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In Somaliland, soils derived from limestone cover vast areas and being, in general, fine
textured are readily eroded, in the absence of a fixing layer of vegetation. Over much of
the country it is only the true sandy soils that have survived, but even these are prone to
erosion in the absence of vegetasion. Erosion oceurs even on the sandy soils of the Haud
and Ogaden in the ahsence of a superficial layer of coarse sand, which, where it occurs,
acts as 8 temporary sponge which prevents run-off. The depth to which erosion has reached
along vehicle tracks in the Ogaden isrelated to the amount of olay in the soil. Quite a smal}
difference in clay content has an obvious effect on erasion and there is evidence that in
other parts of Somaliland, notably on the coastal plains and on the plateau in the Burao
aren, & small difference in clay content can determine whether the vegetation will include
trees, or will only consist of grass and herbs (Plateau; Table 4 (a), samples 6-7; coastal
plain, Tablo ¢ (b}, samples 129 and 131)

Tn addition to the normal soil types mentioned, there are two types of soil in Somaliland
which gre characterized by the presence of salts. Much of south-eastern Somatiland con-
sists of anhydrite doposits which have been sltered to gypsum on the surface, and one soil
sample collected in the centre of the Nogal valley contained 569, gypsum (Table 4 (8},
samples 2-3 and 14). These soils are often saline and support only low halophytic vegeta-
tion. Saline soils are also plentiful along the coast and are found on plains near the sea
which flood after rain. Drainage is poor, both across the surface and through thé profile,
and much water is lost by evaporation bringing salt to the surface, which is often white.
On the cosst to the north-west of Lughaiya there is & similar area where the surface
drainage to the sca is blocked by lines of dunes along the shore. In this area annual floods
from the inland coastal plains deposit fine material, and there is now & natrow plain of
deeply cracking saline elay which will not even support halophytic vegetation.

THE LAST HUNDEED YBARS

Between about 1880 and 1920 Somaliland was visited regularly for game hunting, and
several of the hunters wrote accounts of their travels which give some idea of Somaliland
as it was 50-80 years ago.

The dominant impression that one cbtains from all these hooks is of a country with
relatively sparse vegetation but teeming with game. To anyone who knows the country
today it is clear that there has been an enormons reduction in the number of game animals
since the turn of the century. Swayne (1895) who travelled extensively gives much inter-
esting information. In 1884 elephant were still plentiful on the Wagger Mountains and on
the Golis Range and one was shot on ihe subcoastal plain at Manders, but by 1887 no
elephant, was to be found east of Hargeisa. In 1892 rhinocercs could be found hiding in the
Andropogon clumps on Ban Tuyo; today the rhinocercs have gone and the Andropogon
has been replaced by smaller grasses. Herds of wild ass were common, particularly on the
aoastal plein to the east of Berbera, but today only one or two very small herds survive in
the Nogal valley. Swayne also recorded that €00 people weresettled as farmers at Hatgeiss
and were eultivating sorghum. By 1957 the corresponding population estimated from aer-
ial photographs had risen to 54,410 (Howard Humphreys, 1960). Swayne further reported
that numerous livestock could be seen grazing upon tho hills around Hargessa, Heavy
grazing continues on these hills today, and owing to prolonged overgrazing erosion has
removed all the soil from the stony slopes; the soil has been redeposited upon the valley
allavium whers Sorghum cultivation continues (Pl 2, fig. 4). Swayne also reported that
the plains around Berbera had been stripped of firewood since 1885,

Pearce (1898) gives evidence as to the large herds of sheep and goats that were present
in Somaliland even at that time, and records that many hundreds of sheep were shipped
to the Aden garrison every week. He also confirms the presence of fresh-water pools and
lush grass at Gan Libah (see Appendix 2). Game laws had already been introduced by
1888 to limit the shooting of elephant.
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jootéd to snbeequent seclian rearrangement. In some areas slluvial gravels are exposed
and today alluvial sands are being deposited near Bulhav as wide fans by drainage systems
which are not restricted to incised river beds.
. ' These sands are calcareous, with the amount of concretions increasing with depth. The
large amount of calearcous concretions st depth also points to a former climate wetter
than that which prevails today. Some 18 miles (20 km.) south-west of Silil on the road to
Boremz, where the sand, which is hard, has heen eroded away along the line of the vehicle
track, land shells, Bremina sp. nr. desertelia Jickeli, are to be seen emhedded in the sand
& few feot below the surface; today the mollusean fauns of these plains appears to be very
poor and only Zootecus insularis Ehrenberg was found.

The sand has become consolidated and somewhat cemented, particularly in the lower
layers. The quartz grains are of mixed size and over the years heayy grazing has reduced
the vegetation cover and loosened the top layer of compacted sand. Wind, particularly
during the Kharif (south-west monsoon), has eroded the fine material and a mantle of coarse
Joose eand is now general over most of the plain and is locally blown up into small dunes.

The basic vegetation of the sandy plains appears to be that of the more or Jess fixed
#and changing to the vegetation which is typical of loose sand. The vegetation that may
be related to the more fixed sand consists of spaced grass tussocks of Lasturus hirsutus,
while that of the loose sand consists of clumps of Panicum turgidum. Overgrazing destroys
the Lasiurus, but before Panicum becomes established patches are formed which are
mainly bare in the dry season but support a mixed collection of annuals after rain
consisting mainly of grasses, Aristida adscensionis, Cenchrus ciliards, Eleusine compressa,
Eragrostissp., Latipes senegalensisand Tragus racemosus, with other small plants including
Lithospermum hispidissimum, Indigofera sp. and a minute prostrate Kuphorbia sp. These
species give variety, but even combined they provide a poor ground cover. in the field
these areas have a characteristic disturbed appearance (Pl. 3, fig. 7). Among tho annual
grasses Panicum turgidum may also be found and like many perennial grasses it will grow
as an annual in a year of poor rain, but after twa successive gaod rainy seasons readily
becomes eatablished as a perennial, The establishment of perennials after good rains is
due to two causes: firstly, the plant has longer to develop an extensive root system, and
secondly, the extra rain produces more vegetation of all kinds; thus the grazing pressure
is reduced and this increases the survival chances of the Paricum sesdlings.

In addition to the grasses, some sections of the plain, usnally belts a mile or so in width,
support scattered trees of Balensites orbicularis. A comparison of the amount of superficial
loose sand and the grasses present reveals no differences, and it is inferred thas in theso
belts there may be a higher dlay content ab some depth. A pair of topsoil samples were
collected jand while they differ in clay content deeper sampling is required (Table 4 (b),
samples 129 and 131), This was fornd to be important in Turkana {north-west Kenya), in
& comparable area of low rainfall and high temperature, where Balanites indicated clay
soils underlying alluvial sands {Hemming & Trapnell, 1957). In some parts of these plains
Balanites is found growing where there is a considerable depth of loose sand and wind
erosion hag exposed the roots so that the free appears to be growing on stilts.

To the west of the main Zeila plains there are further smaller plains consisting of similar
but lacally eoarser sand. Examples of this type are found to the south of Bulher. Here a
mantle of coarse sand is general and Panicum turgidum is the dominant grass, and the
change from fixed sand with Lasiurus to loose sand has progressed further than wasnoted
snywhere on the western Zeila plains, The cause may he twofold : firstly the sand is eoarser
and alluvial gravels are more common, which makes for & dry soil, and sécondly the mean
annual rainfall is lower.

The woody vegetation of these mare eusterly plains conists typically of well-spaced low
trees of Balanites orbisularis with occasional deacia tortilis, Boscia mintmafolia, Dobera
glabra and Cadoba glandulosa growing mainly on mounds of consolidated sand. Between
the Panicum clumps there are some small tuits of Eremopogon foveolutus and occasional
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COASTAL AREAS
Designation:
Gillett: The sub-desert formation.
Gilliland : The maritime formation.
Glover: The Commiphora—Acacia scrub formation,
(a) The coastal and haloseral association.
(b) Balanites and Macrua coastal shrub, Acecia-grassdesers -
scrub. :
Pichi-Sermolli: Desert.

Grass, porennial herb snd sub-shrub steppe.

The coastal plain stretches inland from the shore for a distance of about 50 miles
(80 km.) in the west of Somaliland, but in the east noar Elayu (48.55E) tho constal plain is
only a fow hundred yards wide.

Ttig difficult to define the inland edge of the coastal plain, but here it is considered to be,
in the west, the foot, of the main messif, and, in the east, the beginning of the ranges of hills
that lie between the coastal plain and the main fault scarp.

The vegetation of the coastal plain falls into two main classes: firstly, that of the exten-
sive sand-covered plains which have considerable uniformity; and secondly, that of the
littoral zone where every minor variation in the soil supports differont vegetation, the
effects of salt may readily be seen and halophytes are common.

Meteorological data are sparse from the coastal plains but long-term rainfall averages
are available for Berbera (67 mm., 43 years) and Zeila (93 mm., 19 years). The rainfall,
however, as in other tropical low-rainfull areas, iz very variable and while the mean at
Berhera is 57 mm,, the driest year {1947) had only 1-8 mm, and the wettest years had 178
mm. (1906) and 161 mm, (1910). In terms of the average year some rain may be expected
during each quarter of the year, but in really wet years the wettest months are November
and December, e.g. Berbera, December 1949, 68 mm.

The high variability of the rainfall has considerable effects upon the vegetation; a
succession of wet seasons has a long-lasting effect due to the establishment of perennials,
whereas a succession of dry seasons may result in the death of perenniala.

Temperatures are generally high (Table 3) and during the summer months maximum |
temperatures on the plains are commonly over 40°C (104°F). In the winter months the |
relative humidity at Berbera at 08.30 hours varies from 70~82%, and in August the average i
is 459, (Hunt, 1951). The relative humidity on the plain appears to be closely related to |

the proximity of the sea, with lower humidities prevailing inland. i

No meteorological records are available for any locality on the coastal plain other than
the stations mentioned above, which are all situated on the shoreline.

Plains of alluvial sand
'This is principally a western type lying to the south of Zeila and is not found to any
great extent to the east of 46°E. These plains constitute a major ecological type: and
ocoupy an estimated area of approximately 2000 square miles (5200 km.2) or néatly
39, of Somaliland.
Owing to the width of the plain in the west the altitude ranges from sea level to 1200 ft.
{360 m.) at the foot of the massif, and consequently there is a considerable range of both
temperature and rainfall. Near the hills the latter probably reaches an annual mean of |
approximately 150 mm. or three times that on the coast. :
The main western coastal plain is a quaternary basin of submergence (Pallister, 1983)
and is characterized by a deep layer of sand derived from the erosion of inland rocks of
the basement complex. Tho sand appears to be an alluvial deposit which has been sub-

Non-saline Coastal Plains !
|
i
i
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5.8 ap}‘)mxlmately 500 ft. (150 m.) in height and & mile (1-6 km.) in length. The sand of the

! dunes has been derived from cretaceons sandstone exposures to the east. The coastal plain
upon which the duncs rest consists of raised coral reef covered with marine sand and shells.
The surface of the plain consists of very coarse wind-sorted sand and small stones and is
more or less resistant to wind ercsion, while the mobile sand is almost entirely restricted to
the dunes. While most of each dune consists of 1oose sand, the lowest section is somewhat
hummoely and supports large clumps of the sharp-leaved grass Odyssea mucronata which
grows up to 8 or 7 ft. (2 m.}. The result of this is that the actual position of the dune is
approximately fixed. Above the hummocky zone there is a narrow zone of sparse Cyperus
conglomeratus, above which the sand is bare and mobile (PL 3, fig. 8}.

The dune mass extends inland amongst the caastal hills for a distance of about 20 miles
(32km.) but in this seotion the sand is less mobile and supparts spase Cyperussp. (a tallish
spesies to 2§ £5, (0-75 m.}), Diplerygium glaucum, Indigofera sp., Panicum turgidum and
Odyssen mucronata, with much bare sand between the plants. This is the only locality in
Bomaliland where large sand dunes are found,

To the east of Kl Darad (45.34 E) there are extensive areas of more or less fixed sand
which appears to be of aeolian origin. These areas carry a mantle of loose sand and support
sparse Pantoum turgidum, and it seems that the amount of loose sand is on the increase.
These sands are crossed by a sandy watercourse whero there is a confusion of alluvial and
wind-blown sands. The tug bed consists of deep soft silty sand and there are sand dunes on
the banks of the alluvinm. The largest trees are Acacia tortilis, and the largest shrubs are
Tamariz nilotica and Leptadenia pyrotechnicaup to 10£t. (3 m.) high and wide. Wind-blown
sand on the banks supports Zizyphus hamur, Odyssea mucronaia, Panicum turgidum and
Pleuropterantha revoilii. The more silty tug-bed sand supports only occasional plants of
Dipterygium glavcum and Panicum lurgidum.

Halophytic Littoral Communities

©On the Somaliland coast the top of the tide-swept beach is of variable form, depending
mainly upon the presence or absence of a raised beach. In some areas the beach merges
imperceptibly with the coastal plain; in other areas the transition is marked by a line of
low dunes of marine sand, while along much of the coast there is a low cliff of coral above
which there is the coastal plain with an overlying layer of sand, pebbles, marine shells,
broken coral and often quite coarse gravel. In some areas the inland edge of the raised
beaches is covered with the lower talus material of the pediments of the coastal hills,

In most of these arcas there is salt in the soil and a characteristic halophytic flora is
found. This zone appears to offer adverse conditions to the plants, and small variations
in the soil'and drainage produce considerable changes in the vegetation. The result is that
the littoral consists of a mosaic of numerous commimities, each of which may caver only
a very small area.

In many cases it is difficult to define the halophytic zone, for in some areas the soil is
clearly saline and only supports known halophytes, while in others the saline soil is overlaid
with a non-saltne soil and halophytes commonly grow side by side with other species
‘which extend far inland to salt-free areas,

Beach dunes

The low sand dunes that occur along the top of the beach support either sucoulent selt
bushes, Sugeda monoica or Arthrocnemum glaucum, o grasses, but seldom both in the same
loeality. The commonest grasses are Halopyrum mucronatum and Odysses mucronata.
Low creeping Pleurostelma sp. is also often found between the grass clumps, Halopyrum
is more often found nearer the sea than Odysses and it is likely that during storms and
exceptionaily high tides it may get its roots flooded with sea water. Odyssea forms much
larger clumps than Halopyrum and in some localities is dominant in areas of hummocky

a4
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Indigoferasp. About 20 miles (32 km.) inland from Bulhar thie plain still supports Panicum
turgidum which is here interspaced with Dipferygium glaucum.

The coastal plains arc erossed by numerous watercourses, some of which are wide, but
they only flow for short periods, often to be measured only in hours, in each wet scason;
thoy carry the run-off from inland highland areas which receive considerably more rain
and consist largely of skeletal rocky soils, all of which, with peor vegetation cover, contri-
bute to a high percentage run-off. 'hese watercourses fall into two principal classes: those
with clearly defined incised stream-beds and those which flow across the plain with no
incised or clearly defined stream-beds.

Incised watorcourses flow across the Zeila plain and are visible at a considerable distance
owing to the Iine of tall Tamariz nilotica trees that grow on each hank. Oceasionally there
are banks cut into the sandy alluvium at an intermediate height which are only fiooded
during the highest floods. These banks support scattered plants of Aerva persica, Aristida
adscensionis, Calotropis procera, Cenchrus ciliaris, Crotalaria deflexa, bactyloctenium
scindicum, Dipterygium glaucum, Eleusine compressa, Heliotropium spp., Leptadenia
pyrotechnica, Salsola forskalit, Sporobolus spicatus and Tragus racemosus. The riverside
trees are able to tap the underlying water-table, but the other riverside plants, like the
plains grasses, cannot utilize the water-table because it is too deep. i

‘While T'amariz trees are typical of larger watercourses the smaller courses only support
Leptadenia pyrotechnica. Along the sides of watercourses supporting Lepladenia the grass
Eragrostis mahrana locally attains considerable importance. Leptadenia is, however, seen
on larger watercourses on the more easterly plains previously mentioned to the south of
Bulhar, Here the controlling factor appears to be amount of mobile wind-blown sand.
Leptadenia may be found growing in 10-15 ft. (3-4-5 m.) of soft sand, whereas Tamariz is
oharacteristic of consalidated alluvium.

The wide ill-defined drainage areas sometimes carry much water from inland areas,
and constitute areas of contemporary alluvial deposition, and one such area, a few riles
east of Bulhar, was seen in flood. This flood followed rain on the night of 16 November 1961,
when the amount at Bulhar exceeded 160 mm. at which point the rain gauge overflowed.
How much rain fell on the inland catchment ares is not known. The mean annual rainfall
on the coast is less than 100 mm.

Owing to the great width of this drainage area the water, even during & large flood, is
very shallow, and vegetation extends right across the area whereas the stream bed of a
normal incised watercourse is bare. The central part of the drainage ares is quite flat
consisting of deposits of previons years’ alluvium in alternate layers of sand and silty clay,
the latter being deposited at the end of each flood. This alluvium is readily permeable, and
after the flood observed it was wet to a depth of at least 57 in. (1-45 m.) The central section
of the drainage area supported scattered trees of Balanites orbicularis like the surrounding
plain, but here it is associated with numerous other species which are not found on the
plaing, The commonest plants were low (1 m.) bushes of Dasura metel with smaller numbers
of D. stramonium. Other important species found on the main flow line were Withania
somnifera and Cassia occidentalis.

Near the main flood arca there are small accumulations of wind-blown sand and these
support clumps of Lasturus hirsutus, Leucas jamesii and Reseda bracteata. These wind-
blown accumulations are thin enough to allow the plant roots to draw moisture from the
underlying alluvium. Deeper deposits of wind-blown sand, amounting to small (1-2 m.}.
dunes, divide the drainage area into flow lines and support Panicum turgidum, Cenchrus
ciliaris, Aristida obtuse, Aerva persica, Solanum somalense var. parvifrons and Parkinsonia
aculeata.

Wind-blown sands

On the coast about 40 miles (64 km.) east of Berbers there are high dunes situated both
on the plains and against the coastal hills, Thelargest dune, which Lies parallel to the shore,
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Raised beach with overlying gravel. In the east, notably in the Heis-Mait area (¢. 47°E)
the main highland massif lies elose to the shore so that stony pediments and talus slopes
cover the narrow coastal plain which consists of a raised coral reef. The overlying gravelis
composed of both basement rocks and limestone gravel, and each has its own flora.
Except where the superficial gravel has been washed away along drainage lines the habitat
is not a saline one.

The variations in the vegetation in this area are too numerous and minor to give in
detail here, but some of the principal types may be listed.

Near Mait, on a mixed gravel of both basement and limestone origin, vegetation is
absént except along small drainage lines where there is low (30 cm.) sparse Convolvulus
ruspolii, but where there has been some accumulation of sand along these drainage lines &
the halophytic grass Urochondra setulosa may be found. Near Heis there is gravel of the
same mixed type, and incised watercourses, which are scveral yards wide, support Teph-
rosia dura, with a little Panicum turgidum and very occasional stunted Acacia tortilis to
4ft. (1-2m.) (PL. 3,fig. 9). Tephrosia duraisalso found innarrow tugs which are sandy and not
stony, but only in this area. One small watercourse with a bed of alluviallimestone gravel
supported small shrubs of Acacia somalensis which are also found with T'ephrosia and
Urochondra on sand which has acenmulated at the foot of the coastal hills,

In some areas the limestone gravel is so thin that the vegetation, which is only found
along small drainage lines, clearly indicates the saline nature of the underlying raised coral
reef. In such areas only Limonium axillare ocours, with Urochondra if there is any wind-
blown sand.

Areas of tmpeded drainage

The saline coastal areas are generally poorly drained, owing to several factors. Firstly
they are so near sea level that the water-table is near the surface, secondly they are often
80 level that the water does not drain away-and, thirdly, surface drainage is actually
prevented by a line of dunes along the top of the beach.

It is difficult to determine in some cases whether the salinity is due to the littoral
character of the habitat or whether it should primarily be attributed to a concentration of
salts on the surface by reversed drainage resulting from high evaporation rates.

Lepel sites. To the west of Bulhar there are sections of the plain which are composed of
quite flat deposits of fine sandy alluvium. These areas, which have very poor surface
drainage due to their lack of glope and also have poor vertical drainage due to the nearness
of the water-table, are prone to regular flooding. There is certainly some movement of salts
up through the soil profile after the floods, and white encrustations of salt may be seen on
the surface.

The végetation in these sites shows considerable uniformity on each flooded section and
wide areas are dominated in turn by deluropus lagopoides, Sporobolus spicatus and
Suaeda monvica. The first two species are characteristic of the flat level areas described
above, while Suaeda is found in hummocky ground of similar soils. These types do, how-
ever, overlap to a small extent.

