conclusions.  The SHW is the 
most diverse forest type and the dRS the 
least diverse.  The MERHF and the 
dMERHF have the highest evenness for the 
tree layer, indicating that there is no high 
dominance of one or few tree species. 

There is a clear difference between the 
High Forests (HF) (dMERHF and MERHF) 
and the Low Forests (LF) (SHW, dRS and 
dMS) in dispersal strategy.  The HF have 
more avichorous and zoochorous seed 
dispersal mechanisms than the LF (Table 
2).  Avichory and zoochory are more typical 
dispersal systems for mature and especially 
moist ecosystems (Hovestadt et al., 1999). 

Table 1  Shannon-Wiener index (H’) and equitability index (J’) based on percentage of occurrence of 
tree and shrub species for the different forest types 

  MERHF dMERHF SHW dMS dRS 
Tree and shrub H’ 2.10 2.41 3.11 2.23 1.93

 J’ 0.74 0.74 0.80 0.66 0.67
Tree layer  H’ 1.81 1.40 2.26 1.07 0.97

 J’ 0.79 0.72 0.71 0.41 0.42
Shrub layer H’ 1.33 2.45 3.03 2.61 2.19

 J’ 0.65 0.77 0.84 0.78 0.79
 

Table 2  Percentage of trees per forest type with specific seed dispersal mechanisms 

Forest type MERHF dMERHF SHW dMS dRS 
Anemochory or geochory (seeds) 59% 8% 64% 75% 94% 
Avichory or zoochory (fruits) 41% 92% 36% 25% 6% 
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For the most abundant trees per forest 
type the Importance Value Index (IVI) 
(Curtis & McIntoch, 1951) was calculated 
(Table 3). 

From these values O. europaea seems to 
be the most dominant tree rather than 
Acacia etbaica, although A. etbaica is more 
abundant.  Other species such as F. albida 
and Celtis africana have a high IVI value 
despite their low occurrence. 
 
 
4.  Conclusions 

Forest rehabilitation with native species 
involves a low risk because it is based on 
working with species fully adapted to the 
extreme site conditions; moreover, native 
species produce valuable wood for timber, 
tools and fuel and a variety of non-wood 
forest products and medical and cultural 
values familiar to local communities since 

centuries. 
In the study area, topography determines 

soil type and soil type determines forest 
typology (Figure 2).  In terms of natural 
forest regeneration, this implies that a 
natural resource manager can use 
topography to predict the type of forest that 
is most likely to regenerate naturally on a 
given site.  It has also been shown that 
there is to a certain degree a link between 
forest typology and seed dispersal 
mechanisms.  Given these two facts, natural 
resource managers can devise 
management strategies to speed up natural 
forest regeneration in the region. 

In terms of the resource base and its 
growth requirements, the following five 
forest types are occurring in the selected 
study area of Central-Tigray on typical 
topographic locations: 

 
Table 3  Importance value indices (IVI) for the most important tree species of the study area for the 
different forest types 
 

  MERHF dMERHF SHW dMS dRS Total 
Acacia abyssinica - - - - 34.2 34.2 
Acacia etbaica - - 24.1 144.5 180.8 349.4 
Acacia seyal - - - - 20.8 20.8 
Acacia sieberiana 41.2 - - - - 41.2 
Acokanthera schimperi 12.6 30.9 14.0 7.1 - 64.6 
Calpurnia aurea - - 25.1 12.8 8.4 46.3 
Cassia singueana - - 3.3 3.8 19.1 26.2 
Celtis africana 22.2 83.4 - - - 105.6 
Cordia africana 25.8 - - - - 25.8 
Combretum collinum - - 75.2 16.7 - 91.9 
Euclea schimperi - - 3.3 3.8 24.9 32 
Euphorbia abyssinica - - 16.7 - - 16.7 
Faidherbia albida 100.9 19.6 - - - 120.5 
Ficus spp 27.3 - 8.4 - - 35.7 
KVO140 - 14.0 - - - 14 
KVO154 - 13.8 - - - 13.8 
Olea europaea subsp. cuspidata 67.8 135.4 71.9 108.6 - 383.7 
Psydrax schimperiana - - 24.2 3.9 - 28.1 
Rhus natalensis - - 26.8 11.0 17 54.8 
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1.  The Montane Evergreen Riparian 

High Forest (MERHF) is a Faidherbia albida 
– Olea europaea association on fertile deep 
valley soils near springs or rivers with a 
stoniness approaching zero (Calcari Vertic 
Cambisols).  The forest type has a high 
evenness of the tree layer, seeds are 
dispersed by birds or other animals and 
climbers rather abundant. 

2.  The degraded phase of the MERHF 
(dMERHF) is an Olea europaea – Celtis 
africana association and is except from the 
invasion of degradation indicators such as 
Euclea and Rhus very similar to the 
MERHF. 

3.  The Steep Hillside Woodland (SHW) 
is a Combretum collinum – Olea europaea 
association located on steep, stoney slopes 
with inferior growing conditions (Leptosols).  
It is the most diverse forest type in the 
region. 

4.  The Degraded Montane Savanna 
Woodland (DMS) is an Acacia etbaica – 
Olea europaea association on shallow 
nutrient-poor soils on plateau situations 
(Verti/Calcari Skeletic Cambisols).  It is 
characterized by small trees and a high 
amount of dead standing volume. 

5.  The Degraded Riparian Shrub (DRS) 
is an Acacia spp. – Euclea schimperi 
association found on heavily grazed river 
banks with reasonable nutrient conditions 
(heterogeneous soils, mainly Calcaric 
Cambisols and Vertisols).  It has small trees, 
a high dominance of few species and it is 
the least diverse type of the region. 
 
 

In short, forest rehabilitation in Central-
Tigray is limited by soil conditions because 
forest types are heavily linked to soil types 
and hence to topography.  This knowledge 
enables land managers to devise GIS-based 

 
 

Figure 2  Idealised transect through the study area of the Geba river catchment (Ethiopia): potential 
natural forest types with respect to their position in the landscape (tree heights are indicative) 

Ae = Acacia etbaica Schweinf.; As = Acacia sieberiana DC. var. woodii (Burtt Davy) Keay & Brenan; 
Ase = Acacia seyal Del.; Ca = Calpurnia aurea (Ait.) Benth.; Cc = Combretum collinum Fresen.; Cea = 
Celtis africana Burm. f.; Cs = Cassia singueana Del.; Ea = Euphorbia abyssinica Gmel.; Fa = Faidherbia 
albida (Del.) A. Chev.; Fs = Ficus spp.; Oe = Olea europaea subsp. cuspidata (Wall. ex G. Don) Cif. 
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forest rehabilitation scenarios.  Once it is 
known which forest types can be expected 
in the rehabilitation areas, management 
guidelines can be devised to speed up 
regeneration, such as those that promote 
regrowth and recolonisation of the dominant 
species of the expected forest type. 
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