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Summary Introduction to IPAL and the Technical Report Series 

The Integrated Project in Arid Lands (IPAL) was established 
jointly by UNEP and UNESCO in 1976 with the aim of finding direct 
solutions to the most urgent environmental problems associated with 
desert encroachment and ecological degradation of arid lands. It 
forms part of the operations under MAB Project 3, the Secretariat 
of which is jointly held by UNESCO and FAO, and also those of UNEP's 
Desertification Unit, established in response to the plan of 
Action adopted by the United Nations Conference on Desertification. 
It is an example of the type of pilot activity that UNEP and UNESCO, 
together with other organisations and a number of governments, are 
trying to promote to provide the scientific basis for the rehabili­
tation and rational development of arid and semi-arid zone 
ecosystems, through integrated programmes of research (including 
survey, observation and experimentation), training and demonstration. 

During the early operational work of IPAL, a co-ordination unit 
was established in Nairobi and the initial field-work started in 
the arid zone of northern Kenya, where a field station has been 
constructed on the lower slopes of Mount Kulal and a working area 
demarcated between Lake Turkana and Marsabit Mountain. Work was 
started on several aspects of the ecology and experimental 
management, centred upon the interaction of pastoralists and their 
livestock with the soils and vegetation of the environment. 

During the next two or three years (1979 - 1982), the 
investigations in progress will be extended and intensified. 
Initially, new activities within the IPAL project will be started 
in Tunisia, to be followed by other areas in the arid zone of 
Africa and the Near and Middle East. 

This report is one of a series published by IPAL describing 
technical findings of the project and, where appropriate, giving 
management recommendations relating to the central problems of 
ecological and sociological degradation in the arid zone. The 
reports are divided into the following categories distinguished 
by the base colours of their covers: 

A. general, introductory and historical: white 

B. climate and hydrology: blue. 

C. geology, geomorphology and soils: brown. 

D. vegetation: green. 

E. livestock and other animal life: red. 

F. social and anthropological: yellow. 
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VEGETATION OF SOUTHWESTERN MARSABIT DISTRICT, KENYA 

1. Introduction 

In order to provide a scientific basis for rehabilitation and 

rational development of arid and semi-arid ecosystems it is 

necessary to first collect information on their basic ecological 

attributes. 

Vegetation is a particularly important ecosystem component 

because of its value in soil stabilization and primary production. 

It is the major support of the grazing/browsing systems which are 

adapted to arid and semi-arid areas. 

Baseline information is required on the following vegetational 

attributes: type, location, extent, abundance, quality and dynamics. 

The first three attributes when combined give an adequate first 

approximation of the nature and importance of an area's vegetation. 

Knowledge of vegetation type allows application of management and 

research experience elsewhere within this type to the present 

situation. Further, as vegetation integrates all environmental 

factors acting on a site, knowledge of vegetation type may be used 

to make inferences about prevailing environmental patterns. 

Location of a vegetation type or stand obviously affects its 

importance relative to present or planned management and research 

activities. Topographical position or situation along some other 

kind of environmental gradient affects the basic ecological status 

of vegetation. Extent is an indication of abundance. 

The three vegetational attributes; type, location and extent 

are best expressed in combination as a vegetation map. The map 

delineates land units of relative ecological homogenity and provides 

the basic stratification of a major ecosystem component required 

for planning of further managment and/or research. 

Thus, the preparation of a vegetation map is one of the most 

important initial steps in the establishment of a program of research 

and management in arid/semi-arid ecosystem. 
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2. Environmental factors 

2. 1 Climate 

The study area (Figure 1) lies within a large climatic region — 

the most arid in East Africa — affecting Somalia, northern Kenya 

and eastern Ethiopia (Griffiths, 1969; Nieuwolt, 1977). It is 

characterized by large scale divergences of air masses belonging 

to the northeast and southeast monsoonal systems (Nieuwolt, 1977; 

Edwards, et al, 1979). 