Drainage impeded by dunes. Surface drainage across the plains to the sea is often impeded
by the dunes that are commonly found at the top of the beach. On the coast to the north-
west of Lughaiya (43.55 I) there is a line of dunes along the shore and the water draining
off the inland plains during the rains builds up behind them to form a shallow lake behind

thedunes. Most of the drying-out of this lake is by evaporation, and a deeply cracked saline
clay plain is found in the dry season. The main area, which is completely devoid of any
vegetation, is about 1-3 miles (1-5-4-5 km.) wide and runs parallel to the coast for 25 miles
(40 km.). On the inland edge of this clay plain there is a wide transition zone leading to
typical alluvial sand plains. The first plant which appears on the bare plain is the small
annual Cressa cretica. A few yards further towards the plain, chump grasses, Paspalidium
desertorum and Sporobolus helvolus, appear, forming a wide transition zone with bare

__i
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sand which extend several hundred yards inland from the shore. Pennisetum dichotomum
is also found occasionally on the beach dunes.

Sandy shore lines without dunes

In some areas the beach merges gently with the coastal plain with no intermediate line
of dunes. One such area was found at Lughaiya (43.55 E). The sand is coarse and consists
of a mixture of marine sand, coral sand, shell fragments and stones, and supports a sparse
but very varied flora showing only slight saline influence despite its immediate proximity
to the sea. The most commeon plant is the prostrate sub-succulent Sesuvium sesuvioides.
Typical halophytic grasses found were Halopyrum mucronatum, Sporobolus spicatus and
Odyssea mucronala on low mounds of wind-blown sand; other grasses included Cenchrus
ciliaris, Dactyloctenium scindicum, Eleusine compressa and Pandcum turgidum. Other small
plants found were Aderva persica, Cleome brachycurpe, Dipterygium glavcum, Gisekia
pharnaceoides var. pharnaceoides, Heliotroptum pterocarpum and Tribflus terrestris.

At Zeila (43.28 E) there is a sand spit, possibly based upon some irregularity in the under-
lying ancient coral. The sand is coarse and the vegetation consists of sparse Suaeda bushes
in the centre and Zygophyllum coccineum to the sea edge. Atriplex coriacea also grows on
the shore, oceasionally forming clumps 6 ft. (1-8 m.) high,

Salt fluts

Inland from the coastal dunes there are occasional areas of raised coral which are
covered with fine sandy alluvium and form totally bare salt flats. Such areas are only found
where the height of the raised coral above sea level is of the order of a foot or two. Extensive
bare salt flats are not as well developed on the Somali coast as they are on both sides of the
Red Sea (Hemming, 1961 ; Vesey-Fitzgerald, 1955, 1957).

‘Where these flats are somewhat less saline and are able to support vegetation it consists
of widely scattered plants of a narrow-leaved Limonium sp. nr. axillare. At the edges of the
salt flat Salsola rubescens may replace Limonium and locally may share dominance with
Salsola forskalit, which suggests a further drop in salinity. Suaeda monoica is also common
in areas of intermediate salinity. Inland Such salt flats often disappear under the stony
pediments of the coastal hills which support low Acacta tortilis or A. horrida subsp.
benadirensis.

Raised beaches

The lowest raised beach, which is visible along much of the Somaliland coast at levels
between 4 and 8 m,, forms a significant proportion of the coastal plains. The vegetation
of these raised beaches is controlled by the nature of any overlying deposits.

Bzxposed raised beaches. Immediately to the west of Berbera (45.01 E) the cliffs between
the shore and the raised beach are about 20-26 ft. (6-8 m.) high. The surface is composed
of tho planed coral remnants with marine sand, inland alluvium and small amounts of
wind-blown sand. On the plain there are scattered trees of dcacia fortdlis to 8-12 ft. (2-5-
3-5m.), but they tend to be concentrated along drainage lines which also support Balandies
orbicularis and Zizyphus hamur. The ground vegetation between the trees is much sparser

" than would be expected and this is an indication of the heavy grazing pressure that exists
ever in theless favourable areas of the coast. The low plants are very widely scattered and
include Cyperus, Bremopogon foveolatus, Fagonia cretica, Salsola forskalis and occasional
Panicum turgidum on any sand accumulation. Sandy patches on the top of the c]lﬁ's
support small stunted Suaeda monoica.

Raised beach with overlytng sand. Over quite large areas the raised beach is covered mth
& thin layer of level sand, probably of marine origin, and only supports seattered small =
clumps of Cyperus. Deeper accumulations of wind-blown sand usually support Panteum
turgidum in the west and Iphiona rotundifolia in the east. In some areas the overlying sand
ig permanently damp due to its salinity and such areas support the halophytic grass
Urochondra setulosa with deluropus lagopoides in transitional areas.
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" gial formations and soil types. The zone consists mainly of deposits of gravel and alluvium,
‘hill-foot pediments and low ridges, and owing to the semi-arid hot climate and heavy
grazing it is badly eroded and has a very poor vegetation cover. It lies in the area previously
occupied by the end-Tertiary land surface which was deeply dissected during the Pleisto-
cene. The end-Tertiary surface is preserved under the lavas as the Hegebo platean to
the north-east of Hargeisa, and has been severely faulted in a series of steps down to Mt
Elmis near the sea (10.22 N, 44.12 E) (Pallister, 1963).

In general the soils clearly reflect the underlying geology and are immature, shallow, and
badly eroded. The only oceurrences of deep soils are in alluvial sites such as river banks or
in certain limited areas where slumping has occurred on hill slopes.

Rainfall figures are available for five stations in the subcoastal zone for periods varying
between 3-8 years (Table 3). Four of these stations indicate a mean annual rainfall in the
range 100-250 mm., but Laliss, which is situated close to the foot of the main escarpment,
hasamean annual rainfall of 648 mm. This is well above the amount that would be expected
for a typical station at this altitude (730 m.) but it clearly gets the benefit of the rain pro-
duced by the nearby face. It is probable that the rainfall in most of the subeoastal zone
lying close to the escarpment gets well above 250 mm., but the Laliss figure of 648 mm.
may well be exceptional except along the foot of the highest escarpment to the east of
47°8.

The vegetation of the subcoastal zone is generally sparse and low, consisting of scattered
low shrubby trees together with smaller plants, and while the general physiognomy of the
area has a certain constancy there is a considerable variation as regards dominance of
species in any particular area. There is a mosaic of plant communities controlled princi.
pally by the soil but also by local variations in the climate. The result is that while it is
possible to observe plant associations, each occupying only a small area, the whole zone
delimited on a physiographie basis forms only & single step in the ecological succession
from the coast to the highlands.

The dominant genera of the most important communities found within this zone are
Acacta and Commiphora. This generic and even specific similarity with the vegetation to
be found on the red sandy soils of the southern plateau in the Haud forms the basis of
Glover’s (1947b) Haud sub-type Acacia tree and shrub association. The principal species
of Acacia and Commiphora found in this zone are low ones with a bushy or spreading habit.
Acacia edgeworthii with a low spreading habit is particularly common in areas of more or
less consolidated sand, while 4. horrida subsp. benadirensis, a shrub growing to 2 m., is
more characteristic of stony ground. 4. somalensis, also a small shrub, is dominant in a
restricted area in stony valleys in the subcoastal hills in the east near Mait (11.01 N,
47.07 By,

Betwe‘en Hargeisa and Berbera there is no clear escarpment and the subcoastal zone is
quite wide. Its upper limit lies at 2350 ft. (716 m.) below the Acacia busser zone near
Laferug (10.01 N, 44.47 E) and its lower limit lies at 1700 ft. (510 m.) where Balanites
orbicularis begins indicating the coastal plains, In western Somaliland on the road from
Borama (9.56 N, 43.11 E) to Zeila (11.21 N, 43.28 E), the upper limit of thiszone lies at
2250 ft. (6856 m.) where Salsola forskalii is found with Acacia horrida subsp. benadirensis.
Dobera glabra, which is one of the diagnostic species of Glover’s (1947 a) Salvadora, Dobera,
Acacia transition scrub, is found on the banks of watercourses in this area. Large clumps
of 8alvadora persica are found in this zone in avess with fine silty soil, but not over a
sufficiently wide area to be identified as a separate zone.

A Croton cliffordii community is recognized by Glover (1947a), who states that it was
common in the west around Abdul Kadir (2250 ft., 685 m., 10.30 N, 42.54 E). It was not
seen in large numbers when this area was visited by the present author in 1961,but Acacia
horride subsp. benadirensis was dominant. Croton dliffordii appears to be sensitive to
grazing pressure and is found as high as the Acacia efbaica zone, where it is increaging in the
Hargeisa locust camp where grazing has been restricted for many years. Gillett (1941),
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Fig. 20, Stock route with cload of dust rising from tha bare soil producad by ovorgresing in the
Aodvia bugsei zone. Tn the foreground the underlying Kankar is exposed.

Fig. 27, Over 400 Acacia busses tree trunks have been used fo protect this grave agaiust lion and
hynens. In the foreground there are signs of charcoal buming.
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ground hetween the clumps, where there is only shallow flooding and the drainage is
principally by ran-off to the main lake rather than by evaporation (P14, fig. 10). The ends
of the clay plain merge with the sand plain through patchy swards of Aeluropus lagopoides
and Eleusine compressa. The transition from the bare ares to the dunes on the seaward
side is marked by a line of Suaeda bushes.

Further east the large dunes of wind-blown sand also cause ponding, and between the
dunes there are areas of soft puffed-up saline soils with raised islands of sand which support
dense stands of Phoentx reclinata. These islands appear to be where the seasonal flooding
is deepest, perhaps 2-3 ft. (0-6-0-9 m.), but between other dunes where the flooding is less
there are clumps of the halophytic grass Odyssea mucronats and low stands of Tamariz
nilotica with some Limonium azillare in between. The lowest edgo of the'dune slopes sup-
ports Zygophyllum coccineum, while shallow accumulations of wind-blown sand over the
saline soil support clumps of Halopyrum mucronatum. The soils in these interdune areas
also contain much gypsum which outerops extensively in this region. .

Estuaries and inlets

The mouths of many of the seasonal rivers are often flooded with sea water in the dry
season and during storms in the Kharif (south-west Monsoon); such estuaries are fre-
quently closed by bars of sand or marino gravel. Toland from these bars there ig often a
pool of stagnant sea water which remains until the bar is cut next time the river floods,
usually in the north-west Monsoon rains. Owing to evaporation the sides of such pools are
fraquently encrusted with salt and support halophytic vegetation. The edges of some of
the pools support the mangrove, Avicennia marina, and stands of Pamariz nilotica on the
dry sandy edges. In other cases the species found nearest the water is the grass Aeluropus
lagopoides, then Tamarix and Sugeda.

The mangrove Avicennia is found mainly in lnrge almost land-locked, shallow bays
(e.g. 45.43 E) and on Saada Din Island. The 8oil in which the mangroves grow is usually 2
fine sandy mud which has a whitish surface but is blackish below. These areas are only
found where thero is protection against rough weather.

Glover (1947a) states that the true mangrove Rhizophora mucronate is also found on
Saada Din Island, and that Avicennia is grazed by camels and is favoured by the Somalis
on the grounds that it increases the camel's lactation. He further states that there are
signs that the area of mangroves is being rapidiy reduced owing to both grazing and the
demand for poles. The market for these poles is now being largely replaced by the supply
of much harder Buwus poles from the evergreen scrub zone.

SUBCOASTAL ZONE

Designation:
Gillett: The Commiphora-bush Acacia open deciduous scrub.
Gilliland: The deciduous semi-desert formation.

The sub-maritime serub.

{a) The Boswellia hill serub association.

{b) The short bill scrub association.
Blover: The Commiphora—Acacia scrub formation.

(a) Salvadora, Dobera, Acacia transition serub.

(b) The Haud sub-type Acacia tree and shrub.
Pichi-Sermolli: Shrub steppe.

Sub-desert trees, suceulent serub.

The subcoastal zone, which lies between the true coastal plains and the slopes of the
main escarpment, runs along the whole length of the coastline. It varies greatly in width
dopending upon the extent of ary hill ranges between the coast and the main escarpment.
As a result of the great east-west extension of this zone, it includes a wide range of geolo-
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01

02

Description of
soil or site

Gypseous plain soil
Gypseous plain soil
Roddish loamy sand
Reddish loamy sand
Airorih plain—grags
Airorih plain—bush
Calcareous loamy sand
Calcareous loamy sand
Caloareous loamy sand
Caloareous loamy sand
Central Nogal gypsum
Erigavo Doho

Erigavo Doho

Brown forsst soil

Mait Pass

Uneroded Haud sand

Eroded Haud sand

%
CalO3

Table 4 {a)

Fraction <2 mm.

%
CaC0s

%

Coarse

(in) >2mm >2mm. <2mm. send

Depth %
-7 53
112 25
-2 7
210 1
-6 12
-6 4
12 9
1230 29

3042 25

4272 39
-7 28
-8 3
824 50
-9 25
-9 28
o1
1- 6
6-12
12-24

24-36
[

612

12-24

10

295
310
40
nil

%
Sand
99-0
960
940
940
93-0
88:9
879
879

%
Fine
sand

54:0
542
27-3
30-7
29-7
216
22:0
275
279
33-1
470
46:0
45-9
464
44-6

%
Clay
<10
30
40
40
50
10-1
81
101

Y%
Clay
279
180
113
10-4
18-6

91

61
14-5
176
145

20-8
365
25-8
111

o
%

Carbon nn-

corrected.

0-48
028
027
019
013
017
024
018
0-09
0-08
015
1-80
112
2490
0-51

Deacriptive notes on these soils are given in Appendix 3 (a).
Analysis catried out by East African Agriculture and Forestry Rosearch Organization, Konys.

%

N oN
0070 91
0055 70
0035 65
0040 63
0031 56
0037 84
0035 &1
0030 80
0020 60
0020 53
0-025 30
0200 12.0
0-130 115
0-262 12-2
0-060 185

%  Water-
Organic soluble
matter salts

10 1-39

06 1-48

03 026

04 214

03 004

03 0-03

05 010

04 026

02 0-22

02 0-84

03 143

36 0-08

2:2 0-14

48 011

0 015

%

%
8
2:87
487
0-005
0002
0-008
0-004
0011
0016
0011
0-020
10-375
0095
0074
0081
0011

8

PH in expressed as %

water

80
80
82
80
85
88
82
840
83
84
75
84
885
85
75

Ca80,,2H0

12:85
26-40
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discussing Croton in relation to grazing, states that it is the only woody plant that survives
after overgrazing of Commiphora erythraea—Acacia asak—-Croton open scrub. Tt therefore
seems likely that the status of this species in relation to grazing may vary according to the
other species present. .

The lava slopes of Mt Elmis support subcoastal vegetation despite a coastal site. Mt
Elmis probably receives some additional orographic rain as the mean annual rainfalt in
this area is less than 100 mm, which would not be enough to support dcacia mellifera and
Deloniz elata which are both found on its slopes. These species are characteristic of the
mixed Acacia—Commiphora bush in the Haud. Gillett (1941) says that Rhigozum somalense
was dominant in open shrub near Mt Elmis, and Glover (1947a) gives a transect of 1000
{b. (300 m.) made on the northern aspect of the mountain facing the sea. This also indicates
that Rhigozum is the dominant shrub, and that Jatropha spinosa var. somalensis and
Acacia somalensis are also very important. Rhigozum is particularly characteristic of lava-
derived soils and is found dominant over wide areas among the lava hills of the Danakil
area of Ethiopia 500600 miles (800-960 km.) to the north-west of Mt Elmia.

Ono very interesting specialized plant community found within the subcoastal zone is
that of Boswellia carteri and B. freereana. Boswellia is of considerable local economie
importance, producing incense of exportable quality. The small trees have no realropts but
have cushion-like swellings at the base of the trunk which aro able to adhere to'nesrly
vertical rock faces. The exact means by which this cushion root is able to absorb the
necessary amounts of water and minerals are not obvious. Water may condense on the
rock face and run down to the cushion root where it is absorbed. The fact that the neces-
sary supply of minerals must also be obtained through the cushion root may account for
the fact that Boswellia is found on Dolomitic limestones and not on the Basement rocks
(Hunt, 1951).

The watercourses in the subcoaatal zone support somewhat denser vegetation along their
banks in which Acacia tortilis, Balanites glabra and Ziziphus hamur are the most char-
acteristic species. Conocarpus lancifolius, a tall tree to 30 m,, grows in wide tugs at low
altitudes to the east of Mait and in the Mijertein Province. Conocarpus is found in fugs
both on the coastal plain and in the subcoastal zone but the largest examples were at Mait
in the area of stony valleys dominated by Acacia somalensis. Conocarpus is a tree of econo-
mic importance as it is the largest hardwood occurring in Somaliland and natural elbow-
shaped picces are used in dhow building. Experimental plantations have been established
on the coastal plains near Bulhar and on the banks of a sandy fug near Laferug where the
natural vegetation is Tamariz nilotica. In hoth sites the trees appear to be growing satis.
factorily, but it is a slow-growing species and must be regarded as a long-term project.
The experimental plantation sites ave both onsand but the natural habitat of the species is
in tug beds of gravel usually overlying conglomerate. The absence of this species from the
western parts of Somaliland is explained by Gillett {1941) as being due to the sub-desert
having been pushed eastwards during the last pluvial period, when the wet ares of the
Harar highlands of Ethiopia expanded. He further suggests that when the wet area shrunk
in the post-pluvial period some species in the desert areas to the east failed to migrate
westwards. This seems a likely general hypothesis, but it is probable that the absence of
the natural ecological niche of this species, which is a limestone river bed at low altitudes,
must also have something to do with its distribution. Stony river beds do exist in the
Berbexa area but they may be sufficiently far apart to make the natural spreading of this
species a difficult; process.

It must be realized that the subcoastal zone is a broad ill-defined one containing a
considerable number of plant communities, most of which cover only small areas. It is on
account of the geomorphological and non-botanical concept that this zone is so wide in
western Somaliland. The transitions from one community to another within this zone
are seldom clearly defined and the subcoastal area was not sufficiently surveyed by the
present author to permit further subdivisions with reasonable accuracy.
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Peel (1900) reported that there were no slephant left in the Ogaden and that they had
all moved westwards across the Daghatto River (8°N 4 1.30E), like Pearce (1898) he still
recorded vast herds of oryx on all the large open plains. Mosse (1913) writes of elephant
still being present on the Barka Hagr hills about 25 miles (40 knw.) north-west of Hargeisa
in 1808, |

Drake-Brockman (1912) gives an extensive account of Somaliland, including a list of
the plants that he collected, general notes on the fauna and flora and many photographs.
At one point he mentions many millions of acres of * Daremo® (Chrysopogon aucher). This
gives the impression of much better grazing than is to be found today, but in general his
photographsindicate that even by the beginning of the century overgrazing was manifest.

‘Together, these writers give an impressive sccount of the former abundance of game
animals. Rhinoceros, oryx and hartebeest have all disappeared; the last elephant was
recorded in western Somaliland on the Ethiopian border in the late 1940’s, and the wild
ass, leopard and lion have all been greatly reduced in numbers. It appears that this great
reduction must be attributed mainly to uncontrolled hunting.

The reduction in the vegetation cover has proceeded at the same time, but by the time
of the earliest accounts there were already abundant signs of heavy grazing and opening
up.of the Juniperus forests. Drake-Brockman (1912) includes a photo of ‘Cedar on the
summit of the Golis’, showing an open clearing with park-shaped trees. The shape of the
treea and the absence of dead trees suggest that the clearings were no new phenomenon.
There is also a photograph of the * Sheikh plain’ which show a vegetation cover in the ever-
green zone not unlike that of today, All the available evidence indicates that large
herds of sheep and goats, in addition to the vast herds of various species of antelope, were
grazing in Somaliland by the furn of the century. The development of vegetation ares and
the establishment of large trees in erosion ditches that may be seen today also indicate
that overgrazing has been in progress for a long period. It is significant in this respect that
Swayne (1895) refers to ‘the ubiquitous “Ged Waraba” (Hypoestes hildebrandisi), one of
the few plantg which no animal will touch’. Its complete absence from the enclosed area
of the Hargeisa locust-control camp (see Acacia etbaica open woodland) is a clear indication
that it would not be ubiquitous were it not for considerable overgrazing and the consequent
lack of competition.

The reduction of rainfall that occurred at about the same time as the visits of the early
hunters and explorers (see section on Climatic changes) will have accelerated the destruoc-
tion of the vegstation cover.

To summarize, it is clear that the vegetation of Somaliland was showing obvious signs
of overgrazing by the end of the nineteenth century. The advent of the hunter rapidly
reduced, the natural game population to a fraction of its former size. The extension of
ordered government produced both an increase in the numbers of geazing stock and an
extension of the grazed area. As this increase started at the'same time as a reduction in
rainfall the vegetation cover continued to decline rapidly.

