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Summary Introduction to IPAL and the Technical Report Series

The Integrated Project in Arid Lands (IPAL) was established
joinly 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 ofarid and semi-arid zone ecosystems,
through integrated programmes of research (including survey,
observation and experimentation), training and demonstration.

During the early operation work of IPAL, a co-ordination unit
was established in Nairobi and the initial fleld~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 veégetation 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:
general, introductory and historical: white,
climate and hydrology: blue.
geology, geomorphology and sofls: brown.

. vegetation: green,

- livestock and other animal life: red.
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. social and anthropological: yellow.






1. INTRODUCTION

The terms of reference for this study of the montane forests were
for "an ecological study of the isolated mountain rain forests within
the project working area. It will include preliminary ecological surveys
to provide an account of the botanical composition of the forests. The
major part of the work will be to describe the successional trends taking
place and the interactions of the forests with the human populations. An {
attempt will be made to answer the questions: What is the role of the \
forests in the ecology of the region? What is the impact on the forests \
of human activity? What are the probable results of this impact? A
report will be produced which will emphasize the importance of the forests
and provide additional arguments for their conservation, and recommendations
for their management." o

I have interpreted the term 'mountain rain forests'in a wide sense
to include all closed tree and shrub communities on the higher ground
(in practice almost entirely above 900 m, and mostly above about 1200 m)
in which shade-intolerant grasses, and the species characteristic of more
open vegetation, and the influence of fire are almost absent. Thus, various
evergreen bushland and gulley-thicket communities have been studied (but
not the whole of the evergreen and semi-deciduous bushland mapped by
D. Herlocker).

The mountain forests of NFD have been among the least studied of the
East African forests, and 1 have found no full published descriptions of
the forest communities or their composition. However, many of the leading
botanists in Kenya have collected briefly on Marsabit and Kulal, and their
combined collections present a surprisingly complete picture of the species
composition. Marsabit is the least typical, perhaps because of its unusual
combination of size, isolation and high rainfall, while the forest communities
on Rulal and other mountains, and their ecological status, are similar to
those in several other highland forest areas in East Africa, including the
mountains at similar latitudes in E. & N. Uganda.

Thus, while it has not been possible to arrange extensive foot
safari in the less accessible mountain areas, this has also not been
entirely necessary. Sufficient information has been available from written
and verbal reports, and from my own observations, for a preliminary
assessment of the status and ecological relationships of the vegetation
communities; this has been supplemented by several hundred botanical
collections from the forests by myself and other IPAL staff, and by
inspection of the records and specimens from other collectors, mostly in
the Herbarium in Nairobi.

No attempt is made here to describe the background to the project or
the project area, or the general vegetation, soils or climate, since these
subjects will be fully described elsewhere.

This study could not have been carried out in isolation, and 1 am
particularly grateful for logistical help and environmental information
from Dr. C.R. Field, Dr. D. Herlocker, and Mr. Paul Teasdale at Gatab,
Dr. and Mrs. Schwartz and Mr. Charlie Barnett at Ngurunit and Mr. & Mrs,
Anderson at Kalacha. Their help in studies of the montane areas, and the
domestic support of my family, by Dr. Herlocker and his family while
living on Mt. Kulal, are gratefully acknowledged.



25 THE EXISTING MONTANE FORESTS AND THEIR LEGAL STATUS.

The field headquarters of the IPAL study area are on Mount Kulal,
(Figures | and 2) which carries a substantial are of closed montane
forest. The Hurri Hills and about half of the forest on Marsabit
Mountain are also within the IPAL area. However, other mountain ranges,
particulary Nyiru, Ol Doinyo Mara and Ndoto, with their vegetation,
exert such an important influence on the lowlands of the IPAL area,
and are so important as dry-season grazing areas for the inhabitants of
the area, that they must also be considered here.

The following table summarises some of the basic information about
the mountainsconsidered.

Name District Total area Total area Maximum Long. Lat.
demarcated of forest altitude E N
ha ha m
Hurri Hills Marsabit (30,000)* (100) ! 1539 37°50' 3035’
Kulal Marsabit 45729 3500~ 2295 36°50" 2°40'
4400
Marsabit Marsabit 14917 14000 1836 380 2295
Ndoto Samburu 96040 4500 2637 37°10' 1°45"
8000~ |
Nyiru Samburu 45400 9500 2752 36°945'  2015!
0l Doinyo i
Mara Marsabit (5000)* (100) ! 2067 36955' 2915 }

*  Proposals, not demarcated
. Guesses, not measured.

Most of the figures given above are approximations. There is wide variation
in published estimates of mountain heights, and only on Marsabit has a
detailed attempt been made to measure forest areas. Note also that the
Leroghi Forest was reserved by Proclamation No. 2 of 1936 with an area of

c. 90880 ha, and the Mathews Range Forest by Proclamation No. 454 of 1956
with an area of 92680 ha.

The following notes describe the history of the protection and
reservation of these forests. It has not been possible to prepare a
detailed chronology of the human use of the forests, or of the advances
and retreats of the forests in response to grazing, fire and climatic
fluctuations, but further information is available in the Background
History of the Mount Kulal Region of Kenya, by N.W. Sobania (1979).

The present legal status of these forests is founded on The Forests
Act, Chapter 385, including the consolidated regazetting of forest
reserves, Legal Notice No. 174, Declaration of Central Forests, effective
1 June 1963.
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The first intervention in land use control occurred in 1902 j
with the establishment of the Northern Game Reserve, which included
Marsabit. The upper slopes of the mountain were gazetted as a '
forest area by Proclamation No. 44 of 1932 with an area of 37760
acres after the administration had become increasingly worried about|
the effects of burning and grazing in the forest. At that time thel
forest was largely used by Gabbra who had moved in from Ethiopia
since the early years of the century, but Sobania confirms that
many people had used the forest as dry season grazing in previous
centuries. The boundary of the Forest Reserve was demarcated in \
1947, embracing c. 15000 ha, substantially the same as now. T

The Marsabit National Reserve was established by Govt. Notice
936 in 1948, extending eastwards from the southern end of L. Rudolf
(Turkana) down to Isiolo and including Marsabit and the Mathews Range.
The National Reserve was reduced to its present size of 780 sq. miles
(c. 202,000 ha) on 22 Dec. 1960.

There has been considerable planting activity in Marsabit Town,
particularly since 1927. However, the planting was largely
experimental, and for shade, shelter and decoration; it had little
effect on the total forest area, or on providing for the fuel and
pole requirements of the people, and hence little effect on maintain- |
ing water supplies or on controlling envirommental degradation. - :

The efforts of the Forest Dept. from c., 1951 were largely
concentrated on fighting and preventing fires, and preventing
excessive or unauthorised grazing by means of regular foot patrols,
and on early burning a broad belt round the forest at least once a
year. (Early burning is a well established technique which usually
prevents uncontrolled and devastating fires later in the dry season,
and frequently enables bush and forest to expand outwards, gradually
increasing the forest area). Several reports and letters refer to
the extensive damage caused by fires, but it is probable that the
areas burned were largely the more inflammable bushland surrounding
the closed forest communities, with the fires sometimes penetrating
and destroying areas near the forest margins.

The forest boundary was surveyed in 1951. 1In 1959, the Chief
Conservator of Forests (in a letter to the Provincial Commissioner
dated 3 September 1959) explained Forest Dept. policy for Marsabit: \

~"the highest priority is to protect water supplies, by preventing

destruction or damage of the forest by fire or animals, by firelines ’/} =
and controlled burning."  Some grazing, cutting of poles and

collection of dead wood for fuel has been authorized, and on the whole

the policy has been successfully implemented; the forest vegetation

within the Reserve has been well protected, while trees and shrubs

outside the Reserve have had little or no protection.

The Council in Marsabit has had a similar policy, as explained
in the District Development Plan, 1976: "The water catchment and -
storage functions of the forest areas are of the utmost importance
for life in the district, and these functions must not be interfered
with adversely. The large scale forest areas on Marsabit Mountain,
and to a smaller extent other areas, also have considerable direct
economic value if properly utilized. The water conservation aspects
should, however, over-ride any other aspects, and economic utilization



2.

2

should be carried out in a way that does not impair the main l
functions namely, water catchment and [storage]." Al

Neither the District Development Plan nor the early Forest
Department plans envisaged measures specifically designed to
satisfy the wood needs of the people, although they were clearly
concerned about desert encroachment and control. The Forest
Dept. has made several attempts to plant up gaps and grassy areas
within the Forest Reserve, with the aim of reducing the fire risk,
increasing the total forest area and improving water conservation.
The earlier attempts, frequently with indigenous species, largely
failed because of deaths from drought and termites. A renewed
attempt since 1971 has achieved a total of 45 ha, largely with
Cassia siamea in grassy areas, with a planned annual program of
12 ha. The objective has, as before, been largely for conservation,
and increasing the forest area, rather than maximising wood
production.

Kulal

Mount Kulal has been much less visited by forestry and
administration officers than Marsabit. Sobania quotes a report
of 1927 and 1928 which refers to devastating fires which burnt
much Juniper; his report also shows that both years were severe
drought years. Sobania also reports that Kulal was largely depopulated
during the first c. 40 years of this century. There were probably
ndorobo elements in the mountain forests at this time, and occasional
hunters from the lowlands, so the net effect was probably regular
but largely haphazard grass burning in dry seasons, keeping the
forest edges in check; occasional serious fires in the Juniper
communities during drought years (but probably not seriously affecting
the mixed hardwood communities which are less flammable and less
vulnerable); and a more or less compensatory recovery and slight
expansion during wet years.

During the 1950's, various foresters including J. Smart and
other officials visited the forest and observed the impact of grazing
and browsing. The forest was considered for reservation, and the
N.F.D. forester W.W. Beer organized the demarcation and survey of
a boundary line, completed in August 1956. The result was Boundary
Plan No. 180/1970, enclosing a total of 45 729 ha. However, the
Forest Dept. decided that since they did not have adequate resources
to ensure the full protection of the proposed reserve, they should
not undertake the responsibility; in a letter to the Provincial
Commissioner, Isiolo, on 3 September 1959, the CCF wrote: "... owing
to shortage of funds and staff .... decided not to go forward with
the gazettement."

From c. 1960, grazing inside the forest was forbidden or limited.
The mountain came under the administrative control of the District
Council, like most of the rest of the District, as Trust Land. For
several years the Council employed some forest guards to protect the
forest. However the guards had no professional supervision, and
little local encouragement. During the 1970's the Gatab mission
employed a guard, largely to persuade local people not to burn the
forest, and the mission was actively involved in fire fighting
particularly towards the end of the 1968-76 drought. From 1976, IPAL
also employed a guard, to assist in enforcing the Council's decision
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that grazing in the forest should be controlled.

During the long drought, the grassy areas in the forest
zone (above about 1600 m) were heavily grazed, and cattle
also browsed through the closed forest areas. With the increasing
rains from 1977, the intensity of grazing, browsing and burning
decreased markedly.

At the time of writing, almost no grazing is taking place
within the forest zone, because of the abundance of pasture
elsewhere; the D.C. has confirmed his determination to enforce
the Council's earlier decision to limit grazing in the forest; and
the Council has decided to approve the gazettement of the forest
as a Forest Reserve.

Hurri Hills

These hills have had a long and complex history of human use
as valuable grazing land, but have had no special conservation
status. At one time the Forest Dept. considered the possibility
of reserving c. 30 000 ha, and still includes the hills among those k
considered for hill-top plantations, designed to improve water
supplies and to increase the national forest estate.

Nyiru Forest

The Nyiru Range and the neighbouring Ol Doinyo Mara surrounding
the S. Horr valley have been used as dry season grazing by Samburu
and other groups, and have been inhabited by ndorobo elements for
generations. Government officers observed the impact of fire and
grazing, and the forest was closed to grazing at various times.
Demarcation of c¢. 45 400 ha of Nyiru as a Forest Reserve was
apparently completed in 1951, and the area was gazetted by Proclamation
454 of 1956,

There is a forest station in S. Horr, which has been strengthened
in early 1979. 1t has been largely concerned with small-scale tree
planting and with protecting the Forest Reserve. It is probably safe
to assume that the forest zone is affected by little more than the
customary seasonal cattle movements, relatively slight during the
current heavy rains.

0l Doinyo Mara has never been reserved or protected by the

Forest Dept., presumably because it carries very little closed
forest.

Ndotos Range

During the 1940s, Government officers apparently considered
that the Ndotos were much more severely affected by grazing and
fires then Nyiru or the Mathews Range. This impression is consistent
with the fact that the mountain area finally reserved was more than
double that on Nyiru, whereas the area of closed forest now surviving
is estimated to be about half of that on Nyiru.

The demarcation of a Forest Reserve boundary line was completed
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in 1950, and the area was gazetted by Proclamation 454 of 1956.

Initially, the reserve was regularly patrolled and the
boundary maintained. During the 1960s, the continued determined
opposition of local pastoralists to attempts to exclude them from
the Reserve (an area about 20 times the area of the true closed
forests), and increasing security risks during the shifta emergency,
resulted in the withdrawal of continuous patrols. Boundaries were
maintained by occasional (more or less annual) operations involving
several workers moving together around the whole boundary. This
had little effect on the customary use of dry season grazing areas
in the forest. However, it is reported that the Samburu did not
make intensive use of the Reserve during shifta times, because of
security risks (from c. 1963).

At the end of the emergency, before the end of the long drought,
very large numbers of livestock belonging to Samburu and other people
were moved up beyond the foothills into the reserve and the forest.
Very intensive grazing, browsing and lopping for fodder is reported
to have occurred for some years, about 1972-6. At that time, there
were no effective protective measures, at least in the § and E Ndotos.

When the rains improved from 1977, livestock largely moved out
of the forest zone and out of the Reserve, and the vegetation
recovered greatly. During early 1979, during exceptionally wet
weather, even ndorobo manyattas were removed from the Reserve for
the first time since 1972. The Forest Dept. now intends to intensify
its protection of this Reserve, with a strengthened Forest Station
at Wamba.

FOREST TYPES : composition, status, stability and succession.

The state of collecting and ecological knowledge

There are no published reports or substantial unpublished reports
describing in detail the mountain forests of the IPAL area, but from
numerous collection-notes, safari reports (Verdcourt 1958) and other
verbal and written communications, as well as personal observations,
some general conclusions can be drawn.

A few observations were made by explorers during the 19th Century
and by early Government officers but biological collecting started
relatively late on these mountains. The following collectors (mostly
botanists and foresters) have contributed to our knowledge of the
forest composition:

W.H,R, Martin, 1934, Kulal

J. Adamson, 1942-4, 1957, Kulal & Marsabit

J. Leakey, 1945, Marsabit

J. Williams, 1947, 1956, Kulal and Marsabit

P.R.0. Bally, 1947, 1963, Kulal, Marsabit, Hurri Hills

J.B., Gillett, 1953, Marsabit

T. Adamson, 1956-1959, Marsabit, Kulal

B. Verdcourt, 1958, Kulal, Marsabit

0. Kerfoot, 1960, Ndotos, Nyiru



Oteke, 1960, Kulal, Marsabit

Polhill, 1961, Marsabit

Woodhouse, 1963, Marsabit

Faden, 1968, Marsabit

Herlocker, 1976 - Kulal, Marsabit, Hurri Hills
Ichikawa, 1977, Mathews Range

Gilbert, 1978-9, Ndotos

Hepper and P. Jaeger, 1978, Kulal, Marsabit, Nyiru, Ndotos
White, 1979, Kulal

A S B

Appendix 1, based on these and my own collections and observations,
gives a list of all the forest trees and shrubs known to occur in
the mountains of this area. Appendix 2 gives a list of Boran-Gabbra,
endille and Samburu names, for all species for which T have been
able to find a local name. Both these lists are inevitably incomplete;
our knowledge of the Hurri Hills, Ndotos and Nyiru are such that
almost any full day of collecting could be expected to add woody
plants to the list; there are certainly tree and shrub species still
uncollected on Kulal and Marsabit. Our knowledge of the herbs,
climbers and epiphytes is even less complete. N. Hepper is intending
to compile and publish a full flora for Kulal.

It is hoped that the lay-out of Appendices 1 and 2, and the
needs of the project, will encourage additions to be collected and
recorded, and that more complete information will be published after
a few years. The vernacular names are expected to be particularly
useful for human-ecologists, and should aid a fuller understanding
of the use made by humans and animals of their environment.

In the following sections, the ecology and status of each of
the forest areas is described separately. This is followed by a
section in which the forests are compared to one another, and the
main differences pointed out and if possible explained.

In the time available, it has not been possible to identify
different mature forest communities occurring within each mountain
area, In time, such communities may be shown to exist, related to
local differences in soil quality or depth, topography or moisture
availability. Thus, in Kulal some species such as Ocotea appear to
occur mainly in wetter, sheltered valleys in the southwest, but far
too little is known about the distribution of this and other species
over the mountain, or even over the southern block of forest, to
allow any generalisations about different mature forest types or
"climax" communities. In the Ndoto and Nyiru ranges, it is not
even certain that all the most common tree species have been recorded.
Therefore, descriptions of the forests and other communities and of
differences between them, are based mainly on the presence or absence
of characteristic or ecologically significant species, and not on
differences between associations or on any quantitative measures of
stocking or volume.

However, the species occurring in particular stands, and various
structural indicators (such as the presence of very large, wide-
spreading trees in a matrix of more uniformly small, straight-stemmed
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trees) enables certain conclusions to be made about the successional
status and history of these stands and about larger areas of the
better known forests such as §. Mt. Kulal and Marsabit.

Marsabit

Marsabit mountain rises to a height of c. 1836 m, substantially
lower than the other forest-bearing mountains; nevertheless, the area
of closed forest is larger than that of any of the other mountains,
and closed forest descends to a lower altitude than elsewhere. Indeed
elsewhere, an altitude of c. 1700 m is close to the lower limit of
closed, mixed forest.

It appears that at any given altitude Marsabit receives
substantially more rain, mist and cloud cover than the other
mountains, because of the large bulk of the mountain and its position
as the first substantial high ground in the line of the monsoon winds
from the east; this is confirmed by the altitudinal limit of the
forest on the SE of the mountain, down to 900-1000 m, substantially
lower than that on the NW side, 1300-1400 m. The present character
of the forest is doubtless also partly due to the relatively effective
protection the Reserve has had since 1932.

Marsabit forest differs from the others in both structure and
composition. The structural difference is difficult to define, but
the forest gives the impression of approaching closer to the multi-
storied arrangement typical of tropical moist forests at lower
elevations, with an intimate mixture of trees, shrubs and climbers
of all sizes. Strong winds do not appear to be a dominant feature
of the mountain, and the topography is steep but not violently disected,
so the forest presents a relatively uniform appearance.

The commonest large trees on Marsabit are Casearia,
Croton megalocarpus, Strombosia, Diospyros abyssinica, Olea africana,
Olea capensis, Cassipourea and Apodytes. Among the commoner shrubs
and small understorey trees are Canthium spp., Ochna spp., Teclea
nobilis, Ritchiea, Rinorea. The two Croton and Olea species are
among the most conspicuous components, with Croton macrostachyus
particularly prominent in young forest around the margins. Triumfetta

_spp. are very active colonisers of bushland and grassland, in
“addition to other common colonising and bushland shrubs such as

Rhamnus spp., Bauhinia tomentosa, Clausena, Harrisonia and Rhus spp.

Neither Juniperus nor Podocarpus have been seen on Marsabit.
Juniperus could probably grow well at higher elevations, but Marsabit
does not have the open grassy glades and small thickets with unstable
margins, advancing and retreating with the effects of fire and
climatic fluctuations, which seem typical of many Juniperus habitats.
The upper levels of Marsabit are perhaps so favourable for stable
mixed broad-leaved species that a relatively shade-intolerant species
like Juniperus is unable to thrive. The lower edges of the forest,
around the Forest Reserve boundary, may be too low (i.e. too dry,
hot or affected by fire) to allow Juniperus to compete with broad-
leaved shrubs and colonisers.

During 1970, the Inventory Section of the Forest Dept. reported
on a vegetation-type survey of Marsabit Forest Reserve, with the
following results:



Stocked forest: 10 499 ha

Dwarf forest: 485
Brush with grass; grass with brush; grass: 3 225
Brush with scattered trees: 671
Water : 37
Total area of Forest Reserve: 14 917 ha

Some closed forest occurs outside the Reserve in gulleys,
and around the SE of the mountain, with substantial tree cover
in and around the town; in addition, with continued protection
from excessive burning and grazing, the forest edge has continued
to expand slowly in recent years. The total area of forest is
therefore assumed to be of the order of 14 000 ha, which is the
area plotted on Herlocker's vegetation map.