The northeast monsoon originates over Arabia and passes over 

Somalia before reaching the study area from December through 

March. This typically divergent stable flow of hot, dry, air 

masses results in little rain (Nieuwolt, 1977) except for a short 

season of relatively low rainfall during October — November (Edwards, 

et al, 1979). The flow of one branch of this monsoonal system 

westwards between the Kenyan and Ethiopian highlands causes constant 

and, often, high winds within the study area (Edwards, et al, 1979) 

Rainfall is most apt to occur under the influence of the 

southeast monsoon, which originates over the Indian Ocean and is 

relatively cool and moist. Convergence with air masses of the 

northeast monsoon, or orographic lifting of its own moisture-laden 

air masses by large mountains within the study area, lead to 

instability, cooling, and subsequent rainfall. However, considerable 

divergence of air masses occurs during this period as well because 

of the strong influence of climatic factors as far away as the 

Ethiopian Highlands and India. Hence, even during the greatest 

influence of the southeast monsoon, rainfall is often low, highly 

variable, and of short duration (Nieuwolt, 1977) — occurring 

primarily during April, within.the_study area (Edwards, et al, 1979). 

Most moisture laden air arrives from the southeast so orographic 

rainfall is concentrated on the southeastern flanks of mountains, 

especially at higher elevations. Subsequent air flow over mountain 

summits results in descending, divergent, warming and drying air 

masses which create rain shadows on the mountains' west and 

northwestern flanks (Nieuwolt, 1977; Edwards, et al, 1979). 
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Rainfall within the study area, particularly at lower 

elevations, is typically low (Figure 2). For instance, North Horr, 

the only station below 1,333m elevation with long term rainfall 

records, has a mean annual rainfall of 150mm (1961 - 1967) (Edwards, 

et al, 1979). 

Potential evaporation, however, is high, exceeding 2600mm 

annually over most of the study area (Woodhead,. 1968; Dagg, 1969). 

Plant-exploitable mean precipitation is less than 10 percent of 

potential evaporation (Woodhead, 1970). Thus, the water that does 

not run off is soon returned to the atmosphere through 

évapotranspiration. 

With increasing elevation rainfall amount and duration increases 

while variability decreases. This reflects associated trends of 

decreasing temperature and increasing cloudiness, which also result 

in decreasing potential evaporation (Griffiths, 1969; Edwards, et 

al, 1979). For instance, rainfall on Marsabit Mountain (1965m 

elevation) averages 944mm annually (1918 - 1977) (Edwards, et al, 

1979), .while potential evaporation is 1800 - 2200mm annually 

(Woodhead, 1968) and plant-exploitable mean precipitation is 40 - 50 

percent of potential evaporation (Woodhead, 1970). 

Rainfall is typically variable and often of high intensity 

(Edwards,et al, 1979). Thus, surface runoff and soil erosion rates 

are probably high. 

Thus, most of the study area has been classified as being 

within the semi-desert eco-climatic zone (Pratt and Gwynne, 1977). 

On the major mountains the climate becomes moister with increasing 

altitude, culminating in the very small areas on mountain summits 

which lie within the montane forest eco-climâtic zone (Pratt and 

Gwynne, 1977). 

2. 2 Geology 

Only a small percentage (11%) of the study area has undergone a 

geological survey and that has been along the southern boundary 

(Baker, 1963; Dodson, 1963; Randel, 1970). A further geological 

survey of the east Rudolf area (Vondra and Bowen, 1976) was close 

enough to the study area boundaries to allow extrapolation of some 

of its information into the northwestern portion of the study area. 
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Fig. 2 ESTIMATED MEAN ANNUAL PRECIPITATION (mm) 
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Two major geological formations occur within the study area; 

pleistocene basaltic lavas and quaternary sedimets (Saggerson,1969) 

(Figure 3). 

Pleistocene basaltic lavas, often thick and waterbearing at 
2 

depth (FAO, 1971), occupy 13,000km or 57% of the study area, 

primarily centred ön Mt. Kulal, Marsabit Mtn. and the Hurri Hills. 
2 

Quaternary sediments occupy 8,982km or 39% of the study area. 

