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akat (Tigre), oma (Kunama): dom palm fruit

baito:

a member of a local elected council; the council itself

denkub (Tigre): dom palm leaf stems

Derg:

Previous Ethiopian regime

injera:

“pancake” made from sorghum and other grains - a staple food

kaalé (Tigre), laha (Tigrinya), laka (Kunama), keta (Nara): dom palm leaves

khabati:

a village forest guard

shidob:

male dom flowers, used as fodder

tukul: 

traditional Lowland house

PART I - INTRODUCTION

1 INTRODUCTION
Since the liberation of Eritrea in 1991 the pace of development has increased dramatically.  The Western Lowlands, with their woodland, fertile soils and sparse population, are a major focus for current and planned development of many kinds.  Both subsistence and commercial agriculture are expanding rapidly; the local population is growing through natural increase and influx of returning refugees from Sudan; urban and industrial demands on the region’s resources are rising.  To maximise benefits and minimise conflicts from this development will require rational and careful land use planning.  At the same time, the fragility of the Sahelian environment imposes additional constraints on planners - a situation of which the Eritrean government is well aware.  A prerequisite for such planning is reliable and up-to-date information on existing natural resources.  

The riverine forests of the Lowlands are an extremely important environmental and economic resource.  Although small in extent, they are some of the best preserved dense woodland areas in the country and directly or indirectly support the livelihoods of thousands of people.  However, increasing populations bring the risk of over-exploitation and degradation, and the lands these forests occupy are prime locations for irrigated agriculture.  Until now very little has been known in detail about these areas of woodland: neither their extent nor composition are documented, nor has there been research on growth rates, current patterns of use and the impact these have on the woodland.

This study is a first step towards a better understanding of the riverine forests.  It is intended to be a foundation for future surveys, research, and pilot management.  Its aims were to gain 

•
a largely qualitative understanding of the nature of the riverine forest;

•
a knowledge of use and management, both current and historical;

and to

•
outline methodologies for future work, in particular for forest survey and inventory.  

(Detailed Terms of Reference can be found in Appendix 1.)

In this report we give brief overviews of the environmental and social setting and the methodology used, followed by the main section containing our findings. These cover detailed descriptions of the riverine forests, an examination of the silviculture and ecology of the main species (the dom palm), the uses made of the forest and a discussion of our technical and social methodology. 

2 BACKGROUND
2.1 Recent history
Eritrea’s turbulent recent history has had a significant impact on the present state of natural resources.  At the beginning of this century it was a colony of Italy and remained so until 1941.  During this period considerable industrial and agricultural development took place.  From 1941 to 1952 the country was under a British administration, first military and then civilian.  It was subsequently federated with Ethiopia and ten years later it became a subject province.  Around the same time armed resistance to the Ethiopian regime began, and continued for thirty years.  The Eritrean forces were finally victorious and took control of the country in May 1991: the nation became independent two years later.  Box 1 gives a summary of major events in the past thirty-five years.

	PRIVATE 
Box 1: Thirty years of drought and war
1961:
Beginning of the armed independence struggle at Amba Adal in Gash-Setit

1967:
First major flight of refugees to Sudan, following Ethiopian offensive

1973-4:
Drought

1974:
Haile Selassie’s government replaced by the Derg in Ethiopia

1976-8:
Liberation movement (EPLF and ELF) takes over most of the countryside and towns

1978-9:
Major Ethiopian offensive retakes much of the country

1980-1:
ELF finally defeated and expelled by EPLF

1982-4:
EPLF retakes the South West

1982-5:
Drought. In 1985 some 80,000 people flee to Sudan

1987-91:
Final phase of the war - EPLF retakes entire country

1990-1:
Minor drought - animals die but not people

1991:
Liberation

1993:
Referendum and independence


Adapted from Kinnock and Matthews (1988) and Paice (1993)

Even during the war years the Eritrean People’s Liberation Front (EPLF) carried out agricultural work with people in the liberated areas.  After liberation, this work was taken up by a Department of Agriculture, which was transformed into a fully fledged Ministry in 1993.

The general impact of changing rulers and of war has been massive disruption of population, the economy and effective government.  Controls on forest exploitation were minimal during this period.  A further effect is a dearth of information on natural resources: for the past fifty years there has been very little work done in the Eritrean forests and there is no documentation of the changes that have taken place since 1961.  In the short time since independence the Ministry of Agriculture has taken major steps to establish control over the forest, but has had neither the resources nor the manpower to carry out extensive survey work.

2.2 The Area of Study - The Western Lowlands
The Western Lowlands consist of two of the recognised ecological zones of Eritrea (FAO 1994, NEMP-E 1995).  Together the South West Lowland Zone (SWLZ) and North West Lowland Zone (NWLZ) cover approximately 40% of the land area of Eritrea, forming a rough triangle stretching from the foot of the Central Highlands in the east to the Sudanese border in the west, and south to the Ethiopian border.  The three principal rivers are the Barka, the Gash/Mereb and the Setit.  The Barka and its tributaries (including the Anseba) drain the Highlands of Sahel, Senhit and Hamasien and the North West Lowlands before flowing into Sudan.  The Gash rises in the Highlands of Akele Guzai as the Mereb, and flows in a westward direction through Gash-Setit Province, reaching the Sudanese border just beyond Tessenay.  The Setit forms the southern border between Eritrea and Ethiopia, in which country it is known as the Tekeze.  Until January 1996 the Lowlands were comprised of the two provinces of Gash-Setit and Barka: these have now been merged into Gash-Barka with some reorganisation of boundaries with neighbouring provinces.

2.3 Topography, Soils and Drainage
The Lowlands are formed from the wide lower valleys of the Barka and Gash rivers and their interfluves.  In general the landscape is one of open valleys and plains separated by rolling hills and jagged rock peaks.  In the west, fertile level plains stretch out to the Sudanese border and in the south the hills fall abruptly down to the narrow valley of the Setit.  Altitudes of the valley floors range from 600 metres in the west to 1000 metres in the east: the hills rise to over 1600 metres.

The Setit is the only perennial river in the region.  It flows in a deep, narrow valley, without a significant flood plain for much of its length.  In contrast, the Gash and Barka lie in open flood plains, and flow for only about four months in each year, during the rainy season.  Their courses change every year, with large scale flooding, erosion and deposition occurring.  Even when dry, the water table in their wide, sandy beds remains high.  Flows in the tributary rivers and streams are erratic, being dependent solely on local rainfall.  

Soils in the SWLZ consist of an extensive area of vertisols in the west and a mixture of luvisols and lithic cambisols in the east.  Soils of the Barka valley are principally fluvisols, saline below Agordat (FAO, 1994).  Along the river courses of the Gash and the Barka there are recent alluvial soils.  Their suitability for agriculture and their ability to support forests is quite variable, due to fluctuations in salinity and fertility over short distances (PARTICIP 1993, Klemm 1995).

2.4 Climate
The Western Lowlands experience a moderately hot, semi-arid climate, with a single rainy season of about four months (June to September).  Maximum temperatures at the three main recording stations range from 37.5C in Barentu to 39.9C in Agordat and 40.8C in Tessenay (all May maxima).   Minima are 14.7C in Barentu (February), and 16.8C in January at the other two stations (Paolo Nastasi 1994, quoted in Klemm op.cit.).   

Mean annual rainfall increases from below 200 mm in the extreme NW to more than 700 mm in the SE: the middle Barka and Lower Gash have 300-500 mm and the Middle/Upper Gash and Setit more than 500 mm.  These figures are based on records up until the mid-1970s, but since then there have been repeated droughts (early 1970s, 1982-5 and 1990-1) so these averages are probably rather high (Klemm).  However, there does seem to have been a rise in annual rainfall since 1991.  As in other semi-arid areas, rainfall is extremely erratic.  As well as variations between years, distribution in a single rainy season is usually very uneven - though the impact of this is less on forest and pasture than it is on agricultural production.  Spatial distribution is also very patchy, even over very short distances.  For example, in 1995 most of Gash-Setit had very poor rains, yet around Augaro and Tocombia adequate rain fell to give a good harvest.  

2.5 Vegetation
Most of the Western Lowlands is covered in savanna woodland of various types.  These are broadly characterised by White (1983) as falling into the categories of Semi-desert Wooded Grassland, Sahel-Sudanian Acacia Wooded Bushland and Dry Sudanian Woodland.  In addition, the riverine forests form a distinct category.  These are located in narrow bands along the main courses of the Gash, Barka and some of their tributaries, and in many places are dominated by a single species, the dom palm (Hyphaene thebaica).

2.6 Agriculture
Traditional rainfed agriculture is practised throughout the zone, though it occupies larger areas in the wetter southern and eastern parts.  In the west there are new, large-scale rainfed commercial farms, and along the river banks bananas and vegetables (onions, tomatoes etc.) are grown on irrigated land.  GoE intends agricultural development in the Lowlands to be a major plank of its national food security policy, so farmed areas are expected to increase rapidly in coming years.

2.7 Population
Reliable population data does not yet exist.  Until the first national census has been carried out (planned for 1996), only rough approximations will be available.  For Gash-Setit the 1993 population was estimated at 256,000-285,700 (Hansen 1994): since then migration will have substantially increased this figure.  For Barka we have no data at all.  However, it can be said with certainty that population densities are low: in Gash-Setit around 11-13 persons/km², in Barka probably lower.  (This contrasts with a national average of 25 persons/km², and a figure for the Highlands of 100 persons/km².)  

It is estimated that approximately 400,000 refugees are still in camps in eastern Sudan, many of whom are likely to return to Eritrea in the next few years.  Many are expected to settle in the Western Lowlands, either under government-sponsored schemes or independently.  In addition there are internal migrants, mainly moving down from the Highlands to farm.  A special category of these are the ex-fighters of the EPLA, at least 1,200 of whom have already been settled, and a further 3,500 registered to receive land in the Lowlands.  As well as the farming population, urban populations in the Western Lowlands have been growing rapidly since the advent of peace and stability, with the increase in trade and administrative structures.  

2.8 Ethnic groups
The population of the Western Lowlands is extremely diverse, both ethnically and linguistically.  During the consultancy we encountered farmers from the following groups: Tigre, Beni Amer (a sub-group of the Tigre), Hidareb, Kunama, Nara (previously called Baria) and Tigrinya.  In addition there are small areas settled by Saho and Belen people.  These groups all speak their own languages (the Beni Amer are divided into Tigre and Hidareb speakers), and Arabic is also well known and acts to some extent as a common language throughout the area.  Although there are areas associated with each ethnic group, there is a great deal of mixing both at district and even village level.  (One village we visited in Upper Gash had families of four different ethnic groups living together.  On the other hand, many Barka villages are pure Tigre/Beni Amer, though interspersed among them are Hidareb villages.)   There are also very small numbers of “Nigerians” (West African Moslems) settled for several decades in pockets along the Gash, and migrant labourers from Tigray (Ethiopia) and Sudan.  

All the groups in the area are now agro-pastoralists, with farming systems based both on rainfed agriculture and livestock.  However, the relative importance of these two strands differs markedly between the groups.  Broadly speaking, the Hidareb and Tigre are more livestock dependent; the Kunama, Nara and Tigrinya more oriented towards growing crops.  This reflects a historical situation: in the past the first two groups were almost purely pastoralist, but through drought and war have been forced to take up more sedentary lifestyles.  In spite of this, seasonal transhumance in various forms is still a feature in the lives of many inhabitants of the Western Lowlands.  Some Tigre and Hidareb move entire villages on an annual cycle, migrating between places with accessible water in the dry season, to sites further away from insects and closer to their fields in the wet season.  Virtually all villages - of all ethnic groups - send some of their livestock, and thus people, to grazing and watering areas on the Gash, Setit and into Tigray each year.  The distances involved vary greatly, between ethnic groups, villages, individual families and according to the availability of grazing - the last being very dependent on the rainfall in any given year.  

Traditional, predictable patterns of movement have been disrupted and changed by the upheavals of the last thirty years.  The Western Lowlands changed hands several times during the war, and even after the area was liberated villages were subjected to continual bombing by the Ethiopian forces.  The Lowlands were also the scene of conflict between the EPLF and ELF until the latter were defeated in 1981.   Some people stayed in their home areas throughout, fleeing temporarily to the mountains or forests when the war came close to them.  However, war and drought drove many people to become refugees in Sudan, either because they lost their livelihoods (from crop failure and animal deaths) or simply because they feared for their lives.  There were also internal migrations in response to drought: a southward and downward movement from the hills to the Lowlands and from Barka to Gash.  

With the end of the war, the return of refugees to their home areas or to new settlements has added to the heterogeneity of the Lowlands, both ethnically and economically.  A government policy of relocating people from small villages to larger settlements based around water, schools and clinics has made the situation even more complex.  

The impact of all these factors - ethnicity, farming systems, recent history and government policy - on natural resources has been immensely varied.  Not only has each area of forest undergone different use patterns, but these are still changing, and will continue to do so for the foreseeable future.

3. METHODOLOGY
The consultancy was divided between three months of research in Eritrea and a further two months in the UK, gathering information, analysing and writing up.  In Eritrea we conducted an initial introductory tour through the Western Lowlands, and followed this with three periods of intensive field work in Barka, Upper and Lower Gash.  (A detailed itinerary is given in Appendix 2.)  In between we spent time in Asmara interviewing government staff and people working for other organisations active in the Western Lowlands, and collecting secondary source material.

The area of study covered the basins of the Barka, Gash and Setit rivers.  Our principal focus was on the riverine forests in these areas, though we also made some assessment of the savanna woodlands.  This reflects the fact that while both woodland types are important, the riverine forest is probably of greater ecological and economic significance. 

Field work consisted of four types of activity: forest visits, village interviews, discussions with government officials and gathering miscellaneous information on forest use and the related economy.

3.1 Forest visits
The aim of the forest visits was to give us a qualitative understanding of the nature of the riverine forests.  At each site we assessed species composition, age, health, use and history.  In three months it was clearly impossible to visit all parts of the three river systems, so a selection of sites had to be made.  Two major factors were involved: representativeness and access.  We wanted the sites to be as spread out and representative as possible.  Using a combination of vegetation information from Landsat imagery and aerial photography (where available), augmented by discussion with local MoA staff, we selected sites where large areas of forest were apparently located.   There were, however, major constraints on road access, and the possibility of this often determined the exact sites visited, which were identified on a set of 1:100,000 scale maps using a global positioning system (GPS).  Altogether we made a total of 49 visits.

Most of the field work was done in the upper Barka and the lower and upper Gash.  The lower Barka, middle Gash and most of the Setit are relatively inaccessible and therefore were not included.  From satellite imagery and aerial photographs we knew that there was very little riverine forest anywhere along the Setit, and we thus gave this area much lower priority than the other two rivers.  The concentration of sites on the lower Gash was due to the availability of air photos for this area, enabling a more detailed survey to be made.  In addition, we were investigating methodologies for forest survey and inventory through aerial photography, and were using the site visits to “ground truth” our interpretations of the photographs.  These visits were made on foot, usually with a member of MoA staff and people from the local community as guides and informants.  Where possible we walked for several kilometres through the forest, often crossing the river bed to gain information on the relatively inaccessible side.  

Most of these visits involved purely qualitative assessment.  However, we also made first steps in gathering quantified information about the dom stands.  Specifically we were looking for answers to the questions “what is the stocking rate in ‘good’ dom forest?” and “what is the leaf production rate in dom?”  This was in order to get rough estimates for productivity, so that we could relate these to how the forest was being used.  We sampled five plots in mature dom stands, counting stems and crowns.  In dom thickets we measured two sample plots, counting growing points, and a third plot on which we measured actual leaf production over a two month period (further explanation and results of this work are given in sections 5.3 and 5.4).  Where opportunity arose, we added supplementary quantitative information - for example where we observed cutting and regrowth at roadside sites, or where local informants could give us reliable age data for trees.  

3.2 Village interviews
In total we carried out fifteen interviews in villages throughout the lowlands. These interviews were supplemented by many more casual interviews with individuals or small groups of people we met in the forest and elsewhere.  Although unplanned, even the shortest of these yielded useful information, since respondents were often relaxed and willing to converse - for example when being given lifts to/from their villages.  (Details of the village interviews, including ethnicity and gender, are given in Appendix 3, along with the major “casual interviews”.)

When planning village interviews our usual procedure was to talk to district level MoA staff, who then introduced us to the local administration.  From discussions with them we were then able to identify appropriate villages to work in.  (Villages were not marked on the maps we were using, so we were entirely reliant on these officials to suggest suitable places after we had described our needs.)  In most areas the village visit followed immediately, so we arrived unannounced.  Either a member of the local council, or baito, was provided as a guide, or we contacted the baito on arrival in the village.  He then collected a group of people together for a discussion, which typically lasted 1-2 hours.  The “natural” pattern was for men to gather, so separate meetings were held with small groups of women wherever possible.  

The method used was semi-structured group interviews, based around the checklists given in Appendix 4.  Not all the subjects were covered in every interview, dependent on apparent relevance, time available and interest of the interviewees.  In eight villages we linked the interviews with visits to the riverine forest area used by the interviewees.  This allowed us to gather more detailed and practical information about forest use, and to verify some of the information which we had been given earlier.  

3.3 Discussions with government officials
These were principally with provincial and district level MoA staff and local administration officials.  They provided us with general information about their areas - population, ethnicity, history etc. - as well as more detailed information about development programmes, returnee settlements and so on.  We were also investigating levels of training among MoA staff, to assess training needs under the planned SOS Sahel/GoE project in the riverine forests.  

3.4 Gathering of additional information
A number of other avenues of investigation were followed:

•
visits to markets and interviews with traders in forest products (at Agordat, Alebu, Barentu, Engherne, Haikota, Keren, Shambuko and Tocombia);

•
interviews with other users of the forests: managers at the dom fibre factory at Agordat, and owners/managers/labourers in the irrigated gardens;

•
interviews with staff from other development projects in the Western Lowlands.

We also made direct observations all the time we were in the field.  This contributed to our understanding of the use and trade of forest products, and to our knowledge of the savanna woodlands.

3.5 Secondary source materials
Under our first Term of Reference we aimed to collect as many sources of information about the riverine forests as possible, or at least to identify where these could be found.  These fell into three categories: cartographic/remote sensed data, official reports and miscellaneous published papers.

Generally there is a dearth of information about the forests, and what exists is mainly very dated.  We were able to collect more historical than current information, largely due to the impact of the thirty years of independence struggle, which has prevented the normal functioning of government (and other) survey and research departments.  

3.5.1 Cartographic/remote sensed data
Maps: The only detailed maps of the Western Lowlands are at 1:100,000 scale, which were made in the late 1970s from aerial photography flown in the early 1960s.  These were made with Soviet technical assistance, and are referred to in this report as “the Soviet maps”.  They provide complete coverage of the country, and a set is held by the Cartography Section at MoA.  

Photography - aerial: There are at least two extant sets of aerial photographs which are relevant.  A joint German/Eritrean survey company (BIK) has produced photographs at 1:25,000 scale covering the western 50 km of Gash-Setit province, mainly in black and white but including the Gash River from Alebu to the Sudanese border in colour.  The Setit has also been covered in colour at the same scale.  Smaller areas have been photographed at 1:6,000.  All these were taken on flights in 1994 and 1995, and so give current vegetation and drainage information.  The other set is in black and white and dates from the 1960s, and is apparently available from the Defence Mapping Agency of the US Defence Department or from the Ethiopian Government.  We did not see this set, and so were unable to evaluate it.

Photography - other: Scanty photographic coverage exists of the woodlands in the Western Lowlands.  One paper from the Italian Rassegna Economica delle Colonie (Colonial Economic Survey) contains photographs showing what some areas looked like in the 1920s, including panoramic views of the Barka at Agordat and of Tessenay. (This paper, by I. Baldrati (1931), is referred to below.)  More material of this kind is almost certainly present in the Italian archives, but we have no detailed knowledge.  Another potential source is the British military archives.  Aerial photographs exist of Agordat and Barentu in 1941, and there may be substantial numbers taken during the British invasion, which passed through the Western Lowlands from Tessenay to Agordat and Keren via two routes up the Gash and Barka valleys.  

Remote sensing: The only remotely sensed information that is available at present in the Eritrean MoA are enhanced Landsat TM images at 1:250,000 scale.  The images of the Western Lowlands are from late September 1985.  

3.5.2 Official reports
There is an almost complete absence of government reports for the period since the end of European colonial rule.  Since liberation the Forestry Section of MoA has been active, producing directives to control the impact of commercial agriculture and a review of forestry activities, but detailed work in the Western Lowlands has not yet been carried out. 

There are a number of reports produced by projects working with the MoA in the Lowlands which have some useful information.  Though none of these specifically focus on forestry, their work on agricultural and economic systems has obvious relevance, and has been used to supplement our findings.  

Short term consultancies have produced reports on a range of subjects, again mainly tangential to the riverine forests but including some very useful background information.  However, several reports contain serious inaccuracies in the assessment of the state of the riverine forests, based on very brief visits to the most accessible and therefore degraded areas.  This has given rise to an exaggerated impression of the urgency and severity of the threat to the riverine forest.  

3.5.3 Miscellaneous papers and books
These include an unknown number of papers in Italian, published by various parts of the Italian colonial administration.  Very few seem to be available in Eritrea - those we have seen are at a private library in Asmara (the Pavoni Social Centre).  Of these one in particular, written by Professor Isaia Baldrati in 1931, deals at length with many aspects of dom palm silviculture and utilisation, and was extremely useful.  This paper is an extract from the bimonthly Rassegna Economica delle Colonie, other issues of which might contain more information specifically about the forests.  

The database of the Commonwealth Agricultural Bureaux, TreeCD, lists 17 references for Hyphaene thebaica since 1939.  This is surprisingly few for a tree of such importance, and not all of these contain information relevant to Eritrea.  However, some are very detailed silvicultural studies which were of use to us.  This source has the merit of being very easy to access, and includes English summaries of papers in French, German and Hebrew.  Under “Eritrea” there are very few references, and only one of any forestry relevance.  The various databases at the Royal Botanic Gardens, Kew, also contain some useful references to dom palm.  The International Institute for Environment and Development (IIED) in London is currently researching the economic role of dom palm in Niger, as part of a wider programme on the importance of wild food in agricultural systems.  This work is due to be published in 1996.  

General books on Eritrea contain a few references to forestry and forest policy, and also to agriculture.  We have only used a few of these, and more incidental information of this kind probably awaits a dedicated researcher. 

PART II: FINDINGS

4 THE FORESTS OF THE WESTERN LOWLAND ZONE
Two basic kinds of woodland can be distinguished in the Western Lowlands: riverine forest and savanna woodland.  Both formations are actually very variable in species composition and density across the ecological zone and therefore hard to define precisely, but are usually easy to distinguish from each other on the ground.  Riverine forest is located adjacent to the rivers and their major tributaries, and is generally denser and has bigger trees than the savanna.  It usually contains species which are not found in the surrounding savanna - pre-eminent among them is the dom palm, Hyphaene thebaica.  

In the following sections we describe in detail the riverine forest in the three major river systems, followed by shorter descriptions of the savanna and the biodiversity value of the forests.  The dom palm is such an important species that we have devoted a separate chapter to its silviculture and ecology.  A list of all the species is given in Appendix 5, and a brief description of the forest visit sites in Appendix 6.

4.1 The riverine forest
4.1.1 The Barka
a) Description of the forest

The outstanding characteristic of the riverine forests along the Barka is the abundance of dom.  During our field work we visited nine sites scattered along the course of the Barka from above Mensura to the Mogareyb confluence 100 kilometres downstream.  At every site dom was the principal species, often occurring in pure stands of mature trees.  Although we were unable to visit the forest areas further down the Barka than the Mogareyb, we have been told that these are also largely dom (S Drury pers. comm.).  We visited a further nine sites on tributaries of the Barka, some of which support substantial areas of dom forest.  