No comprehensive vegetation studies have been made on Marsabit
(or in the other forests) although numerous botanists have collected
in the forest. Probably Terence Leakey inspected more parts of the
forest than any other collector. He and others have compiled species
lists, now in the Marsabit forest office file, which included a few
comments on the distribution of some of the less common species
but in the absence of specimens some of the observations must remain
inconclusive. Several of the less common trees and shrubs are
usually found in wetter or lower forests in East Africa; notable
occurrences include Ocotea kenyensis (rare), Erythroxylum (understorey),
Drypetes (large), Prunus (rare), Albizia gummifera (rare, riverine),
Celtis spp (rare), Catha edulis, Strombosia (large, not uncommon in :
wetter areas), Ekebergia (very large), Trichilia emetica (in E Parts,
uncommon), Aningeria %recorded, unconfirmed), Strychnos spp.,
Linociera (in wet forest), Coffea arabica, Cordia africana, and
Premna maxima (recorded as the largest in the forest). There are
many uncertainties, even in this easily accessible forest. A more
thorough and detailed collecting-survey would be of great scientific
interest.

In general, the forest appears to be stable, well developed
and of considerable antiquity, although not particularly rich in
species even by East African standards. The vigorous development
of the colonising forest edge suggests that it could continue to
expand if completely protected, while it appears in some areas to be
developing a stable forest margin, able to withstand occasional
light fires. Official correspondence has often stressed the great
dangers of fire, but it is probable that fires which succeed in
penetrating the closed forest during a drought will be largely

confined to leaf litter and dead ground herbs; this will not necessarily

cause much mortality among larger trees and shrubs, and need cause
no long term harm if grazing and other disturbances are excluded
from the burned areas until the vegetation has recovered.

In the past, large mammals such as elephants and buffalo as
well as livestock probably contributed considerably to keeping some
parts of the vegetation relatively open and to increasederosion
along water courses and around water holes. The piping of the water
out of the forest to Marsabit town and other watering points, and

the more recent decline in wildlife populations, may be assumed to

have substantially increased soil and water conservation abilities
of the forest.



3.3 Kulal

The vegetation of the Kulal forests has become better collected
than that of the other forests, largely because of the location of
IPAL station near the forest edge at Gatab. 1In previous years,
several collectors had been in the forests, notably Bally and Verdcourt,
assisted by the roads built up the north and south ends of the
mountain for the piped water supply. More species of trees and shrubs
have been collected on Kulal than on the other mountains; nevertheless,
four new records have been collected in early 1979 (Celtis, Dracaena,
Ilex and Rapanea) and several more reported but unconfirmed. Almost
all the forest collecting has been in the southern half of Kulal;
the block of forest north of the main dividing gorge has scarcely
been explored above the important grassland areas at Arabel (although
frequently inspected from aeroplanes).

The forest areas of S. Kulal have been frequently inspected and
are of a type familiar on other mountains, so it is possible to
describe both the composition and the successional status of the
different communities with some confidence. The main vegetation types
are:

1. Mature, mixed, hardwood forest

2. Juniper communities: Patches and stands with irregular ages and
structures with an important proportion of Juniperus

3. Colonising forest edges

4. Bushland, more or less evergreen, of shrub species or colonising

forest species )
5. Open grassland with few woody species

These types are presented for descriptive purposes, to clarify
successional processes and relative stabilities of different communities
and are not intended as a form of vegetation classification.

1. Mature mixed hardwood forest

Some of these closed forest stands appear to be very old and stable,
with a wide range of size-classes (and presumably age-classes)
represented. These stands include large trees which appear (from the
branching-patterns) to have grown up in a forest enviromment, and
are now surrounded by trees and shrubs of all sizes. Such stands
appear to be more common in sheltered, damp valleys, particularly in
the S.E., at higher elevations, and include several tree species of
relatively limited distribution. The tree and shrub species typical
of these more mature communities in favourable situations are Xymalos,
Ocotea, [z=sparia, Clausena, large Ficus, Brucea, Lepidotrichilia and
Oxyanthus, in addition to many of those found in drier areas.

Other hardwood communities, sometimes with a few scattered
Juniperus, and more or less lacking large individuals of the above
species, also occur. Their relative spatial and site distribution
is uncertain, but it is noticeable that many of the stands include
a few conspicuously large individuals, often with low or spreading
branches which suggest that they may have developed under more open
conditions, but now surrounded by tall, straight-stemmed trees with
a relatively restricted size distribution. These signs suggest
somewhat younger or less stable communities which were at some time
(perhaps over a century ago) much more open but which subsequently
regenerated into closed forest over relatively few years; it is quite
possible that cycles of closure and relative opening may have occurred
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many times, and over larger or smaller areas, under the influence

of drought, fire or destruction by landslide or trampling. Characteristic
tree and shrub species include Nuxia, Olinia, Ochna spp., Prunus,
Apodytes, Teclea spp., Diospyros abyssinica, Strychnos, and Olea spp.,

At the highest levels, the forest is kept more open in some
localities on the edges or steep slopes of gorges by the action of
wind or landslips. Here, stable communities include Dombeya goetzenii
and Phoenix.

2. Juniperus communities.

Young regeneration of Juniperus is almost never seen inside
mature, closed, hardwood forest, while it is often abundant around
the edges of these stands, in colonising forest fringes, in small
thickets and in bushland, sometimes only a few yards away from the
heavy shade of the closed forest. Juniperus is thus a pioneer species,
typically intolerant of shade, but more susceptible to fire damage
than many other colonisers. 1t may therefore be assumed that all
stands of mature Juniperus were at one time relatively open or broken
regenerating or colonising communities (as distinct from the stable,
self-perpetuating old hardwood stands). We can now see Juniperus
in a wide variety of communities, (many of them in and around Gatab);

very young individuals in bushland, small thickets and on forest
edges, with shrubs and small trees of Dovyalis, Maytenus, Rhamnus,
Turraea, Allophylus, Rhus, Cussonia, Heteromorpha, Euclea, Myrsine,

Olea africana, Schrebera, Pavetta, Psychotria, Vangueria etc., gradually
developing into a closed forest community if conditions continue to

be favourable, or else gradually broken up into bushland with scattered
trees if too much affected by drought or large mammals.

tree stands with an upper layer almost entirely of Juniperus, with
an understorey of the species listed above and a proportion of forest
tree species such as Diospyros and Teclea spp. The broad-leaved trees
may gradually take over as the Juniperus die, or the community may
revert to a thicket or bushland community.

large, old individuals (sometimes dead or dying) standing in
minute thickets, or isolated in grassland; these are presumed to
result from the decline or destruction of more closed stands which
grew in more favourable conditions after good regeneration, but now
largely destroyed by fire, drought or animals.

large old trees, scattered in a more or less mature broadleaved
forest stand, indicating the late stages of a succession from colon-
ising busb to mixed hardwood forest. In lower, drier areas this
succession is checked. The junipers are not always succeeded by
hardwood forest and the stand breaks up to form open bushland,
including young junipers.

3. Colonising forest edges

This community is particularly prominent now, after two
exceptionally wet years, Many of the thickets and main forest
edges are surrounded by a strip up to 10 m wide, consisting of woody
species invading the grassland and consolidating the bushland, as the
first stage in a developing forest. The species involved include
all those associated with young Juniperus communities, with Aspilia
conspicuous on Kulal. Acanthus spp. are typical colonisers in rainforest
at medium altitudes in much of tropical Africa, and found on Kulal in
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a few wetter, higher glades. By replacing grasses and other herbs
with perennial woody plants, the colonising fringe is more resistant
to fire and grazing; it will continue to expand when conditions are
favourable, and may remain stable (with an almost static and very
sudden forest-grassland boundary) when conditions reach an equilibrium;
it may be destroyed by particularly fierce fires or very heavy
browsing by livestock or elephants, followed by invasion of grasses
and retreat of the forest edge. On Kulal, the colonising forest

edges are similar in composition over a wide range of altitudes from
Gatab, c. 1600 m, to the edges of glades around 2200 m.

4. Bushland

These communities also include many of the shrubs typical of
the colonising forest, but usually at lower elevations and in drier
situations than the closed forest areas. In some situations the
bushland probably has the capability of developing into forest, and
it may do so now that elephants, buffalo, rhinos and giraffe have
declined and if grazing restrictions are enforced. However, in some
situations the bushland appears to be in equilibrium with the effects
of rainfall, altitude and soil depth. Several other species, less
characteristic of forests, are included such as some Grewia spp.,
Cadia, Erythrina, Osyris, Pappea, Ruttya and an increasing admixture
of succulent plants such as Aloe, Euphorbia, and (below Gatab airstrip)
Dracaena ellenbeckiana. The small shrubs and subshrubs which are
common in bushland and many colonising forest fringes include Lippia,
Clerodendrum, Ocimum and several composites. Larger shrubs include
Carissa, Euclea, Rhus and some QOlea africana.

5. Grassland

The origin of the open grassy glades, partly or completely
surrounded by forest, is uncertain. On Kulal, they were probably
initiated by fires (started by lightning or by hunters, pastoralists
or honey-gatherers) and do not appear to be edaphically controlled.

At elevations below about 1500 m, grassland on Kulal usually includes
many bushy plants, but above about 1700 m many of the glades contain
mostly grasses, with fewer broad-leaved herbs and few woody plants.

It is probable that the resident populations of wildlife, particularly
buffaloes and various antelopes such as greater kudu have had an
important effect on maintaining these grasslands, by maintaining some
grazing pressure all year round. However, the main influence has been
the periodic grazing of livestock, which may be extremely heavy during
times of drought, plus occasional fires in the grassy glades, in the
bushland and even in some closed forest areas, acting over many
generations. It may be confidently stated that if the influence of
fires and grazing is withdrawn, many of the grassy glades would develop
into closed forest, some very quickly, although some areas of bushland
on steep eroded slopes and of swampy herbaceous vegetation near
springs might remain. This conclusion is based on the vigour of the
woody colonising vegetation now developing, which has already taken
over significant areas of grassland, filling up narrow bays, during
the past two years, and on observations of the effects of fire and
grazing control and early burning on Marsabit and in many other East
African forest areas.

At the time of writing, the influence of large wild mammals on
Kulal is much reduced, and the Council shows an intention of restricting
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grazing in the forest, while the locally employed patrolmen over
the past 3-5 years have succeeded in persuading people to reduce
the incidence of burning. It may be predicted that if these
trends continue, the grassy glades will be steadily reduced in area.

It should be stressed that some of the grassy areas are
probably very old, while some parts of the grassland may have
developed only recently. The complete elimination of all the
grassland areas above 1600 or 1700 m would perhaps produce some
modest improvement in water catchment and conservation (particularly
because grazing activities result in locally increased erosion
and soil compaction), but also inevitably constituting a loss of
biological and habitat diversity, of scientifically interesting
communities, and of valuable drought-emergency grazing resources of
great importance to sustaining the local pastoral economy,

Habitat stability

Verdcourt (1958) and Dale, during their visit to Kulal with
the Governor, Sir Evelyn Baring, came to the following conclusion
about local vegetation changes, based on Dale's particular study of
East African forest history (Dale, 1954):

c. 1750 : The old mist forest extended lower down the mountain
than at present

c. 1750-1850 : The climate was desiccating and the mist forest was
destroyed by grass fires with the exception of the summit areas at
7-8000 ft.

c. 1850-1900 : The climate became wetter and a young mist forest
regenerated down to the 6000 ft contour with a fringe of cedar
extending below 6000 ft

c. 1900-1950 : The cedar fringe was largely destroyed by grass fires.

Dawkins ( 1954) has considered the history of some similar
mountains, in slightly more northern latitudes in Uganda. His ideas
were based on the minimum of dogma and extrapolation, but on careful
observation of features of vegetation, human land-use and erosion.
Like Verdcourt and Dale, he thought that the climate now znd for some
generations past was favourable to forests, although much forest
destruction (and resultant erosion) had occurred as a result of fire
and cultivation. He found evidence of much more arid conditions,
with little vegetation cover, but concluded that the change to more
humid conditions may have occurred some centuries ago.

Much research has been carried out in recent years on climatic
and vegetation change in eastern Africa. The most convenient summary
is given by Hamilton in Lind and Morrison (1974). It is clear from
all lines of evidence that the forest vegetation on this and other
mountains has occupied significantly larger and smaller areas than at
present during the last few thousand years, but a more detailed
assessment of local vegetation history on Kulal will have to be
based on local evidence as well as regional climatic changes.

It is highly probable that variations in the intensity of land



use by humans are as important as variations in rainfall and
climate, as determining factors in the advance and retreat of
forests. During dry periods occupying many decades, with little
grass growth, fires may be reduced for lack c¢f fuel, and closed
forest has a remarkable ability to maintain its own internal
climate and persist in depressions, valleys and other favoured
areas even at low altitudes. The grass fires which can occur
during the dry season between wet seasons with abundant grass
growth may be much more damaging. It was observed during the
severe 1968-1976 drought that many large and well established
cedars died, but this did not necessarily result in forest
destruction and retreat; many of the trees were surrounded by
relatively non-flammable bushland, with broad-leaved mainly ever-
green trees, and the forest is now regenerating itself, usually
with some young cedars developing. A more damaging factor during
that drought was the extremely intensive grazing, browsing and
trampling, with some lopping, which, if sustained, could have
gradually destroyed the ability of the forest to maintain itself,
During previous climatic fluctuations, the transhmment pastoralists,
the itinerant hunters and the resident ndorobo would all have had
different effects on the vegetation at different times, and it is
not at present possible to interpret the vegetation history in
detail.

In general, the equilibrium between forest, climate and
human influences is highly dynamic, with both long and short term
local advance, retreats and changes in species composition. Events
may also vary dramatically from place to place: during a long wet
phase, with net expansion of forest, a localised dry season fire
may destroy the forest in one locality; on the other hand, during
a long dry phase when the forest is particularly vulnerable, the
death and grazing of grasses and other herbs may allow woody
vegetation to consolidate its hold in favoured localities.

Nyiru, with Ol Doinyo Mara, and Ndotos.

Much less is known of the forests of these ranges than of
Kulal and Marsabit. The mountains are substantially taller, and
of a quite different geological formation, and these factors affect
the composition and the status or vulnerability of the forests.
Botanical collecting has not been very thorough, and the apparent
differences shown in Appendix 1.1 are probably largely a reflection
of under-collecting.

Both ranges have substantial (but not accurately measured)
forest areas. The main forest tree and shrub species which are
certainly (or probably) common to both ranges are Juniperus,
Podocarpus milanjianus, Croton megalocarpus, Sapium, Prunus, Rhamnus
spp., Teclea spp., Brucea, Trichilia, Cussonia holstii, Diospyros,
Maesa, Nuxia, and Olea spp. It is noteworthy that the cycad
Encephalartos tegulaneus has been seen only on the Ndoto range,
while Afro-alpine vegetation including Hypericum and Ericaceae
have been observed only on Nyiru (presumably above c. 2500 m). There
are small patches of forest on Ol Doinyo Mara, reportedly including
Juniperus. Since the ridge is relatively small and narrow, and
the soils vulnerable, the forests have probably suffered particularly
severely from the effects of grazing. They could probably recover
substantially if protected, and the denuded state of the vegetation
on 0l Doinyo Mara certainly has a damaging effect on local erosion.
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The rocks forming these ranges are not of volcanic origin
and are rich in quartz; the sandy subdesert soils of the Hedad
and other lowland areas are derived largely from these formations.
They are relatively infertile, and there are strong indications
that the mountain soils are more easily eroded by water and more
damaged by trampling than the volcanic soils of Kulal, Marsabit
and many other mountains. The smooth, steep, bare rock faces,
with tussock grasses and small shrubs, are a conspicuous feature
of the Ndotos, and deep soils are apparently uncommon except in
valley bottoms filled with alluvial soils at lower elevations;
Kulal and Marsabit have substantial areas of relatively gently
sloping ground with deep red soils, The deep, almost vertical-
sided gorges of Kulal are not a feature of the Ndoto or Nyiru
ranges. Thus the topography of the mountains, as well as the
appearance of surface erosion under the influence of soil exposure
and trampling, indicate that differences in erodibility are
related to the rock substrate, and therefore that great care in
avoiding vegetation destruction and livestock impact is needed
in some areas. More information is needed about these differences,
but my impression is that under the present climatic regime the
crystalline mountains are more easily eroded than the volcanics.

Hurri Hills

There are no extensive areas of closed forest on these hills,
but many valleys, gulleys and steep hillsides at higher elevations
carry dense thickets and in some areas small trees form a closed
canopy, resulting in a low forest. Among the tree and large shrub
species growing in such forest communities are Croton macrostachyus,
Euphorbia candelabrum (or a similar species), Bauhinia tomentosa,
Pistacia, Olea africana, Ruttya fruticosa and many other shrub species
which are also found in small thickets such as Croton dichogamus,
Osyris, and Rhus spp., with several Rubiaceae, Labiatae and Verbenaceae.

These communities have much in common with the evergreen
bushland found on Kulal and elsewhere, with the notable absence
of Juniperus. The vigour of the colonising edge of many of these
valley and gulley forests, often including Croton macrostachyus,
strongly suggests that closed forest and bushland could significantly
extend its range, and could probably maintain itself over larger
areas even during dry periods. The present distribution of the
closed woody stands is almost certainly limited by fire, which is a
regular occurrence in dry weather but which is generally unable to
penetrate the deeper valleys and gulleys; the forested areas probably
also have more favourable water supplies and wind protection.

The open hills and gentle slopes of the Hurri Hills also carry
open woodland or savanna of two types: one, in the wetter western
slopes, includes Combretum molle, Lannea and Ozoroa (Heeria), while
in most of the accessible areas the most conspicuous tree is
Erythrina burttii (often very large) with Acacia spp, Fagara chalybea,
Pappea, Cordia sinensis, Dichrostachys, Ormocarpum, Zizyphus and Ficus.
Many shrubs such as various Grewia spp. can be found in almost all
communities. -

Much of the Hurri Hills is grass-covered. Some of these areas
are probably edaphically controlled, with heavy clay soils, impeded
drainage and frequently flooded; these areas can often be easily
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identified on the ground. However, many of the grassy areas appear
to be derived from woodland, as indicated by the scattered large old
Erythrina and other species (some recently dead and partially
burned). Almost certainlythe woodland was denser and more widespread
at various times in the past, and has been thinned out by occasional
fires (which can burn fiercely in the perennial grassland under
suitable conditions). Wooded grassland communities with similar
composition but greater density can be found on the neighbouring
mountains, but the frequent mists which favour the small forest
patches and large woodland trees also favour the dense growth of
grass which becomes highly flammable during dry seasons. There is

no indication that large parts of the open woodland or grassland

in the Hurri Hills have recently (within the lifetime of existing
large trees) been covered by montane forests of the type now found on
neighbouring mountains and now poorly represented in some valleys

and gulleys. Not only are there no known relict patches of closed
forest of typical montane forest species (such as Casearia, Cassipourea,
Brucea, Diospyros abyssinica, Prunus, Olea capensis), but also none
of these species occur as isolated relict trees such as are so

often found in grassland areas formed by the destruction of forest;
on the contrary, the grasslands and woodlands include tree species
which are characteristic of such environments (notably Acacia spp.,
Erythrina burttii) and of thickets and forest edges (such as Croton
dichogamus and C. macrostachyus) and not of closed forest. Even

the treeless areas, which cover wide areas, are rich in herbs other
than grasses, and semi-woody plants such as Echinops, and give the
impression of being old and stable communities.

Comparisons and contrasts

It is difficult to make confident comparisons between these
forests when there is no single kind of information which is known
accurately or fully for all the forests. The forest areas,
altitudinal ranges, ecological and human histories, and species lists
are incompletely known, and even for the best known forests there is
virtually no information about community associations, nor are there
any inventories of numbers and sizes.

However, there are some interesting differences in species
records. To a large extent these are a reflection of the lack of
collected specimens and reliable records, and it is certain that
many species will be found to occur on more of the mountains than
is shown in Appendix 1. 1Indeed it is probable that all the species
listed would be capable of surviving and growing (if not of maintaining
viable independent populations) on all the mountains (though not all
on the Hurri Hills) if introduced into suitable situations. Thus the
species distributions reflect the reaction between each species'
ecological characteristics and seed-dispersal ability and the climate
and soils on each mountain now and more especially during the past
few thousand years. The absence of one species from one mountain
may mean that the species never succeeded in establishing itself
there, because of unsuitable climate or soil, or else that previous
populations were eliminated, perhaps by a period of unfavourable
climate. Dispersal of montane forest tree seeds across large
distances of dry country has successfully colonised many isolated
mountains, but a study of species distribution may suggest that
certain barriers to dispersal may have operated. All such indications
are of value and interest in interpreting the history and current
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status of the mountain communities. It might be expected, for
example, that the Balessa Kulal would provide an effective
dispersal route between Nyiru and Kulal during periods of wet
climate, but there appear to be many species-differences between
the two mountains. The absence of Juniperus, with its easily
dispersed seeds, from Marsabit is initially surprising, but in
fact there is little suitable habitat for it: much of Marsabit is
a solid block of mature closed forest with few of the glades,
open areas and young communities which are typical of Juniperus
stands on Kulal, whereas the lower forest edge of Marsabit is
lower and hence probably warmer than typical Juniperus areas.