The exact numbers of stock grazing Somalilaud and the adjacent aren of the Haud is
not known, but in 1051 Hunt estimated 4,000,000 goats and sheep and 1,200,000 camels.
Thie estimate is considerably lower than Glover’s estimate in 1945 of 13,000,000 goats
and sheep and 2,500,000 camels. Both these estimates indicate a very large number of
animals grazing in about 110,000 square miles (285,000 km.2) and the numbers may be
compared with the Sudan Republic where 8,799,000 goats and sheep and 1,109,000 camels
graze approximately 1,000,000 square miles (2,590,000 km.2) (Hunt, 1951), Hunt gives the
numbers of sheep and goats or their skins exported from Berbera each year from 1927 to
1950; the mean annual figure is 1,746,245, with the number of camels exported per year
(excluding 1938-1943) varying from 846 to 24,980. Exports ranning at this very consider-
able rate do not appear to be having any destocking effect and the continued efforts of the
Veterinary Department to conquer epizootic diseases cause the grazing position to
continue to worsen.
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INTRODUOTION

. Durmg this century, peace bezween tribes, more ordered government, veterinary
JW'VW” and the provision of water points have enabled the Somali grazier to increase the
ize of his herds to such an extent that overgmzmg and erosion sre now very serious
roblems.
‘The changes that are occurring in the vegemtmn will in burn affect the local insect fauna,
and acridids (locusts and grasshoppers) are particularly sensitive to ecological changes in
{their habitat. Changesin land use associated with development projects may produce new
acridid pests, and on & smaller scale the thinning out of closed-canopy sclerophyilous
; woodland may meke an area more suitable for acridids, as may & reduction in the grass
cover by overgrazing. Uvarov (1956, 1957,,1960, 1961) has repeatedly drawn attention
"' to the importance of ecological changes in relation to population dynamics and behaviour
2+ of inseots.
-1 Somaliland is situated immediately to the north of a large high-frequency, swarm-
i breeding area of the Desert Tocust (Schistocerca gregaria Forskal) (FAO, 1961), and the
» coastal areas bordering the Gulf of Aden from time to time support low-density semi-
¢ permanent solitary locust populations, which with favourable breeding conditions may
‘multiply rapidly (Roffey, 1957}. Somaliland is included in the winter, spring and summer
" breeding areas of the Desert Locust (Waloff, 1946}, Altitudes in Somalilend vary from sea
level up io 2500 m., which allows a wide range of habitats hetween the liot desert and the
co} juntper forests. This variety of habitats within an area centrally placed with respeot to

e Desert Locust makes Somaliland particularly worthy of ecological study.
- This aceount of the plant ecology of Somaliland is intended to provide the basis for
studies of locust behaviour in the field, and to assist in making forecasts of probable
ghanges in locust behaviour that may result from the changing plant ecclogy. As it is
intended for this paper to be of use t0.subsequent field workers, particular attention has
been paid to the ecological changes that are in progress and the factors which are causing
them. An attempt is made to indicate what will happen to the vegetation i these factors
‘continue to operate and, where possible, to assess the results that would ensue if these
faotors Were to cease operating,
The main ecological zones are identified with descriptive names and no attempt is made
to #llocate each zone to a formation, association or consociation in sensu Weaver &
Cléments (1938). The author considers this to be a highly contentions and somewhat
acddemic problem but in order to correlate this study with those of previous writers a
synonymy of the names previously used for each zone is given at the beginning of each
scotion of this paper. The zones are discussed in order from the driest to the wettest,
excluding those zones which do not fit into what appears to be the general Somaliland
2
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Raup (1964) has drawn sttention to some problems in. classicul ecological concd)
which arise from field observations in Ameriea of stands of trees of a single age group.
has pointed out that a pro-requisite of the self-perpetusting ‘climax’ is that the tri

“olimax’ is used to indicate the most highly developed vegetation that one can find, ofte
only as small relicts, or that one might find if the heavy hand of man were to be removed?

The nomadic Somali grazier is an extremely good botanist and the quality and type o
grazing available in different areas forms an important conversational subject. Most
plants have a local name, which may vary from onetribal ara to another, and this name,
in tho vase of plants of grazing importance, will refer to only one species. This specificity is,
however, directly related to the grazing importance of the plant; thua the broad-leaved
‘plants of the Malvaceae in the genera Abutilon, Hibiscus, Pavonia and Serra all have the
same Somali name—Balambal’.

Many of the plant genera found in Somaliland are in need of taxonomie rovision and the
identification to speeific level Temains impossible. For example Glover (1947a) lists
eighty-one species of Commiphora. Few of these can be identified with any degr(?,e of cer-
tainty during most of the year, but the Somali is able to give their local names despite the
absence of leaves, flowers and fruits; thus in this genus all species are referred to as Commi-
phora sp., together with the native name.

The Somali peninsula was the centre of the area in which the Desert Locust Survey oper-
ated from 1948 until 1963, and while the author was with that organization he worked in
Somaliland on several oceasions, This papor js the result of field observations made during
parts of 1950, 1952, 1954 and 1957 to 1962 inclusive.

Throughout this paper the name ‘Somaliland’ refers to the northern part of the Somnl.l M
Republio, that is, the portion formerly known as the Somaliland Protectorate. " .

PREVIQUS WORK

The geotogy of Somaliland has probably been more carefully investigated than any other
natural aspect of the country. These investigations have been encouraged by the search for
both oil and water. In 1924 Farquharson published a First Report on the Geology and
Mineral Resources and this was followed by reports on north-sastern Somaliland by
Barrington-Brown in 1931 and on the whole country by Macfadyen in 1033. A series of
surveys by the Somaliland Oil Exploration Company was completed irr 1951 and in 1954,
areport, which forms a text book on the sedimentary geology of Somaliland, was published
with a geological map. In recent years the crystalline outurops of the basement complex
have been intensively investigated by the local Geological Department. The search: Ity
waler, as part of the General Survey of Somaliland (1944-1950), produced & reporb by
Macfadyen (1952) in addition to the final report by Hunt (1951). Also as & result of the
search for oil the geology of the neighbouring Mijertein Province to the east and thel
Ogaden Province of Ethiopia to the south have beeninvestigated and mapped at 1: 500,000 £
by AGIP Mineraria-Consiglio Nazionale delle Ricerche. E

As part of the General Survey, meteorologioal investigations, with particular reference
to rainfall distribution, were stepped up and much data collected together and published
in Hunt (1951) and Macfadyen {1952). Somaliland has been included in rainfall distribfi-
tion maps published at various times and recently in a Rainfall Map of Eastern Afrf
(Griffiths & Hemming, 1963). As a result of World War II some of the pre-1939 recofds
‘were descmyed i

there, and he was followed by Hildebrandt who made extensive collections in 1873 4
1875 (Cufodontis, 1962). Botanical collecting has continued periodically ever since but:
atill not nearly complete; several new species still turn up in any large collection.
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Rainfall

Rainfall data for Somaliland were gathered together by Hunt (1951) and Macfadyen
(1852) for the General Survey of Somaliland, and together with all other available informa-
tion and evidence that could be deduced from the vegetation were used in the compilation
of the Rainfall Map of Eastern Africa (Griffiths & Hemming, 1963). The section of the map
covering Somaliland has been amended, using more recently available data and further
ecological study, and is reproduced as Text-fig. 1.

Howard Humphreys (1960) studied the distribution of rainfall in relatlon to altitude
in respect of 41 stations. This study has been expanded using all the available data for
56 stations (Text-fig. 2). From this graph several observations can be made. It shows that
at lower altitudes the rate of increase in rainfall with height is low, whereas above about
1300 m. the rate increases to a maximum of approximately 100 mm./100 m. (12 in./1000
ft.). In Somaliland the amount of rain per unit of altitude is low; at 1300 m. it is
25 mm./100 m. (3 in./1000 ft.) while at 1700 m. it is 43 mm./100 m. (5-2 in./1000 ft.). Xf
these figures are compared with the highland areas of Kenya it is found that they fall
within the range of the Rift Highlands (3-6 in./1000 ft.) which is the lightly populated
part of Kenya. In the densely scattered agricultural areas of the Eastern and Western
Decline of Kenya the rainfall-altitude ratiosrise to 6-16 in./1000 ft. (50~133 mm./100 m.)
(Trapnell & Griffiths, 1960).

An examination of Text-fig. 2 also shows that the relationship between altitude and
rainfall is not very close, and stations 15 (Erigavo) and 49 (Buran) both lie on the side of
the curve where altitude produces little rain. Both these stations are in eastern Somaliland
and are situated to the south of the main hill mass. They both receive less rainfall than
would be expected at their altitude and it would appear that there is a considerable rain-
shadow effect in this area. Station 26 (Laliss) is situated far to the right-hand side of the
curve, indicating that it receives much more rain than expected-at this altitude. This is so
because the station is situated at the foot of the escarpment and the rainfall produced by
the high scarp face extends away from this face sufficiently far to benefit stations close
to the bottom of the scarp.

There is additional field evidence to support this in other areas from which rainfall data
are not available. On the scarp face to the north of Adadle (Station 17) Buxus evergreen
scrub descends to the sub-coastal plain at 1050 m. (3500 ft.); this is well below Hargeisa
which only supports Acacia etbaica open woodland. The face of the high escarpment to the
north of Erigavo also supports Bvergreen scrub down to 900 m. (3000 ft.). It appears that
the lower sections of north-facing escarpments receive more rain than expected at their
altityde. There are data available for only one station on the top of the hill mass, Daloh
(Station 1). This station actually receives less rain than would be expected.

An examination of the monthly distribution of rainfall for coastal stations indicates
that there is no predictable seasonal pattern. The peak rainfall may occur in any month of
the year, but in years of exceptionally high rainfall the peak occurs in November or
December. For stations on the plateau, however, there is a regular seasonal pattern of
rainfall (Text-fig. 3). Stations on the northern section of the plateau (Hargeisa and Sheikh)
have a two-season rainfall not separated by a summer dry period. The rainy seasons
become more clearly separated in the central section of the plateau (Burao and Gudubi)
and separated by a totally dry period on the southern border.

The rainfall figures given in Table 2 are the mean annual or arithmetic means. However,
owing to the negatively skew distribution and the wide variation from year to year other
measures of the average might represent conditions more adequately. The mode, which is
the most frequent value, gives the best indication of the amount of rain that is most likely.
The median value is the amount of rain which divides the recorded annual figures so that
there are as many years with higher as there are with lower falls. Both the mode and the
median, however, have the disadvantage that they can only be determined for stations
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Text-fig, 3. Curves showing seasonal distribution of rainfall.

with long series of records. As the distribution is negatively skew the actual annual rainfall
is more often below the arithmetic mean than above it, but in the occasional wet year the
divergence from the mean iz greater (Griffiths & Hemming, 1963). Ttis clear that the annual
rainfall (arithmetic mean) gives a somewhat optimistic view of the rainfall, whereas the
mode and the median, which are both lower than the arithmetic mean, give a more
realistic idea. The median might be described as a ‘farmer’s average’ because when a
farmer thinks of the average rainfall he might well imagine that he would have equal
numbers of years wetter and drier than the average.

Table 1. Median calculated for the stations with the largest series of records. (In only some of

hese has it been possible to determine the mode.)

Mean annnal

Stetion rainfall Modian Modo
E (mm.) (mm.} (mm.)
- Sheilsh 528 BOO 1
Borama, 515 502 i
‘Hargoita, 432 410 380-389
Erigavo 314 . 310 ’
Burao 188 176 140-149
Berbera 51 49 20- 29
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The first ecological study covered north-east Somaliland (Collenette, 1981) and this was
followed by = paper on the Plant Formations of Western Somaliland and the Harar
Provinee of Ethiopia (Gillett, 1941). Later Edwards (1942) produced & Survey of the Graz-
ing Areas of British Somaliland, and Gilliland (1946) produced a Report on the Grazing
Areas of Eastern British Somaliland.

Glover worked in the field for several years conducting an ecological survey concentrat-
ing mainly on western Somaliland. During this period be found the absence of any local
flora or ehecklist to be & handicap, and as an initial move he produced a checklist (Glover,
1947a) as Volume 1 of his final report. This checklist he described as a compilation rather
than sn original work. The subsequent volumes of Glover’s report, upon which I have
drawn extensively, unfortunately remain unpublished. In 1953 Cufodontis published the
first, part of a new and more detailed cheoklist providing typo localitics and other valaable
data. The work covers the Somali Republic and Ethiopia and, though not yet complete,
it is the most useful publication on the Jocal flora (Cufodontis, 1953 et seq.). Glover subse-
quently produced special studies on rain-water penetration in relation to vegetation cover
(1950a) and the root systems of a wide variety of local plants {19505, 19516, b and ¢).
Pichi-Sermolli (1657} included Somaliland in his ecological study of the Somali-Ethiopian
region. His classification of the vegetation was of the physiognomic type and his nomen-
clature has been given at the beginning of each section of this paper.

A consideration of the grazing problem formed a significant part of the General Survey,
and Hunt (1951) and Macfadyen (1952) both provided a certain amount of botanical,
ecological and pedalogical data.

The soils of Somaliland have in fact received very little attention. Edwards (1942}
mentioned six soil samples which were analysed in Kenya and soils have of course been
deseribed in general terms in other ecological works. A study of vegetation stripes in
Somaliland by Boaler & Hodge (1962), and studies of vegetation arcs by Boaler & Hodge
(1964) and by Hemming (1965) provide data on a limited range of soils in relation t special
problems. In the first annual report of the General Survey Hunt (1944) produced a basic
soil map based upon the underlying geology.

The first artifacts to be collected in Somaliland were found shortly after 1890 by
MacConkey and since then numerous collections have been made. Ulark (1964} gives an
account of the prehistorio collections of Somaliland and provides related data on the
deposition of alluvial gravels which throw light upon the climatic changes that occurred
during the Pleistocene. The alluvial and climatic snccessions are better known in East
Africa than in Somaliland, but Clark (1954) has found that the successions are parailel
in the two areas.

i

CLIMATE

Somaliland oceupies an area of 68,000 square miles (176,000 km.2) and varies in altitude
from sea level to 7898 ft. (2500 m.) at Shimbir Beris (10.44 N, 43.15 E), 12 miles (19 km.)
north-west of Erigavo.

The main weather pattorn of Someliland is controlled by the passage of the main mon-
soon winds, the north-easter and the sonth-wester. The south-wester blows from May or
June until September and the north-easter blows from October until April. The brief
periods between the cessation of one monsoon and the onset of the next are hot and calm.
The gouth-west monsoon brings the main rains, known lacally as the G, but when it is not
actnally raining, there is a strong wind, known as the Kkardf, which is in general hot and
dry. This period of the year is, paradoxically, the most important for both rain erosion and
wind erosion. The onset of the north-east monsoon marks the beginning of the short rains
or Dhair and the cooler winter season. The Dhasr becomes gradually less and by the end of
the year israre, except during occasional years, on the main escarpment (Hunt, 1951).
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[image: image26.jpg]Table 2. Mean annuel rainfall (siation grovped in ecological zones)
Probable limits [95%)

No. on Latitude Longitude Altitudo Mean annual No. of years —_—.
Text-fig. 2 Locality ) (&) (m.) rainfall (mm.) of records Maximum Minimum
Juniperus forest
1 Daloh 10° 477 47° 17 2060 725 6 1020 475
z Gan Libah 953 24° 49" 1660 66g & 940 430
Evergreen serub :
3 Gore 45 44° 567 1570 623 5 900 400
4 Sheikh 957 45° 12" 1430 628 8 715 325
Acacia etbaion open woodland
5 Waialeh . 937 43° 17 1550 561 8 800 360
8 Borama, 9° 56" 43° 11 1450 aib 2 760 320
7 Tjara 9° 35 43° 387 1550 458 5 890 270
8 Hargeisa 9 31 44° 66 . 1870 432 35 860 250
9 Gebile 9 47 43° 37 * 1450 432 3 860 250
10 Holholka 955 43° 09/ ©. 1500 485 s 860 250
1 Gedladebti 9 46 43° 58 1100 430 3 660 250
12 Aborein 9 28 43° 5% . 1430 8] 3 620 225
13 Mandera 9° 55" 440 43 880 ang 4 370 200
14 Arapsio » 4" 13° 467 £. 1500 351 4 560 190
15 Erigavo 10° 37 47° 227 1730 314 27 520 160
Acacia etbaicafA. bussei transition
18 Hadaftimo 10° 46" 48° 05’ 1320 383 4 620 225
17 Adadls 9° 47 44° 81/ 1250 326 2 830 170
18 Bawn 10°12° 43° 05" 1310 322 1 830 o
Acacia bussei open woodland
19 Doboweine 20 44° 52 1000 267 3 455 140
20 El Humo 9° 23° 45° 107 1050 261 7 435 120
21 El al 0 56 46°17° 1080 206 7 385 20
22 Qdweina §° 24 45° 05" 1050 208; - 7 38 90
23 Butao ¢ 3l 457 30 1040 186 31 320 - 75
2% Ber 9° 22" 48° 47 930 o1 1 300 80
25 EL Afwein 9° 58’ 47°13 1010 136 7 275 50
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Text-Aig. 4. Curves showing the mean monthly maximur end minisum temperatures
throughout the year.

o emphasize the wide range within which the actual snnual rainfall is likely to ocour
in 19 out of 20 years, the expected range derived from Griffiths & Hemming (1963) is
shown u‘longside the mean annusl rainfall for each station in Table 2.

Tenperature

Absolute temperatures in Somaliland vary from 46°C, in the coastal plain at Berbera,
to below freezing at Daloh in the high Juniperus forest. Table 3 records the absolute range
and the mean values for maximum and minimum temperatures at five stations for which
areasonable series of records is available (Hunt, 1951). Text-figure 4 indicates graphically
the yearly cycle for the mean monthly maximum and minimum. The five stations do not,
unfortunately, include one from a high forest area and the minimum temperature included
in these records ig 3°C. Occasional frost was, however, reperted to the author by the forest
guard at Daloh. Text-figure 4 indicates a continuous rise in temperature at Berbera from
“January to June and a steady decline in temperature after August. This simple pattern iy
not paralleled by stations on the plateau, which have a slight drop in temperature in July
and August, The period coincides with the period between the main rains and the short
rains (Text-fig. 3).
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The fluctuation hetween the mean maximum temperature for the hottest month and
the mean mirimum for the coldest month lies within the narrow limits 19-22°C for the
five stations, which vary in altitude from sea level to 1430 m. The average diurnal temper-
ature range &t Berbera is 8-5°C but for the four stations on the plateau the range is
13-14°C.

The variation of temperature between the same period of different years is refatively
small and this variation was examined statistically and compared with the variability of
rainfall betwoen years. The result was that the variation of temperature between years is
consistently and significantly smaller than the variation of rainfall between years (F=
4-04;d.f. 3,44; P <0-05). From this it is clear that temperature records for a gingle yearare
likely to be a reasonably good estimate of the mean temperaturs, bu the record of a single
Fear's or even 2 or 3 years’ rainfall may give little idea of the truc mean.

Vegetation Zonation in Relation to Climate

Rainfail is the msteorclogical alement for which the most data are available. In Table 2
the meteorological stations are arranged in their ecological zones, each zone being char-
acterized by its vegetation, its physiographic region or its soil. Within each zone thereis a
considerable degres of uniformity of vegetation, An examination of Table 2 and Text-fig. 2
indicates that ¥here is a correlntion between the vegetation and both rainfall and altitude.
Ingpection of Table 2 suggested that the vegetation zones could be given ranked numbers.
For this purpose the Haud-type mized bush and the gypseous areas were not inctuded a8 it
was thought that their vegetation was controlled more by cdaphic factors than by clims-
tologioa) ones. Partial correlation coofficients were then caleulated and they showed that:

1. The vegetation zones are significantly associated with rainfalt lndependsnt[y of
altitude (P <0001},

2. The vegetation zones are significantly associated with altitude independently of
rainfail (P<0-01).

The association with altitude may be due to some factor, other than rainfall, that is
correlated with altitude. Temperaturs is an obvious possibility and when the relationship
between altitude and temperature was examined it was found to be very close (r=0-995;
df. 3; P <0-001). Since both rainfall and femperature (within the ares studied) are asso-
ciated with altitude it is impossible to determine statistioally whother or mot both are
involved in determining vegotation though it is likely that this is the case.

The close correlation between vegetation and mean annual rainfall cannot, however,
provide a complete answer to the climatic control of ecological zonation. Some of the many
factors controlling the proportion of the incident rainfall that eventuaily becomes avaitable
to plants are discussed in the next ohapter.

Dospite theso considerations, the reinfall distribution wap (Text-fig. 1) conforms
reasonsbly well to the distribution of vegetation zones.