The dom stands start close to the foot of the western escarpment of the Highlands and continue all the way down the Barka for some 200 km towards the Sudanese border.  Landsat imagery of 1985 shows significant areas of forest as far downstream as the Sata confluence, with much smaller areas beyond this.  From this imagery we estimate that the total area of riverine forest in the Barka system (not including the Sawa or Anseba) was in the region of 20,000 hectares in 1985.  This figure may overestimate the current area of forest cover, since some has been removed for agriculture (probably not more than 1000 hectares), and other areas may have been destroyed in the final years of the war.  (This is perhaps unlikely, since by the mid 1980s the Barka valley was held by the EPLF.)  On the other hand, the estimate does not include the narrowest ribbons of forest, since these were indistinct on the imagery, leading to an underestimate on this account.  Although we cannot therefore be certain about the situation now, the total extent may not be very much less than 20,000 hectares.  

The forest does not form a continuous band along the river but instead occurs in distinct blocks.  These vary greatly in width from a few metres to several hundred metres back from the river and are sometimes, but not always, interconnected by narrow fringes of trees confined to the riverbank itself.  This variability is strongly related to topography and probably to local changes in soils and water table.  Widenings of the flood plain at confluences are often occupied by substantial areas of forest; where hills come down to the river’s edge the forest disappears abruptly.  A favoured site is the inner bend of meanders, which often gives a succession of forest patches on alternating sides of the river. 

Age profiles characteristic of natural forest were absent at all the sites we visited.  Typically the forest has a tiered structure dominated by trees from 1-3 separate age classes, of which the most widespread form is an open canopy of mature trees with dense palm thicket underneath and nothing in between these two.  (See section 5.3 for more details and possible explanations of this.)  The forest is usually a mosaic of distinct areas with different age-classes and structure.  At most sites this seemed mainly due to human interference, but even at the most remote - the Mogareyb confluence - the forest displayed the same variety over a small area, apparently due to the effects of fire and flood.  It thus seems possible that even without human interference dom forest is structured as a result of discrete areas going through cycles of destruction and regrowth. 

Certain other tree species are associated with the dom forest.  These change over the course of the river, presumably in response to the decrease in rainfall to the north west i.e. downstream.  In the headwaters we observed Trichilia roka, Acacia senegal, A. mellifera and Salvadora persica, none of which occur lower down.  In this area there were also large Faidherbia albida, a species which has a very sporadic distribution but seems to be concentrated in the tributaries rather than along the main course of the Barka.  In contrast, we found Ziziphus spina-christi at virtually every site, and in this river system it was always a riverine species which was not present in the surrounding savanna.  Several other species, notably Acacia tortilis, but also Boscia senegalensis and Cadaba rotundifolia, are found in both formations - the acacia as much larger trees in the riverine setting.  Tamarix aphylla occurs very sporadically: we observed a fairly large area (a few hectares) on a site which had been flooded at Engherne, but not in significant quantities anywhere else.  The major source for Tamarix poles in the Barka valley is along the Himbol, a rather remote tributary of the lower Barka.  We spoke with many people who specifically went to that area to cut poles, confirming that it is uncommon elsewhere.  Mesquite (Prosopis chilensis) is localised around Agordat and Engherne, where it seems to have been introduced in connection with the gardens.  Unlike on the Gash, it is not abundant and does not appear to be spreading.  Other species present on the Gash but uncommon or absent on the main course of the Barka are Acacia seyal, A. mellifera, Balanites aegyptiaca and baobab (Adansonia digitata).  

Some of the tributary valleys of the Barka hold large areas of riverine dom forest, specifically the middle reaches of the Mogareyb (around 1000 hectares), the Kaalaiy and the large tributary which joins the Barka at Engherne.  Some of the lower tributaries may also have substantial dom forests.  The Lukeyb had about 700 hectares of forest in 1985 (satellite imagery): this was presumably dom, and Baldrati specifically mentions the dom forest in this area in 1931.  Other tributaries exhibit a different type of riverine forest.  This is mixed woodland, with some dom, but dominated by large Ziziphus and Acacia tortilis.  Other species are also present, including Faidherbia albida, Balanites and the savanna shrub species, Boscia and Cadaba. The smallest tributaries are characterised by savanna species, but the trees are bigger and denser than in the general surroundings.  An exceptional area is the headwaters of the Mogareyb, which supports riverine woodland much more akin to the Gash valley than the rest of the Barka.  Here we found Acacia seyal, A. senegal and baobab, growing in intimate mixtures with dom and the other more common species.  

Some of the riverine forest in the Barka valley has been cleared for irrigated agriculture.  At the end of 1995, 757 hectares had been developed, of which the bulk lies between Engherne and the Mogareyb confluence.  A further 1800 hectares has been approved for clearance.  (Data from Rufael Tesfatsion, Head of Licence and Permit Unit, MoA Asmara.)  These concessions vary in size from less than five up to 300 hectares currently being cleared as a pilot for a 1500 hectare plantation.  Many are not of recent origin, but were originally farmed during the colonial period (before the Derg came to power in 1974) and then abandoned.  Approximately 950 hectares come into this category - substantially more than the area currently being cultivated - and of this area one third had still not been relicensed for development in early 1996.  We suspect that much of this area has reverted to forest, as at Ad Shierkh Hamud near Tekreret, where we saw young dom forest and acacia woodland growing on a garden site abandoned in 1975.  

Around Mensura and Agordat areas of dom forest have been cleared for rainfed agriculture, principally sorghum growing.  This has not necessarily resulted in complete disappearance of the dom, although high forest has been converted to a mixture of fields and dom scrub, with scattered mature trees.

b) History

Historical evidence suggests that some of the dom forests may be of relatively recent origin.  Baldrati’s map shows that in the middle of the last century the dom was confined to two areas of the main Barka valley and the middle Mogareyb. By 1912 it had spread further, and by 1931 many new patches seem to have sprung up downstream as far as the Sata.  The Soviet maps, recording vegetation information from the 1960s, show that the lower Barka forests were more extensive than shown on Baldrati’s map, suggesting strongly that they had expanded by that time.  Whilst Baldrati’s suggestions that the dom has spread seem rather extraordinary, we have no way of verifying - nor grounds for rejecting - his information.  Our own observations in the field do indicate that dom is a highly mobile species, and it is perhaps plausible that the lower Barka could have been colonised between 1931 and the 1960s by dom fruit floating downstream.  

Overall, the Italian influence on the forest is hard to gauge.  Although it is said that during the Italian colonial period a lot of timber was removed from the lower Barka, we have come across no documented evidence for this.  Given the inaccessibility of the area it seems rather unlikely, and from the available data their activities do not seem to have seriously affected total forest area, though they may have had an impact on forest structure.  However, there was certainly clearance of forest for agricultural concessions, apparently of around 1000 ha.  A factory processing dom leaves for sacking fibre was opened in Agordat in 1954, and operated for about twenty years.  There are no records which would help to assess the impact of this on the local dom forest, but it clearly did not have disastrous, irreversible effects over large areas, since much of the forest around Agordat is still there today.  

Since the 1960s we suspect that there has been some decrease in forest area.  The forests on the lower Barka appear less continuous on the satellite imagery, and the older, core areas have diminished, particularly in the headwater tributaries.  This decline is possibly due to the war and drought.  (See below, section 4.1.5, for a discussion of the ways in which this probably affected forest cover.)  At the same time, we observed that the forest has returned to some areas from which it had been cleared, after many riverside gardens were abandoned in the mid 1970s.  

With the huge upsurge of interest in irrigated agriculture since liberation the trend is again towards forest loss and the Barka, because of its relative proximity to Asmara (compared to the lower Gash) is bearing the brunt of this development.  Currently, however, only a third of all allocated land is in fact being cultivated.  If the remainder is cleared then there will be little riverine forest left between Engherne and the Mogareyb, even if no further concessions are granted.  The reopening of the dom fibre factory in early 1996 will make further demands on the forest.  At this stage it is too early to determine what the effects of these might be.

Finally it is worth noting that if Baldrati’s figures are reliable, there was considerably more riverine forest in 1985 than in 1931.  He estimates 10,000 hectares of dom forest, whereas we estimate that ten years ago there were 20,000 hectares of riverine forest, of which the vast majority must have been dom.  Most of this probably still exists.

4.1.2 The Gash
a) Description of the forest

The riverine forest of the Gash is very different from that of the Barka.  Most strikingly there are many more species present and the dom palm is less dominant.  There is also a great variety of forest types - different areas are characterised by different combinations of species.  The description below is based on 25 separate visits to sites along the main river. 

As in the Barka valley, the forest is not continuous, but occurs in discrete blocks, often defined by topography.  In the upper Gash the boundary between the riverine forest and the savanna woodland is not always distinct: in the lower, drier areas boundaries between the two woodland types are more pronounced.  From the satellite imagery, we estimate the total area of riverine forest to have been 13,350 ha in 1985, of which an unknown area would have been irrigated gardens.  In 1995 3,669 ha had been allocated for agricultural development, of which only a fraction will have actually been cleared.  The actual riverine forest cover now is probably around 9 - 10,000 ha, allowing for clearance and other factors discussed below.

The dom palm is found throughout.  We observed it from below Tessenay in the west upstream to Shambuko, and have been told that it occurs on the Mereb twenty or thirty kilometres above Shambuko.  On the upper Gash (above Tocombia), it can be found in fairly large stands of mature trees, sometimes mixed with other species, e.g. Acacia polyacantha. Between Tocombia and Haikota we saw dom occurring as one of many species in mixed forest, but it may also grow in pure stands in this region.  (Access to this middle stretch of the Gash is extremely difficult, and we were unable to reach the river between the bend west of Augaro and Haikota, a distance of around 50 kilometres.  Since no other sources of information were available to us we have no knowledge of the forest in this area.)  Certainly at Haikota there are pure stands, although much disturbed and with large areas of dom thicket.  Downstream from Haikota we saw very few pure stands or mature trees.  There is a great deal of dom regeneration, however, much of it forming an understorey in mixed acacia woodland.  The extensive pure dom thickets seen on the Barka do not occur so frequently on the Gash.

The character of the riverine forest along the Gash is largely determined by the presence or absence of species other than dom.  In the upper Gash the main species are Balanites aegyptiaca, Acacia seyal and Ziziphus spina-christi.  These are the dominant species of the savanna but occur as bigger trees in denser woodland by the river.  The riverine forest is further distinguished from savanna by the presence of a wide range of other species.  Common amongst these are Acacia polyacantha and Tamarix aphylla with scattered trees of baobab, Bauhinia sp., Ficus sp., Maytenus senegalensis, Tamarindus indica and Stereospermum kunthianum.    

Downstream the forest becomes progressively more dominated by acacias and most of the other species disappear with the exception of Balanites, Ziziphus and Tamarix.  Around Sefera, west of Tocombia, the riverine forest is a dense mixture of Acacia mellifera, Balanites, dom and baobab: in some places the dom forms a deceptively pure riverside fringe only one or two trees deep, screening the mixed forest behind.  Further downstream the mixture changes.  Acacia tortilis becomes the most common acacia species, growing frequently in association with A. mellifera, A. oerfota
, A. seyal and A. laeta, with A. senegal and A. sieberana occurring sporadically.  A. nilotica grows both as individual trees scattered through the woodland and as dense pure stands at a few sites, where we suspect that standing water remains after floods.  Of the other species, Ziziphus is common, particularly along the river bank, but Balanites is progressively less frequent downstream.  The savanna species Cadaba and Boscia frequently penetrate the riverine forest.  Westwards from the Anderab confluence (south of Alebu) Tamarix forms large pure stands in several areas, occupying new land created by the meandering course of the river, and colonising areas where flooding has destroyed the existing forest.  

The most recent addition to the flora of the Gash is the exotic mesquite.  It is now well established as far upstream as the large forest area east of Tessenay.  West of Tessenay - particularly around Thalatashara - it is obviously competing successfully with the native acacias in the woodland, suppressing their regeneration and rapidly replacing them. 

In general, we observed that throughout the Gash riverine forests seedlings of the acacias and Ziziphus were uncommon.  In contrast, dom and Tamarix regeneration was prolific.  Much of the dom regeneration is from the bases of old stumps, forming dense thickets in some areas.  Most of this growth appears very healthy and vigorous, and some shows signs of developing into mature forest, with some of the individual palm clumps producing erect stems which are breaking free of the thicket and rising above it.  

There is a clear transition in the nature of the forest as one progresses downstream.  This can be seen from the table of species observed at each location we visited - see Appendix 7.  However, there is also great local variation in the nature of the forest.  At many locations the forest is a patchwork of small areas dominated by different species.  The reasons for this are often not obvious, although presumably variability in site conditions and history are the explanation in most cases.

From the satellite imagery there appears to be less riverine forest on the tributaries of the Gash than on those of the Barka.  The valleys are shorter and cover a much smaller area, and appear to support very little dom.  Instead, in higher rainfall areas they have dense mixed acacia woodland similar to that found along the main river, while in the lower Gash there is dom in the main tributaries.  This is found in a very narrow band close to the stream banks, and with increasing distance from the Gash the specifically riverine nature of the tributary vegetation disappears, and it becomes merely a denser form of the savanna, dominated by Acacia tortilis.  

As in the Barka valley, areas along the Gash have been cleared for irrigated agriculture.  They are divided between the upper and lower Gash (above Tocombia and below Haikota respectively), and are fairly scattered, without a concentration of concessions like that found around Agordat and Engherne.  At present (end of 1995) 3669 hectares have been licensed, but not all of this has actually been cleared.  Some land which was cultivated before the war and subsequently abandoned is being redeveloped, but from the aerial photographs and Soviet maps it is clear that many sites have reverted to forest.  Their extent cannot be calculated from the figures we have obtained from MoA, since the reallocation of “old” land to new concessionaires and settlers has obscured the picture.  It is possible, however, that approximately 1150 hectares of previously farmed land remains unallocated.  We saw a range of types of young forest invading these abandoned garden sites, including mixed Acacia seyal/A. tortilis/Ziziphus woodland and pure Tamarix stands as well as dom.

b) History

The riverine forest along the Gash has apparently changed a great deal in this century.  According to Baldrati, a map made by the explorer Werner Munzinger in 1853 shows the dom forest extending from the Sudanese border only as far as Haikota.  By 1912 Baldrati reports it having spread as far as Tocombia, but even when he wrote in 1931 he claims that there was still no dom forest above that town. He estimates an extent of 3900 hectares of dom forest along the Gash in 1931.  Since there is now a great deal of mature dom forest above Tocombia, we can only conclude that the spread upstream has continued.  We have no information about what might have preceded the dom, but given the fertile nature of the riverine sites of the upper Gash it seems extremely unlikely that they were barren until the arrival of the dom.  Baldrati’s interest was in the utilisation of dom, rather than forestry in general, and he makes no comment on this.  The other possibility is that Baldrati and Munzinger were wrong, and there was dom above Tocombia prior to their map-making.

On the lower Gash much of the dom forest has been replaced by mixed woodland since 1931.  Baldrati’s paper includes photographs of the forest near Tessenay and higher up the valley, showing extensive monospecific stands of mature dom.  These no longer exist.  In many areas, however, the dom has not been eradicated.  What appears to have happened is that during the war most of the mature trees were felled for timber, much of which was exported to Sudan.  We were told that this was done by the armed forces of both sides, people coming from Sudan, and the local people - probably all of these were involved.  A lot of dom timber has also stayed in Eritrea and been used for building in Thalatashara, Tessenay and Haikota.  Overall, the effect on the forest has been dramatic.  From Haikota downstream to the Sudanese border there is very little mature dom remaining.  These areas have been colonised by the mixed acacia/Ziziphus woodland now so typical of the lower Gash.  (We were even told that the Acacia nilotica stands were on sites previously occupied by dom.  This seems unlikely to us, since dom will not tolerate standing water and these areas appear to flood.)  In much of this woodland the dom remains as scrub, which now seems to be recovering after being suppressed in the past, perhaps by very heavy leaf cutting.  Some of the sites we visited looked capable of reverting to dom forest if current conditions persist.

Other forest successions are also taking place.  Most notable of these is the conversion of acacia woodland to mesquite thickets in the lower Gash.  This invasion from Sudan started about ten years ago, and is a serious problem as far upstream as the bridge over the Gash at Tessenay.  If unchecked it has a very damaging effect on the forest composition: there are already areas of almost pure mesquite woodland around Thalatashara.  One particular cause for concern is the Hidashara forest “reserve” - the largest Acacia nilotica stand on the Gash.  Due to grazing pressure and shade little or no regeneration of the acacia survives, but where gaps in the canopy occur mesquite is rapidly springing up.  Ultimately this is likely to result in the forest being converted to mesquite and losing its almost unique character. 

Tamarix is another riverine species which has been extending its range, partly at the expense of dom.  Since its seed is waterborne, it occurs on sites which have been flooded, and on newly deposited land in the river course.  East of Tessenay is a very large expanse of woodland of which Baldrati has a photograph, showing that it was largely dom forest in the 1920s.  This is now covered mainly by dense monospecific stands of Tamarix, which is presumably the result of floods killing the dom, and Tamarix seed being deposited in its place.  We have no idea if there is a further stage in this succession, and whether dom will ultimately replace the Tamarix.  Since overall Tamarix is an uncommon species on the Gash, despite being locally dominant, there must be some ecological mechanism restricting its extent.   
4.1.3 The Setit
The riverine forest along the Setit is far less extensive than on the Gash and Barka.  From satellite imagery, Soviet maps and a complete set of 1:25,000 aerial photographs we were able to determine that along most of its course the “riverine forest” was a band only a few metres wide.  This is mainly related to topography: the Setit flows in a deep, narrow valley with almost no flood plain for much of its course in Eritrea.  Consequently, while the savanna in the area is relatively dense (where unburned) there is very little actual riverine forest.  We made only two visits to the Setit: one to Om Hager in the west, and the other to the Biyakundi/Sittona area south of Antore.  The middle section is extremely inaccessible and appears to have little forest.

The only large areas of riverine forest appear to be in the Biyakundi/Sittona area, where a number of tributaries with wide valley floors join the Setit.  From the 1985 Landsat images we estimate the forested area to be around 600 hectares.  Here the forest is well developed, although it is mainly a dense savanna rather than a distinctively riverine formation.  One can distinguish three kinds of forest in this area.  There is a blurred middle category of “dense valley savanna” which lies between the montane vegetation and a narrow band of true riverine forest with big acacia trees, mature dom, Balanites, Tamarix and Ziziphus.  The middle band is dominated by Acacia seyal, in contrast with the Gash where the dominant species is usually A. mellifera, and the Barka where it is most likely to be A. tortilis.  Balanites, baobab, Dalbergia melanoxylon and Lannea fruticosa are also present.  There are areas of dom scrub, presumably maintained as scrub by burning and perhaps by elephants.  The montane vegetation is principally grassland, which we were told burns every year.  Apart from grass, some areas have very few trees: scattered Combretum adenogonium
, with sparse Balanites and Calotropis procera.  Where burning seems to be less frequent the woody vegetation also includes baobab, Dichrostachys cinerea, Sclerocarya birrea and Ziziphus.

This list of species indicates a rather different flora from the Gash and Barka, resulting from the higher rainfall of the area, which averages around 700 mm per year.  Despite this greater diversity, and the presence in the savanna of species which are confined to the rivers further north, this is not a richly forested area.  This appears to be principally the result of repeated burning, variously blamed on honey gatherers and pastoralists - and possibly also due to natural causes.  Except along the river bank itself, trees were quite stunted, and we observed that a recent fire had burned many tens of square kilometres of savanna woodland.  

The other major stress on the riverine areas is the annual influx of pastoralists with large herds of cattle from all over Eritrea.  People from Barka, Gash-Setit and the Highlands bring their animals to the Setit in search of water and fodder during the dry season.  Since the forest is not very large it is under a lot of pressure: the Acacia seyal in particular has been very heavily lopped and browsed.  This concentration of people and animals is very seasonal, since there is no permanent settled population in the immediate area of the Setit, nor any clearance for agriculture.  There is, however, a resident herd of elephants, of particular interest as they are the isolated northernmost population of African elephants.  As a result the south-eastern corner of Gash-Setit is earmarked for demarcation as a national park or reserve.

In contrast to the main valley, the Antore valley - one of the main tributaries in the area - carries significant forests (perhaps 700 hectares in 1985), including substantial amounts of dom.  This appears to have suffered less from burning, although large areas have been cleared for rainfed agriculture.  Even in these, however, tree cover has not been entirely lost.  A parkland agroforestry system is practised, with Balanites and dom palms kept as standards in the fields, and coppiced Ziziphus and dom scrub which are cut back annually.  

At the western end of the Setit’s course in Eritrea the riverine forest around Om Hager is insubstantial.  Where it exists it is a fringe of Ziziphus and Tamarix, but over long stretches near to the town itself there is no permanent riverine vegetation.  There is actually very little vegetation around the town, even though the savanna a few miles away is very dense.  This is possibly the result of the war: Om Hager was completely destroyed and the surrounding area may have been intensely bombed or cleared.  Upstream, the forest in the Setit valley is Acacia mellifera/Boscia angustifolia savanna, similar to that found on the open plains stretching north and west of the town.  

There has been some clearance for irrigated agriculture, though as yet on a very small scale.  There are only eight gardens in the area, covering 43.5 hectares altogether, and extending less than ten kilometres east from Om Hager.  A further five kilometres upstream the valley floor narrows to the width of the river bed, so expansion for agriculture in this area will be limited.  

4.1.4 Extent of the forest
The currently accepted national figure for the extent of riverine forest is 195,024 hectares, or 1.6% of the total land area of the country.  This figure was derived by FAO from the Land Use and Land Cover map, presented in their Agricultural Sector Review (FAO 1994).  This map was not field checked, and there are clear discrepancies between its “riparian wood land or brush land” category and what we would define as “riverine forest”, based on the situation we found on the ground and the 1985 Landsat imagery.  These discrepancies both over- and under-estimate the forest cover: the width of the forested area on the Barka seems to us greatly exaggerated, while the upper part of the Gash has been excluded.  Overall, we think the above figure is inaccurate - as indeed FAO point out in their report.  

Combining our field experience with the Landsat imagery available, we tentatively put forward a rough estimate of 30,000 ha for the riverine forest area of the Barka, Gash and Setit river systems.  We have no data for the Sawa or the Anseba.  Our figure is based on manually calculating areas of vegetation transcribed from 1:50,000 scale satellite images to 1:100,000 scale maps - a process that introduced human error at a number of stages.  The figure given is only an approximation, probably rather conservative: what we are trying to give is an order of magnitude figure that more accurately represents the current situation than estimates previously used. [Authors’ note (2000): a later more detailed survey by SOS/MoA concluded that this was in fact an overestimate, largely due to the presence of non-forest vegetation on the lower Barka which we misinterpreted as palm stands.  The basic conclusion - that considerably more forest exists than was previously thought - still stands.] 
4.1.5 History
Although we have covered the history of the Gash and Barka forests in the relevant sections above, some general points are worth making.

Sources of hard historical data are few and far between.  The only reliable information is photographic - everything else is of unverifiable accuracy.  Our sources were a very few photographs in Baldrati (1931) (undated, but preceding publication in 1931), Baldrati’s written descriptions and map, which drew on Werner Munzinger’s 1853 map, the vegetation cover shown on the Soviet maps, 1985 Landsat images, recent aerial photography, our field visits and interviews with local people.  

a) Changes in extent and composition

Quantifying changes in the extent of the forest is virtually impossible, particularly for the more distant past.  With a complete set of current aerial photographs and the digitised satellite date (as opposed to paper images) comparisons could be made between the mid 1980s and the present situations, and some attempts made at comparing both of these with the period of the Soviet maps.  Our impression from the field was that there have been changes, and that these have been both gains and losses.  They have mainly been small scale, principally related to changes in the river courses and areas under cultivation.  The exceptions seem to be on the lower Barka, where some forests shown on the satellite imagery coincide exactly with the Soviet maps, yet other areas seem much diminished.  We could not ascertain reasons for this.

