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ABSTRACT 
 
The Ethiopian highland region has long been recognized as having an important role in 

the development of agriculture and civilizations. Much interest exists in the roles of 

climate and land use change on the rise and fall of civilizations in the Ethiopian 

highlands. Although the study of ancient plant remains has long been a means to 

reconstruct past climate, there have been few efforts to reconstruct past vegetation of the 

highlands of Northern Ethiopia.  There fore, the main objective of this study was to 

reconstruct changes in vegetation through analysis of charcoal anatomy in buried soils 

and obtain inferences about shifts in past climate and land use.  

 

Soil samples were taken from exposed soil section of gullies and charcoal was extracted 

by flotation method. Radiocarbon dates from the charcoal ranges from 127 Cal yr B.P to 

7892 Cal yr B.P. Thirty four samples with a total of 372 pieces of charcoal were analyzed 

and eleven species were identified. A modern reference collection was established in 

order to make these identifications. A higher percentage of older than younger charcoal 

was from gymnosperms. However rapidly regenerating angiosperm (particularly acacia) 

was abundant even in charcoal that was older than the earliest dates published for the 

beginnings of agricultural practice.  

 

This study underlines the importance of charcoal analysis in reconstructing 

palaeoenvironmental conditions, by identifying vegetation types in time and space. This 

indicates the role of climate change and human impact on vegetation change in northern 

Ethiopia from the early Holocene up to now.  
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1 INTRODUCTION 

1.1 Back ground 
 
Northern Ethiopia is an important location for testing the hypothesis of environmental 

and climatic determinants on the rise and collapse of ancient civilizations. In modern 

times, this region has been sensitive to land degradation, soil erosion, loss of soil fertility, 

recurrent droughts and famine (Darbyshire et al., 2003; Descheemaeker et al., 2005). 

Nonetheless, the region also had a long-standing history of human cultural developments 

including a probable origin of agriculture (Butzer, 1980; Phillipson, 1985; cited in Bard 

et al., 2000). The best studied of Northern Ethiopia’s past civilizations was the Axumite 

Empire which spanned from 400 BC to 800 AD.  The rise of this powerful empire was 

probably facilitated by increasingly intensive agriculture. Geoarchaeological evidence 

suggests that soil erosion and land degradation may have contributed to the decline of 

Axum and a shift of climate that made spring rains less reliable (Butzer, 1981). 

Deforestation and soil degradation are widely considered to be the results of the 

expansion of agriculture, intensive land use practice during the late Axumite time (ca 

650-800) (Bard et al., 2000). Although, as suggested, the rise and fall of the Axumite 

civilization might have been partly caused by climate change, population pressure could 

also be reflected in correlation between intensification of land use and accelerated soil 

erosion.  

 

Some studies have suggested that a large part of the highlands of northern Ethiopia, 

including the Tigray plateau were forested in earlier times (Bard et al., 2000). There are 

however rare direct evidences for the above assumption. The travertine of Mai Makden, 

whose formation can be favored by the enrichment of carbon dioxide in soils through the 

decay of organic matter, infers the presence of a thick vegetation cover on the plateau in 

the early-middle Holocene. The interruption of this formation after the mid-Holocene 

may probably is due to a reduction in vegetation cover, which may have been the result 

of both human activity and climatic changes as conditions went to more arid conditions 

(Berakhi et al., 1995, 1997;  cited in Bard et al., 2000).  
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Other lines of evidence also suggest that during the early Holocene, the northern Ethiopia 

highlands were characterized by humid climate (Bard et al., 2000). Paleo-environmental 

and Paleo-climatic data for Ethiopia also suggest that the early Holocene was wet until 

~4000 years ago when a general shift towards aridity was marked (Mohammed Umer et 

al., 2004). A geomorphic-stratigraphic analysis of sedimentary sequences from the 

highlands of Northern Ethiopia, at Mai Mekden, Central Tigray, gives evidence for 

important environmental changes. The analysis of buried soils indicates the prevalence of 

a wetter climatic condition in the surrounding areas from the early to mid Holocene after 

which both climatic deterioration and signals of anthropogenic interference were 

observed (Berakhi et al., 1998). The study carried out by Dramis et al. (2003) from 

stratigraphic analysis of alluvial-colluvial sequences and 14C dating has been used as a 

proxy for Holocene climate changes in the highlands of Tigray and their comparison with 

southern Ethiopian records. 

Paleo-environmental reconstruction based on several in-filled valley deposit sequences 

suggests that the past 4000 yr was generally arid but comprised three major wetter phases 

(4000-3500 Cal yr B.P, 2500-1500 Cal yr B.P, and 1000-960 Cal yr B.P), during which 

soils were formed, and two degradation episodes (3500-2500 Cal yr B.P, and 1500-1000 

Cal yr B.P), during which there was an increase in sediment yield from the slopes into the 

valleys. For the past 1000 yrs, and in particular since the early 17th century, stratigraphic 

records together with historic chronicles suggest increasing aridity (Machado et al., 

1998). 

 

Although the above studies helped to make an indirect inference about past vegetation 

cover, there has not been sufficient data showing what vegetation type grew in the study 

area. The aim of the present study is to attempt the reconstruction of vegetation types 

from charcoal analysis and interpret the changes in relation to climate and human impact.  

Identification of woody plant species of fossil charcoal from buried soil horizons would 

advance our understanding about the ecological preference and climatic adaptation of 

past vegetation. In this paper charcoal data was presented from Holocene palaeosol 

deposits in the Northern Highlands of Ethiopia to reconstruct vegetation history of the 

study area.   
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1.2 Statement of the problem 

Even though the existing literature and other assumptions suggest that with out 

agricultural influence the  study sites should be dominated by Juniperus/ Podocarpus 

forests, however grass land and acacia woodland presently dominate vegetations in the 

un-cultivated areas.  

The extent to which forests or woodland communities may have covered the region is 

unknown except for the few studies conducted in other parts of northern Ethiopia. These 

have used pollen and charcoal counts of sediments cores from two lakes (Lake Hayk & 

Lake Hardibo) in Wello. The natural pre-disturbance vegetation of the area was observed 

to be Podocarpus-Juniperus forest (Darbyshire et al., 2003). These work followed the 

studies in other parts of Ethiopia on reconstruction vegetation histories (Bonnefille & 

Mohammed Umer, 1994). 

 

Studies of δ13C and δ15N of soil organic matter in mid-north, central and southern 

Ethiopian highlands have also been conducted to reconstruct anthropogenic land use 

changes and determine ecosystem dynamics in relation to human induced land uses and 

land cover changes (Zewdu Eshetu, 2000).  The study suggested that these areas having 

potential for holding high forests have recently been under heavy human pressure 

indicted by C4 dominating vegetation.  

 
Although climate and vegetation shifts have been inferred from the above mentioned 

proxies, the methods have however their own drawbacks for reconstructing historical 

patterns of climate and vegetation shifts in space and time. For example, pollen fossil 

indicates relative abundance of species composition; however it has some limitation to 

show the exact location of the vegetation/species shifts. This is because of the fact that 

pollen grains can be blown by wind several hundred kilometers away from the site where 

they produced, and the precipitation/deposition of such wind blown pollen depends on 

the physiographic nature of the catchments.  The δ13C of bulk soil organic matter can 
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indicate the relative abundance of C3 and C4 photosynthetic plants, but not the relative 

abundance of species shifts.  

 

There is, there fore, a need for additional proxy from fossil/buried charcoal providing a 

long term pattern of vegetation history of the study area. It has the potential in providing 

evidence for in situ woody plant diversity in terms of past climate and vegetation shifts at 

a better resolution. 

  

Documenting data sets of charcoal from soil horizons for the reconstruction of vegetation 

history has not been applied in the study region and elsewhere in Ethiopia. There has 

been a lack of expertise and capacity to conduct the research. For the first time, through 

modification and adoption of existing tools, modern and fossil charcoal anatomy was 

analyzed, in order to test the potential of the discipline and to foresee the establishment of 

a laboratory and research in the area.   

 

 In the present study, soil charcoal analysis was used in three sites of Tigray region to 

answer the following questions:  

 

1. What was the natural vegetation of the areas? 

 

2. What is the relationship of vegetation change, climate change and land use change? 

 

According to some literatures (Friis, 1992; Berakhi et al., 1998) and oral history from the 

local people, the study areas were dominated by Juniperus procera which is widely 

believed to have been characterizing the typical natural vegetation of the areas. Today 

however, only deciduous woodlands particularly Acacia is found almost at all altitudes. 
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The following working hypothesis is intended to address the above questions and to 

resolve this apparent dilemma:  

 

Hypothesis 1: If the native vegetation of the study areas was once covered by 

Juniperus/Podocarpus forest then the wood charcoal in the stratigraphic layer should 

reflect high abundance of Juniperus charcoal. This may show an important change in 

vegetation that may be related to climate change and or the Human Impact.   

Hypothesis 2:  If the native vegetation of the study areas was not dominated by 

Juniperus/Podocarpus and if the present Acacia species are the native original forest 

components, then charcoal in all stratigraphic layer should indicate a relatively high 

abundance of Acacia species indicating no major shift in climate and human land use 

changes has occurred from the past to the present.  

 

These hypotheses were tested by comparing the anatomy of wood charcoal from different 

stratigraphic layers with the reference charcoal prepared from various tree species which 

are currently growing in the study areas (Orvis et al., 2005).           
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1. 3 Objectives 
 

1.3.1 General objective 

  
The general objective of this study is to contribute the reconstruction of the vegetation 

history of Northern Ethiopia (Tigray) from charcoal anatomical study, contained in 

buried soils and interpret the result in terms of climate change and human impact. 

 

1.3.2 Specific objectives  
 

• To analyze to what extent anthracological (charcoal analysis) methods can be 

conducted, with available equipment, for vegetation reconstruction, and to 

provide recommendation for a follow-up research. 

• To determine which kind of tree species were dominant in the past and compare 

them with the present. 

• To assess the relationship of the changes in vegetation with changes in climate 

and land use and make inferences about climate and human induced land use 

changes in Northern Ethiopia. 
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1.4 Significance of the study 
 

 It can help to understand the extent, timing and type of vegetation cover in the 

past, which is often controversial.  

 A knowledge on the vegetation response to changes in palaeoclimates and human 

land use is an essential element in interpreting the present-day distribution and 

type of plant species. 

 Reconstruction of historical vegetation types in the study area can serve as a 

guide for modern efforts to use indigenous plant species for land rehabilitation 
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2 LITERATURE REVIEW 
 

2.1 Ecology of Vegetation Types in Northern Ethiopia 
 
 General Overview 

 

Dry evergreen Afromontane forest of the Ethiopian high lands have canopies usually 

dominated by Podocarpus falcatus with Juniperus procra as co-dominant followed by 

Olea europaea (IBC, 2004). The other ecosystems are Afromontane woodland, wooded 

grassland including the natural woodlands and wooded grasslands of the plateau with 

Acacia abyssinica, A. negrii, A. pilispina, A.bavazanoi, A. montigena, etc. some of which 

are endemic to the Ethiopian highlands. The Acacia abyssinica canopy is mixed with the 

shrubs in lower strata: Bersama abyssinica, Ficus thonningii, Maesa lanceolata, Ritchiea 

albersii ,Schrebera alata and others (IBC,2004).  