These are of four types: those derived from Precambrian gneissic 

rocks of Nyiru, 01 Doinyo Mara and the Ndoto Mtns comprise the 

largest area. This includes the Koroli, Hedad, and Kaisut areas. 

Other geological formations are associated with the old lake beds 

of Lake Turkana and Lake Chalbi. The old Lake Chalbi is further 

divided into: (1) the exposed original surface (between Kalacha 

and the Lugga Balal); (2) saline/alkaline alluvial materials 

overlying the old lake bed, which constitute the desert itself 

and; (3) recent alluvial and aeolian materials overlying the 

eastern and northwestern edges of the desert. Most of this 

consists óf low, stabilized sand dunes, at least some of which 

probably originated as alluvium from middle to late pleistocene 

sandstones and shales just southeast of Maikona. An extensive 

area of such sand dunes also occurs along the southern and western 

edge of the Chalbi Desert-. These may have originated from 

alluvium derived from Precambrian gneisses. 

Two major wind streams blow off the western end of the Chalbi 

Desert in a northwesterly direction (mean bearing 305°) on either 

side of North Horr. The thin layer of sand which has been 

deposited by these wind systems overlies the local topography and 

can be clearly seen from the air. The effect 'of the wind streams 

is visible on Landsat satellite imagery for up to 40 - 50km from 

the western edge of the Chalbi Desert. 

Several large barchan sand dunes occur in line within the 

northern-most windstream which passes over Dabendabli Hill 4km 

north of North Horr. The occurrence of barchan dunes indicates 

that the wind streams remain primarily unidirectional (Bagnold, 

1941). The effect of wind currents is again apparent in the 

occurrence of a long seif dune just south of Kalacha in the centre 

of the Chalbi Desert and parallel to its main axis. 
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Fig. 3 MAJOR GEOLOGICAL FORMATIONS 
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According to Bagnold (1941) seif dunes are formed when strong winds 

also blow from a quarter other than that from which the prevalent 

winds, responsible for the general sand drift, arrive. 

A small area of another geological formation; middle to late 

pleistocene sandstones and shales (FAO, 1971) lies southeast of 

Maikona between the lava and the Chalbi Desert. This covers 
2 

175km or a bit less than 1% of the study area. 

A fourth geological formation; Precambrian gneisses (Saggerson, 

1969; FAO, 1971) occurs over a relatively small area along the 
2 

southwestern edge of the study area (643km or 3% of the study 

area). Although small in area it is an extremely important 

formation because it is the source of most of the quaternary 

sediments within the study area. An isolated low outlier of this 

formation forms, the low hills of Korr. 

2. 3 Topography 

Two series of topographic maps exist for the study area at scales 

of 1:250,000 and 1:100,000 (Survey of Kenya series Y 633 and Y 503 

respectively). However, topographic detail is stated in the mapsheet 

data to be poor and varies greatly on adjacent mapsheets. 

To obtain a more standardized picture of topographic detail, 

elevations were measured with a small hand altimeter along the tracks 

within the study area. Variations in barometric pressure did result 

in variation in accuracy of the elevation readings of up to 30 - 70m. 

However, use of the altimeter allowed repositioning of some important 

contours where considerable doubt about their true position had 

existed before. A more uniform picture of topographic detail was 

then available throughout the study area (Figure 4). 

The study area is generally an extensive plain lying at 

530 - 760m elevation, the largest unit of which constitutes the 

Koroli, Hedad, and Kaisut areas. This region has a gentle upslope 

southwestward from the edge of the Marsabit lavas to the base of 

Nyiru, 01 Doinyo Mara and the Ndoto Mountains. It is broken 

occasionally by isolated low lava plateaus and gneissic hills and 

mountains and is open to the east both to the south of Marsabit 

Mountain and between it and the Huri Hills on the north. 
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Fig. 4 TOPOGRAPHY 
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The Chalbi Desert forms a large depression (948km ) in the 

north of the.study area. It lies between 435m and 500m elevation. 