More dramatic than changes in the extent of the forest have been changes in the relative importance of species within it.  Assuming that there has always been forest of some kind on the riverine sites, the “migration” of the dom palm described by Baldrati marks a radical change in the nature of the forest which has taken place in the past century.  (This also assumes that Baldrati and Munzinger were correct in their observations.)  More reliably, there is good evidence that the forests of the lower Gash have been converted from “dom forest” to “mixed acacia woodland” over the past few decades.  This does not mean that the actual species present have changed very much.  Dow gives a species list in his 1958 paper, for an area of dom forest on the Gash near Kassala which is very close to our observations in the field (see Appendix 8).  What has changed is the relative abundance of the different species - particularly the removal of most of the adult dom palms from this area.

Similarly, the species present in the forest near Agordat have hardly changed in the past thirty years. Fanshawe (1966) presents a species list for this area which, apart from the virtual elimination of baobab, is accurate today.  Prior to this there is no data, but Fanshawe suggests that at that time species from the savanna were invading disturbed stands of previously pure dom.  In contrast to the Gash, however, the changes in species frequency have been relatively small, and the dom remains present in large stands, with acacias etc. only a significant presence in highly disturbed areas.  

b) The Colonial period

The period of Italian rule was characterised by considerable economic development, and during this time the riverine areas were exploited in variety of ways.  The dom palm was particularly important as the source of a number of products: “construction materials from the trunk, leaves for weaving into mats or baskets, rough fibres, edible parts from the vegetative apex and the fruit, kernels for button manufacturing, alcohol or animal feed from the fruit.  Of these, the last mentioned is the most important use” (Giordano, 1941).  These various uses are to some extent conflicting, and although Giordano recommends management for the fruit products and not for timber we have no way of determining to what extent this policy prevailed.  Dom timber was used in the construction of the railways and, given that construction timber was being imported into Eritrea early in this century it seems extremely likely that there was also considerable exploitation of the dom forests for this purpose. On the other hand, dom kernels were an important export commodity.  

Commercial agriculture was promoted during this period, both for economic development and to increase Eritrea’s self-sufficiency in food.  Parcels of government land were leased as “concessions” to entrepreneurs for development - a system which continues today.  The emphasis in the Lowlands was on irrigated horticulture, and as a consequence forest land was cleared along the riverbanks, as described above.

Forest conservation was, however, a matter of some concern to the Italian administrations.  As early as 1911 causes of deforestation were being discussed in government publications, and a corps of forest guards was established to protect the remaining forests.  To what extent this system existed in the Western Lowlands we do not know.  

c) The independence struggle

Thirty years of conflict have had a complex impact on the forests.  A number of different effects can be identified, but we have no reliable data by which we can assess their relative importance.  Most of the evidence is from individual testimony: in addition to all the normal problems with this, the emotive issues involved may affect people’s memories of this period.  

Depopulation of the lowlands occurred on a large scale.  The Western Lowlands were the scene of much fighting between the opposing armed forces and of attacks on the civilian population.  Villages were destroyed - sometimes repeatedly - and populations forced to flee for their lives.  Responses varied however: some became refugees in Sudan, from 1967 onwards.  Others moved within Eritrea, either over considerable distances or simply “behind the mountains” to avoid attacks.  Box 2 illustrates the response of one village to these events.  

Box 2: Migration due to drought and war - the case of Ad Derwish village, Grenfit District, Gash-Setit.
The people of Ad Derwish are Beni Amer, who originally came from the Highlands in Sahel Province.  Around 1906 - “a year of hunger” - their ancestors came to Sheglet on the Barka River because of a drought.  Sometime around 1950-58 they moved from Sheglet to Gogne (on the upper Mogareyb), “looking for farmland and grass and water for their livestock”.  (This is how pastoralists often refer to migration forced by drought (Hansen 1994).)  Because of the war this village later moved from Gogne to the current site, south of the Gash.  Some people fled to Sudan, but they came back within five years - the village is now complete.  

They chose the present site because it had good grassland and good farmland.  At first, when they arrived, the area was safe, and there was no war nearby.  Gradually, however, the Ethiopian militia began to rustle the Beni Amer cattle, particularly on the annual migrations, when they were moving their cattle between Ad Derwish and Sheglet.  Now that there is peace they have stayed on in this area as agropastoralists - but their major interest and knowledge is still in livestock.  

(From an interview conducted as part of the IFSP/GTZ baseline study, described in Hansen (1994).)
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The overall impact was of depopulation, which in itself must have reduced the pressure on the forest.  However, the picture is very complicated.  Some of the effects which this displacement of people may have had are:

•
localised concentrations of people in the riverine forest, where they fled to hide among the trees;

•
use of the forest (e.g. cutting palm leaves) confined to areas near settlements, to avoid having to travel long distances and thus be vulnerable to attack;

•
disruption of farming/pastoralism leading to greater reliance on the forest both for food and income (e.g. dom fruits, cutting fuelwood);

•
loss of livestock reducing grazing pressure on the forest, particular on regeneration;

•
destruction of local economic systems, which may have reduced markets for forest products and disrupted transportation.

There are probably many others.  All these were mentioned in village interviews conducted either by us or by GTZ (Hansen 1994), with the exception of the last, which is speculative.  Their impact on the forest is incalculable - sometimes negative, sometimes positive - and would have varied from place to place.  They may also have had significant effects on the savanna woodland, but probably in rather different ways.

One consistently reported effect of the war was the breakdown of forest “law”, both official and traditional.  This resulted in indiscriminate cutting, the effects of which are particularly pronounced on the lower Gash.  In this area the proximity of the Sudanese border made removal and disposal of dom timber easy in the absence of effective control.  

Other clearly negative impacts were the removal of timber by the warring armies for military use (trench props etc.) and deliberate destruction by the Ethiopian air force, who are reputed to have bombed the riverine hiding places of displaced people.  There was also some logging by the Ethiopians for export to Ethiopia, but the extent of this is uncertain, and perhaps exaggerated.

d) Natural forces shaping the forest

Drought.  Drought is a recurrent phenomenon in the Lowlands, to which both natural ecosystems and traditional economies were adapted.  However, the droughts of the 1970s and 1980s had an unusually harsh impact, partly due to their severity and frequency, and partly as a result of the disruption of normal coping mechanisms by the war.  

The direct effect on the forest is rather hard to assess, particularly ten years after the most severe drought.  We have been told that trees died from this drought, though disentangling this from trees having been cut down during the drought is impossible.  On the ground, there is evidence of recession of the forest in some areas.  In some smaller tributary valleys we observed isolated dom scrub in areas where previously there had been mature trees, evident from traces of stumps.  The consistency with which this phenomenon seemed related to distance from the main river suggests strongly that it is the result of a falling water table,  following a period of low rainfall.  In Mali, Giffard (1966) reports the death of dom stands from the same cause after several decades of low floods of the River Niger.

The droughts had an impact on local populations similar to the war: loss of crops and animals, forced migration, reliance on the forest for food etc.  As described above, these will have had a mixed effect on the forest.  One particular destructive use of the forest, confined to famine periods, is the collection of the dom “heart” - the growing tip - for food, which kills the palms.  We were given this as a reason for destruction of the forest in one village, and in several others people said that they used this food during famines.  The breakdown in “forest law” referred to above was a contributing factor, since both official and traditional systems prohibited the collection of palm hearts. 

Riverine erosion and flooding.  During the rainy season the Gash and Barka flow in wide, shallow beds.  These change course each year as a result of both erosion of the river banks and deposition of alluvium to form new land.  This natural process occurs along the whole length of the rivers, particularly on the meanders so typical of the flood plains in the Lowlands, and often means that forest areas are destroyed.  Although tree cover can protect the river banks to some extent, it can only slow the erosive process, not stop it altogether.  At the same time deposition is creating new land, which is rapidly colonised by tree seedlings, particularly Tamarix.  Historically all the land in the flood plain is a product of these opposing forces.  Traces can be seen in patterns in the riverine forest, reflecting the different ages of the land on which the forest stands and local variations in soils.  This is an ongoing process and the forest is dynamic as a consequence. 

Individual large floods have effects in addition to these continuous riverbank erosion processes.  They can destroy forest (and farmland) but at the same time bring fertility and new seed to flooded sites.  Both dom and Tamarix seeds are waterborne and seedlings of these species can colonise new sites and form single-aged, single-species stands in the aftermath of flooding.

Fire.  Fire is a frequent but erratic occurrence in the riverine forests.  Its effects vary, depending on the severity of the burn.  Ground fires do little damage to mature trees and well-established dom scrub, but they do destroy new seedling regeneration.  Crown fires, however, can kill everything above ground level.  Recovery after such a fire varies between tree species.  Dom recovers well, since it can resprout from the roots, but the acacias and other savanna species regrow less well.  Fire may thus be one factor which maintains the dom forest’s typical structure of pure, monospecific stands with only one or two age classes present. 

4.2 Savanna
Much less time was devoted to the study of the savanna woodland in the Lowlands.  However, it is recognised by MoA as being an important resource, and deserving of some study.  Consequently, we made continuous casual observations during our field work, and included questions about the savanna in the village interviews.  

Although the savanna woodland is very varied across the zone, the basic categories defined by White (1983) and mapped by Millington et al. (1994) can be applied.  These are Semi-desert Wooded Grassland, Sahel-Sudanian Acacia Wooded Bushland and Dry Sudanian Woodland.  From our observations, these are represented in Eritrea as follows:

· Semi-desert Wooded Grassland: Grassland areas with scattered Acacia tortilis, A. oerfota, Balanites aegyptiaca, Boscia senegalensis, Cadaba rotundifolia, Capparis decidua and localised patches of Leptadenia pyrotechnica.  This forest type is found in the Barka valley below (west of) Agordat.

· Sahel-Sudanian Acacia Wooded Bushland: This is very variable in density, with some woodland areas, and others of open grassland with scattered trees.  The main tree species are Acacia tortilis, A. mellifera, A. oerfota, Balanites, Boscia, Cadaba, and in some areas Combretum adenogonium, baobab, A. senegal, Boscia angustifolia  and Dobera glabra.  This formation is found in a band from the lower Gash through the upper Mogareyb and the low hills around Barentu to the upper Barka plains around Mensura. 
· Dry Sudanian Woodland: At its best this is dense woodland, though in some areas it has been thinned out by fire and grazing and by felling for timber.  Principal species are Acacia seyal, A. mellifera, A. senegal, Balanites and baobab, with Combretum adenogonium, Anogeissus leiocarpus, Dalbergia melanoxylon, Stereospermum kunthianum, Albizia amara and others.  This forest type is found in the plains south of Tessenay (where there is a gradual transition from A. tortilis to A. seyal savanna), eastwards through the hills of central Gash-Setit to the upper Gash valley.  
These types merge together, and are not at all well-defined at the boundaries.  There are also many local variations, and species associations are very fluid.  The Dry Sudanian Woodland is in places almost pure Acacia mellifera, but in other locations A. mellifera/Balanites and elsewhere again a mix of these species with A. seyal.  In the Wooded Bushland the dominant acacia changes from place to place between A. tortilis, A. mellifera and A. senegal.  

In the drier areas there is a distinctive montane vegetation, characterised by species which seldom occur in the plains.  Around Agordat the main example is Delonix elata, which is replaced further south by species such as Gynocarpus jacquini.  There are also species which are confined to the riverine woodland in drier areas, but which in the wetter parts of the lowlands occur as savanna or even montane species.  A. seyal is the pre-eminent example, others are Albizia amara and Dalbergia melanoxylon.  

The only extensive and dense woodland we observed was the Balanites/A. seyal/A. mellifera mixture covering large areas of clay plains, between Guluj and Om Hager, and to a lesser extent south east of Augaro and around Shambuko.  Elsewhere we encountered locally dense areas, but only as patches surrounded by scattered trees and grassland.

There was a consensus among all our interviewees that the savanna woodlands had deteriorated in recent years.  Various reasons were given, but the blame was largely laid by people on themselves.  The Kunama and Tigrinya - who inhabit the wetter areas of the zone - have cleared large areas for agriculture and for domestic use, while the Tigre attributed forest loss to cutting for fuel and timber.  Other causes we were given were drought, fire and wind - the last on only one occasion, which may reflect a local event.   Browsing of seedlings was never mentioned, yet to us seems the most likely single cause of forest loss over time.  Although the mature trees do not look over-grazed at present, in most areas very little regeneration of the savanna species is evident.  Even when we probed this issue, people told us that browsing was not a problem - an attitude also found by other researchers in Eritrea.  

As with the riverine forest, the war has had a mixed impact on the savanna areas.  The dramatic decrease in livestock numbers and human populations may well have helped to protect the vegetation, although over the same period it was heavily stressed by recurrent droughts.  These probably had a greater effect on the savanna than the riverine areas, with loss of trees from the drier areas.  

The process of decline seems likely to continue, despite a recent upturn in rainfall.  Increasing population in the Lowlands, through settlement and natural increase of both humans and animals, will make greater demands on the savanna woodland.  In contrast to the riverine forest, growth rates and overall productivity are low (well under 1 tonne/ha/year according to Millington et al. (1994)) and the way it is being used is more destructive, with wood as the main harvest, rather than leaves and fruit.  

Despite the pessimistic tone of the above, it should be noted that the savanna seen in the Western Lowlands is in much better condition than in adjacent areas of Sudan which share the same climatic and soil conditions.  It potentially has the capacity to respond to management, provided this is introduced before the woodlands go the way of the Sudanese savanna i.e. to extreme degradation.  

4.3 Biodiversity
The current situation regarding biodiversity in the Western Lowlands is not well known.  Although biodiversity surveys were not a part of this consultancy, the subject forms a component of the proposed SOS Sahel/MoA project, so we made general observations during the course of our field work. 

The National Environment Management Plan for Eritrea (NEMP-E 1995) identifies two areas of particular interest: the area immediately north of the Setit and the riverine habitat along the Gash and Barka rivers.  On the first of these our observations are in agreement with NEMP.  We would merely add that the riverine forest is already under stress from fire and overuse by pastoralists, which must reduce its value as a wildlife habitat. 

Regarding the Gash and Barka forests, we share the view that these are an important ecosystem which deserves protection.  However, in our assessment there are more than “a few remaining sites where it exists” (NEMP-E p. 85), and the two rivers have very different forests, as described in preceding sections.  Both are very well used by local populations, particularly for watering livestock, and consequently have little value for larger wild animals (Hagos Yohannes, pers. comm. and our own observations).  However, they are rich in bird life.  The acacia woodlands seem more diverse both floristically and in bird species than the pure dom forests.  One special habitat which we do think is of particular importance for bird life is the pure Acacia nilotica woodland which occurs in a very few places along the lower Gash.  We know of two areas near Alebu, and two near Tessenay (including the well-known site at Thalatashara) and are concerned that this uncommon habitat is under pressure - from agricultural clearance at Alebu, and invasion by mesquite at Tessenay.  

The savanna areas also seem to us to merit some attention for their conservation/biodiversity value.  Even the more accessible areas support populations of animals such as gazelles and cats and the small animals which are the prey for the large raptor population.  Of the areas we visited, we consider that the dense Balanites/Acacia seyal/A. mellifera woodland north of Om Hager is a valuable habitat possibly worth conserving, at least in part.  Although currently quite extensive, woodland of this density is uncommon in Eritrea, and it is threatened both by the expansion of commercial rainfed agriculture and the resettlement of large numbers of returnees from Sudan.  This area has not so far been recognised as a conservation priority, but we know that it is rich enough in wildlife to support, amongst others, the African lynx. 

4.4 Concluding remarks
In summary, we found that the riverine forests were remarkably intact, though clearly much disturbed in the recent past.  We thus disagree with the FAO finding that “the riverine forests have all but been destroyed except in the more isolated areas” (FAO 1994), and believe that the other recent estimates of total areas under dom forest in Eritrea - 14,000 hectares (Harwood and Boland 1994) and 15,000 hectares (Bristow 1995) - are too low.  We would put the total figure for the Barka and Gash forests in the region of 30,000 hectares, of which some 20,000 are on the Barka.

The forests in the three river systems are very different, and are also internally diverse.  While the Barka is principally a dom forest, the Gash is much more mixed, with stands of pure dom as well as areas of mixed acacia/Ziziphus woodland.  The Setit supports very little riverine forest, through there is dense savanna woodland in places where the valley floor widens.  The forests have been, and still are, very dynamic systems, with continuous change in their extent, structure and composition taking place as a result of a complex of natural and human influences. 

At present the riverine forests on the Gash and Barka appear to be healthy, and actually improving in some areas.  This is particularly true of the dom thickets, which despite being heavily used by local people are showing signs of developing towards mature forest at some sites.  By comparison the Setit forests appear very stressed, as a result of the combined impact of frequent burning and the annual influx of pastoralists seeking water and browse for their animals.  Our impressions of the health and vigour of the forests may be influenced by the timing of the field work.  This was carried out after the rainy season but before the forest had become stressed by many months of drought i.e. at the time of year when the forest was probably at its best.  (Cutting of dom leaves is also relatively light in the months up to December, so the dom thickets are also in particularly good condition at this time.)  This does not, however, invalidate the above observations, since whatever its state at other times of year, it is clear that the forest can recover.

In contrast with the riverine forest, the savanna woodlands are far less productive and less able to withstand the pressures on them.  Consequently they have declined in density throughout the Lowlands, and this process looks likely to continue as populations - both human and animal - increase.

5 THE DOM PALM
We singled out the dom palm for detailed investigation because of its ecological and economic importance.  Not only is it the dominant tree species in much of the riverine forest but it is crucial to the livelihoods of thousands of Eritreans.

This chapter covers the ecology and silviculture of the dom, drawing partly on our own observations and also including much information from other sources.  We have indicated where we have used these and where the information is first hand
.  Uses and trade in dom products are covered in section 6.1.1.

5.1 Description
The dom palm (Hyphaene thebaica (L.) Mart) is a fan-leaved palm, unusual amongst palms in that it branches dichotomously.  Mature trees usually have four to eight crowns - unbranched trees are rare.  Although the stands in Eritrea are typically 10-15 metres in height, individual trees reach 20 metres or more.  (Von Maydell (1986) and Fanshawe (1966) give 15 metres as the maximum height; Dow (1958) and Giffard (1966) mention 20 and 30 metres respectively.)  The oldest trees we saw were thought by local people to be between 60 and 80 years old - this corresponds with documented maximum ages.   Dom is usually dioecious, producing male and female flowers on separate trees.  Male and female trees also have other distinguishing characteristics, though there is some confusion over these - see Box 3 for details.  The fruit is a hard drupe, smooth and reddish-brown in colour, 6-8 cm long.  It is borne in large bunches in the crowns of female trees.  A single seed is contained in each one, surrounded by an edible pericarp.  Local people distinguish two types, with sweet and bitter flesh.

Box 3: Dom palm: characteristics of male and female trees
There is some confusion over the distinguishing characteristics of male and female dom palms.  Firstly, everyone agrees that there are “male” and “female” trees.  It is also agreed that this is important, not just for fruit production, but also because “mature male” trees produce usable timber, whereas “female” and “immature male” trees do not.  Various secondary, physical characteristics are used to sex the palms before flowering, according to Fanshawe (1966).  These are:

According to Fanshawe, following Baldrati (1931):


Male
Female
Stem
more slender
thicker

Height
smaller
taller

Leaf
narrower, more 
broader, more flexible, 


rigid, more fragile
stronger

Leaf stalk 
shorter, stronger
longer, weaker

(petiole) 

According to Dow (1958):  Male stems are characterised by splitting of bark at forks, black secretion, smooth bole, no clinging leaf bases, clear sharp ring when struck with an axe.

According to Von Maydell (1986):  “Mature male palms often show bark fissures in the forks, from which a dark sap is exuded.  Smooth logs are generally of good quality.”

Local people we spoke to agreed that good timber comes from trees with smooth, slender boles, and that these are “male trees”.  However in the field we observed “male trees” with fruit on them i.e. reproductively female trees with slender smooth boles.  At one site we probed this apparent confusion, and caused much hilarity when we made it understood that we considered “maleness” and “femaleness” to be inextricably bound up with the ability to have children!

The situation, both silvicultural and in terminology, is obviously more complex than previous authorities have indicated.  Fanshawe notes that “very rarely a male palm will bear hermaphrodite flowers, and occasionally set fruit” - this may be the source of some of the confusion.
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The leaves of mature palms are fan shaped, 1 - 2 metres long, around a metre broad, and bluish-green in colour - a distinctive colour in the landscape.  They have stout, spined leaf stalks (petioles) of around one metre in length, the base of which is divided and encloses the stem of the palm.  As leaves die, they remain on the tree for some time, particularly on young palms.  However, the stems of some large, mature trees are covered in old leaves, whilst others are completely clean-stemmed to the base of the crown.  We do not know why this is so: it is said to be connected with gender, but clearly is not. 

The timber of mature male (non-fruiting) trees is hard and compact and much prized for construction work.  In contrast, that of all immature trees and mature females is openly fibrous, not very strong and quickly destroyed by termites.  Such trees are often left to rot if cleared from agricultural land.  

Dom palms are typically found in areas with high water tables, and are usually indicators of good soils (though Von-Maydell maintains that they do not actually need fertile soil themselves).  Consequently they are very strongly associated with flat riverine sites: dom seldom grows on land which rises rapidly from the river.  However, in several places we found dom growing far away from the major river valleys, in flat areas where there is presumably a locally high water table (e.g. north west of Anagulu, around Fode).  Dom does not tolerate standing water, though temporary flooding will not kill trees.  Rainfall requirements are 200 - 600 mm, but where underground water resources are sufficient the tree can tolerate an average of 50 mm, and years of total drought.  Most of the dom in Eritrea grows in the 200 - 600 mm range.  Dom is not tolerant of cold winters, which puts northerly and altitude limits on its distribution. 

Dom palms are frequently found in pure stands.  When mature these form dense canopies with very little undergrowth.  Where the canopy is more open, the forest floor is often filled with young palms, both seedling and coppice regrowth (see below).  On some sites it is found in association with other species, commonly acacias, in intimate mixtures.  

The genus Hyphaene is very widely distributed across semi-arid Africa, its range includes the area from Senegal to Somalia and south to Kenya and Tanzania (Von Maydell, Fanshawe).  Dom is indigenous to Eritrea, and it is thought that its range has extended considerably within the country in recent times (Baldrati 1931, Fanshawe).  

5.2 Existing research
There is very little documented research on the dom palm, either specific to Eritrea or general.  During the Italian colonial period the economic importance of the species prompted investigations resulting in a handful of monographs, principally covering its distribution and use (Baldrati 1914, Baldrati 1931 and others).  Similar papers were produced in the colonial and early post-colonial period by both British and French authors in Sudan and West Africa (Dow 1958, Giffard 1966), and a very detailed study by a British researcher working in Eritrea dates from this time (Fanshawe 1966).  More recently there have been a few reports of germination and establishment trials from other countries, as well as more general studies.  The only recent work in Eritrea is contained in a feasibility study for the dom fibre factory at Agordat (carried out in 1986 and reproduced as Appendix 13).  A list of all documents of which we are aware is contained in the bibliography.  It is very possible that further information is contained in Italian archival material.  A little of this is available at the Pavoni Library in Asmara, but the Colonial Agricultural Library in Florence may contain more.  There are certainly references in Baldrati which are likely to be valuable.

One drawback of this material is that authors have frequently drawn on each others’ information, rather than carrying out their own research.  Thus what may appear to be confirmation is in fact repetition.  Sometimes they indicate this in their writing, but often the reader is left wondering about the source of data used.  A further drawback of many of these papers is the anecdotal nature of the information.  While it is probably of high quality, since some of the authors were long-serving, high-ranking colonial officials, it is impossible to assess the evidence for their assertions.  What is also missing from almost all of these is any quantitative data on productivity - the exceptions are Fanshawe, some very scanty information in Baldrati and the dom factory study referred to above. 