The apparently isolated areas of Encephalartos and Dracaena

in the Ndotos may be the result of much more ancient climatic events.

These few examples are given to show the potential importance
of species distributions, but in most cases no explanation can be
made and perhaps none should be attempted until the species
distributions are more clearly known. The following list shows
certain apparent localisations including mainly the species of
ecénomic or ecological significance: " '

Encephalartos : Ndotos only

Juniperus : not Marsabit or Hurri Hills
Podocarpus : Ndoto, Nyiru; reported on Kulal?
Ocotea : Kulal, Marsabit; not elsewhere
Pittosporum : Kulal

Casearia : Kulal, Marsabit, not elsewhere
Syzigium : Kulal

Sapium : Ndotos only

Cassipourea : Kulal and Marsabit

Albizia spp. : Marsabit only

Croton megalocarpus : Not Kulal ?

Celtis spp. : Marsabit and Kulal only

Ilex : Kulal

Catha : Marsabit

Strombosia : Marsabit

Harrisonia : Marsabit

Ekebergia : Marsabit

Lepidotrichilia : Kulal

Trichilia : not Kulal

Calodendron : ? Kulal, ? Nyiru

Rapanea : Kulal

‘Schrebera : FKulal

Coffea arabica : Marsabit

Cordia africana : Marsabit

Ehretia cymosa : Kulal

Premna maxima : Marsabit

Acanthus : Kulal

Hypericum and Ericaceae : Nyiru

Dracaena spp. : Kulal

Phoenix : Kulal and Ndotos

It would be helpful if further collecting and ecological
studies could include checking the occurrence of these species,
as well as attempting to fill in some of the other gaps in the
distribution list, Appendix 1, Many of the apparent discrepancies
will probably then disappear, but other records of rarities will
doubtless be discovered, and some species, so far uncollected in
these mountains, may be found locally abundant in some areas. Some



20

real differences will doubtless remain between each of the
forests.

Marsabit forest can be expected to differ from the others
because it is substantially larger (thus perhaps allowing some
species to maintain themselves when they could not do so in a
smaller area), and lower, and wetter at any given elevation; its
| proximity to Ethiopia may explain the occurrence of Coffea arabica.

Kulal is smaller in forest area but higher than Marsabit, with

generous rain at higher altitudes, so it is reasonable that species

of higher, moist montane forests such as Rapanea and Ilex should

occur there and not on Marsabit. Both Kulal and Marsabit forests
| oceur on deep red volcanic soils; their soils and topography are
clearly different from those of Ndotos and Nyiru, and there is some
indication that the crystalline mountains have lower rainfall as
well as different soil-moisture characteristics, so it may be
expected that real differences in species and relative abundances
occur between the volcanic and the crystalline mountains because

of these physical, envirommental differences. Nyiru is substantially
the highest range, and some of the high-montane forest flora as

well as the afro-alpine flora may be expected to occur there and not
elsewhere. The Hurri Hills, having a lower elevation and total
rainfall than the other ranges, have a poorer forest flora, but the
relative abundance of Croton macrostachyus (collected on Marsabit
but not Kulal) and of Erythrina burttii are notable features; the
perennial grasslands, rich in herbs, and the woodland with
Combretum and Ozoroa are better developed here than elsewhere.

4, IMPORTANCE OF THE MONTANE FORESTS AND SOILS

The conclusion of this study is that the main importance of the

\ montane forests is for water conservation, in particular for maintaining

the supplies of water for use by people and livestock in the lowlands.
This has been stressed many times by the Forest Dept. and other
organizations, but it is worth elaborating on this important aspect and
also mentioning the many other useful roles of the forest.

! The forest exerts its main role by protecting, and helping to

" develop, the soil cover and litter layer and by softening the impact

of heavy rain on the soil surface so that rain is enabled to percolate
into the soil and into the subsoil aquifer, Soil erosion, and the

rapid flow of the rainwater into gullies and streams, often by surface
flow, and its rapid removal from the system (in our case, its loss into
L. Turkana or the Chalbi Desert) are all reduced. 1In addition, the
forest trees and shrubs with attendant epiphytes are effective at
intercepting and condensing water from the clouds which supply an
important part of all plant water requirements in the higher areas; other
objects such as grass, posts, netting and rocks also condense water
vapour, but condensation is partly determined by the surface area exposed
so a forest is particularly effective.

This is not to suggest that the forest has a demonstrable effect
on the total rainfall or cloudiness. These are largely determined by
the altitude and bulk of the mountain itself, and there is no evidence
that the bulk of the forest, or its effect on local radiation, or
temperature regimes have a significant local effect; total rainfall
and its seasonal distribution would presumably be little different
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under any other form of vegetation or land use. Further, the forest
itself uses and transpires much of the water that arrives as rain or
fog-drip; much of the rain and fog which wets the trees is also
evaporated into the air without ever reaching the ground. Total water
loss from transpiration and evaporation may be (and often is) greater
from forest than from grassland or agricultural areas; hence the

total water yields from a catchment area may be less when under forest

| than when under shallow-rooting herbaceous plants, and total streamflow

is even more likely to be reduced.

However, in the IPAL area and other arid areas, perennial streams
are few and the people and livestock obtain most of their water from
occasional floods in rivers and gulleys and from springs and wells,
and from ponds and rock pools in very wet weather. The vegetation cover
in water catchment areas can affect these supplies. If the infiltration
of rain on a mountain catchment into the subterranean aquifer is
promoted by a suitable vegetation cover, a larger proportion of the total
rain is then available for supplying springs and perennial streams where
the water table reaches the soil surface. This is achieved with less of
the soil erosion that occurs with rapid surface flow and flash floods
into and along drainage lines. This more reliable water supply is more
valuable to people and livestock and more suitable for potential
development schemes. In our area, almost permanent rivers occur at
Marsabit, South Horr and Ngurunit but there are none from Kulal or the 3
Hurri Hills. On the other hand, if the vegetative cover of the catchmenth;;i&
is destroved, there is less infiltration into aquifers, and larger \l
quantities of water are quickly shed into short but often violent floods.h? i
These floods may be far larger than the flows from perennial streams :
in the same situation, and they may reach and benefit places far down
the drainage line which might otherwise receive no water or only a
small (if more constant) flow. Indeed many agricultural systems in
the Middle East rely on very large, occasional floods from mountain
watersheds, for watering large areas in a short space of time; however,
such systems are unpredictable, often uncontrollable, and are associated
with great erosion and flood damage. Far more productive and also
fairer use of soil and water resources may be obtained by protecting soils
and maintaining regular water supplies.

Most of the permanent or semi-permanent water supplies in the IPAL
area are springs and wells associated with moving aquifers over
impermeable layers or along drainage lines. The flow from these sources
is determined by the quantities of water infiltrating into the aquifer,

land if infiltration is reduced and if surface flow into gullies and out

of the system is increased, there is a risk that regular water supplies

‘'will be reduced. The Loiengalani springs are a conspicuous example of

a perennial supply of fresh water, reaching the surface very near the
shores of the salty Lake Turkana, but presumably originating from rainfall
at higher levels of Mt. Kulal. Certain ultimate 'sinks' of water, such

as L. Turkana and the reservoirs under the Chalbe desert may be expected
to maintain themselves whether the water arrives as subsurface flow or

as flash floods, but in general water supplies in springs and wells will
be strongly affected by anything that affects the rate of infiltration

of rainfall into the aquifer.

The forests also provide many other benefits, although none which
are as important for the whole mountain and desert system as their
effect on perennial water supplies and erosion.
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The forests provide many materials needed by people living on
and near the mountains, including timber, poles, sticks, plant and
animal foods of many kinds, medicines, firewood and charcoal. These
materials will become increasingly important if supplies of trees
and shrubs elsewhere are diminished. Many forests elsewhere in Kenya
are utilised more heavily, yielding products with a much higher total
value; the forests of the IPAL area, if managed carefully, could yield
sustained supplies of useful materials in far greater quantities than
at present without reducing protective and other benefits. The main
limitations must be to ensure that products are not removed at a rate
faster than the forest can produce them, and that the action involved
in removing products does not promote erosion or fire-damage.

i The grassland areas which occur in patches in and around the

| forests are, in normal dry seasons, more valuable grazing for livestock
| than are the closed forests and thickets. There are strong arguments

’ in favour of permitting local people to continue to use the patches

| of grassland during regular dry seasons, as they have for centuries past,
even though it will be necessary to ensure that these areas are not
overused and that forest is not converted into grassland by fire and
browsing, in order to maintain the water conservation value of the

high altitude vegetation. During unusually severe dry seasons and long
droughts large numbers of cattle and other stock move into the closed
forests in search of food. During the mid-1970s, trees and shrubs were
heavily browsed and even lopped for fodder, as in the Ndoto Range above
Ngurunit. The forests can supply a reserve of acceptable drought-fodder
even when grasslands have died back and been entirely consumed. The
forests certainly appear to suffer from this treatment in the short

run, but they are well able to recover and to continue with a slow
expansion when the climate improves. This browsing resource is not

only of great value during a drought; it may be of vital importance in
maintaining local herds, and the livelihood of local people, and it

need not be excluded from the overall land use systems.

————

The forests are also important for purposes of scientific study,
gene resource conservation (including all forms of wildlife), instruction
and training and as representatives of the afro-montane flora and fauna.
This applies at the level of the communities and associations, and of
individuals, and some of these forests have the great advantage that
they are not under any immediate threat of destruction, as similar
forests are in agricultural areas. They might be endangered if present
trends continued uncontrolled, but their conservation can be justified
in terms of direct benefits to local populations without having to
base the case on general scientific and ideological considerations.

i Natural and semi-natural forest communities have great value for
investigations into basic processes of ecology, particularly interactions

| of plants, animals, soils, and cycling of water and nutrients. The

' information obtained can be of direct value for improved management of
man-made vegetation for human use. These studies include all that is
covered by the MAB program, section 1, "ecological effects of increasing
human activities on tropical and subtropical forest ecosystems", and
also very extensive phytogeographical and phytosociological studies.
For these purposes, forest conservation must include not only rare or
relict communities, outlying populations, and endangered species, but
also typical stands of widespread communities. At any time, species may
unexpectedly become important for human welfare and economies, for
breeding programs or for harvesting. This is well illustrated by the
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recent demand, and potentially large export orders, for Brucea seeds

Thus the conservation of these montane forests for the sake of
potential future scientific and material benefits, in addition to the
more immediate benefits of soil and water conservation and the
provision of human livestock demands, is likely to be well worth while.

With the benefits of these forests for training, education and
research, we may include their attractions for recreation and wildlife
viewing in the broadest sense. However, the cash-equivalent value
for tourism is likely to remain small for a long time.

5. DESTRUCTIVE INFLUENCES ON THE FORESTS

In this section, we need to consider how the forests have

( survived and responded to the human and environmental influences in
the past; how the current level of human and livestock impact is
affecting the forests; and what may happen to the forests if various
| alternative developments in human and livestock populations, land use
and climatic fluctuations occur in future,

PAST

We can confidently assume that forests have existed on these

as on other mountains in eastern Africa for some thousands of years.
From the, conclusions of studies elsewhere in East Africa, we can also
be certain that the species composition and possibly the whole structure
of the forests as well as their areas, have fluctuated within wide
ranges during the last 10 000 years. At certain times some of the
forest areas were probably substantially larger than at present, possibly
permitting direct contact between the Nyiru, Ndoto and Mathews Ranges,
although there is no reason to believe that forest cover ever extended
across the desert areas to Kulal & Marsabit (seed-dispersal by animals
|| and wind can effectively account for the distribution of montane

| forest plants). At other times, particularly during long cooler or
wetter epochs, the forest areas were presumably greatly reduced.

While these changes were largely determined by the climate, an
important role was probably played by fire and livestock particularly
within the last few centuries. Some communities such as wooded
grasslands, colonising forest edges and relatively vulnerable Juniperus
stands may have been greatly affected by occasional fires. It is
possible that these fires may have been partly responsible for eliminating
Juniperus from Marsabit and Hurri hills and for limiting some of the
potential expansion of all forest areas by keeping the colonising edge
in check. However, experience here and elsewhere suggests that fires
alone, without much browsing and cutting, will not usually lead to the
destruction of mixed hardwood forests.

For many centuries, the forests have maintained a dynamic
equilibrium with the effects of climate, fire and livestock. It
seems likely that if the human and livestock populations of past
generations and the old land use practices continued to prevail
with all their periodic fluctuations (induced by war, disease, famine
and social practices) the forests would continue to maintain themselves,
with no imminent danger of disappearance, affected largely by occasional
local catastrophes and climatic fluctuations.
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PRESENT

The principal feature of the present decade which distinguishes
it from past situations is the larger population of humans and livestock
and the apparently irreversible trend towards still larger numbers.
The introduction of human and livestock health measures hag already
reached a significant portion of the population, although isolated
nomads are still often beyond the reach of medical and veterinary aid,
and has ensured a steady rise in populations. The severe drought
of the early 1970s did not result in the massive human starvation that
many other droughts had caused, and it is unlikely that wars and
starvation will again exert their old control on population numbers.
The current improved communications, purchasing power and veterinary
services have perhaps ensured that livestock numbers have been able to
recover from the effects of the drought faster than in earlier generations,
and these services are likely to extend further in future.

Another significant modern development has been the removal of the
old restrictions which limited grazing to certain times and certain
peoples, enforced by government during colonial times and arranged by
strength and by negotiation during earlier times. The removal of these
restrictions has ensured that good grazing land may be utilised by many
herds, some travelling from far away, even from Marsabit or S§. Horr to
! Kulal. These influences primarily affect the rangeland but during times
|| of severe drought they have exposed the forests (perhaps previously
w limited more to the local Samburu) to more intensive use.

To some extent, the decisions of the Forest Dept. and the District
Council have limited grazing in the forests by law, but this influence
has largely been confined to Marsabit. The more remote forest areas
have not been intensively managed, and many local pastoralists have
probably had no contact with Forest Dept. staff over intervals of several
years at a time, in spite of occasional patrols. The Marsabit forest
has been well protected from grazing and from uncontrolled exploitation
for some decades, which has certainly helped substantially to maintain
water supplies, but it has also had the effect of concentrating livestock
grazing and browsing, and also fuel and pole cutting, outside the
reserve.

-

Whenever human uses of the forest and its products are restricted,
other areas of land are likely to be used and perhaps overused with
correspondingly greater intensity, if no attempt is made to provide
9 'for local human requirements. 1In Marsabit and some other Districts,

fuel and pole cutting, grazing and browsing in Central Forests has been
[ 1limited, although not completely forbidden, while little and often no
j attempt has been made to maintain or improve rangeland elsewhere or to
{ plant trees for local needs. The affect has often been to accelerate
| environmental deterioration outside the forests, which in the long run
! exposes the forests to greater pressure and demands for more intensive

utilisation. In the past, when the Forest Dept. was one of very few
| institutions with an infrastructure in the field for large scale land
' management and protection, there were many advantages in placing large
areas of vulnerable land under their care. However, in some places the
success of their protection, and the deterioration of land elsewhere
has itself created new threats, which can be tackled only by a more
integrated approach to land management.

\
At present, the forests of this area.do nmat face serious threats
from farmers, or from commercially oriented sawmillers, stock raisers
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4 or charcoal burners. All these activities have in other areas been

| capable of valuable contributions to local welfare and economy as

‘ well of major destruction of vegetation and soils. The small amount

| of wood collection, charcoal burning and pole cutting which now.occurs
|in and around the forests,plus some tree destruction by honey

'| gatherers, doubtless causes some small increase of erosion and nutrient
/f losses from the system, but this is easily outweighed by its value to

! the community.

A final significant cause of damage to the forests is caused by
the entry of livestock for access to water holes, particularly in the
dry season when streams dry up and water is available only near their

fgources. The damage is caused by soil compaction, vegetation trampling,
increased erosion and associated browsing. This form of damage is
particularly serious in areas perennially short of water, since certain
lareas are affected increasingly, with no chance of recovery, unlike
‘the dry-season grazing areas which can regrow in wet weather. 1In
laddition, the long distances which livestock must walk in dry weather
up to the stream-heads is certainly a cause of reduced livestock growth
jand yields. Fortunately, much has already been done on Marsabit and
'Kulal to reduce both the vegetation damage and the pastoralists'
problems by piping water out to more convenient watering places. Piping
|'water has the added advantage of reducing losses from evaporation or
' seepage in the river, and much more valuable work of this kind could be
done.

FUTURE

It i5 necessary to consider what may happen to these and similar
isolated forest areas in the future if present trends continue, if
experiences in other regions are repeated here, or if various alternative
land use developments take place.

Although forests have maintained themselves in equilibrium with
human activities in many parts of Africa for thousands of years, and
although many governments have a good record for forest conservation
and protection, the fact remains that indigenous closed forest is being
destroyed in Africa at a rate between 2 and 4 million ha p.a.. This
destruction involves conversion to some other form of vegetation cover
such as cultivation, savanna or grassland, in the face of steadily
increasing numbers of people and livestock.

In this and other arid areas, modern influences are tending to
lead to or encourage settlement, crop-raising and population
increases. It is safe to predict that if these influences continue
to grow, and present trends continue, the montane forests will be in
severe danger of diminution or disappearance as has been the case in
many other regions of the tropics under all rainfall regimes.

If unprotected, the forests will be exposed to the risk of slow
but steady destruction in the face of an intensification of all the
past influences of grazing, browsing and burning. There are also
possible dangers of much more sudden destruction by poorly executed
logging or fuel exploitation, or by consolidated livestock or farming
operations, whether by private initiative or a Govermment agency.

Forests in Kenya and elsewhere have been, and are being, destroyed
in countless different ways. Forest Reserve status is clearly no
guarantee that an individual forest area will survive indefinitely.
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However, the dominant objective should be not simply the maintenance

of a particularly piece of forest, nor even maximising the human
benefits obtained from that piece of forest, but rather the maintenance
or improvement of the benefits obtained from the land use system as

a whole. Therefore the future management of the forest areas should

be decided in the light of integrated land use policies and programmes
for the region.

6. RECOMMENDATIONS

In the existing arrangement of legislation and government
infrastructure, forest reserve status is probably an essential
prerequisite for ensuring the protection of forest vegetation in
the interests of soil, water and biological conservation. It is
recommended that all substantial areas of closed forest, especially
on vulnerable sites, should be protected as forest reserves, including
Kulal and the upper reaches of Ol Doinyo Mara. For maximum benefit
and convenience, the reserves may include very steep and erodible
slopes, even if only lightly wooded, and also patches of included
or partially included grassland as on Kulal, It is not necessary
to reserve all small, isolated forest patches.

Since the forests are reserved in the interests of the human
population, a substantial amount of utilisation of the forest resources
should be permitted so long as it does not significantly diminish
the conservation values of the forest. It is appropriate that local
residents should be permitted to remove fuel wood (perhaps only dead
wood) and perhaps poles free of charge for their private domestic
consumption. This is an important principal. If such domestic —
extractions are likely to be so large as to damage the forest, it is
essential to note that the problem is not solved by forbidding such
extractions or even by charging for them; such measures merely export
the environmental degradation to the unreserved areas. Large local
needs should be provided for by positive measures such as tree-planting.

—

Decisions about grazing in these and other mountains should not
be decided only by reference to the Forests Act. Many of the hillsides
are traditional grazing grounds; some may be currently overused and
others could safely support more animals. The controlling decisions
about the most suitable vegetation cover and the seasons and intensities
of livestock use should be made jointly by representatives of the
land-users and the forestry, livestock, rangeland and local authorities.
When an authority exists with the power and ability to organize and
control grazing activities, with full environmental and conservation
safeguards, it may no longer be necessary for the woodland and bushland
grazing areas to remain as forest reserves unless there is a particular
local justification (such as the requirements of a forestation program) .
There is an urgent need for measures to protect the vegetation and soils
throughout the arid lands, not just on the wooded catchments. Sound
land use planning, with properly controlled implementation, is required
to take over many of the old objectives of forest reserve status on a
larger scale.