 

The evergreen scrub vegetation occurs in the highlands of Ethiopia either as an intact 

scrub in association with the dry evergreen montane forest usually as secondary growth 

after deforestation of the dry evergreen montane forest. Dry forests in central Tigray are 

poorly preserved and have been restricted to areas outside normal cultivation, chiefly 

around churches and very steeply dissected mountain slopes. This area has an upper tree 

layer dominated by Olea europaea, with the species in the canopy; Cordia africana, 

Dombeya torrida, Ehretia cymosa, Mimusops kummel, Syzygium guineens, Junipreus 

procera (Friis, 1992). 

 

Desert and semi-desert scrubland ecosystem is one of the other ecosystems which 

characterize the highly drought tolerant species of Acacia, Commiphora as well as 

succulents including species of Eurphorbia and Aloe. The semi-desert parts are found in 

north western and north eastern parts of Ethiopia (Amhara, Tigary and Afar), Southern 

(Oromia and SNNPR, and the south-eastern and eastern Somalia) parts. The northern 

parts of Afar and north eastern Tigray are predominantly deserted (IBC, 2004) 
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Vegetation of the Tigray highlands 

 

According to Friis (1992), the potential natural forest types of the north Ethiopian 

highlands especially the Tigrean plateau is a dry single dominant afromontane type. It 

occurs at altitudes from 1600-2000 m and 3200-3300 m, at annual average temperatures 

from 12 OC- 18 OC and total annual rainfall between 500 and 1500 mm. The typical 

dominant species in this ecosystem is Juniperus procera, with Olea europaea and a 

number of other species in the lower stories. The natural vegetation of this ecosystem is 

either Juniperus-Podocarpus forest or predominantly Podocarpus forest, together with an 

element of broad leaved species (Demel Tektay and Granstrom, 1997). 

 

Equally, according to Bard et al. (2000), the climax vegetation of Tigray is dry evergreen 

montane forest dominated by Junipers procera and Olea europaea at altitude above 2200 

m, mixed Podocarpus falcatus, Juniperus procera forest in moisture areas between 1400 

and 2200 m and deciduous wooded grass (with species of Acacia, Ficus, Euphorbia, 

Cordia, Croton, Olea, Albizia, Lannea, Combretum, Terminalia, and Commiphora 

among the more important arboreal taxa) at altitudes below 2200m. The observed 

vegetation of today however is dominated by montain grass land with only small remnant 

forests in isolated areas of the plateau.  
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2.2 Difference in Anatomical Structure of Gymnosperms and Angiosperms 
 
Although inclusion of a complete wood identification manual and key is beyond the 

scope of this study, it gives for the reader a survey of basic macroscopic anatomical 

features which are critical to identification and understanding wood charcoal in general. 

The anatomical characteristics of Gymnosperm are different from Angiosperm, because 

of this it is possible to differentiate the two groups of plant species from charcoal (Fig.1) 

based on their anatomical characteristics since their anatomical features  are retained even 

after charcoalification (Koeppen, 1972).  

2.2.1 Gymnosperm (Juniperus-type)/ Soft woods 
 
The structure of gymnosperm/soft woods is relatively simple as compared to that of 

angiosperm woods which consist of very few cell types often trachieds only (Eames and 

Mac Daniels, 1972). Most of the cells found in gymnosperm wood are tracheids, which 

comprises 90% to 95% of the volume of the wood. Tracheids are fiber like cells about 

1000 times longer than they are in diameter. Among different species their average 

lengths ranges from about 2 mm to about 6 mm. In an average coniferous species, a cubic 

inch of wood contains some four million tracheids. Some species also have resin canals-

tubular passage ways lined with living parenchyma (epithelial) cells (Hoadley, 1989; 

Adams and Murray, 2004).  

 

The rays in the gymnosperm /soft woods are narrow, usually one cell wide. Most of the 

living parenchyma cells in gymnosperm woods are found in the rays. The ring patterns 

are quite distinct; rings are composed of minute fiber-tracheids aligned in parallel rows, 

Vessels are generally absent in gymnosperm plants (Fig. 1) (Hoadley, 1989; Adams and 

Murray, 2004). 
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2.2.2 Angiosperm (Acacia type)/ hard woods 
 
The wood of angiosperms is characterized by the presence of vessel and in general, by a 

complexity of structure far greater than that of the gymnosperms. This complexity is due 

to the presence of several kinds of cells, tracheids, vessels, fiber-tracheids, fibers of 

various types, wood parenchyma cells, to variety in ray form and to the arrangement and 

interactions of the different kinds of cells with one another (Eames and Mac Daniels, 

1972).  

 

Angiosperm wood is generally more porous than gymnosperm wood in the boreal forest, 

and thus more fragile and susceptible to breakage. Most angiosperms lack resin canals 

(although some tropical hard woods have gum ducts). Rays in angiosperms vary widely 

in size, well in to the range of visibility with the unaided eye. The smallest rays are only 

one cell wide and may be visible only with a microscope.  At the other extreme, rays up 

to 40 cells wide and thousands of cells higher are quite conspicuous to the unaided eye. 

Many more types of cells are present in angiosperms and there is more variation in their 

arrangement (Hoadley, 1989). Vessels vary in size among and within species (Hoadley, 

1989; Engel, 1993;   Neuman et al., 2001).  
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Figure 1 Anatomical comparison of angiosperm and gymnosperm. 

 

Based on these clear anatomical differences between different plant species, several 

researches were conducted on charcoal analysis for the last 25 years in order to 

reconstruct historical patterns of past climate and environmental changes  from the 

vegetation cover/types of the past (e.g. Prior and Williams, 1985; Pessenda et al., 2004,).  

 

2.3. Charcoal analysis 

2.3.1 Historical Background 

 
It was in 1864, that the charcoal analysis was conceived for the first time to analyze 

prehistoric wood charcoal macro-remains by the Italian G. Passerini and following him, 

the Swiss O. Heer in the context of the relevant impressive discoveries of Neolithic and 

Bronze Age lake dwellings in Switzerland. Then at the beginning of the 20th century, the 

French clergy man and pre-historian Henri Brevil interested on the study of wood 

charcoal recovered from Paleolithic site in France (Asouti, 2006). 
 

Trachieds Vessel 

Angiosperm 
Gymnosperm 

Photo: Tsige Gebru (2007) 
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The first explicitly ecological interpretations based on charcoal evidence appeared in 

Britain with the publication in 1940 by E.J Salisbury and F.W Jane of their report on 

wood charcoals from the maiden castle excavations in Dorset and they suggested that the 

frequencies of individual taxa might correspond to their actual proportions in prehistoric 

woodland vegetation (Asouti, 2006). 

  

Comparable events followed shortly after wards in France, stimulated by stronger interest 

of botanists and wood anatomists on archaeological charred wood macro-remains and 

their palaeoeological interpretation (Momot 1955; cited in Asouti, 2006)  explicitly used 

wood charcoal macro- remains derived from late Paleolithic hearth structures as a guide 

to  reconstructing past climate patterns (Asouti, 2006).   
 

 A qualitative approach to vegetation reconstruction was proposed by another French 

botanist S.S Santa in his synthesis of charcoal data from North Africa (Santa, 1961; cited 

in Figureal and Mosbrugger 2000). After the Second World War the widespread adoption 

of radiocarbon dating signaled a new focus on charred plant remains, particular charcoal. 

Then new observation methods using reflected Microscopy at the end of the 1960s 

allowed the development of charcoal analysis (Figueiral and Mosbrugger, 2000). 

 

2.3.2 Occurrence of charcoal in soil horizon 

 
Charcoal analysis is used to reconstruct fire occurrences and frequencies over a long 

period of time. Charcoal is produced at temperatures between 280OC and 500OC. Charred 

particles accumulate in sediments during and following a fire event. Then these particles 

are quantified and used to determine local or regional fires depending on the size of the 

particles. Regional fires may be related to hot climatic conditions, and fuel loads.  

Particle size determines if the event occurred at a local or regional scale, since wind and 

erosion are important factors that affect charcoal dispersal (Santiago and Willams, 2005). 
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The concentration and the depth of a charcoal layer probably result from surface erosion 

following fire deforestation events and can be used to estimate the maximum depth for 

migration of soil fauna. Soil materials are not really stratified at the middle and high 

elevations. This has implications on the use of soil as classical palaeoecological sediment 

based on stratigraph (Carcaillet, 2001). 

 

Because the occurrence of charcoal in soil is a global feature soil charcoal studies could 

improve our knowledge of the role of fire on Holocene vegetation or of the measurement 

of pedological processes. The study of soil-charcoal /pedoanthracology/ allows 

reconstructing with high-spatial precision, the burned vegetation and of the fire-standing 

history (Carcaillet, 2001).  Due to this reasons, wood charcoal buried in soils is becoming 

a much used tool for reconstruction of plant assemblages and fire history during the 

Holocene. These taphonomical studies shows that charcoal fragments can be localized at 

any soil depth after a few centuries depending on elevation, while the depth of a charcoal 

mass resulting from a fire episode seems roughly distributed according to time. But soil-

charcoal study can not yield a precise chronology of the vegetation change based on the 

stratification of charcoal assemblages. Indeed, the main feature of the charcoal 

assemblages is that they are not continuously recorded, because the interval between two 

fire events might attain a few centuries in subalpine and alpine belts (Carcaillet, 1998). 

 

Since charcoal is chemically inert and highly resistant to microbial attack, it retains 

enough anatomical characteristics to allow identification of the wood from which it 

comes, to the family or genus level (Koeppen, 1972). However during the carbonization 

process, considerable anatomical changes occur such as tangential and radial shrinkages/ 

(Slown et al., 1979; cited in Angeles, 2001), and the homogenization of the cell walls, in 

which the middle lamella loses its identify and fuses with the two adjacent secondary 

walls .These changes must be taken into account when one is trying to identify species 

using charcoal specimen, or trying to reach ecological inferences from charcoal remains 

(Prior and Gasson, 1993). Because of its high resistance to biodegradation, charcoal is 

abundant in the fossil record and is well preserved in soil horizons, and hence, studies of 

charcoal are useful for fine scale spatial reconstructions of vegetation shifts at the land 
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escape level. Charcoal identification details the woody plant composition at the first time 

of deforestation by fire (Carcaillet and Brun, 2000).  

 

Anatomical properties of different wood species allow their identification and these 

characters are maintained after the wood is charred and remain intact during the 

carbonization process (Asselin and Payette, 2005). Since charcoal reference collection is 

relatively simple to prepare by accumulating collection of woods of known identify and 

then converting them to charcoal identification of wood is simple (Koeppen, 1972).  

 

Charcoal in soil profiles or in colluvial sediments, alluvial valley fills or paleosols layers 

together with archaeological findings and radiocarbon age determination provide data to 

study natural or human induced environmental changes (Heine, 2003). This allows us to 

make distinctions between environmentally undisturbed periods with no or little human 

influence on nature and periods with that document severe manipulation of the natural 

process of soil development and accelerated soil erosion. 

 

The study of wood charcoal fragments found in soil horizons or geological strata assists 

in determining and documenting the documented tree species of the past. This provides 

information about climatic condition possibly associated with drier climate periods and/or 

human disturbance during the past/and the vegetation types burned during that time 

(Pessenda et al., 2004). In addition analysis of charcoal fragments from soil profiles 

allows us to study the evolution of plant communities and the impacts of wild or 

anthropogenic fires on vegetation structure and composition (Figerial and Mosbrugger, 

2000). 

