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Propositions 
1. Before effective measures can be taken to prevent Boswellia papyrifera from 

disappearing, information is needed on its distribution, ecological requirements, 
population structure and natural regeneration, and on the factors and processes 
leading to the decline of the natural Boswellia population. 
(This thesis) 

2. As long as farmers have no rights to tap Boswellia trees and have no title on 
their land, efforts to counter-act the decline of the Boswellia woodlands 
should be directed towards solving the prevailing regeneration problem. 
(This thesis) 

3. The absence of recruitment in natural Boswellia stands is largely due to low 
production of viable seed by tapped mother trees. 
(This thesis) 

4. By delivering both products and services, and by spreading the risk of crop 
failure, agroforestry has the potential to strengthen the economic and 
ecological basis of agricultural production systems. 
(M. Wessel and K.F. Wiersum 1999) 

5. Great civilizations have risen where water supply was plentiful and fallen when 
supplies failed. Therefore, water is bom slave and master. Treat the slave well 
and the master will be served better. 
(I.H. Zahid) 

6. A time of crisis is also a time of opportunity, for changes do not occur in time 
of stability and prosperity. 
(Tewolde B.G. Egziangher). 

7. The sandwich of a Dutch PhD fellowship is filled with chocolate rain and peanut 
butter. 

Woldeselassie Ogbazghi 
The distribution and regeneration of Boswellia papyrifera (Del.) Hochst. In Eritrea. 
January 23,2001 
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Abstract 

Title: Woldeselassie Ogbazghi, The distribution and regeneration of Boswellia papyri/era 

(Del.) Hochst. in Eritrea. Ph.D. thesis, Department of Environmental Sciences, Silviculture 

and Forest Ecology Group, Wageningen University. 

Boswellia papyrifera (Del.) Hochst. is a deciduous gum-producing multipurpose 

perennial tree species growing in Sudanian and Sahelian regions. The tree is tapped on the 

stem for oleo-gum called olibanum (true frankincense). Land clearing for agriculture and un­

regulated grazing are threatening the future of the natural Boswellia woodlands in Eritrea. 

Against this background, a study was carried out to investigate the distribution of the species 

and the factors determining its distribution in Eritrea, to study the structure and dynamics of 

Boswellia populations, including the natural regeneration, and to identify the factors causing 

the decline of Boswellia woodlands and measures which can reverse this situation. At 

macro-level, the distribution of the species was found to be limited to the southwestern and 

southern parts of the country between 800-1850 m altitude receiving a mean annual rainfall 

of 375-700 mm with a dependable length of growing period of 45-100 days. At micro-level, 

the abundance and distribution of the species was found to be affected in order of importance 

by altitude, land use intensity, soil organic matter, and to a lesser extent by silt and pH. Tree 

development studies showed that trees in the lowlands were twice as high as those in the 

highlands. The most important outcome of the population structure study is the lack of 

regeneration. Out of five areas investigated regeneration was only found at two sites where 

trees were not tapped and which were not accessible to livestock. Further research showed 

that the present system of intensive annual tapping throughout the dry season leads to low 

production of non-viable seeds and that where viable seeds are produced, seedlings and 

saplings are usually destroyed by livestock. Establishment of enclosures in which tapping 

and grazing is not allowed were found to be an effective measure to promote natural 

regeneration. Further research is needed to refine this system and to investigate the 

feasibility of replanting former Boswellia areas. 

Keywords: gum, frankincense, distribution, altitude, rainfall, temperature, land use intensity, 
topography, soil characteristics, tree development and morphology, population structure, 
seed production, regeneration, tapping, grazing. 



Preface 

Many indigenous tree species including Boswellia papyri/era have become endangered. 

Some useful tree species have disappeared completely as the result of human and 

environmental factors. So far, not much has been done to identify the factors affecting the 

distribution of these endangered species, also the factors affecting their regeneration process. 

All afforestation activities so far carried out in Eritrea, heavily depended on scientific results 

generated elsewhere. Nonetheless, commendable reforestation activities and area closures 

have been under taken to rehabilitate degraded lands. Further steps are necessary to identify 

the ecological requirements of the indigenous species and to promote the regeneration. The 

distribution and regeneration study of Boswellia papyrifera was carried out against these 

backgrounds and it is anticipated that, the results of this study will contribute positively to 

the restoration of Boswellia papyrifera in Eritrea. During the inception of this research 

proposal many individuals have stimulated my ideas and I would like to thank them all. 

I would like to express my sincere gratitude to Prof. Dr. M. Wessel and Dr. Frans 

Bongers for their endurance and much-needed support. Their invaluable scientific guidance 

and stimulating discussions made my education fruitful both at Wageningen University and 

Research Centre and in Eritrea. In addition to their scientific guidance, their advice and 

comments in the structuring of this thesis has been extremely helpful. Without their 

vivacious support, the work could not have the quality it has now. I highly appreciate the 

encouragement and support provided by Prof. M. Wessel during his visits of the research 

site. In addition to this, I really enjoyed the warm friendliness and hospitality of both the 

Wessel and Bongers families, especially of Mrs. P.C. Wessel-Riemens and Yvonne 

Geraedts. 

This thesis was supported by a MHO-NUFFIC co-operation project between the 

Wageningen University and Research Centre, the Netherlands and University of Asmara, 

Eritrea. I wish to express my special thanks to both institutions. During my research period 

in Eritrea, I was exempted from the normal teaching load and could fully focus on my 

research. I would like to thank the University of Asmara for its overall support, and 

specifically the College of Agriculture and Aquatic Sciences. 

A rewarding aspect of my study at Wageningen University and Research Centre has 

been the warm welcome and friendship I have had with a number of academic and 

administrative staff at the Sub-Department of Forestry. I would like to thank them all. My 

special thanks go to Dr. Lourens Poorter and Mr. Toon Rijkers who read some of the 

Chapters of the thesis and provided many constructive comments, and to Mrs. Joke Jansen, 

Miss. Kathinca Huisman and Mr. Ruud Plas, who greatly facilitated my work. I also would 

like to thank Mr. Willem Scholten and his colleagues of Unifarm for their continuous 



support and their work in raising seedlings under controlled conditions at Wageningen. I 

would like to extend my gratitude to Mr. Piet Kostense, graphic designer, for the preparation 

of the various maps. 

Many individuals and institutions facilitated my field data collection and the 

experiments in Eritrea. My special thanks go to Mr. Semere Amlesom (Director of the 

Institute of Agricultural Research and Training, Ministry of Agriculture), and Mr. Tecleab 

Mesghina (Director of the Department of Environment, Ministry of Land, Water and 

Environment). Mr Iyassu Gebre-Tatios and Mrs Ghidey Gebreselassie (both staff of the soil 

laboratory) took care of the chemical soil analyses. The Ministry of Agriculture and Local 

government staff was extremely helpful in the execution of the fieldwork and I would like to 

thank them all. In Debub region, Mr Yemane Kibrom (Adi-Quala sub-region) and Mr. Zeray 

Mesghina (Mai-Mine sub-region) kindly provided land to carry out establishment trials and 

to raise seedlings in the nurseries of Sheka-Iyammo, Mai-Tsebri and Mai-Mine. They also 

gave permission to carry out tapping experiments and regeneration studies in permanent 

plots at Atawen and Adi-Ketina. In North Red Sea region, the late Mr. Amaneul Kidane 

(Ghinda, Ministry of Agriculture) and the late Dr. Jaeffer Abubaker and Habtom Gudum 

(Management Institute, Embatkalla) allowed access to land for establishment trials at Ghinda 

and Embatkalla respectively. In the Anseba region Mr Yohannes Asfeha (local government, 

Elabered) facilitated the inventory studies and the experiments on the effect of tapping on 

regeneration in Ferhen. 