It is recommended that many of the wooded hillsides below the
closed forests should be open for regular dry season grazing by identified
groups of pastoralists in controlled, agreed and variable numbers. It
will be necessary to ensure that most livestock leave the dry-season
areas during wet seasons in order to ensure that they retain their function.
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I do not recommend that such areas on Kulal (e.g. the areas currently
utilised below and around Gatab) should be declared forest
reserves, or that such areas on the base of the Ndotos range should
necessarily remain forest reserve indefinitely.

It is recommended that the utilisation of the montane forests
during periods of extreme drought should be permitted not as a
privilege but as an accepted part of the land use plan, by agreement
between all the interested parties. The local and government
authorities will need the power to open the forests for grazing, and
also to close them strictly when grazing conditions improve again
elsewhere.

As already mentioned, the piping of water out of the forests
and away from steep slopes from springs and stream heads will be a
highly effective way of reducing damage. Such investments, started
in the 1940s, should be extended to all suitable springs. Appendix
3 includes a list of springs or Kulal, taken from Marsabit files,
which should be considered for water-piping. Similar attention
should be paid to Nyiru and Ndotos (e.g. above Ngurunit and Ilaut).

The environmental importance of these and similar forests is
so great that the collection of basic information about them deserves
special attention. An unobserved contraction of the forests could
have serious consequences, and a project such as IPAL should determine
the areas, and significant changes with time, of each forest, and
should take the opportunity of making continued biological observations,
including arrangements for more thorough ground checks and botanical
collection. These require a program of aerial photography and analysis
at a much more detailed level than the surrounding rangeland.

It is recommended that new aerial photography should be carried
out, perhaps only over a small sample of the IPAL area, combined with
a detailed comparison with the old photographs of c. 1958 and c. 1962-3,
with two particular aims: 1) a quantitative study of changes in
areas of all the main identifiable vegetation types during the 20 years
covered by photographs, and 2) the definition of the areas of closed
forest now existing, together with the location of the boundaries and
forest edges on detailed maps. In addition, it is recommended that
some double-edge-enhanced imagery based on LANDSAT photographs should
be commissioned from the Earth Satellite Corporation, preferably for
two different seasons (e.g. during the long drought, and at present),
covering the whole IPAL area, for purposes of land use planning.

A study of the stocking and productivity of these forests would
be of considerable scientific interest, but it would be a major
time-consuming and long term undertaking. I cannot recommend such
studies for the IPAL program, but they should certainly be included
in any MAB studies. Suitable techniques for design, fieldwork,
assessment and interpretation of plot-based studies in forests are
given by Dawkins and Field (1978) and Synnott (1979).
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Summary of recommendations

Forest Reserve status for the forested areas and some steep
gullies on Kulal, c. 5000 ha.

Forest Reserve status for the upper levels of 0l Doinyo Mara,
c. 1000 ha.

Continued Forest Reserve status for other forest areas, with a re-
view of the status of the partially wooded lower slopes in due course,

Regular patrolling, with the patrolman-guard-ranger system, combined
with maintenance of permanent boundaries, to enforce the local
land-use decisions.

The encouragement of diverse uses of the forest, including honey
gathering, timber-cutting of the largest trees, and some fuel
gathering and charcoal burning, with careful environmental safeguards.

The practice of dry-season grazing, and the use of forests as
"drought-emergency grazing areas'", integrated with the proposals
for managed "grazing blocks".

Continued botanical collection and other basic, but not elaborate,
biological observations.

New aerial photography and satellite imagery to define vegetation
changes and forested areas.

The maintenance of water-piping systems, and the extension of water
piping to many more springs and streams in all catchment areas.
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Appendix 1

An annotated distribution list of the montane forest trees and shrubs of the
project area,

This list is certainly incomplete, because of the incompleteness of botanical
explorations and collections in and around the IPAL project area. However,

it aims at completeness in its records of the trees and larger shrubs of the
closed montane forests. It also includes some records of the trees and shrubs
of forest edges, evergreen bushland and woodland at higher altitudes, parti-
cularly of those species which are prominent, abundant or well-collected. A
few species are included purely for the botanical or phytogeographical
interest, starting with Encephalartos.

I have records of very large numbers of other plants, including forest herbs,
climbers and epiphytes, and non-forest plants, but these records are inevi-
tably much less complete than those of the forest trees and shrubs.

The list here is based on many collections, and includes checks carried out in
the herbaria at Nairobi, Kew and Gatab. Tt is probably an almost complete
reflection of the current status of information. It would be helpful if local
collectors and researchers could annotate this list in the light of their own
observations.

Arrangement:

Families: The sequence of families follows that used by Gillett and McDonald
(1970, A numbered checklist of trees, shrubs and noteworthy lianes indigenous
to Kenya) and Agnew (1974, Upland Kenya Wild Flowers). This is a phylogenetic
sequence, reflecting the relatedness of families, and within the main groups
it leads from the more primitive to the advanced families.

Genera and Species: listed alphabetically within families.

Key:
X = observations supported by botanical collections in herbaria.
(X) = observations, probably reliable, but no collections

? = reported but uncertain, unconfirmed.

K = Mount Kulal.

Nd = Ndotos Range.

Ny = Nyiru Range, including Ol Doinyo Mara,

HH = Hurri Hills.

M = Marsabit Mountain.

Collections:

The botanical specimens supporting these lists are mostly in Nairobi, Kew,
Oxford and Gatab. I have the numbers and records of these specimens, although
they are not listed here,
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Appendix 2.

Vernacular names of plants in project area

This list of scientific and vernacular names is intended to assist
those working in the project area in interpreting the uses made by man
and animals of the local plants and to help in botanical identifications.
The list is obviously incomplete, but, more important, it makes little
attempt at linguistic precision or uniformity. I have recorded some
names given tome in the field as best I could; otherwise the names are
copied from botanical collections in herbaria, from various reports and
publications and from books such as Kenya Trees and Shrubs. Among my own
notes, I have recorded the origin of each vernacular name listed here.

Some names listed are obviously varying renderings of the same name.
I have not attempted to decide which spellings are most appropriate, unless
I have myself heard the name pronounced or unless I have had to reduce a
list of several different spellings down to two or three examples. There
are also doubtless many errors arising from faulty identification or
knowledge. Some species have been recorded with several quite different
names in a single language, and this may be quite correct, embracing
examples of different shapes, sizes and qualities, but including perhaps
some misidentifications.

I suggest that any workers who find the list useful should annotate
it with revisions and additions, following consistent phonetic guidelines.

It is not possible for me to define the language groups used, since
much of the information comes from imprecise secondary sources. Gabbra
has been included with Boran because they are relatively closely related
languages and because I was informed that many names were used by both
peoples.
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APPENDIX 3.

SPRINGS AND WATER HOLES ON MOUNT KULAL.

This list, dated 1955, was copied from files in the Forest

Department Office, Marsabit. It is included here in order to make

it available in a published form, and because it is clearly relevant
both for investigations and for development. (It is recommended that
all perennial or nearly permanent water supplies in all parts of the
IPAL area, including the nearby mountains, should also be listed,

and that they should be considered for piping, well-capping or other
measures for conserving soils and water).

10’

NJOROI (TIGILITE) : in summit forest, comprising hand-dug
holes, only reliable during and shortly after rains.

NJOROI (GILITE LUAGA) : in summit forest, spring with small
flow, excellent water.

TOORA : seasonal water in rock holes in otherwise dry lugga
in summit forest.

NGOI-NGOI : In basin at top of big lugga dividing N & § Kulal,
on the east side, permanent spring and running water.

OL-KAJARTA : in the same big lugga, at foot of mountain; said
to be permanent.

MUGULIE : seasonal water at foot of mountain, below Arabel on
eastern side.

LOMIRIMIRIANA : seasonal water a short distance from foot of
mountain at its northwest corner.

PANO : seasonal water a short distance from foot of mountain
at its NW corner.

LABARNYUKY : as 8 and 9
DEBAN : permanent water in lugga at SW end of mountain.

LARACH : permanent water in big lugga halfway between Rulal
and Loiengalani.
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INTRODUCTION

The terms of reference for this assignment were for a study '"con-
cerned with the feasibility of arid zone forestry in the project area.
The aim will be to advise on practical and reasonably rapid methods of
providing tree cover in arid areas, particularly round water points and
villages, where vegetation destruction has been severe, The feasibility
of providing forest products from arid zone plantation forestry will also
be examined".

This assignment, in the form of a consultancy for UNESCO,
occupied six months from mod-November 1978 to mid-May 1979, mostly
within the IPAL project area, (see Figures | and 2 of D - 2a) with

headquarters on Mount Kulal. The period was divided between this

study and a study on montane forest vegetation, reported separately.

Field work included extensive travelling to assess site conditions

and the achievements and needs for tree planting, as well as work in
existing small nurseries.

The main emphasis in this report is on the dangers of destroying
trees and shrubs, the many benefits of tree planting, and the importance
of including many types of planting trials and programs in this and any
other project designed for desert control, range improvement and human
welfare in arid areas, Great emphasis has also been placed, in this
report and in the field, on providing information about suitable species,
and the most elementary nursery and planting techniques, which may help
people interested in small-scale private and village tree planting.
Techniques for large-scale nurseries or extensive land-reclamation and
erosion-control programs are not dealt with here, partly because they are
not yet appropriate for IPAL and partly because the general techniques
are well described in books and reports whereas suitable local adaptations
have yet to be developed.

No attempt is made to describe the background to the project or the
project area, or the general vegetation, soils or climate, since these
subjects will be fully described elsewhere.

This study could not have been carried out in isolation, and I am
particularly grateful for help and valuable information from IPAL staff,
particularly Dr. C.R. Field, Dr. D. Herlocker, Mr. Hussein Yussuf, and
from missionaries at Gatab, Loiengalani, North Horr, Ngurunit and
Kalacha. Their assistance, and important contributions to tree planting
in the area, are gratefully acknowledged.

DESERTIFICATION THROUGH VEGETATION DESTRUCTION

Desertification is considered by UNEP to be a procegs of ecologi-
cal degradation in arid, semi-arid and subhumid lands by which the pro-
ductivity of the land is lost or substantially diminished, We are thus
concerned with the processes of declining productivity from a wide
variety of causes (including climate, fire and intervention by man and
his animals). The rate of decline may be fast or slow, and may occur in
situations with widely differing initial productivity, but always
leading to a situation with a very low or substantially reduced product-
ivity. We are also concerned with existing deserts and subdeserts formed
by earlier desertification processes.
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Although desertification can be caused by many factors, several of
which are induced by man, this paper is concerned with the processes of
deterioration initiated or sustained by the use or destruction of trees
and shrubs by man and his animals.

The potential productivity of the sites and soils and the actual
production of the vegetation are interdependent. The vegetation is
clearly dependent on the site quality, but in addition the soil leaching,
nutrient cycling (including retrieval of nutrients from deeper layers)
and rates of erosion by wind and water are influenced by the density and
annual growth rates of the vegetation. One of the many ways in which
desertification processes can start is the removal of herbaceous or woody
vegetation in such quantities, or such frequencies, as to induce a perm-
anent loss in the productive capacity of the site. It is worthwhile to
list some of the processes involved:

- if the herbaceous cover is severely reduced by heavy grazing or
burning, the soil surface may become compacted and also exposed to accel-
erated water and wind erosion, even when shrubs remain, because the herb
cover and litter are essential for protecting the soil surface and pro-
moting infiltration of water. If the penetration of water into the soil
is reduced, there is not only increased runoff and soil erosion but also
less soil moisture available for plant growth thus reducing the actual
and potential production from the site.

- if the tree and shrub cover is destroyed or severely reduced by
cutting or burning, there is an equally serious danger of site deterior-
ation, especially in more arid areas (although not necessarily in well
watered areas which can sustain a permanent herbaceous cover). The
physical protection provided by perennial plants, even when leafless,
against wind, rainfall impact and intense heat, is of great importance
for the soils and for plant growth; the tree and shrub root systems are
also important for reducing damage caused by active erosion. A light,
dry herbaceous layer, especially if heavily utilised, is inadequate for
effective erosion control at the transition from dry to wet seasons when
heavy storms may produce the greatest danger of erosion.

- woody plants provide important food for man and livestock, in
the form of young shoots, fruits and flowers, rich in energy and often
also in protein; in arid areas, their removal may result in a net loss
of available food since they will not necessarily be replaced by similar
quantities of herbaceous fodder plants. (In less arid areas, this is
not always the case, and "encroachment'" by trees and shrubs may reduce
the quantities of food available for stock; livestock yields may be
increased if trees and shrubs can be removed without accelerating erosion.)

- woody plants often develop very deep.root systems, frequently up
to 20 m deep, occasionally 50 m or more, allowing them to tap water and
nutrients unavailable to herbs. If rainfall is limiting, this allows
sustained growth during dry periods, which may be lost if the trees and
shrubs are removed especially if they are replaced by shallow rooted
annuals. In addition, it is assumed that a "nutrient pump" operates,
bringing nutrients up from deeper layers of soil or bedrock, and even-
tually releasing them in or on the upper layers of soil, available for
continued recycling within the plant system. This nutrient retrieval



3

system has not been well quantified in arid areas, but it may be as
important here as it is in rainforests which are capable of sustaining
very high rates of production on inherently infertile soils by means
of an almost closed system of nutrient cycling.

- the very high levels of radiation and potentially high surface
temperatures found in arid areas may be as damaging for soils, plants
and animals as the low actual rainfall. The stresses caused by high
incident radiation, plus high air temperatures, and the consequent need
for mechanisms in plants and animals for temperature regulation and con-
trol of water loss, result in reduced productivity in arid areas (and
indeed in all areas when available water, or the system's ability to
keep itself cool, becomes limiting). Deep rooted trees and shrubs are
well adapted for temperature regulation, partly through tapping subsoil
water. They provide shade for the soil, which may have its fertility
and structure damaged by high temperatures; also for plants which may
easily be killed by high soil temperatures or excessive water loss,
especially in the seedling stage and which often grow faster in the
improved nutrient, water and temperature environment under an open tree
canopy; and also for livestock which often seek shade around mid-day,
thereby reducing heat stress and need for drinking water, and which may
decline in health and productivity if shade trees are destroyed.

- trees and shrubs provide many important human requirements,
notably fuel and building materials. If these woody materials are not
available, the area becomes less suitable, or more stressful, for human
habitation; often, dung is used as fuel, or for plastering walls and roofs
instead of returning to the soil; fodder plants may be burned, or used for
buildings, instead of sustaining livestock, and the productivity of the
system is reduced.

Thus, there are many situations in which the destruction of trees
and shrubs leads to desertification, and also where a change or intensi-
fication in land use will inevitably lead to desertification in a tree-
less area while it could produce a sustained yield in the same area if
adequate trees and shrubs were present. (It is worth remembering that on
a historical timescale desertification may arise from a net decline in
average rainfall without a change in the intensity of human interference,
or even in the absence of humans.)

PRESENT TRENDS IN VEGETATION DESTRUCTION IN THE IPAL AREA

It is necessary to assess the extent to which tree and shrub cover
is being reduced in the project area, and to what extent this is resul-
ting in desertification.

The IPAL area includes many soil types, derived from quartzitic
or volcanic bedrock or sand drift, with widely different depths, salt
and nutrient contents, rainfall and local drainage. These differences
are partly responsible for the observed range of tree and shrub densities,
ranging from completely barren ground, through thickets and woodland to
well developed stands of trees along rivers, and limited areas of true
forest on the mountain tops.
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The annual and spatial variability in rainfall probably affects the
woody vegetation much less than the herbs. The trees and shrubs are
adapted to cope with occasional very wet or very dry years without dram-
atic changes in numbers. Nevertheless, it is certain that occasional
long droughts such as 1968-76 resulted in increased mortality of trees
and shrubs with probably big differences between different species and
soil types. Large trees may be completely eliminated from certain areas
by bad droughts, but they may survive even the worst known droughts in
certain favoured localities, while greatly extending their range during
wetter periods. It also appears that local abundance of some species,
particularly of Acacia, may be related to certain rare but local occur-
rences such as a coincidence of seed production, floods and appropriate
weather.

Therefore, the woody vegetation which we now see in the IPAL area
is partly a result of entirely natural influences; these include grazing
and browsing by all forms of wildlife and by livestock managed for many
centuries by various forms of nomadic and transhumant pastoralism which
still continue today, more or less modified.

It appears that all these influences have resulted in a form of
dynamic equilibrium; there is as yet no evidence that human influences
and livestock grazing have resulted in a major widespread decline in pro-
ductivity of the system. Over periods measured in decades, changes in
regional productivity are probably closely correlated with climatic fluc-
tuations, and there may have been little or no change in regional
productive capacity, caused by human use, for many decades.

On the other hand, there are clearly many areas where large visible
differences in standing tree and shrub biomass (possibly with only very
small but unknown differences in annual production) have resulted from
differences in human use and grazing intensity. The main example of this
is seen in the 'zone of insecurity', a large block of land E and SE of
Kulal, which is scarcely used for grazing and carries well developed,
locally dense bushland. More heavily used land carries a lower tree and
shrub biomass but it does not necessarily produce a correspondingly lower
annual yield of plant or animal production.

However, continued destruction of the vegetation has led locally to
a declining annual production and later to a permanent or semi-permanent
decline in productive capacity or site potential : desertification.

Various stages of this process are clearly visible in and around most
of the permanent settlements in the IPAL area. The villages are surrounded
by areas more or less denuded of trees, shrubs and many other perennial
plants, and the production depends largely on the erratic flush of annual
or unpalatable plants; their actual production has certainly declined, and
in many cases soil erosion has advanced so far that restoration of their
original production will be impossible, slow or very costly.

Thus serious desertification is certainly occurring, but is largely
restricted to the neighbourhood of permanent settlements. Most of these
settlements did not exist, or were used only irregularly or seasonally,
until this century. They have been growing steadily in size and perm-
anence during the last few decades, largely because of new influences,
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introduced from outside, including shops, improved water supplies,
schools, missions, security forces, famine relief stations. Meanwhile,
the human and livestock population of the whole area has been growing
steadily in recent years as a result of increased security, medical and
veterinary facilities and quarantine regulations. Neither the vege-
tation nor the traditional land use systems have evolved to cope with
the effects of steadily increasing populations and settlements.

These trends, of increasing population and increasing settlement,
have occurred throughout the Sahel and are frequently associated with
increased desertification. They are still in their early stages in the
IPAL area, partly because important changes in land-use intensity or in
life-styles have arisen or been introduced only relatively recently.

For various reasons, including the fact that similar vegetation may res-
pond differently in different soils or rainfall regimes, desertification
has gone further and faster in neighbouring regions such as parts of
Karamoja, Turkana and Somalia, and similar processes operated in other
parts of arid and semi-arid Africa centuries ago.

There can be no doubt that if present trends continue, vegetation
density, annual production, and site potential will continue to decline
locally and then regionally throughout the project area, It will even-
tually become quite impossible to maintain increased numbers of people
and livestock without major investments in land rehabilitation and major
changes in land-use systems. On the other hand, since the existing system
is largely undamaged and productive, modest interventions now can prevent
further serious deterioration, maintain existing systems and allow an
ordered transition to more productive, sustainable land use systems.

UTTLIZATTION OF LOCAL TREES AND SHRUBS

No measurements have been made of the quantities of wood used per
head per year in the project area or elsewhere in northern Kenya,
although Grum (1975) stated that firewood is plentiful almost everywhere
and the consumption insignificant. In many agricultural areas of tropi-
cal Africa, surveys have found that firewood consumption has amounted to the
equivalent of 1(-2) m3 of solid wood (often burned as small branches,
twigs and semi-woody material). Planning exercises have often assumed an
overall average of 1 m3 when no data have been available. In some regions,
very little wood is available for fuel, as in the fringes of the Sahara
and in densely populated parts of Rwanda, Burundi and elsewhere. In a
World Bank project in Somalia, the trade in firewood is assumed to be
only 0.1 m3 per head per year. However, even in these areas, where cow-
dung, leaves and agricultural crop residues are burned, the dry weight
and calorific value of the fuel used may be as large as in areas with
more adequate fire-wood. The annual consumption of wood for building
poles and other foms of construction is commonly of the order of 10% of
the quantities used for fuel, but there are very great regional dif-
ferences.

Some nomadic or seminomadic people use significant quantities of
fuel for cooking grain-foods, and sometimes even larger quantities for

drying surplus milk during seasons of abundance for use later. In dry
regions with cold winters (e.g. from the Mediterranean eastwards to

S. Russia and Afghanistan) very large quantities of fuel may be burned
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for heating. Total consumption of fuel by nomads in W. Afghanistan
amounts to the equivalent of 4 m” of solid wood per head per year.
However, in the IPAL area and neighbouring districts where the main food
is uncooked milk, sometimes with fresh blood, and much less frequent
meals of meat and imported grain, and where fuel is not needed for
warmth, the consumption of fuel is certainly much lower. It may be of
‘the order of 0.1 m3/head/annum of solid-wood-equivalent,

In general, there was almost no evidence of shortages of fuel in
the project area. Live trees and shrubs are widespread, and even in
and around manyattas and many villages there are often dead branches
and twigs lying around within easy collecting-distance. However, cer-
tain villages such as Kargi are becoming seriously denuded.