Clearly, this species presents huge scope for further research, in particular the quantitative growth studies without which informed management is impossible.  (We understand that in southern Africa there is work currently in progress on this).  During the course of three months in the field we could not carry out any detailed, quantitative research.  However, since we felt that any research-based figures, even if only giving orders of magnitude, would be useful, we measured a number of plots in mature and scrub dom.   We must emphasise that these figures should not be accepted uncritically: they are obviously not statistically representative of the forest.  However, we are confident that they are indicative of potential stocking levels, and also of the immense productive potential of dom scrub.  

5.3 Ecology and Silviculture
Fruit is produced in very large quantities by mature female trees.  Baldrati claims that 150-200 kg per tree per year is possible, but Fanshawe estimates the average yield is about 50 kg, and fluctuates in response to the rains.  The fruit occurs in large clusters and stays on the tree for a long time.

After the fruits fall, germination is very prolific within close proximity of the mother tree, where favourable conditions exist.  However, the fruits are buoyant, and can be dispersed by floodwater.  They are also thought to be dispersed by elephants and people.  Baldrati claims that nomadic tribes have been largely responsible for the spread of the dom in historical times.  (Exactly when is unclear.  His map shows forests in the lower Barka tributaries dating to the “first Beja [Hidareb] invasions” i.e. prior to the 8th century AD.)  Von Maydell and Gotz (1985) refer to dom as “the palm of migratory people”.  Baldrati also comments that the conditions in elephant dung are perfect for germination of dom nuts, and asserts that the concentration of dom around Sittona on the Setit is the result of elephants inhabiting the area. 

It has been suggested that germination only takes place two years after the fruit falls, due to the protective coatings over the nut.  However, nursery work has shown that a dormancy period is not essential for germination, which occurs when the seed has absorbed considerable quantities of water (its own weight, according to Giffard, half this according to Karschon (1960) quoted by Fanshawe). This apparently happens most easily when the seed is buried by floodwater, blown sand or trampling by animals.  It is also possible that where sufficient moisture is available, germination can take place on the surface and the contractile taproot subsequently draws the seed downwards (S Bristow, pers. comm.)  In the riverine forest germination often occurs in dense patches (with many tens of seedlings per square metre) in small hollows, apparently where flood waters have collected and then buried fruit in moist soil. 

Germination usually takes place 15-20 cm below ground.  A taproot develops quickly, and after some time the first leaf appears above ground.  It is lanceolate (lance-shaped) and is followed by a succession of progressively wider, more fan-shaped leaves, all emerging from a “growing point” at ground level.  As they emerge the new leaves are tightly folded into a bud-like “spear”, which grows in length and then opens.  Only after this does the stalk extend.  These leaves are very variable in size, which may reflect site conditions, age of the clump, or even be genetic.  Maximum size is similar to that of leaves on mature trees - 1-2 metres in length and approximately a metre across.  The stem is entirely underground at this time, and tends to branch and send up leaves at new growing points.  These form dense clumps, which we have referred to as “dom thicket” or “dom scrub” in this report.  However, we suspect that this stage cannot develop under the shade of a full canopy, but only where some light reaches the forest floor.   

After a number of years, one growing point in the clump becomes dominant, and sends up a vertical stem.  Gradually this suppresses all other growing points in the clump, establishing itself as a single palm tree.  First flowering occurs when the stem is a few metres high.  The stem forks, sometimes as low as 1 m above ground level, more commonly after about 4-6 m.  Subsequent dichotomous branching gives mature trees with 4-16 crowns.  In theory, trees should have 2, 4, 8 or 16 crowns.  In practice, crown death and uneven rates of branching can result in any number of crowns up to 16: the maximum we observed was 13 on one tree.  A single crown may carry 10-40 (usually 20-30) leaves at any time, of which typically between one and two thirds will be alive (Dow and Fanshawe).    

After many years the crowns thin and ultimately die, leaving the dead tree to stand and decay.  Male trees are reputed to have shorter lives than female ones.  They may, however, stand for longer after they die - slender, smooth boled dead trees are a common sight, whereas fatter trees showed signs of rotting in situ and shedding branches.  (No research has been done to confirm or refute this.)  

Fanshawe and Dow give stocking figures for densely stocked, mature stands of 108 and 200-280 stems/hectare respectively.  (Dow’s figures are for Kassala, in eastern Sudan, while Fanshawe’s are from Eritrea.)  Fanshawe describes this as “undisturbed closed forest”.  We measured three plots in forest of this nature around Engherne, with results shown in Table 1.
Table 1.  Stocking Of Mature Dom Forest
	Plot no.
	Plot area/m2
	Stems/ha
	Crowns/ha
	Mean crowns/stem

	1
	900
	256
	922
	3.6

	2
	400
	400
	1500
	3.8

	3
	900
	189
	1366
	7.2


The table shows that a maximum stocking of 400 stems per hectare is possible with fairly young trees, with only two forks on average.  In a full canopy it seems likely that the number of crowns is relatively fixed, and is not directly related to the number of stems per hectare.  (Thus the disparity between Dow’s and Fanshawe’s figures may be related to tree height/forking, rather than site differences etc.  Without crown stocking figures one cannot tell.)  Whether a dense young stand like plot 2 will self-thin with time to give a stand like plot 3, or whether the trees will grow on without forking once the canopy closes, is an open question.  

Baldrati gives timber volume figures for a typical four-crowned tree - possibly calculated from the mean of a sample of 80 trees.  For a tree 14 m high, he calculates a timber volume of 2.245 m³, or 1.347 tonnes, using his density of 600 kg/m³.  With 250 stems per hectare, this gives a timber volume of 561 m³/hectare (337 tonnes/hectare).    

Dom palm can reproduce vegetatively when adult palms are disturbed in some way e.g. through cutting, fire or root exposure by riverbank erosion.  A variety of mechanisms exists: shoots from the cut stool, and suckers emerging either from the roots or from underground stems (rhizomes).  In most cases, perhaps all, this regeneration occurs very close to the parent plant.  (We have seen no evidence that root suckering enables the palm to spread significantly and colonise open ground.)  This process can produce very dense clumps, with up to 50 growing points emerging from the base of a single cut stem.  The result is dom thickets, which occur widely, since disturbed forest is the norm.  (Every site we visited in the dom forest had been disturbed in some way - usually by human activity, but sometimes by fire and/or flood.)  Where mature mother trees are also present, the thickets consist of a mixture of seedlings with single leaves, dense clumps with 10-50 growing points visibly associated with a cut stump, and usually a large number of small clumps (2-10 growing points) of indeterminate origin.  These are seedling dom which are old enough to produce fan-shaped leaves, root suckers growing at a small distance from the parent plant, and the coppice regeneration from cut immature palms.  It is extremely difficult to distinguish on the ground between these different types of plants.  Our measurements (see below) showed that in total there could be over 25,000 of these growing points per hectare of scrub.  Thus conversion of scrub to mature stands involves a dramatic reduction in the number of growing points, to around only a thousand per hectare even in well-stocked forest.

Dom scrub is often very vigorous.  We observed many sites where it was growing naturally in fields, presumably as a result of forest being cleared for agriculture.  Every year or two the thickets are cut back, the land ploughed and planted with crops (sorghum in the sites we visited).  Regrowth of dom is rapid - in one village we were told that by harvest time new leaves were large enough to use to tie up the harvested bundles.  By the following ploughing season such scrub is typically 1-2 metres tall.  Leaf productivity on such sites is high - some figures are given in the following section.

A feature of all the dom forest sites we visited was the peculiar structure: one with discrete storeys of apparently equal-aged trees separated by gaps.  This appeared in several distinctive forms:

A
a single dense canopy at 10-15 metres, with no other vegetation

B
a more open canopy, with a ground layer of scrub dom 1-3 metres high and nothing in between these layers

C
a three storeyed structure, comprising structure B with scattered emergents, up to 20+ metres tall

D
even-aged dom scrub, with no mature trees.  Sometimes such scrub has a few stems starting to appear and trees a few metres high emerging from the thicket.

Dow comments of the dom forests in eastern Sudan: “in all these forests there is a significant dearth of the 5-30 feet (1½-9 metre) height classes”.  He postulates that this could be due to the removal of nuts (in the past a major commodity) and to grazing destroying young seedlings.  Bristow (1995) suggests that since “mid-size palm timbers were apparently preferred for building purposes, this may explain the present situation of a two storey forest”.  However, our observations suggest that other forces must also be involved.  The phenomenon is too widespread, even in areas where populations of humans and animals are small, and dom nuts are no longer a significantly traded commodity.  Since it seems that timber quality is related to age, and mature male trees are preferred (with 3-4 forks according to Dow), it is unlikely that people would have preferentially harvested middle-sized trees of both sexes.

More research is clearly needed on the subject, but we put forward the following for consideration.  Since dom appears not to regenerate in its own shade, the natural state of the forest may be even-aged stands, or discrete storeys, each cohort resulting from an event which opened up the canopy e.g. fire or flooding.  Human interference may in some cases mimic this e.g. through the removal of male trees from a dense canopy.  This obviously is not a complete or satisfactory explanation for a very widespread phenomenon.  When we asked local people about it they simply said “the forest comes from God”.

5.4 Growth rates and productivity
In the above description we have not referred to growth rates.  While all authorities agree on the general course of development there is some disagreement over the speed at which dom grows, and very little data on biomass productivity.  

There is general agreement that seedling dom grows relatively slowly in the early stages of its life.  Fanshawe gives the most detail, apparently from personal observation.  

•
In the first four years a palm will produce only seven or eight leaves - only the last of these will have the mature fan shape.

•
If young palms are cut back, leaf production increases to one leaf per month (which he observed on two-month old cut stools). 

•
He may also be saying that after year four, production from uncut seedling dom is also one leaf per month: his text is unclear.  

•
Fanshawe estimates leaf production on mature trees as one leaf per crown per month.  

•
A single stem becomes visible after 10-20 years.

•
Flowering occurs within ten years of stem formation.  

•
Stem growth is 5-30 cm per annum in the first few years, but he quotes Baldrati as estimating growth rates at “50-70 cm annually for the first 20-30 years of the palm’s life (presumably from the beginning of stem formation)”.  

Von Maydell asserts the following:

•
Fan-shaped leaves are produced at ground level 2-3 years after germination.  

•
After this a new leaf is produced every seven days.  

•
A stem emerges after 18-20 years, and fruiting occurs 6-8 years later.  

(He is probably drawing on a number of documented sources for these figures, rather than first-hand research.)  

Giffard contradicts the others by claiming that after four to five years the stem appears and grows swiftly for 80 years thereafter, putting on 10-15 cm in height every year.  Barrow (1990) concurs with this age for stem emergence.

In three months it was impossible for us to sort out these conflicting figures.  However, we have collected some data to contribute to the debate.

1
8-9 metre trees grown from seed on a garden site which was abandoned (with no dom on it) 20 years ago.  (Ad Shierkh Hamud, Tekreret)

This suggests that stem formation occurs faster than Von Maydell and Fanshawe believe, and that Giffard and Barrow are right.  In many other areas we saw young stems rising from scrub which we think were 4-6 years old, but this is not verifiable.  It is also possible that stems regrow from coppice faster than first stems appear from seedling palms.

2
90 leaves produced from 65 growing points on a 25 m² plot in 36 days.  This is 1 leaf every 26 days, on average.  These figures come from an area of dense dom scrub, 2-3 metres high, cleared for agriculture near Engherne, and then allowed to regrow.  The regrowth averaged 90 cm in height.  

3
A garden site near Haikota which had been cleared approximately two months previously (according to the workers there).  Most clumps selected at random had 3-4 open leaves and a new central bud.  This is a growth rate of 1 leaf in 2-3 weeks from coppice. 

4
Another garden (near Alebu) where we were told that dom coppice shoots had emerged twenty days after scrub had been cleared from the site.  

5
2-3 leaves produced in 5-6 weeks on 5 m stems, after all removal of all the leaves apart from the central bud (Engherne).

6
A very consistent estimate made by local people of 7-10 days for a new leaf to unfold once a leaf was harvested. 

This data suggests that a leaf production rate of approximately one leaf in three weeks is possible.  The apparent contradiction between this and the testimony of local people (and Von Maydell) may be resolved if after cutting back to ground level there is a pause before normal production is resumed.  Both Fanshawe and ourselves were making observations on plants which had been cut to the ground: local people are invariably referring to ongoing leaf production from an existing clump.  

7
65 growing points on the measured plot referred to above represents 26,000 per hectare.

8
252 and 433 growing points on two separate 100 m² plots of 1-2 year old dom thicket that we measured near Agordat.  This represents 25,200 and 43,300 (!) growing points per hectare respectively.  These were not even particularly dense areas - both plots had open spaces in them.  

These figures were collected after we realised that the dom scrub - rather than mature forest - was the principal source of leaves for local industry.  We have seen no other similar figures, but believe that these are in no way exceptional, and give an order of magnitude estimate for the production that can be expected from areas of scrub dom in the riverine forest.  

9
30 g per leaf dry weight.  These were the top halves of 20 leaves, cut near Tessenay.  (See section 6.1.1: people on the lower Gash cut part of every leaf as it emerges, rather than cutting a few entire leaves from each growing point.)

10
183 g per leaf dry weight.  This was a sample of 109 entire large leaves (1.2 m long) cut near Gogne.  

Bristow (1995) measured a sample of 10 leaves, to give a mean fresh weight of 130 g per leaf.  Fanshawe quotes a figure of 5-16 oz (140-450 g) per green leaf.  He also gives a moisture content of 60% of fresh weight, so these figures convert to 52 g (Bristow) and 56-180 g (Fanshawe) for dry leaf weights.  

Very tentatively we are putting forward some estimates of productivity using the above data.  It should be noted that these are not statistically representative figures, and are also taken from a particular kind of scrub (young coppice regeneration) at a particular time of year (cool, post-rains).   It is impossible to gauge what effect this has, and what the figures would be from e.g. older scrub measured in the hot dry season before the rains.

However, as an example: from a single hectare plot of dom scrub, one might expect a monthly production of 5.3 tonnes of dry leaf material.  This extraordinary figure indicates a total annual production - if sustained - of 63 tonnes per hectare.  

Box 4: Estimate of productivity of one hectare of well-stocked dom scrubland
Assumptions:
• 25,000 growing points


• one leaf is produced every 22 days from each growing point


• one leaf weighs 150 g (dry weight)

Then:

the monthly production is 


25,000 x 31/22 = 35,227 leaves



weighing approximately 


35,200 x 0.00015 = 5.28 tonnes (dry). 

Assuming that 30 g of every leaf is harvested:



the monthly harvest is 35,200 x 0.00003 = 1.06 tonnes (dry)



equivalent to an annual harvest of 12.7 tonnes (dry)

3
This is a total production figure, not a harvestable biomass, since the removal of every new leaf as it appeared would ultimately kill the plants.  At present there is no data on how many leaves can be removed without significantly weakening the palms.  However, a guide is available from the figures for the lower Gash, where part of each leaf is harvested.  Substituting the figure of 30 g (no. 9 above) for 150 g in the above calculation, gives an estimated monthly harvestable biomass of approximately one tonne per hectare.  

Coppicing whole clumps, rather than single leaf removal, might enable a higher rate of harvesting.  Fanshawe points out, however, that each leaf only lives for about six months, so annual cutting back would only harvest half the total annual production.  Still higher yields could perhaps be achieved by preserving a core of the 2-3 youngest leaves, and removing every leaf as it became older than this.  This would not be suitable for some purposes e.g. weaving, for which the youngest leaves are always sought.  However, for other uses such as industrial fibre production, this system might be an appropriate way to maximise sustainable yields.  Clearly much research needs to be done. 

While these figures do look very high for productivity in a semi-arid environment, it should be remembered that dom usually inhabits areas with high water tables and good soils.  These factors must contribute to the a growth rate which is significantly higher than any other natural vegetation in the area.  

5.6 Management
At present there is no formal management of the Eritrean dom forests.  They occur entirely as natural formations - there are no plantations, nor is there systematic harvesting of products.  However, MoA have expressed interest in the possibility of reforesting areas with dom, and sustainable harvesting of products for industrial use, including timber.  Some relevant research has been carried out in other countries, and the following notes present information and ideas based on that research and our own observations.

5.6.1 Site selection
This should be relatively easy, since dom is confined naturally to areas with a high water table.  In most cases in Eritrea, areas which were previously under dom forest are likely to be suitable for reforestation.  However, there is evidence that on some sites the forests have naturally retreated in the recent past, perhaps due to a fall in the water table (see section 4.1.5).  Such sites, marked by old stumps and sometimes by relict scrub, usually on the outer fringes of riverine forest, would probably not be able to support full dom forest cover.  

5.6.2 Establishment
Given the prolific nature of natural regeneration from seed, it seems likely that simple protection would be an easy and cheap way of establishing seedling palms, to fill gaps in existing stands.  Where more control is needed, or mother trees are not present, mimicking the natural process through direct seeding is a viable alternative.  This has been tried successfully in a number of places, and supplemented by research into methods for ensuring germination.

Germination trials:

•
Karschon (1952) recommends that seeds should be soaked in water at room temperature for two weeks, then sown in deep containers of sand.

•
Audru (1987) recommends that seeds should be removed from the fruit, soaked for 4-8 weeks until the cotyledon emerges and then sown directly.

•
Fanshawe reports that seeds in an irrigated nursery at Agordat gave 70% germination in 30 days; entire fruit gave better results than removing the seed.

Although Karschon refers to using containers, the rapid growth of the tap root makes transplanting difficult if the seedlings are to be planted out.  Giffard reports that before the first leaves appear the tap root is already close to a metre long, and maintains that normal transplanting cannot be done and that for reforestation direct seeding is obligatory.

Since the palm produces shoots from the base, it has been suggested, by Baldrati amongst others, that planting suckers would be the best method of artificial regeneration, as is done for the date palm.  It appears that he did not carry out any research on this, and Fanshawe is doubtful, citing research on Hyphaene ventricosa in which this method was unsuccessful.  As far as we know, no other research has been carried out on this subject.  While digging up stumps is very labour intensive, this propagation technique could have advantages over direct seeding by producing palms which yield more leaf biomass in the first few years after planting.  It could also be used for propagating clones of elite mother trees.

Plantation establishment:

•
An anonymous British researcher (Anon. 1956) reported that untreated seed sown directly into pits dug down to the water table (1-2 m) gave 95% germination and survival after two years in an arid area of Somaliland; 

•
Two small plantations in former French West Africa were established by direct sowing in 1920 and the 1950s.  Giffard comments that the second had 80% survival after one year.

From the above it seems that pre-soaking speeds up germination, and that direct sowing is a successful establishment method.  Although there are still many questions which could usefully be researched (e.g. “would direct seeding of untreated seed in ploughed land be successful?”), sufficient information already exists to enable planting of dom palms to be carried out.  

In the early stages of development, young palms are very susceptible to damage by grazing and fire.  Protection for the first few (five?) years is therefore essential.

5.6.3 Management of dom thickets
Stands can also be regenerated through coppicing.  At any age cutting dom palm results in a profusion of new growth.  It is probable that on many sites these thickets could be converted to stands of mature palm trees, simply through protection and perhaps singling.  No formal research has been carried out, but there is ample evidence to support this.  We observed many sites where leaf cutting was very light, and stems were rising from the thickets.  At Tessenay a forest plantation (neem and eucalyptus) has been established in an area of former dom scrub: after 2½ years of enclosure the remaining dom clumps are some 3½ metres high.  Giffard reports a similar observation from a site in West Africa: “three or four years of protection suffice for the stems to start to grow clear of the thicket.”

However, an alternative is to manage dom thicket specifically for leaf production, since at present leaves are by far the most economically important product of the dom tree.  There is a widespread belief that all leaf cutting retards growth, possibly prevents the emergence of a stem, and can kill the plant.  However, it is clear from the current state of the dom forests in Eritrea that fairly large quantities of leaves are being harvested and the forest still remains healthy, and is even improving in some areas.  Even where we observed very intensive cutting (e.g. near Tessenay, where part of every leaf is being cut) productivity is still high, and the plants look very healthy.  On the other hand, overcutting through removal of every leaf has been largely responsible for the destruction of the Sudanese dom forests (Bristow, pers. comm.) and Barrow (1990) reports a similar phenomenon from northern Kenya.  

On biological grounds, it must be true that removal of any photosynthetic area reduces the growth of the plant.  At what level cutting noticeably retards growth, or becomes lethal, is unknown.  Dow wrote in 1958 that “where cutting has been repeated frequently over a long period, trees are noticeably stunted and in some cases killed.  Limited and well-spaced cutting, however, appears to have little harmful effect, beyond slightly retarding growth” (our emphasis).  No quantitative research has been done since then to determine what level of cutting is sustainable.  In our view, leaf harvesting is compatible with maintaining the dom forest.  Whether to aim for timber and fruit crops from mature trees or to maintain the thicket for leaf production is a management decision.  Leaf productivity is mainly a function of the density of growing points, since production rates seem comparable from mature crowns and scrub dom.  Thus cutting the scrub sufficiently heavily to restrict the emergence of mature stems would enable high leaf productivity to be maintained, so long as the health of the plants was not endangered.  More research on this subject is needed to determine whether this balance can be achieved, and more generally to assess the impact of leaf age and various cutting rates on palm development and productivity. 

5.6.4 Management of stands
The main products from mature dom stands are timber and fruit.  In the natural state dom stands tend to a roughly equal division between male and female trees.  This is an excess of male trees for reproductive purposes: Fanshawe estimates that “one male palm can pollinate ten female palms”.  Since it is only the timber from mature male trees which is desirable, it would be possible to devise a simple management system which allowed the production of both fruit and timber by selectively removing 80-90% of the male trees, keeping enough to permit pollination. 

In very dense stands, active management of this kind would also open up gaps in the canopy.  This would enable the regeneration of the stand and/or leaf production as indicated above.  Complete replacement of the stand over time could be effected in a variety of ways, involving removal of the canopy in a controlled manner and manipulating the regrowth of dom thickets below.  

5.6.5 Hazards
Fire:  Fires are frequent in dom forests.  Giffard claims that the youngest seedlings are very vulnerable to fires, whereas Fanshawe maintains that seedling palms are merely cut back to the ground and will resprout.  This may well depend on age: what is certainly true is that established dom thickets can survive fires without significant damage.  Even if small clumps are entirely destroyed above ground, they will resprout vigorously.  We have seen young palm leaves with burnt upper portions but healthy green centres which were below ground at the time of the fire and subsequently developed normally.  

Larger clumps merely lose their outer leaves in ground fires, and mature palms are unharmed.  However, although the leaves recover quickly, fire can stop fruit production for 1-2 years (Baldrati).  Crown fires can destroy adult palms, and burn dom thicket to the ground.  Coppice regrowth will occur following this, which may well be a common pattern of regeneration in natural forest, giving rise to the conspicuous layered structure.  

Grazing:  Dom is not a preferred fodder species for domestic animals, but they will eat it, particularly at the end of the dry season.  The youngest (and presumably most palatable) leaves are grazed, and Giffard claims that seedlings will be killed by this.  The older, fan shaped leaves seem very resistant to damage in this way.  Even in towns very heavily grazed clumps survive, though it also seems that continued grazing will ultimately eliminate dom from an area.  

A natural hazard is damage to the root suckers by porcupines.  These animals dig down to eat the root bark as a source of moisture during the dry season, and can kill young palms as a result. We observed only one site where this had happened, suggesting that it is a localised and fairly infrequent problem.  

Insect pests:  There are several insect pests of the dom palm, which are described in detail by Baldrati (in Italian - Fanshawe quotes a limited selection of these).  During our field work we saw no evidence of forests being damaged by pests or diseases.