A good balance between my Ph.D. research and teaching task in a sandwich model 

could be maintained thanks to the generous co-operation and encouragement of the 

colleagues at the College of Agriculture and Aquatic Science. In this respect, Dr. Berhane 

Kifle-Wahid and Dr. Bessrat Ghebru (Deans of the College) did all they could to facilitate 

the research. My special thanks go to Mr. Mehari Zewde, of the Department of Soil and 

Water Conservation, who took part in the collection of soil samples. 

While undertaking the fieldwork, I had the support of many individuals, too 

numerous to mention here. Thank you all. A special thanks go to Mr. Naizghi Haile (Gash-

Barka, Ministry of Agriculture), Mr. Tekle Berhane (Gash-Barka local government) and the 

local government staff in Molki and Laelay-Gash sub-regions. They are acknowledged for 

their support in facilitating the fieldwork and for providing field guides. Among the various 

areas included in the study, the following sub-zones and village administrations are 

particularly acknowledged for their participation in the inventory studies in: (1) Anseba 

(Yegar, Azefa, Ferhen, and Fredareb) (2) Gash-Barka (Molki, Mai-Lam and Dembe-Doran) 

(3) Laelay Gash (Shilalo, Sheshebit, Mai-Kokah, Dersenay and Deda-laelay) (4) Debub 

region (Mai-Mine, Adi-Ketina, Meker-Tsablla and Berakit), (5) Adi-Quala sub-region (Adi-

Abraham and Bete-Tsion). I can not conclude this note without thanking the communities 

residing in vicinities of the Boswellia papyriferu woodland for providing valuable 



information on the distribution and the state of the species in their neighbourhood. I warmly 

appreciate their friendship and hospitality and will remain indebted to them for the years to 

come. Without their co-operation this thesis would not have been written. 

My most dearest gratitude goes to my beloved wife Tsegeweini Woldemichael, my 

dear children Biniam, Lidia, Hanna and Nahom, and all my family members for their 

encouragement and their support. They had to endure my absence for long periods, not only 

when I was in the Netherlands, but also during fieldwork back home in Eritrea. I hope to be 

more at home in the future. 

Woldeselassie Ogbazghi, September 2000. 



Contents 

1 General introduction 1 

/. / Boswellia papyrifera in Eritrea: its importance and decline I 

1.2 The need for research 2 

1.3 Research objectives and hypotheses 3 

1.4 Theoretical framework of the thesis 3 

1.5 Outline of the thesis 4 

2 General background: environment, natural resources and population of Eritrea 7 

2.1 Geographic location 7 

2.2 Geology, topography and soils 7 

2.3 Climate 8 

2.4 Agroecological zones 8 

2.5 Vegetation of Eritrea 11 

2.6 Forest cover and its decline 13 

2.7 Population and livelihood 15 

2.8 Land tenure and consequences for the vegetation 16 

3 Macro-distribution of Boswellia papyrifera 19 

3.1 Introduction 19 

3.2 Methodology 21 

3.2.1 Selection of survey areas 21 

3.2.2 Data collection 22 

3.2.3 Data analysis 22 

3.3 Results 23 

3.3.1 Geographical distribution 23 

3.3.2 Combined effects of altitude, rainfall and growing period 27 

3.3.3 Occurrence in relation to individual factors 29 

3.4 Discussion 31 

3.5 Conclusion 32 

4 The micro-distribution of Boswellia papyrifera 33 

4.1 Introduction 33 

4.2 Material and methods 34 

4.2.1 Selection of study areas 34 



4.2.2 Placement of sample plots 34 

4.2.3 Description of sample plots 35 

4.2.4 Soil sampling and analysis 36 

4.2.5 Plant measurements and counts 36 

4.2.6 Data analysis 36 

4.3 Results 39 

4.3.1 Topography and soil conditions 39 

4.3.2 Abundance in relation to altitude 39 

4.3.3 Abundance in relation to land and soil characteristics 41 

4.3.4 The abundance of Boswellia across the whole altitude gradient 43 

4.3.5 The abundance of Boswellia in relation to land use and topography 44 

4.3.6 Abundance in relation to topographic position 45 

4.3.7 Abundance in relation to aspect 46 

4.4 Discussion 47 

4.5 Conclusion 49 

Tree development and morphology of Boswellia papyrifera 51 

5.1 Introduction 51 

5.2 Methodology 51 

5.2.1 The study areas 51 

5.2.2 Plant size measurements 52 

5.2.3 Data analysis 52 

5.3 Results 53 

5.3.1 Tree size variation 53 

5.3.2 Tree development 54 

5.3.3 Tree size in relation to land and soil properties 57 

5.3.4 Tree size in relation to land use types 58 

5.4 Discussion 60 

5.5 Conclusion 62 

Population structure of Boswellia stands 63 

6.1 Introduction 63 

6.2 Materials and Methods 64 

6.2.1 Selection of study areas 64 

6.2.2 Placement of sample plots 64 

6.2.3 Plant measurements 65 

6.2.4 Comparison between sites and land use types 65 

6.3 Results 66 

6.3.1 Differences in population structure among study areas 66 

6.3.2 Population structure in relation to land use 68 

6.3.3 Relationship between size classes 70 



6.3.4 Size class distribution in relation to altitude 71 

6.4 Discussion 72 

6 5 Conclusion 74 

7 Possible reasons for lack of regeneration of Boswellia papyrifera 75 

7. / Introduction 75 

7.2 The effect of grazing on establishment 76 

7.2.1 Materials and Methods 77 

7.2.2 Results 78 

7.2.3 Discussion 82 

7.3 The effects of tapping on the reproductive cycle o/Boswellia papyrifera 83 

7.3.1 Materials and Methods 83 

7.3.2 Results 85 

7.3.3 Discussion 87 

7.3.4 Conclusion 89 

8 General discussion 91 

8.1 Review of results 91 

8.2 Conclusions 94 

8.3 Recommendations 95 

References 97 

Appendices 107 

Summary 123 

Samenvatting 127 

Curriculum Vitae 131 



CHAPTER 1 

1 General introduction 

1.1 Boswellia papyrifera in Eritrea: its importance and decline 

Boswellia papyrifera (Del.) Hochst. belongs to the family Burseraceae. It is a deciduous tree 

species reaching a height of up to 12 m with thick branches tipped with clusters of leaves. Its 

bark is smooth, pale yellow-brown, pealing off in large papery pieces. A cut in the bark 

looks red-brown and a fragrant milky gum comes out of it. The leaves are large pinnately 

compound on a stalk about 45 cm long consisting of 6-8 pairs of leaflets and one at the tip. 

Each leaflet is oval in shape, 4-8 cm in size and densely haired below, the edge sharp or 

rounded-toothed, some times double toothed. Flowers are sweet smelling developing on 

pubescent panicles at the ends of thick branchlets, appearing when the leaves have fallen off. 

The red flower stalk is to 35 cm long and bears the white-pink flowers with 5 petals and 10 

yellow stamens. The fruit is a red capsule about 2 cm long, three-sided, consisting of three 

hard seeds with apical horn (Weiss 1987, Vollesen 1989, Bein et al. 1996). 

Boswellia papyrifera is an indigenous gum producing multipurpose perennial tree 

species that grows in drier parts of Africa from Nigeria in the west to Eritrea and Ethiopia in 

the east. Boswellia papyrifera produces an oleo-gum called olibanum (true frankincense) by 

tapping the stem. This frankincense has been in use since 1700 BC (Howes 1950), and it is 

still widely used in churches all over the world. It is also the main source of frankincense 

used in the orthodox churches in Eritrea and Ethiopia (Demissew 1993, 1996). The gum is 

also a source of essential oils, which are used in the perfume industry, in the fabrication of 

varnishes and paints and as a laxative ingredient in the pharmaceutical industry (Ahmed 

1982, Stiles 1988, Ammon et al. 1993, Kuchar 1995). 