 

Because paleoecological tools enable to reconstruct woody vegetation through time 

charcoal in soils are biological proxies well suited for determining past vegetation 

composition and species distribution patterns in relation to human impact and climate 

change. Changes in the relative abundance of identified woody species in successive 

strateographic layers indicate temporal and spatial changes in the vegetations  
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mosaic and can thus provide biological evidence for climate change and environmental 

change (February, 1997). 

2.3.3 Application of charcoal analysis for paleoenviromental 
reconstruction 
 
Since, charcoal analysis is a reliable tool in the reconstruction of quaternary vegetation 

provided rigorous sampling /analyzing strategies are carried out in many countries. In 

southern and central Europe, charcoal analysis has been widely applied in Quaternary 

palaoecological studies. In southern France data obtained up to now indicate that the 

steppe type of vegetation with Juniperus and Pinus   sylvestris characterizing the upper 

Paleolithic was replaced by deciduous forest as a result of milder and more humid climate 

condition, prior to cultural changes such as adoption of farming and sedentary settlement 

of the Neolithic period. The deciduous forest was then replaced by more thermophilous 

elements such as Quercus ilex and Buxus sempervious as consequence of human activity 

(Figueiral and Mosbrugger, 2000). 

 

The history of certain cultivated or crop plants have also been studied by charcoal 

analysis. The morphometric characteristics of olive wood have been used to distinguish 

wild from cultivated varieties and to correlate anatomical characteristics with climatic 

conditions (Terral and Arnold –Simard, 1996). This study is supported by the study done 

on charcoal, fruits and seeds of woody plants from a settlements mounted in the Sahel of 

Burkinina Faso provide information on economy and environmental conditions at the 

periphery of the medieval kingdom of Songhai at around 1000 A.D. Millet (Pennisetum 

americanum) was the basic crop, cultivated in fields in which also grew useful trees (park 

savannas). Stratigraphical changes in the charcoal diagram indicate that millet production 

was intensified and the park savanna system established in the course of mound 

formation. In addition, the charcoal results show that the vegetation around 1000 A.D. 

was more diverse than today, containing many Sahelo-Sudanian elements which cannot 

be found in the area any more. This indicates slightly higher precipitation than today but 

also less severe human impact (Neumann et al., 1998). 
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In Catalonia, charcoal data from sites occupied during the Bronze Age, close to the 

Mediterranean sea, indicate exploitation of the climax forest (with Quercus ilex) and a 

consequent spread of thermo Mediterranean elements such as Olea, pistacia lentiscus, 

Rhamnus, phillyrea and  Pinus halepensis (Figureiral and Mosbrugger, 2000).  Further, 

south, in the pays Valenciano, the predominance of heliophilous species, indicating an 

open environment, is recorded during the Paleolithic. By the beginning of the Holocene a 

new trend is noted, with the spread of Mediterranean woodland composed of both 

evergreen and deciduous species such as quercus ilex-coccitera, olea, ouercus, faginea, 

and arbutus unedo. From the late Neolithic, the spread of the matorrol vegetation 

characterized by Pinus halepensis, Rosmarinus, Erica multiflora, cistus, pistacica 

lentiscus occurred as a result of anthropological influence (Badal et al., 1994). 

 

The results of human activities are also apparent in Andaluzia, where Neolithic oak 

forests (evergreen and deciduous) are replaced by Pinus halepensis and open shrubland 

of Rosmarino-Ericion by the uthllnd Be (Figuiral and Mosbrugger, 2000). Closer to the 

Atlantic region, in Portugal (north of the river Tejo), recent studies have identified a 

refuge area for Mediterranean plants during the last glaciations and the pattern of 

vegetation change in the most northerly areas of the country from the late Neolithic on 

wards. These results have demonstrated the anthropological exploitation of the climax 

mixed forest /deciduous and ever green species, the wide scale spread of leguminous 

plants and the development of ericoid communities (Figueiral and Mosbrugger, 2000).  

 

Charcoal analysis has also clarified that Pinus pinaster (cluster pine) is indeed a native 

species in Portugal, being identified since the upper Paleolithic, and that Taxus baccata 

and Pinus sylvestris existed up to, at least, the Bronze Age. Further records of 

agriculturally important species indicate that chestnut (Castanea sativa) existed before 

the Roman occupation and that walnut cultivation (Juglans regia) had rapidly spread to 

the west, where it is identified well before the 5th century AD (Figueiral and Mosbrugger, 

2000). 
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Anatomical identification of soil charcoal fragments was used to reconstruct the pre-fire 

vegetation composition of a tree line site that burned in northern Quebec, Canada; soil 

charcoal was also used as a proxy to estimate black spruce Picea mariana palaeo cover. 

The site (a low-elevated-hilltop is presently devoid of spruce trees and dominated by 

dwarf birch Betulou glandulosa, lichens, ericacous, shrubs and sedges. In contrast, black 

spruce dominated before the fire with an under story of Emperum nigrum and Vaccinium 

vitisidea. Pre-fire black spruce cover was estimated at 32% giving an indication of the 

potential for warming induced natural reforestation of the forest-tundra (Asselin and 

Payette, 2005). 

  

Charcoal fragments collected from soil under tropical rainforest in North Queensland 

indicated that Pyrophytic eucalyptus woodlands occupied substantial areas of all the 

present humid rainforest massifs between approximately 27, 000 yrs BP and 3500 yrs BP 

(Hopkins et al., 1993). The record from analysis of pollen, plant macrofossil and 

sedimentary charcoal from three lakes within the Kenai lowlands, the longest and most 

detailed record of fire and vegetation in Alaska is an important demonstration of the 

inextricable linkage between climate, vegetation and fire (Anderson et al., 2006). 

 

Charcoal remains were analyzed from copper ore smelting at khirbeten-Nahas an Iron 

Age site in the region of Fenian between Wadi Arabah and highland of Edom and from 

340.58g of charcoal 14 species were identified and the species composition is more or 

less the some in all samples (Engel, 1993). 

 

In Botucatu, Anhembi, and mainly Jaguarina and salitre charcoal is present along the 

entire profile in most of the sampling locations and this is a clear indication of the study 

areas have been affected by forest fires during the whole Holocene. The extremely high 

charcoal content in some soil horizon indicated that these events much more serve during 

some period probably related with the presence of direr climatic conditions during the 

early to mid Holocene (Pessenda et al., 2004). 
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Evidence from historical and archaeological data, together with multi-proxy analysis of 

sedimentary records in the form of macrofossil, pollen, fungal spores, phytoliths, 

charcoal, carbon isotopes and A.M.S 14C dates, has provided an insight into the nature of 

environmental history and human environment interactions in western Uganda over the 

last 2000 years. Sediment based records obtained from a papyrus dominated swamp at 

Munsa archaeological site indicate a general presence of forested environment at Munsa 

prior to 1100 Cal yr. B.P, suggesting relatively wet environmental condition in western 

Uganda. Subsequent decline in forest vegetation cover occurred form 920 Cal yr B.P 

(Lejju, 2005). 

 

The investigation of 320 samples from prehistoric sites in the Eastern Sahara furnishes 

evidence for fundamental changes of vegetation during the early and middle Holocene 

(Neumann, 1989). The analysis of Holocene charcoal  excavated from a rock shelter in 

the Lubombo mountains of northeast Swaziland shows the presence of change in taxa 

which reflects minor shifts in Holocene climate, from moist to dry and back to moist in 

recent times (Prior and Williams,1985). 
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3 MATERIALS AND METHODS 
 

3.1 Description of the study area  

3.1.1 Location of the study area 
 
Ethiopia is located in the Horn of Africa and has varied physiographic conditions, climate 

and elevation. This is particularly true for the Tigray region located in the northernmost 

part of Ethiopia, where this study was conducted. The three study site locations, Mai 

Makden, Adikolen, and Adigrat, are in the Northern Highlands in the Enderta, Hintalo-

wajerat, and Ganta Afeshum Woredas of Western Tigray (Fig.2), in the northern most 

part of the Ethiopian Plateau,  (> 2000 m asl) (Berakhi et al., 1998). 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
  
  Figure 2  Location map of the study areas 
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The study area consists of three study sites. The first site, Adikolen (13o20’20’’N, 

39o22’01’’E; 2171 m asl) is located near the village of Adikolen about 35 km southwest 

of Mekelle on the road to Denglet. The second site, Mai Makden (13o34’41’’N, 

39o34’22’’E; 2228 m asl), is located near the village of Mai Mekden about 10 km north 

of Mekelle on the road to Adigrat and the third site, Adigrat, (14o16’14’’ N, 39o26’45’’ 

E; 2493 m asl), is located near the town of Adigrat about 127 km away from Mekelle to 

the north east, along the road to Adwa.  

 

The geological setting of Tigray is the result of a long evolution that started during the 

Precambrian. The intensively folded and faulted rocks of the upper Precambrian, mostly 

metasediments and metavolcanics are unconformably overlain by palaeozoic and 

Mesozoic subhorizontal (sand-stones, limestone, shale and tillites) constituting the out 

cropping bedrock in the central plateau of Tigray. Tertiary lavas, 200-600 m thick (trap 

basalts), uncomfortably overly the above mentioned sedimentary formation, representing 

the youngest rocks in the area apart from the Quaternary continental sediments which are 

found along the major river valleys as well as in softly undulating areas (Berakhi et 

al.,1998).  

 

These three study sites were selected because they all had gullies with exposed sediments 

and palaeosols as well as a long history of climate change and human settlements. 

Previous research indicates that the ages of the exposed strata of theses study sites, 

collectively, span a time that extends from the last glacial maximum through the course 

of human habitation of the area up to the present day (Nyssen et al., 2006; Dramis et al., 

2003; Berakhi et al., 1998). 

 

Charcoal was collected from Holocene palaeosols, fluvial, and travertine sediments 

exposed in gullies eroded in cultivated fields. Based on stratogarphic analysis almost all 

the layers were palaeosol in Adikolen but with lower proportion of coluvium allivum 

deposits, humus rich top soil. However, in Mai Mekden high proportion of travertine and 

peat as well as fluvial deposits and paleosols (vertisols) were mostly observed. In 

addition, palaeosol, fluvial flood plain deposit and sandy top soil were also seen in Mai 
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Mekden. In Adigrat, high proportion of fluvial flood plain deposit with weak and no 

pedeogenesis, topsoil and Adigrat sand stone on the bedrock were observed. 

 

3.1.2. Climate 
 
The climate condition of northern Ethiopia is generally characterized by tropical semi-

arid, and the rainfall distribution is seasonal and erratic particularly, in Tigray region. 

Due to these factors there is a strong seasonal moisture stress, which limits the 

productivity of the rain fed agriculture. 

 

Nine years (1998-2006) meteorological data of the study area were collected from the 

National Meteorological Agency of Ethiopia. Therefore, the annual rainfall distribution 

pattern and the mean minimum and maximum temperature of the study areas were as 

follows: 

 
A.  Rainfall  
 
The rainfall pattern in Ethiopia is influenced by two rain-bearing wind systems, one 

brining the monsoonal wind systems from the south Atlantic and the Indian Ocean and 

the winds from the Arabian Sea. The two wind systems alternate, causing different 

rainfall regimes in different parts of the country (IBC, 2004). 