The consumption of house poles in the region is also low relative
to many agricultural areas in Africa, partly because the houses are very
small and it is not uncommon for herdsmen to sleep out without houses,
and partly because the sticks and poles are conserved with care. The
care given to prolonging the use of house poles applies also to other
locally made materials such as milk pots, and is necessary when replace-
ment poles with the right size, strength and suppleness are not always
available nearby when needed.

The total consumption of house poles is not known, but it is sub-
stantially less than the quantities of fuel used. One house in an
Ariaal-Rendille village between Korr and Ngurunit consisted of 54 poles
1-4% m long, mostly of Cordia sinensis totalling approximately 0.5 m
solid volume. 27 curved poles stuck in the ground formed the main
frame, with 18 straight poles of 1-2 m forming a sloping apron in front
and 9 curved poles over the roof. Brushwood and small bushes, together
with Sansievieria mats, skins and sacks, covered the frame, held together
with many metres of ropes made of leather and Sansievieria. To protect
the poles against termites, the poles are rubbed with fat and ashes when
first cut and dried, and they receive continued protection from the smoke
of cooking fires. I was told that these portable hut poles last up to
10 years.

In the villages, increasing numbers of more permanent houses are
being build, using strong straight building poles up to 20 cm thick
(usually Hyphaene palm-stems or Acacia tortilis), numerous straight
roofing poles (of Acacia, palm-leaf stalks or imported QOlea or other
poles from Marsabit or elsewhere) and roofing of palm-leaf thatch or
corrugated iron. This style of house-building, introduced comparatively
recently, uses much larger quantities of wood, but so far amounts to
only a very small proportion of total wood consumption in the region.

However, it is in the villages, with the permanent concentrations
of people, that changes in house-building methods and in diet (with
increased quantities of cooked food) are taking place most rapidly;
wood removals are steadily exceeding rates of regrowth over widening
areas around each village.

Generally, the largest use of wood is probably the construction of
bomas (see note below). In some parts of the IPAL area, in the absence
of predators, bomas are used only for young animals, but there is
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evidence that bomas have a social significance and are built even when
unnecessary (and possibly ineffective) for protection against lions,

A high degree of nomadism probably maximises the total consumption
of wood over the area as a whole, and the consumption may be reduced as
each boma is used for longer periods, with increasing sedentarisation.
However, this sedentarisation around villages, combined with the steadily
increasing size of many villages, has resulted in an enormous local
increase of consumption, together with the associated increase of sus-
tained grazing and browsing, and this is the main cause of deterioration
around the villages.

The largest sizes of trees are also used in small quantities.
Thorny trees such as Acacia and some Commiphora are lopped to provide
boma materials, and soft-timber trees such as Delonix, Commiphora and
sometimes Erythrina are used for milk pots, bowls, stools and drinking
troughs.

In addition, many trees and shrubs have foliage or fruits which are
used as human food (sometimes only by children, or as a famine-food) and
many are also browsed by livestock. Very many also provide medicines,
even when they have no other material uses. Probably the quantities of
foliage, shoots and fruits of woody plants consumed by livestock are
larger than the quantities of woody plant products used for all other
purposes combined.

Some of the identified material uses of some species (apart from
browse) are listed below:

Acacia tortilis : house poles, bomas

Acacia spp. : bomas

Asparagus spp. : fibres for making and mending water containers
Cordia sinensis : hut frames, spears, rungus

Combretum aculeatum : donkey baskets

Delonix : water containers, stools, camel bells, troughs
Erythrina : pots, stools

Commiphora spp. : water containers, stools, camel bells, bomas
Grewia bicolor et al. : hut frames, walking sticks, spears
Hyphaene : posts, thatch, mats, woven bags

Lawsonia inermis : packing frames for camels, and house entrance screens
Salvadora : a preferred fuel

Sansievieria : mats, ropes

A note on wood consumption for bomas

Very little information is available about the quantities of wood
cut for bomas. Lewis suggested that each family
cuts 6 trees for boma construction each time it moves. Following certain
assumptions, this might amount to 1 m3, equivalent to c. 0.2 m3/head/
move.

Hussein Yussuf has collected data for trees and branches cut for a
Gabbra manyatta in early 1979 (see below). Following the same arbitrary
assumptions, this was calculated to be equivalent to 0.4 m3/head/move.
Yussuf also weighed the wood left in bomas after 2 moves of another
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manyatta; the data suggest c. 0.33 m>/head /move.

If we assume an average of 6-8 moves ger family per year, these
figures suggest a total use of c¢. 1.5-3.0 m?/head/an. The apparent simi-
larity between the three separate estimates of consumption arises partly
because of the assumed conversion factors, which require checking and
testing. Further, the forah herdsmen and the settled villagers have
patterns of consumption quite different from those in the main nomadic
and transhumant manyattas., However, an overall figure of 1.5-3 m3 /head/
annum for bomas may be of the right order of magnitude, and roughly 20
times the rate of consumption of fuelwood.

The desertification impact of this rate of cutting depends on the
ability of the cut stumps or lopped branches to resprout, and on their
rate of growth. These in turn depend on the soils and climate and per-
haps most of all on the intensity of browsing of the regrowth (which is
presumably the dominant feature near permanent settlements). There is
some doubt about whether many of the clear-felled fully grown Acacia
trees are able to regrow. 1t should also be noted that the collection
of fuel is much less environmentally destructive than the cutting of sim-
ilar quantities of boma materials; dead, fallen wood and small branches
are often used for fuel, while large, whole trees, often many years old,
are destroyed for bomas - just as they are destroyed for fuel in areas of
heavy fuel use and dense settlement.

The destructive impact of all forms of wood cutting would be greatly
reduced if people cut only a few of the main branches of each tree used;
some main branches should always be left on lopped Acacia tortilis, and
some main stems on partially felled A. mellifera. 1In this way, continued
shelter, soil protection and regrowth are more likely.

Summary of Hussein Yussuf's wood consumption data:

1. 11 houses (of which 6 belonged to near-relations)
49 people including children
c. 2500 sheep and goats in 3 separate herds
96 cattle
152 camels
Many other livestock currently in forah herds
Bomas built for one move:
3 large bomas for sheep and goats
1 small boma for kids and lambs
20 " " camel calves
R " " cattle calves
Adult camels and cattle not kept in bomas
Wood consumption:
Acacia reficiens totally cut down : 36

A. mellifera " ey 24
A. tortilis branches lopped 214 out of 56 trees

Assume 6 Acacia trees per solid m™, (c. 300-400 kg dry weight).
.*. 11636 = c. 20 m3 = c. 0.4 m3/head/move.

2. Two vacated manyattas, occupied for 1 and 2 weeks, each of 17 huts,
average 4-5 people per hut, c. 70-80 people. Total wood remaining
weighed 15,700 kg, equivalent to ¢, 40 m”® solid wood @ 5.G. 0.4 or say
50 m3 to allow for losses and light branches = c¢. 0.33 m3 /head /move.
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REQUIREMENTS AND POTENTIAL FOR TREE PLANTING

General

Tree planting activities in Kenya started in the earliest years of
this century, and were very quickly extended to all administrative centres
and areas of agricultural development. (The Annual Report for 1927-8 of
the DC Marsabit, Mr, H,B, Sharpe, listed 78 species of trees and shrubs
planted on the mountain, including 6 Australian species of Acacia and 9
of Eucalyptus.) These plantings throughout the country, by farmers,
gardeners, councils and the Forest Dept., were to supply poles (for buil-
dings, fences telephones and later electricity), fuel for cooking and for
industry (especially for the railways), for national timber requirements,
and for ornament. In due course, fast-growing trees suitable for fuel,
poles and shelter in the more fertile agricultural areas became well known
and widely distributed, including Eucalyptus and Cupressus spp. Farmers
had little difficulty in obtaining supplies of plants, and in raising
trees for domestic fuel, poles and posts, and sometimes for large shelter
belts, supported by a modest extension service from the Forest Dept.

There is now a very large total area of private tree planting in Kenya,
mostly in very small farm wood-lots. Similarly, interested gardeners
introduced, tested and distributed an enormous variety of trees and
shrubs for ornament, fruits and shade, without intensive support from
Government.

The Forest Dept. had two main areas of responsibility and activity:
the protection of existing areas of indigenous closed forest, after gaz-
etting as Forest Reserves (for the combined aims of providing forest pro-
ducts and protecting soil and water resources), plus the provision of the
anticipated national requirements of sawtimber and other industrial wood
products. In addition, large plantations were maintained around the
larger towns, for fuel and pole supplies. In most rural parts of Kenya,
for many years, supplies of fuel and poles for domestic purposes could
easily be obtained either by farm-planting or from the surrounding forest
and bush; this applied even in arid and semi-arid areas. The Forest Dept.
had little cause to be deeply involved in rural forestry; the problems
which gradually developed around the rapidly growing towns and trading
centres of the agricultural areas could quickly be solved with the fast
growing trees which thrive in the high rainfall areas. The arid areas,
which were deteriorating many years ago, were interpreted as a rangeland
not a forestry problem.

In recent years, the general increases in population, the improved
standards of housing (requiring more poles), the continued growth of
towns and villages in all areas, and the widespread domestic use and
large exports of charcoal have resulted in wood shortages in very many
parts of the country, particularly the semi-arid areas but also locally,
especially around settlements, in the arid and the wetter areas. This
has resulted in a need for tree planting in rather new and unfamiliar
situations., Problems have included

1) the lack of a Forest Dept. infrastructure in many of the areas where
advice and supplies of seedlings are needed;

2) the lack of information and experience about successful species for
the arid and semi-arid areas;
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3) wuncertain control over land ownership or land use, especially in com-
munally grazed land.

It is also possible that the relatively small emphasis placed on
rural forestry by the Forest Dept. in the past may stem from the pro-
fessional training of foresters which, for historical reasons, has been
concerned mainly with the tending and management and often the planting
of forests and the marketing of timber. In the countries where pro-
fessional forestry training developed, domestic requirements were well
provided by the efforts of private farmers or traders, and Governments
were mostly concerned with national timber requirements (often for strat-
egic reasons).

The Kenya Forest Dept., and several other agencies are now increas-
ingly interested in problems of rural forestry, to help prevent the un-
controlled destruction of vegetation and to enable rural people and
villagers to satisfy their requirements. Rural forestry is now receiving
increasing emphasis throughout the tropics and subtropics, and is often
associated with the growing efforts to combat environmental deterioration
and desertification. There should therefore be no difficulty in obtaining
funds for investigation and implementation of rural tree-planting programs.

Sections 1-3 have described the uses and requirements for trees,
shrubs and their products for humans and livestock, and also the manner
in which trees and shrubs protect the soil from damage by water, wind and
sun, There are many places in Marsabit District where the remaining
supplies of trees and shrubs are now seriously deficient, principally
around permanent settlements such as Korr and Kargi. The problems are
manifest in the lack of shade, shelter and soil cover, and in the
increasing distances which people must travel to obtain essential supplies
of fuel and boma material and to take their stock for grazing. Some
villages which have numerous large trees such as Kalacha, or abundant
water such as Loiengalani, are still deficient in some items such as
building poles or browse.

The first requirement for tree planting is therefore to satisfy
existing needs for protection and essential supplies, and to prevent the
continued destruction of the existing vegetation cover, especially where
deterioration is already far advanced. It is already apparent that the
indigenous vegetation in the immediate vicinity of villages is not capable
of providing all the wood requirements of a growing settled population,
particularly when heavily browsed by livestock. Tree planting to achieve
a measure of local self-sufficiency and protection is a realistic alter-
native to the continuation of environmental deterioration and long-
distance wood-collection.

In addition there is scope for improvements in protection, material
benefits and supplies, and for increasing the plant and animal production
from the land, by means of appropriate tree and shrub planting, and also
for diversifying land use systems and providing additional sources of
income and employment. Thus there are several different, but overlapping
and complementary, objectives of planting, appropriate for different sit-
uations. A selection of the main site-types in the IPAL and neighbouring
areas is given in Appendix 5.
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Planting for provision of human requirements and benefits

In Appendix 6, there is a list of all the trees and shrubs which I
have seen planted in the IPAL project area (excluding Marsabit town) with
comments on their performance. These amount to over 50 types which are
potentially or already successful for appropriate sites in subdesert
areas. Virtually all of these have been planted within the past 10-12
years, and most since 1976. Experience in other countries, including
practical achievements in very large planting programs, suggest many
other species which may be expected to grow well in certain situations
and for certain purposes. A long list of recommended species is given
in Appendix 1, with notes on their soil and treatment requirements, and
their uses and characteristics.

The achievements so far, with particularly successful tree-planting
in Missions such as North Horr, Kalacha, Loiengalani and Ngurunit, have
demonstrated that any household or institution with access to water and
with control over its own compound can quite easily grow a wide range of
trees and shrubs to provide at least some of its own day-to-day needs
for fuel and building poles; for fruits and some edible leaves; for some
of its boma requirements; and for shade from the sun, shelter from the
wind and protection from dust.

Institutions such as schools, missions, medical centres and police
posts often have enough ground for many hundreds of trees, including
boundary hedges and large shade trees. Even the smallest household in a
crowded village can maintain and would benefit from one or two trees or
shrubs near the house, exactly as has recently been implemented in North
Horr.

To promote tree planting activities, small nurseries will be required
in the larger villages (perhaps 6 within the IPAL area), so that seedlings
and sometimes seeds and cuttings are readily available for all who require
them, where they are most needed. These nurseries will require workers for
up to 6 months of the year for seasonal nurseries, or even full time as
well as materials such as polythene tubes, watering cans and regular
supplies of fresh seeds. However, the main requirement is for dedicated
extension workers, who should regularly visit tree planters and planted
areas providing advice and encouragement.

The initial reaction of many farmers and householders is often that
they have no space for tree planting. However, even in the most inten-
sively cultivated areas, and certainly in towns and villages, there are
always numerous places where individual trees or groups, lines, avenues
or small woodlots and windbreaks can be fitted in, These trees can often
provide their benefits without diminishing the production from other
resources such as grazing land or fields, and in fact they can increase
the total production from the system by making use of unexploited soil
and water resources, by physically protecting other plants and by reducing
the pressure on the indigenous vegetation.

In villages, the following situations are particularly recommended
for planting: -
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1. Near wells and boreholes, some shade would be welcome and water is
often spilled and could be used by trees.

2. Near the wash-houses of schools, police statioms, hospitals, etc.,
abundant water often runs to waste, while it could support vigorous tree
growth.

3. Near any houses, shade and protection from wind is particularly wel-
come, and often a metal roof can be used to concentrate rainfall around
the plants.

4, 1In a belt around the windward side of villages, schools, statioms,
etc. shelterbelts will reduce wind and dust.

5. Around all compounds, a live hedge, especially of species not eaten
by livestock, will help to control livestock movements while increasing
the shelter and security of the compounds.

6. Along roadsides, lines or avenues of shade trees and ornamentals
add to human comfort while utilising run-off from the roads.

7. 1In schools, nurseries and woodlots will contribute to the school's
own needs for fuel and poles and will improve the environment, while
providing valuable practical training for the children.

8. In all these situations, appropriate‘'trees will at the same time con-
tribute to supplies of fuel and foods from leaves, fruits and seeds.

Planting to prevent or remedy soil deterioration

Strong winds affect all parts of Marsabit District from time to time,
and the area between Mt. Kulal and Lake Turkana is notoriaus. In addi-
tion, rainfall is often in the form of violent storms. The erodibility
of soils in the project area has not yet been studied, but evidence of
surface erosion and gulley formation is widely visible, with numerous
areas of bare rock, stone pavements and dust devils, mobile sand and
wind erosion. These indicate that wind and water erosion are old pro-
cesses still able to remove topsoil and destroy productive land surfaces,
especially when soils are exposed by excessive cutting or browsing or by
natural drought-mortality of the vegetation.

Human welfare in all the permanent villages would benefit from wind-
breaks and shelterbelts, and indeed from any kind of shade trees, which
can reduce windspeeds and wind erosion as well as providing fuel, timber,
fruits and fodder. Similarly, the long term productivity of the land
would be improved by soil protection and reclamation plantings designed
to stabilise mobile sand, check sheet and gulley erosion and to strengthen
river banks. In most cases, an effective planting program is not yet
feasible in the uncontrolled, communal grazing lands typical of Marsabit
District and other arid lands. There is little point in replanting
eroded hillsides (as in Kargi) or mobile sand (as near North Horr) until
the grazing pressure can be controlled.

It is anticipated that grazing intensities will gradually come
until control, with the possibility of excluding grazing for longer or
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shorter periods, perhaps first in the villages and later within designa-
ted parts of controlled 'grazing blocks', When that time comes, it will
be feasible and desirable to carry out planting for erosion control and
soil stabilisation. It is important that suitable techniques, and loc-
ally tested species of shrubs and ground-cover plants should be available

when required.

Techniques for soil conservation and stabilisation, erosion control
etc. are described in many books and reports (e.g. FAO (1976)) and need
not be described here; there are many different situations requiring
attention (rocky hillsides, steep active gullies, mobile sand dunes),
each with various appropriate techniques. However, there is a consider-
able need to test a wide range of plant species so that the techniques,
species and experience will be available locally when required for
larger scale work. On a pilot scale, certain conspicuous sites which
have degraded seriously may be planted with browse-resistant species for
trial and demonstration purposes (App. 2).

Rangeland improvement

Planting shrubs to increase the carrying capacity of rangeland.

In many arid lands, including Algeria, Tunisia, and Israel, very
large planting programs, often of several thousand hectares p.a., have
been carried out with fodder shrubs (as well as herbs and trees) to
increase the food supplies for livestock. The shrubs which have been
commonly planted include Prosopis, Atriplex, Acacia, Opuntia, and
Haloxylon spp. Many of these form rangeland which yields enormously
more fodder, and hence animal products, than the best indigenous pas-
tures, For example, Atriplex spp. in Tunisia produce 1-3,000 kg of
edible dry matter/ha/an with 150 mm rain/an (FAO 1976); Prosopis
tamarugo in Chile can support 1 sheep/ha at 5 years old, and 10-20/ha
at 25 years old, in an area with almost no rain and a shallow brackish
water-table (N.A.S. 1975).

At present, in a region of unrestricted grazing, it is not feasi-
ble for any private livestock owner or for Govermment to plant signifi-
cant areas of rangeland shrubs. However, with the introduction of
grazing blocks, each with internal regulation of livestock movements,
it may be possible to establish shrubs by planting or seeding if parts
of the rangeland can be closed to grazing for 1-2 years.

There has been almost no experience of rangeland improvement by
tree- and shrub-planting in arid areas of tropical Africa south of the
Sahara; the North African project areas are equally arid but they have
different temperature and rainfall regimes. It is not possible to be
sure that equally successful species and techniques for rangeland can
be found, but the success achieved locally with a few species in favour-
able situations suggests that field trials will be well worthwhile, and
the rewards of success may be very great.

Under favourable circumstances, some of the recommended range-
improvement plants, such as Acacia and Prosopis, may be distributed as
undigested seeds by livestock; others may be established as rooted or
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unrooted cuttings, including Tamarix; others may spread themselves vege-
tatively under certain circumstances, including Opuntia. These possi-
bilities may enormously reduce the cost of rangeland improvement. How-
ever where there is a possibility of the indigenous vegetation being
invaded and replaced by exotic species, the potential risks and benefits
must be carefully considered. Probably, the risks are much less in arid
than in semi-arid or wetter rangelands. Furthermore, species such as
mesquite (Prosopis sp.) may be considered a pest in high quality grazing
land, because it competes with grasses and its sugar-rich pods inter-
fere with the digestion of the more protein-rich grasses; whereas the
same species may be a valuable fodder plant in arid and inferior range-
land where it may greatly increase the total food supply, particularly
during dry periods.

The IPAL team can therefore do very valuable work by first testing
a wide variety of fodder plants in numerous small trial plots on differ-
ent sites, and then establishing field-scale rangeland plantings of
5-50 ha for trial and demonstration or, if staff resources permit, for
assessment and comparison of yields in terms of plant and animal produc-
tion.

Several of the fodder plants, including Acacia and Prosopis, contain
large quantities of protein in their seeds, which pass through livestock
undigested. Suitable methods of milling the pods have been developed
elseyhere, and might in due course be introduced here. The processing of
high quality foodstuff from Prosopis pods would not only greatly increase
the productivity of the system, but would also help to compensate for the
current steady increase in sedentarisation of stock: a permanent supply
of food for the permanently resident flocks will help to reduce environ-
mental degradation.