PLANT WATER SUPPLY

Despite the indicated correlation between mean annual reinfall and ecalogical zonation
it is in fach the supply of available plant water that must be the determining factor. The
mean annual rainfall, upon which Text-fig. 1 is based, makes na allowance for the great
variation from year to year (Table 2) nor for the seasonal distribution (Text-fig. 3). It
has not been possible to produce seasonal rainfall maps as there are no monthly figures
available for many of the years, and there is no clear sopsonal pattern on the coast. Rain
may be absorbed by the soil, lie on the surface or run-off (Penman, 1963). The proportion
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CLIMATIC CHANGES

On the main Somaliland plateaq it is possible to trace three major valleys which appear
to represent old-established drainage lines, They are aligned north-west to west-north-
west, which suggests that they are of tectonic origin following the faults of the Red Sea
trend. The three valleys are: firstly, the Bokh running from east of Hargeisa east-south-east
past Sha’ada into the Ogadon ; secondly, & similar depression running parallel to the Bokh
about 110 km. to the south-west; and thirdly, the Nogal valley, which lies in the south-east
of Somaliland and is now an extension of the Tug Der drainage system (Somaliland Oil,
1054). None of theso valleys have any modern river systems in them and they cleatly
represent drainage systems of the past when there was a more plentiful water supply. In
addition to the evidence of these three valleys, a study of geological and erosional deposits
such as are found in the Bihendula—Dagah Shabell-Daban area also indicates climatic
change in the past (Macfadyen, 1932).

These valloys, together with. many other phenomena that may be observed in the field,
are manifestations of the changes of climate that have occurred throughout the Pleistocene
and in older epochs. From the ecclogical point of view we are concerned only with the
changes in the Pleistocene and Holocene. These climatic changes have been largely worked
out in East Africa by studies of lake levels and early-man cultures (Moreaw, 1933; Nilsson,
1840). Stone cultures of early man have been found in considerable guantities in Somali-
Jand and studies have been made of the various alluvial deposits in which they have been
found (Clark, 1954). Field evidence suggests that the most recent process of climatic
change has been one of decreasing rainfall and Parkinson (1932} inferred that desertifica-
tion in Somaliland had proceeded considerably in the last 500 years. Mitchell (1963) has
shown that the warming-up of the climate since about 1880 has come to an end and has
been. reversed since about; 1040, Krauss has shown a reduetion in rainfall since the last
decade of the last century in south-east Australia (1954) and shows (1956¢, b) that the
rainfall regime of the tropics varied in the sgme way a fow years later. Most East African
rainfall recordsstarted too late to be used in such studies but the records of the Nile volume
at Aswan show an average flow of 987 million m.3 for the period 18811910 and 82-5
million m.3 for 1911-1940, a reduction of 16%,, and the average annual rainfall record
for Aden for the period 1881-1910 was 556 mm. as against only 36 min. for the period
19111940 a reduction of 34%, (Butzer, 1961). In addition to thislocal evidence it is known
that this reduction in rainfall has been greatest in semi-arid regions and along east coasts,
and Somaliland qualifies on both counts, Butzer (1961) has constructed & map indicating
the percentage rainfall decrease during this period.and he places most of Somaliland
between 20 and 25%,.

Recent examination of the rainfall data suggests that this process of desiceation has
stopped and indeed has been reversed, and there has been a world-wide increage in precipi-
tation on east coasts in low latitudes since the 1940s (Krauss, 1963).

The exact importance of this most recent increase in rainfall is not known, and it is not
possible to say whether it is the beginning of & major change towards greater rainfall or
whether it is merely a minor fluctuation while the major trend continues downwards.
Discussing this point, Butzer (1961) takes the view that & pessimistic prognosis must
prevail, partly on account of the fact that the warm.-up has gathered so much momentum
that it will be difficult to reverse. Mitchell's work (1963) indicating that the increase of
world temperatures between 1880 and 1940 has ceased and been reversed may, however,
be regarded as supporting a more optimistic prognosis. Mitchell further states that the
tropics huvo shared in the secular warming of the past century, as well as in the tendency
for eocling since the 1940s. However, from the point of view of Somaliland even a tem-
porary increase in rainfall would provide some respite from the continuing onslaught of
aridity.

The recent process of drying-out of the climate, together with over-grazing and con-
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ooulider the much debated problem as to whether or not a reduchon in forests brings in
ita.turn a reduction in rainfall. Hare (1961), discussing the causation of the arid zone,
indicates that aridity is an aspect of world climate involving exceedingly large energy
transformations, and he concludes that it is inconceivable that the regime can be signifi-
cantly altered by human intervention.

. The destruction by man of the original climax vegetation throughout the arid and semi-
arid zones has been both of long duration and widespread in extent (Whyte, 1963). This
Pprocess has always tended to produce vegetation changes of the same general type that
might be associated with a reduction in rainfall, and.it seems certain that the continual
downward trend in the vegetation cover caused by man has masked any relief that may
have been afforded by temporary increases in rainfall. However, as Whyte (1963) points
out, even quite small increases in rainfall may have had a great significance in their poten-
tial to lift the annual rainfall above the threshold level at which it may be possible to grow
a different, crop with higher water demands. He also stresses the importance of studies in
the reliability of rainfall, and in this respect it need only be mentioned that the reliability
of rainfall in Somaliland is very low, or in other words its variability is high (see Table 2).

GEOLOGY AND GEOMORPHOLOGY

The country consists of two physiographic regions, a low-lying coastal plain bordering
the Gulf of Aden, locally known as the Guban, and an uplifted plateau of greater extent
lying to the south. This basic structure is due to normal faulting and some of the faults have
very great throws (Macfadyen, 1933). There have been two major series of faults: those of
the Gulf of Aden trend running east to west or east-north-east to west-south-west which
date from the upper Eocene to Oligocene, and those of the Red Sea trend running north-
west to south-east or west-north-west to eagt-south-east which date from the early
Miocene. Faulting in the Gulf of Aden trend was responsible for the uplift of the plateau.
The plateau scarp reaches 7900 ft. (2408 m.) north-west of Erigavo, but only 4600 ft. (1400
m.) near Hargeisa. The Red Sea trend was also responsible for establishing much of the

* drainage pattern on the plateau, notably the Nogal valley and Tug Der (Somaliland Oil;
1954).

1In Miocene or even in Pliocene times there was an outbreak of voleanism which has left
three main exposures of volcanics of the Aden series. These are on the coastal plain to the
north-east of Elayu, in the north-central area at Mt Elmis and in the west near the borders
of French Somaliland. From Mt Elmis the lava flowed southwards for about 70 km.
covering the Hegebo plateau.

Along the Somaliland coast there are extensive Pleistocene raised beaches. The most
extensive is the lowest, ranging betweéen 4 and 8 m., but there are also remnants of two
earlier raised beaches at 20-30 m. and at 53-95 m. (Somaliland Oil, 1954).

The plateau dips to the south-east, but rain falling on the broken hilly country, which
marks much of the transition from the Guban to the plateau, drains to the north. The coas-
tal plain is crossed by many seasonal rivers (Somali T'ug) which only flow for very brief
periods in the year. There is some underground drainage through the alluvium of the
coastal plain and this banks up against the sea-water logged coast and gives rise to a
series of more or less brackish shallow wells along the shore. At a few points, however, the
underground drainage provides sites for good wells providing fresh water in quantity
(Macfadyen, 1933).

Coastal Plain

The coastal plain varies in width from 60 km. in the west to lessthan 1 km. in the east and
is covered with a mantle of stony or sandy alluvium and raised beach deposits. The rivers
that flow on to the plain from the escarpment hills have, in previous pluvial periods, spread
enormous fans of ill-sorted materials which merge with the underlying marine deposits.
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The land surface i3 of quarternary age with most of the shore line consisting of raised
beaches except for the wide western plain which is a basin of subsidence (Pallister, 1063).

Four principal types of sandy deposit may be identified on the Quban. On the western
plains there are deep deposits of fine mixed send derived from the basement rocks of the
escarpment hills, but within this generally sandy area there are alsc occasional gravel
deposits.

Around Berbers, where there are extensive remnants of the 4-8 m. raised beach, there
aro marine sands and gravels of mixed origins. Some of the gravels appear to be alluvial
from inland while others are of marine origin.

About 65 km. east of Berbera there are extensive high dunes of loose sand which
‘present the most desertic scenes to be found anywhere in the country. These sands are
derived from Cretaceous sandstones which are locally up to 1700 m. thick.

Plateaw

The plateau which lies to the south of the main fanlts of the Gulf of Aden trend, may be
subdivided into two main areas: firstly, the uplifted northern edge comprising the moun-
tains and forming the main watershed of the country riging in the east to nearly 8000 ft.
(2400 m.); and secondly, the plateau proper which dips to the south-east from these hills,

The main fault scarp runs across the country but is largely hidden in the ceritral areas
by broken hilly country; the escarpment is in fact only truly impressive in the Erigave
area where there are sheer cliffs of Jower Eocene limestornes of the Auradu Series (Somali-
Tomd Oil, 1954).

The line of the escarpment crosses the underlying stratigraphy and passes through the
erystalline rocks of the basement complex in western Somaliland and to the east of Sheikh
while in the east it cuts through limestones.

The plateau proper is generalty flat and is composed of limestones of lower Eocens
(Auradu Series) and middle-upper Eocene (Karkar Series) with extensive deposits of
enhydrite of lower-middle Eocene in the south-east. Much of the superficial anhydrite
has been altered to gypsum. The main exposures of anhydrite are found in the Nogal
valley but there is slso an oxtensive area of secondary gypsum in the Heman basin to the
north. The main surface of the plateau is thought to be compareble with the end-Tertiary
land surface that iz common in more southern parts of Africa (Pallister, 1963).

SoILy

The use of the word “soil” to include all superficial deposits in arid and semi-arid areas
in which plants may grow stretches the meaning of the word far beyond its normally
accepted meaning. Attention has been drawn to this problem in the Turkana Distriet of
north-west Kenya by Hemming & Trapnell (1957) and in the deserts of the Near Hast
by Zohary (1961). :

The soils of Somaliland are generally immature and clearly show their geological
origine, Hunt (1944) was thus able to produce & generalized soil map hased upon the
underlying geology. Residual soils are not common and much soil movement has ocourred
under the influence of both water and wind. This clearly makes a detailed soil map based
upon the geology an impossibility but as much of the soil transport has been over quite
short distances Hunt’s map remains generally valid,

The most mature soils seen wore found in the high cool juniper forests in areas where the
mean snnual rainfall is 650-850 mm. These forest soils are now restricted to small areas
which are being exposed to erosion by grazing in forest clearings previously produced by
burning. They differ from the humio forest soils in the weiter parts of Africs in that they
are highly calcarcous, unlike the typical acid-leached forest soila, Soil development is
clearly related to rainfall, and down the Mait Pass road a series of soil types is exposed,
varying from dark humic clay types at the top of the pass to immature truncated stony
types below.
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No general soil survey of Somaliland has been carried out and catenary series have not
heen described, but ons series that may be recognized ocours in western Somaliland in
the Tug Wajale area. Here a series of soils may be scen from the plateau, down the gentle
slope and on to the plain where there is now a clayey soil over 10t (3m.) deep (Table 4 (b),
samples 71-78). These were the deepest well-developed soil profiles seen; in southern
Somaliland the sands may exceed this depth, but not the developed profile.

1In addition to slow continuous processes leading gradually to the development of soil
eatenss, there are the processos of erosion and deposition which are constantly changing in

; their relative importance. The soil and gravel deposits within major valleys clearly show
the effects of successive erosion oycles, The seguence of theso processes has been worked
out in a few areas in relation to local archaeological finds. One such area is the Tug Maro-
dijeh at Hargeisa (Clark, 1954). Such investigations point to the effects of climatic changes
in the Pleistocene, and the occurrence of many soils can only be explained in terms of
past climate.

The limestone platean to the south of Hargeisa is slightly folded. Erosion has removed
most of the soil from the upper areas which are now very stony (P11, fig 1), and thissoil
has been redeposited in the lower-lying areas. To the south of this limestone plateau there
isa hugearea of calcareous sandy soils which extend southwards through eastern Ethiopia
to northern Kenya. These sands have been derived from the cretaceons sand-stenes,
‘which now only outcrop in gmall areas. The sand has been distributed by wind and fixed
undar wetter conditions during the climatic flustuations of the past. Along the northern
edge of this area there is a zoneof transitional soils where the sands of the south, which have
been blown northwards, merge with the limestone-derived sails of the plateau.

Over much of the platean there is an impermesble layer of secondary limestone or
Kankar below the soil. The depth of goil above thig layer varies from nil to several feet.
It has locally been exposed as extensive sheeta which are devoid of vegetation oxcept when
& plant has become established in some crack orirregularity on the surface. In thered sandy
soil of the Haud this limestone forms the base of erosion and is locally quarried as surface
stones ate rare in the Haud. The origina and mode of formation of this Kankar layer have
been diseussed by Macfadyen (1952).

Locally traneported soils have been redepositod in small depressions all over the
platean, and in such areas, called Dokos and Ballehs, fine soil gradually accumnulates.
Flooding during the rainy season forma temporary ponds often of considerablo size
(Plate 2). One such doko near Erigavo was filled with a brown silty loam (Table 4 (a),
samples 15-16).

On the coastal plain there are extensive areas of marine deposits of gravels and sand of
both quartz and coral types. Some 40 miles (65 km.) east of Berbera there are extensive
aress of live dunes of quartz sand derived from a local outerop of cretaceous sandstone
(Plate 8).

Despité the large amount of run-off and soil erosion, little soil is lost to the sea as it is
seldom that the spates reach the shore line. Much soil is, however, redeposited on the
coagtal plaine. Near Bulhar (P1.1,fig. ) thereare wide areas which formill-defined drainage
lines where soil deposition occurs annually; each flood Jeaves a thin layer of fine sand and
as the flood gets slower a layer of silt and elay is deposited. These alluvial silty soils, which
aredeep,areused forexperimental date plantationsand areprobably alsosuitable for cotton.

Stone mantle soils, as previously defined (Hemming & Trapnell, 1957), are plentiful,
and owing to the ever accelerating rate of erosion arc continuing to develop. On the coastal
plains the gravelly raised beach deposits have been turned into stone mantles by wind
erosion (Table 4 (a), sample 19), and on sloping ground throughout the country where
erosion isremoving soil at a rate exceeding shat of soil formation, bareslopes are 8 common
sight. On the Haded plains, to the south-east of Erigavo, there are stone mantle areas
which, however, cannot be related to modorn erosion a8 the stones are dark and shiny
with a well-developed desert polish.

a3
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of rain that is absorbed depends not, only upon the characteristics of the site, such as
slope and vegetation cover, but also upon the intensity and duration of rainfall,

.The only available data upon the intensity of rainfall refer to Dagahkureh to the north-
west of Hargeisa and were collected by Messrs Howard Humphreys & Sons during the
period of the Hargeisa Water Supply Investigation. The rainfall intensity varied from
0-01-3-18 in. fhr. (0-3-80-8 mm./hr.} and the maximum duration of rainfall in & single day
Wwas 244 min. These rainfall intensity figures were collected in association with records of-
Fun-off from a one-acre plot. The records indicate that run-off is proportional to rainfall
intensity and that no significant run-off ocourred when the rainfall intensity was less than
1in/br. (25 mm./hr.) unless the duration of the shower was very long. For example, on
29 April 1959 there was 5209 gallons of run-off, from the one-acre catchment area, after
1472 in. of rain which fell at 0-5 in. /hr. (12 mm . fhr.). This low intensity of rainfall lasted for
208 min, and fell on damp soil as there had been a heavy shower of 1-22 in. (31 mm.) 2
days previously, whioh produced the greatest amount of run-off recorded, 10,937 gallona
or 39% of the incident rainfall (Appendix 4).

The site at Dagahkureh, where these data were collected, is in an ares of coarse sandy
porous soil derived from the underlying basement complex. The vegetation is sparse
consisting of scattered low trees and shrubs in which Acasia etbaica is dominant; ground
cover is practically absent. Despite the poor vegstation such soils absorb much more rain
than many other finer soils in other parts of Somaliland. On the finer soily, even on nearly
level sites, the importance of vegetation cover in promoting the penetration of the soil by
rainwater is even greater (Glover, 1950a). Hant (1951) states that even after water had
trickled over the surface of the apparently porous red sandy soil of the Haud at Qaidr
Boleh (8.37 N, 34.33 E) in 1945 after heavy thunderstorms the water had only penetrated
the top 8 in. (23 em.) of soil. On similar sandy soil at Balleh Buradleh (8.46 N, 47.58 E) the
author recorded 1-40 in. (36 mm,) of gentle rajn on 19-20 October 1961 and the rainfall
penetration was almost complete until the top 2 fb. (60 om.) of soil were saturated and
thereafter run-off beceme plentiful even on the almost level surface. It is therefore clear
that under these conditions run-off is affected considerably by the degree of saturation
of the top soil whichmay be related either to the duration of a shower or the interval since
the last shower.

Under such circumstances, in which the vertical drainage is slow, and penetration is
shallow, it is likely that much of the water is subsequently lost by evaporation. Evapor-
ation measurements were made daily by Messrs Howard Humphreys & Sons from 2 pans,
the standard U.S. Weather Bureau Glass ‘A’ type and the modified Colorado ‘Buried’
type. After correction by the recommended factor for large exposed water surfaces the
evaporation wae 9378 in. (2882 mm.) end 01-56 in. (2326 mm.), respectively, per year.
These observations were made at Dagahkureh (Howard Humphreys, 1960). This evapora-
tion raterecorded on the plateau may be compared with the only coastal station available,
Dijibouti. Records for 6 years (1044-1949) give an average figure of 57 mm. per day in the
shade or 81.9 in. (2080 mm.) per year (Hunt, 1951). The similarity between evaporation
rates both on the coast and on the plateau despite the great difference in the climate may
be accounted for by the fact that evaporation is dependent upon a more or less constant
factor, incoming solar radiation, which is more or less independent of both termperature
and relative humidity.

Of the water that is eventually absorbed by the soil, the proportion becoming available
to plants varies considerably over short distances, depending on the texture of the soil.
Smith (1949) records 2 belts of Acacia senegal in the Sudan, one growing on sands receiving
amean annual rainfall of 400 mm. and one growing on clay 8oils with & mean annual rainfall
of 600 mm.

Despite the grestrangs of soil types that ocours in Somaliland and the variability of the
othér factors, the rainfall distribution (Text-fig. 1) conforms reasonably well to the distri-
bution of vegetation zones.
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i Tt i rich fn species, but there are three principal species, one or all of which may be
regarded s indicative of it: Buwus Aildebrandiss, Cadia purpurea and Dodonaca viscosa.
All these species are normally found as shrubs 14 m. high, but Buazus ia locally found
in & tree-form. All three seem to have very similar ecological requirements, but Dodonaea

. isusually the first evergreen species to appear at the upper end of the dcacia etbaica open

woodland zone, particularly in eroded rocky sites.

The development of this zone reachesits highest point on the face of the main escarpment
on the Mait Pass. Here, at an altitude of 5600 ft. (1690 m.), Buzus hildebrandtii forms a low
closed forest and the trunks of the larger trees are straight, unbranched, 6in. (15 cm,) thick
and up to 30 fi. (9 m.) long. This wood i8 hard and the poles are exported. The aléitudinal

* range of this Buxus zone is restricted to about 300400 ft. (90-120 m.). The mixing of

ecological zones on this cacarpment is such that even in this undoubted evergreen zone the
oocasional juniper tree may be seen. Even on this section of the escarpment, where the
dominant species is easy to determine, there are also many other important species
including among the larger ones Aloc eminens (a tree dloc to 15 m.), Cussonia holstis,
Dodonaen viscosn, Dracaena schizantha, Buphorbia grondis, Juniperus procera, Pistacia
lentiscus var. emarginata, Rhus somalensis and Sideroxylon bumifolium, while the common-
est sub-shrubs are Psiadiu arabica and Solanum renschii.

Above the level of this low Buwxus forest mixed Evergreen serub extends up o the juniper
forest, and it is possible that this area abuve the most well-developed evergreen belt may
be derived from a previous area of Juniperus forest. In this upper mixed zone important
associated species are Barbeya oleoides, Jeliis africana, Clutia rickardiana, Diplolophium
somaliense, Nuxia sp. of. oppositifolia, Olea africana. Osyris compressa and Ruttye fruticosa.

Gilliland (1952) distinguishes a cliff-face association characterized by Boswellia carteri.
"This community is relatively restricted, being found on the lower section of the escarp-
ment from 2700-3200 ft. (810960 m.). In this area there are many very large boulders
which have fallen down the escarpment. The B. carteri trees are stuck on to the almost
vertical faces of the boulders with a cushion-like sucker root (PL 8, fig. 16). In this zone
there are also quite numerous Dracaena schizantha and Dobera glabra.

Even down at the lowest levels, 2700 ft. (800 m.), Buzus and Dodonaea are found in
gullies and watercourses between the large bonlders, but at the same level there are also
Acatia etbaicay and even some 4. bussei. It ig clear, therefore, that in this lower section of
the sscarpment the zones are very confused.