 

Rainfall and temperature data for the study sites are available from the nearest weather 

stations at Mekelle, Adigrat and Dengolet, which receives total annual rainfall of 563 

mm, 619 mm and 680 mm, respectively (Fig 3). 
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Figure 3 Annual mean rainfall distribution (1998-2006) in the study areas.  
 
 
The pattern of rainfall distribution in the study area shows a bi-modal type, particularly in 

Adigrat and Dengolet sites. Whereas, a uni-modal pattern was observed at Mekelle site. The 

highest rainfall was recorded during June to August (Fig. 4). 
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Figure 4  Mean monthly rainfall distribution in the weather stations closest to the study areas 

(1997- 2006). 
 
 

B. Temperature 
 

The minimum and maximum mean temperature of the study area was 4.8 0C and 24.7 0C 

in Adigrat and 9.3 0C and 26.50C in Mekelle, respectively. This range of temperature 

variation lies within the traditional classification of agro-climatic zone of Woina Dega. 

The maximum temperature was recorded 24.7 0C during May 2002 and 26.5 0C during 
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May 2002, in Adigrat and Mekelle respectively. Whereas the minimum temperature was 

recorded 00C and 8.5 0C in December, 2005 in Adigrat and Mekelle, respectively (Fig. 5). 
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Figure 5  Monthly mean minimum and maximum temperature in the study area for the  
               Year 1998-2006. 

3.1.3 Land use and land cover  
 
Despite the low and unevenly distributed rainfall, much of the Tigray plateau was 

evergreen forest with belts of mixed deciduous and Acacia savannah woodland. Today, 

Tigray has lost virtually all of its forest (Fig. 6). Over the past decades, serious 

environmental degradation has caused deforestation and subsequent soil erosion that led 

to periodic droughts and crop failure even under normal rainfall conditions.  Farming and 

pasture lands are the main kinds of land use in the study area. 
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                                                                                                                    Photo: Tsige Gebru (2007) 
 

      Figure 6 Part of topographic view of Adikolen study site.  
 
 

Wheat and barley are the major crops in the highland areas of Tigray. In the lowlands, 

sorghum and maize are most commonly grown. Beans are also cropped alternatively with 

cereals. Due to the unpredictable rains and frequent droughts, maize is grown to a lesser 

extent than before. The production of sorghum has also been reduced due to the late start 

of the rains and due to striga weed. Teff is grown in a wider range of elevation gradient. 

Mixed cropping and agroforestry are practiced rarely. Only few scattered trees are found 

on croplands. They are widely spaced and probably have little effect in maintaining soil 

fertility. Remnant trees of the old forest are found in human inaccessible steep slopes of 

the mountain slopes as well as in church compounds and grave yards. Fast growing 

exotic tree species such as Eucalyptus species are planted around home stead areas.  
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3.1.4. Socio-economic of the study area 
 
In general, the socio- economic development of Tigray has been greatly affected by 

environmental factors. The region experiences major environmental hazards: rainfall 

fluctuation causing droughts and famine, earthquakes, invasions of locust swarms and 

epidemics. Human activities have compounded the effects of environmental hazards 

through the diffusion of epidemics, warfare and land-use practices (e.g. deforestation, 

over intensive cultivation and livestock grazing) (Bard et al, 2000). Soil erosion is severe 

in all over Tigray and posses a major threat to agricultural production. Virtually all 

topsoil, and in some places parts of the subsoil, has been removed from sloping land 

leaving stones or bare rock at the surface. In order to feed the increasing population, 

steeper and more marginal lands were brought in cultivation (Esser et al., 2002). 

 

3.2 Sampling and analysis method 

3.2.1 Field methods  
 
In order to determine where to sample, the strata of gullies were identified and analyzed 

by qualitative criteria that could be identified in the field as color and texture. The gully 

was cut back from the edge to get soil that had not been exposed to modern 

environmental condition. In order to obtain well replicated samples, the soil samples were 

collected at different sampling sites of the same gully. That is, from Adikolen three 

sampling sites (i.e., AKI, AKII and AKIII), from Mai Mekden three sampling sites (i.e., 

(MMIa, MMIb, MMIc), MMII, MIII). Due to shortage of time, however, only one 

sampling site was used at the Adigrat site (AT).  

Soil samples were then collected from each distinctive deposit/horizon of the palaeosol 

and modern soil.19 samples from AKI, 12 samples from AKII, 22 samples from AKIII 

were collected. In Mai Mekden, 19 samples from MMIa, 5 from MMIb, only one sample 

from MMIc, 35 samples from MMII and 12 samples from MMIII were collected. In 

Adigrat only 12 samples were collected. If the deposit/horizon was thick samples were 

taken from the top, middle and bottom of it. Sampling was conducted at various depths 

on these sampling sites of the gulley. The sampling was carried out based on the 
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difference on their stratgraphic analysis with different layers of the soil horizons. The soil 

sample was taken from bottom to top to avoid contaminations.  

         

                                 
In the field each of the samples were described using hand lens, what it looks like, the 

presence and absence of charcoal, organic matter and other soil components. At the same 

time the soil color was determined using a Munsel soil color chart. At each sample, there 

was a distinction with their color, the kind of deposited sediments (i.e. of fluvial soil, 

palaeosol, A horizons, B horizons or colluviums, etc.) When the samples were examined 

using a hand lens, the samples were also photographed in order to investigate further 

differences between samples using computer screen. After the collection was completed, 

the samples were allowed to air dry at room temperature for few weeks. 

  

3.2.2 Laboratory methods 
 
Flotation 
 
With the increased interest in the reconstruction of palaeoenvironments and subsistence 

patterns, flotation, as an archaeological tool has become a necessity (Minnis and Leblanc, 

1970). Water flotation is utilizing differences in density of organic and inorganic 

materials to achieve separation of organic remains from the soil matrix (Pearsall, 2000). 

Water is used as a separating medium and enables to separate different components of the 

soil sample: Components having a density lower than water float on the surface and those 

which are denser sink on the bottom (Bleckley, 2001). Flotation, with or without 

ascending water flow and with sieving followed by manual sorting under a binocular 

microscope, allowed for the separation of charcoal fragments from other soil particles 

(Carcaillet and Burn, 2000; Carcaillet and Talon,2001). 

Flotation was made on a total of 53 samples from Adikolen, 72 samples from Mai 

Mekden and 12 samples from Adigrat according to the method described by Pearsall 

(2000) and Bleckley (2001) as follows: 

1. Each sample (1 kg of soil) was added to two litters of water in a bucket and stirred 

until it is thoroughly mixed.  
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2. The suspension was poured out through ≠40 meshes (0.42 mm) and 30 meshes 

(0.59 mm) at the same time. The smaller sized were recovered at ≠40 mesh and 

the bigger were recovered at ≠30 mesh.  

3. Additional water was added and the process was repeated until all visible macro 

floral materials were removed from the sample (a minimum of five times).  

4. After all botanical materials have been recovered by repeated stirring and 

decanting, the light fraction was washed gently into the bottom of the mesh. 

5. The larger sized charcoals were picked by forceps under a binocular microscope 

at a magnification up to10-70x .The smaller sized were discarded. 

6. Then the recovered charcoal were allowed to dry at lower temperature (20-30OC)   

since if it dries under high temperature, the modern macrofloral material may 

burn and contaminate the samples which were  used for dating. 

7. 0.2 mg of each charcoal sample was sent to University of California for 

radiocarbon dating. 

8. The remaining sample was used for charcoal identification. 

 

Even though flotation is an important tool for the separation of botanical remains from 

the soil, sometimes due to the nature of the soil, and the size of the sieve, it may be 

impeded. The appropriate sieve size for this study was #40 meshes for fine, silt or clay 

soil; and #30 meshes for sandy soils. Pearsall (2000) also suggested the same sieve size 

for effective flotation. But due to the brittleness nature of the fossil charcoal, or may be 

due to its disintegration during the procedure, some researchers (Prior and 

Williams,1985; Neumann, 1989) prefer dry sieving and hand picking to separate charcoal 

from other remains.  

 
Radio Carbon Dating 
 
 
Charcoal has long been considered as one of the most desirable materials for carbon 

dating because of its high carbon content, and carbon when burnt does not suffer any 

mobilization or replacement by other carbon atoms. However soil-buried charcoals can 

readily adsorb considerable amounts of soluble soil humic substances, formed either in 
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situ or derived through pedotransloction from associated soil horizons, especially in a bog 

or seasonally wet soil rich in organic matter (Goh, 1991). 

 

Charcoal from different samples was dated to get the age of the plant species at a 

particular depth. According to the Keck carbon cycle accelerator mass spectrometry 

laboratory in the University of California, the procedure was as follow: 

 

1. The sample was treated with an acid-base-acid method to remove contamination like 

humic acids. 

2. Graphitization of the carbon. The charcoal is combusted under vacuum and in the 

presence of graphite so that the carbon from the charcoal binds with the graphite. 

3. Radiocarbon dated using the AMS. 

4. Radiocarbon dates converted to years before present using CALIB REV5.0.2 (a 

program derived from Stuiver and Reimer 1985-2005, in conjunction with concepts in 

Reimer et al., (2004) for radiocarbon ages > 400 yr B. P and Stuiver et al., (1998) for 

radiocarbon ages ≤ 400 yr B.P) 

 Since AMS dating is costly, it was not possible to date each and every layer. So only 

selective layers were dated and for those which were not dated the nearest age were 

taken. The nearest age was taken from the lower and upper range of age from the next 

nearest depth. 

Accelerator mass spectrometry analysis is very useful tool to get the ages of the charcoal.  

Accelerator mass spectrometry (AMS dating) is used to obtain an age for the sample 

material even for very small sizes carbon samples. The 14C/ 12C ratio measured for the 

samples is compared to those for the targets in the same set which are made up from a 

material of known 14C activity. This gives a sample/modern ratio from which after 

corrections a radiocarbon age can be calculated in years B.P. The plus or minus value that 

accompanies all AMS dates reflects as in conventional dating, statistical uncertainties 

associated with the precise measurement of the 14C decay curve, as well as random and 

systematic errors that inevitably occur during the measurement process. These can arise, 

from contamination by modern carbon of samples, targets or the ion beam itself (Lowe 

and Walker, 1997). 
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Slide preparation of modern and fossil charcoal. 

A thin slice of the charcoalified wood was made at Central Geological Laboratory of 

Geological Survey in Ethiopia as described to some extent in Angeles (2001). 

A. The larger sized (from 1 mm to 2 mm) charcoal were sliced cross-sectionally by 

razor blade and mounted with epoxy resin on glass slide for 12 hrs. The rest were 

mounted as they are. 

B. A total of 372 pieces on 34 slides were mounted. Since the number of pieces vary 

among layers on average from 5 pieces to12 pieces per slide were mounted. 

C. The embedded samples were ground on smooth diamond grinding disc (Fig. 7). 

 

 

 

 

 

 

 

 

 

 

 

 

                                                

                Figure 7  Slide preparation. 
 

D. The grained samples were polished by Al2O3 abrasive powders at (400, 600, 

1200) grit size to get smooth and transparent surface. (100 grit size=150 micron) 
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E. Visibility was checked sequentially by observing the slide under microscope until 

the required structures were seen clearly.  