Cash-crops: alternative land uses

It is expected that livestock in open rangeland will be the main
land-use and source of livelihood in Marsabit and neighbouring districts
for the indefinite future. Rainfed agriculture has no significant poten=
tial over the majority of the land. However, there are many other pos-
sible forms of land use which have sufficient potential to be worth
testing. If these allow people to obtain higher standards of living, or
to support themselves with less land or less envirommental degradation,
then they may be worth implementing on a large scale. They also hold
out the possibility of moving from a subsistance economy towards contri-
buting to national wealth.

The IPAL area already includes activities, other than pastoralism,
which generate wealth locally without necessarily degrading the environ-
ment or damaging its long-term productive capacity - these include lake
fishing, the Loiengalani hotel, the cultivation at South Horr and the
palm weaving enterprise in North Horr. In neighbouring arid areas such
as Turkana, there are significant areas of irrigated agriculture, based
on permanent rivers; there is probably some potential for more crop cul-
tivation in villages with abundant surface water, such as Loiengalani
and S. Horr. Here, however, we need to consider the scope for planting
perennial woody crops, particularly those which can supply saleable
exportable products.
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There has been some discussion about the prospects for timber plan-
tations in the higher-rainfall areas such as Mt, Kulal and the Humi Hills,
The performance of several species of trees in Marsabit, at Gatab (since
1977) and to a small extent in the Hurri Hills suggests that plantation-
grown trees could survive and produce useful timber at elevations above
about 1500 m on Kulal and perhaps above 1000 m on the Hurri Hills, using
currently available species of Pinus, Acacia, Casuarina, Grevillea etc.

In addition, other introduced species such as Pinus caribaea and
P. eldarica, dry-land Eucalyptus spp., Cupressus, Callitris and several
indigenous species may be suitable for plantations (cf. App. 2).

However, the economics of plantations for timber (as for any other
marketable product) make it essential to examine the annual production,
the local costs, the local markets, the distance to the export market
and the alternative sources of supply. Timber production appears unpro-
mising in all these aspects, and principally because Kenya has very large
areas of forest land and potentially highly productive plantation land
much closer to the main internal timber markets and closer to sea ports
for export. It is probable that volume production will be relatively low
in any part of the Hurri Hills and Kulal, with the added danger from the
occasional long droughts lasting some years; the damp misty conditions of
the hill tops aid survival but are not necessarily conducive to high
volume production. In addition, local costs will probably be higher and
local demand for timber lower than in the well-roaded, richer parts of
the Kenya highlands where many existing timber plantations have been
established. However, it is clearly desirable that a wide range of indig-
enous and exotic timber species should be tested in suitable areas, with
a view to satisfying some of the small local requirements for timber and
to provide the information and experience needed if circumstances change
in future.

There is now much interest worldwide in certain desert plants which
can provide food materials and chemical products required on the world
markets, It is probable that several o6f these plants can be grown suc-
cessfully in the project area, although the economics of large-scale pro-
duction will remain uncertain for some years to come. App. 2 includes
the species which should be tested, but some require less arid sites.

Acacia senegal: gum arabic

Anacardium: Cashew nut: edible fruits and seeds
Argania: Argan tree: edible oil and lamp oil from seeds
Cassia: senna; medicinal chemicals

Citrus: oranges, lemons, etc.

Cordeauxia: yeheb nut:; edible and marketable seeds
Cucurbita: buffalo gourd: oil seeds, and starchy roots
Olea: olive: valuable products, but not successful in tropics
Parthenium: guayule rubber: an excellent rubber plant.
Simmondsia: jojoba: a valuable wax from seeds
Euphorbia: waxes and hydrocarbons

Many other trees and shrubs produce edible fruits, seeds and leaves
which are potentially marketable. It is recommended that these should be
distributed as widely as possible to schools, missions and households,
since they will provide shelter and fuel even if the fruit production is
small. The other species, whose products need to be exported, should be
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tested in trial plots in all potentially suitable sites before productive
plantations are considered.

Acacia senegal, yielding apparently good quality gum arabic, is not
uncommon in the IPAL and neighbouring areas, although the trees seldom
grow to a large size. It is possible that collection and marketing of
gum from wild trees may be feasible, even if the establishing of new
plantations is not. A specialist study is required, covering a larger
area than the IPAL area, to assess the scope for collection, marketing,
quality control and improvement of gum arabic.

Any investment program designed to improve or maintain production
should include an appropriate tree-planting component. This applies
both to rangeland development, where fencing materials, shade and shelter
trees and fodder plants are needed, and also to agricultural programs,
when hedges, shelter belts and the needs of the villagers must be pro-
vided., Considerable investigation is needed to find the species, shelter-
belt designs and management methods suitable for growing trees in associ-
ation with agriculture in arid areas. There is scope for developing
techniques involving alternate rotations or intimate mixtures of trees
and agricultural crops. Collaboration with ICRAF should be arranged for
this work.

RECOMMENDATIONS FOR IPAL PHASE 3

1. Species trials and demonstration plots

2. Rural nurseries

3. Extension effort : P.R.

4. Range-improvement trials and studies

Survey of wood consumption

. Development of methods for erosion control, live fences, boma sub-
stitutes, fodder production

Species trials and demonstration plots

It is recommended that a wide range of potentially suitable species
should be tested

- in all villages, partly to demonstrate the potential benefits to
villagers, including informal plantings around schools and missions

- in formal trial plots, with detailed records and regular inspec-
tions, where rates of growth can be measured and compared (in the newly
established plots in Loiengalani, Balessa and Kargi, and elsewhere)-

- in a wide variety of sites (App. 5)

- in collaboration with ICRAF for combinations of trees and agri-
culture

- including provenance trials of the most promising species, using
seeds from several origins, to determine the best provenances for local
conditions and also to indicate the potential for improving production by
breeding-trials and selection.
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Rural nurseries

Nurseries for raising several of the most promising tree and shrub
species should be distributed throughout the area

- to avoid transport problems, and ensure that plants are avail-
able locally when required

- to teach and demonstrate the elementary techniques of raising
and tending plants, especially to school children

- to serve as a focus for publicity and demonstration

Nurseries are currently required at Gatab, Kargi,

Loiengalani, N. Horr, Kalacha and perhaps elsewhere. One should be

an IPAL nursery in the lowlands, used for advancing skills and raising
new and difficult species, including plants for IPAL rangeland improve-
ment trials. Some may be temporary, operating for only 3-6 months p.a.
before the main rains, or during school terms. An annual production of
2-10,000 plants p.a. is recommended for each nursery. Basic techniques
are described in Appendix 4.

Extension effort

It is recommended that P.R. and other IPAL staff should make a
particular effort to encourage planting of trees and shrubs

- to introduce the material benefits to the villages

- to extend local experience of sites, species and techniques as
widely as possible

-~ to provide a visible demonstration of the practical impact of
IPAL, which would be wvaluable publicity for locals and visitors

- as an immediate way (and perhaps the only currently feasible
way) of combating desertification on a local scale, without waiting for
the major land use decisions and grazing controls which may combat
desertification on a regional scale.

The effort will require ensuring the availability of seedlings,
providing advice and demonstrations, frequent visits to representative
households, and perhaps some subsidies such as provision of seedlings
and nursery or fencing materials at a reduced (or Nairobi-cost) price .

Range improvement trials and studies

It is recommended that rangeland planting and associated grazing
trials and productivity studies should be included in the proposed field-
scale trials in phase 3., Many species which appear successful in species-
trial plots should be planted out, at a spacing of 1-5 m, in blocks which
may be as small as 1 ha, but larger if costs are low and if animal pro-
duction studies need larger plots. Plots of 5-50 ha in many different
areas will be needed before large scale implementation can be embarked on.
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Suitable species for trials are described in App. 2 and 3, including

Acacia, Atriplex, Cassia, Calligonum, Haloxylum, Opuntia, Prosopis,
and associated protective but less palatable species such as Casuarina

and Tamarix.

Survey of wood consumption

At the moment we are ignorant of the quantities of wood used per
head, or per village, or in total

- for bomas in villages, among the nomadic families and in forah
herds

- for fuel among self-sufficient pastoralists, in villages where
cereal-foods are eaten, or in villages where fish are dried and eaten

- for building poles in villages with semi-permanent houses.

As in other instances, this information is most needed for villages,
where consumption per unit area (and probably per head) is greatest and
where the consequences of undersupply are most serious.

It is recommended that surveys, including questioning, observation
and weighing should be carried out to determine the quantities (in dry
weight and dimensions) and species of wood used. At the least, the
priority requirements are the need to know

- the fuel and pole requirements in villages, expressed finally in
terms of kg dry weight per head per year, with some information about
family sizes and sizes of poles needed

- the boma-material requirements in villages and among more mobile
pastoralists in relation to numbers of livestock and numbers of people,

Much of this information can be collected only by accompanying
people during their regular collection and use of woody material and
weighing, describing and identifying everything used.

Miscellaneous investigations

1. Erosion control

In association with species trials and fenced grazing trials,
planting techniques should be tried with the aim of testing and demon-
strating methods of stopping active gully erosion, stabilising stream
banks, mobile sand and steep slopes, and maintaining ground cover to
inhibit wind-blow and surface wash.

It is recommended that any proposed trial areas of the order of 500
ha should include high-intensity areas where special efforts are made by
mechanical and planting techniques to stabilise and protect soils, and
maximise rain infiltration and plant production.

These will not only serve as valuable training and trial areas for
new techniques, but will also be important "model” demonstration and
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publicity areas to show how the productivity of the system may be rev-
olutionised, and the desert held at bay, with suitable techniques.

Live fences

The testing of species and techniques for hedges and live fences
can be carried out with the other species trials. However, live fences
have such an important potential role in environmental improvement in
villages and in livestock control, and they provide such conspicuous
publicity features, that they merit special attention.

It is recommended that a particular effort should be made to pro-
vide all IPAL working areas in the desert (Balessa, Kargi, Kalacha) and
all co-operative institutions (Ngurunit, schools, missions) with hedges
and avenues of browse resistant species.

In due course, these may provide an alternative to thorn-tree or
fenced bomas. For example, a group of several small, adjacent, hedged
paddocks used in rotation, may allow a village family to boma their
flock without cutting bushes and without disease risk.

Boma techniques

Any alternative to wood cutting for bomas is relevant to wood-
supply and environmental protection. Substitutes such as wire, bamboo
hurdles, electric fencing and close-herding without enclosure should be
investigated.

At the same time, suitable opportunities such as P.R., programs and
training courses should be used to stress the importance of less des-
tructive lopping and felling methods, leaving some branches and stems to
regrow from each tree cut.

Fodder protection

Alternatives to open grazing are already of interest, and will
become increasingly important as livestock populations grow, and human
populations become more settled.

The development of techniques for grinding legume pods and seeds,
and even for hay or silage production in the Hurri Hills, are of rele-
vance to the whole grazing-browsing economy.

Gum_arabic survey, on a regional basis.
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Appendix 1. A TREE-PLANTERS GUIDE TO SPECIES

Species suitable for planting in arid and semi-arid areas of N.
Kenya; their site requirements and silvicultural characteristics.,

This list includes indigenous and exotic species of trees and shrubs
which are known from experience to be suitable and worth planting in
certain situations, and also some species which have seldom or never been
planted in dry areas of Kenya but which are worth testing,

Numerous species are known to be suitable for arid areas in
Mediterranean or temperate regions; these are not included in this list
when there is no evidence that they are successful in tropical regions,
but any arid-land species should be tried if seeds become available.

N.B. These notes refer especially to arid and semi-arid areas, with
average annual rainfall of up to c. 600 mm, and many species widely plan-
ted in Kenya are therefore not mentioned. References to ''generous water"
or "wetter areas'" refer to areas with more than 500 mm rain, or accessible
groundwater, or seasonally flooded water courses in dry areas.

Acacia albida Del. Apple-ring Acacia

Indigenous. Green in dry season, but leafless in wet season, so ideal for
cultivated areas. Good effects on soil fertility, and valuable shade and

pods for livestock. Suitable for sites within reach of fresh groundwater.
Good fuel and browse.

Acacia aneura F.v.Muell. Mulga

Australian, occasionally planted in EA and widely planted N. of the Sahara
(Tunisia) for windbreaks, fuel, fence posts, honey and fodder. Suitable
for rainfall down to c. 150 mm.

Acacia cyanophylla Lindl. W. Australian golden wattle

Australian, planted in many arid countries for grazing, windbreaks, erosion
control, binding sand, and for hedges. Salt tolerant. Coppices freely.
Suitable down to 2-300 mm,

Acacia ligulata (and/or salicina) Small cooba

Australian. For soil protection, fodder and shade, suitable down to c.
150 mm.

Acacia mearnsii De Willd. Black wattle

Australian. Moderately drought resistant, suitable for higher, moister
areas, for windbreaks, fuel, poles, honey and tan-bark.

Acacia nilotica (L.) Willd. ex Del. (= A. arabica (Lam.) Willd.) Sunt.

India, Arabia and N. Africa. Very drought resistant, but best grown near
drainage lines where rain is supplemented by occassional floods.Excellent
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poles and fuel; good fodder from leaves and pods. Subsp. indica recom-
mended.

Acacia senegal (L.) Willd. Gum arabic; hashab

Indigenous. Extremely drought-resistant, down to 100 mm, but best with
250+ mm. Easily established by planting or direct sowing. Good fuel,
useful fodder, and valuable gum: yields of 30-300 (max. to 1000)g/trees/an.

Acacia seyal Del. Gum tahl.

Indigenous. Palatable bark and twigs are valuable drought fodder. Widely
planted in Sahel. Var. fistula is tolerant of heavy, poorly drained soils.

Acacia tortilis (Forsk.) Hayne

Indigenous. Very drought resistant. Good poles and fuel, and fodder.
Slow growth, but reliable.

Acacia victoriae

Australian. A promising forage species, planted in subdesert areas of N.
and W. Africa down to 150 mm.

Adenium obesum (Forsk.) Roem & Schult. Desert Rose.

Indigenous. A poisonous but highly drought resistant ornamental shrub.

Albizia lebbeck (L.) Benth

Asian., Recommended for woodlots and shelter in less arid areas of dry
tropics.

Anacardium occidentale L. Cashew nut

Suitable for semi-arid areas. Excellent for soil protection and sand
stabilisation. With valuable fruits and nuts but not a profitable crop indrier areas.

Anogeissus leiocarpus Guill. & Perr.

Recommended for fuel woodlots or windbreaks in semi arid or favoured areas,

Argania sideroxylon Roem. & Schult. Argan tree; lulu

Very drought resistant. Seed-oil used for cooking and lighting; foliage
and pods used by livestock. Good charcoal and timber.

Atriplex spp. Saltbushes

Extremely resistant to salt and drought. Deep-rooted. Many are highly
palatable and nutritive. Should be raised from seeds or cuttings in
nursery, planted at 1-5 m spacing, and may be opened from grazing when
1-1.5 m high at 2-3 yrs old. The following species are recommended for
trials: A. canescens, coriacea, glauca, halimus, lentiformis, nummularia,
semibaccata, vesicaria.
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Azadirachta indica A. Juss. Neem

Tolerant of most soils; very successful in moister areas or within reach
of groundwater. Foliage used as fodder. Good poles and useful fuel,
useful for shelter. Seeds quickly lose viability.

Balanites aegyptiaca (L.) Del. Desert date

Indigenous, especially near seasonal rivers and heavy clay soils. Often
conspicuous near villages when other trees removed. Good timber, camel
fodder and edible fruits.

Borassus aethiopum Mart. Borassus palm

A palm suitable for semi-arid or moister sites, or near groundwater.
Excellent wood, and edible fruits.

Butyrospermum parkii Kotschy. Shea butter nut

Requires moister sites but yields valuable edible nuts.

Calligonum spp.

Excellent for soil stabilization, sand dune fixation. Many species, with
varying palatability and salt tolerance. The following are worth testing:
C. arich, azel, comosum,

Callitris spp. "cypress pines"

Slowgrowing, But good termite-resistant poles and timber, suitable for
semi-arid and moister areas. Species worth testing on Hurri Hills and
Kulal mid-slopes include: C. calcarata, glauca, intratropica, robusta.

Carica papava L. pawpaw

Successful in all areas if given adequate water.

Cassia acutifolia, C. angustifolia Senna

A potential cash crop for semi-arid areas yielding medicinal purgatives.

Cassia siamea Lam.

Suitable for semi-arid areas, yielding fuel and poles and acceptable fod-
der. Easily raised, coppices readily. Termite resistant. Ornamental
flowers.

Cassia sturtii R. Br.

Australian, Very drought resistant. Highly palatable and nutritious
fodder plant,

Casuarina spp.

Several species, with moderate resistance to drought and salt, yielding
excellent fuel and poles, and acceptable fodder. One of the best
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windbreaks. Some fix nitrogen. In arid areas, most species will require
accessible ground water.

C. eristata: fodder; salt tolerant

C. cunninghamiana: fodder, fuel, windbreaks; tolerates clay soils

C. equisetifolia: fuel and poles, shelterbelts; salt tolerant

C. glauca: shelterbelts, shade; tolerates salt and flooding

C. stricta: <fodder etc.

Ceiba pentandra (L.) Gaertn. kapok, silk cotton tree

Very large tree, good shade, useful kapok in fruits; can grow well in
arid areas if within reach of adequate groundwater. Can be grown from
cuttings.

Ceratonia siliqua L. Carob

Thrives in poor alkaline soils; good food and fodder from pods. Highly
drought resistant, but not widely tested in tropics.

Citrus spp.

Successfully grown in semi-arid, sometimes in arid, zones if well watered.
Some varieties have some salt-tolerance.

Cocos nucifera L. Coconut

May grow well but slowly in dry areas if watered or within reach of
groundwater., Fruiting uncertain in dry climates., Salt tolerant.

Conocarpus lancifolius Engler Damas

Extremely promising for timber, poles, fuel, shelterbelts and foliage-
fodder. Salt tolerant. Tolerates a wide variety of soils. Requires
generous water from rain or groundwater, yielding high volume production.
Seeds lose viability quickly.

Cordeauxia edulis Hemsl. Yeheb nut

Very drought resistant, yielding highly nutritious seeds. Prefers allu-
vial soils over calcareous layer. A true subdesert plant, intolerant of
wetter areas. Native to Somalia and Ethiopia (Ogaden), successfully
raised near Voi.

Cordyla somalensis

Native to Somalian and Ethiopian Ogaden, requiring 250 mm rain, yielding
highly palatable fruits.

Cucurbita foetidissima HBK. Buffalo gourd

Native to deserts in Mexico and SW USA. A creeper, yielding valuable
seeds rich in protein and oil, and enormous perennial roots rich in
starch. Drought resistant, for subdeserts. A potential cash crop.
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Cupressus spp. Cypress

Some species from mediterranean~-type climates may grow in higher or
moister areas in semi-arid tropics. Good for shade, shelter, timber.
Potentially suitable species are C. arizonica, dupreziana, sempervirens.

Cyanopsis tetragonoloba (L.) Taub. guar

Sometimes cultivated in semi-arid area for its fodder-fruits. Herb.

Dalbergia sissoo Roxb. Sissoo

Requires generous water, yielding excellent timber and useful fuel and
poles. Raised by seed, suckers or cuttings.

Delonix elata and D. regia Flamboyant

Ornamental trees, quite drought resistant, moderately salt tolerant.
Soft wood, seldom used.

Dodonaea viscosa (L.) Jacq.

Tall shrub, very tolerant of drought, fire and poor soils. Not palatable,
so excellent for soil protection and hedging in dry areas.

Ephedra spp.

Desert plants suitable for soil protection and reclamation in very arid
areas,

Erythrina spp. Flame trees

Ornamental spreading trees, easily raised from cuttings, suitable for less
arid areas. E. melanacantha and E. burttii are particularly drought resistant,.

Eucalyptus spp.

There is a great number of potentially suitable species for dry areas,

but most have not been widely tested in E.A. The best success in semi-

arid sites in eastern Africa has been with E. camaldulensis, citriodora

gomphocephala, microtheca, tereticornis; in wetter areas above 1000 m

with E. saligna, grandis, regnans; in areas above 2000 m with E. globulus.

In tropical dry areas, the following species should be tried:

Arid areas: E. astringens, brockwayi, leucoxylon, occidentalis, oleosa,
salmonophloia sideroxylon, tereticornis, torquata

Semi-arid areas: E. astringens, camaldulensis, corynocalyx, maculata,
melliodora, crebra, microtheca, occidentalis, rudis, sideroxylon.