Boswellia wood is used for poles and timber by rural communities and to a lesser 

extent also for industrial manufacturing of wooden products such as match boxes, boards and 

ply wood (Mueller-Eckhardt 1967, James 1968). The leaves provide dry-season fodder for 

livestock, while the flowers are a good source of nectar for bees. Leaves, bark, and roots are 

also used as traditional medicines for various diseases and gums are sometimes used to 

quench thirst (Bekele et al. 1993, Bein et al. 1996, Gebremedhin and Negash 1999). The 

species is one of the tree species recommended for economic development and 

desertification control in arid and semi-arid areas (Stiles 1988, Michele 1993). 

Large-scale exploitation of Boswellia trees for gum did not start until 1932, when the 

Italians introduced a concession system to stimulate the frankincense export (Maugini 1932). 
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As Boswellia papyrifera is not yet domesticated, gum collection takes place from naturally 

growing trees in the woodlands. Since the introduction of the concession system in Eritrea, 

gum collection and commercialisation is still an exclusive right of concessionaires. 

The ecological functions of Boswellia papyrifera have not been systematically studied, 

but they are thought to play a significant role in soil and water conservation and greening of 

the landscape. For instance, in some parts of the lowlands, the species constitutes a major 

plant cover. It could be used in other, ecologically similar, areas as well. Today the species is 

found mainly on land that is unsuitable for agricultural purposes. 

At present, Boswellia papyrifera is threatened as the result of several interrelated 

factors. Increasing population pressure has resulted in the conversion of woodlands to 

agricultural land while unregulated grazing by which young seedlings are either eaten or 

trampled by livestock, is hindering the natural regeneration. In part, all this happens because 

the local community has no interest to protect trees, which they are not allowed to exploit 

and thus regard as an obstacle on their land. 

Another factor causing the decline of Boswellia papyrifera is the exploitation system. 

Trees are tapped every year in the dry season. The frankincense tappers are contracted by the 

concessionaires and are paid based on the amount of gum collected. This easily can lead to 

over-tapping. Intensive tapping is thought to have resulted in the death of many trees, 

especially during periods of drought. Furthermore, there are indications that over-tapping 

may lead to poor seed production and hence poor regeneration. The decrease in the number 

of gum-yielding trees is reflected in the decline in gum export which dropped from 2000 

tons in 1974 to 400 tons in 1998 (Asmara Chamber of Commerce 1974, Ministry of 

Agriculture 1999). Long-term export statistics are found in Appendix 1. 

1.2 The need for research 

Despite the actual and potential uses of Boswellia papyrifera, no attempts have been made to 

improve its utilisation. Nor have attempts been made to understand the reasons for the 

decline of the population in the country. The occurrence of the species in Eritrea is well 

documented but detailed information on its distribution, abundance, and stand structure is 

not available. It goes without saying that before effective measures can be taken to prevent 

the species from total disappearance, information will be needed on its present distribution 

and ecological requirements, population structure and natural regeneration, and on the 

factors and processes leading to the decline of the Boswellia population. 
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1.3 Research objectives and hypotheses 

The general objectives of the research presented in this thesis are: 

to investigate the distribution of Boswellia papyrifera (Del.) Hochst. in Eritrea 

and the factors determining the distribution limits. 

to study the population structure and population dynamics of remnant Boswellia 

populations, including the natural regeneration. 

to identify the factors causing the decline of the Boswellia woodlands and 

measures which can reverse this situation. 

The main hypotheses are: 

Boswellia papyrifera occurs in southwestern parts of Eritrea within an altitude range 

between 850-1800 m above sea level. Its absence from the central highlands and eastern 

escarpment suggests that low temperature limits its spread eastwards and that low rainfall 

prevents its spread to the north and northwest. Within the present distribution limits, 

intensive land use and unregulated grazing affect the abundance and stand development of 

the Boswellia woodlands. Tapping of the trees for gum has a negative effect on the 

reproduction of the species. 

1.4 Theoretical framework of the thesis 

Boswellia papyrifera is a sexually reproducing tree species. Generally, a tree's life cycle 

consists of four major developmental stages, namely seed, seedling, sapling, and adult 

reproductive tree. Plants maintain and expand their populations over time by the process of 

regeneration (Alder and Synnott 1992, Barnes et al. 1998). Regeneration includes seed 

production and maturation of seeds so that they are ready for dispersal. In sexually 

reproducing plants, seed production is followed by dispersal of fruits and seeds, germination, 

and finally, the establishment of the seedlings in the area. The establishment of seedlings is 

followed by vegetative development of saplings and later to an adult reproductive tree. The 

growth and development of each life stage of plants is affected by internal and external 

factors (Harper 1977, Larcher 1995, Richards 1996). In this research, the focus is on the 

external factors affecting the distribution and regeneration of Boswellia papyrifera. 

Based on this model, the life cycle of Boswellia papyrifera is divided into four major 

stages: seed, seedling, sapling, and tree (Figure 1.1). The transition from one developmental 

stage to the next is affected by two major factors: environmental and human induced factors. 

The environmental factors are sub-divided into biotic (e.g. local flora and fauna) and abiotic 
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factors (e.g. topography, soil, climate). These factors in general affect the whole life cycle. 

The main human-induced factors are land clearing, grazing and tapping of trees. Land 

clearing affects the whole life cycle. Grazing and tapping affect a specific stage of 

development: grazing affects both seedlings and saplings while tapping affects the adult tree 

(Figure 1.1). Both environmental and human factors are also linked in that the modification 

of the physical environment by man has an effect on the overall environmental setting which 

in turn influences the life cycle of the species and hence its distribution and regeneration. 

Environmental factors 

i f 

biotic factors: 
local flora and fauna 

V 

abiotic factors: 
topogra )hy,soils, climate 

1 

Figure 1.1 A conceptual framework used to analyse the distribution and regeneration of Boswellia 
papyrifera (Del.) Hochst. 

1.5 Outlineofthethesis 

The thesis consists of eight Chapters. Following the introduction Chapter 2 provides general 

information on the environment, vegetation and forest resources, and the population of 
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Eritrea. Furthermore, it pays attention to the land use and land tenure and its impact on tree 

planting and forest conservation. 

In Chapter 3, the macro-distribution of Boswellia papyrifera is presented. The 

geographical locations where the species occurs and areas from where it has disappeared are 

identified. Its occurrence is described and analysed in relation to three factors: altitude, 

rainfall, and length of growing period. 

After identifying the major Boswellia papyrifera growing areas in Eritrea, the 

distribution of the species is studied at micro-level in five representative sites in Chapter 4. 

Its distribution and abundance are quantified and described in relation to the major site 

conditions (landforms, soils, and land use). 

In Chapter 5, the tree development and morphological characteristics of Boswellia are 

described. The variations in tree size are determined and analysed in relation to site 

conditions and altitude. 

Chapter 6 deals with the population structure of Boswellia papyrifera stands in five 

representative sites. The size class distribution is described and the regeneration status of the 

species in those areas is analysed in relation to the land use. 

Possible reasons for lack of regeneration of Boswellia papyrifera stands in Eritrea are 

analysed in Chapter 7. The effects of two major factors, e.g. land use and exploitation of the 

trees for gum, on recruitment and establishment are studied in detail. 