F. The slides were examined by light microscope with a magnification of 10 times.  

The magnifications that can be achieved by this method are often too low for some of 

the important features to be visible. 

G. The structure of the fossil charcoal was then compared with the modern charred 

reference collection charcoal.  

 
 Preparation of Modern charcoal as reference Material 
 

Preparation of modern reference charcoal in laboratory method allows us too easily, 

reliably and economically generates high quality charcoal reference material from small 

samples of wood (Orvis et al., 2005). Laboratory procedures that charcoalify samples at 

higher temperatures for shorter time periods may produce more useful reference 

specimens for the study of palaeo-wild fires as recorded in Lake and soil sediments.  

Laboratory procedures that allow the production of reference charcoal from small tissue 

samples would also be advantageous, as they would make possible the development of 

vouch red collections (Orvis et al., 2005). 

 

A reference wood charcoal was prepared from relatively dominant tree species grown in 

the region based on species discovered from pollen analysis in Lake Ashengi, which is 

relatively near to the study area (Marshall, 2006) and other expected indigenous plants. 

Wood samples were collected from trees growing in the Addis Ababa University and 

taken from tree ring collection samples in Tree Ring Laboratory of Ethiopian Forest 

Research Center.  

 
 
 
 
 
 
 
 
 



                                                                        32 
 

 
 
 
 
 
Table 1  The name and the description of the 11 selected plant species used as reference 

materials for charcoal analysis. 
 

Types of Species  Field 

code 

Weight of the 

samples before 

charring 

Weight of the samples 

after charring 

Plant Group  

Hagenia abyssinica 1 35.54 12.37 Angiosperm  

Juniperus  procera 2 32.80 11.80 Gymnosperm  

Croton macrostachyus  3 39.89 8.80 Angiosperm  

Erythrina brucei 4 43.92 8.79 Angiosperm  

Millettia ferruginea 5 59.47 13.18 Angiosperm  

Podocarpus falcatus 6 42.07 12.67 Gymnosperm  

Ficus sur 7 50.63 9.75 Angiosperm  

Olea  europaea 8 60.58 17.56 Angiosperm  

Allophyius  abyssinicus 9 22.31 7.20 Angiosperm  

Cordia africana 10 34.89 10.56 Angiosperm  

Acacia abyssinica 11 46.78 16.83 Angiosperm  

 

Modern reference charcoal from the 11 selected plant species  (Table 1) was prepared 

according to the procedure described by (Koeppen, 1972; February, 1997; Orvis et al., 

2005) at Central Geological Laboratory of Ethiopia. 

 

1. Approximately 3 cm long wood samples were cut and prepared for charcoalification. 

Larger wood samples were taken for charcoal production which can be split and broken 

to show sharp structural details of the cross-section, radial and tangential surface. Since 

the fossil charcoal samples were too small and its extreme brittleness nature to get their 
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cross-sectional surface, it was mandatory to see their radial and tangential surface from 

the modern counter parts.   

2. The wood samples were heat dried at 105 0C for 3 hrs to avoid the retardation of 
heating due to water evaporation. 

3.  Each sample was weighed using beam balance.  

4. The samples were wrapped with aluminum foil and inserted in porcelain crucible 

which is self cling equipment to prevent the penetration of oxygen and to reduce the 

risk of becoming ash (Dortch, 2004).  

5. The samples were heated at 5000C for 30 minutes until all the samples were fully 
carbonized.  

6. The carbonized samples were then cooled overnight and weighed.  
7. The charcoal was sliced in three different patterns i.e. cross-sectionally, tangentially, 

and radially to see the structures in different planes (Fig. 8).   

 

Figure 8  Slice of modern charcoal in three different planes. R = radial, T = tangential,        
C= cross sectional. 
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5. The samples were mounted with epoxy resin on glass slide as described before.  

6. Electron micrographs of all planes of slice were taken (appendix I) and these 

photographs together with reference publications such as (Hoadley, 1989; 

Neumann, 2001; Adams and Murray, 2004) were used to identify the ancient 

charcoal. 

 
In order to study the charcoal specimen, examination of the specimen through light 

microscope was carried out. Since it was not possible to take the picture of the entire 

specimen, the structure of the charcoal under the microscope were compared with the 

structure of modern charcoal photograph on the computer screen and to keys from the 

other wood anatomy books Hoadley (1989) and Neumann (2001). 

 

There is no best or single technique for identifying wood charcoal. What one does depend 

on the degree of difficulty of the particular wood and the experience and skill of the 

individual .The available aids include known samples of modern wood charcoal, manuals 

and photographs of wood charcoal characterization and identification key. Collections of 

known samples are extremely valuable, for they allow direct viewing of features that may 

be difficult or impossible to describe accurately in words. They can be used for direct 

visual comparison by holding them side by side with the known being considered. Good 

photographs of wood charcoal structure taken at an appropriate magnification are nearly 

as helpful as actual samples (Hoadley, 1989). 
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4 RESULTS 

 

4.1 Charcoal distributions and dates 
 

By flotation method 38, 32, and 11 charcoal samples were extracted from Adikolen, Mai 

Mekden, and Adigrat study sites respectively. Charcoal was identified only from samples 

with larger (≥ 0.5 mm) and abundant (a minimum of five pieces) charcoal in each layer. 

Of the 38 charcoal samples obtained from Adikolen, (fourteen were from AKI, nine from 

AKII, and fifteen from AKIII) but only three contained sufficient charcoal for analysis. 

These three were located in the upper 60 cm of their profiles (one in AKII, two in AKIII) 

and so did not cover a sufficient range of ages for further analysis. A total of 32 charcoal 

samples were obtained in Mai Mekden, (nine from MMIa, eighteen from MMII and five 

from MMIII). From the nine samples at MMIa eight of them were used for charcoal 

identification; of the eighteen samples at MMII fourteen samples were used for charcoal 

identification; and none of the five samples from MMIII were large enough to be 

identified by available equipment. In most cases, charcoal was found in ash layers and a 

combination of ash and peat layers in Mai Mekden.  

 

Relatively larger charcoal pieces were extracted from almost all layers in the Adigrat 

study site. From twelve total samples in Adigrat, eleven had charcoal and nine were used 

for charcoal identification. Generally, charcoal is much more abundant and larger in size 

in the upper strata than charcoal found at depth. Table 2 explains the distribution of 

charcoal from all samples.  
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Table 2   Depths of which has a charcoal in Adikolen (a), Mai Mekden (b) and Adigrat (c) 
site with their description. 

 
Key    ch-charcoal present, d-dated, i-identified, none-no charcoal,  d,i-Both dated and 
identified 

a) 

                                                      Adikolen 

Sites Depths(cm) Remarks Sites Depths(cm) Remarks Sites Depths(cm) Remarks 

AKI 0-30 d AKII 0-15 ch AKIII 0 ch 

AKI 38-45 d AKII 20-30 ch AKIII 30 i 

AKI 62-75 none AKII 30 none AKIII 60 i 

AKI 82-97 none AKII 60 i AKIII 100 d 

AKI 112-130 d AKII 80 ch AKIII 130 none 

AKI 133-145 ch AKII 110 d AKIII 160 ch 

AKI 153-165 ch AKII 140 ch AKIII 190 ch 

AKI 180-195 d AKII 160 d AKIII 220 d 

AKI 212-225 ch AKII 190 ch AKIII 270 ch 

AKI 250-260 ch AKII 210 none AKIII 295 ch 

AKI 305-320 d AKII 250 none AKIII 305 d 

AKI 330-340 ch AKII 285 d AKIII 320 ch 

AKI 340-350 ch    AKIII 360 ch 

AKI 355-365 ch    AKIII 440 none 

AKI 365-375 none    AKIII 470 none 

AKI 375-380 none    AKIII 490 ch 

AKI 380-395 ch    AKIII 510 none 

AKI 395-405 none    AKIII 540 d 

AKI 405-420 d    AKIII 560 none 

      AKIII 580 none 

      AKIII 620 ch 

      AKIII 660 d 
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b) 

                                                Mai Mekden 

Sites Depths Remar

ks 

Sites Depths Remarks Sites Depths Remarks 

MMIa 0-5 none MMII 0-15 i MMIII 0-20 none 

MMIa 15-40 none MMII 15-20 i MMIII 20-40  d 

MMIa 40-65 none MMII 20-30 i MMIII 40-60 none 

MMIa 65-75 none MMII 30-45 d MMIII 120+/-

10 

none 

MMIa 75-85 none MMII 45-55 i MMIII 160-180 none 

MMIa 85-105 none MMII 55-95 none MMIII 195-200 none 

MMIa 105-115 none MMII 95-110 none MMIII 215-235 d 

MMIa 115-120 d,i MMII 110-170 none MMIII 235-245  d 

MMIa 120-130 i MMII 170-180 none MMIII 245-260 d 

MMIa 130-145 d,i MMII 190-200 none MMIII 265-272 none 

MMIa 145-155 i MMII 200-220 none MMIII 275-290 d 

MMIa 155-165 ch MMII 220-245 none MMIII 330-380 none 

MMIa 165-170 i MMII 245-247 none    

MMIa 170-175 none MMII 247-280 none    

MMIa 175-185 d,i MMII 280-300 none    

MMIa 185-190 i MMII 305-320 none    

MMIa 190-195 d,i MMII 320-325 d,i    

MMIa 230+/-10 none MMII 325-335 none    

MMIa 280+/-10 none MMII 335-340 i    

MMIb 0-10 none MMII 340-345 i    

MMIb 10-15 none MMII 345-360 none    

MMIb 25-40 none MMII 360-385 i    

MMIb 40-55 none MMII 385-390 d,i    
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MMIb 55-70 none MMII 390-405 ch    

MMIc 20-40 none MMII 405-415 ch    

   MMII 415-425 ch    

   MMII 425-460 none    

   MMII 470-505 d,i    

   MMII 505-530 i    

   MMII 530-545 none    

   MMII 545-565 i    

   MMII 565-570 i    

   MMII 575-595 d,i    

   MMII 595-635 none    

   MMII 635-650 none    
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c) 

                                                Adigrat 

Sites Depths(cm) Remarks 

AT 0-80 i 

AT 100-130 d,i 

AT 130-160 i 

AT 180-210 i 

AT 210-250 d,i 

AT 250-310 i 

AT 310-320 none 

AT 320-360 i 

AT 360-370 d 

AT 370-430 i 

AT 430-470 i 

AT 470-530 d 

 

Thirty-three samples from the three study sites were dated with AMS radio carbon dating 

methods. Carbon dates ranged from 127 Cal yr B.P to 7892 Cal. yr B.P at Mai Mekden 

and from 949 Cal yr B.P to 2773 Cal yr B.P in Adigrat site (Table 3). Charcoal ages 

tended to increase with depth of soil but with a few notable exceptions. Some 

discrepancies between depth and age of fossil charcoal samples were observed, an age of 

949 Cal yr B.P was observed at depth of 210-250 cm which is deeper as compared to age 

of 1287 Cal yr B.P at depth of 100-130 cm which is relatively upper layer in Adigrat site. 

In addition, an unexpected dating result was observed at depth of 190-195 cm in MMIa 

study site. This discrepancy in soil age may potentially attributed to the mixing up of 

recent soil organic matter from the top soil with the much older  at the bottom when the 

soil profile cracks and swells during wet and dry season. Such cracking and swelling 

properties of are common in vertisols, which were also observed at the study sites. The 

discrepancy which observed on charcoal age could also be explained by Bioturbation 

processes, in that soil animals like Termites and Rodents may also cause soil mixing from 
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the top and the bottom as they moved up and down through the soil column. Generally, 

older charcoal was found in Mai Mekden than in Adigrat.  