All the above description refers to the main north-facing escarpment to the north of
Erigavo, but Bvergreen scrub is also found in many other areas including the gentle
southern slopes below the Juniperus forest. Just north of Erigavo there is a ridge, which
reaches about 6000 ft. (1800 m.), and while the vegetation on the top is now 8o denuded by
overghazing that only a few dcacia etbaica remain, together with the unpalatable genera
Aloe, Buphorbia, Ipomoea, Kleinia, Withania, relict patches of Cadia and Dodonaea may
be seen in the gullies that run from the top of the ridge. Although the rainfall on this ridge
i3 probably over 450 mm. there is very considerable loss of water by run-off from its
eroded soils (PL. 6, fig. 17).

Around the Juntperws forest relicts at Gan Libah {9.58 N, 44 48 E), which receives an
estimated mean annual rainfall of about 650 mm., there is a narrow evergreen zone con-
sisting mainly of Buaus, Cadia, Dodonaea and Buclea schimperi. Here on the gentle south-
facing slope there is a denuded area of dark brown clay loams and sandy clays which are
locally quite deep and appear to be identical with the forest soil. Soil erosion on this slope
has been severe but has now been checked by contour ditching; the dominant tree is
Acokanthera schimpert var. ouabaio (arrow-poison tres). It is suggested in the Juniperus
forest section of this paper that this section of forest must be regarded as & climatio relict.
Between the Acokanthera trees there were Juniperus trees at the beginring of the century
(Appendix 2) and here the evergreen zone must bo regarded as having replaced the
Juniperus forest in times of reduced rainfail. Glover (1947b) considered that the evergreen
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Acacia bussei OPEN WOODLAND
Designation:
Gillett : The Acacia open woodland formation.
A. busser association.
Gilliland : The deciduous semi-desert formation.
A. bussei woodland association.
Glover: The Commiphora—Acacia scrub formation.
A. busset open woodland and plateau grass association.
Pichi-Sermolli: Broken xerophilous open woodland.

Acacia busset open woodland covers much of the plateau to the south of the belt of 4.
- etbaica open woodland that fringes the edge of the escarpment and the evergreen zone.
and forest belts when they are present. This appears to be the main climate-controlled
zone of the plateau, while the Haud-type mized bush found on the reddish sandy loams to
the south and the Qypseous zone to the south-east appear to be largely controlled by the
soil. The area of 4. busses open woodland in Somaliland is estimated to be 19,500 square
miles (50,000 km.2) (British Commonwealth Forest Conference, 1957).,

The mean annual rainfall in this zone varies from about 300-150 mm. Meteorological re-
cords are available for seven stations in it ; at Burao (9.31 N, 45.34 E) 809, of the rain falls
in the 6-month period April-September, and at Gudubi (8.49 N, 45.00 E) 71%, falls
within the same period. (Much of this difference may be attributed to the fact that in
one of the 7 years on record, 1950, there was 48 mm. of rain at Gudubi in January while in
all the previous 6 years no rain was recorded for this month.) Temperature records from
Burao indicate moderately high temperatures, with May and September the hottest
months and December and January the coldest (Table 3 and Text-fig. 4). There is a
considerable overlap between the Acacia busséi open woodland and the Haud-type mized
bush in south-western Somaliland (Text-fig. 5). It may be that the loamy sandy soils and
the mean annual rainfall of 200-250 mm. of this flat area approach the optimum for
both zones. There is also a considerable degree of overlap to be seen in the relationship
between altitude and rainfall between these two zones (Text-fig. 2).

Individual specimens of Acacia bussei may be found over a wide altitude range but the
well-developed part of this zone on the plateau lies between 30004000 ft. (900-1200 m.).
A. busset is dominant on a wide range of soil types of which the most characteristic is a
deep layer of consolidated aeolian sand with calcareous accumulations which increase
with depth; an underlying layer of secondary limestone or Kankar is also common. This
soil type,occupies a central geographical position within the 4. busset zone; in the north
it merges with calcareous residual platean soils, and in the south with thered loamy sands
that are characteristic of the Ogaden. A soil profile was collected in a reddish sandy loam
in an area of degraded A. bussei woodland 50 miles (80 km.) east-north-east of Burao
(PL 4,fig. 11; Table 4 (a), samples 8-11). In addition to these soils A. bussei is also found on
stony hill soils and deposits of riverine alluvium, many of which are gravelly. Within this
predominantly woedland zone there are also treeless areas (Bans) of two types: natural
grassland apparently edaphically controlled and areas which are treeless due to prolonged
overgrazing.

An understanding of the root system of Acacia bussei is fundamental to any ecological
study of this zone. Glover (1951 ¢) dug out and mapped the roots of a tree at Haleya (9.34 N,
44.08 E). The tree wa®® m. in height and had an extensive lateral root system with a
diameger of 23'25 m. The horizontal roots were not more than 30 cm. below the surface.
The present author has often seen the roots of 4. busses exposed by erosion and in all cases
there has been an extensive shallow network of lateral roots; in one locality where an
erosion ditch had cut below the level of lateral roots a kind of trellis roofing of roots could
be seen over the ditch. It would seem that this type of root system is adapted to the rapid





[image: image36.jpg]LLii,

“~-mxeed o) TeOU DOIDGL T} YILA 195N DIODOT JO BOGIY PAIAGIBOS JO 9EISU0D
A1qeqoad pmos uorjejedes 6y} pue ‘UIUI (GF 958S[ 98 JO [[BJUTE] [ENUUE WAl B 6A1006I Aiquqord pmom punoid ydiy
oY, *("ux 0991) *1 3GSQ 0} SOSLI YoIya-65UBY] YoULAT) Y] SOPTIOUT “IOINE oY) £q POISIA J0U S8 YOI “BOIB STUL, ‘920N

“PUR[BUIOS JO S6U0Z UOIPBledea oy jo dewr pezipeieusy) °g *3g-1xe],

—
—_—
g ———— E\.OL.;.\’
P, i uog

E3§—=oving

/ moj3g 1.
* o Sou EC
"

Al

obb =8 olt Poid St bV ofb

L L

S3W 13Ty ¥
09 05 Ov O£ 02 Ol O Ol
(010014433 0 H =t ]
lllll wnsddg [
2d4y pnoy B3
wssngy B
||||||||||||| Jadune R
ll.ll.llll.l” uaasbiany 222
N it P 0/0942 Yy [F&]
o - |o4s003—gng  [5¥s)

- 030 |o4s00) [TT) |
6

=0l





[image: image37.jpg]1965-66] Vegetation of northern region of the Somali Republic 205

absorption of any rain falling within its compass. It is significant that in areas of well-
developed 4. bussei open woodland there is no incised drainage pattern, which indicates that
all the incident rainfall was absorbed. It is possible that the extensive shallow root system
restricts the distribution of well-developed A. bussei open woodland to more or less level
ground found on plains and plateaux. Thus extensive areas of woodland are only to be
. found to thesouthof the main watershed below the 4. etbaica zone, while to the north of the
escarpment the mized vegetation of the subcoastal zone extends up to the 4. ethaica
(Text-fig. 5).

Although this zone is here designated Acacia bussei open woodland much of it would
better be described as dead A. bussei open woodland (PL. 4, fig. 12). Over large tracts of
country all the trees are dead and it ig noticeable that in these areas the ground around
them is bare. The cause of death has been a subject of much speculation and Hunt (1951)
listed seven possible canses. These are listed below, together with the present author’s
comments.

(1) Erosion caused by overstocking and overgrazing. The main cause,

(2) Change of climate and lessening of rainfali. This is well established and would
certainly have an effect, particularly upon areas towards the lower end of the permissible
rainfall distribution for this species, but.the most extensive areas of dead trees are found in
the west where the mean annual rainfall is approximately 300 mm. This can therefore
only be regarded as parb of the causo.

(3) Lowering of the water-table caused by (1) and (2). Over most of Somaliland the
water-tablo is so deep that it would have no effect upon trees with extensive lateral root
sytems relying upon incident rainfall.

(4) Ring barking, root eutting, charcoal burning, savage branch lopping. All these play
their part and occasionally kill individual trees but none are the cause of extensive dead
forests. -

(5) Grass burning amongst the trees. Throughout the Acacia busse: zone there is now so
little grass that this cannot be considered as a primary cause, especially in view of the fact
that this process of desolation is, if anything, gaining rather than losing momentum.,

(8) Preservation in some areas of trees dead of old age. Acacia bussei has haxdwood and
in thelocally prevailing climate does not rot quickly ; dead trees remain standing for many
years, but in a country where charcoal and firewood are both in high demand the presence
of large dead forests suggests contemporaneous death over large areas.

(7) Disease or attacks by boring beetles, eto. The present author considers this to be
unlikely. He has made extensive collections of wood-boring beetles and the numbers
present are not very high.

Bally (1964) congidered that the trees died owing to the scorehing of tho surface rootlets
after the herbaceous cover had been removed by overgrazing. Both Glover and Bally have
drawn attention to the importance of the vegetation cover but the damage to the roots is
wnlikely to be the main cause of the death of the trees.

The most likely explanation is lnck of root water caused by great reduction of rain-water
penetration into the soil due o the removal of the grass and herbaceous cover, especially
perennial grasses. This effect would be magnified by  changing climate bringing less rain.
This hypothesis is supported by the facts that trees standing in grass are seldom dead
.. and belts of vegetation in the shape of arcs, situated down-flow from bare areas, are &
common phenomenon (Hemming, 1965).

L Open Woodland

Thi8 zone is characterized by the presence of spaced trees of deaci bussei which may
reach a height of 25 ft. (8 m.). The trees are spaced 5o that all the rainfall may be taken up
Dby the extensive shallow lateral root system between the trees. It is therefore clear thas
the minimum spacing is one that allows each tree enough ground from which it may draw
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ite wator supply. In a few favoured areas this means that the crowns of the trees may just
touch one another.

Unspoiled Acacia busses open woodland was not seon anywhere and it is therefore
diffieult to speculate upon the natural state of this zone in tho absence of the heavy grazing
that it has endured for a long time. Field reliots suggest that much of the A. bussei zone
supported Chrysopogon aucheri var. quinqueplumis between the trees with emall numbers
of shrubs of other species in which the Capparidaceae were important, Drake-Brockman
(1912) writes of ‘ millions of acres covered with ** Daremo " (Chrysopogon)’. This grass isan
extremely attractive fodder grass (Hunt, 1961) and always attracts heavy grazing which
it appears unable to stand. Over open level patches of sandy scil the characteristic grass
is now Sporobolus variegatus. A line intercept transect was made in one such area where
the cover was somewhat above average and the total amount of ground covered was *
17:2%, ‘of which 969, consistod of S. variegatus and only 1% of Chrysopogon auchers.
Sporobolus variegatus is & low dense stoloniferous grass which is able to resist quite heavy
grazing and is very good at binding the sand, being normally found on slightly raised
mounds produced by the erosion of the soil between the clumps.

Other low tree and shrub species commonly found with Acacia bussei include Boscia
minimifolia, which is a tough species often found alive in areas where all the 4. bussei have
died, and Grewia spp. Acacia reficiens subsp. misera is also an important shrub, 4nd it has
a wide distribution, being also found on the coast in areas with a mean annual rainfall of
less than 100 mm., its tolerance to drought enabling it to thrive in the 4. bussei zone, and in
certain sandy areas to increase in numbers following the death of 4. bussei. Thisspecies also
has a well-developed shallow lateral root system (Glover, 1951b). Capparidaceae found in
this zone include Cadabae farinosa subsp. farinosa, 0. glanduloss and another indeter-
minate prostrate large-leaved capparid. This last is often the only species found living in
the worst areas of dead trees (P1. 4, fig. 12).

The species listed above are all typical of calcarcous sandy soils which are the most
common in this zone, Other species are found when the soil is different or the water supply
is egpecially good. Roads are, in general, centres of erosion ; they flow like rivers during the
rains and ponds persist for several days. Around the sites of such temporary pools large
clumps of Andropogon kelleri up to 1-5 m., in height are common (P1. 5, fig. 13). Acacia melli-
fera and Blepharispermum fruticosum are also characteristic of these wetter sites. Both
these species are also found farther south in the Haud-type mixed bush. Along roadside and
shallow erosion ditches Acacia nilotica subsp. leiocarpa, a shrub growing to 4-5 m., is
frequently found and is on the increase, probably owing to the ever increasing amount of
rainwater run-off.

Along the edge of the larger watercourses (iugs) Acacia tortilis is abundant onthe banksof
sandy slluvium. This tree, however, is almost ubiquitous in Somaliland, being found from
the coastal plains to 5000 ft. (1500 m.); it is deep-rooted (Glover, 1951¢) and grows in &
wide range of soils which include saline and gypseous soils. 4. fortilis cannot therefore be
regarded as an indicator of ecological zones, though lines of it may indicate underground
water, River-bank vegetation in the 4. bussei zone is often almost covered with Cissus sp.

probably an original species of this zone and not one merely induced by heavy grazing,
though this will have increased its relative importance.

‘Wide shallow depressions up to 300 m. in width are quite common in both this zone snd
the Haud to the south, These arcas, which are called bailehs, fill with water during the raing
and in a good year may remain partly full until the following rains. Ballehs are very impor-
tant to the local graziers enabling them to graze farther from the permanent wells.. The .
vegetation around ballehs indicates the results of both the extra water supply and over- °
grazing. Ballehs are normally surrounded by a circle of Acacia tortilis trecs, and 4. stuhl- -
mannii is often found near the average maximum water level while the central srea may
support the grass Bchinochloa colonum, if it is shallow. Around dallehs Indigofern ruspolii

4
|
|
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Balanites glabra, Acacia tortilis and Deloniz elata and many of the trees and shrubs are
partially overgrown with creeping Clissus sp. In one level srea where the soil consists of
coarse basement-derived sand there has been particularly heavy grazing, and virtually all
the perennial grass and Acacia bussei has been removed leaving only occasional patches
of Dactyloctenium scindizum and annuals such as T'ribulus terrestris. The removal of Acacia
bussei has allowed colonization by A. edgeworthii and Grewia tenaz. There hag also been
a considerable increase in unpalatable species, notably Sansevieria ehrenbergii and Aloe
rigens (PL 5, fig. 14). In Swayne (1895) there is  photograph (p. 107) taken in the same area
and it may be noted that nearly 70 years ago the scene was almost exactly as it is today
and there wers already clear signs of overgrazing. Here 4loe rigens fulfils the same role as
that of A. megalacantha in the Acacic etbaica zone, bu it is never found either in such large |
numbers or at such high densities. The ecological zones are difficult to distinguish on this” +
section of the Hargeisa~Berbera road because it receives more rain than is usual at this
altitude owing to the presence of the hills between Gan Libah and Sheikh.

T'reeless Plains (‘ Bana’)

Throughout the Acacia bussei zone, as in the Haud-type mizved bush to the south, there
are extensive flat treeless areas. Macfadyen (1952) discusses the origing of these bans; some
people consider them to be natural features of the bush while others scem to think that
they have been produced by man. The presenc author considers them to be of two types,
natural and induced, the former being characterized by vegetation consisting of grass
while the flora of the latter is typically mixed, frequently consisting of low Acanthaceae.
Some of the larger bans are marked in Text-fig. &

Natural ‘bans’

One of the largest of the natural bans is Ban Tuyo which is centred about 52 miles (83
km.) east-south-east of Hargeisa. This plain covers approximately 260 square miles (870
km.?). The present vegetation consists of Chrysopogon aucherivar. quingueplumis, Dactyloc-
tenium scindioum, Sporobolus ruspolianus and S, variegatus; sll these grasses are patchily
distributed, with bare ground alternating with vegetated areas. A single isolated tree of
Albizzia anthelmintica was found on the plain and in the shade of this tree there wasa
patehy sward of Cynodon dactylon and the herbs Crotalaria albicaulis and Zaleya pentandra,
with several small seedlings of Acacia tortilis. Along the edge of old vehicle tracks where
water stands for some time after rain there was also Cynodon dactylon and numerous small
Acacia fortilis. The A. tortilis bushes seem to be well established but are kept down to
about 1 m. by continual browsing by camels and goats. 4. fortilis to about 2 m. is also
common at the edges of the bans, where it is found forming a transitional zone to the 4.
bussei woodland. The soil of Ban Tuyo consists of a deep sandy clay loam with caleareous
concretions which increase with depth.

Over much of Ban Tuyo the grass clumps are arranged in characteristic patterns which
have recently been described by Boaler & Hodge (1962) as ‘vegetation stripes’. Analysis
indicates & elay content of 32-589% which is high on local standards. This clay content is
comparable with that on the ban south of Hargeisa (Text.fig, 5) where the olay content in
the top 15 in. (37 cm.) was 409, and rose to 49%, below (Table 4 (b), samples 100-101). It
appears that soil differences may_ account for the distribution of vegetation stripes as
opposed to the bare lanes between them, and it also seems likely that the generally high
level of clay content is the basic reason for the absence of woody vegetation. It may further
be added that there are considerable sigus of surface flow and run-off on the bare surface
both between the individual plants in the stripes and in the lanes between them.

Ban Tuyo has an estimated mean annual rainfall of between 200-300 mm. and, owing
to the run-off, it is clear that the grass is growing on a rainfall which is effectively consider-
ably below this figare. Tt s interesting to note that when this ban was deseribed by Swayne
(1895) the vegetation consisted of clumps of ‘ Durr’ (dndropogon kelleri) in which rhino.

b
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is froquently dominant; this specics is & very popular fodder plant and is able to tolerate
heavy grazing, but it is no good at protecting the ground against soil erosion. In very
favoured areas I. ruspolii may provide a total projected shade cover of 20-40% but the
ground cover would be unlikely to amount to 19, the ground between the plants being
completely bare.

Open woodland under grazing pressure

All the woodland seen was being subjected to heavy grazing and the prineipal result of
this has been the destruction of most of the perennial grass cover, especially Chrysopogon
aucheri var. quingueplumis. The removal of the grass has caused a progressive reduction
in the amount of rain-water absorbed by the svil and the subsequent death of many of the
‘Acqoia busses trees. One of the peculiar effects of this process has been the establishment
of arg-shaped patterns of vegetation separated from each other by bare ground three to -
i four fimes as wide as the arcs (Hemming, 1965). The vegetation in the arcs consists meinly
of the tall perennisl grass Andropogon keller: which requires more water than could be ob-
tained by the complete absorption of ineidentainfall. The extra water supply is received in
the arca as run-off from the bare ground on the upper side of the arc which acts as a catoh-
ment area. In this case overgrazing has had the unusual effeet of producing belts of vegeta-
tion denser than the ungrazed vegetation, but restricted to about 20-25%, of the arca.

The worst effects of overgrazing may be seen in the Burao areas. The edge of the town,
which is & major stock-watering point, provides examples of the different results that
arise from overgrazing. In the worst areas the ground is completely bare, while in other
areas there is a moderate cover of plants which are either not grazed or able to resist
grazing, but are not found in areas free from heavy grazing, e.g. Indigofera articulata and
Cassia italica subsp. micrantha. Quite near the town small areas have been enclosed and
subjected to only restricted grazing. None of these areas was studied in detail but there
was a clearly visible improvement in tho ground cover. Thesc enclosures are recent and it
is not yet possible to say which species will eventually be the most saccessful.,

About 1 mile (16 km.} south of Barao a few stunted and badly chopped Acacia busses
still survive on coarse sandy soil. The removal of the gound cover has exposed the soil to
wind erosion during the Kharif (scuth-west Monsoon). On the small dunes that will have
been formed, low A. edgeworthii sub-shrubs are found. This is a species which is more char-
acteristic of the low-lying, hotter and drier subcoastal plains. It has a well-developed
shallow lateral root system which is able both to bind the surface and to take advantage
of any light falls of rain. In addition to the lateral root system there is also a well-developed
deep root system (Glover, 1951 b, under synonym A. socoirana). Other species found with
A. edyewnphii inelude Indigofera articulaia, Cassia italica subsp. micranthe, and occasional
Solanum somalense var. parvifrons, while a few Boscia mintmifolia also survive from the
original vegetation. The ubiquitous Acacia tortilis, usually kept below 1 m. by grazing
pressure, is also found and appears to be on the increase in areas now denuded of 4 . buases.
Hypoestes hildebrandtii, a small unpalateble plant, which is particularly characteristic of
the Acacia etbaica zone, is an important colonizer of loose sand on roadsides in this zone,
with Lastocorys argyrophylla and Withania sp.

"Powards the south-western limits of the Acacia bussei zone there are red sandy soils
containing a small but highly significant percentage of clay. The beginning of these soils
marks the transition towards the Haud-type mized bush in the south. In this transitional
area Indigofera ruspolit is symptomatic of overgrazing and is usually found with 4siripo-
moea nogalensis, while Imosq citrina, a sub-shrub to 1 m., is locally dominant.