Finally, in Chapter 8 a general discussion and synthesis of the research results is 

presented. Practical measures and research priorities are proposed, to counteract the decline 

and degradation in Boswellia woodlands. 
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2 General background: environment, natural resources and 

population of Eritrea 

2.1 Geographic location 

Eritrea is situated in the northeastern part of Africa between latitudes 12°40' and 18°02' and 

longitudes 36°30' and 43°23'. It borders on Sudan in the north and west, on Ethiopia in the 

south, on Djibouti in the southeast and on the Red Sea in the east and northeast (Figure 2.1). 

The land surface area of the country is 125,700 km2 (Department of Environment 1998). 

2.2 Geology, topography and soils 

The geology of Eritrea is variable due to continuous uplifting and faulting. Geologically 

Eritrea is divided into two distinct regions: the central and northern highlands, and the 

coastal areas. The central and northern highlands consist of the Pre-Cambrian Basement 

complex of the oldest formations found in Africa. The western highlands with their typical 

flat-topped mountains are mostly covered by tertiary basaltic flows. In western Eritrea, the 

basement complex was later covered by young quaternary sediments but locally rocky 

outcrops of the basement complex occur (Mohr 1970, Drury et al. 1994). The formations 

along the Red Sea coasts and the southern Danakil plains are younger and consist of tertiary 

and quaternary sediments and volcanic rocks. The latter are associated with the Red Sea and 

the Afar rift system, which cuts through the area from south to north, accompanied by many 

fault lines. During the Tertiary, sandstone and limestone were formed along the eastern 

coast, where at present lagoons and salt plains are found (Mohr 1961, 1987). 

Eritrea can be divided into three topographic regions: eastern coastal zone, the 

highlands, and the western lowlands (Jones 1991). The highlands stretch from south to north 

dividing the country into the eastern and western lowlands. In the south, the highland is 

predominantly a plateau while in the north dissected hills, mountains, and escarpments 

dominate. The western and eastern lowlands are predominantly flat areas with dome-shaped 

hills (Haggag 1961). The highland is an extension of the high land of East Africa. The 

descent to the west and the east are different in that the land slopes gradually to Sudan in the 

west and abruptly towards the Red Sea, where over a distance of 50 km the altitude changes 

from 3030 m above to 100 m below sea level. These variations in the topography greatly 

influence the temperature and rainfall regimes of the country. 
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Information on the Eritrean soils is scarce. Some local studies on surface soils are 

reported by Murphy (1968), Maskey (1985), and Haile et al. (1998). In view of this 

constraint, the soils can only be considered in a general way referring to some of the soil 

groups described by FAO (1994). According to an updated version of their classification 

(FAO 1997a), nine major soil types distributed over six agroecological zones are identified 

(see section 2.4, Agroecological zones). 

2.3 Climate 

The climate of Eritrea ranges from hot and arid adjacent to the Red Sea to temperate in the 

highlands and sub-humid in isolated micro-catchment area in the sub-humid on the eastern 

escarpment. It can be described in general terms as follows. Most parts of the country (70%) 

is classified as hot to very hot with mean annual temperature of more than 27°C; about 

(25%) as warm to mild with a mean temperature of about 22 °C, and the remaining parts 

(5%) as cool with a mean annual temperature of less than 19 °C. The total annual rainfall 

increases from the north to south and varies from less than 200 mm in the northwest 

lowlands to more than 700 mm in the southwestern lowlands. Besides, the amount of rainfall 

also increases with altitude. While the coastal lowlands are very dry, some areas on the 

eastern escarpment get more than 1000 mm. As to areas covered by the different rainfall 

regimes, about 50% of the country receives less than 300 mm, 40% between 300 and 600 

mm and about 10% more than 600 mm of rain per annum (FAO 1994, Haile et al. 1998). 

Representative data of the major agroecological zones are given in Appendix 2. 

2.4 Agroecological zones 

As shown in the previous sections, Eritrea has a large variation in landscape and climatic 

features (Haggag 1961). The agroecological map (FAO 1997a) has six major agroecological 

zones: moist lowland, moist highland, arid lowland, arid highland, semi-desert and sub-

humid (Figure 2.1). The general characteristics of the agroecological zones in terms of area, 

topography, altitude and climate are specified in Table 2.1. 

The major soil types of these zones are given in Table 2.2. The Cambisols and 

Lithosols are found in all six agroecological zones, while the Regosols Fluvisols are found in 

four of them. Soils with the highest agricultural potential e.g. the Luvisols, Fluvisols, and 

Vertic Cambisols are found in the moist highland and moist lowland of Eritrea. Limited soil 

depth and steep slopes limit their potential in many places. 
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Figure 2.1 Agroecological zones of Eritrea (FAO 1997a) 
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Table 2.1 Description of the six agroecological zones of Eritrea. 

area (km2) 

total area (%) 

slope (%) 

altitude (m a.s.l.) 

rainfall (mm) 

temperature (°C) 

PET(mm)(1) 

DLGP(days)(1) 

MLGP (days)(1) 

sub-

humid 

1,006 

1 

8-100 

600-2600 

700-1100 

16-27 

1600-2000 

60-210 

90-240 

arid 

highland 

3,143 

3 

2-100 

1600-2600 

200-500 

15-21 

1600-1800 

0-30 

30-60 

agroecolo 

moist 

highland 

9,302 

7 

2-30 

1600-3018 

500-700 

15-21 

1600-1800 

60-110 

90-120 

gical zone 

moist 

lowland 

20,363 

16 

2-30 

500-1600 

500-800 

21-28 

1800-2000 

50-90 

60-120 

arid 

lowland 

43,115 

34 

0-30 

400-1600 

200-500 

21-29 

1800-200 

0-30 

30-60 

semi-

desert 

48,772 

39 

0-30 

<100-1355 

<200 

24-32 

1800-2100 

0 

<30 

Source: FAO (1997a). 
(1) PET is Potential Evapotranspiration, DLGP is Dependable Length of Growing Period, 

MLGP is Median Length of Growing Period. 

Table 2.2 The occurrence of the major soil types in the different agroecological zones of Eritrea. The + 
sign represents the occurrence and the - sign is absence of the soil type. 

soil type agroecological zone 

moist arid moist 
highland highland lowland 

arid 

lowland 

+ 

+ 

+ 

sub-

humid 

+ 

+ 

+ 

semi-

desert 

+ 

+ 

+ 

Cambisols 

Lithosls 

Fluvisols 

Regosols 

Xerosols 

Vertisols 

Andisols 

Luvisols 

Solonchaks 

+ 
+ 

Source: FAO (1997a). 
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2.5 Vegetation of Eritrea 

The vegetation map of Africa by White (1983) was originally made to document regions of 

the continent from which groups of associated unique species evolved, the so-called the 

regional centres of endemism. This map gave 20 major regional centres of endemism of 

which 4 (Sudanian, Somali-Masai, Afromontane, and Sahel region) are well represented in 

Eritrea (White 1983, Thulin 1983, Friis 1992). The Sahara regional transitional zone is 

limited to an isolated area along the Red Sea coast. Within these regions, similar vegetation 

types are grouped into mapping units. In Eritrea, there are nine mapping units, which 

represent nine vegetation types. The relation between White's (1983) regional centres of 

endemism and the distinguished vegetation types in Eritrea is given in Table 2.3. The 

geographical distribution of these nine types is shown in Figure 2.2. 

Boswellia papyrifera is found mainly in the Sudanian and Sahelian regional centres of 

endemism. In the Sudanian region, it is found in the undifferentiated woodland, Ethiopian 

type. In the Sahelian region, it occurs in wooded grassland and deciduous bushland. The 

species also extends to higher altitude in the East African evergreen and semi-evergreen 

bushland and thicket (Keay 1959, White 1983). 