 

Table 3  Sites, depth (cm), Radiocarbon 14C age (yr B.P), calibrated calendar age (Cal. yr 
B.P), and Lab code.  

 
 Site Depth(cm) 14Cage(B.P) Calibrated 

age  

Lab code 

MMIa 115-120 5320 6084 UCIAMS36096 

MMIa 130-145 5285 6086 UCIAMS36095 

MMIa 155-165 5395 6240 UCIAMS36097 

MMIa 175-185 5610 6367 UCIAMS36098 

MMII 30-45 130 127 UCIAMS36111 

MMII 320-325 5640 6437 UCIAMS36124 

MMII 385-390 6130 7005 UCIAMS36100 

MMII 470-505 6625 7519 UCIAMS36101 

MMII 575-595 7055 7892 UCIAMS36102 

ATI 100-130 1345 1287 UCIAM 36092 

ATI 210-250 1045 949 UCIAMS36110 

ATI 360-370 2460 2591                

UCIAMS36093 

ATI 470-530 2680 2773             

UCIAMS36094 

 

Radiocarbon dates were obtained from nine of the thirty four samples where charcoal was 

identified. In so far as was possible, charcoal for dating was from the same sample as 

charcoal for identification. In some cases, however, there was insufficient charcoal for 

both and dates were obtained from samples at the next nearest depths to the charcoal that 

was identified. Dates of the respective or adjacent depths where charcoal was identified 

are listed in Table 4.  
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Table 4   Selected depths (cm) for charcoal identification, number of fragments per slides, 

14C age (Cal yr B.P), age from the nearest depth (it not dated). 

Sites Depth No of 

fragments  

Age 
 

Next 
nearest date 

MMIa 115-125 12 6084  

MMIa 125-130 12  6084-6086 

MMIa 130-145 12 6086  

MMIa 145-155 12  6086-6240 

MMIa 165-170 12  6240-6367 

MMIa 175-185 12 6367  

MMIa 185-190 10  ≥6367 

MMIa 190-195 12   

MMII 0-15 12  ≤127 

MMII 15-20 12  ≤127 

MMII 20-30 12  127-6437 

MMII 45-55 12  127-6437 

MMII 320-325 9 6437  

MMII 335-340 12  6437-7005 

MMII 340-345 12  6437-7005 

MMII 360-385 12  6437-7005 

MMII 385-390 12 7005  

MMII 470-505 9 7519  

MMII 505-530 9  7519-7892 

MMII 545-565 9  7519-7892 

MMII 565-570 12  7519-7892 



                                                                        42 
 

MMII 575-585 12 7892  

ATI 0-80 8  ≤1287 

ATI 100-130 12 1287  

ATI 130-160 12  949-1287 

ATI 180-210 12  949-1287 

ATI 210-250 12 949  

ATI 250-310 12  949-2591 

ATI 320-360 12  2591-2773 

ATI 370-430 12  2591-2773 

ATI 430-470 6  2591-2773 

 

4.2 Modern charcoal as a reference material 

 
As a result of the close correlation between electron micrographs of ancient and modern 

material it was possible to group plants either as angiosperm or gymnosperm. Of the total 

charcoal samples identified, 62.3 % were classified as angiosperm/hard wood and 37.7 % 

were gymnosperm/ soft wood based on the presence and absence of vessels, the size of 

rays, and abundance of tracheids (Fig. 1). 

 

As a result of this close correlation, it was also possible to identify the ancient charcoal at 

species level. Eleven different taxa of modern material could be identified as reference 

materials. This correlation was equally applicable to all the three planes i.e. for cross-

section, tangential and radial planes. The weight of the sample was taken, and here may 

be due to the volatile compounds, the mass of the sample before and after charring was 

not the same (Table1). But the vast majority of fully charcoalified plant tissue samples 

remained intact and retained all morphological characteristics. 
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After preparing the modern charcoal, the structure of the fossil charcoal was compared to 

the modern ones to get convincingly similar structure with charred reference and  from 

this  some of the findings from this close correlation were as follow in (Fig. 9 - 12) and 

some additional at appendix II. 

A                                                                                                                  B              

Figure 9  Comparison of fossil and modern charcoals of Juniperus procera: A, fossil 
charcoal at Adigrat site at depth of 320-360 cm; B Modern charcoal 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
A                                                                                B            
Figure 10 Comparison of fossil and modern charcoals of Allophyius abyssinicus: A, fossil 

charcoal at Mai Mekden II site at depth of 45-55 cm; B Modern charcoal 
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A                                                                  B                                            
Figure 11 Comparison of fossil and modern charcoals of Podocarpus falcatus: A, fossil 

charcoal at Adigrat site at depth of 320-360 cm; B Modern charcoal 
 
 
  
 

 
 
A                                                                                       B                
Figure 12   Comparison of fossil and modern charcoals of Acacia abyssinica: A, fossil 

charcoal at Mia Mekden II at depth of 15-20 cm; B Modern charcoal 
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4.3 Identification of Past woody plants 
 
Angiosperms clearly dominate the most modern charcoal in all sites. At MMIa at depth 

of 145-155 cm at around 6086 Cal yr B.P, highest percentage (75%) of angiosperms were 

found in contrast to the lowest percentage (25%) of gymnosperms at similar depth and 

date. At depths 125-130 cm and 175-185 cm with their respective age of 6084 and 6367 

Cal yr B.P, angiosperms and gymnosperms were co-dominant. Only at around 6367 Cal 

yr B.P at depth of 185-190 cm, the gymnosperms dominate the angiosperms. 

 

At upper layers of MMII i.e. from 0-360 cm at around 127 Cal yr B.P to 6437 Cal yr B.P, 

83.3% of angiosperms and 16.7% of gymnosperms were found. At depths of 385-390 cm 

and 565-570 cm around 7005 Cal yr B.P, and 7892 Cal yr B.P, the two groups of plants 

were co-dominant. At Adigrat site at around 1287 Cal yr B.P and at depths from 0-160 

cm highest (75%) of the angiosperms were found but around 2591 and 2773 Cal yr B.P, 

at depth of 320-360 cm and 430-470 cm respectively, angiosperm and gymnosperm were 

co-dominant. 

 

Although the percentage of gymnosperms was higher in the older charcoal than in the 

younger, at only one time did gymnosperms clearly dominated the charcoal. At MMIa at 

depth of 185-190 cm at around 6367 Cal yr B.P, a somewhat higher percentage (58.3%) 

of gymnosperms was found than angiosperms. From MMII, around 7519 Cal yr B.P, at 

depth of 470-505 cm highest percentage (80%) of gymnosperm was found. Especially at 

these depths (470-505 cm and 505-530 cm), gymnosperms highly dominate the area. In 

Adigrat, even though the proportion of gymnosperms showed an increasing trend towards 

deeper horizons, but gymnosperms did not dominated even once.  

 

From all the study sites, these highest percentages of gymnosperms were not consistence 

up to the deepest layers; instead the percentage of gymnosperms was also dropped at 

deeper horizon (Fig. 13 A, B and C). 
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C) 

 

Figure 13 Percentage of angiosperms and gymnosperms at MMIa (A), MMII (B) and 
AT(C) 
 
 
From the total identified fossil charcoal, 83.6% of the charcoal pieces were identified to 

species. The charcoal pieces were identified into angiosperm and gymnosperm level very 

well since it was possible to see their anatomical differences easily. But it was not easy to 

identified at species level due to bad preservation of wood cell anatomy in very small 

fragments especially at older layers; wide range of structural detail present within some 

of the species and small size and low frequencies of the charcoal fragments. In addition, 

either due to lack of a full set of characters required for secure identification or a failure 

to much convincingly similar structure with charred reference materials.  

 

Juniperus procera and Podocarpus falcatus were the most abundant (8.3-25%) and (8.3-

33.3%) species respectively. Cordia Africana (8.3-20%) is the third most abundant 

species in MMIa site. At the upper horizons i.e. at depth of 0-55 cm around 127 Cal yr 

B.P, the MMII sites were mostly dominated by Acacia abyssinica (16.7-33.3%) and 

within the same depths Ficus sur, and Hagenia abyssinica were almost at equal 
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percentage. Olea europaea was also abundant at this depth. At deeper horizons i.e. at 

depth range of 320-585 cm and in between age of 6000-8000 Cal yr B.P, Juniperus 

procera (8.3-44.4%) and Podocarpus falcatus (8.3-33.3%) were the most dominant 

species. Millettia ferruginea was the third dominant species with in this range. Especially 

at two depths i.e. at 470-505 cm and at 505 cm-530 cm Juniperus procera around 7519 

Cal yr B.P maximum (40% and 44.4%) which was the most abundant species. 

 

In Adigrat site similar pattern with the MMII site was observed. In this site expect at the 

last depth i.e. 430-470 cm Acacia abyssinica (8.3-25%) was highly dominating the area. 

In a range of depth from100-310 cm Olea europaea was the second dominant species of 

the area. But at deeper horizon starting from 1287 Cal yr B.P up to 2773 Cal yr B.P, 

Juniperus procera and Podocarpus falcatus show an increasing trend and most dominant 

at deeper horizons especially at depth of 320 cm up to the last. Fig. 14 A, B and C explain 

about the species distribution of the study sites.  
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Figure 14   The species distribution of fossil charcoal at MMIa (A), MMII (B) and AT(C) 
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5 DISCUSSION 

5.1 Relative abundance of fossil charcoal as indicator of vegetation 
change  

 
 
The reconstruction of past vegetation/climate is a complex problem involving many 

disciplines. In Ethiopia, geomorphic-stratigraphic analysis of sedimentary sequence 

(Berakhi et al.,1998); on climate shift (Mohammed Umer et al.,2004); on travertine 

deposition (Berakhi et al., 1995, 1997; cited in Bard et al.,2000); on stratigraphic analysis 

(Dramis et al.,2003); on in-filled valley deposit sequences (Machado et al.,1998); on 

pollen and charcoal stratification on lake sediments (Darbyshire et al., 2003); on δ 13C 

and δ15N of soil organic (Zewdu Eshetu,2000); on lake sediment (Lamb et al., 2002; 

2004) have enhanced our view of the scale and amplitude of climate change/vegetation 

change in the Holocene period. Nevertheless, much remains to be studied. Our 

knowledge of former vegetation in Ethiopia particularly in the historical north is far too 

limited.  By providing insights into palaeoenvironments, vegetation reconstruction by 

charcoal analysis offers fruitful information for investigating the relationship of human 

societies with the natural environment.  