The vgriations Qescribed here areall found on the plateau to the south of the main water-
shed. To the north of the watershed scattered Acacia bussei are found helow 4. etbaica,
and above the mixed vegetation of the maritime hills. In only a few areas are there enough
to constitute a distinct zone, but it has been exaggerated in Fig. 5. On the road from
Hargeiss to Berbera, at about 3000 £t (900 m.), important species of the 4. bussei zone are
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ros used to hide. Today Andropogon is not characteristic of Ban Tuyo and this adds weight
the view that there has been considerable reduction in the rainfall since the end of the

The Airorih plain is situated just to the south-west of Burao and covers 220 square miles
$70 km.2). This plain is discussed by Glover (1947a) under the Plains associes of the
cacia bussei association, and he states that these communities have been created by
aterference and adds that the Airorih plain is an excellent example. He further states that
is continuing to expand as severe tree destruction proceeds at the edge.
; e present author agrees that in the main the Airorih plain is an induced ban caused
y man and stock, but also considers it likely that there is some quality about such areas
hat renders them prone to ban formation. The soil of the Airorih plain is a sandy loam of
yarying depth, particularly shallow in the north where there is an underlying layer of
ondary limestone kankar which is locally exposed. Analyses of the top soil collected on
he plains 9 miles (14-5 km.) south of Burao on the Eik road indicated 18:6%, clay, while a
nple from the first wooded area to the south of the plain contained only 9-1% clay (Table
| (a), samples 6 and 7). This latter figure is comparable with the clay content of the bush-
qoveted sandy loams of the Haud, but 18-6%, clay is not in itself a reason for the absence of
cacia bussei (Boaler & Hodge, 1962) and soil samples 8-11 (Table 4 (a)) were collected
 an area of degraded 4. bussei woodland showing incipient ban formation with a mean
ual rainfall of less than 200 mm. At such levels of clay content a drop in rainfall of
20—25% (Butzer, 1961) may have been a very significant factor. Smith (1949), working
in the Sudan, illustrated the importance of clay content in relation to rainfall and, for
mple, showed that A. senegal grows in sandy soil with a mean annual rainfall of 400 mm.
vhereas in clay soils it needs 600 mm.
+In addition to the secular change of climateitis likely that with the onset of more settled
conditions in Somaliland since the end of the last century there has been an ever increasing
number of stock, and in September 1945 Glover (1947 ¢) estimated the number of stock
g on the Airorih plain as 8342 sheep and goats and 786 camels. At the same time he
Nloulat,ed that the average basal cover of the plain was only approx1mately 3-19%,.Byany
?tandard this must be regarded as a destructive level of grazing pressure in a semi-arid
ea receiving less than 200 mm. of rain per year.
In general the vegetation of induced bans is more varied than that of natural ones. All
grasses on natural bans are found in small amounts with the addition of numerous
11 woody plants, most of which locally obtain dominance. The more important of the
g8, that were in an identifiable condition, included Blepharis sp. aff. fruticulosa,
brachycarpa, Euphorbia cuneata, Grewia erythraea, Indigofera ruspolii, Ipomoea
aldsonis, 1. cicatricosa, Jatropha parvifolia, Justicia minutifolia and Vernonia ciner-
ns. Unidentifiable plants included a considerable number of Acanthaceae. At the edges
e Airorih plain dead Acacia bussei are found and in these areas A. nilotica subsp.
Fifiocarpa appears to be on the increase.
itk The ground cover all over the Airorih plain is low and is lowest where the woody plants
predominant. These plants may be a fair size, but they only have a single stem arising from
@ ground, so that their capacity to fix the soil or check run-off is very small.
Glover (1947b) gives the basal cover in quadrats in a mixed community on the northern
de of the plain as only 0-99, but in a section of the plain where Sporobolus marginatus was
: ominant the cover athounted to 4-69/ and in a similar area with S. ruspolianus it was 5-09,.
conclusion it may be said that the treeless condition of the Airorih plain is probably
ue, in the first place, to the soil which made ban formation easier. Its proximity to Burao
ter supplies has probably caused it to be heavily grazed for a very long time, and the
s would have received considerable impetus during the 1880’s owing to the reduction
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Ban Awl, is a much smaller plain of the induced type and is situated about 11 miles
(18 lm.) north-esst of Burao. The total area is ouly aboub 100 square miles (260 km.?)
and this ban appears to be almost wholly artificial and nowhere on it are thers the grassy
patohes that characterize natural bans. The whole area has o devastated appearance and
the remains of dead Acacia bussei trees can be seen even in central areas (PL. 5, fig. 15). One
farther fact pointing to the possibility of this ban being at loast partly natural in origin is
that 4. busses is not being replaced by any other tree species. Dead trees are numeronas at
the edge of the ban which is clearly expanding. Tt seems likely that even small open areas
are attractive to local graziers, and as the numbers of stock rise there is a continuous
pressure on the edges of all plains, so that a combination of causes is usual. It should be
noted, in this connexion, that in many devastated areas of 4. bussei open woodland, bans
aro not formed.

Acacia etbaica OPEN WOODLAND

Designation:

Gillett: The Acacia open woodland formation.
A. eibaica association.

Gilliland : "The deciducus semi-desert formation. i 2
A. efbaica woodland association. §

Glover: The Juniperus and other species evergreen scrub and forest ¢

formation. ¢

A, eibaica open woodland and platean grass association. ;

Piohi-Sermolli: Kerophilous open woodland (part only}.

Acacia etbaica open woodland is found as a strip along the northern edge of the plateai
just below the evergreen serub zone which fringes the forest rerunants. The 4. etbazca 7one
widens out in the west as one approaches the highland massif which forms the eastern side
of the Great Rift Valley at Harar in Ethiopia. A. etbaica is also found on the north-facing
slope of the main escarpment at somewhat lower altitudes, and in tongues of richer
vegetation that extend down the watercourses. The estimated atea of A. etbaice open wood-
land throughout the country is 8000 sqnare miles (20,000 km.2) (British Commonwealth
Forestry Conference, 1957).

The lowest mean annual rainfall in this zone is approximately 300 mm. and the highest
rainfall is probably somewhat over 550 mm, at which point evergreens may be expected to
appear. Temperatures in this zone are moderately warm and show only relatively small
monthly and daily fluctuations. (See Hargeisa & Sheikh, Table 2.)

Acacia etbaica open woodland is found over a wide range of soils and can therefore be
regarded a8 a climatically controlled type. There is ouly one notable area where the
absence of 4. etbaica can only be explained by the nature of the soil. The Tug Wajale clay
plains carry only grass in the lowest central arca but are surrounded by 4. etbaica. This
plain ean therefore be regarded as an edaphic variant within the 4. efbaica zone.

Glover (1947b) states that hoth the dcacia etbaica apen woodland and the Bvergreen
scrub are really only successional stages in the Juniperus and other sp. evergreen scrub
and forest formation which aremaintained merely but cutting and avergrazing. The present
suthor, however, considers that 4. efbaica open woodland is a natural climatic type indica-
ting'a mean annual rainfall of approximately 350-500 mm., and further that the climate of
these areas today ia tac hot, too dry and too mist-free to support Juniperus forest even in
the total absence of cutting and overgrazing. To convert these aress into Juniperus forest
would require a considerable increase in rainfall and mist, a decrease in temperature and
the development of a more mature soil, such 88 may have existed during one of the pluvial
periods of the Pleistocene. The cessation of cutting and grazing, with today’s climate,

would probably only result in a great improvement in the vegetation of the ground layer,
partioularly perennial grasses.
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Open Woodland

Acacia efbaica is found on three major soil types: & gypseoussoil in the eust. a limestone-
derived plateau soil in west-central areas and basement-derived sandy soils in the west ; this
lasb type includes the Tug Wajale clay plains.

On gypseous soils

In the ares of Erigavo (19.37 N, 46.22 E), which lies at 5650 ft. (1720 m.); thers is Acacia
etbaica open woodland growing on gypseous soils. The underlying strata in this area are
somiewhat mixed as the bownship is situated at the southern edge of exposnres of lime-
stones of the Auradu series, and the northern edge of the anhydrite areas which extend
southwards.
 Thesoils consist partly of locally derived gypseous Rendzinas and partly of transported
material washed down from the eroded limestone slopes to the north, but outcrops of the
underlying anhydrite which has been altered to gypsum are common all over the area. The
soil generally consists of a fine pale beige (10 YR 7/3) calcareous sandy olay loam. The soil
‘when denuded of grass cover is relatively impermeable, and after 18 h. of light rain and
drizzle on 13 November 1960 the soil was found to bemoist o a depth.of only 3 in. (7.5 cm.).
A fow hours later very heavy rainfall ocourred and there was very considerable run-off
which resulted in serious flooding of the constal plain.

In addition to this general soil type there are low-lying areas (Dohos) where alluvial soil
: accumulates. In one such area near Erigavo the soil consisted of a pale brown calcareous
clay loam (Table 4 (a), samples 15-16).

The whole of this area is subjected to heavy grazing and the trees, despite theoretical
protection, show signs of heavy lopping, particularly near villages. Between the Acacia
etbaica trees there is very little grass, but the remnants suggest that the previous grass
eover consisted of Chrysupogon aucheri var. quingueplumis. The small thorny sub-shrub
Lyceum europaeum is abundant and is clearlya result of overgrazing. This situation has
prevailed for many years, as may he seen from the high counte of L. europaewm made by
Gilliland (1952) in his List 11 made in 1945. In one marked respect the situation seems to
have deteriorated since 1945 as today one does not find Acacia etbaica seedlings and young
trees in the healthy proportions given in the same list. Other important species found
locally, which are also characteristic of heavy grazing, include Ballota hildebrandtii,
Ipomoea argyrophylla, Lusiocorys argyrophylla, Ochradenus baccatus, Solanuwm incanum
and Withania sp. aff. reichenbachii.

In the anhydrite areas south of Erigavo overgrazing has caused most of the shallow gyp-
seoug soil to be eroded away and the underlying gypsum is exposed. In these areas thereare
only a few widely spaced and rather stunted dcacia etbaica, but Aloe scobinifolia is abun-
dantandeasily dominant over wide areas. (Thisis presumably the 4. percrassaof Gilliland’s
(1952) Acacia etbaica grazing sub-climaz. Reynolds (1958) states that this species does not;
ocour in Somaliland but only in the highlands of N, Ethiopia.) In the least disturbed areas
. patohes of Chrysopogon aucheri var. quinqueplumis axo found, with oconsional patehes of
, the small (575 om.) grass Hragostis cylindrifiora var. gymnorrhachis.
3
3

At no locality in this eastern area was it possible to find a protected area which showed
any really natural vegetation, but around Erigavo there are several privately-made
enclosures. These show a considerable incresse in ground cover; they are vsed for grazing
only when vegetation suitable for grazing is virtually non-existent in the unenclosed area.

North of Erigavo dcacia etbaica is found on the steep north face of the escarpment from
about 5000 ft. (1500 M.) down to about 2700 ft. (810 m.), but on the escarpment the
ecological zones tend to overlap and A. etbaica may be found growing with Juniperus
procera, all through the evergreen zone and with Acacia busses in the lowlands.

On Limestone plateau soils
In the west-central parts of Somaliland, both the areas to the south of Hargeisa (9.33 N,
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44.04 E) and the hills to the west of Sheikh (9.56 N, 45.12 E) are composed of limestone of
the Auradu series. Or these rocks there are residual soils or Rendzinas. Just south of
Hairgeisa on the plateau, in an area of local cultivation of Sorghum, there was only about
14 in. (35 cm.) of soil above the underlying limestone. The soil consisted of a sandy clay
loam (10 YR 8/4) which becomes stony below 6 in. {15 em.) (Table 4 (b), samples 98-97).
When dry this soil is readily broken down to a fine soft powder which, in the absence of
vegetation cover, is very promne to erosion by both wind and water. Further south the
limestone plateau soils merge with the reddish loamy sands that characterize the Haud.
A sample of such a transition soil which supported Acacin etbaica contained 60%, clay below
12 in. (30 om ) (Table 4 (b}, samples 98-99).
The vegetation consists mainly of scattered low trees of Acacia etbaica in the form of an
open woodland with numerous Aloe megalacantha and a few small relict grass patches of
Chrysopogon aucheri var. quinqueplumnis (P1, 1, fig. 1). This area being near the copital is
particularly heavily grazed, and much of the soil has been eroded away revealing either
the underlying limestone or a secondary kankar. Swayne (1895) reported that 400 people
were cultivating Sorghum in the Hargeisa area and that the hills were covered with live-
stock of all kinds, so it is clear that heavy grazing is no new phenomenon, Aga result of this
there has been a continuous opening up of bare ground which hag been colomzed parti-
oularly by plants which either entirely cacape grazing due to unpalatability, or are able to
survive hewvy grazing in & stunted form. The principal unpalatable species are Aloe
megalacantha and Hypoestes hildebrandiii and the principal resistant species belong to the
Acanthaceae. Acacia etbaica open woodland is found along the edge of the low limestone
escarpment immediately to the south of Hargeisa, and eastwards it forms a wide ecotone
with A. bussei at slightly lower altitudes on more sandy soils. The absence of grass cover,
in addition to leaving the soil exposed to erosion, causes a reduction in the amount of water
absorbed by the soil, and if grazing pressure snd soil erosion continue at the present rate, it
seems likely that this section of the plateau will develop inta a treeless zone supporting
only aloes and scanths. Water supply is, however, better in low-lying areas, owing to
run-off from the higher areas, which resultg in an unusual phenomenon, the invasion of an
area by species from the zone above. In general, areas of highly altered vegetation are
invaded by species from the zone below, and indeed it may be said that the combined effects
of overgrazing and erosion tend to cause the ecological zones fo chase one another up the
hills, These low-lying areas cansist of more sandy soils and support mainly 4, bussei and
A nilotica subsp. lejocarpa, but there is a local tendency for 4. etbaica to develop here and
young trees may be sesn, This seems a possible explanation for the wide ecotone between
A. etbaica snd A. bussei that may be seen on the Hargeisa—Berbera road.
The hills to the west of Sheikh carry dcaciaetbaica at altitudes between 4350 ft. (1300 m.)
and 4700-5000 . (1400-1500 m.) depending upon aspect. At the upper limit there is an
eootone with the evergreen zone, and scattered Dodonaca viscosa may be seen. In some
arcas the ecotone is with Buzuas hildebrandtii. The goils in this locality are generally more
rocky and skeletal, a¢ most of the ground is sloping. On the platean at 5000 ft. (1500 m.)
erosion has gone far and much of the underlying kankar is visible; any soil remnanis that
exist are similar to the soil in the evergreen zone at Gan Libah, but the vegetation consists
mainly of Acacia etbaica with only occasional bushes of Dodonaea. This may be sccounted
for by the fact that the soil is so shallow and the cover so poor that the roota experience s
water supply lower than on the Tather more permeable hill slopes at slightly lower
altitudes.
In Hargeisa it was possible to observe plant regeneration in an area protected against
grazing. The site was the base camp of the Desert Locust Survey which was situated out-
side the township in a small re-entrant in the low limestone escarpment. The site is very
eroded androcky and some of the surface consists of secondary limestone kankar while the
rest is covered with limestone boulders of agsorted sizes with traces of soil between the
stones. Such a site, as may be imagined, is an extremely diffioult one to rehabilitate.






[image: image5]
[image: image45.jpg]X mbad sLop)
- x X DusodsvonmD SE0LTIE
= x TIDION00 DWMOTIS
x wenorpuIos WnsoROIAIOG
X STy snayouaD
X x x X x sunjdanbuind
-28A dayans wobodoshuy)
% x x x x [ A
% x x x snfiposfiyonig wobodvautky
x X x ‘snzsou00 uabodoswE
% snpporivayp wofodoqun
2 x oprooyund snjoqosodss
.W 135D YO U3 PAfiRUPY SISV
a o0-e1 98 20000 % oferaay
-.lm 18T 6F1 038 213 368 10800 %
m [¢3 9% 81 Liad k:1 099 £3 Rt k4 B8 B[®I0L
2o 0 s “jopuy
2 200 -ds mquoydng
b 4 020 swsuapuOe PIUD
s 1 050 1 880 1 $0:0 N muivyabous 20
-8 g 960 e
e 1 50 1 210 1 110 sreusquiog g
S 1 203 ¥ 08¢ g furaaos DVLD
5 1 Lo vubysipssas wnadonopH
5 7 680 osnuapuios wopOOPAD
§ 1 300 b4 €0 o3jofsouns soono
£ T 630 ‘snso.Lionbs sndpoRaso)
kS 1 930 4 $1-0 ‘Dseansp0t0 o0l
3 3 g0 wnmooungh wnshaneH
3 1 £9:0 g £T-0 e 953 4 160 ~ds " puR DRDgd DRDI
i g 860 Do0NgS DIPUDIQPIEL
oo 180 3 90 8 a1 L 18T 2 503 -dds som0
= g 151 H 080 spunagapyry sars0dh T : mOTYUDIT
T 980 1 °wo 4 870 H %03 wpaoffip w0104
13 130 1 210 € 150 L 4 B DeCUIND DILODIOLD
omd 0800 smuwd 000 sued 1000 gumd  aea00 sywerd om0 soroedg
JoroN JooN j07oN Jo-oN Jo-oN -
M 4 1 3 1 1 ®
& wory poawidl AAwSH worw pesaRjorg

{epoewuniy sdaoaqus ousp “wi O} vesebinpy ‘duimd 280 Faauns g5n20] 20507 “Q 8L

B AL Lo RO 3 v 7 O R





[image: image46.jpg]214 Proceedings of the Linnean Society of London [71,

The site has been partially protected against grazing since 1948 and completely pro
tected from 1958 or 1967 until 1962, when it was examined by the author. This protection
was in fact afforded for reasons of administrative convenience rather than for acientific
experiment. There has been a dramatic increase in the apparent grass cover but no detailed
transects were carried cut. The grasses are mostly single-stemmed annuals and the only
valid method of assessing the grass cover would be by the point method, using fine points.
In order to make a fair comparison between the grass cover inside and outside the enclosed
ares it would be necessary to have a temporary protection against grazing in & small plot
outside the camp in order to enable the grasses to reach an identifiable stage before being
grazed. Small ennual grasses are normally grared completely, including their roots,
Despite theabsence of quentitative datainrespect of the grasses theimprovementisimpres-
sive, a8 may be seen in the photographs which were taken during the dry autumn months
(PL 2, figs. 5 and 6). Five 30 m. line intercept transects, three inside and two cutside the
camp, were made in reapect of ali species other than grasses (Table 5). The number of
transects is inadequate to detect ail the changes that have ocourred but, taken together
with field observations and the photographs, they show an appreciable increase in cover,
an increase in size of previously stunted plants and the appearance of a number of species
vistually impossible to find outside the enclosure. Inside the camp ares there has been
particularly noticeable increase in Croton dliffordii and. Hildebrandtin sericea, while
Hypoestes haldebrendtii, which i3 abundant. in overgrazed areas, was not seen at all within
it. In one partioularly bare smooth rocky ares, which was an abandoned vehicle track,
minute soil acoumulations each supported small grasses inside the camp area and small
tufts of Hypoestes outside.

Inrespect of the non-grasses, the cover was approximately 80%, greater inside the camp
area but there was no significant difference in the actual number of plantsfound persample
inside and outside. The increase in cover must therefore be ascribed firstly to the increase
in size of the individual plants in the absence of grazing, and secondly to a change in the
species present. The overall caver inside the camp is also affected to a considerable but
unmeasured amount by the grasses between.the other plants.

The flora inside the camp area is also considerably richer than that outside and alto-
gether 84 species including grasses were collected inside. Within the camp area, in sites
not covered by the small number of transects, there are also thick grass stands of Andro-
pogon kellers, Chyrsopogon aucheri var. gquinqueplumis and Cynodon dactylon; Tageies
‘minuta, which js a very common weed in East Africa, was also found in one dense clump
within the eamp area but was not seen by the author anywhere else in Somaliland. It
grows rapidly and should be regarded as a potentially dangerous weed.

On basement-derived soils

To the northwest of Hargeisa there are extensive areas of rather poorly developed sandy
soils, which are generally shallow except where there is deposited colluvium. These areas,
which carry relicts of Acacia etbaica open woodland, are now used for agriculture, prinei-
pally the growing of Sorghum and maize. In this eres the maximum mean annual rainfall
is approximately 500 mm. and the altitude varies between 5000 and 5700 ft. (1500~
1700 m.).

The area under cultivation has increased rapidly since World War 11 and gradually the
practice of shifting cultivation has been abandoned owing to the shortage of suitable land.
Originally each cultivator surrounded his field with a fence of cut thorn to keep out
grazing stock, but gradually the increase in the number of fields and the shortage of wood
made this impossible and hardly enough land remained uncultivated to be of much use to
stock. Now the fields are unfenced and the grazing herds are kept out of the whole area.
The result is that seedlings of Acacia etbaica are quite common and there has been a marked
recovery in the grass cover between the fields.