The undifferentiated woodland, Ethiopian type, is found in the southwestern lowlands 

of Eritrea. As the amount of rainfall decreases from south to north, there is gradual transition 

to the Sahel region. Whereas the boundary between the Sudanian vegetation and the East 

African evergreen vegetation type is determined by altitude, the amount of rainfall 

determines the boundary between the Sudanian and the Sahelian vegetation (White 1983). 

Table 2.3 Vegetation mapping units and the main vegetation types present in Eritrea (cf. White 1983). 

major centre vegetation type represented in Eritrea 

of endemism 

Afromontane region Undifferentiated montane vegetation 

Sudanian region Undifferentiated woodland Ethiopian type 

Somalia-Masai region and East African evergreen and semi-evergreen bushland and 

Sahel region ticket 

Somalia-Masai deciduous bushland and ticket 

Somalia-Masai semi-desert grassland and bushland 

Sahel region Sahel Acacia wooded grassland and deciduous bushland 

Semi-desert grassland and bushland 

Sahara regional transition Red Sea coastal desert 

Wadis and open desert 
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In the Sudanian and Sahelian region the major woody plants associated with Boswellia 

papyrifera are (White 1983): Acacia tortilis, Acacia laeta, Acacia mellifear, Anogeissus 

leiocarpus, Balanites aegyptiaca, Boscia salicifolia, Boscia senegalensis, Combretum 

collinum, Combretum hartmannianum, Combretum molle Commiphora africana, Dalbergia 

melanoxylon, Dichrostachys cinerea, Erythrina abyssinica, Gardenia ternifoli, Lannea 

shimperi, Leptadenia pyrotechnica, Lonchocarpus laxiflorus, Maerua crassifolia, Piliosigma 

thonningii, Steriospermum kunthianum and Terminalia brownii. 

Afromorrtane Forest 

Undrtferentiated woodland Ethiopian type 

t::::::j:-::i3 Evergreen and semi-evergreen bushland and thicket 

I I Somalia Masai deciduous bushland and thicket 

j Sahel wooded grassland and Sahel deciduous bushland 

Sahel semi-desert grassland and the transition to the Sahara 

37° 38° 39° 40° 41° 42° 43° 

Figure 2.2 The vegetation map of Eritrea, based on the vegetation map of Africa (White 1983). 

At the upper limits of the Sudanian and Sahelian region other, more evergreen species, 

are found in association with Boswellia: Acokanthera schimperi, Carissa edulis, 

12 
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Commiphora africana, Dodonea ungustifolia, Euclea schimperi, Euphorbia candelabrum, 

Olea africana, Rhus natalensis, and Teclea spp. A comprehensive list of all woody plants 

found in association with Boswellia papyrifera along its entire altitude range is given in 

Appendix 7. 

2.6 Forest cover and its decline 

A century ago, about 30% of the total land area of Eritrea was covered by forest. This figure 

dwindled to 11% in 1952 (NEMP-E 1995, Bein et al. 1996) and in 1960, it was estimated to 

be 5% (Ministry of Agriculture 1994). Today the closed and open forest covers less 1%, 

while about 60% of the country is covered by bush land (Table 2.4). 

Table 2.4 Vegetation types and area covered in Eritrea. 

vegetation type 

closed-medium forest 

open forest 

riverine forest 

mangrove 

closed-medium closed woodland 

open woodland 

wooded grassland 

bush land 

agricultural land 

barren land 

others 

not classified 

area covered 

(km2) 

591 

410 

1,865 

64 

4,533 

9,541 

25,577 

53,824 

8,712 

18,265 

234 

2,172 

percentage of 

total land area 

0.5 

0.3 

1.5 

0.1 

3.6 

7.6 

20.3 

42.7 

6.8 

14.4 

0.2 

1.7 

Source: FAO (1997b). 

Recent studies on the causes of the decline of forest resources of Eritrea show that 

several interrelated factors have contributed to it. The main reasons are land clearing for 

commercial and subsistence agriculture, overgrazing, consumption of wood for fuel, 

construction of traditional houses, drought and land clearing for military purposes (World 

Bank 1994, NEMP-E 1995, Haile et al. 1996, Bein 1998). 

13 
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During the long history of subsistence agriculture and especially after the introduction 

of commercial agriculture many forests were converted into agricultural land. The 

seriousness of the problem was noted already during the Italian colonial period (Fiori 1912). 

With the increase in population, land clearing was extended to steep areas unsuitable for 

cultivation. Furthermore, increased demands for firewood and the use of wood for the 

construction of traditional houses had adversely effected the forest cover (Haile et al. 1996). 

Licensed commercial exploitation of timber, fuel-wood, and charcoal has further aggravated 

the problem (Jones 1991, Bein 1998). This is likely to remain as it is because the main 

source of domestic energy in the country is still wood (Habtesion 1997, FAO 1997b). 

Grazing pressure has intensified during the last century. As a result of improved 

veterinary services the livestock population has increased substantially. For instance, from 

1946 to 1976, the number of goats, sheep and cattle increased by 46% (Bein 1998). Recent 

estimates gave 1.65 million Tropical Livestock Units (FAO 1994, Haile et al. 1996). Grazing 

pressure is widespread throughout the country and is particularly severe during the dry 

season. There are no systematic data on the effect of the size of the livestock population on 

the forest cover but widespread degradation and lack of regeneration of many tree species 

due to overgrazing is evident everywhere. 

Land tenure, particularly the 'Dessa' system involving the periodic redistribution of 

arable land among villagers, provides no incentive for farmers to carry out permanent 

improvement to the land. Lack of tree tenure is the cause for neglect by the local 

communities to protect and plant new trees (Kebreab 1996, Bein et al. 1996). 

During the past decades a persistent fluctuation of rainfall has been recorded. Rainfall 

records in Asmara (1903-1932) show that out of the 30 years only in 13 years the rainfall 

exceeded the mean annual rainfall of 518 mm and that in the remaining 17 years, it was 

much less (Civil Aviation Authority, Asmara unpublished data). Later rainfall records (1933-

1962) of the same area and other meteorological stations in the country show a similar 

pattern. The effects of drought on the vegetation are unknown but many people living in 

areas affected by drought observed that a period of drought is usually followed by tree 

mortality. Many tree species have been severely affected following the drought of 1968-

1973 in the Sahel region. The effect of drought in this area was exacerbated by increased 

population pressure (White 1983, Workineh 1987). 

The negative effects of the 30 years liberation war (1961-1991) on forest resources 

have been emphasised in the Environmental Management and Action Plan of Eritrea 

(NEMP-E 1995, Bein 1996). It is, however, difficult to give precise figures on the extent of 

deforestation caused by three decades of war. Frequent bombardment and fire killed trees 

and many were cut to provide firewood and to construct trenches and military sheds. As the 
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forest and woodlands were regarded as hiding place for guerrilla fighters they were regarded 

a nuisance and recklessly cleared (Haile et al. 1998). 

In Eritrea, there are opportunities to rehabilitate and restore the degraded forests and 

woodlands. There are still remnant stands of secondary forest and woodlands that can be 

used for spontaneous regeneration and to raise seedlings. In the highlands, many forest tree 

species have been preserved in sacred sanctuaries and areas inaccessible to livestock grazing. 

These places are important sources of information on the environmental requirements for 

conservation and rehabilitation activities (Lamprecht 1989). So far, no clear plan has been 

developed on the conservation of endangered species and on the introduction of new ones. In 

many areas, various large-scale replanting schemes have been launched but their success has 

been limited so far. 

2.7 Population and livelihood 

To date, there is no complete census of the population of Eritrea. Various estimates indicated 

that the population has increased four fold during the past five decades. In the early 1940's, 

the population size was 757,000 of which 565,000 were sedentary farmers and the remaining 

192,000 nomads (Longridge 1974). In 1952 the population size increased to 1,031,000 

(Trevaskis 1975). Tedla (1964) estimated the population to be 1,500,000. The latest estimate 

by the World Bank (1994) puts this figure to 3 million. 