 

Charcoals are some of the most commonly preserved remains in both soil profile and 

archaeological sites. The identification of charcoal from the soil horizon provides a good 

tool to reconstruct the woody vegetation at a particular place. Pieces of charred wood can 

be regarded as direct evidence for the species that have been grown on the site or close 

by. Many studies have recognized the role of charcoal in assessing past vegetation change 

and past fire regimes (Prior and Williams, 1985; Neumann et al., 1989; Engel, 1993; 

Hopkins et al., 1993; Figueiral and Mosbrugger, 2000; Pessenda et al., 2004; Orivis et 

al., 2005; Asselin and Payette, 2005; Anderson et al., 2006). Nonetheless, this was the 

first attempt here in Ethiopia to use charcoal analyses to reconstruct vegetation history.  
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In our study sites, due to deforestation which is a recent activity by population pressure, 

relatively high charcoal accumulation was observed at the top of a palaeosol layer rather 

than at the bottom. In addition, since the process of charcoalifcation, deforestation and 

flooding were not a continuous phenomenon, charcoal may not be found in all soil 

horizons. As shown in Table 4.1, at MMIa,  there was no charcoal on the upper (0-115 

cm) i.e. around 6000 Cal yr B.P; while during 6084 Cal yr B.P and 6240 Cal yr B.P there 

was relatively high charcoal accumulation at depth of 115-170 cm. The relatively high 

charcoal abundance at 115-170 cm soil depth may suggest the occurrence of forest fire, 

which might had been anthropogenic or natural origin.  At a depth of 175-195 cm the 

amount of charcoal was relatively small and no charcoal was found at the deepest two 

layers which may be due to less human pressure in relatively at earlier time. 

 

For MMII for the upper 55 cm good amount of charcoal was extracted which may be due 

to deforestation but in between 55-320 cm there is no charcoal extracted. But after that 

alternatively with the depths there was charcoal up to 595 cm and no charcoal at all in the 

deepest layers (595-650 cm). But sometimes high charcoal content in some soil horizon 

of the study area especially at AT indicated that forest fires may  have occurred during 

some period (949 Cal B.P- 2773 Cal yr B.P) probably related with the presence of drier 

climate conditions during the late Holocene. This is in agreement with (Passenda et al., 

2004) which shows forest fire occurred during the whole Holocene and related with the 

presence of dry climatic condition during the early to mid Holocene in Botucatu, 

Anhembi, and mainly Jaguarina and salitre. The amount of charcoal pieces was also 

varied among layers. This may be due to the kind of charred plant species, the timing of 

charcaolification, and its preservation nature of the charcoal. 
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5.2 Relative abundance of fossil charcoal species as indicator of climatic 
condition  

 

To answer, whether the natural vegetation was Juniperus-Podocrapus forest or Acacia 

woodland, addressing the distribution of the angiosperm and gymnosperm within a well 

described soil stratography will help in interpreting the temporal and spatial shifts in the 

kinds of vegetation occurring in the past and in the present. 

 

As this result shows us even if gymnosperms were dominant at one time i.e. around 6367 

Cal yr B.P at depth of 185-190 cm at MMIa and highly dominant at a depth range of 470-

530 cm around 7519 Cal yr B.P at MMII and co-dominant with angiosperm in AT, 

gymnosperms were not the only dominant plant group in the whole strata especially at 

deeper soil horizons. Therefore even if there was an increasing trend of gymnosperms 

towards the deeper horizons, they were not the most dominant vegetation types until the 

deepest layers. 

 

So even though, the proportion of angiosperm and gymnosperm were co-dominant at 

certain period in the two sites where charcoal was identified, there were also shifts in 

vegetation composition. This changing taxa indicated by the charcoal fragments from the 

soil horizons may reflect minor shifts in Holocene climate, from moist to dry or from dry 

to moist. Prior and Williams (1985) also showed the presence of minor shifts in Holocene 

climate evidenced from the changing taxa in Swaziland. This climate change with 

pronounced local and seasonal variations in annual rainfall might have exerted a direct 

effect on the diversity of vegetation types. The charcoal assemblage showed a noticeable 

reduction of gymnosperms but a substantial percentage increase in some of the 

angiosperms (Like Acacia and Olea) which suggests a drier climatic condition. This was 

seen especially at upper layers or relatively at recent time of the study sites which may be 

due to the shift of climate from moist to dry or due to land use change. According to the 

IBC, (2004) report, Acacia species were characterized being highly drought tolerant 

which is now dominating the semi-desert parts of Afar and Tigray that are predominantly 

deserted. But a return to more moist conditions also occurred within a certain time 
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interval. This may be the time on which the percentage of gymnosperms and some other 

cold climate adapted plant species like Millettia ferruginea and Ficus sur were most 

abundant at certain time in Mai Mekden site. For example, at MMIa at 6084 Cal yr B.P 

and 6367 Cal yr B.P, the percentage of the two groups was co-dominant which may be 

good climate for both group and/or equal preference of exploitation by humans. At 

around 6086 Cal yr B.P maximum angiosperm was observed, may be due to massive 

deforestation of gymnosperm for different purpose.   

 

In MMIa, the stratification of the charcoal was mostly observed in between 100-200 cm 

and the age difference between these sampling depths was also small. Because of this 

there was no great fluctuation of plant abundance in this time scale. These shows there 

may be wetter and a little warmer climatic condition in the mid-Holocene since its age 

range is in between 6084-6367 Cal yr B.P. 

 

At MMII sample site, at recent time i.e. around 127 Cal yr B.P, there was a dynamic 

vegetation shift and high dominancy of angiosperm than gymnosperm was observed.  

This shows that during the late Holocene there was a semi- arid and arid climatic 

condition in the area which is similar as today.  As Darbyshire et al, (2003) suggested the 

significant human impact on Podocarpus-Juniperus forest of the northern Ethiopia has 

recorded to start in the last 3000 yrs. Starting from the decline of Axum (CE 800) up to 

the present (127 Cal yr B.P) angiosperm wood was dominant may be demographic 

pressure necessitated intensive agriculture. But before the rise of Axum the two groups of 

woods were co-dominant, this could be due to less human pressure on natural 

environment. At around 7005 Cal yr B.P may be due to the return of cooler climatic 

condition, high gymnosperms dominancy was observed. At around 7519 Cal yr B.P at 

depths of 470-505 and 505-530 cm, gymnosperms were highly dominating the area. This 

may be during the early Holocene; there was moist climatic condition which is in 

agreement with Bard et al., (2000).  
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In the region of Adigrat, geomorphologic evidence points to a short phase of soil 

formation at about 1250 Cal yr B.P. This phase of soil formation has been related to the 

recovery of vegetation after the overexploitation of the previous millennium. It was later 

followed by the accumulation of alluvial sediments, which continued until more recent 

times (Brancaccio et al., 1997; cited in Bard et al., 2000). This alluvial sediment 

accumulation may result from deforestation. Decreased population pressure after the 

decline of the Axumite kingdom possibly led to the abandonment of the higher parts of 

the plateau and consequent recovery of vegetation. This may be the supporting evidence 

for this study of the sites. Because at around 2591Cal yr B.P, and 2773 Cal yr B.P, the 

abundance of angiosperm and gymnosperm were equal may be due to the vegetation 

recovery or due to the presence of cooler climatic condition in these time. 

5.3 Species composition with climate and land use perspectives  
 

From the result of this study and field observation, Acacia abyssinica is the most 

abundant woody species in the study area today, while Juniperus procera and 

Podocarpus falcatus were relatively most abundant in the past. This result was supported 

by other research findings. From scattered remnant forest stands (Friis, 1992) suggested 

that the highlands of Ethiopia were once covered by Juniperus procera forests. This was 

also supported by a pollen and charcoal stratification of two Lakes in northern Ethiopia 

(Lake Hayk and Lake Hardibo) which tells us about the natural pre-disturbed vegetation 

of the area was Podocarpus-Juniperus forest (Darbyshire et al., 2003).This shift of plant 

species from Juniperus procera and Podocarpus falcatus to Acacia abyssinica may be 

related to the land use change due to human activities (Darbyshire et al, 2003). Therefore, 

anthropogenic land use may result in the shift of plant species as also indicated by others 

(Berakhi et al., 1998; Bard et al., 2000; Zewdu Eshetu, 2000; Brancaccio et al., 1994, 

cited in Bard et al., 2000; Darbyshire et al., 2003). In addition, since the Acacia species 

have better seed bank than Juniperus procera and Podocarpus falcatus which might have 

also been contribute for the shift. 
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 The shift may be also occurred due to a general climate shift towards aridity starting 

from 4000 yrs (Mohammed Umer et al.,2004) and increasing aridity since the early 17th 

C (Machado et al., 1998) particularly for the last 1000 yrs which is the time when Aksum 

started to decline (Butzer, 1981). Other climatic research results (Berakhi et al., 1998; 

Lamb et al., 2002; 2004; Dramis et al., 2003 and Zelalem Kubsa, 2004) indicated that the 

general trend was towards increased aridity during the Holocene period all over the 

country. This result also shows the presence of aridity since the plants recently dominant 

species were more adaptable for arid and semi-arid climate. 

 

To date, over a large area of the Tigray region Acacia species are wide spread as 

indicated in several places of enclosures. Acacia woodland is a vegetation type that better 

adapt to the arid and semi-arid climatic conditions, whereas the charcoal analyses data 

indicated that Juniperus and Podocarpus were wide spread in Tigray during the past 

time. To date these species are dominating the high forests of the mid-altitude in warm 

and humid climatic regions of Ethiopia. This shift in forest vegetation type may suggest 

changes in climate from warm and humid to semi-arid and arid climatic condition in 

northern Ethiopia  which might be attributed to human land use change activities  such as 

adoption of sedentary farming and human preference of tree cutting for fuel and 

construction. This explanation was also supported with the result of this study in which 

high abundance of Acacia. abyssinica, Olea africana (angiosperms) at the upper horizon 

and high abundance of J. procera and P. falcatus at deeper horizon shows us the late 

dominancy of Acacia and early dominancy of Juniperus and Podocarpus respectively. 

 

From pollen analysis at Lake Ashenge to the south of the study region, Podocarpus was 

highly dominant around 4000 Cal yr B.P but may be it was very difficult to identify 

Podocarpus and Junipreus very well; there was no record of Junipreus in the sediments.   

In between 1500-7000 Cal yr B.P, Podocarpus was identified in the sediment. This was 

in agreement with this study which shows us in between 6084 Cal yr and 6367 Cal yr B.P 

Podocarpus was some what more abundant in MMIa and in between 6000-8000 Cal yr 

B.P Podocarpus and Junipreus were the most dominant species at MMII. There was also 



                                                                        58 
 

an increasing trend of Podocarpus and Junipreus in between 1287 Cal yr B.P and 2773 

Cal yr B.P at AT site.  This was supported with (Machado, et al., 1998) who suggested 

about the major wetter periods at 4000-3500 Cal yr B.P on which maximum amount of 

Podocarpus forest was observed and during the period on which the increasing of aridity 

for the last 1000 yrs, particularly since the early 17th C less Podocarpus forest was 

observed. In addition to Podocarpus, Olea and Hagenia which are afromontane forests 

species were also identified throughout the sediments in equal proportion (Marshall, 

2006). But other kinds of plants which were identified in this study may be pollinated by 

insects and/ or wind, because of this it was not possible to get them from the sediments. 

 

Other studies (Friis, 1992 and IBC, 2004) explained about the canopies of J. procera and 

P. falcatus as a co-dominant with O.europaea were also dominating the dry forest of 

central Tigary with the species in the canopy of C. africana. This was also supported with 

this result i.e. at MMIa next to J. procera and P. falcatus, C. africana was the third most 

abundant species. Even if now a day, Tigary forests are poorly preserved, it may be 

possible to get these species in certain restricted areas around churches and in 

unreachable areas. 