Lake Turkana lies at 410m elevation along the west edge of the 

study area. As such it is only about 65 - 100m lower than the 

bed of old Lake Chalbi, but is separated from it by an intervening 

ridge rising to 700m elevation. 

Mt. Kulal, Marsabit Mtn. and the Huri Hills rise in isolation 

near or on the western, eastern and northeastern boundaries of the 

study area. Nyiru, 01 Doinyo Mara and the Ndoto Mtns, form its 

southwestern boundary. 

The Huri Hills and Marsabit Mtn. are relatively low (1685m 

and 1865m respectively), with plateau-like summits, long gentle 

slopes and massive bases. Mts. Kulal, Nyiru, 01 Doinyo Mara and 

the Ndoto Range rise to greater elevations (2335, 3010, 2260, and 

2885m respectively), have steeper, very abrupt slopes and much 

narrower bases. Mt. Kulal for instance, has a base roughly 30 by 

60km as compared to about 50 by 90km for Marsabit Mtn. In 

addition, the eastern and western flanks of Mt. Kulal are deeply 

slashed by many extremely steep walled canyons while this is not 

so on Marsabit Mtn. 

The Asie Hills, a low outlier of Mt. Kulal, extend for about 

50km northeast to the edge of the Chalbi Desert. This range, 

which appears to be a low version of the Huri Hills, rises to 

only 1165m elevation. 

The alignment of most of the mountains in the area generally 

parallels, that of the Rift Valley i.e., north - south or slightly 

northwest - southeast. However, Marsabit Mtn. and the Huri Hills 

have a definite northeast - southwest alignment placing them 

broadside to the winds of the southeast monsoons. 

2. 4 Drainage 

" • 2 

Seventy-seven percent of the study area (17,720km ) lies 

within a drainage system leading to the Chalbi Desert. The Chalbi 

Desert forms a sump for an interior drainage system covering 
2 . 

36,615km . Twenty-five percent of this area lies within Ethiopia 
and drains into the Chalbi Desert via the Lugga Balal. 



11 

Most of the surface runoff within the study area then occurs 

within this closed interior drainage system. However, it is 

probable that a large proportion never reaches the Chalbi but is 

returned to the atmosphere directly through evaporation or, 

eventually, through transpiration by vegetation. 

Other drainage systems flow into the Dida Galgalu Plains from 

the east slope of the Huri Hills, into Lake Turkana from the west 

slopes of Mt. Kulal and Mt. Nyiru, and into the Milgis River from 

the southern slopes of Marsabit Mtn. and from the Kaisut area. The 

Milgis River then empties into seasonal swamps southeast of 

Marsabit Mtn. 

Subterranean drainage has been recorded by FAO (1971) who found 

lava formations north of Marsabit Mtn. to bear water at depth. The 

perennial springs found at the base of lava formations along the 

edge of the Chalbi Desert are probably related to this phenomenon. 

It is likely that the source of this water is infiltration of 

rainfall into the soils of the nearby large volcanic mountains 

(Kulal, Marsabit, and the Huri Hills). 

2. 5 Vegetation 

Vegetation of the study area has been classified and mapped at 

the continental level (Keay, 1959; Rattray, 1960), regional level 

(Edwards, 1945, Pichi-Sermili, 1955; Heady, 1960; Pratt, et al, 

1966; Trapnell and Langdale-Brown, 1969; Pratt and Gwynne, 1977), 

national level, (Edwards, 1940) and district level (FAO, 1971). 

However, other than the brief survey carried out by FAO (1971), 

vegetation of the Project area has not been studied in the field. 

Field studies of similar vegetation within northern Kenya appear 

to be limited to those of Hemming and Trapnell(1957), Pratt (1966), 

Hemming (1972), and Barkham and Rainy (1976). 