Agriculture is the largest sector of the economy in Eritrea. It occupies 80 % of the 

labour force, and contributes 26% of the gross domestic product (World Bank 1994). The 

rural communities live on subsistence agriculture comprising mainly cereal crop and 

livestock production (Cliffe 1988). Some coastal communities depend on fisheries as their 

means of livelihood. Agricultural production ranges from nomadic systems to small-scale 

irrigated horticultural production. Cliffe (1988) recognises three major agricultural systems, 

namely nomadic, semi-nomadic and sedentary agriculture, which are practised by 11, 22, 

and 67% of the population, respectively. Because crop cultivation entirely depends on 

animal traction, Haile et al. (1995) and Haile et al. (1996) classify the rural population as 

predominantly agro-pastoral. 

Because of its ecological diversity, Eritrea produces a wide range of cereals, 

vegetables, pulses, and fibre crops (Mesghina and Ghebru 1997, Araia et al. 1994). In the 

highlands, fanners grow taff, barley, wheat, oil seeds including niger seed, and various 

legumes such as lentils, chickpeas, and faba beans. In the lowlands, the main crops are pearl 

millet, sorghum, finger millet, sesame, groundnuts, cotton, fruits, and vegetable crops. In the 

lowlands, sorghum is the most important crop and accounts for about 46% of annual yield in 
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the country (Cliffe 1988, World Bank 1994) followed by pearl millet (16%) and barley 

(15%)(Araiaetal. 1994). 

In spite of the wealth of crop diversity in Eritrea, historical records show a chronic 

crop production deficit due to recurrent droughts and pest out-breaks. Cliffe (1988) 

estimated a normal harvest under non-disastrous situations to be between 220-250 thousand 

metric tons of cereals covering about 55-65% of annual national demand. During the 

liberation struggle and immediately after it, most of the rural communities in the country 

were dependent on food aid. In the early 1990's about 72% of the population was food-aid 

dependent (Appleton et al. 1992). Since then, the situation has improved because of 

increased food production, which resulted from a change in policy of food-aid dependence to 

food security programmes. 

2.8 Land tenure and consequences for the vegetation 

In Eritrea, three major land tenure systems have coexisted for many years. These are the 

'Rsti' (family ownership), 'Dessa' (village or collective ownership), and 'Demaniale' (state 

ownership (Nadel 1946, Zekarias 1966, Jordan 1989, Menghisteab 1992). The land tenure 

system varies from place to place. A new land law issued in 1994 has officially replaced the 

three traditional land tenure systems, but in practice, the situation has not changed 

(Government of Eritrea 1994). 

Individual family land ownership (Rsti) 

The individual family ownership of land refers to a system in which land could be acquired 

by settlement in a vacant area, purchase, or granting land by rulers (Zekarias 1966). A Rsti 

owner could be an individual, an institution such as a church, or an extended family. In many 

cases the extended family has lived in the area for several generations and considers itself as 

the founder of a settlement. In the Rsti system, in fact the individual ownership is always 

belonging to the extended family. An individual holder of Rsti land can cultivate or lease it 

or arrange share cropping, but can not sell it, nor give it away to an outsider without the 

consent of family members. Thus, individual Rsti holders do not have absolute right over 

their lands. Haile et al. (1998) mentioned that, although individual families have legitimate 

rights over their agricultural lands, grazing areas and fallow lands are communally used. 

Trees within a holding belong to the landholder who has the right to use them when needed. 

This, however, is not the case for tapping Boswellia trees for frankincense: here 

concessionaires have the complete right of tapping. Streams, wells, and land around 
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settlements are communally owned and managed by a council elected by the villagers 

(Zekarias 1966). 

Village land ownership (Dessa) 

Dessa is a traditional land tenure system of village-wide communal ownership of land. How 

the Dessa land tenure system came into being in Eritrea is not clearly known. Some sources 

(e.g. Nadel 1946, Trevaskis 1975, Jordan 1989) report that the Italians introduced it as a 

means of settling land disputes in the Rsti systems. Within the Dessa system, the village 

elders form a committee that establishes criteria for eligibility to a full share or a half share 

of a crop field. An adult member who permanently establishes a household in a village is 

entitled to a full or to a half share depending on criteria such as marritial status and the 

number of children in the household. The Dessa system involves land re-distribution every 

five to seven years by which each eligible household receives, often scattered, fields of 

different fertility classes. This situation discourages the landholders to make long-term 

investment such as planting of trees or the construction of soil and water conservation 

structures. After each land redistribution farmers have often to build new houses, and this 

puts extra pressure on the remaining forest resources. 

State ownership (Demaniale) 

During the Italian colonisation and later the British administration (1890-1940), traditional 

individual lands were confiscated in favour of Italian commercial agriculture (Longridge 

1974, Trevaskis 1975,). In the highlands, Demaniale lands were limited to the fertile lands 

used for irrigated agriculture and dairy farms. In the lowlands, however, all areas below 850 

m a.s.l. were declared state lands (Mesghina 1988). The latter status allowed open access to 

lands resulting in massive clearing of land and extensive unsustainable land use. 

Both Dessa and Demaniale systems and the rapid population growth have led to land 

degradation and unscrupulous cutting of the natural vegetation similar to what Hardin (1968) 

described it as " the tragedy of commons". The consequence can easily be seen in the 

highlands where more than 60% of the population lives in about 8% of the total area of 

Eritrea. 
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3 Macro-distribution of Boswellia papyrifera 

3.1 Introduction 

Boswellia is one of the 17 genera in the family Burseraceae that is widespread in all tropical 

regions and extending to the sub-tropics often as a dominant constituent of the vegetation in 

dry lowland areas (Heywood et al. 1993). The centre of geographic distribution of the genus 

Boswellia is located in the northeastern parts of Africa where more than 75% of its species 

are endemic to the area (Vollesen 1989). The species Boswellia papyrifera, one of the 20 

species in the genus, is widely distributed in the savanna areas of Africa (Breitenbach Von 

1963, White 1983, Keay 1989, Vollesen 1989, Menaut et al. 1996). 

Boswellia papyrifera is reported from several countries mainly in the Sudanian and 

Sahelian regions: Nigeria, Cameroon, Central African Republic, Chad, Sudan, Northeastern 

Uganda, Ethiopia, and Eritrea (Vollesen 1989, Demissew 1993) (Figure 3.1). In northern 

Nigeria, Boswellia papyrifera is found in the Zamfara forest reserve, and the Yola region 

from where it extends eastwards to Sudan (Keay 1959, 1989) and to the savanna area of 

northern Cameroon and the Central African Republic (White 1983). In Sudan, it is found in 

three major areas: the Roseires in the vicinity of the Ingessana hills, at the foot of Nuba 

mountains, and in the southern and western parts of the Jebel Mara massifs (James 1968, 

Wickens 1977, White 1983). In the Jebel Mara massifs, the species is found in pure or mixed 

stands on gently to steeply stoping land but mostly on steep slopes. The underlying rock in 

this area is the basement complex rock (White 1983), Nubian sandstone, and volcanic ashes 

(James 1968). 

In Ethiopia, Boswellia papyrifera is reported from different provinces namely in 

Tigray, Gondar, Gojam, and Showa (Vollesen 1989, Bekele et al. 1993, Demissew 1993). In 

these provinces, it occurs in dry regions, dominated by Acacia-Commiphora woodland and 

wooded grassland between 950 and 1800 m a.s.l, mainly on steep rocky slopes and on lava 

flows. In the semi-arid lowland agroecological zone between 500 and 1300 m, it is also 

found in sandy river valleys, on sandy terraces and plains associated with scrub and savanna 

vegetation (Breitenbach 1963). 