 

According to Friis (1992), the other forest is deciduous wooded grasslands which 

comprise species of Acacia, Ficus, Euphoriba, Cordia, Croton, Olea, Albizia etc. which 

were believed to be dominated the study area at recent times. It is also supported by this 

study that shows the abundance of species of Acacia, Cordia, Ficus and Olea which were 

the most abundant species at recent time in all the study sites. At MMII, especially, at 

upper layers, next to A. abyssinica, O. europaea, was the most abundant species may be 

due to shift of climate to more arid climate. H. abyssinica was also found relatively in 

good amount. At Adigrat, O. europaea was the second most abundant next to A. 

abyssinica at recent time. This could be associated with good climatic condition for both 

species. According to Azene Bekele (1993), A.abyssinca can adapt to an altitude of 1500-

2800 m a.s.l which is almost corresponding with an altitude range of Olea species. 
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Generally, Acacia species were found even at deeper layer or at older ages which was not 

the expectation of this study. Therefore, one can conclude that even if there was wetter 

climate in Northern Ethiopia in the past, this may not be much wetter than other parts of 

the country, like south western part. According to Melaku Bekele (1998), most provinces 

of the northern region (Tigray and Eritrea) had lost their forests in the ninth and tenth 

centuries, in which it might contribute for the presence of less wet climatic condition in 

this region.  
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6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 
 
Even though there is a controversial concept among different people about the vegetation 

history of the study areas, very little had been done on vegetation reconstructions. The 

present study of fossil charcoal analysis, which is the first of its kind in Ethiopia, is 

presenting interesting data on vegetation shifts. Because the charcoal samples were 

collected from several buried and surface soil horizons, the results provide better insights 

about vegetation and climate changes from the early Holocene to the present. Such 

proxies of exact identification of in situ plant species for reconstructing past vegetation 

and climate changes can not be inferred from other proxies such as pollen analyses and 

stable carbon isotope abundance in fossilized soil organic matter. 

 

Therefore this study was planning to address the palaeoenvironment of the study areas by 

analyzing the kind of plants found and its favorable climate for its adaptation in time and 

space. From the total sample analyzed 62.3% were angiosperm and 37.7% were 

gymnosperms. Of this percentage of angiosperm, species of Aciaca, Olea, Cordia, and 

Hagenia were some of the dominant species which were identified relatively at upper 

layers or relatively at recent time. Junipreus, Podocarpeus, Milletta and to some extent 

Ficus were the dominant species identified relatively at deeper layers or at early 

Holocene. 

 

This data set indicated that during early Holocene times (8000-6000 Cal yr B.P), there 

was moist climatic conditions and a relatively broad spectrum of taxa many of which 

occurred locally in the past times. During the mid-Holocene (6000-3000 Cal yr B.P) 

relatively less moist climatic condition coupled with more tree cover. At late Holocene 

(3000 Cal yr B.P up to now) is characterized by dominancy of few species particularly 

Acacia which can adapt to arid and semi arid climatic conditions. So this study has shown 

that the early Holocene vegetation types have been mixed but with those having affinity 

for sub-humid conditions (gymnosperms) being dominant over dry loving angiosperms 

(Acacia). The Late Holocene vegetation has also been mixed but with the dominance of 
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dry loving once. This situation further indicates that the Early Holocene in northern 

Ethiopia may not have been as wet as southern Ethiopia, though wetter than the climate 

in present climate of the region itself 

 

The substantial percentage increase in the amount of Acacia species suggests a drier 

climate. Indeed, it has been suggested that northern Ethiopian highlands particularly in 

Tigary, these changes in forest vegetation type could be attributed to human disturbances 

that led to more arid climatic conditions of the present, as indicated by wide regeneration 

of secondary forests of Acacia woodland.  From the view of points of ecological, human 

environmental and climate change reconstructions, detailed analyses of past charcoal 

assemblages from several sites with large collection of reference material can provide 

much detailed information about climate and vegetation changes of the past. The present 

study provides evidence of ancient forest fire. However the cause (anthropogenic or 

natural fire) this ancient forest fire was not addressed in this study and this requires 

further investigation, which may advance our understanding on human environmental 

interaction in northern Ethiopia.  
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6.2 Recommendation 
 
 Knowledge of the short-term vegetation response to climate and land-use variation in 

the past may help to provide a basis for land use management and conservation policy 

for anticipated future changes. 

 

 As this study is an icebreaker to reconstruct the vegetation history of the area, very 

intensive and broad research using multiple proxies will require to know the 

vegetation, climate and human history of the study area in particular and of Ethiopia 

in general.  

 
 Because this work is the first attempt to reconstruct palaeoenvironment using 

charcoal analysis here in Ethiopia, there is an urgent need to establish fully functional 

laboratory for palaeo-botanical analyses in the Ethiopian universities and research 

institutions.  

 

 As evident in the other parts of the region like water shed managements and area 

closure, if the land is properly managed, the degraded land could be rehabilitated. 
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8 APPENDIX 
 

 I. A brief description of the most important ecological for the 11 different species. 
  

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

                                                                     Figure. 1. Hagenia abyssinica 
 
Hagenia abyssinica may have been one of the dominant trees in the upper part of the 

montane forest belt in Ethiopia, as it still is in East Africa, but now only scattered trees 

remain in most area. It was once abundant in the semi-humid mountain woodlands of 

Ethiopia with the altitudinal range of between 2450 and 3250 m asl( Friis, 1992) gave a 

wider altitudinal range of 1850- 3700 m asl.  But according to (Azene Bekele, 1993), 

formerly it was one of commonest high –altitude rainforest trees in Ethiopia. Now only 

scattered trees remain in moist and wet Weyna Dega agro -climatic zones, at altitude of 

2300-3300m. 
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Figure. 2. Juniperus procer.(cross-section)                Figure. 2. Juniperus procera(radial ) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 2. Juniperus procera(tangential) 
 
 

A valuable timber tree indigenous to Ethiopia and eastern Africa high land forest,1500- 

3000m.It does best in high rain fall area but can survive quite dry conditions once 

established.. It is performs well in moist and wet Weyna Dega and Dega agro -climatic 

zones (Azene Bekele, 1993). The species usually grows in mountainous areas and on 

rocky grounds. It is an evergreen timber tree that thrives on well-drained soil of tropical 

montane .
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                   Figure 3  Croton macrostachyus (Bisana) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
Figure .  C.  macrostachyus (radial)                          Figure .  C.  macrostachyus (Tangential) 
 
 

Wide spread on forest margins, along road sides, and in Juniperus-Podocarpus habitats. It 

grows mostly on soils of volcanic origin in Dry, Moist and Wet Weyna Dega, and Dega, 

as well as in upper altitudes of Dry Kolla agroclimatic zones in western Eritrea, Tigry, 

Gonder, Gojam, Welo, Bale, Shewa, Illubabor, Kefa, Sidamo and Hrarge regions,   1100-

2500 m (Azene Bekele, 1993). 
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 Figure 4. Erythrina brucei (cross section)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     
Figure . Erythrina brucei (radial)                  Figure  Erythrina brucei (Tangential) 
 
 
 
 
A tree found only in Ethiopia .It is widespread in wood land, upland forest edges or glass 
lands of moist and wet Kolla and Weyna Dega agro climatic zones, 500-2000m. (Azene 
Bekele, 1993). 
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Figure5. Millettia ferruginea.(cross section)                 Figure . Millettia ferruginea(radial) 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                 
                                                             
 Figure   Millettia ferruginea(Tangential) 
 

Millettia ferruginea is found in upland forests and forest remnants of Shewa, Tigray, 

Kefa, Sidamo, Illubabor, Gojam, Wolega, Bale, Hararge, Gondar regions, and it performs 

well in moist and wet Kolla as well as dry, moist and wet Weyna Dega agro climatic 

zones, 1000-2500 m (Azene Bekele, 1993). The natural habit of the species is rather 

diverse. Consequently, sub species ferruginea commonly occurs between 1000 m and 

2500 m above sea level, while the range for subspecies derassana is between 1600 and 

2500m. 
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   Figure6. Podocarpus falcatus(cross section)            Figure . Podocarpus falcatus(radial)  
                                                                            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             

Figure. Podocarpus falcatus( Tangential) 
 
 
 
 
 
 

Podocarpus trees are mainly found in southern hemisphere. These confer which have no 

cones are related to junipers and also know as yellow woods. P. falcatus is a large tree of 

the semi – humid lower high land forest of the central and eastern highlands in moist and 

wet Weyna Daga and Daga agro- climatic zones, 1600-2500 (Azene Bekele, 1993). 
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Figure7 .Ficus sur  (cross section)                                    Figure Ficus sur  (radial) 
 
                                  
 
 
 
 
 
 
 
 
 
 
 
 
                                                                   
                                       Figure Ficus sur (tangntail) 
  
 
 
 
 
 
 
 
Found along river banks, in upland rain forest mountain grass land or secondary scrub in 

moist and wet Weyna Dega agro climatic zones, 1400-2500m (Azene Bekele ,1993). 
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Figure 8 Olea africana(cross section)                      Figure  Olea africana(radial) 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                               

Figure . Olea africana(Tangential) 
 
 

It grows to 25m tall and is widely distributed as relic trees or in drier forest and forest 

margins from 750 to 3000m a.s.l. The tree is hard and drought resistant .Widely 

distributed in dry forest and forest margins, often with junipreus procera, in east Africa 

and Ethiopia. Does best in moist and wet Weyna Dega and lower Dega agro- climatic 

zones (Azene Bekele, 1993). 
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Figure 9.Allophyius abyssinicus(cross section)    Figure 9.Allophyius abyssinicus(radial) 
 
 
 
 
 
 
 
 
 
 
 
                                                    
 
                  Figure 9.Allophyius abyssinicus (tangntal)  
 
 
 
A tree of high montane forest (together with Juniprerous, Podocarpus., Olea, Albizia 

,Croton) and in river line forests or forest edges at 1600-2800 (Azene Bekele, 1993). 
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 Figure10.  Cordia africana(cross section)                   Figure10.  Cordia africana(radial) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               
 
                                 Figure10.  Cordia africana(tangnatial) 
 
 
A tree common in Polyscias and Podocarpus forest as a forest remnant in cultivated 

areas, and is used in coffee plantations (Azene BekeleTesemma, 1993). 
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Figure 11. Acccia abyssinca(cross section)          Figure 11. Acccia abyssinca(radial) 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                Figure 11. Acccia abyssinca (Tangnital) 
 

 

 

dega agro climatic zones. It grows in a range of 1500-2800m (Azene Bekele, 1993) 

Acacia abyssinica form a very important component of the vegetation system in the drier, 

as well as in the wetter ecological zones of Ethiopia. It occurs in woodland, wooded grass 

land as well as in most highland forest edges. It is widely distributed in most parts of the 

country, especially in the north-western highlands, as well as in the southern parts of the 

south east highlands of Ethiopia (Azene Bekele 1993). 

 

 

 

 



                                                                        80 
 

  
II. Some of the similar structure of the modern and fossil charcoal. 
 
 
 
   
  

 

 

 

 

 

 

 

 

 MMIa 120-130 Cm 

 Erythrina brucei 

 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
              Croton macrostachyus                                                       MMII15-20 Cm 
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                                                                                            MMII 45-55Cm 
 Hagenia abyssinica 
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