The herbaceous layer is emphasized by Heady (1960) and Rattray 

(1960) who show the study area to be primarily dominated by 

Aristida (Heady) and Chrysopogon/Aristida (Rattray) annual grassland 

respectively. 
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Pichi-Sermoli (1955), Edwards (1940, 1945) and Trapnell and 

Langdale-Prown (1968), in a basically ecological classification, 

show most of the area to be desert, desert scrub and sub-desert 

scrub. Trapnell and Langdale-Brown (1969) give the area a drier 

classification than do the former authors. A strictly physiognomic 

classification is used by Pratt, et al (1966) and Pratt and Gwynne 

(1977). They show the study area to be primarily wooded and/or 

bushed grassland replaced by or mixed with barrenland and/or 

dwarf shrubland in the Chalbi area and on low lying lavas, 

whereas a refinement of knowledge about vegetation detail has 

occurred in the period between these two publications elsewhere 

in Kenya, it has not occurred within the study area. 

FAO (1971) mapped the vegetation of the study area as part of 

a more extensive survey of the vegetation of Marsabit District. 

Vegetation units were determined by geomorphological features; 

16 such units being grouped into land systems. The most extensive 

vegetation types within the study area were shown to be Acacia 

reficiens - Duosperma eremophilum dwarf shrubland and/or bushed 

dwarf shrubland on footslopes of the Marsabit land system and 

Commiphora crenulata - Sericocomopsis hildebrandtii bushed dwarf 

shrubland on sedimentary plains of the Kaisut land system. 

3. Methods 

Field and office procedures followed those of Herlocker and 

Dirschl (1972) and Herlocker (1975). Subjective estimates of 

vegetation attributes were made at stations located at systematic 

intervals along all roads and tracks within the study area. The 

major attribute considered was species dominance based on canopy 

cover within the overstory and, when present, the understory as 

well. Canopy cover, growth form and height of associated species 

were also noted. Canopy cover of larger woody vegetation was 

occasionally checked with an angle gauge (Cooper, 1957) and of 

dwarf shrubs and herbaceous vegetation by the step-point method 

(Costello and Schwan, 1946). 



13 

Field notes were referenced by station. The location of each 

station was marked on aerial photographs with a grease pencil. 

Aerial photography was RAF panchromatic (1:50,000) taken during 

1956 - 1960. Obvious vegetation boundaries were noted in the 

field and marked on aerial photographs. These were the preliminary 

mapping units. 

In the office, species dominance of a mapping unit was 

determined by comparing species dominance at successive stations 

(points) along tracks within the unit. The species or group of 

species dominant at all or most of these points was adopted as 

the dominant species of the mapping unit. 

Where stations within a mapping unit differed from the rest 

in species dominance, these were either included with the rest 

(if few and scattered) or made into another mapping unit 

(particularly if numerous, grouped together and/or coincident 

with obvious site differences). Mapping unit boundaries were then 

redrawn. 

Mapping units with similar dominant species were grouped into 

tertiary vegetation types. Mapping units not sampled in the field 

were placed into tertiary vegetation types based on stereoscopically 

determined similarities in topographic detail and gross 

physiognomic vegetation patterns. 

Tertiary vegetation types could then be grouped into larger 

primary vegetation types based on physiognomic similarities such 

as height, growth form, and canopy cover. 

4. Map uses 

The vegetation map of Marsabit District (FAO, 1971) was the 

first approximation in detailed classification and delineation of 

plant communities of the District. The present map is the second 

approximation for the southwestern part of the District. It will 

eventually require revision as field experience increases knowledge 

of vegetation and better techniques for classification and mapping 

become available. 
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Vegetation classification follows Pratt and Gwynne (1977). 

Criteria are primarily physiognomic but are modified by functional, 

physiographical, and compositional criteria (Table 1). Using this 

system, the vegetation of the study area has been grouped into 

three main categories. 

(a) Primary vegetation types (Figure 24, Table 2) are based 

on physiognomic criteria (forest, woodland etc.) qualified by 

functional criteria (evergreen, deciduous etc.). 

(b) Secondary vegetation types (Table 3) are based on a 

combination of physiographic and somewhat more precise physiognomic 

and functional criteria than are used in primary vegetation types. 