In Eritrea, the occurrence of Boswellia papyrifera has been documented in various 

studies listing trees used for timber, gum production and medicinal purposes (Fiori 1912, 

Baldrati 1946, Negri 1948, Pichi-Sermolli 1957). White (1983) distinguishes nine vegetation 

associations in Eritrea. On his map, the occurrence of the species is indicated in two plant 
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associations: in the undifferentiated woodland, Ethiopian type and in the Sahel Acacia 

wooded grassland and deciduous bushland. The flora of Ethiopia (Vollesen 1989) briefly 

mentioned its occurrence in different parts of Ethiopia and Eritrea. Two more recently 

published monographs on useful trees and shrubs in Ethiopia and Eritrea (Bekele et al. 1993, 

Bein et al. 1996) also mention the occurrence of Boswellia papyrifera in western Eritrea. 
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Figure 3.1 The vegetation map of a part of Africa showing the main regions defined by White (1983). 

The main regions where Boswellia papyrifera occurs are III (the Sudaman regional centre of endemism) 

and XVI (the Sahel regional transition zone). The other roman numbers represent: IV, the Somalia-

Masai regional centre of endemism, VIII, Afromontane region, XI, Guinea-Congolia/Sudanian regional 

transition zone, and XVII, Sahara regional transition zone. 

So far, however, the occurrence and geographical distribution of the species in Eritrea 

has never been investigated in relation to the environment in the different regions. The study 

presented in this Chapter was undertaken to provide this information and had the following 

main objectives: 
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to relate the occurrence of the species to environmental factors and describe its 

ecological niche. The underlying research hypothesis is that low temperature in 

the highlands and low and short duration of rainfall in the lowlands limit the 

Boswellia papyrifera distribution to southwestern Eritrea. 

to identify Boswellia papyrifera woodlands for detailed studies on the abundance 

and population structure in Eritrea. 

3.2 Methodology 

3.2.1 Selection of survey areas 

The major frankincense collection areas in the country were located on the basis of the 

information provided by the Ministry of Agriculture head office, which controls 

frankincense production, and by the concessionaires involved in the collection and 

commercialisation of frankincense in Eritrea. Both sources provided a preliminary list of 

gum collection areas in the different regions of the country and this information was used as 

a starting point to select the regions and sub-regions for the study. Because there were no 

indications about the past and present occurrence of Boswellia papyrifera in the North Red 

Sea and South Red Sea administrative regions these were not included in this study. In the 

remaining regions (Centre, Debub, Anseba and Gash-Barka) the occurrence of Boswellia 

papyrifera was investigated in all 39 sub-regions. To cover the complete altitude range all 

accessible villages (113 in total) were visited (see Table 3.1). In addition, observations were 

made along roads linking various villages. 

Table 3.1 The administrative regions, the number of sub-regions, observation villages and altitude 
ranges included in the macro-distribution study of Boswellia papyrifera in Eritrea. 

administrative nr of nr of village altitude range agroecological 

regions sub-regions areas (m a.s.l.) zones covered 

Anseba 

Gash-Barka 

Debub 

Centre 

total 

10 

14 

12 

3 

39 

30 

34 

38 

11 

113 

600-2400 

500-2200 

1400-3000 

2000-2400 

600-3000 

SD, AL, MH, AH (1) 

SD, AL,ML, MH ( I ) 

ML, MH ( I ) 

MH ( , ) 

^ S D : semi-desert, AL: arid lowland, MH: moist highland, AH: arid highland, ML: 

moist lowland 
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3.2.2 Data collection 

In all 113 village areas, field observations were made to see whether Boswellia was present 

or absent. If no Boswellia trees were found in the vicinity of the villages, the villagers were 

asked if the species was present in the area or had grown there in the past. The local resource 

persons included people who were directly involved in the tapping and gum collection 

activities. Their information was very useful to obtain a general impression of the abundance 

of the species and to describe its present and past geographical distribution. The location of 

each village area was mapped and its altitude recorded with an altimeter. 

Rainfall data were collected from the sub-region meteorological stations of the 

Ministry of Agriculture and from the regional offices of the National Civil Aviation Service. 

The minimum, maximum and mean temperatures for each village area were calculated on 

the basis of altitude using temperature-altitude regression equations (Appendix 3). These 

equations are based on long-term records from 12 meteorological stations in Eritrea and two 

from northern Ethiopia (FAO 1997a). The mean annual potential evapotranspiration (PET) 

was calculated with the PET-altitude regression equation (FAO 1997). 

The dependable length of growing period (DLGP) in days was compiled for each 

village from the FAO (1997a) agroecological map. The length of growing period (LGP) is 

defined as the time of the year when moisture and temperature are suitable for plant growth 

and development. In Eritrea, LGP is mainly determined by moisture availability and hence it 

is defined as a continuous period of the year when precipitation exceeds 50% of the potential 

evapotranspiration plus the time required for the evapotranspiration of stored soil moisture. 

The length of growing periods used by FAO are based on ten days rainfall and potential 

evapotranspiration totals as recorded at the various meteorological stations in Eritrea. 

3.2.3 Data analysis 

The occurrence of Boswellia papyrifera in relation to altitude, rainfall and the length of 

growing period were analysed using a logistic regression analysis (Huisman et al. 1993, 

Bongers et al. 1999). The binary data on the presence (+) or absence (-) were converted to 

numerical values of 1 and 0 respectively (Ter Braak and Gremmen 1987). Regression 

methods are useful in the analysis of the relationship between a response variable and one or 

more explanatory variables and it is preferred as a practical method for summarising species 

distribution along environmental gradients (Ter Braak and Looman 1986, Peeters and 

Gardeniers 1998). The analyses were carried out at two-levels. First, using a forward 

stepwise analysis the likelihood ratio was determined to identify the main factor influencing 

the occurrence of the species by including all the 113 village areas covered in the study. 
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Second, each of the independent variables was analysed to investigate how each of them 

affects the occurrence of the species. For the occurrence of the species in relation to altitude, 

the very low rainfall areas (annual rainfall smaller than 350 mm) were excluded. For the 

relationship with rainfall and length of growing season, the areas at high altitudes (above 

1900 m a.s.l.) were excluded. The single logistic regression provides a good description of 

the optimum habitat requirement and the multiple regression gives insight into the relative 

importance of each environmental variable (Peeters and Gardeniers 1998). For the 

relationship between a single independent variable such as altitude, rainfall, or length of 

growing period and the occurrence of Boswellia papyrifera the logistic regression curves 

were estimated using the following equation: 

1 
P(x) = T =j-
^^ 1 + e - ( B 0 + B , X ) 

in which: 

P(x) 
e 

Bo and B i 

X 

(Eq.3.1) 

probability of an event; 

base of natural logarithm, approximately 2.718; 

coefficients estimated from the data; 

independent variable (altitude, rainfall or length of growing period). 

All statistical analysis was carried out using SPSS for Microsoft 1998. 

3.3 Results 

3.3.1 Geographical distribution 

Boswellia papyrifera was found in three administrative regions of Eritrea, Anseba, Gash-

Barka and Debub and not in the Centre region. Out of the 30 villages visited in Anseba, 

Boswellia papyrifera was present in 8, had disappeared in 5 and was absent in 17 villages. In 

the 34 villages in the Gash-Barka region these figures were 13, 10 and 11 respectively, 

meaning that the species is still present or was present in about two third of the villages. In 

the Debub where 38 villages were visited the situation was the reverse: Boswellia papyrifera 

was and is present in about one third of the villages. This information is given in Table 3.2 

and Figure 3.2b. The latter shows that Boswellia was and still is mainly found in the moist 

lowland agroecological zone. In the Anseba region, fragmented and rather sparse stands are 

mainly found in mountainous areas on sites that are not suitable for agriculture and 

inaccessible to livestock. This gives a distribution pattern in which the remnant stands are 
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separated by vast plains and riverine areas. In the Gash-Barka region on the other hand, a 

relatively large area of intact Boswellia papyrifera woodlands are found (Figure 3.2b). 