Irrigated or well-watered areas: astringens, camaldulensis,
gomphocephala, leucoxylon, maculata, occidentalis, paniculata,
rudis, salmonophloia, salubris, sideroxylon, tereticornis.

Relatively salt-resistant: astringens, camaldulensis, cornula,
gomphocephala, leucoxylon, occidentalis, robusta, sargentii,
spathulata, melliodora

Relatively wind-resistant: stricta, gomphocephala, microtheca.

Tolerant of clay soils: microtheca.
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There is great variation within and between species, in form, growth and
resistance to salt, drought, wind, termites and soil conditions. Under
suitable conditions, eucalyptus can produce excellent poles, fuel and
windbreaks,

Euphorbia antisyphilitica Zucc. Candelilla

Grows in poor soils in Mexican and Texan deserts. Provides good forage and
a valuable wax: a potential cash crop.

Euphorbia tirucalli L.

Poisonous shrub, valuable for shelter and stock-proof live fences, usable
for fuel. Grows in very arid areas if within reach of groundwater.
Easily raised from cuttings.

Ficus sycomorus L. Sycamore fig

Indigenous. Large shade tree, with edible fruits, easily raised from cut=-
tings.

Grevillea banksii

Drought resistant, and propagates naturally on rocky hills; suitable for
soil protection in overgrazed land.

Haloxylon spp. Saxaouls

Rangeland shrubs, valuable for soil protection, fodder and fuel.
Mediterranean and mid-Asian plants, but H., articulatum et al. may be worth
trying in arid subtropics. Extremely drought resistant.

Hyphaene coriacea Gaertn. Doum palm

This and other Doum palms thrive in depressions in arid areas with some
access to groundwater or floods. Salt tolerant. Useful poles, leaf-fibres
and edible fruits., Easily raised from seeds.

Kochia spp.

Rangeland shrubs with palatable foliage, worth testing for range improve-
ment.

Leucaena leucocephala (Lam.) de Wit

Fast growing shrub or tree, providing poles, fuel and fodder suitable for
wetter areas.

Mangifera indica L. Mango

Can grow well in semi-arid area if extra water is available. Requires
deep, free-draining soils.
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Melia azedarach L. Persian lilac

Very decorative, can be fast growing and quite drought resistant. Used
for shade and avenues, fuel and timber and foliage-fodder for goats, but
fruits are poisonous.

Moringa spp.

Some indigenous species, easily raised from branch cutting; leaves eaten
like spinach. Moringa oleifolia yields useful oil. Very drought resis-
tant.

Nerium oleander L. oleander

All parts very poisonous. Decorative shrub, moderate resistance to salt
and drought. Easily raised from cuttings.

Opuntia spp. Prickly pears

Several species, some extremely drought resistant. Best on sandy or
loamy soils. Spiny varieties form good hedges, spineless varieties
make excellent fodder.

Oxytenanthera abyssinica (A. Rich.) Munro Bamboo

Forms solid-stemmed or thick-walled poles 4-10 m high, in long-lived
clumps. Excellent building poles. Grains used as famine food. Occurs
in woodland, by water-courses and on rocky hills in many African
countries (not in Kenya). Probably best raised from root-stocks.
Parkia spp. W. African locust

Suitable for woodlots and windbreaks in less arid areas. Edible seeds.

Parkinsonia aculeata L.

Very drought resistant, but vigorous growth with adequate water. Excel-
lent for windbreaks, soil cover, live fencing. Used for fuel; not
palatable to livestock. Decorative flowers.

Parthenium argentatum Gray Guayule rubber

A potential cash crop for subdesert areas with up to 500 mm rain, Yields
excellent rubber. Grows well on calcareous (and other) well drained soils.

Phoenix dactylifera L. Date palm

Valuable fruits, and good salt tolerance. Requires generous ground
water.

Pinus spp. Pine

The tropical and subtropical pines such as P. caribaea are endangered by
long droughts, but may be successful in wetter semi-arid areas., The
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Pinus brutia/eldarica/halepensis complex is more drought-resistant and may
be successful in tropical dry areas, but has not yet been much tested out=-
side Mediterranean and mid-Asian regions.

Pithecellobium dulce (Roxb.) Benth. Madras thorn

Very drought resistant, and very rapid growth in moister areas. Planted
for fuel and posts, windbreaks, hedges, Good edible seeds. Fodder from
foliage. Salt tolerant.

Plumeria rubra L. Frangipani

Ornamental shrub, fairly resistant to salt and drought.

Prosopis spp. mesquites, etc.

Very promising shrubs and trees, highly tolerant of drought and salt.
Foliage and pods make excellent fodder. Seeds are rich in protein but
require grinding as fodder. Some species fix nitrogen. P. chilensis is
successfully planted in Kenya. P. tamarugo is the most salt tolerant.
Many provide good fuel (especially charcoal) and timber. Strongly rec-
ommended for arid areas within 10 m of groundwater and in semi-arid areas.
The most promising species are:=-

P, affinis, alba, caldenia, chilensis, cineraria, juliflora, nigra,
pallida, tamarugo.

Salvadora persica L. Tooth-brush tree

Indigenous. Extremely resistant to salt and drought, provides useful
browse and good fuel. Some shrubby or pendulous forms provide good soil
stabilisation.

Schinus molle L. Pepper tree

Suitable for semi-arid or watered areas. Useful shade and fuel; not
palatable to livestock.

Sclerocarya birrea Hochst.

Suitable for less arid areas, yielding useful fuel, timber and edible
fruits.

Simmondsia chinensis (Link) Schneider Jojoba

Native to deserts in Mexico and SW USA., Yields a valuable seed-wax, a
potential cash crop, for areas with 100-500 mm rain. Palatable browse.
Fairly salt tolerant.

Tamarindus jindica L. Tamarind

Suitable for moist sites or semi-arid areas., Good timber, shade and edi-
ble fruits., Can be raised from cuttings.
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Tamarix spp. Tamarisk

Resistant to salt and drought, excellent for windbreaks and sand stabili-
sation and provide good fuel and poles. Moderately resistant to browsing.
Easily raised from cuttings. Recommended species include T. aphylla,
nilotica, pallasii, stricta.

Tecoma stans

Very resistant to drought and fire. Foliage palatable to stock. Useful
wood. Raised from cuttings. Ornamental,

Terminalia catappa L. Indian almond, baidan

Relatively drought resistant, for less arid areas. Good shade tree, used
for windbreaks, yielding edible seeds.

Thevetia peruviana (Pers.) K. Schum.

Poisonous shrub, decorative flowers, drought resistant. Useful for hedges
and ornament.

Ziziphus spp.

Drought and salt tolerant. Yield good fuel, foliage fodder, edible
fruits; used for soil protection and shelter. Often found along drainage
lines, but also very deep-rooted on alluvial plains. Useful species are
Z. jujuba, nummularia, spina-christi.

Persea gratissima Gaertn. f. Avocado pear

Produces highly nutritious fruits. Does well in some dry areas if well
watered.
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Appendix 2. SOME SITE PREFERENCES AND TOLERANCES, AND PRINCIPAL USES
OF RECOMMENDED SPECIES

Shade or ornament:

Acacia albida, Adenium, Albizia lebbeck, Cassia siamea, Ceiba, Cupressus,
Dalbergia, Delonyx, Erythrina, Ficus sycomorus, Melia, Moringa, Nerium,
Parkia, Plumeria, Prosopis, Schinus, Tamarindus, Tecoma, Terminalia,
Thevetia.

Hedges, live fences:

Dodonaea, Euphorbia tirucalli, Nerium, Opuntia, Parkinsonia,
Pithecellobium, Thevetia.

Cash crops:

Acacia mearnsii, A. senegal, Anacardium, Cassia acutifolia, Cucurbita,
Euphorbia antisyphelitica, Parthenium, Simmondsia.

Timber:

Albizia lebbeck, Balanites, Borassus, Callitris, Conocarpus, Cupressus,
Dalbergia, Pinus, Tamarindus.

Windbreaks:
Acacia aneura, A, cyanophylla, A. ligulata, A. mearnsii, Albizia lebbeck,
Azadirachta, Casuarina, Conocarpus, Eucalyptus, Moringa, Parkinsonia,

Tamarix.

Fuel and/or poles:

Acacia albida, A. aneura, A. ligulata, A, mearnsii, A, nilotica,
A. senegal, A, tortilis, Albizia lebbeck, Argania, Azadirachta,
Anogeissus, Casuarina, Conocarpus, Dalbergia, Eucalyptus, Parkia,
Pithecellobium, Prosopis, Schinus, Oxytenanthera.

Honey:
Acacia, Eucalyptus, Prosopis.

Heavy, clay and/or seasonally waterlogged soils tolerated:

Acacia ligulata, A. seyal, Azadirachta, Balanites, Eucalyptus microtheca,
Prosopis alba.

Saline soils tolerated:

Acacia cyanophylla, Atriplex, Casuarina, Cocos, Conocarpus, Hyphaene,
Phoenix, Pithecellobium, Prosopis, Salvadora.

Calcareous and/or alkaline soils tolerated:

Acacia cyanophylla, Ceratonia, Cordeauxia, Parthenium.
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Gulleys, river banks or areas with extra water from watertable or floods
preferred:

Acacia albida, A. nilotica, Anogeissus, Butyrospermum, Borassus,
Casuarina, Conocarpus, Dalbergia, Delonyx, Eucalyptus, Hyphaene, Phoenix,
Prosopis, Salvadora, Tamarindus, Tamarix, Ficus sycomorus, Zizyphus,
Oxytenanthera,

Moister or less arid areas preferred, with »500 m rain or adequate

groundwater:

Acacia mearnsii, Anacardium, Albizia lebbeck, Anogeissus, Azadirachta,
Borassus, Butyrospermum, Callitris, Carica, Ceiba, Conocarpus, Dalbergia,
Delonyx, Erythrina, Eucalyptus, Leucaena, Mangifera, Parkia,
Pithecellobium, Prosopis, Tamarindus, Terminalia, Oxytenanthera. Some
of these cannot grow without generous water; others can grow in more
arid areas but grow very vigorously in moister areas.

Higher ground preferred: mostly >1000 m in EA

Acacia mearnsii, Cupressus, Pinus.

Soil protection, erosion control or sand stabilization:

Acacia aneura, A. cyanophylla, A. ligulata, Anacardium, Calligonum,
Dodonaea, Ephedra, Euphorbia tirucalli, Grevillea banksii, Parkinsonia.

Rangeland improvement:

Acacia aneura; A. cyanophylla, A, ligulata, A. victoriae, Atriplex, Cassia
sturtii, Ceratonia, Opuntia, Prosopis.

Supplementary fodder:

Acacia albida, A. nilotica, A. seyal, A. tortilis, Argania, Azadirachta,
Balanites, Cassia siamea, Casuarina, Ceratonia, Conocarpus, Cordeauxia,
Cucurbita, Leucaena, Opuntia, Pithecellobium, Prosopis, Salvadora.

Edible fruits, seeds and/or leaves:

Anacardium, Argania, Balanites, Borassus, Butyrospermum, Carica, Ceratonia,
Citrus, Cordeauxia, Cordyla, Cucurbita, Cyamopsis, Mangifera, Moringa,
Parkia, Phoenix, Pithecellobium, Prosopis, Sclerocarya, Tamarindus,
Terminalia, Ziziphus.
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Appendix 3. FOLIAGE-PALATABILITY RATINGS OF SOME RECOMMENDED SPECIES FOR
LIVESTOCK (APPROXIMATE)

Unpalatable or poisonous:

Dodonaea, Euphorbia tirucalli, Opuntia (spiny), Thevetia, Nerium,
Indifferent (not favoured but may be eaten):

Parkinsonia, Tamarix, Schinus, Casuarina equisetifolia, Acacia mearnsii,
A. seyal.

Eaten:

Acacia nilotica, A. senegal, Atriplex, Azadirachta, Melia, Pithecellobium,
Tecoma, Salvadora, Balanites (fruits).

Favoured:

Acacia albida, Conocarpus, Balanites (esp. by camels), Opuntia (spineless),
Prosopis, Ziziphus.
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Appendix 4. A GUIDE TO TREE PLANTING TECHNIQUES IN N. KENYA

These notes concern the simplest possible techniques for small rural
nurseries and village woodlots or private tree planting, operating on a
small budget, suitable for schools, missions and small agricultural or
livestock projects which have a need for shelter, soil protection or tree-
products such as fuel, poles, fruits, fodder, etc.

Trees can be raised and grown by many methods, and no attempt is
made here to describe all the possibly suitable and successful methods
(for example, nursery seedlings may be grown in boxes, beds, bags, tubes,
tin cans, pots, or compressed soil "bullets'"). However, for those who
would like some guidelines, which may then be modified to suit local con-
ditions, here are some recommendations.

Note that these guidelines may differ from the standard practices
in large forestry nurseries. In some cases the standard practices are
no longer efficient, and need revision; in other large modern nurseries,
certain techniques may be possible because of the economies of scale and
because of the skilled, permanent staff available, although not neces-
sarily suitable for temporary, small or inexperienced nurseries.

Nurseries:
Nurseries should be flat or gently sloping, with an abundant supply
of fresh, permanent water. They should be well protected by a fence or

hedge, preferably with some natural or planted wind protection.

It is useful to have a hut or shade for protecting materials and
equipment, and perhaps a larger shelter for wet weather work.

Plant containers:

Survival during transport and planting 1s usually best if plants
are raised in individual containers. The cheapest are polythene tubes
(not bags). Individually sealed polythene bags are much more expensive
as well as often providing a less suitable rooting enviromment. Wooden
boxes are also more expensive, and old tin cans are suitable only for
plants kept for several years, e.g. in debis.

Polythene tubes:

Tubing is manufactured in Nairobi in several small factories (e.g.
Metaplastics, Cosmoplastics). It is sold in rolls of continuous tubing
weighing several kg, and prices vary according to thickness (150-250 gauge
recommended), lay-flat diameter (8-10 cm recommended for normal trees and
shrubs, or up to 20 cm for special purposes) and colour (white or colour-
less recommended). The total length, and hence the number of tubes, per
kg and the cost per tube vary correspondingly.

The cost of tubing of 150-250 gauge, of 8-12 cm flat diameter,
colourless, is c. 15 shs. per kg for orders of 100 kg or more, or c. 20
shs for small orders. Black or white tubing is c. 3 shs/kg more expen-
sive. If tubes are cut 15 cm long, at 10 cm lay-flat diameter, the
tubing will provide the following approximate yields per kg:-
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150 gauge : 925 tubes at 2.2 cents each
200 " : 700 " A28t .
250 ™ : 550 " N30 "

Large orders may be substantially cheaper.

The tubing can easily be cut into the required Ilengths, to form
tubes of c. 15 em (usually c. 12-20 cm) in length: roll the tubing
several times around a piece of board about 5-8 cm across, then cut
across one size with a razor, cutting several lengths of tube simultane-
ously.

Nursery soil:

Suitable soil can usually be obtained by mixing a fertile clay or
loam agricultural or forest soil with some sand. A local alluvial soil
may be suitable without additions. The soil should have enough sand to
ensure good drainage and avoid water-logging in the tube, and enough
clay to hold moisture and to bind the soil together. If the soil is
infertile, add some well-rotted manure. The soil should be very well
mixed and preferably sieved. '

Filling tubes:

Tubes may be filled by hand, using a stick to compress the soil
enough to ensure that there are no large air-gaps and that the tube is
firm enough to hold its shape. A skilled worker can fill some hundreds
of tubes per day. If the mixture has the right amount of clay and mois-
ture, the soil does not easily fall out of the bottom if handled with
care.

Nursery beds:

The filled tubes should be stacked vertically, packed close together
in beds about 1 m across and 5-10 m long. The edges of the beds should be
strongly made of boards or split poles to keep the tubes upright and
firmly in place.

Sowing seed:

Seeds may be raised in special seed beds, and then carefully trans-
planted when 1-2 cm high. Good success, with less risk and trouble, may
be obtained by sowing the seeds direct into the tubes. It is best to
carry out a preliminary test to determine the quality (germination %) of
the seeds. 1-5 seeds are then sown together in the centre of each tube
(the lower the quality, the more seeds) so as to obtain, on average, one
seedling per tube. If more than one seedling germinates in some pots,
it is possible, with care, to transplant some to empty pots, but very
great care is needed to avoid damage to roots and stem. Best results
are obtained by leaving the extra seedlings to grow on, and then clipping.
away all but the strongest one per pot.
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Seed pre-treatment:

Many species have seeds protected by a hard, shiny or waxy coat
which is water-resistant. These seeds often germinate extremely slowly
unless they are treated before sowing to allow water to penetrate, For
some species, it may be enough to soak the seeds in cold water for 1-2
days. For large seeds like Parkinsonia, it is helpful to clip a small
piece off one end of each seed. For most species of Prosopis, Cassia
and Acacia, a boiling water treatment is recommended: put the seeds in
a tin or plastic container, and pour on enough boiling water to gener-
ously cover all the seeds, then leave them to cool and soak for 1-2 days.

Seed storage:

All seeds should be kept dry, in a closed airtight container until
ready for use. Many, especially Acacia species, should be treated with
an insecticide, or mixed with a small quartity of insecticide powder.
Heat is often fatal to seeds, and the life of most seeds is prolonged
by storing them in a refrigerator. Some species, especially Neem and
Conocarpus, have a very short life, and should be sown within a couple
of weeks of collection,

Ground preparation:

Adequate preparation is often critical to the survival and success
of a plantation., Normally, all vegetation must be cut down to ground
level, and then burned or piled into rows or heaps if necessary to faci-
litate planting or weeding. For many species, it is necessary to plough
or cultivate the soil; for example, Eucalyptus species are very sensitive
to grass competition. Preferably, a suitable agricultural crop (often
maize) should if possible be raised at the same time, to utilise the
cleared ground and to cover some of the costs. A suitable intensity of
ground preparation will need to be tested and developed to suit local
conditions of soil and vegetation.

Spacing:

The planting-spacing will vary according to species, objectives and
soils. Spacings of 1.7-2.5 m are often used in moister areas for pole
and timber plantations, but in arid areas a spacing of 3-4 m is often
suitable for trees for fuel, poles or shelterbelts, and 5-7 or even 10 m
for fruit and shade or timber trees. On fertile soils, with adequate water,
a closer spacing will help to suppress weeds, but suppression and stag-
nation will result if the spacing is too close to suit the species and
soils, especially if the trees are not cut when planned. In the early
years, widely spaced trees may not fully utilise the site, and then the
trees should be combined with agricultural crops.

It often helps to reduce weeding costs if plants are arranged in
more widely spaced rows, with closer spacing within the rows. Thus,
trees 2 m apart in rows 8 m apart may be easier and cheaper to arrange
than a square spacing of 4 x 4, but the overall stocking is the same,
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It is recommended that the spot for each tree should first be
marked with a peg or stake of 30-100 cm. After digging the planting
holes, the peg should be replaced in the centre of each hole to mark
the exact planting position, and then stuck in beside each newly plan-
ted tree. The pegs help to ensure that the required spacing is cor-
rectly implemented, and to locate each tree for weeding among the grass
and regrowth, and they have been proved to improve the water supplies
reaching each plant.

Planting spots:

Survival and growth rates are greatly improved if all individual
planting spots are prepared well in advance of planting. This is partly
because the seedling roots can more quickly establish themselves in the
prepared, moist soil, and partly because the planting operation can be
carried out much more quickly, making use of the best possible planting
weather. The individual spots are commonly prepared from 1 week to 3
months before the expected planting date, often during the long dry
season. Each spot should be excavated (e.g. by jembe) to a depth of c.
30 cm, and c. 30 cm across, with all soil removed and then replaced,
preferably with the fertile topsoil at the bottom of the hole and
rougher soil on top.

Terracing and water catchment:

On sloping ground, each planting spot should be prepared as a small,
inward-sloping terrace, 30-50 cm across. This helps to prevent erosion
and to concentrate any surface runoff into the prepared planting spot.

On steep or easily eroded soil, some extra soil or water conser-
vation measures will often be worthwhile, such as contour 'bunds',
ditches or rows of stones or brushwood. Sometimes more expensive water-
catchment or -spreading measures may be needed to ensure good survival
and growth (cf. FAO 1976).

Planting season:

Ideally, planting should take place when the soil is wet, just after
the start of a long rainy season. This is usually hard to judge, and the
shorter and less predictable are the rains, the greater are the risks of
failure, and the greater the importance of planting on the right day.

Wet soil from rain, flood or irrigation is essential. The plants and
spots must be ready in advance so that planting can be done immediately
conditions are favourable.