5.7 Concluding remarks
Among the native trees of the Western Lowlands it is clear that the dom palm is the most productive species.  Not only is it well adapted to exploiting the riverine environment and producing large quantities of usable biomass but it is also extremely resilient in the face of destructive forces.  Dom forests are capable of surviving fire and flooding, and even strenuous efforts by man to eradicate them.  This is largely due to the ability of the species to regenerate prolifically both from seed and by suckering, despite its being relatively easy to remove mature trees by felling them.  Even repeated clearing and ploughing of land does not kill the dom plant - eradication can only be achieved by digging up the roots.  We saw considerable evidence to suggest that dom is capable of recolonising areas from which it has been cleared.  Where the roots remain intact, dom scrub will cover the site in a few years e.g. on the lower Gash.  Where roots have been dug out to make irrigated gardens, recolonisation takes longer but if mother trees have been left then dom cover will re-establish from seed within a few decades.  It seems that destruction of the forest can only be achieved through sustained overuse for a prolonged period, as has happened around larger towns in Eritrea and in the riverine forests of Sudan.

6 USERS AND USES OF FOREST PRODUCTS
During our fieldwork a fascinating picture emerged of a complex situation in which many people’s lives were dependent on the forest in a multitude of ways.  We have grouped the users into the following categories: traditional users, returnees and other settlers, commercial farmers, and urban and industrial users.  We investigated all of these, but our main focus has been on the traditional users - that is, the farming families native to the Western Lowlands.  For each group, we looked at what products they were using and for what purposes.  We tried to determine the economics of their activities, and the physical impact they were having on the forest.  Where possible we made a start on quantifying this, by relating forest productivity to the rate of harvesting.  In three months, we were only able to sketch the outlines of this picture, and further research will be necessary to collect the detailed - particularly quantitative - information that will be needed for planning sustainable management.  

6.1 Traditional Users
The traditional users of the forest are the inhabitants of villages in the Western Lowlands.  They come from seven of Eritrea’s nine ethnic groups, but most of the area is occupied by the Tigre, Hidareb, Nara and Kunama peoples, with Tigrinya living on the eastern and southern fringes.  We carried out interviews in villages belonging to all these groups, and talked with many more people whom we met casually.  In these various discussions we explored the tree products people use and what they do with them; how they managed the use of the forest; their perceptions of the environment and their capacity to change it; and their own recent history.  (The checklists used for the semi-structured village interviews are given in Appendix 4.)   We quickly realised that the forest made a significant contribution to the income of many families, as well as providing food and other products for domestic use.  Consequently we devoted considerable time to investigating the economics of the forest products: labour involved, marketing and so on. 

Altogether 137 people participated in the group interviews, and at least thirty more contributed information.  Of the 137, 26 (18%) were women - fewer than we would have liked.  We know almost nothing about the individual interviewees apart from what was revealed in the discussions: we did not select them on the basis of wealth, rank within the village etc. since we did not have the time to arrange more than one meeting in each location.  

The four main user categories are fairly well defined.  However, when we try to break down use by groups within the “traditional users” there is no such clear demarcation.  The pattern that emerges is that almost everyone uses the forest in a variety of ways, but how, and to what extent, is a function of wealth, gender, ethnicity, and a complex of factors particular to each family.  It also depends on the state of the local forest.  Given this, within this section we have organised our findings by “use”, rather than by “user group”, a concept to which we return in the section on management (section 6.1.3.3).   

6.1.1 Uses I: The products of the dom palm
From ancient times the dom palm has been one of the most valued trees of the Sahel.  It was sacred to the ancient Egyptians, and was portrayed by them as the natural wealth of Nubia.  More recently, the British were exclaiming over its importance in NE Sudan: in such a dry area “one would not expect to find forest produce playing a major role, not only in the local, but national economy.  Yet such an anomalous situation exists in the Kassala province.  The produce is derived entirely from one species - the Dom Palm” (Dow 1958).  In present day Eritrea this situation persists: the dom palm is crucial to the local economy of the Western Lowlands, and also plays a role in the national economy.  Not only are the products traded and used in industries nation-wide, but the leaves are exported to Eritrea’s neighbours.

Table 2: Uses Of The Dom Palm
	Part of plant
	Uses

	mature stem
	round timber - building

sawn timber - building and railway sleepers

	leaf stalks
	dry - fencing, causeways over dry river beds, construction of local houses and fuel

green - bed mats (Tigre)

	leaves
	whole 
	old leaves - roofing and walls of local houses 

fresh leaves - animal fodder

	
	split (dry)
	woven products: mats (bed mats, prayer mats, walls of local houses, tents), baskets, hats, fans, food containers, broad “tape” for tying and supporting

	
	split (green)
	casually used for tying crop bundles, making camel hobbles, skipping ropes and ropes for wells and a multitude of other uses

	
	finely divided
	brushes, food containers, milk and water carriers (Tigrinya and Kunama)

	
	fibre
	rope for stringing beds and chairs, and for general purposes

	
	fibre from leaf edges
	coffee filters

	
	fibre (industrial)
	sacking, and waste for stuffing furniture, kiln fuel and reinforcing cement

	flowers (male)
	animal fodder

	fruit
	outer pulp
	food, fodder

	
	kernel
	“vegetable ivory” for buttons

	
	inner flesh and liquid
	food

	palm heart (growing tip)
	famine food


Every part of the tree is used.  The trunk provides termite resistant building timber; the leaf stalks (petioles) are used for fencing and construction; the fruit is eaten by humans and animals and yielded the “vegetable ivory” of the button trade; and the leaves have a huge number of uses ranging from roofing to woven mats and fibre for sacking (see Table 2).

In the past the timber and fruit of the palm have been the most important commercial products.  During the colonial period the button industry supported local manufacturers and a flourishing export trade: between 3,000 and 5,000 tonnes of kernels were exported every year during the 1910s and 1920s, mainly to Italy and Asia.  However, this situation has changed completely.  The button industry now uses plastic, and the cutting and sale of dom timber is forbidden.  Currently the most important product of the dom palm, both commercially and in everyday life, is its leaves. 

6.1.1.1 Dom leaves: kaalé in Tigre, anquat in Hidareb, laka in Kunama, keta in Nara, and laha in Tigrinya
Across the Western Lowlands, people from all ethnic groups, both women and men, rich and poor, cut dom leaves.  Virtually every household uses dom leaf products - the “walls” of many houses are dom mats, the roofs are dom leaves, and many household utensils are woven from the palm.  Many people also sell palm leaves, either as woven products or simply as dried leaves.  The extent to which people do this is immensely variable, depending on a complex set of factors relating to poverty and food security - both of which have gender and ethnic dimensions.

What we present here is a summary of our findings, describing the general patterns which emerged from our study.   Although we found exceptions to virtually all of them, and every village was different in character, there are common strands in the lives of all the people we interviewed.  To illustrate the differences between villages, Box 5 compares three Tigre villages in Barka province.

Box 5: Comparisons of livelihoods - three Barka villages
These are summaries of what we were told by the inhabitants of three Tigre villages along the Barka.  The first two are about 10 km apart, near Engherne, while the third is near Tekreret, some 30 km downstream.  

Al Madai:  People settled here in 1986, having lost most of their herds.  Everyone now grows crops - agriculture is their most important activity.  The main sources of cash income are selling dom leaves and fuelwood (men).  Women only weave palm leaves for household use - they “have no time” to weave for the market. 

Ad Melik:  In the early 1970s they moved their village to the river to be close to the dom forest.  All the people are reliant on palm leaves and animals.   Poor people with no animals rely on selling firewood as well as palm.  Both men and women sell unprocessed leaves, and the women spend their spare time weaving goods for sale.  Nobody works in the nearby gardens, since the men get more money from the palm leaves. 

Ad Shierkh Hamud:  People in this village have farmland, but most do not have animals.  The mainstay of their livelihood is paid labour in the irrigated gardens along the Barka.  Before these reopened (after the war) the men cut palm leaves for sale.  Now only the women cut, mainly to make items for the home, but also to sell in Agordat.  This is because the men make more money through paid labour than they could through kaalé.  Only those households without a wage earner rely on palm and farming. 

4
a) Leaf cutting

Within a village, the usual pattern is that women cut leaves for their own use, and men sometimes help with this, bringing home leaves for their wives and daughters.  The men also cut leaves to make rope themselves, and where there is a market and a tradition of selling unprocessed leaves, the men focus on this activity.  Women are seldom involved in this: we only encountered it in the most dom-dependent village.   

Although both sexes cut leaves, they do it independently, often going to different locations.  The men generally travel further, and often cut more, using camels for transport, while the women go by foot or donkey to the closest dom they can find.  They occasionally go with their husbands to distant forest to find the highest quality leaves.  Even in the most traditional, conservative group - the Hidareb - women went without men to cut palm.  Twice we were given the impression that cutting was a male task: in our one Tigrinya village interview we were told that “men cut, women weave”, and the men in one Tigre village said the same thing - but we were unable to confirm this with the women.  (See the methodology section, 7.2, for the reliability of such statements.)  

What is cut depends on end use.   The bulk of cutting is for the weaving industry, for which the youngest 1-3 leaves are cut.  People distinguish different qualities of leaf: the higher quality “white kaalé” is the yellow, still closed leaves, while “black kaalé” is darker green and slightly more developed, though still young.  In every village people emphasised to us that they do not cut the central leaf  “spear”
 - there is a widespread belief that doing so will harm the palm.  The youngest leaf taken is always the next one out from the central spear - a fact we were able to verify on several occasions when we were given demonstrations of cutting techniques.  In general people cut leaves from the dom scrub, rather than from mature trees.   This is obviously easier, and some people told us they would be frightened to climb the trees.  In some villages, however, people said that young men do climb the trees, and that better quality leaves were found there.  In such cases, every leaf tends to be cut, since removing only one or two leaves would not justify the effort of climbing trees.  However, the “central bud” was always left intact.  

There was a very widespread and consistent opinion that new leaves take between seven and ten days to develop to the point at which they are worth cutting.  There does not, however, seem to be any concept of a fixed “rotation” for cutting dom scrub based on this growth rate.  Instead, people have an informal system of allowing areas to regrow before returning to them, at least on the Barka where the dom is abundant.  

Different cutting “styles” exist.  In the Barka valley and upper Gash the whole leaf is cut, including the top of the leaf stalk, using an axe or sharp knife.  People in the area around Tessenay, however, cut only the top half of the leaves, with a small knife or sickle, leaving the remainder to grow on as a small fan at the top of the leaf stalk.  This form of cutting may be a response to greater pressure on the resource, as it enables people to cut every new leaf: complete removal, “Barka style”, would ultimately kill the plant.  On the other hand, this style may be a response to market requirements in Sudan: the same style was reported by Dow (1958) from Kassala.  

Where people have access to dom forest the leaves are used for roofing material on the traditional houses (tukuls).  Each roof takes over a tonne of leaves, usually the older, fully-opened leaves, and lasts for up to 5 or 6 years.

For making rope, leaves of almost any age are used: we saw people soaking and twisting older leaves, but also simply pounding young leaves and making rope without soaking.  Curiously, rope is the only product made by men.  Whenever we asked “do men weave?” we were answered with laughter: weaving as opposed to twisting is entirely the domain of women.  However, women also make rope.  This seemed to be true across all the ethnic groups, and we do not know why.  

b) Weaving

Weaving is an important household task for women of all ethnic groups, and particularly for the Tigre.  Many women weave every day, but it was always described as an activity for “their spare time”, which they fitted in around the more urgent daily tasks of fetching water and fuel, cooking, looking after children and so on.  One particular time-consuming task quoted as a reason for not weaving more was the need to grind grain by hand.  Women with access to motorised mills saw themselves at an advantage from this point of view.  It was very difficult to gauge how much time women actually spent weaving.  Answers ranged from half an hour to 5 hours daily, when a figure was given at all - many women just said “it depends”.  Some women said that they did not weave every day: “only when we have free time”.  

The extent to which women have “free time” has an ethnic dimension.  The Kunama are distinguished among the Lowland tribes in that the women are more involved in agriculture - even ploughing - and other tasks outside the home.  Consequently they claimed (reasonably) to have less free time in which to weave.  At Anagulu the women said that they had no time to weave during the day, and consequently it could take them a month of night-time weaving to produce a small mat.  Elsewhere most women said such mats took 5 or 7 days to make.

Table 2 shows the range of products woven from dom leaves.  It was very difficult to get precise estimates of how much labour goes into these items, an issue which is discussed under Methodology below (section 7.2).  From a critical assessment of the figures we were given, we think that the small mats used on beds take in the region of ten hours labour.  The big mats used for house building are three to four times this size, and take labour in proportion - perhaps 40-50 hours (a month’s work in the Tigre villages).  These figures do not include the time taken for cutting leaves, but only for the actual weaving.  (See Appendix 9b.)  Confirmation of these estimates is emerging from research carried out by GTZ/IFSP in 1996 (Kerstin Volker-Saad, pers.comm.). 

c) The trade in dom leaves

Both unprocessed leaves and woven products are traded widely in the Western Lowlands.  

Many of the items women produce for domestic use are also manufactured for the market.  This is dominated by mats, both small and large, though baskets and fans are also widely sold.  Two main options exist for marketing products.  Many towns and smaller settlements have weekly markets, at which individuals can sell their produce directly to the public.  There are also dom wholesalers in some of the major towns, who buy from the producers and “export” the products from the Lowlands.  

Once they have produced sufficient items for sale, women travel to the nearest market, often from considerable distances.  Our observations in Agordat were that a typical donkey-load might consist of four mats, a few bundles of brush fibres, a few small fans - and two or three chickens.  We were told that women were making this journey once or twice per month, so these items represent a fortnight’s or month’s labour.  It was noticeable that women often did this marketing themselves, although a few mentioned that they might also ask neighbours or their relatives (male or female) to sell things for them.  Women appeared to have control over the income they earned from their own labour.  They said that they spent the money on sugar, coffee, onions, ginger etc. i.e. mainly on “non-essential” but everyday food stuffs.  In years of plenty this money is also sometimes used to buy luxuries such as bracelets.  At the other end of the scale, when food is in short supply income from weaving is used to buy staples like sorghum.

Prices are not fixed. There are variations over time reflecting supply, both seasonal and annual - the latter largely connected to the success of the year’s cropping season.  Prices also vary considerably from place to place, with some evidence that the best prices are obtained in the larger centres (e.g. in Turkina we were told that prices in Agordat were better than in Barentu, which in turn was better than the local market at Mogollo).   The dom wholesalers were reputed to give poor prices, though they are the main purchasers in some places, particularly Agordat, and people have little choice but to sell to them.  At the weekly markets competition is freer, with local people as well as merchants buying from the producers. 

All the mats that we saw for sale were of the basic, coarsely woven, undyed variety.  Occasionally people produce coarse but coloured mats which fetch substantially higher prices: 10 birr rather than 3 to 6.  However, women do weave very fine, richly coloured mats, but only for their daughters’ weddings.  These never reach the market place.  We were told that they would command high prices, but that the labour involved would be too great to make it worthwhile.  (Volker-Saad reports that these take two years of communal work to produce.)

Very approximately, we estimate that women are getting in the region of 20¢-70¢ per hour for weaving: this does not include the labour involved in cutting and transporting leaves, or going to market. (The lowest figures we calculated on the basis of women’s estimates of how much they wove, for how long and how much they were paid, were 12-16¢ per hour!  However, we suspect that these women were overestimating the time they spent weaving, since they claimed to do five hours each day.)  Their monthly incomes from weaving seem to be around 20-30 birr.  To earn enough to buy a kilo of coffee (30 birr) thus requires a month of weaving.  Table 3 shows this and other equivalents for women’s work.

Table 3: Prices Of Basic Foods In Agordat, December 1995
	Sorghum:
	6 to 10 birr for 4 kg tin  1 to 4 bed mats  1 to 3 weeks’ weaving

	Sugar:
	5 birr per kilo  1 bed mat  5 days’ weaving

	Coffee:
	30 birr per kilo  1 large mat  1 month’s weaving


Comparing weaving dom palm to other sources of income, casual labourers in the irrigated gardens receive 7-15 birr per day (i.e. around 1-2 birr per hour), and junior government officials earn 15-20 birr per day, for 7 hour days (i.e. 2-3 birr per hour).  Government nursery staff receive 7 or 8 birr per day.  Many of these are women, since men can usually find more attractive wage rates as agricultural labourers.  Looking at all of these, weaving dom palm seems to be one of the least remunerative occupations.  This is typical for paid work performed by women in the home, yet weaving is the mainstay of many families’ livelihoods.  In general, the women were unhappy with the prices they received, but accepted that they had no options but to sell at the prices they were offered.  The National Union of Eritrean Women has made an attempt to improve this situation through setting up a marketing system, coupled with training to raise the quality of woven products, but the impact of this is unclear.  None of the women we interviewed were aware of this programme.

Dry dom leaves are the other major commodity in this trade, and are almost exclusively the domain of men.  The industry seems to be entirely the preserve of the Tigre, a fact also noted by Hansen (1994).  Where there is a sufficiently large local dom resource, men will cut large quantities of leaves, bundle them tightly and take them to wholesalers in a number of towns.  The main centres in the Lowlands for the trade are Agordat and Engherne, with minor centres at Gogne and Haikota.  However, much of the produce of the region is taken directly to Keren and the Sudanese border, from where it is taken on to Kassala and elsewhere in Sudan.  

The quantities of dom sold in this way appear to be much higher than the amounts used for weaving.  We observed truckloads of leaves on the roads to Asmara and Sudan, with relatively small quantities of mats and baskets piled on top of the load.  In one village the men said that for every camel load they cut (about 200 kg) they gave their women 10-15 kg of leaves.  Men around Engherne and Tessenay spoke of making a trip to market with a camel load of leaves two or three times per month, and a wholesaler in Engherne claimed to be buying around ½ tonne of leaves per day from the local villagers.  At Gogne we were told that between 6 and 10 tonnes of unprocessed leaves were being trucked to Kassala every week.  Although it was not possible for us to assess the total amount being cut and sold, these are clearly enormous quantities of dom leaves.

Prices for these leaves varied greatly depending on location and quality.  As ever, getting reliable numerical data was difficult.  We were given a range of figures, which started at around 15 birr per quintal (100 kg) for ordinary leaves in local markets.  Prices were higher for those who could transport the leaves further away.  People with camels from the villages around Engherne could make the 4 day return journey to Keren (a major town) and get 60-70 birr for a camel load of black (low quality) kaalé.  Those who only had donkeys sold the same amount in Engherne for 30 birr.  White kaalé fetches as much as 120 birr for a single camel load in Keren.  Prices in Sudan seem to fall in the lower half of this range: people near Tessenay said they were getting 35-50 birr for a camel load of leaves and a few mats.

From the figures that people gave us, it seems that cutting leaves earns men between 100 and 300 birr per month if they treat it as a full time occupation.  It is clearly more lucrative in terms of return to labour than weaving - perhaps 2-4 times as much, or more if women’s labour in cutting and transporting leaves is included.  In terms of the value of the product, the “raw” leaves are around one twentieth the value of woven items, by weight.  However, because they can be produced rapidly and sold in bulk, the leaves are a profitable source of income.   How attractive this is varies from place to place.  The men of Ad Melik (near Engherne) told us that they preferred to cut kaalé for a living, since it pays better than casual work in the irrigated gardens nearby.  Wages there are apparently 7 birr per day, and these men were making 10 birr or more per day from the forest.  In contrast, the men of Ad Shierkh Hamud, near Tekreret, said they preferred to work in the gardens, because this gave them a better income.

Appendix 9 summarises the quantitative information we were able to gather on processing and trade of dom leaf products. 

After leaving the villages, we can identify two main directions in which dom products flow.  East of Barentu most dom travels to Keren or Asmara - the former has a large market where people from Sahel Province come to buy leaves and woven products.  From the lowland markets and Keren a large quantity goes to Asmara: government records show a total amount of 526 tonnes reaching the capital in 1995.  Some of it is sent on from there to Ethiopia, but most of the raw leaves are used to support an artisanal industry in the Highlands.  The woven products are used both domestically - particularly in the urban centres - and industrially: dom leaf baskets from Agordat are used in large quantities by the Massawa salt works.  Table 4 shows the quantities of dom leaves (including products) entering Asmara since liberation. 

Table 4: Dry dom leaves entering Asmara
	Year
	Dom leaves/tonnes

	1992
	 29.7

	1993
	 13.66

	1994
	374.081

	1995
	526.005


Source: Tsegai, Head of Forest Products section, MoA Asmara.

The other major flow is from areas south and west of the upper Mogareyb. The main destination is Sudan, where destruction of the indigenous dom resource has left a major industry reliant on imported dom leaves
.  A subsidiary flow is south from Tessenay to Tigray (Ethiopia), via Om Hager.  We have no figures for quantities of dom on this westward route, except for the data from Gogne quoted above.  In the riverine forest around Tessenay, people cutting and preparing dom leaves for transport to Sudan was a common sight, and both our interviews and Hansen’s research (1994) show that this area is perhaps the most reliant on dom of any in the Western Lowlands.  Curiously, there are no dom wholesalers, nor a market, in Tessenay itself.  Sudan seems to attract all the trade, some of it illegally transported across the border.

The harvesting of dom leaves is not regulated by the government.  However, the government does raise revenue through taxing the transport and export of dom leaves, a system which they use to try to influence the scale of the trade.  Current rates are 15 birr per quintal (100 kg) for transport within Eritrea, and 30 birr per quintal for export.  These rates make no distinction between woven and unprocessed leaves, for the practical reason that royalties are assessed by weighing trucks in transit.  (This is why we have been unable to get a breakdown of figures between processed and unprocessed dom entering Asmara.)  Camel transport within Eritrea seems to escape this tax, but people crossing the Sudanese border with camel loads are subject to duty.  (This export duty is high relative to the value of dom leaves - see section 6.1.1.1 c above - and probably explains the illegal cross-border trade.) 

d) Sustainability

While it is clear that large quantities of dom leaves are being harvested from the riverine forests, the overall effect of this demand upon the resource does not appear to be negative.  At every site we visited the dom was producing more than was being harvested, although to varying degrees.  On the lower Gash and at a few sites on small tributaries this margin did not look very large, but in many other places the forest looked virtually unaffected, even though it was clear that large numbers of people were dependent on it.  Our estimates of dom scrub productivity support these observations.  Using these figures, the entire quantity trucked into Asmara in 1995 could be sustainably produced from an area of less than 100 hectares.  (In section 5.4 we gave a productivity figure of 12.7 tonnes per hectare per year.  Even taking a more conservative figure of 5 tonnes/ha/yr., the 526 tonnes entering Asmara could be harvested from 105 ha of scrub dom.)  Whatever the exact figures, it is likely that substantially larger quantities of dom leaves could be harvested from the forests, and the rapid annual rise in the amount traded need not be cause for alarm if sensibly managed.  However, the situation obviously needs careful monitoring, particularly if local overcutting is to be avoided. 

e) Poverty and food security

From our field work, and that of GTZ, it emerges very strongly that dom leaves play a specific and very important role in food security in the Western Lowlands.  Our knowledge in this field was greatly increased by the work of the GTZ/MoA Integrated Food Security Project in Gash-Setit.  In particular, Dr Art Hansen’s baseline survey (1994) was invaluable, and provided supporting information and ideas for the paragraphs that follow.  Box 6 contains specific data from Hansen’s interviews, in which his investigation of non-agricultural income sources revealed a heavy dependence on dom leaves after the bad harvest of 1993/4.

Box 6: Findings from the GTZ/IFSP Baseline Report
This survey was carried out in January-March 1994.  Out of 34 villages, 20 were found to be involved in some way with cutting and selling dom palm leaves or woven goods.  These villages were concentrated geographically - the Higger (Mogollo) and lower Gash villages being the most dependent, while the people around Guluj and Om Hajer sought other sources of income, sometimes explicitly saying that they had no nearby dom.  There is also an ethnic difference: Tigre villages were cutting and selling leaves as well as woven goods, whereas the Nara apparently only sell the products.  Only some of the Kunama were involved with dom at all, and had a range of other sources of income such as cutting construction timber, selling thatching grass and migration for work.  Even widows showed these differences: Tigre widows are dependent on dom palm, while the Kunama brew beer and make charcoal as well as weaving.
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Higger District (Mogollo) - 6 Nara villages.  