Glover {1947 ) stressed the dangers of the hit-and-miss method of ehifting cultivation,
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largely ou the ground that the sbandoued ficlds with only & poor cover of weeds might act

a8 centres of erosion.
In September 1981, on & day after light rein, digging around some Sorghum cultivations
near Hargeisg showed that $he soil was moist from the surface down to a depth of 12 in.
(80°om.) in the cultivations, a depth of 8 in. (20 em.) at the edge of the field and only 5 in.
{127 om.) on the hard uncultivated soil. It is clear that at present the tilling of the soil
. tends to prevent, run-off and at the moment erosion is relatively static. Now that the fields

are'more or less permanent the danger seems to be that they may eventually be abandoned
‘when their fertility has been exhausted. This must be regarded as a serious problem as the
‘value of the local crops is probably insufficient to support the application of artificial
fertilizers and the shortage of suitable crops means that there is no rotation.

‘Where possible, the Somali cultivates an area below a badly eroded patch and channels
the rain-water run-off into his field (Peck, 1943). This practice is becoming less common in
the west owing to the shortage of uncultivated land but it s still practised extensively in
the Hargeisa area using the run-off from the valley sides.

Acacia etbaica woodland may be seen in a healthy strong-growing form on basement-
derived colluvial sandy soil in the Government Grazing Reserve at Borama (9.56 N,
43.11 E). This area was only open to grazing by a small number of animals, mainly cows
and horses, at the District Commissioner’s discretion. It was used as the site of some
experiments in aerial spraying against awarms of the Desert Locust in 1957, During thia
work it was necessary to examine the vegetation in some detail and the results may be
regorded as an indication of the tree density in a favourable site. The grazing reserve is
more or less surrounded by low hills and gets the benefit of their run-off; there is & semi-
permanent pond, and occasionally some flooding occurs. The mean annual rainfall at
Borame is 5156 mm. and associated with 4. ethaica there is the evergreen Acokanthera
sckimpert var. ouabaio. This species indicates that the area is at the wet end of the Acacia
etbaica zone, only just below the Bvergreen sctub zone. A tree count was made on a series
of specially taken low-altitude air photographs; 63%, of the gronnd was covered by the
crowns of trees in the denser half of the grazing reserve and 319 in the more open half. The
overall shade cover was 38% and the average density of trees was 1/44 yd.2 (36-6 m.2),
The vast majority of the trees were 4. etbaica and as the area was not overgrazed there were
abundant seedlings and young trees, but thers were also a few 4. nilotica subsp. leiocarpa,
probably mainly due to the periodic flooding, The dominant grass is Chrysopogon aucheri
var. quingueplumis which is typical of the Acacia eibaica zone. In more open areas Tragus
racemosus is important, and in areas which are seasonally flooded for short periads a sward
of Cynodon dactylon may be found; in the densest and most shady areas Cloris virgata,
Elesine sp., Bothrivchloa insoulple, Bekinockloa colonum and Cenchrus ciliaris oceur, and
in areas which are hoth shady and moist Panicum maximum can be seen growing to 4 or
5 6. (1-2-1-5 m.).

[Edaphic Grasslands

The Tug Wajele plains (3.35 N, 43.25 E) are flat and a few feet lower than the surround-
ing country, and they consist of a clay soil at least 11 ft. (3-3 m.) deep (Table 4 (b), samples
71-78). The country surrounding the plains dips down gradually at sbout 25 f./mile
(5 m.fkm.). This gently sloping area has a similar soil which is presumably better drained
and supporls scattered Acasia etbaica, which here is generaily in the form of stunted
bushes 1-2 in. high.

The flat low-lying otral area supports only grass, meinly Andropogon sp., Chrysopogon
auchgri var. quinqueplumis, Panicum coloratum, Cenchrus ciliaris, Aristida adscensionis
and Eragrostis sp. This clay plain is now heavily cultivated and there are a large mechan-
ioal Serghum scheme and experimental wheat production. In neglected cultivations the
commonest weeds are Crotalaria pycnostachya, Indigofera hochstelters. Ipomoea sinensis
subsp. blepharosepala, Solanum dubium and Withania sp.




[image: image48.jpg]216 Proceedings of the Linnean Society of London nm,

Seattered through the grass at the edge of the plain dcacia etbaica may be found up o a
height of 18 in. (45 cm.). It appears that the size is controlled by the soil because the trees
are taller away from the lower and more waterlogged areas.

The Tug Wajale plain is part of the area formerly called the Marar Prairie. Glover
(19475) says that Themeda lriandra was the dominant grass on the plain, but the present
author saw nons despite a special search for it. 7, {riandra in other parts of Eastern Africa
appears 1o need regular burning to keep it dominant and it seems possible that heavy
grazing has so reduced the grass cover that grass fires aro no longer a regular occurrence.
The presence of fires on the plains in the past is recorded by both Burton (1856) and Gillett
(1941). Gillett suggests that Acacia etbaica is now encroaching on the plains as a result of
the reduction in grass fires, but, in view of the clay soil it seems unlikely that 4. etbzica
would ever encroach far on to the plain. The very small 4. etbaica bushes found at the edge
of the plain represent the gradual transition to the edaphically controlled grassland.

It is difficult to abtain, from the scanty records available, a clear idea of the histary of
the grass cover of these plains, but it is interesting to note that Swayne (1895, Appendix
II) lists the main grasses as Chrysopogon aucheri var. quingueplumis (* Daremo’), Andro-
pogon kelleri (* Durr’) and Sporobolus variegatus (‘Dike’). '

At that time (1895) the mean annual rainfall may well have been about 660 mm., so one
would expect more mesophytic grasses and Andropogon kelleri is characteristic of such
rainfall, The burning of Aadropogon clumps may have caused their removal and their
replacement by Zhemeda triandra recorded by Glover (19478).

BVERGREEN SCRUB

Designation :
Gillett: Evergreen scrub formation.
Gilliland : Evergreen montane formation.
The Buzus hildebrandtii association,
The mixed evergreen serub association.
The cliff face association.
The Kloof association.
Glover: The Juniperus end other species evergreen scrub and forest
formation.
Bugus, Cadia, Buphorbia potential land association.
Pichi-Sermolli: Montane evergreen thicket and acrub.

Evergreen scrub ftinges all sections of Juniperus provera forest and grows with a particular
richness on the face of the esearpment on the Mait Pass to the north of Erigavo. This zone
is expanding and now occupies land formerly covered by Juniperus forest, and as most of
the remaining forest has been opened up, Bvergreen scrud is to be found between the park-
type trees. The high Juniperus forest on the Wagger Mountains is, however, too dense to
allow the development of Evergreen scrub.

There are no rainfall or tempersture vecords available for any station within the Buer-
green scrubzone but a comparison between the records available from stations above and
below it suggests that its mean annual rainfall lies between 450 and 650 mm. The lower
limit of 450 mm. is probably only possible in sheltered gullies. Temperature is algo impor-
tant in determining the presence or shsence of evergreens, and would be expected to be
somewhat lower here than at Hargeisa and Sheikh (Table 2). Mist is frequent in much of
this zone but is certainly rare in the lowest areas.

The eltitude range of this zone is quite considerable, especially as Bvergreen scrub is now
expanding into the Juniperus forest. The lowest signs of Evergreen scrub, usuaily in the
form of seattered bushes of Dodonaea viscose, may be aeen at about 5000 ft. (1500 m.).

This zone is climatically determined and may be found on both the main types of upland
soils—those formed on limestone in the east and those formed upon the basement complex
in the west.
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zone is undoubtedly a successional stage to Juniperus forest, and that therefore it is
probably no more than a widely spread associes. The present author considers that this is
putting the case too strongly and that Buergreen scrub is a permanent climatic eontrolled
zone (association) but that owing to the destruction of 50 much forest the Bvergreen scrub
is to be seen in & successional role.

Just to the westofSheikh (9.56 N, 45. 12 E),at the top of the passleading down the escarp-
ment to the coastal plain, Burus and Dodonaea are dominant over large areas, but in
general these two species are dominant in scparate areas. Buzus, in particular, appears
to be social in its growth (Gilliland, 1952) and in this particular locality Dodonaea behaves
similarly. A photograph of this area appears in Drake-Brockman (1912) and the same
social grouping may be seen as is found today (PL. 6, fig. 18).

To the north of Adadle there is a belt of Evergreen scrub which covers the north-facing
slope from tho top at 5000 5, (1500 m.) to the bottom at 3500 ft. (1050 m.). The most
common species here is Burus hildebrandtit but the typically associated Cadia purpurea
and Dodongea viscosa arealso found in considerable numbers. An interesting feature of this
section of Evergreen scrub is the presence of oceasional trees of Terminalia brownis to 30 £t.
(9 m.). This whole area is heavily overgrazed, like most of the evergreon zone, and the grass
cover is very poor, but the unpalatahle Hypoestes hildebrandtis is abundant,

In western Somaliland, in the Borama district, where Evergreen scrub is found dn more
acid soils derived from the basement complex, Acokanthers schimperi var. ounbaio is
found as at Gan Libah. Gillett (1941) studying western Somaliland recognized an Acokan-
there community and related it to non-calcareous soils. It seems, however, in view of its
oceurrence at Gan Libah, that this does not hold for the whole of Somaliland.

Battiscombe (1936) writes of Dodonaen viscosa that it reproduces itself from seed very
freely in dry rocky localities on which the forest has been burnt, it has great powers of
withstanding the effects of fire . . . it is & most useful species in the regeneration of forest,’.
In 1960 the author observed the following note in the forest logbook at Gan Libsh:
* Dodonaen seedlings sown in gully 2 years ago are now strong bushes’. Tarchonanthus
camphoratus which is also found in the evergreen zone is a fire-induced and fire-tolerant
species in Kenya and it may be that the firc§ at the beginning of the century account for
its presence here (Appendix 2).

Juniperus FOREST
Designation:

Gillett: The Evergreen forest formation.
The J. procera association.
The Juniperus{Podocarpus association.

Gilliland : The Evergreen montane formation.
The J. procera forest association.
(a) TheJ. procera forest.
(b) The. J. procera—Sideromylon buwifolium woodland.
(¢) The J. procera serub,

Glover: The Juniperus and other species, evergreen scrub and forest
formation.
Juniperas and other species, evergreen for estrelics assoc-
iation.
Piohi Sermolli: Montane dry evergreen forest.

Patches of Juniperus procera forest occur on the tops of most of the highest sections of
Somaliland. They are estimated to cover a total area of only 450 square miles (1160 km 2)
(British Commonweslth Forestry Conference, 1957). Four areas of Juniperus forest were
visited by the author: Daloh, north of Erigavo; Ala'ouleh, west of Sheikh; Gan Libah;

BERL:
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Unspoilt Closed Forest

The only closed forest seein was on the upper parts of the Wagger Mountains and it i
characterized by the presenee of tall Juniperus trees growing close togetherso that there is
a minimal growth of side branches. The forest floor is poorly lit and Juniperus trees ars
by far the most numerous, with only a small number of other species present. At 6000 5.
(1800 m.) Pavetta phillipsize is an important shrub and Cassipoures malosana growing to
20-25 It. (6-8 m.) is & common smal] tree. The lichen Usnea articulata is abundant on the
portions of the trees exposed to light. This closed forest is probably the last successional
stage before the mixed Juniperus-Podocarpus forest described by Gillett (1941) in the
Harar district of Ethiopia.

Open Degraded Forest

The juniper forest found at Daloh on top of the escarpment and the forest on its north
face are both open. They include grassy clearings and show invesion by numerous
evergreens. The forests at Ala’ouleh and on the Libah Heleh Mountaing also belong to
this type.

1In the forest at Daloh the Juniperus trees which are widely spaced have developed a
rnuch branched parkland shape (P1.7, fig. 19). They support a good growth of Usned erticu-
lata which is indicative of & reasonable amount of mist, which seems necessary for healthy
growth of Juniperus forest. The open nature of the forest, which is due to burning and
grazing, allows the development of rumerous other species. The size of some of the
ansociated troes indicates that thiz has not been a closed forest in recent times. Grazing
through the forest has depleted the lower layer of shrubs and put a stop to the regeneration
of Juniperus, the seedlings of which are very palatable to goats and sheep. The foreat floor
in the Tore closed areas now consists mainly of the unpalatable Hypoestes hildebrandtii
while the open glades support a clogely grazed sward of Pennisetum villosum. The main tree
species found in the juniper forest are Sideroaylon buatfolium, Ol africana, Pistocia
lentiscus var. emarginata, Osyris compresse and large candelabra-type Buphorbia grandis.
Sideromylon is found particularly at the edge Ui the forest and thess areas are distinguished
separately by Gilliland (19562). In the Juniperus forest at Libah Heleh, Gillett (1941)
records the tree distribution as about 70% Juniperus, 20%, Siderowylon gillettii and 109,
Oleu africana. It appears that Sideronylon gillettii plays the same role in the Juniperus
forests of western Somaliland that 8. éuzifolium plays in the moz= eastern forests visited
by the present author. At Daloh the cormonest epecies in the shrub layer were Cadia
purpurea, Clutia richardiana, Dodonaea wscosa, Tarchonanthus camphoratus and Secctora
visciformas. The sub-shrub layer consists largely of unpalatable species : Buryops pinifolius,
Psiadia arabice, Salvia somalensis, Solanum renschis and Withaniz sp. aff. reichenbachis.

A small part of the forest has been enclosed as an experimental plantation and being frea
from grazing supports a mixture of grasses taller than those found in the grazed glades.
The ecommonest grasses are dndropogon sp. ur. pratensis, Cynodon dactylon and Eragrostis
sp.; Pennisetum villosum which is dominant in the open glades i only found in small
patohes. In slightly shaded areas at the edge of the plantation Themeda, triandra and Eléu-
sine tndice are also found.

The Mait Pass winds down the main north-facing scarp from Daloh, and here Juniperus
is found over o wide altitude range. Phe farest here is rich in species and the zonation is
confused ; for example, occasional Juniperus are found down to 5000 ft. (1500 m.), which
i 600700 £t. (180-120 .} below the upper edge of the really dense low Buzna forest (see
Buergreen scrub). This mixing of the zones is probably due, at least in part, to the fact that
elouds tend to liang on the face of the escarpment. Despite the steep slopes deep soils are
quite common and the steepness provides some protection against grazing pressure. The
only devastated areas of forest found cocur on level areas which have clearly heen used
for grazing for many years.
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and the Wagger Mountains. Juniperus forest is the highest and wettest ecological zone

! qocurring in Somaliland and is found shove tho Feergreen scvub zone. In the adjoining
¢ highland areas of Kthiopia to the west, where both altitude and rainfall are higher, the

. nexb higher zone consiste of a mixed forest of Juniperus procera and Podocarpus gracilior
< (Gillett, 1041).

- Rainfall records for Juniperus areas are very sparse, but at the most easterly site visited,

r: the Daloh Forest camp to the north of Erigavo, the mean annual rainfall is 833 mum. and

for Gan Libahthereare b years records with & mean value of 660 mm. In the neighbourhood
of Ala’ouleh the highest Jand reaches 6400 ft. (1920 m.), nearly 1000 f5. (300 m.) above
Gan Libah, and the mean annual rainfall may well be 750-850 mm. which i8 the same as
Daloh. No records are available for the Wagger Mountaing but the present author would
estimate the mean annual rainfall to be ab least 750 mm. and probably a good deal more
at the top, whioh is 6500 £t. (1950 m.), as Juniperus forest is found as far down the drier
south side as 5300 ft. (1590 m.). In addition to rainfall, mist appears to be important in
relation Lo the distribution of Juriperws, and is related to the rich grawth of the hanging
lichen Usnea articulata which is very characteristic of Juniperus forest, No temperature
records are available for any area of Juniperus forest, but it is generally cool and frost
aceurs once or twice in most years at Daloh.

Tn addition to the sites visited by the author Juniperus forest hag been reported on Mt
Surud (7682 ft., 2300 m.) by Collanette (1931) and Gilliland (1932), and the forest offico at
Erigavo informed the author that the finest unspoilt forest is to be found on the Ahl Meda,
70-80 miles (110-130 km.) eastwards from Daloh. At present this area is unspoilt owing
toitsrelative inaccessibility. In 1960 aroad was under construction from Hubera (10.40 N,
48.32 Ej to Las Khoreh (11.09 N, 48.12 B) in order to exploit this section of the forest and
export poles of Juniperus and Buzws from Las Khoreh. Juniperus forest is also recorded
from asmall area on the Libah Heleh Mountains (10.20 N, 43,05 E) by Gillett (1941).

The soils of the Juniperus forest aveas are the rnost mature soils found anywhere in
Somaliland. Only those formed on limestone Were examined by the author. A profile was
dug in the experimental forest nursery for Bucelyptus and A cacia spp. (Anstralian Wattles)
at Daloh, and further profiles were examined at Gan Libah. The Daloh soil consisted of
dark reddish brown (5 YR 3/2) clay loam merging gradually into rock at a depth of 44 in,
(112 em.) (Table 4 (b), samples 47-50). Two soil profiles wers also examined at Gan Libah
on the edge of the narrow strip of relict forest. Both of the profiles consisted of plastio
sandy clays which merged into the underlying rotted rock from 36-39 in. (Table 4 (b),
samples 111-118}.

These soils are Rendzinas and differ from typieal forest soils of similar appearance in
other more humid aress in having a high pH and in not heing leached.

‘Throwghout the forests limestone boulders are commonly visible and much soil has
been eroded away since the fovest was first opened up. All the residual soil remnants grade
down to rotted rock but in some areas there is a sudden transition from the ‘goil’ to smooth.
unweathered Jimestarie. Tn such areas the ‘soil’ ceally consists of an accumulation of
humus and forest litter. Such deposits are very soft and friable and prone to erosion unless
well fixed by-vegetation (Table 4 (a), sample 17).

Juniperus forest also covers the upper part of the norsh-facing scarps st Daloh whero a
wide range of soils is found. The depth of soil and degree of maburity decrease down the
slape, but at 4700 ft. (1430 m.) there was light-chocolate hrown fine sandy loam which
appeared to be particularly resistans to erosion. Even faces of the soil eut vertically during
road construction wogk remained unerodsd (Table 4 (a), sumple 18).

The Juniperns forests of Somaliland can be divided into three categories:
{a) Unspoilt closed forests: Wagger Mountains, Ahl Medo.

(b) Open degraded forests: Ala’ouleh, Daloh, Libah Heleh Mountains.

(¢} Climatic relicts: Gan Libah.
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Bpories found in the Juniperus forest on the upper part, of the Mait Pass, but nob on the
gentle south-facing slopes at the top, includo Aloe eminens, Burbeya oleoides, Chltis
i africana, Ceratostigma  abyssinicum, Oussonia holstii, Diplalophium somalionse and

Bullyn fruticosn.

Climatic Relicts

TheJuniperus forest at Gan Libah covers the western end of the hill mass, bt to the east
it is now restricted bo a narrow strip aloug the top of the vertiea) soarp face (P1. 7, B, 20},
The forest is open and low, and in the narTow sixip there ate nio lichens hanging from the
tross. The xuean annual rainfell in the stcip is only 850 mm, and the absence of lichens also
suggests that there is Libtle mist. Tt ia probable that the western area, where the land is
slightly higher reaching a maxizmum height of 5515 f1. (1680 m.}, Teceives & somewhat
higher zainfall. The poor state of the forest and the ahsence of regencration and livhens all

. point to a climatie reliot, Butzer (1961) has suggested that the rainfall has been reduced

| by 20-25%, below the 1881-1810 mean valne. This would presumo o rainfall of §10-855
mam. at the tarn of the contury, which is comparable with the rainfall today in the richer
forests with lichens.

This forest hag been considerably reduced within living memory (Appendix 2) and thore
has been large-scale soil crosion on the elopes to the south of the relict. forest strip. This
erosion has now been checked by contour ridging and Lho aves is occupied by widely
spased A cokanthera schimperi and Acacic ethaica s fow hundred yards away from the foress
| xeliot. The usual evergreen species of Buous hildebrandiéi, Oadia purpurea snd Dodonaea
vissosa are found within the open forest, together with Buclea schimperi and Rhus natal.
enisis, The Juniperus troes are also intersporsed with Barbeya olevides and Fuphorbia
grandis.

HAUD-TYPE MIXEDN BUSH
Designation:

Gillets: Fho Commiphota-bush Aeazia open deciduous sorub formation
(part only).

Giltiland: The decidnous semi.-desert formation.

The mixed dediduous woodland snd thicket.
Glover: The Commiphora~Acacia serub formation.

The Haud Commiphors, Actzia and serub agsoviation.
Pichi-Sormali: Broken xerophilous open woodland, (This alsa inctudes the

Auvaoia bussei zone.)

The kouth-western platesn aten of Somaliland and the adjoining srea of the Ethiopian
Ogaden are together known s the Haud. This ares supports an open type of mixed
eciduous vegelation, with occasional thickets, n which Acacia and Commiphora are
particutarly important. The hest physiognomic term for this type of vegotation is dush,
o term well known throughaut Bast Africa. This Hitud-type mived bush lics to tho sonth of
the main belt of Acacia busses apen woodland and in Somaliland only occupics a relatively
eraall avea along bho southern boundary. Tt eontinues southwards throngh the Ogaden and
sovers much of the Northern Province of Kenya also, a total distance of o less than 650
milog (1040 k..