Table 3.2 The number of sub-regions and villages in the four administrative regions in Eritrea where 

Boswellia papyrifera occurred in the past and is still present. 

region 

Anseba 

Gash-Barka 

Debub 

Centre 

total 

total 
sub-

10 

14 

12 

3 

39 

nr 
regions 

occurrence in 
sub-regions 
present past 

4 

6 

3 

0 

13 

1 

3 

2 

0 

6 

absent 

5 

5 

7 

3 

20 

total 
nr villages 

30 

34 

38 

11 

113 

occurrence 
in villag 
present 

8 

13 

7 

0 

28 

es 
past 

5 

10 

5 

0 

20 

absent 

17 

11 

26 

11 

65 

The data in Table 3.2 clearly show that the occurrence of Boswellia papyrifera has 

decreased over the years. This is in line with the opinion of the farmers living near the 

Boswellia papyrifera woodlands, that the species covered larger areas in the past. Elder 

farmers have witnessed the disappearance of Boswellia trees during their lifetime especially 

near the settlements where the vegetation was cleared for crop production. Figure 3.2b 

shows that Boswellia disappeared at the northern limit of its distribution, e.g. in the 

transition zone between the moist lowlands and arid lowlands. 
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Present occurrence 

fssim Disappeared 

37° 
I 

39° 
I 

Figure 3.2 A map showing the administrative regions of Eritrea (A) and the present and past occurrence 

of Boswellia papyrifera in the southwestern part of the country (B). 
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Table 3.3 The past and present occurrence of Boswellia papyrifera in different regions and sub-regions 

of Eritrea in relation to altitude and climatic conditions. The + and - signs represent present or absent, 

respectively. 

region 

Anseba 

Gash 
-Barka 

Debub 

sub-region 

Adi-Tekelezan 
Asmat 
Gheleb 
Kerkebet 
Selea 
Elabered 
Habero 
Hagaz 
Halhal 
Keren 

Forto 
Logo-Anseba 
Mogoraib 
Tekloy 
Tesenay 
Barentu 
Gonge 
Haykota 
Laelay-Gash 
Mensura 
Mogolo 
Molki 
Omhager 
Shambuco 

Adi-Keih 
Debarwa 
Decemhare 
Mendefera 
Segeneiti 
Senafe 
Tsorona 
Adi-Quala 
Areza 
Kudoabur 
Mai-Aini 
Mai-Mine 

AEZ 

MH 
AL, 
MH 
SD 
AL 
AL 
AH 
AL, 
AL 
AL, 

SD 
MH 
SD 
AL 
AL 
ML 
ML 
AL 
ML 
ML 
AL 
ML 
ML 
ML 

MH 
MH 
MH 
MH 
MH 
MH 
MH 
MH 
ML, 
ML, 
ML, 
ML, 

( i ) 

AH 

MH 

AH 

MH 
MH 
MH 
MH 

max. 
altitude 
(m a.s.l) 

2400 
1800 
2000 
849 

1100 
2400 
1600 
1145 
2000 
2000 

800 
2200 
700 
700 
628 

1127 
850 
850 

1000 
1200 
1000 
1600 
900 

1000 

2239 
2100 
2021 
1900 
2221 
3000 
1910 
2000 
2000 
2100 
1911 
2000 

mean 
rainfall 
(mm) 

507 
299 
507 
140 
300 
509 
418 
428 
416 
489 

100 
650 
200 
303 
309 
516 
600 
600 
700 
425 
475 
600 
625 
600 

534 
589 
600 
574 
831 
654 
491 
612 
655 
700 
454 
694 

max 
PET (2) 

(mm) 

1673 
1792 
1673 
1986 
1851 
1778 
1754 
1900 
1752 
1790 

1950 
1673 
1930 
1930 
1950 
1871 
1901 
1901 
1901 
1925 
1911 
1871 
1901 
1893 

1673 
1685 
1669 
1693 
1693 
1637 
1693 
1792 
1772 
1732 
1757 
1792 

max. 
DLGP 
(days) 

75 
30 
75 
15 
15 
75 
45 
45 
45 
75 

15 
95 
15 
15 
15 
75 
70 
70 
70 
45 
70 
75 
70 
75 

75 
95 
75 

100 
75 
75 
75 
95 
95 
95 
75 
95 

' ' occurrence 
past 

-
-
-
-
+ 
+ 
+ 
+ 
+ 
_ 
-
-
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
_ 
-
-
-
-
-
-
+ 
+ 
+ 
+ 
+ 

present 

-
-
-
-
+ 
+ 
-
+ 
+ 
_ 
-
-
-
-
+ 
-
-
+ 
-
+ 
+ 
+ 
+ 
_ 
-
-
-
-
-
-
+ 
+ 
-
-
+ 

Centre Benk MH 2300 530 1653 80 
Gala-Nefhi MH 2300 540 1633 75 
Seregeka MH 2600 550 1695 75 

>j' AEZ: agroecological zones, ML: moist lowland, MH: moist highland, AH: Arid highland, AL: arid 
lowland, SD: semi-desert 
<_) PET: Potential evapotranspiration, 
<3) DLGP: Dependable length of growing period. 
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3.3.2 Combined effects of altitude, rainfall and growing period 

In Eritrea, Boswellia papyrifera occurs in areas that are located between 800 and 1850 m 

a.s.l. These areas show considerable variation in terms of rainfall and the length of growing 

period. This is illustrated in Table 3.3 and in Appendix 5 where altitude and climatic data 

and the occurrence of Boswellia papyrifera are given of all sub-regions and all villages 

covered by the survey. Detailed long term climatic data of natural Boswellia areas, e.g. those 

of Barentu and Keren, are given in Appendix 2. 

The logistic regression analyses between the occurrence of Boswellia papyrifera as 

dependent variable and altitude, rainfall and the length of growing period as independent 

variables shows that the three factors combined have a significant influence on the 

occurrence of the species (with a Nagelkerke r value of 0.66). Comparing these factors, 

altitude has greater influence on the occurrence of the species than both rainfall and the 

length of the growing period (Table 3.4). The table contains the coefficients and related 

statistics from the logistic regression model that predicts its occurrence across the entire 

study area. 

Table 3.4 Parameter estimates for the logistic regression model used to relate the occurrence of 

Boswellia papyrifera to environmental factors. B: coefficients calculated from the data. Significance 

levels: ***, P <0.001 and *, P<0.05. R: the partial correlation between the dependent variable and each 

of the independent variables. 

variables in equation 

altitude (m a.s.l.) 

rainfall (mm) 

dependable length of growing period (days) 

constant 

B 

-0.0046 

0.0076 

0.0420 

0.1376 

P-value 

0.000*** 

0.013* 

0.042* 

0.885 

R 

-0.34 

0.16 

0.12 

Table 3.4 shows that the occurrence of Boswellia papyrifera decreases with altitude 

and increases with the mean annual rainfall and the dependable length of growing period. It 

is also clear that altitude is the most important factor, followed by rainfall and length of the 

growing period. Rainfall and length of growing period are positively related to rainfall, but 

the correlations are weak (R=0.46 and R=0.32, respectively),. Rainfall and the length of 

growing period are strongly linked to each other (R=0.83), as expected. 
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