All cut palm leaves from riverine forests, often making trips of 3-4 days to do so.  Women are weaving, and the men cutting leaves for them.  Some people are also reliant on firewood collection, or have migrated to Sudan for work. 

Dasse District (between Tocombia and Barentu) - 7 Kunama villages.

A wide range of income sources was cited: collecting firewood, timber for houses and furniture, honey, thatching grass, and palm.  Also selling animals and selling beer (widows), and migration for work.  Only three villages mentioned palm leaves as an income source, and in one village people specifically said they did not make palm products for sale.

Grenfit District (Augaro) - 2 Kunama, 2 Tigre villages.

In the Tigre villages and one of the Kunama villages people were weaving palm - specifically widows in the Kunama village.  In the other village widows collected leaves to sell to the Beni Amer.  Other income sources were given in all four villages: selling livestock, thatching grass and firewood, construction work and renting out camels for transport. 

Alebu Sub-District of Fanco District - 5 Tigre villages.

All these villages were dependent on kaalé.  For one village Hansen says “The local economy depends on livestock, crops and the undomesticated dom palm, which grows in abundance along the Gash.  The palm seems to be an important part of the economy at all times (all seasons and every year) but especially when (as now) the crops failed or there was drought.  For many years (‘our fathers did this’) people have been harvesting the palm fronds.”  Widows particularly are dependent on weaving palm to earn money.

Fanco Sub-District of Fanco District (SE of Tessenay) - 4 villages of which 3 are mixed Kunama and Tigre, and the fourth Tigre.  “Local people differ in their economic orientation. Nara and Kunama emphasise farming; the Tigre are agropastoralists and harvest kaalé.”  Two of the villages mentioned selling palm leaves - in one it was said that Beni Amer widows weave, implying that the Kunama did not. 

Guluj District (S of Tessenay) - 3 Kunama, 1 Tigre, 1 Nara and 1 Tigre/Kunama village. 

None of these villages are involved with dom palm.  In the Tigre and Nara villages people said that the Gash was too far away to harvest the leaves - 5 days journey.  The Tigre said that they even have to buy palm leaves.  People migrate for work, or draw water from the wells for livestock to earn money.  One village relies on gold mining for income. 

Om Hajer District - Om Hajer town and one Saho/Tigrinya village.

Dom palm was not mentioned in the interviews, except that the Kunama of Om Hajer town talked about dom fruit as an important famine food, together with many other species.  One person has a gum arabic concession and employs local people to collect gum.  This is a traditional occupation in this area.   Men go to Ethiopia to work, or earn locally in construction jobs and by wood cutting.  Tigrinya widows run teashops or bars, or sell beer or injera.  Kunama widows sell grass and firewood.
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The same basic pattern is found throughout the Lowlands: where they live close enough to the riverine forest, people with inadequate food supplies rely on cutting palm leaves.  For some people, this is a constant activity.  For others, it is part of the annual cycle - once their harvest is exhausted they cut palm leaves to buy their food.  For others again, it is a last resort in the bad years, when the harvest fails.  In any given village, all of these kinds of people may well be present.  

We were repeatedly told that leaf cutting is the principal source of income for the poorest people in the village - specifically those with no animals, little agricultural land and, poorest of all, widows.  The female heads of households are especially disadvantaged, since other avenues of income generation are usually closed to them, particularly casual waged labour.  Weaving dom leaves may be their only option - a grim situation given the cash return to labour for weaving described above.  Box 7 contains some testimony from our interviews about the reliance of widows on weaving for income. 

Box 7:  Widows and weaving: comments made to us by villagers.
Ad Melik.  Amna Hamed: a widow with four children:  “Nobody helps me but God.” She uses her income from weaving to buy food.  “If I don’t make enough I stop buying coffee” - which makes her unable to offer traditional hospitality or indulge in one of the few “luxuries” of the Tigre. 

Sefera. “The poor, less fit people, such as widows and the old, and people with no oxen for ploughing, get their income from palm leaves.  Fit people get their income from irrigated gardens - which gives a better return.”  One of our interviewees here was an elderly blind man, who was making palm fibre rope throughout the interview. 

Ad Tseadna. “For widows palm leaves are the only source of income.”

Ad Frjul.  “Women don’t go to the forest themselves [to cut dom leaves], except widows and returned refugee women.” 
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In many villages it seems that the bulk of households fall into the middle group i.e. those who rely on dom during the “hungry months”.  In a normal year their crops might last them 4-8 months, and after that they need to look for other sources of income.  For many the only realistic option is cutting palm leaves: in the Lowlands there are few large scale employers of labour outside the harvest season.  This gives a strong seasonal variation to the pressure on the dom forest.  There is a basic pattern that people cut less during the busy agricultural season: roughly from when they start ploughing in July until the harvest is finished at the end of the year.  This is obviously labour related, and in most places people’s first priority is preparing the land for cropping, even if this means that they have to forgo other sources of income.  For some people this is impossible:  Hansen (1994) reported that several villages in lower Gash delayed ploughing in 1994 because they had to keep cutting dom leaves to pay for food on a daily basis, resulting a poor harvest.  Farmers can thus slip into dependency on dom throughout the year.  We know of one village where this has been taken further: people decided that cutting palm leaves was a better (i.e. more reliable) source of income than agriculture, and did not bother to cultivate at all in 1995 (Sönke Lund, pers. comm.). 

In some villages, only the wealthiest people - those with most land or animals - don’t cut palm leaves for income in normal years.  In others, every household is dependent on dom for all or most of the time, even the wealthiest.   This variation between villages is partly explicable in terms of accessibility to dom forest.  It is also related to ethnic group: whereas the Tigre are reluctant farmers in general, the Kunama pride themselves on their farming tradition, and told us that in normal years they produce sufficient grain to last until the next harvest.  They also have a wider range of coping mechanisms in bad years, including relatively sophisticated grain stores and dependence on a large variety of collected forest foods.  It seems that only the poorest sector in a Kunama village depends on dom leaves, even when they are abundantly available.  This contrasts with the Tigre of Ad Melik, where the entire village settled near the river in order to be close to the dom.  However, there is a lot more variation in the level to which villages are engaged in the dom leaf industry than we can explain by these two factors alone.  More intensive research will be needed in order to understand why.  

It is clear, however, that dependency can change with time.  In years of bad harvests, many more people become involved in leaf cutting to buy food.  After the bad harvest of 1994 Hansen (1994) reports that “almost everyone [in Gash-Setit] is living a hand-to-mouth existence, with everything that they earn going immediately into food that they eat then...During this period of widespread hunger and food insecurity, many poeple are utilising non-domesticated species for food and income; the dom palm is of particular importance as many people are harvesting its leaves...to sell in order to buy sorghum.”  At such times even people who produce little or no dom for sale in normal circumstances become reliant on the forest - some people migrate from their villages to the riverine palm forests for this reason.  However, prices inevitably fall as supply rises, and ultimately there must come a point at which people cannot cut or weave enough to make ends meet.

6.1.1.2 Leaf stalks: denkub in Tigre
Dom leaf stalks are widely used for building and fencing.  In some traditional houses (tukuls) the strong, woody petioles are used to make the walls: sometimes as the main uprights, sometimes as the material to fill the spaces between uprights.  In urban areas they are used for fencing, lined up vertically and tied close together so that no gaps remain.  In the rebuilding of towns such as Tessenay thousands of leaf stalks are currently being used in this way.  Denkub fills the role that small branches and bamboo occupy elsewhere, being used wherever straight branches are required e.g. in making tree shelters.  A special use is in the construction of causeways across sandy river beds in the Barka valley, enabling easy passage even by heavily laden trucks.  We never saw denkub being sold in the marketplace alongside other dom products.  Like leaves for roofing, it seems to be bought and sold only on a contract basis.  Split green leaf stalks are also used by the Tigre in bed making.  Rolls of these, tied together in “mats”, are sold in the markets, particularly in Keren.  Only in the two most dom-reliant villages we visited were we told that some people collected and sold denkub, and it is obviously a minor product in comparison to dom leaves.  

6.1.1.3 Dom fruit: akat in Tigre and Nara, oma in Kunama
Dom fruit are an important food for the lowland population, particularly in times of hunger.  

Wherever palm trees are found, people said that they used the fruit as a snack food.  A nutrition survey carried out by GTZ/IFSP showed that 10% of the sample in Alebu had eaten akat in the 24 hours before the survey (Kaufmann 1994).  Children collect the fruit to sell, and in ordinary years it seems to be a popular sweet or dessert.  We were told that there is a market for it in Keren and Asmara, and even as far away as Tigray.  In two villages people said that selling akat was one of their sources of income.

Dom fruit really becomes important, however, when other food sources are scarce.  In some areas this happens on an annual basis, and it seems to fulfil a crucial role in the “hungry months”.  In several villages in Barka people mentioned this, saying that they eat dom fruit as a staple food in the ploughing season.  In these villages people spoke of dom leaves and fruit together as vital parts of their livelihoods.  As the dry season progresses sorghum may simply become too expensive to buy from the proceeds of leaf cutting, and people switch to eating akat instead.  Additionally, when the agricultural season starts and people are busy in the fields and unable to earn money through selling dom leaves, the fruit takes over as their principal means of support.  

This becomes even more true in years when the harvest fails.  At such times dom fruit can be people’s staple food for prolonged periods.  Art Hansen (1994) reports the Tigre people of Ad Tseadna (near Alebu) saying that in very bad years people eat akat all year.  In interviews the Kunama rated it as being one of the three most important forest foods - out of a list more than 20 species long.  Although they do not eat very much of it in ordinary years, it is their most important famine food.   It is for this reason that the Kunama value the mature dom forests on the upper Gash so highly.  They are not very dependent on dom leaves for income, but see these stands as a crucial insurance against famine.

Dom fruit have a number of advantages as famine food.  They are produced in enormous quantities - around 50 kg per tree per year - but do not all ripen at once, and so are available for many months.  They are also high in sugar content and easy to store for long periods.

The other uses of the dom fruit are far less significant.  The inner flesh is sometimes eaten, along with the liquid in the centre (like coconut water).  The industrial uses are no longer significant: the button industry has moved on to synthetic substitutes, and dom buttons are no longer produced.

The male flowers (shidob) also have a minor use as an animal food among the Tigre and Hidareb. 

6.1.1.4 Dom timber
In a region where other tall straight trees are absent, dom timber has been always been highly prized, and particularly sought after because it is termite resistant.  The cutting of live dom trees for timber has been illegal in Eritrea for a long time.  However, dead wood is still much utilised, particularly as roundwood in the building of houses.  The new settlements at Tekreret and Ad Ibrahim in Barka are almost entirely constructed from dom timber, extracted from local forests as dead wood.  There has also been some timber produced as a by-product of clearance of forested land for irrigated agriculture, but in general living trees are no longer being cut.  In the turmoil of the recent past, however, much felling took place, and stretches of the lower Gash appear to have been completed denuded of their mature dom, principally for export to Sudan.  

6.1.1.5 Concluding remarks
The dom palm is the single most important tree species for the people of the Western Lowlands.  It is clear from our research, and supporting evidence from others, that thousands of people in hundreds of villages throughout the Lowlands cut and process dom leaves.  Even a very small area of dom forest can provide a village with enough leaves for its own needs and a surplus for the production of woven goods for sale.  Larger areas provide the raw material for processing outside the Lowlands - cutting and transporting dry dom leaves for this is a huge industry for the Tigre.  In this context dom scrub should not be underrated: it is not simply “degraded forest” but a valuable resource in its own right, since its leaf productivity is many times higher than that of mature forest. 

As a source of income, the dom leaf industry is vital to the livelihoods of many households, including entire villages.  It is no exaggeration to say that, for the Tigre at least, dom forms the third strand of their farming system, along with animals and crops.  In many villages it is second in importance, and in others it comes first, particularly on the lower Gash.  For some of the poorest sectors of the population, dom leaves provide their only source of income.  Women-headed households are particularly dependent, even though the income from weaving is very small.  For women in general, weaving is the means by which they can earn money which is under their direct control.

Dom leaves also underpin the food security of many ordinary lowland households.  Leaf production is more reliable than agriculture, being less rainfall dependent or prone to destruction by pests.  In the hungry months of each year, and in bad years when the crops fail, people fall back on it in order to buy their staple food.  The situation was summed up by the men of Ad Merik, a Nara village near Mogollo in Gash-Setit:


“Our lives depend on crops, animals and dom.  Men make rope from dom leaves, and women weave mats and so on.  In years of good harvests we make things to earn extra income - we don’t stay idle! - but in bad years we use the money to buy food.”

The dom palm has a further important role in food security - in times of hunger its fruit are the means by which people survive.  For this reason mature trees have an importance beyond the economic value of their products: they stand as insurance against hunger and even starvation.

6.1.2 Uses II - Other tree species
Many tree species apart from dom, from both the riverine and savanna woodland, are used to meet the normal range of subsistence needs of a rural population  - for food, timber, fuelwood etc.  We spent less time investigating these species, particularly with the Tigre, since their interest, and thus ours, was focused very strongly on dom.  The Nara and Kunama are relatively more dependent on other forest products, and more detailed information on these subjects came from them.  A problem arose, however, in that we were not able to find the botanical equivalents for all the local names they gave us.  Lists of all the species that were mentioned to us, with their uses and botanical names (where known) are given in Appendix 10.  

6.1.2.1 Food 
The use of tree fruits and leaves for food is very varied among the different ethnic groups.  Apart from dom, Ziziphus spina-christi is the only other tree species whose fruit is widely eaten.  Tigre and Hidareb men told us that it is only “for goats and small boys”, but the women spoke of eating it. People will snack on it, and fall back on it in times of famine, but these tribes do not collect it to process or sell.  In contrast, both the Kunama and Nara value Ziziphus highly.  They collect it to eat, and process it into compact “cakes” of de-stoned fruit, which can be stored for up to five years.  Small quantities of this are also sold at local markets, along with the fresh fruit.  In one Nara village we were told that people refrain from cutting live Ziziphus wood since they value the tree more highly for its fruit than its timber.  

In our interviews the Tigre mentioned no other forest foods included in their diet, despite our probing.  The Nara showed far more interest in this subject, listing over fifteen different species.  These are mainly collected casually, from riverine and savanna woodland, but in times of famine they told us that they would collect these foods to share and store.  (This must be true of the Tigre as well, but they were much less ready to talk about it.)  The longest list, however, came from interviews with the Kunama.  In both our main village interviews, food was the first product mentioned in answer to our question “what uses do you make of the forest?”  They talked about fruits, seeds and leaves with gusto and at length, describing methods of preparation and which ones were famine foods.  Even when we tried to move the discussion on, by asking specifically about non-food forest products, people kept reverting to talking about food.  Men and women were equally enthusiastic, and gave us roughly the same lists.  (This contrasts with the findings of Dempf (1994) who notes that men tended to specialise in travelling foods, to be eaten raw, while the women spoke more of foods requiring preparation and cooking.)  We were told that for food the three most important trees are baobab, Ziziphus and dom.  Another source indicated, however, that dom fruit and hearts were principally famine foods, and that the main species in normal times are Ziziphus, baobab, tamarind and Boscia senegalensis (Magdalena pers. comm.).  The seeds of Boscia are stored, and even used for bartering for other goods.  

Two other species which merit special mention are Balanites aegyptiaca and Acacia senegal.  The first is sometimes eaten as a fruit, but the seeds are also crushed to produce oil.  Amongst the Kunama this species is so highly valued for this oil - among other products - that it is not cleared from agricultural land, but incorporated as the main tree in the “parkland” farming landscape.  We found that gum arabic (produced by A. senegal) is used as a foodstuff among the Nara and Kunama.  It is usually eaten raw, straight from the tree, and only occasionally collected and sold in the Tocombia market.  We were told of no other traditional uses for the gum, and people seemed unaware of its wider uses or commercial importance and value.

Honey is not a common food in any of the villages where we interviewed.  None of the villages used hives, but some collected wild honey, and in one Nara village people said that they occasionally sold it.  We can only suppose that honey production is higher around the Setit, since the widespread burning of the savanna south of Antore was attributed to honey collectors.  Some of this honey is apparently sold in Tocombia market, and around Tessenay we saw honey for sale, imported from the Setit valley in Tigray.

6.1.2.2 Timber
A wide range of trees is used for timber for house building, furniture and tools.  The specific timbers used for any purpose vary in response to availability in the different areas.

Traditional house building in the Lowlands requires much less timber than the traditional Highland hidmo.  For a normal round tukul, 15 to 25 upright posts, 1-2 metres high, form the walls, the gaps between them being filled with miscellaneous pieces of wood, denkub, dom leaves or woven mats, grass, or occasionally brick or stone.  The conical roof is made from radial poles, linked by rings (fellakub in Tigre) of pliable branches, and covered with dom leaves, sorghum or grass.  Size and shape is more important than species in selecting timber for such a construction, but for the long, light roof poles and fellakub the preferred species are Tamarix and Ziziphus.  Both these species are traded for this purpose in the urban centres of Agordat and Tessenay.  Demand for Tamarix is sufficiently great that supplies for Agordat come from the Himbol valley, several days camel journey away.  

6.1.2.3 Furniture 
As well as providing for the home, furniture making is a small scale village industry in some areas.  Many local species are used: Tamarix, Ziziphus, Delonix elata, Gynocarpus jacquini, Capparis decidua and Faidherbia albida were all mentioned.  

In Agordat there is a small urban industry, involving the assembly of beds and chairs from poles and dom fibre rope.  Village people cut poles to shape in the forest, and transport them by camel to Agordat, where small scale enterprises buy them and do the assembling and stringing.  

6.1.2.4 Fuelwood
Like many other forest products, fuelwood is both an every day domestic need and a source of income.  

As a domestic chore, collecting fuelwood is mainly a woman’s job, although in the Nara villages the women said that their husbands sometimes helped them.  It was not a daily activity for any women we spoke to, and most were collecting wood twice each week.  Although they often had to walk for several hours - the maximum time we heard was three hours each way - in general the impression we gained was that women did not find it too onerous a task, although all agreed that it had been easier in the past.  They expressed preferences for the common savanna acacia species - Acacia tortilis, A. mellifera, A. oerfota, A. senegal - but this strongly reflected the locally common species, and we suspect that they do not actually discriminate very much.  Ziziphus is also a preferred species, and in one Kunama village Dalbergia melanoxylon was mentioned.  In general, it is the savanna woodland that comes under pressure from firewood collection.  The riverine forest was never mentioned in connection with this, and dom in particular is not a very useful species for fuel.  Women talked about collecting wood “from the mountains” i.e. the hills around their villages, even when there was riverine forest closer at hand.  

We were told repeatedly that people only collect dry, dead wood.  Although people clearly wished that this was true - and traditional management systems also support this - it was evident almost everywhere that live wood had been cut from trees for fuelwood.  This was perhaps more for sale than for domestic use: some of the clearest evidence we saw was the cutting of large Acacia tortilis in an area we had been told supplied the urban market in Agordat.  However, throughout the savanna we observed that many small trees and bushes have had a few branches cut, and this is presumably for domestic fuel.  

The sale of fuelwood was cited as a source of income in five of the villages we interviewed in.  In some it seems to be very important: in Ad Mogadaid it was described as the major occupation of the men in the village until recently, when government curbs on fuelwood transport to the Highlands cut demand dramatically.  In other villages fuelwood sale is another small scale activity used by poor people to earn money.  Large scale collection is almost exclusively a man’s job: in villages distant from the markets this requires possession of a camel which biases this occupation in favour of wealthier men.  However, where a nearby market exists, poorer people can be involved, using donkeys for transport or carrying loads themselves.  Species collected for the market are Balanites, Capparis decidua, Acacia seyal, A. mellifera and A. tortilis ssp. spirocarpa - of which the last is by far the most important.  A comparison of returns to labour for fuelwood collection and dom leaf cutting shows that they are roughly equal, at around 10 birr per day.  

Some villages specifically said that they did not sell fuelwood, because this would destroy the forest.  In another case, the women told us that they now had to go a long way to collect domestic fuel, since the men had destroyed the local forest by selling it as fuelwood in Agordat.  The men explained this by saying that prior to the war they had simply collected food in the forest, but had then lost their animals and been forced into the fuelwood trade as an alternative source of income.  

Since charcoal making is banned by the government, this was not a commodity that we asked about in interviews.  However, it is still the preferred fuel for making coffee and tea, and thus widely used in the villages.  People make their own on a small scale - sometimes simply using the remains of burning fuelwood - but some is also produced illegally for the urban market, providing people with a source of income.  Outside Tessenay we saw evidence of fairly large scale charcoal burning in dense riverine acacia woodland, and in this case we were told that the probable market was Sudan.  

At present in the Lowlands fuelwood is the only source of energy used for cooking in the rural areas.  This local use has a very limited impact on the environment, except around large settlements.  In many areas we saw quantities of dead wood lying around, though in others people are obviously cutting live wood for domestic use.  Unlike in the Highlands and urban areas, where fuelwood substitution by paraffin (kerosene) seems to be happening rather rapidly, this is not the case in the Lowlands.  This is partly because some traditional food (injera) cannot be cooked over paraffin stoves, and also simply for economic reasons.  While fuelwood remains an easily available free good, this situation is unlikely to change.  

6.1.2.5 Medicine
Use of the forest for traditional medicines was a difficult subject to investigate.  There was generally a reluctance among people to talk about it, which seemed to have two roots.  The Nara said that they used forest products a lot, but that medical knowledge is the secret preserve of a few specialists.  In this case medicine seems to be closely tied to magic - the only admission the Turkina villagers would make is that they had an expert in Koranic magic among other medical practitioners.

In the other villages reticence seemed to stem from an embarrassment at admitting to using “primitive” remedies.  In such cases, we gleaned a little information by asking about specific plants, and then encouraging people to give us further examples.  In the Tigrinya village, Tseazega, people were more open about medicines, saying “everyone knows the local medicine system”, and they provided us with several examples.  Overall it is difficult to assess the situation, but the impression we gained is that people are in fact going to the forest for medicines - more than they were often prepared to admit.

Both savanna and woodland species are used for medicine.  The most commonly mentioned medicine was Acacia nilotica pods, which are widely used.  This is not a common tree species, however, and thus the pods are collected and sold in the local markets.  Others trees used include Ziziphus, tamarind and some of the savanna acacias, variously used for treating stomach ailments, wounds and fevers.  (See Appendix 10 for more details.)

6.1.2.6 Other forest products
Several other minor uses of forest products were mentioned in the interviews.  Briefly, these were:

•
Toothbrushes made from twigs of Salvadora persica are widely used and sold.

•
Vegetable dyes for palm leaf mats are made from Combretum adenogonium (black) and Cadaba rotundifolia (green).

•
Thorn fencing for protecting fields from animals.  Some of this is made from coppice regrowth in the fields, but every year savanna acacias are lopped or felled for this purpose.  

•
Rope is made by the Kunama from the fibrous under bark of the baobab.  It is said to be far stronger than dom fibre rope, and is used for making the nets in which the Kunama women carry heavy loads suspended from a yoke.

6.1.2.7 Use of the forest by livestock
Traditionally animals have been a major component of the farming systems in the Lowlands among all ethnic groups.  Despite the war and droughts, which have significantly reduced livestock numbers, this is still the case.  While very few, if any, people are now purely nomadic, most are agro-pastoralists and still depend on animals for many subsistence products, traction and income.  They therefore still follow a pattern of seasonal migration in search of food and water for the animals.  This is also true of the more crop-oriented, “settled” people, whose herds are also moved seasonally.  This migration is principally southwards to higher rainfall areas, and from the drier savannas to the riverine forests.  

The leaves and seed pods of trees are a important component of the fodder supply, particularly as the dry season progresses and the annual grasses die off.  The species which were mentioned to us are shown in Box 8.  Most of these are savanna species, and for much of the year these woodlands provide the bulk of food for the animals.  As the herds move south, the woodlands along their traditional routes come under quite heavy pressure, with a lot of lopping of acacia branches being visible from November onwards.  