(c) Tertiary vegetation types (Figure 24, Table 4) are based 

on compositional criteria: i.e., dominant species. 

For purposes of clarity and simplicity, only the primary and 

tertiary vegetation types have been mapped. Also, where a number 

of small tertiary vegetation types recur over an area in mosaic 

or catenary pattern, these have been included in a single 

composite unit for mapping purposes. An example of one such unit 

(no. 38) is given in Figure 13 to indicate the complexity of 

vegetation involved. 

The map is a stratification of the vegetation of the UNESCO 

(IPAL) study area into ecologically homogeneous units; the 

tertiary vegetation types being the most homogeneous. Tertiary 

vegetation types in particular, delineate areas capable of supporting 

the same kind of relatively stable plant community homogeneous as 

to dominants in all layers and in biological potential. This is 

the habitat type of Daubenmire (1968) and is analogous to the range 

site (S.C.S., 1970; S.R.M., 1974) and forest site (S.A.F., 1950). 

There are 9 primary, 34 secondary and 73 tertiary vegetation 

types. While the ratio between primary and tertiary types is 

1:8.3, that between secondary and tertiary types is only 1:2.1. 

This indicates that much of the variation in vegetation of the 

study area is expressed and can be delineated by non-taxonomie 

criteria. 
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TABLE 1 

Criteria for vegetation classification 

Category Life form Height 

Woody 
canopy 
cover 

Herb 
cover 

Vertical 
strati­
fication Notes 

Forest Trees 7-A0m closed 1-2 stories 

Bushland Trees/Shrubs <10m >20% single or shrubs 
layered dominant 

Woodland Trees <20m u u 

Shrubland Shrubs <6m u II 

Dwarf 
shrubland 

Dwarf 
shrub s <70cm u single 

Grassland Grass <20%* 

(Perennial/ 
annual) 

(Sparse) <20% 

(Regular) 25-150cm u >20% 

(Short) <25cm u ii 

Dwarf <10cm u u 

* Grassland with a scattered, open overstory (2 - 20% canopy 

cover) of woody plants is termed 'wooded, bushed or dwarf shrub 

grassland' depending on the dominant overstory life form. There 

may also be such designations as 'bushed or wooded dwarf shrubland'. 
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TABLE 2 

Primary (physiognomic) vegetation types 

in order of areal importance 

Area 
(km2) 

% 
total 

Annual grassland 7655 33.3 

Dwarf shrubland 6352 27.6 

Shrubland 4649 20.3 

Bushland 1378 6.0 

Barrenland 948 4.1 

Perennial grassland 780 3.4 

Woodland 786 3.5 

Evergreen to semi-deciduous bushland 328 1.4 

Forest 124 0.5 

Total Area 23,000 



17 

TABLE 3 

Secondary (physiognomic) v e g e t a t i o n types 

FOREST 

Upland evergreen 
Lowland evergreen (ground water) 

EVERGREEN TO SEMI-DECIDUOUS BUSHLAND 

Evergreen 
Evergreen to semi-deciduous 
Semi-deciduous 
Composite Unit 

WOODLAND 

Semi-deciduous 
Deciduous with shrub understory 
Deciduous with dwarf shrub understory 

BUSHLAND 

Composite unit 
Deciduous 
Deciduous with dwarf shrub understory 
Deciduous with succulent dwarf shrub understory 

SHRUBLAND 

Evergreen 
Evergreen with dwarf shrub understory 
Evergreen with occasional perennial grass 
Deciduous 
Deciduous with dwarf shurb understory 
Deciduous with succulent dwarf shrub understory 

DWARF SHRUBLAND 

Dwarf shrubland 
Bushed 
Wooded 

AREA (km ) 

124 

115 
9 

78 
14 
21 

2084 
1840 
612 

2562 
3553 
237 

328 

41 
175 
46 
66 

46 
64 
676 

90 
665 
566 
57 

786 

1378 

4649 

6352 