Plant transport:

Plants should be carried from the nursery to the planting site with
the minimum of shaking and disturbance. 1If they must be carried sub-
stantial distances on a vehicle, if often helps to arrange them in tem-
porary beds for a few days watering and recovery at the planting site if
possible; on the vehicle, the plants should be protected from the full
sun and wind, and should have good circulation of air.
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Planting techniques:

It is important to try to avoid breaking the column of soil in the
tube or pot, since this usually also breaks some roots.

Polythene tubes should be slit along their length (e.g. by a razor
blade partly protected by a wooden sheath) and carefully pealed off,
and the cylinder of rooted-soil planted in the prepared spot. The soil-
level for the transplant should be level with, or higher than, the soil
level at the root-collar in the nursery, never lower. The root stock
or side roots must not be exposed, but it is important not to twist or
bend the roots to fit them into the hole. The roots should lie in
their natural position, embedded in soil without air pockets. After
planting, the soil around the seedling should be well firmed in with the
heel until it is firm and up to the right level.

Weeding:

After planting, hand weeding will usually be required, for 1-2 or
even more years, to reduce competition for water, nutrients and light.
Often it will be enough to slash the weeds and regrowth in a strip 1-2
m wide along the planted rows, or to slash a circle 1-2 m diameter
around each tree., Sometimes complete slashing, or clean cultivation with
hoes may be essential, with or without agricultural crops. Suitable
methods should be worked out locally.
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Appendix 5. SITE-TYPES IN THE IPAL AREA

Some of these site types are extremely widespread in arid areas, and all
are worth trials to find suitable tree and shrub species.

1.

Mobile sand: with various depths of sand to water table. e.g. North
Horr.

Heavy clays: with some "black cotton soils', and more or less wet
season waterlogging and dry season cracking. e.g. Loiengalani
drainage line.

Soils with permanently accessible water table: low-rainfall area,
with abundant water within reach of established more-or-less deep-
rooted trees, e.g. Loiengalani and near Kalacha.

Saline soils or water: e.g. Loiengalani, and near North Horr and
Kalacha.

Soils with seasonally abundant water: along drainage lines, especially
along the Balessa Kulal and along the lava-edge between Korr and Kargi.

Dry land areas, watered by rainfall: lowland areas on sand or silt;
lava plateau soils; medium altitude sites on the mid-slopes of
mountains.

Calcareous or alkaline soils: e.g. Kargi.
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Appendix 6. TREES AND SHRUBS PLANTED IN IPAL AREA

Almost all the trees and shrubs which have been planted in the IPAL
study area are listed here, together with the locations where I have seen
them, and brief comments on their success.

Planting in Marsabit town is excluded because conditions and
species-performance there are not relevant to the subdesert parts of the
IPAL area,

Most of the planting dates from 1977-79, but there are some older
trees up to 5 years old in Ngurunit and up to 10 years old in Loiengalani,
North Horr and Gatab missions.

Acacia albida: N. Horr, Loiengalani, Kalacha, Hurri Hills, generally
surviving with only slow growth, but some vigorous at N. Horr and Kalacha
when well watered.

Acacia mearnsii: Hurri Hills, young plants but apparently vigorous.

Acacia mellifera: N. Horr, Kalacha, Hurri Hills, surviving.

Acacia nilotica: Hurri Hills, just surviving.

Acacia nubica; N. Horr, just surviving.

Acacia podalyriifolia: Gatab, vigorous.

Acacia senegal: N. Horr, Kalacha, Hurri Hills, surviving.

Acacia tortilis: N, Horr, Kalacha, Hurri Hills, Kargi, Balessa, Loiengalani,
surviving but slow growth.

Acrocarpus fraxinifolius: Hurri Hills, surviving well.

Adenium obesum: N. Horr, growing well from branch cutting.

Anacardium: failed at N. Horr.

Atriplex halimus: N. Horr, few survivors, growing well.

Azadirachta indica: N. Horr, Kalacha, Loglogo, fairly vigorous.

Bauhinia: Hurri Hills, just surviving.

Bougainvillea: N. Horr, barely surviving.

Caesalpinia: Loglogo, good.

Calligonum comosum: N. Horr, few surviving.

Carica papaya: Korr, Ngurunit, Loiengalani, Loglogo, Karari, vigorous.

Cassia siamea: Loglogo, Karari, Kalacha, Hurri Hills, surviving and
growing well,




40

Cassia spectabilis: Loglogo, good.

Cassia senna: N. Horr, surviving.

Casuarina ? equisetifolia: Gatab, Loglogo, Hurri Hills, successful and
sometimes vigorous.

Citrus: Various kinds at Loglogo, Loiengalani, Ngurunit, Kalacha, not
always vigorous or healthy but successful fruiting within 4-8 years.

Cocos: Loiengalani, very slow.

Cupressus: Gatab, 50 planted in 1968 at close spacing, many dead but
remainder now thriving.

Delonix regia: Loglogo, Ngurunit, good.

Erythrina burttii: Kalacha, Loiengalani, N. Horr, mostly just surviving
but a few very vigorous,

Eucalyptus: Gatab, 50 planted in 1968, many survived until 1976, now
only 2 windswept survivors.

Euphorbia tirucalli: Loiengalani, Karari, Kalacha, Korr, Loglogo, some
very vigorous hedges, but rather weak in Loiengalani and barely surviving
so far in Kalacha,

Grevillea robusta: Gatab, Hurri Hills, Karari, Kalacha, growing satis-
factorily.

Hyphaene: Ngurunit, N. Horr, surviving.

Jacaranda: Gatab, Kalacha, Loglogo, N. Horr, Hurri Hills, growing satis-
factorily but not vigorous.

Mangifera indica: Ngurunit, Kalacha,Kararwe: growing satisfactorily but
fruiting uncertain.

Melia azedarach: Ngurunit, Loglogo, Karari, good,

Moringa: N. Horr, one growing from a branch-cutting.
Morus (?): Ngurunit, young, healthy.

Nerium oleander: Loiengalani, Kalacha, some vigorous.

QOlea africana: Gatab, slow.

Opuntia: Loglogo, Ngurunit, vigorous.
Parkinsonia: Ngurunit, one, vigorous; elsewhere in 1979.

Persea gratissima: Gatab, Ngurunit, growing satisfactorily but fruiting
uncertain.
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Phoenix: N. Horr, Ngurunit, very slow but steady.

Pinus elliottii: Gatab, 50 reported planted in 1968, all dead within 2
years.

Prosopis chilensis: N. Horr, Kalacha, vigorous; elsewhere in 1979.

Psidium guajava: Loiengalani, Ngurunit, healthy but fruiting uncertain.

Salvadora: N. Horr, good.

Schinus molle: Gatab, Karari, good.

Schrebera alata: Gatab, Hurri Hills, healthy but slow.

Simmondgia: N. Horr, failed.

Tamarindus: N. Horr, Hurri Hills, Kalacha, Loiengalani, usually slow and
unthrifty, but some very vigorous in Loiengalani planted in 1969 and later.

Tecoma; Ngurunit, Gatab, good.
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INTRODUCTION

Physical features

Marsabit District occupies 76,858 square km in arid and
very arid north central Kenya (Anonymous, 1976) (see Figures I
and 2, D - 2a). Siturate in the trough between the highlands of
south-western Kenya and Ethiopia, the district is mostly between
500 and 1,000 metres elevation but has a few isolated mountains
which rise from 1,500 - 2,400m in height (Survey of Kenya, 1970).
Geologically, the district is composed of quarternary and
tertiary volcanics, precambrian granites and gneisses of the
basement system, and quarternary sediments (Saggerson, 1969) .

Temperatures are high (max. annual mean of 30-34 degrees C;
min. annual mean of 18-22 degrees C) (Survey of Kenya, 1970), as
is evaporation (2,400-2,600mm/yr) (Woodhead, 1968). However,
precipitation, which occurs bimodally with peaks in April and
October/November, is low (under 255mm/yr) (Survey of Kenya, 1970).
This amount is expected to be exceeded only 1 year in 10 (East
African High Comm., 1961). This pattern of low rainfall and high
rate of evaporation places Marsabit District primarily in the very
arid eco-climatic zone (Pratt and Gwynne, 1977). Zones of higher
ecological potential (mostly arid) occur only on the few mountains
in the district. The highest elevations of these may receive
up to 760 - 1,015mm precipiation annually and have a sub—humid
climate (Pratt, et.al., 1966; Pratt and Gwynne, 1977).

VEGETATION

Reflecting this arid situation the vegetation is primarily
Acacia bushland and Duosperma-Indigofera-Sericocomopsis dwarf

shrubland. Chrysopogon and Aristida annual grasses are the

principal component of the herb layer. Zones of vegetation
associated with successively less extreme environmental condi-
tions occur at increasingly higher elevations on the mountains,
which are capped by Juniperus-Olea-Teclea-Croton dry montane
forest., Carissa-Rhus-Lippia-Ormocarpum evergreen to semi-deciduous
bushland and Acacia woodland occur on the mountains below the
forest zone and Acacia woodland also occurs in riverine stands at
lower elevations. The eco-climatic gradients and associated
vegetation types on the mountains are sharp on the higher, steeper
and drier leeward slopes (FAO, 1971; Herlocker, 1979). Overall,
the ecological potential of the district rises no higher than
rangeland of low potential (Pratt and Gwynne, 1977).




PEOPLE /OUTSIDE INFLUENCES/RESULTING SITUATION

As befits its low ecological potential, Marsabit District
has one of the lowest population densities in Kenya (under
1 person/km2). (Survey of Kenya, 1970).

The people of the district are predominantly cushitic
major tribes being the Gabbra, Boran, Rendille and Samburu (FAO,
1971). They are almost exclusively pastoral in economy and
conservative in outlook. Estimates of livestock numbers made
since 1963 show from 655,000 to 1,128,000 head within the district.
From 17 = 217 of these are camels (FAO, 1971),

Although these tribes have probably in the past existed in
balance with their arid environment, they have recently been
exposed to outside influences which are difficult to adapt to
easily and quickly. Thus, the depredations of the 'shifta' during
the 1960's and the present troubles in Ethiopia have caused loss
of life and property as well as restriction of traditional grazing
areas. Also, inter—-tribal raiding has left certain areas of the
district little used because of lack of security. The
establishment of new missions within the district has created
cores for the settlement of the poor and the dispossessed, while
increased school attendance is drawing the young from the pastoral
economy (FAO, 1971). Unfortunately, once educated, there are
often no jobs available to be taken up and no desire by the
educated to return to the old herding way of life.

Finally, the recent period of drought during 1970-1976,
associated with the drought in north Africa, has increased the
numbers of people without the means to continue in their
traditional way of life and, often, because of the availability of
government famine relief programmes, without the interest in doing
SO.

The result has been a trend in movement of pastoral peoples
away from the herding economy to a settled existence based on
administrative centres and new mission stations. There are
associated trends in:

~ destruction of vegetative cover (and subsequently soils)

around these settlements due to increased requirements
for wood products and fodder, and;

- 1increasing numbers of people requiring employment outside
the pastoral economy.



APPROACH

Various organizations have recognised these trends and have
begun to deal with this problem now rather than wait until it has
attained unmanageable proportions. With the support of the Kenya
govermment several Roman Catholic and Protestant missions, the
National Christian Council of Kenya, and the UNESCO/UNEP Integrated
Project in Arid Lands have begun a cooperative effort to implement
rural forestry programmes for local community development. The
objectives are:

- to provide employment for residents of settlements;

- to provide supplies of wood products for fuel and
building materials for local use;

- to establish tree crops usable as cash crops or for
subsistance; and

- to help restablish stabilizing vegetative cover for
denuded areas.

So far, all involved have shown an eagerness to cooperate
in this task. However, fragmentation of effort and lack of
expertise have limited overall efficiency. The usefulness of the
work would be increased considerably if approached within the
context of a coordinated district-wide scheme in which local
objectives could be viewed within a larger perspective. This
paper is a first approximation of this perspective.

POSSIBILITIES

Species trials under rainfed conditions

Marsabit District has little area capable of supporting fast
growing tree species under moderate to high rainfall conditions.
Where such areas do occur competitive uses (urban, agricultural,
dry season grazing, wildlife reserves) already exist for the land.
Thus, forestry schemes, even when supplying the needs of
inhabitants of the higher potential areas, must be sited primarily
within the drier areas. Unfortunately, because of the emphasis
by Kenya foresters on growing high yielding plantations of exotic
tree species in high rainfall areas, there is little experience in
dryland forestry to draw upon. Thus, it is important that species
trials of both exotic and indigenous species be carried out on a
wide variety of sites, which are both potentially productive
(relatively speaking) and accessible (close to population centres).



5.3

5.3.1

For instance, on Marsabit Mtn. dryland forest plantations
could be sited in the narrow sub-humid/semi-arid eco-climatic zone
which is close to population centres. The only apparent
conflicting land use is grazing of perennial grasslands. Much of
this land is now in poor condition and requires some form of
grazing control over and above traditional controls. This would
be particularly necessary should dryland forest plantations be
established because of the greater area of these required to
compensate for the slower tree growth within these zones.

Species trials under irrigation

An alternative or supplementary approach would be to attempt
irrigated forest plantations on sites with large and continuous
supplies of water. Interestingly enough such sites may exist
along the perimeter of the Chalbi Desert, presently the least
productive zone within the district. A number of perennial
springs and high water table sites occur here, which are probably
maintained by rainfall on the porous volcanic soils of nearby
Mts Kulal, Marsabit, and the Huri Hills. These sites support
use of the desert perimeter for dry season grazing and are nuclei
for permanent settlements. The latter are centres of supply and
for settlement for pastoral populations up to 80km away.

Supplies of fast growing trees from irrigated plantations
at these points would fulfill local needs and reduce pressure on
nearby slow growing natural vegetation. Also, some of these
sites appear to be close enough to Marsabit Town to make it
economically feasible to supply it with wood products as well,

However, it will be necessary first to establish that
sufficient and continuous water supplies exist, Secondly, the
effect of irrigation on salinazation of soils under high
evaporative conditions should be considered.

Utilization of existing natural resources

Acacia tortilis woodlands

Woodland stands of Acacia tortilis subsp.,spirocarpa dominate
valley bottoms at the base of the Nyiru, Ol Doinyo Mara, and
Ndoto Mountains on the south-western perimeter of the study area.
Elsewhere they occur along seasonal streams and on soils derived
from the old Chalbi lake bed. This tree species provides a high
quality charcoal which is in enough demand to be shipped to
Marsabit Town from as far away as 130km.

There is an opportunity here for sustained yield management
of these woodlands for the production of charcoal and perhaps other
wood products as well. This is especially so in valley stands
where tree density, mature size and overall growth rate appear
greater than elsewhere. Valley bottoms also provide ideal
management units.



5.3.2

Some knowledge of the ecology of this species already exists
(Parry, 1954; Fahn, 1959; Halevy and Orshan, 1972, 1973; Lamprey,
et. al., 1974; Herlocker, 1976; Jarmon, 1976; Herlocker and Dodd,
in prep.). This allows a first approximation of management
procedures which can be eventually updated based on practical
experience and further ecological research planned by UNESCO (IPAL).

Although these valley sites are inhabited by pastoral
Rendille and Samburu there should be a minimum of conflict between
the two land uses as they already largely exist in
equilibrium. Furthernmore, management of these stands would
provide local employment and revenue as well as insure lasting
supplies of charcoal, firewood and building material., Considerable
care will be needed to safeguard overexploitation of the resource.

Acacia reficiens bushland

Similarly, Acacia reficiens bushland, which dominates an
extensive area between Marsabit Mtn., Mt. Kulal and the Ndoto Range,
could be utilized along similar lines as Acacia tortilis woodland.

However, this species presents different problems to
management than Acacia tortilis. Its small size and multiple stems
will make handling more difficult. Its probable slow growth and
lower densities will require management based on extensive
exploitation of large areas. Hence, the input in terms of time and
money will be greater per unit of wood product and probably receive
a lower return than with Acacia tortilis. Still, it remains a
possible source of employment and revenue for the people of the
area.

Furthermore research into the ecology of this tree species
planned by UNESCO (IPAL) should provide information on its growth
and regeneration characteristics needed to optimize exploitation
and management.

In the case of both Acacia tortilis and A. reficiens the
greatest problem is one of adequate control of their exploitation,
Overcutting of the arid and semi-arid areas in which these species
occur would be extremely dangerous and could tip the ecological
balance toward environmental degradation and, ultimately,
desertification. Because of the virtual absence of private
ownership of land in this area, the responsibility for control
of such cutting would rest with either the Central Government or
the Marsabit District Council.




5.3.3 Acacia senegal; gum arabic

Acacia senegal, exploited on a large scale for its gum
exudate in the Sudan, occurs within the study area. Although not
abundant it is common throughout much of the area, usually
occurring as single trees. The local Rendille have shown an
interest in collecting gum arabic (Andersen pers. comm.) but
efforts to do so have not progressed, apparently because of the
need to organize the gathering of fairly large amounts before
down-country buyers will become interested (Miller pers. comm.).

It would be worthwhile undertaking a pilot effort at
collecting and selling gum arabic. UNESCO(IPAL) plans to carry
out a survey of its availability within the study area, which
should help determine the overall feasibility of the project.
Should a pilot attempt at exploitationof existing trees succeed
it may be worthwhile attempting to increase the numbers of
Acacia senegal through cultural measures.

Indeed, experimental plantings of Acacia senegal are
presently being carried out at two sites within the study area
(Bussman, pers. comm; Tyroller, pers. comm).

Much is already known about the ecology of this tree species
(Parry, 1954; Kaul and Chitnis, 1964; Gerakis and Tsangarakis,
1970; Obeid and Seif el Din, 1971a, 1971b; Seif el Din and Obeid,
1971a, 1971b; Cheema and Quadir, 1973; Herlocker, 1976). This
should help expedite such a scheme.

5.3.4 Aloes

Aloe species occur within the study area primarily between
1000 and 1500mm elevation on volcanic, granitic and gneissic
soils. As with Acacia senegal they are seldom abundant but are
common, expecially in association with Commiphora species in
bushland.

Aloe species are collected periodically within the study area,and are
sold at Marsabit where they undergo a rather simple primary
processing before being sold again down country. Thus, they are
obviously an exploitable resource. However, as collection
apparently consists of uprooting whole plants whenever and
wherever found, continued exploitation of Aloes could easily
lead to substantial diminishment of this natural resource within
the study area. Therefore, it seems worthwhile to attempt growing
these plants as agricultural crops.

For logistical and control purposes this should be done near
population centres at settlements in areas where Aloe sp. do not
naturally occur. Whether this is possible to do 1s a case for some
small pilot schemes at or near these settlements to determine.



Huri Hills reafforestation project

The Huri Hills, which extend for some 75km from the Chalbi
Desert to near thg Ethiopian border, rise to 1,600m elevation and
are about 2,400km” in area, contain the largest area of perennial
grassland in Marsabit District. As such they are a major grazing

area for the Gabbra tribe.

However, a paucity of permanent water supplies limits use
of the Huris by the Gabbra to a few months at the end of each
wet season. The latter part of the dry season is spent near
permanent water at the edge of the Chalbi Desert, and around boreholes
to the east of the hills. This is a reversal of the usual
procedure of using highland areas as dry season grazing areas.

To make better use of the productive potential of these
grassland areas the National Christian Council of Kenya has
initiated a scheme oriented towards long term multiple-use
development of the Huri Hills. Boreholes and dams being sited
around the base of the hills will allow more extensive use but not
permanent settlement of the highland perennial grasslands.
Permanent settlement would probably eventually result in overuse
of the area.

Oral tradition suggests the Huri Hills onee supported
forests, now confined to the deeper east facing canyons (Anders n,
pers. comm.). The possibility of reestablishing forests in some
areas is being pursued by experimental plantings of potentially
successful and useable tree species. Heavy mists occur for
several months of the year and it is possible that condensation
of water from fog may be the major factor in maintaining forests
in these hills,

Should species trials be successful further planting of
selected areas may be advisable. For instance, reafforestation of
certain watersheds might eventually - through condensation of mist
by tree canopies - bring back into existence small springs on the
lower slopes. This would insure more extensive and continuous use
of the area by livestock.

However, it is important that establishment of forest
plantations be carried out carefully so as to maintain grazing of
the perennial grasslands as the primary land use. Otherwise, a
very important grazing area of the Gabbra will be lost to them
forcing them into increased dependency on arid lowland rangelands.
This could only be detrimental to both the Gabbra and to those
rangelands.



COORDINATION/SUPPORT

Although presently small in size the UNESCO (IPAL) Project
provides a good opportunity for provision of advice, coordination
and, often, material support for other individual projects within
its study area. However, its primary responsibilities include
studies of livestock/habitat/human interactions, studies of
population ecology, of livestock species and monitoring of the
major environmental/ecological patterns within the area. Thus,
this project should also be able to provide the basic ecological
context into which further development of the district may be
fitted.
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