From our interviews, the riverine forests do not seem to be particularly highly valued by people in this context.  They talked about sending their herds south to better grazing on the hills, particularly around the upper and middle Gash.  What appears to be happening is that the rivers are vital as sources of water, but the riverine forests are only incidentally important as a food resource.  This was confirmed by research currently being done by Vétérinaires Sans Frontières (VSF), who are finding that due to the abundance of flies and the risk of disease people keep their herds by the river only when watering them.  After watering they take them away for several days’ grazing in the hills, before returning again to the rivers.  The riverine forests are, however, highly valued for the shade that they give the animals while they are waiting their turn at the wells.  Consequently, the riverine forests are quite heavily used for fodder, even though they are not specifically preferred for this.  

The forests along the Setit are currently overused as a fodder source and appear to be badly degraded.  As a result of this, and an increase in cattle theft in this border area, some herders are breaking with tradition and remaining in the middle Gash hills for the entire dry season rather than going all the way south to the Setit (S Bishop, pers. comm.).  

Box 8: Fodder species mentioned in our interviews
Species
No. of villages

Balanites aegyptiaca  
5

Acacia tortilis
4

Hyphaene thebaica (leaves) 
3 

Ziziphus spina-christi
3

Acacia nilotica
2

Boscia senegalensis
2

Cadaba rotundifolia
2

Capparis decidua
2

Dalbergia melanoxylon
2

Acacia mellifera
1

Acacia senegal
1

Combretum adenogonium
1

Faidherbia albida
1

Hyphaene thebaica (male flowers)
1

Prosopis chilensis
1

We were given conflicting information about dom leaves.  Several people said that they were only eaten by donkeys, but others used it as a general fodder for all animals, particularly at the end of the dry season.

A curious omission from this list is Acacia seyal, since it was the species we most frequently saw lopped for browse, in preference to other species in the same woodlands.  A. senegal is also obviously heavily used, despite only being mentioned once.  
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The above is based on responses to interviews carried out towards the beginning of the dry season.  We were surprised by how the importance of the riverine forest for fodder seemed incidental to the use of the wells, rather than the forests being valued for fodder in their own right. It is possible that later on in the year we might have been told that the herds were more dependent on the riverine forests.  However, both GTZ/IFSP and VSF are exploring the possibilities of providing watering points away from the rivers, working on the assumption that the savannas have sufficient grazing to last the dry season, but are currently under-utilised in the absence of watering places away from the rivers (S Bishop, Elias Minassie, Tewolde Andemariam, pers. comms.). 

6.1.3 Management of Forest Resources
One of the aims of this study was to explore opportunities for local management of forest resources in the Western Lowlands.  One of the prerequisites for working in partnership with local people is an understanding of what traditional management systems exist, if any, and how well they function.  We therefore looked at people’s perceptions of change in the forest, and at how they have controlled exploitation of the riverine and savanna woodlands.  

6.1.3.1 Perceptions of change
People’s perceptions of change were markedly different between the riverine and savanna forests.   The general picture was that during the war all the forests had been degraded, and that cutting had been largely unrestricted.  This seemed particularly true on the lower Gash, where people described the large-scale removal of dom timber and its sale to Sudan.  However, in several villages people commented that the dom was now getting denser, and even spreading in extent - which they attributed to the institution of controls since the end of the war.  In other villages people said that the riverine forest had got worse recently, but in each case citing particular reasons: a recent and damaging fire, clearance for gardens, heavy cutting for resettlement and National Service camps. 

In contrast, the savanna was widely perceived to have become more sparse over the years, and that this process continues.  The principal reasons given were clearance for agriculture and cutting for house building and fuelwood, and also a natural process of ageing and tree loss from fire, wind and drought.  In one area in Barka, people in neighbouring villages commented on an increase in regeneration due to the recent upturn in rainfall, though this was a loudly disputed minority view in one of the villages.  Levels of concern varied greatly, between those who saw no cause for alarm and those who already say that the forest decline causes problems for them.  Between these extremes, several villages expressed the view that if current levels of forest cover are maintained there is enough to meet their needs, but that if forests decline further then problems will arise.  

6.1.3.2 Traditional management systems
These can be divided into the management of trees in farmland, and systems for controlling use in the woodland areas. 

a) Farmland

Among the Kunama and Nara there is a definite system of selectively leaving standing trees when agricultural land is cleared.  The favoured species are said to be Balanites (pre-eminently), Ziziphus, baobab, Faidherbia albida, tugula
, and dom where it occurs in farmland.  The result is a “parkland” landscape, more or less densely forested with these species.  (In upper Gash, this can be seen very clearly, where adjacent areas are covered in Balanites/Acacia seyal/A. mellifera savanna and pure Balanites parkland from which the acacia scrub has been removed.)   The bigger trees are preserved as standards - often pollarded for browse - while the smaller ones are cut back regularly, particularly Ziziphus and dom scrub, since the coppice regrowth of both species is valued.  The main reasons given for keeping the large trees were shade, browse and fruit.  Soil enrichment was never mentioned, and it was the nitrogen fixing acacias which were selectively removed from the fields.  However, it is these bushy species - particularly A. oerfota - which are usually the first to recolonise areas if they are left fallow.  

b) Forest management

We discussed this issue in all but one village, and in each case there was a management system in place with the aim of conserving the local forest.  With one exception this was described as being a traditional system that the people had “from their grandfathers” i.e. from the distant past.  Characteristically these operate only at village level, without being part of larger systems: in one case we were told that several villages co-operated to control cutting in their joint area, but this seemed to be an exception to the general pattern.

A common set of rules operates, however.  The most important is that only dry wood can be collected freely - all cutting of live wood requires permission.  Where this is obtained, there are prohibitions on felling whole trees and a requirement to only remove single branches.  For dom the situation is different: there are bans on felling trees and removing stumps, but no restrictions at all on leaf collection.  The only hint of a management system for dom came from one upper Barka village.  There they said that areas are never cleared of leaves and that there is an understanding that if one person is cutting an area, nobody else will cut in the same area. This was explicitly to stop destruction of the dom, and was said to be “not a rule, but something we do ourselves”.

Under the traditional systems, permission to cut live wood could only be granted by the council of village elders.  At present, this has been modified in a variety of ways.  A few villages maintain their old system, and said that they do not involve the Ministry of Agriculture, whereas in others the elders were said to have their powers delegated to them by MoA.  Some villages have an individual who has been given this role, instead of the elders: this person is also a forest guard (khabati), with overall responsibility for forest protection in the village.  In a few cases it seems that nobody in the village any longer has the appropriate power, and permits to cut trees have to be obtained directly from MoA, even where the responsible office is far away.

Forest guards are frequently part of the contemporary systems.  Here too, there is a range between villages who organise their own guards, on a voluntary basis, to those where guards are appointed and paid by MoA.  Such people generally have the power to confiscate tools and bring offenders before the village council.  Fines are the usual punishments in both traditional and modern systems.  In one village - our only Tigrinya interview - we were told that the sanction is social ostracism of the offender.  Where offences are more serious, for example the cutting of dom trees, people said that they took the culprits to “the government” i.e. either MoA or the local administration.  

The above systems have developed to control exploitation of the forests by local villagers.  Similar rules usually apply to people from outside the area passing through - a common situation in a region in which many people migrate annually with their herds.  These issues are discussed below in the context of the concept of ownership of the forests.

Overall, we were given the universal impression of concern for the forest and a genuine desire to protect it.  People’s attitude was one of willing acceptance of the need for regulation of use of the forest.  This clearly has been true for many years, though the extent to which government has been responsible for its genesis is unclear.  Some villages said that the regulations had been started under Haile Selassie (i.e. before 1974) and that they had continued to implement them of their own volition; others stressed that the rules were their own invention.  The current situation is that village and official systems are complementary, and appear to work together.  Village rules are very similar to government regulations, and the enforcement of them is taken very seriously and shared between villagers and government staff.  

These systems have been unable to protect the forest - particularly the savanna - from severe overcutting in the recent past.  To what extent this is the result of disruption caused by war and drought, is impossible to say, though obviously in areas like the lower Gash this has been a major factor.  There are, however, apparent failings in the systems which may also be responsible for some of the decline in forest cover.  One of these is that the traditional systems appear to be need-based, rather than founded on an appreciation of what the forest can sustain. The other is the complete lack of awareness of the role of animals in preventing regeneration.  Grazing was never cited as a problem for the forest.  Even when we probed on this subject (to the point of asking leading questions) people dismissed it as irrelevant, usually saying that there was sufficient regeneration and some would survive.  This is not what we in fact observed in most areas: regeneration was patchy in the savanna, and completely absent in many areas.  In connection with this issue we also asked about enclosures - the practice of designating areas to exclude grazing for a number of years to allow forest regeneration.  This system has been recognised by MoA as the most cost-effective way of restoring degraded land, and is thus being promoted in the Lowlands.  However, it is a very new initiative, and was not a familiar concept to most interviewees, except in a few villages where MoA extension staff had already raised this issue with them.  We had mixed reactions to our questioning.  Many people thought that it would be a good idea, though expressing doubts over whether it would be universally accepted by their village.  In other villages people’s reaction was that they would not want to lose the grazing land.  

c) Concepts of forest “ownership”

One of the questions we asked in the villages which were very reliant on dom was whether individual people had rights in single trees or areas of forest. The answer was uniformly “no”.  However, when it came to villages laying claim to forest the situation was more varied.  

In the Barka valley, there seems to be open access to all riverine forest areas, no matter how dependent people are on it.  This was stated clearly, and we were told that people from Anseba and the Sahel highlands came to cut dom leaves freely.  The normal regulations for savanna woodland in the vicinity of the villages are applied to outsiders as well as villagers, so cutting trees for timber or browse is prohibited.  Outsiders have to apply to villages for permission to use these forest areas for grazing.  On the whole, though, a very relaxed attitude prevailed towards forest use by outsiders, and all the villagers said there was no problem with passing herders.

The Nara around Mogollo appear to have similar attitudes towards both the riverine and savanna woodland.  They said that Tigre pastoralists sometimes caused problems cutting trees for browse: in such situations they warn people not to re-offend.

There was a much stronger sense of collective ownership of land in the Kunama villages.  Forest areas are not divided up between villages, but there was an expressed desire to preserve the forest for the Kunama people.  “It is bad to have people from far away cutting our forest” we were told in one village.  The problem seems to be with herders from Barka and the Highlands cutting trees for browse.  In all three of our village interviews this was emphasised: the herders are hard to control, and the Kunama try to confiscate their axes and sometimes fight with them.  In contrast, they held very open attitudes towards the cutting of dom leaves in the riverine forest.  In the village quoted above they also said “even if everyone in Barentu wanted to cut leaves from here, there would be enough.”

The most possessive attitudes towards the forest were found among the Tigre on the lower Gash, and in our single Tigrinya village on the upper Gash.  In both areas we were told that villages actually “own” areas of riverine forest, from which they exclude other users.  Outsiders can come to ask permission for use, and in one Tigre village they said that they would let them cut dom leaves once, “as guests”.  However, repeated use was not allowed.  This area is intensively used: the villagers are heavily dependent on dom for their livelihoods, and the resource appears stretched in a way very unlike the Barka dom forests.  This did not appear to be the case in the Tigrinya area - perhaps their practices are carried over from their highland origins.

Unsurprisingly, the overall impression we gained was that where forest resources are most pressurised, controls on cutting were stronger and involved exclusion of outsiders.  The lack of any controls on the use of dom in most areas, however, confirms our impression that dom is seen as an abundant resource, which does not need protection - in contrast to the savanna, which is protected to some degree in every area we visited.  

As with internal village management, there are both traditional conflict resolution systems involving village elders, and complementary governmental systems.  The former are tried first, but if disputes cannot be settled locally villagers appeared to be very ready to appeal to MoA, the administration or even the police to resolve problems or punish offenders.  

6.1.3.3 User groups
As we said earlier, defining user groups within the category of “traditional users” is difficult.  The only conscious group relevant to forest management seems to be the village.  Where use is controlled, rights are defined by membership of the village, and authority rests with leaders at village level.  This situation is reinforced by government recognition of the village as the administrative unit, and the village baito (see Appendix 11) as the representative of local government authority.  The village elders maintain a role in this system, parallel to that of the baito, but outside the formal administrative system.  

At a larger scale than the village, organisation for forest management seems to be unusual.  Within the village organised user groups do not exist, as far as we know.  All the evidence we gathered was for individuals using the forest independently, with a few exceptions among the Kunama, who traditionally carry out some tasks collectively (including cutting timber for house building).  

In a given village it might be possible to define groups of people who, because of their circumstances, are particularly reliant on the forest: for example “widows dependent on cutting dom”, “poor people who sell fuelwood” and so on.  Whether these would share common interests to the point of acting collectively or could be organised into active groups is an open question.  Any attempt to involve such groups in management would have to take account of the other people who use the same resource, since the forest is used by almost everyone in similar ways but relied on to differing degrees.

6.1.3.4 Prospects for management
Prospects for future management of the forests by a partnership of government and local people seem hopeful in some areas.  At present, there is a shared concern for the conservation of the forest as a vital resource for the Lowland population, which is reflected in the partnership between villages and government in implementing a mix of traditional and official regulations.  Steps have already been taken towards more active management through the programme of enclosures, in which areas are protected under agreements drawn up between villagers and MoA. 

In addition to natural forest management there may also be opportunities for tree planting.  Although this is not a traditional activity, some villages have been introduced to it through FFW programmes.  In several village interviews people expressed a desire for more sustained programmes of tree planting, with more training and a longer timescale than the “one-off” FFW activities.  This interest could be built on through extension, particularly with the more settled villages, and might be particularly appropriate with returned refugees in the new settlements.  We were told that seasonal transhumance prevented some people from planting trees in and around their villages, and it was in Nara and Kunama (as opposed to Tigre) villages that most interest was expressed.

A mechanism already exists for communication and organisation of activities relating to forestry, which links MoA, the local administration and the villages.  The principal actors in this system are the village baitos and the MoA district staff.  Although at present a shortage of experienced MoA staff and resources (such as transport) make forest extension difficult, the existing framework is a foundation on which a more effective management partnership could be built. 

While the above holds true in all the areas we visited, the perception of need - and therefore the motivation for management - is very varied.  In general, villagers perceive the savanna woodland as being under more stress than the riverine forest, and the Barka dom forests in particular are seen as an abundant resource with no need for protection or management.  The only areas of riverine forest where there is an existing management system reflecting pressure on the resource are on the lower Gash.  

6.2 Returnees and other settlers
One of the consequences of the last thirty years was the exodus of large numbers of refugees to Sudan, perhaps as many as 400,000.  Since liberation many have returned and the GoE is planning for the ultimate repatriation of all of them, though the rate at which this will happen is unpredictable.  Return occurs in two ways: “spontaneous” and organised under a government programme.  The “spontaneous returnees” come on their own initiative, often to their old villages to claim land there.  The organised programme brings people to planned settlements under a joint agreement between the governments of Eritrea and Sudan.  GoE policy is to settle returnees in the Lowlands, an area of low population density and available farmland.  A further aim of current policy is to concentrate the lowland population, both returnees and villagers, in large settlements where they can be provided with basic facilities such as water, schools and clinics.  While it is possible that some returnees whose homes were originally elsewhere may move on, it seems inevitable that many people will stay in these new settlements, which will become centres of population and trade. 

This influx of people and the creation of large new villages has implications for the Lowland forests.  These arise from the need for housing, farmland, fuelwood and raw materials for income generating activities.  Prior to settlement, houses are built from local materials, usually necessitating arrangements between CERA and MoA to allow the supply of large quantities of timber etc.  At Alebu (in Gash-Setit), 1200 houses were built using Tamarix poles and dom leaves from the riverine forest nearby.  In this case regulations on cutting live wood were relaxed and the existing local population were given the contract to construct the houses. In Barka, the new houses at Tekreret and Ad Ibrahim were constructed entirely from dom.  This came from the local riverine forest, and was either collected as dead trunks, or as a by-product of garden clearances.  These first houses are intended to be temporary, and to be replaced by permanent structures built from bricks, sawn timber and sheet metal, all of which will be brought down from the Highlands.  Thus the need for housing materials is not recurrent, but in the first stage of settlement it makes very large demands on the forest. 

Another basic need of all settlers is farmland.  Every resettled family is allocated two hectares of farmland in the first few years after returning.  They are expected to clear this themselves and are entitled to keep any trees cleared from their land for use as poles or fuelwood.  Large areas of savanna are in the process of being cleared for this purpose and there seem to be no regulations to ensure that some trees remain in the farming areas.  

Both house building and land clearance are “one off” impacts on the environment.  In contrast, the other needs of the new settlers are long term and continuous, and little provision has been made to meet these.  People are expected to collect fuelwood initially from their own farmland, and then from the surrounding forest areas, under the usual rule that only dry, fallen wood may be taken.  Given the large size of the new settlements, dead wood supplies within easy walking distance will quickly be exhausted.  People will then almost certainly turn to cutting live wood, as is already happening in the savanna around Alebu. 

Every family is expected to take up farming, but as with the local population this is unlikely to provide for all their needs, and supplementary, income-generating activities are a necessity.  Where there is access to riverine forest, people are likely to turn to cutting and processing dom leaves - at Ad Ibrahim we were told that this was the only non-farming income source open to people. In the initial stages of settlement, however, the need for this is reduced by the provision of food rations.  At Alebu we were told that prices for dom products were too low to make weaving worthwhile, yet within 5 km of the settlement we visited a village where the entire population claimed they were dependent on the sale of mats etc.  It is uncertain for how long food rations can continue to be provided: when they cease we anticipate that many more people will turn to dom as a means of support. 

It is very difficult to gauge the impact of these demands on the forest, given both the uncertainties surrounding the returnee programme and the variation in the environment within which people are being settled.  Where settlements are located close to riverine forest, we think that the initial shock from house building can be absorbed, if carefully managed.  We visited the cutting areas for Alebu, and found that the dom had recovered (in twenty months) and the Tamarix forest was still healthy.  Although the local people complained that not all the cut trees had recovered, the canopy was still fairly intact, and with more careful cutting damage could probably have been reduced.  The dom forests on the Barka can almost certainly supply large amounts of dom timber for further settlements.  However, if the rate of return increases considerably it seems likely that at some level even healthy riverine forest will be unable to meet their needs sustainably. 

For settlements located away from the rivers - for example along the Tessenay-Om Hager road - the impact of the building programme on the savanna woodland is likely to be more serious and long-lasting.  This will also probably be the case with the longer term demands for fuelwood at all the sites, since virtually all fuelwood is collected from savanna woodland rather than riverine forest.  The combined effects of fuelwood collection and grazing in the vicinity of the large new settlements - far bigger than traditional villages - will almost certainly result in a degradation of the savanna woodland.  

New settlements often share their natural resources with existing local populations.  Where resources are not under pressure, for example the Barka dom forests, this may not cause any problems.  However, in areas such as the lower Gash, where villages have already devised methods to restrict and control access to areas of forest, the arrival of large numbers of outsiders may be disruptive.  Around Alebu villagers expressed disquiet at the use of “their forest” by newly settled people, over which they have no effective control, since government land laws do not recognise the locally agreed forest boundaries.  The same issues can arise around new settlements of other kinds.  Villagers near the Hidashara forest reserve were distressed at the cutting that was taking place there as a result of the settlement of 1,200 ex-fighters on the nearby Ali Ghider irrigation scheme.  

6.3 Commercial farming 
Commercial irrigated agriculture is a major land use in the riverine flood plains.  Attracted by the fertile soils and high water table of riverside locations, Italian entrepreneurs developed substantial areas in the first half of this century.  The site requirements for these “gardens” (as they are known) are exactly those of the riverine forest, so the inevitable result of such development was a loss of forest cover.  Expansion of the gardens at the expense of riverine forest continued until the mid-1970s, when political changes and war led to the abandonment of many sites: some were subsequently recolonised by forest, showing that the loss had not been irreversible.  Since liberation in 1991, GoE has promoted the renewed expansion of commercial irrigated agriculture as part of its strategy to increase food security for the nation as a whole and generate foreign revenue through exports.  These economic goals potentially conflict with both environmental concerns and the traditional livelihood systems of the Lowland population.  

During the initial post-war period, irrigated areas expanded rapidly, with little heed paid to the environmental impact or the potential disbenefits to other forest users.  This caused concern in a government very conscious of the need to balance development with environmental protection and a directive was issued by MoA in 1992 to reduce the negative impacts of clearance, with particular emphasis on soil erosion control.  (See Appendix 12 for a translation of the full text.)  Of its eleven points, the provision that no land could be developed within 50-100 metres of river banks is the most widely known and applied - all the MoA staff we spoke to were aware of this ruling.  This first directive also includes an order that “trees of outstanding importance, like...Hyphaene thebaica...should be preserved”, but without specifying any detailed procedures.  

Clearance for gardens continued, and a further directive specifically aimed at preserving riverine forest was issued in 1994.  This contained far more detailed provisions, of which the principal one was that land with more than 25% cover of dom or other “trees of socio-economic and ecological importance” should not be allocated for development.  In late 1995, MoA in Gash-Setit introduced a moratorium on new concessions to enable them to study the current status of the gardens, compliance with regulations and so on.  However, it is expected that more developments will take place in future given the continuing importance of economic development.  These will be even more strongly controlled, by proposed legislation which will protect the riverine forest by confining development to areas more than 500 metres from the rivers.  This will require either long-distance piping of water from near the river or drilling deep wells at the garden sites.

At the end of 1995 around 6,770 hectares had been licensed for development, split between Barka (3,050 ha), Gash (3,670 ha) and Setit (50 ha).  Far less than this had actually been developed - probably under 3,500 hectares (see sections 4.1.1 and 4.1.2 above).  When set against a total forest area of some 30,000 hectares the present extent of forest clearance is perhaps less damaging than people have feared.  The riverine forest has not completely disappeared, except in very short stretches around Agordat and Thalatashara, and even there only on one bank of the river.  In general, gardens are scattered along the river and do not form a continuous block preventing access to wells, dom and other forest resources.  Locally, however, there are problems in a few areas, where people complained to us that allocation of land to gardens was destroying the forest upon which they depended.  This was most acute in the lower Gash, where the riverine forest does seem to be under intense pressure.  In contrast, villagers who told us and previous researchers that all the dom forest around Tocombia and Anagulu had been destroyed (Hansen 1994) were exaggerating the situation, even if they were expressing a genuinely felt grievance.  

A worrying feature of the currently developed gardens is the extent to which many of them have flouted the government’s regulations intended to protect the environment.  As MoA’s Afforestation Committee reported in May 1994, “agricultural concessions along the Barka, Mereb and Gash rivers are most of the time thickly populated by dom palm trees, and as a result, heavy damage is being perpetrated in these areas”, and “the directives concerning clearing methods ... have not been scrupulously followed in some areas” (MoA 1994b).  We also came across examples of this in the field, where dense dom forest was being cleared or dom was being dug up within a few metres of the river bank.  The problem seems to be largely one of shortage of staff and resources to implement the regulations.  This is made worse by the absence of any legal backing to the regulations, which means that concessionaires cannot be prosecuted for failing to comply.  

Commercial irrigated agriculture is expected to expand in the next few years, particularly on the Barka.  This will partly be driven by a programme to export bananas to Germany, which requires another 1000 ha of plantations - the Barka currently has around 300 ha.  There are, however, still constraints on development in the Lowlands as a result of poor transport links, particularly on the lower Gash and the opposite banks of the rivers from the major towns.  Whether future expansion of irrigated agriculture poses a threat to the riverine forest is dependent on the government’s ability to implement its proposed controls, forcing development outside the riverine forest.  Fortunately, environmental protection measures will shortly have the force of law within Eritrea, which should greatly strengthen MoA’s hand.  Against this needs to be set the fact that economic development remains a priority of the government: this tension between development and the environment is as present now as in the immediate post-war period.

A critical issue, however, will be whether these controls can be applied retrospectively to sites already allocated for development, but not yet cleared of forest.  If these were to be cleared, then there would be a continuous strip of farmland along the Barka from Agordat to the Mogareyb.  Another issue is the protection of dom scrub areas.  Currently concessionaires are permitted to clear scrub and short dom trees from new gardens, but must leave a thin canopy of mature dom.  The new regulations are designed to protect forested land from development, but it is unclear if dom thickets would be included within this.  As we indicated above dom scrub is a very valuable resource to local people, and must be accorded protection.  

A final consideration is whether extensive areas of irrigated agriculture are compatible with maintaining adjacent areas of riverine forest.  The current state of subterranean water resources is very imperfectly understood in Eritrea, and the rate at which water can be extracted without causing a permanent fall in the water table is unknown.  Such a fall has already occurred as a result of uncontrolled development of banana cultivation on the Gash around Kassala in Sudan (PARTICIP 1993).  If the same thing should happen in the Western Lowlands it could have serious deleterious effects on the riverine forest, which depends on a high water table for its survival. 

Commercial rainfed agriculture is also being expanded in the Lowlands, principally for sesame and sorghum on the plains between Tessenay and Om Hager.  This has resulted in large areas of dense savanna woodland being cleared - nearly 4,400 hectares had been allocated by the end of 1995.   Although government regulations exist to control such clearance, the extent and pace of development are worrying.

6.4 Urban and industrial forest users
6.4.1 The Agordat dom fibre factory
This factory was built in 1954, to supply fibre from dom leaves for producing sacking in Asmara.  The Italian owner left in 1975 and the factory remained out of operation until after independence, although in 1986 the Ethiopian government contemplated rehabilitating it and carried out a feasibility study for that purpose.  However, the factory remained closed until 1995, and commercial production only restarted in January 1996.  At that time it was operating one shift per day, utilising about 5 tonnes of fresh leaves cut from dom scrub areas within a few kilometres of Agordat town.  Plans exist to expand this production: theoretically one shift should be able to process 10 tonnes of leaves, and three shifts per day would be possible if labour and drying machinery were available.  

The recent reopening of this factory has caused concern within government with respect to its environmental impact.  There is a widespread fear that the factory will consume the entire production of the Barka dom forest, leaving none for local people, and ultimately destroying the forest.  However, reliable research-based data on dom yields do not exist, and to date all estimates of sustainable yield of the forest, and thus the area required by the factory, have been based on guesswork.  

The 1986 study has not been widely disseminated, and is therefore reproduced here, in Appendix 13.  The methodology used is not clearly described, and there are a number of other problems with it that make its results of dubious value.  It proposes that the factory could be run sustainably, but would require the utilisation of approximately one quarter of the forest over a 120 km stretch of river.  However, this is based on a total forest area of some 2000 hectares, which is almost certainly a substantial underestimate.  

Our estimates of leaf production from dom scrub suggest that productivity is sufficiently high for the factory to be supplied from a few hundred hectares, even when working at full capacity.  Our estimate is given in section 5.4 above, though we must stress that it is very rough, and should be used as a guide to order of magnitude only.  Using this figure, of 12.7 tonnes/hectare/year dry matter, the factory would need 241 hectares to support three shifts of 7 tonnes each, 365 days per year.  (The conversion from dry to wet weights used is 4:10, following Fanshawe (1966), who apparently did some work around the factory in the 1960s.)  The discrepancy in the estimated total area needed between our figure and those in Bristow (1995) and SOS Sahel (1995) is due to the difference in stocking density between dom scrub and mature dom trees.  Even if this revised figure is inaccurate by a factor of two or three, it still makes sustainable harvesting possible from a reasonably small proportion of the total forest area. 

Leaf demand for the fibre factory need not be a threat to the livelihoods of local people.  In the first place the factory uses the older leaves from dom scrub, rather than the youngest leaves which are needed for weaving: so long as the artisanal pressures on the scrub are not too high these needs should not compete.  Further, cutting leaves for the factory could be a source of regular income, as was the case during the original period of operation when leaf harvesting was contracted out to villagers.  

In order to ensure sustainability, a clear cutting rotation would need to be established, with close monitoring of regrowth and the health of the plants.  At present cutting seems to be very haphazard, and although we were assured by the factory management that a cutting cycle - based on the 1986 research - will be followed, we saw no evidence of planning for this.  Another obvious urgent need is detailed, statistically valid research on productivity.

6.4.2 Fuelwood concessions
Substantial quantities of fuelwood are collected in the Western Lowlands on a commercial basis and transported to urban markets in the Highlands, principally Asmara.  Concessionaires are given exclusive rights by MoA in Asmara to gather dead wood from areas of savanna woodland, from which they can extract up to a limit of 50 tonnes in three months.  Fuelwood can also be transported to Asmara by private vehicles in small quantities, on application for a permit from the provincial MoA office.  The main species involved is Acacia tortilis ssp. spirocarpa, with lesser amounts of A. seyal and other savanna species.  Although regulations stipulate that only dry wood may be used, in practice considerable quantities of living timber have been cut for this trade.  We were told in the Mensura area that concessions had been withdrawn “since the forest had been destroyed”, and the Agricultural Committee reported that there was a serious discrepancy between the number of licences issued and the quantities of dead wood available (MoA 1994b).  MoA in Barka is currently carrying out a study to determine existing dead wood resources, but the crucial issue of dry wood production rates of the Lowland savanna has still to be investigated.  

Government disquiet over this situation has resulted in a series of measures to reduce the flow of fuelwood into Asmara.  These have included a reduction in the amount of wood that any one person could trade to 200 tonnes per year, limiting the quantity taken by individuals in private vehicles to 200 kg per vehicle (rather than 200 kg per person) and a very recent cut in the number of licensed traders.  The effect of these has been considerable.  The quantity of fuelwood entering Asmara has fallen dramatically in recent years, as shown in Table 4. 

Table 4: Fuelwood Entering Asmara
	Year
	Fuelwood/tonnes

	1992
	42603.810

	1993
	25835.192

	1994
	12485.595

	1995
	10466.535


Source: Tsegai, Head of Forest Products section, MoA Asmara.

6.4.3 Urban fuelwood in the Lowlands
Fuelwood markets exist in all the main towns of the Western Lowlands to supply the local population.  This volume of this trade is not controlled in the way that “export” to the Highlands is regulated, although the number of retailers involved is fixed by the local administrations, and this can be used as an indirect method of affecting the amount of fuelwood traded.  The total volumes involved are thus unknown, but are clearly far less than those transported to Asmara.  Our investigations into this trade were confined to Agordat, but we assume that the situation there is typical of other towns such as Barentu and Tessenay.   

In Agordat most fuelwood is brought into town by Tigre men with camels coming from villages up to 10 hours away.  Some of this is sold directly to the bulk users - the bakeries and the “hotels” (including restaurants and tea shops).  The remainder is sold to four retailers, who then sell it on either to the bulk users, to local people for domestic use, or to people taking their 200 kg allowance to Asmara.  Permits are required by retailers, but this trade seems otherwise completely open and unregulated: both suppliers and buyers compete freely, without fixed contracts.  Prices were hard to ascertain: in one supplying village we were told about 10 birr/quintal, while buyers in Agordat said they paid between 12 and 20 birr.  The price does seem to fluctuate, but the normal level is probably somewhere between 12 and 15 birr.  The retailers’ gross margin is about 1 birr per quintal.   For domestic use, people also buy from very small-scale suppliers, who operate without permits.  These traders buy loads of small pieces of wood, and break them down into 3-4 kg bundles, which sell for 1.25 birr (i.e. 30-40 birr/quintal).  

Charcoal is traded semi-openly on the back streets of Agordat.  It is brought at night by “those who come by camel” i.e. Tigre village men, and bought for domestic use and in the tea shops.  On several occasions we also saw it being sold by village women taking it directly to the tea shops.  Legal charcoal is also sold as a by-product by the bakeries, but this is not of high quality.

6.4.4 Gum arabic
A species with potentially great commercial value in the savanna is Acacia senegal, the source of gum arabic.  This tree occurs in profusion over wide areas of Gash-Setit, including large pure stands in the hills west and south-west of Barentu.  However, gum collection is not a traditional activity of the Lowland tribes.  The government is currently promoting gum collection as an economic activity, since it is a potentially valuable export commodity.  This is being done through a concession system whereby large areas (several thousand hectares) are allocated to entrepreneurs who pay the government a royalty on gum collected.  These concessions are situated well away from villages to minimise conflict over the use of the savanna forest, although we have heard that problems have arisen because pastoralists were denied access to traditional grazing/passage routes.  Skilled labour, from Sudan or trained by Sudanese, is used to wound the trees, but local people are employed as collectors.  This they do either as paid labourers or on some kind of share-cropping basis.  Planting of A. senegal is also being promoted by MoA, again focusing on entrepreneurs with irrigated and rainfed farmland.  

At present most local people do not realise the economic value of gum arabic, but treat it as a snack food.  It could, however, play a useful role as a source of income with the potential to cushion people against the insecurity inherent in their farming system, in much the same way as dom leaves do. Production for the market requires a certain amount of organisation, to stimulate gum secretion and protect the trees from monkeys.  It seems likely that this would be feasible for the villagers, with suitable financial incentives and support from MoA, but further investigation is obviously needed before concrete proposals could be made.

7 METHODOLOGICAL FINDINGS
7.1 Technical methodology
Any land use planning and management of the riverine forests will require maps and details of the forest as basic tools.  As part of this consultancy we investigated possible methodologies for carrying out survey and inventory work, which would form a major component of the proposed GoE/SOS Sahel project.

Given the area to be covered and the problems of ground access, it is fairly certain that a significant amount of survey work would have to be done from above, either through aerial photography or using satellite imagery.  We therefore attempted to compare the different available remote-sensed data with each other, and with the situation on the ground.

7.1.1 Satellite imagery
The only satellite imagery accessible to us was a hard copy of Landsat TM data from September 1985, at 1:250,000 scale.  This gives a general indication of areas with vegetation cover in the Lowlands - and thus was useful to guide us to areas of interest -  but at this scale it is not precise enough for mapping riverine forest cover.  The principal problem is that while vegetation is shown clearly, it does not distinguish between different vegetation types, so woodland cannot be separated from cropland or grass.  In areas such as the lower Barka, where virtually the only vegetation is the riverine forest, this is not so much of a problem.  However, where gardens are mixed with forest, or in SE Gash-Setit where large areas of grassland exist, the forest boundaries are not distinguishable.  The timing of the overflight - post-rains - is part of the problem, but dry season data has its own problems, in that much of the forest - apart from dom - is leafless at this time, and will not be shown.  

Whilst we found that the vegetation area shown on satellite imagery is greater than the area of forest cover, we also found that small areas of forest and dom scrub did not show up at all.  Although such areas contribute little to the total forest extent, they are locally very important.  If a map is to portray accurately the distribution of the forest as a resource then such areas will have to be included.

A possible solution to the problems with this Landsat data is to use higher resolution satellite imagery.  The alternatives are SPOT MS and SPOT panchromatic, both of which have higher spatial resolution but more limited spectral resolution, making discrimination of different vegetation types difficult.  The same problem is attached to the Russian MIR space photography, currently being used to map the entire country at 1:25,000.  Despite resolution of 2-3 m, it is unlikely to be able to distinguish between, for example, banana plantations and forest areas (H Braumer, M Barr, pers. comms.).  More promising, perhaps, is to manipulate the Landsat data digitally, and attempt to define ratios between spectral bands which can pick out the relevant vegetation categories.  It is even possible tree species such as dom and Tamarix could be differentiated using such techniques, where they occur in large stands (S Drury, pers comm.), but we have not attempted to do this.  To carry this out would require someone with very detailed knowledge of an area containing all the land cover types of interest.

Using remote sensed data for savanna inventories is much more feasible.  Tested techniques exist, for example those described by Hellden (1990) for biomass surveys in Kassala province of Sudan - the area immediately across the border to the west of Tessenay.  The problem in riverine forest is that of identifying species within a more uniformly dense mass of vegetation, rather than relating biomass to visible variations in density (crown cover).

7.1.2 Aerial photography
We used recent 1:25,000 and 1:6,000 colour aerial photographs (a.p.) in the field on the lower Gash.  In order to test their utility for survey work, we visited many patches of riverine forest to compare the detail that could be extracted from the photos with the actual state of the forest on the ground. 

The 1:25,000 set was good for defining the boundaries of the forest, demarcating garden areas (both old and new), and assessing the “quality” of the forest in terms of density of cover.  In the mixed woodland of the lower Gash, however, photographs at this scale were almost useless for identifying species.   Different patches in the mosaic are distinguishable, even when only a few tens of metres across, but determining their species composition was impossible, except for the pure Acacia nilotica stands.  Even where large blocks of pure dom and Tamarix exist adjacent to each other, we were unable to distinguish them with any certainty on the photographs, despite our familiarity with the area.  A stereoscope did not help in this task.  Another weakness with photographs at this scale is that areas of dom scrub sometimes do not show up at all.

Photographs at this scale can be enlarged, and also used for making digital contour and vegetation maps at scales of 1:10,000.

Table 5: Remote sensed data for forest inventory
	System
	Unit cost
	Notes
	Approximate total cost

	Landsat MSS
	£400 per scene
	185 x 170 km, with 80 m resolution.  Limited spectral resolution.
	£800-£1,600 for data, + cost of image processing

	Landsat TM
	£2,875 per scene
	185 x 170 km, with 30 m resolution.  Good spectral resolution.
	£5,750-£11,500 for data, + cost of image processing

	SPOT MS
	£1,735 per scene
	60 x 60 km, with 20 m resolution.  Limited spectral resolution.
	£41,600

	SPOT panchromatic
	£2,240 per scene
	60 x 60 km, with 10 m resolution.  Single spectral band.
	£53,800

	MIR photography
	unknown (“expensive” - M Barr, pers. comm.)
	2-3 m resolution. Colour and b/w. 
	unknown

	1:25,000 a.p. (BIK)
	£45 per linear km + £67 per km² for maps.
	Cost includes flight and processing and printing.
	£25,000 for photographs.  Map cost depends on area: for 560 km x 10 km cost is £375,000.

	Note: Total costs are approximate.  The satellite imagery cost depends on exactly where the flight lines lie, determining how many scenes are required to cover the area.  We have calculated for 2 or 4 Landsat and 24 SPOT images.  For the aerial photography, we based our calculation on a combined total river length of 560 km (PARTICIP 1993).  This does not include any of the tributaries, nor the Setit, since BIK already possess a.p. coverage of the entire course of this river.


At 1:6,000, photographs of the same area provided much more detail.  This was not in fact useful and in some cases actually proved confusing by making boundaries less distinct.  It still proved impossible to distinguish every species with confidence: even under a stereoscope the dom and Tamarix canopies were too similar
.  Dom scrub is clearly visible at this scale, however, and Acacia nilotica, A. seyal and mesquite were all quite easy to identify.  However, this scale is not useful or cost-effective for mapping large areas.  

Cost is also an important factor in deciding which system, or combination of systems, will be used.  Table 5 gives 1995 prices.

7.1.3 Soviet maps
Although these are somewhat dated (produced from 1960s information) we found them to be useful in the field.  They are fairly reliable for topography and drainage and when combined with a global positioning system (GPS) proved adequate for accurate location of villages, forest etc.   Changes in forest cover over the last thirty years can be assessed by comparing areas shown on the maps, the satellite imagery and the aerial photographs.  

Although river courses have changed in places, these maps would be adequate to use as base maps for a forest survey.  In general, changes are minor, and the maps could be altered “by hand”, using information from aerial photographs.

7.1.4 Field visits
These formed an essential part of our work, and would be vital for a full scale forest survey.  Only by walking through them is the full variability of the forest revealed, and traces of previous stages discovered e.g. abundant coppice regeneration and old dom stumps on sites previously occupied by dom stands but now with mixed acacia/Ziziphus canopies.  Evidence of use and stresses on the forest can only be gathered in this way, for example levels of cutting and browsing, or recent burning.  

The principal problem is access.  Much of the riverine forest is remote from roads, and once in the forest area, covering significant distances on foot is often very difficult.  The river beds themselves are apparently obvious routes both for access and survey, but deep sand prevents the former (by vehicle) and we found that vegetation at the river edges often give a deceptive impression of the state of the forest behind.  Internal inspection of the forest is necessary, which in areas of dense thorn is time-consuming and painful: serious survey work would involve cutting transects into it.

7.1.5 Conclusions
The need for a detailed forest map for planning is clear.  On the basis of our experience, we recommend the following approach:  

•
Familiarisation by survey team with the forest.  Given the problems with interpreting the a.p. data, a good prior grasp of the nature of the forest, species associations and so on is invaluable;

•
Use of Landsat imagery to delimit the forest area, and identify which tributaries will need detailed survey (MSS is significantly cheaper than TM, and might be appropriate for this task);

•
Aerial photography at 1:25,000 of the entire courses of the Barka, Gash and those tributaries with forest areas, including the Mogareyb;

•
A low level flight in order to fill in details of species composition, scrub dom etc. by eye, onto outline maps prepared from the a.p.  This would be a cost-effective way of circumventing very intensive ground work, given the limitations of the a.p. described above;

•
Ground survey work.  Samples of all the provisional forest types would be selected for ground truthing.  Areas of particular complexity e.g. where previous experience suggested there might be dom understorey, would be given particular attention;

The output from this would be a map at 1:15,000 or 1:20,000, showing forest area and forest types, with species composition in detail, including dom scrub and grassland.  If possible, it should also include projections of future change, based on current regeneration, levels of use and forest dynamics.  Such a map would be usable by planners to make decisions about management for the riverine forest e.g. potential garden locations, areas of forest to be conserved etc. 

A detailed inventory covering the entire riverine forest has been proposed as the next stage after aerial survey.  However, we think that this would be inappropriate for the following reasons.

•
The forest is very variable at a local scale, so any quantitative assessment will have to be very intensive if useful and reliable information is to be obtained.  This will be time consuming and expensive.  (A particular problem is the tendency of individuals of one species to occur in groups, rather than evenly dispersed in the forest.)

•
The riverine forest is not likely to be used as a timber resource, and therefore a conventional inventory of stocking, standing volume etc. is inappropriate.  The main products are leaves, poles, fruit, shade and browse, all of which will require specialised inventory techniques.  

•
The variability of the forest means that it would not be cost-effective to apply these techniques across the whole area.

•
The forest is very dynamic, so a detailed overall inventory is likely to become out of date rather rapidly, before the information contained in it can be used in some areas. 

In view of the above, we propose that inventory should only be carried out in limited areas, with specific management objectives in mind, tied to a plan of action.  The detailed map, covering the entire forest area, would be the basis for selection of areas in which management is necessary and feasible.  Once management objectives have been decided for these areas, then inventory can be planned and carried out.

7.2 Social methodology
The basic approach adopted in the field was participatory though “extractive”.  Our aim was to investigate the use of forest resources and to gain an understanding of how local people perceived and managed those resources.  Therefore we chose to consult people directly, using semi-structured interviews since these gave the rapidity and flexibility that our study required.  We were aware that there might be pitfalls in this approach, particularly in the field of quantification, but the advantages offset these.  As an example the relative importance of different forest products varied considerably between ethnic groups and our interviewing structure gave us the flexibility to pursue subjects of obvious importance to our interviewees.  Thus we talked at length about dom leaf cutting with the Tigre and about food from the forest with the Kunama.

Village interviews were carried out with groups rather than individuals, except in the first village.  It quickly became obvious that not only were individual interviews too time consuming to be practical but the natural tendency in the villages was for a group to gather and participate in the discussion.  For an initial rapid appraisal we felt these “public” answers were sufficient for our needs.  Interviews were arranged in advance with the local administration, but no warning was given to the villagers.  The groups were thus self-selected, and we had no way of stratifying the sample.  However, we were still able to collect information about behavioural differences related to wealth.  It is also possible that arriving unannounced was helpful in that the groups who gathered were a quasi-random selection of villagers who happened to be around at the time.

Although we did not manage to talk to as many women as we would have liked, we made a conscious effort to hear their views and gather information from them as well as men.  This was extremely important because of women’s role in the palm weaving industry. In the absence of a female interpreter it was difficult to communicate but not impossible: overcoming women’s shyness was actually more of a problem than getting permission from the men to carry out the interviews.

Assessing the reliability of qualitative data is always difficult.  From our interviews there emerged a consistent picture of patterns of forest use which we believe to be fairly accurate.  Within this, there were wide variations of emphasis in the activities of each village and it is at this level that difficulties arose with verification.  Where possible we attempted to check information through direct observation and casual questioning of villagers and others.  However in the time available what was not possible was repeated interviewing in a single village.  

As a result, for some information we were dependent entirely on the honesty and accuracy of people’s answers.  Except for a few subjects, we felt that interviewees were generally honest since our questions were neither threatening nor leading.  In a few cases we were surprised by the openness with which people admitted that they cut live wood without permission, indicating an unexpected level of trust.  In some fields, however, accuracy was more suspect.  Most difficult to investigate were livestock and pastoralism.  We abandoned our attempts at wealth ranking, since this hinged on livestock possession, and reliable figures would have taken too long to obtain.  The extent to which people were still pastoralists also seemed problematic.  They tended to minimise their dependence on animals in interviews, at least initially, perhaps because they genuinely feel that they are now more “developed”, or through fear of appearing backward.  This sometimes led to contradictions within interviews, of the “we have no animals...but we graze them locally...and some of them go away for many months in the dry season” kind, from which we tried to extract a coherent truth.  Some information given by husbands about their wives’ activities is similarly unreliable.  There are social pressures to understate the amount of work outside the home that a woman does, so statements like “women don’t cut palm leaves in this village” were treated with caution, and checked with the women where possible. 

Getting reliable quantitative data from the interviews was difficult - a common problem in this field.  We suspect that inaccuracy is only sometimes deliberate, as perhaps when people give low figures for prices they receive for their produce.  In other cases, it may simply stem from people’s lack of experience in quantifying their activities.  The main example in our interviews is when we attempted to get women to say how much dom palm they used, and how many items they wove, in a given length of time.  Inaccuracy may also be connected with the interview setting, and the artificiality of the question.  Even for people familiar with quantifying actions, being required to answer, without warning, questions of the “how many, how often?” type might well result in inaccurate responses.  In such circumstances the only truthful answer is often “it depends” - which is what many women said to us.  This is a limitation of the approach used, which could probably only be overcome through participant observation over an extended period. 

A final influence on the quality of the information we received was the presence of MoA staff at our interviews.  In some cases this may have made people careful in their responses regarding uses of the forest, and it also prevented us from asking certain questions about their relationship with official management systems.  However, official support often acted as essential validation of our presence, ensuring more co-operation and openness than we would otherwise have received. 

�








� Acacia oerfota is commonly known by its former name, A. nubica.


� Combretum adenogonium is commonly known by its former name, C. ghasalense.


� The principal authorities, when first mentioned in this chapter, are referred to thus: Fanshawe (1966), Baldrati (1931) etc.  Subsequently they will simply be referred to by name - “Fanshawe”, “Baldrati” etc. - unless this would cause ambiguity.  In particular “Baldrati” always refers to the 1931 paper.


�  This “spear” is the youngest visible part of the palm.  It is not the central, growing tip of the palm, but a very tightly folded leaf.  It is often misleadingly referred to as the “central bud”.


    � Some Eritrean refugees in Sudan weave dom products as a source of income, using imported Eritrean dom. 


    �Tugula is the Kunama name for a large tree with nuts which are used for food and as a source of oil.  Its timber is used for furniture.  We were unable to discover its botanical name.


    �  This was particularly surprising since the two species are visually extremely dissimilar, but the problem stems from both having bluish-green foliage and large “fuzzy” crowns.  Since these are the two riverine species of greatest economic importance, being able to distinguish them is obviously essential for any survey method.
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