. This type of vegetation doss not it into the ecclogical suscession of Someliland s

exemplified hebweon, the sen and the highest saction of the uplifted northern edge of the
platean. Thonsaresfequivalent is the poosty developed Asacia-Commiphora scrab which is
follnd at the upper end of the Sub-constal zone but is low and thin in terms of density and
poor in number of species.

"o determine tho facters that ave responsible for this vast srea of Huud-type mized bush
on the platean one must look for faotors that are not found in the sugcession frem the





[image: image53.jpg]222 Proceedings of the Linnean Sociefy of London {171,

coast to the top of the highlands, but which are found on the plateau. There are several
in this category. Firstly, most of the area is covered with caleareous reddish loamy sands
of varying depth. This soil contains a significant amount of clay (Table 4 (a), samples 4-5,
Table'4 (h), samples 102, 104-106) which apparently enables tho plants to utilize & high
proportion of the incident rainfall. Secondly, there are thousands of aquare miles of this
bush type with no incised drainage system. This indicates that nearly all the rainfall is
absorbed where it falls, whereas on the subcoastal hills the percentage run-off is clearly
very high as may be seen from the torrential streams after rainfall. On the plateau today,
subsequent to the reduction of the ground cover due to heavy grazing, there is an ever
jnereasing amount of run-off near tracks and stock routes and after rain the roads flow like
rivers, Trampling of the soil by stock has loosened the top soil and the finer particles have
been blown away by the wind and this process hasresulted in most of the ares being covered
by a mulch of coarse send grains. This muleh is valuable in preventing further erosion,
protecting the underlying soil against desiceation and acting as a sponge to hold the rein-
water temporarily end so providing more time for the water to be ahsorbed by the soil.
These factors combined mean that this zone is actually able to utilize most of the incident
rainfall. This in itself, however, is not a complete explanation, as if it were only & matter
of the soil in relation to rainfall utilization one would find this vegetation type elsewherein
e different rainfall zone, a8 one finds zones of Acacia senegal in the Sudan, in clay and sand
(Smith, 1949).

Thirdly, there may be meteorologicsl factors that are special to the platean. The
rmeteorological date are so seanty that adoguate inborpretation is impossible. Neither the
amount nor the distribution of reinfall (Hunt, 1951) would appear to distinguish this plat-
eau area, and in respect of temperature there is only a partial record (April-December)
for the single year 1950 at Gumburu (8.53 N, 45.52 B) in the Ogaden. These temperatures
are not remarkable cither in respect of absolute maxima or minima ot in everage diurnal
range, The clearest feature is that the rain falls in two well-separated seasons, most of it
in the first half of the year. However, an examination of the rainfall/altitude relationships
{Text-fig. 2) indicates a considerable overlap between the Haud-type and the Acacia busses
zones, but it must be noted that this comparison only considers the total amount of annual
rain and makes no allowances for its seasonal distribution.

There is a further possible factor that should be considered. This is that: there is & very
large area of relative uniformity and this in itself may have allowed a somewhat richer
flora to develop. In respect of grazing pressure this ares has been less harshly treated than
some others biecanse of the virtual absence of permenent water supplies for grazing stock.
Madfadyen (1952) writes: ‘The inescapable result s that almost the whole of the Haud has
to be abandoned by the nomads and their stock when the surface water collected in
#allehs (seasonal ponds) is consumed ot dries up. This happens within a couple of months
of the end of the rains so that even in years of good rainfall, for the four months December
to March the Haud is deserted. In years when the rainfall fails or is scanty, the country
may be empty for another three or four months from August to September.’ The resultis
that the Haud, which offers the best grazing in Somaliland or in the adjoining Ethiopian
Ogaden, escapes the worst evils of overgrazing. Grazing does have some cffect upon the
vegetation but it sppears to be restricted mainly to the grass layer and the immediate
neighbourhood of wells and ballehs, which is often practically devoid of vegetation. The
reddish sandy soil also minimizes the effects of overgrazing, because even when stripped of
its grass cover it does not produce the smooth surface that causes the heavy run-off that
is characteristic of other soils.

The rainfall decreases from west to east, which is approximately down the gentle slope
of 12 ft. to the mile (1 in 440) to the east-south-east (Macfadyen, 1052). The mean annual
rainfall is approximately 300 mm, in the west and 150 mm._ in the east, which is relatively
a limited range. The vegetation must, however, be prepared to resist drought as the
expected range in 19 out of 20 years is 500-150 mm. in the westand 300-50 mm. in the east
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g (Griffiths & Hemming, 1963). The altitude range of the northern section of the Haud is

F$-3700-2000 f6. {1110-600 m.).

1. The underlying rocks of the western Haud consist of caleareous sandstones in the west
. and Eocene limestone in the east, The sandy soil mantle is derived from the sandstone and
s generally caleareous, with calcarecus accumulations increasing with depih. A few foet
. below tho surface a layer of either pisolitic or solid kankar is general. In a fow arcas the

' erosion of old vohisle tracks has cxposed this layer (PL. 7, fig, 21). It is noticesble that in

k. someareas the roads have been lowered by erosion more thay in others. Soil samples 01 and
02 (Table 4 (a)), are taken from two sites in the Bthiopian Haund and indicate that the road
has been lowersd more where there is more clay, which encourages sucface flow. Gethin-

: Jones (Appendix to Edwards, 1042) has desoribed this soil as a typical red desert sand.
. Rainfall penetration into the apparently porous sandy soils of the Haud is poor, and Hunt
! (1851} records that at Qaidr Boleh (8.37 N, 45.33 E) in 1049 only the top @ in. (22-6 cm.) was

moist after water had trickled over the surface for 24 hr. At Balleh Buradle (8.32 N,

6.12 E) in October 1961 the present author neted that water penetration continued

F ateadily patil the top 24 in. (60 om.) was moist, at which point penetration ceased and

tun-offstarted. The clay content of the soil in this area varies from 16~20%,. The rain.water

rTun-off that ocours on these goils isnow utilized insome aress, and individuals are construct-
ing numerous water-storage pits slong the southern boundary of Somaliland. These

- concrete-lined tanks fill during the rains and the water is sold to the graziers when tho

. natural ballehs hove dried out. This results in a lengthening of the grazing seazon in the

| boundary ares.

The vegetation of the Haud is extremely rich and varied, with numercus species attain-

- ing local dominance. It is essentially woody and the most important species are mainly

b shrubs 1-5 m. in height, with occasional trees to 10 ra. Most of the area is covered with

mixed shrubby vegetation, but there are also numerous treeless areas (bans) which appear

0 be natural phenomena in the Haud, wheress-in the Acacia bussei zone o the north many
appear to be largely induced by heavy grazing pressure.

The most important vegetation type in the Haud is a mixture of dcacie and Commiphora

with a very large number of species of the latter genus which are usually found in an

uvjdentifiable condition. Superimposed on this Acacia{Commiphora bush there is an open
notwork of taller trees consisting usually of Acacia fortilis, Alhiczia anthelmintica, Deloniz
data, D. baceal and Gyrocarpus hababensis. It is possible that this open network of taller
trees may ropresent the remnants of a former taller open woodland, butin view of the very
large number of species in the lower shrub layer it scems that the chinge must have

ocourred & long time ago. The commonest apecies of Acacia in the shrab layer are 4.

senegal yar. rosirata, A. horrida subsp. benadirensis and A. edgeworthis; somewhat less

commob species include 4. reficiens subsp. misera, A. sp. nr. glovers, A. Ramulosn and 4.

zizyphisping, and in moister areas 4. nubtca and 4. stublmani) are found. 4. mellifera is an

important species which is sometimes found as 8 small sub-shrnb 1o L m. in open areas
which are not quite fully developed bans, and it is also found as a large shrub t0 65 m. on
8oils that contain a Jittle more clay and form deep mud during the rainy season. In the lower
shrub layer (1-2 m.) species of Grewia are important, notably @. erythraca, &. penicillata,

@.tenaz and @. villosa. In addition to 4 cacie and Commiphora, other common species in the

shrub layer (2-5 m.) are Boscia minimifolia, Boswellia bricchettis, B. hildebrandtii, Cassia

ellisae, Cordia gharaf, Cordyla somalensis, Cordeauzia edulis (a shrub with an edible fruit
and a very restricted distribution), Dalbergia commiphoroides, Dichrostachys kirkis,

Brythrophysa septontrionalis, Buphorbia robecehit, Gardenia sp. nova, Jairopha dichtar,

. Mperua crassifolia, M. socotrana, Sesamathamnus busseanus, Stercubia africena var. rivae,

Terminalia polycarpa and T'. orbicularis. . orbicularis 18 a social species and often forms

. quite dense thicket clumps, and 7. polycarpa is a particularly important species in the

‘Wadere area in the Ogaden (6.59 N, 45. 21 E) where it forms the densest vegetation in the

Haud, consiating of low open woedland (P1. 8, fig. 22). ('ommon smaller species ars 4erva
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persica, Cadaba glandulosa, Corchorus cinerascens, Erythrocklamys cufodontis, E. leuco-
sphaera, Buphorbia spp., Jatropha villose and Indigofera ruspolit. Numerous other species
include Iphiona rotundifolia, Leowia glutinosa, Melhania phillipsiae, Seddera spp. and
Solanum spp.

Chrysopogon auckeri war. quingueplumis is the most important generally distributed
perennial grass and it shows signs of having once been even more abundant than it is
today. Over mueh of the Haud the most abundant grasses today are Aristida kelleri, 4.
sp. nr. paoliana and A. papposs. Numerous other less frequent grasses include Cenchras
ciliaris, Chloris rozburghiuna, Dactyloctenium scindicum, Digitaria rivae, Enneapogon
somaliensis, Eragrostis aulacosperma, Latipes senegalensis, Pennisetum stramineum and
Tetrapogon spathaceus. In addition to these rather small grasses there are also clumps of
Andropogon, kelleri which may reach 1-5 m, in height. This grass is found in moist sites
along the sides of the road which act as watercourses in the rainy sezson and in other sites
which receive some additional surface drainage (P1. 5, fig. 13). Ttis unlikely that it was ever
dominant over large areas under the present rainfall regime. Signs of overgrazing are to
be seen throughout the Haud, varying from a mere reduction in perennial grasses and the
paucity of seedlings of the woody shrubs to very severely devastated areas around villages
and permanent wells. In the latter areas the total vegetation cover is extremely low and
the plants found are generally those which are entirely unpalatable. These species are
normally found in small numbers throughout the Haud but in devastated areas they
attain dominance. Plants which aro especially characteristic of such heavily grazed areas
are Abutilon hirtum, Aerva persica, Calotropis procere, Citrullus colocynthis, Gomphocarpus
fruticosus, Indigofera articulata, Iphiona rotundifolia, Ipomoea spp., Solanum spp.,
Withania sp. nova.

The reduction in rainfall in the Haud from west to east is paralleled in a reduction in
height and density of the mixed Acacia/Commiphora bush, and in the east the dominant
species of both genera are low-growing or completely prostrate. In the eastern Haud the
limestone, which underlies the sandy anil, undulates and stony areas alternate with areas
of sandy soil which are generally paler orange-toned, containing sorewhat less clay than
the deeper red sandy loams in the west. Species that are dominant in the eastern Haud
include Acacia edgeworthii, d. sp. nt. gloveri, Commiphora epp. (‘garon’ and ‘gowlello’),
Dalbergia commipharoides, Buphorbia cuneata, and Sesamothamnus busseanus.

To the west the sandy Haud is delimited by the Tug ¥Fafan and the Faf depression which
runs from north-north-west to south-south-east, Towards this depression rocky areas
are more general, whilo in the depression itself the soil consists of fine dusty grey alluvial
clay soils. Seasonal flooding of the depression is common and the vegetation is sparse
consisting of seattered shrizbs and annual grasses. The main shrubs are Acacia nilotica, 4.
nubica, 4. paclii, A. stublmannii and Capparis decidua.

Throughout the Haud there are open sandy treeless plains (bans). These are frequently
dotted with termitaria; their origins are discussed under Acacia bussei open woodland. In
the Hand most of the bans appear t0 be of the natural type, but unlike those in the 4.
bussei zone they support Chrysopogon aucheri more commonly than Aristida spp. There
are, howover, intermediate areas which are mainly grassy but also support numerous small
bushes of Acacia mellifera. In such areas the relative importance of shrubs and graes varies
considerably within short distances and these areas may represent bons in formation. |

Ballehs and Dohos

Throughout the Haud there are sreas where pools of water form after rain, and these
vary from a few metres across, lasting only for a day or two, to ponds several hundred
metres wide which may hold water for several months. The soil in these closed-drainage
areas is usnally a grey sandy clay which cracks deeply when dry. The smaller temporary
pools support large grass clumps of Andropogon kellert up to 1-5-2 m. high. The fact that
such pools form after the rain is indicative of a somewhat higher clay content in the soil,
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and well-developed shrubs of Acacia mellifera and dense stands of Blepharispermum
“ fruticosum (1 m. high) are typical near such temporary pools.

Somewhat larger depressions, 50-300 m. wide, are locally knowr: a3 baffehs. The smeller
ones which dry cut in a few weels may support a continuous stand of Sesbania somaliensis
right across. On the outer edge of the pool low Glinus setiflorus and Tephrosin polyphylla
are found. In the largest ballehs the central areas remain flooded for so much of the year
that no vegetation grows there. Outside the bare central ares there is a low zone of Glinus
sediflorus and Vahlia goddingii and outside this again, the balleh is marked by a broken ring
of dcacia tortilis trees,

In addition to these clearly defined ballehs there are also larger ill-defined areas (dohos)
of inland drainage which flood shallowly and widely after rain. Such areas do not contain
such a well-developed clay soil and do not remain flooded for long periods. They too sup-
port Acacia tortilis trees, but are also covered all over with grass; characteristic grasses are
Chloris roxburghiana and Cynodon dactylon.

Designation: GYPSEOUS AREAS
Gilliland: The deciduous semi-desert formation.
The gypsum-tolerant association (10 important communities).
Glover: The Commiphorajdcacia serub formation,

Nogal Vegetation, eto.

Large areas in eastern and southern Somalilsnd are covered by deposite of anhydrite and
a0 examination of the soil map (Hunt, 1944) and the geological map (Somaliland Oil, 1954)
indicates that over 14,000 square miles (38,000 km.?), or over 17% of the total area of the
country, may be placed in this zone.

The Anhydrite series is of lower-middle Eocene age and overlies the marine limestones
of the Auradu series (Lower Eocene) and s itself overlaid by limestanes of the Karkar
series (Middle to Upper Eocene). The anhydrite deposits attain considerable depth and
sections up to 265 m. in thickness have been measured at Las Anod (Somaliland Oil, 1954)
and 357 m, ab Daiyaha (10.34 N, 47.11 E) (Macfadyen, 1933). The anhydrite exposures lie
mainly within the Nogal Valley and on the plateau to the north, but are also found in
smaller areas both on the coastal plain near Berbera and on the subcoastal plain near Las
Dureh (10.11 N, 45 59 E). The anhydrite on the surface is generally altered to gypsum and
the soil tends to consist largely of powdered gypsum (Table 4 (a), sample 14) and is fre-
quently poorly drained, and salts brought to the surface by evaporation are common.

Withinthe gypsum areas of Somaliland bthe vegztation, which is very varied, is controlled
more by edaphic factors than by climatic ones. Such differences in vegetation correlatod
with djfferences in soil ate typical of the hot dry parts of Somaliland such as the coast. As
the soil becomes more and more truncated by erosion the edaphic factor becomes pro-
gressively more important. .

The major areas of gypsum soils comprise extensive plains one of which is the plateau
t0 the south and south-east of Erigavo, the area being known ag the Haded ; another, which
Jies to the south and is separated from the Haded by a small but steep escarpment, com-
prises the Nogal Valley where rocks of the Anhydrite series are exposed nearly everywhere.
The Nogal is lower in altitude, botter and drier than the Haded.

The Haded Plateau and Erigavo District

The true Haded cogprises the central part of the platean and is composed of secondsry
gypsum derived from the erosion of the northern margin of the plateau (Pallister, 1963).
Thé gypsum is locally overlain with pebble beds which are occasionally cemented and
form low hillooks. In some areas the superficial stones bear a marked desert poligh which
indicates that they have nat been exposed by recent erosion. The Haded is surrounded by
further plains formed of limestone witha mantle of areddish sandy soil or limestone gravel

H
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(Macfadyen, 1952). To the south there is an escarpment of 100-200 ft. (30-60 m.). Tn the
Erigavo district gypseous areas are found up to 5600 f5. (1700 m.); on the south side of
the Haded the altitude is 2700 ft. (820 m.). The mean annual rainfall across this area varies
from 300~100 mm. (Text-fig. 1).

1In the Erigavo district the anhydrite has been weathered to gypsum on the surface with-
out destruction of its strata, and this hes resulted in the presence of * paving stones’® of
gypsum which may be covered with o thin layer of gypseous soil but are commonly
exposed by erosion. These areas are sufficiently high and cool to support 4cacia etbaica
open woodland in the less eroded sections,

In eroded areas where the ‘ paving stones’ are exposcd the vegetation is very sparse and
unfortunately some of the more important plant species are indeterminate or withoub
names. The flors of the area is very interesting and soveral new species are awaiting
description. A small Zygophyllum sp. (‘Baskalla’, of. Z. coocineum), a sub.sucoulent, is
very prevalent hoth in the ‘paving stone’ areas and on the Haded. Z. hildebrand!ii, a taller
(L m.}non-suceulent speties, is also common in similar sites and is found in larger numbers
near watercourses. Other characteristic species are Aloe scobinifolia* Ipomaen argyro-
phylla, 1. sultani, Lasiocorys argyrophylia,* Lycium europaeum* and Ochradenus baccatus ¥

A soil sample was collected 51 miles (82 km.) south-east of Erigavo near Tlad (10.03 N,
47.53 ) (see Table 4 (a), samplos 2and 3). In thearea from which the sample was ecllected
thesoil was quite deep end Zygophylium ( Baskalla') was dominant. It isinteresting to note
thab a large proportion of the soil consisted of powdered gypsum and that the content of
water-soluble salts wag 1-39-1-48%,.

In those parts of the Haded where soil erosion is less advanced there is enough grass to
suggest that the former climax was grassland in which Ohyrysopagon aucheri var. guingtie-
plumis was dominant, although only small amounts axe found todsy, Other grasses found
inlarger amounts areSporobolus ruspolianus and 8. variegatus, and as one travels castwards
across the platean Dadtyloctenium robecchii graduslly becomes more important and is
finally dominant over wide areas of the Mijertein Province to the east of 49°E.

Sporobolus ruspolionus and 8. variegatus are both characteristic of the Acacia bussei
open woodland zone which is the vegetation type which, judging from the rainfall, would
be dominant in this area if the edaphic factor did not have a predominating influence.

Over most of the Haded, however, soil erosion and overgrazing have proceeded suffi-
ciently far to cause the grassland to be very poor, and the proportion of unpalatable
gypeum-tolerant plants appears to be on the increase, e.g. Alve breviscapa, A. rigens var.
glabrescens, Buphorbia multiclova, Kelleronia quadricornuta and Zygophylium hildebrandtii,
Spevies which appear rapidly after the rains inolade Gloriosa aurea and Pterodiscus
ruspolii.

"The soil of the Haded varies from a sandy clay loam to a sandy loam. The former areas
are more liahle to erosion, due to lower permeability, and generally support only grass
clumps with small rurmels between them, The more sandy patches which are less gypseous
support Aeacia busse open woodland. Tn these areas the vegetation is very unevenly distri-
buted and vegetation arcs are common (Hemming, 1965). In the areas where the vegetation
is more evenly distributed surface run-off is much less; the vegetation is here dependent
upon the proportion of the incident rainfall absorbed by the soil, and this suffices without
the additional catchment-area effect that supports vegetation arcs. The effect of grass
cover in assisting penstration of rain-water was clearly observed on the morning of 8
October 1960, light rain having fallen for 90 min. during the previous evening. A series
of sample pits was dug, twelve in a grassy ares and sixteen in a nearly bareares. The depth
of water penetration in cach pit was measured to the nearest millimetre. The mean pene-
tration in the grassy ares was 39-8 mm. +4-71 but in the bare area only 27-4 . 4 3-14.
Thesge were highly significantly different (P <0-001}. In the arens without vegetation ares

* Species dorinant in restricted localities; their presonce in large numbers is indicative of hasvy
graging pressare,
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A. bussei is not found and smaller woody species such as Buplhorbia cuneata predominate.
"This species is very common in more easterly areas in a patchy grass cover of Dactylocten-
sum robecchii and Enneapogon elegans. In a few limited areas on the plateau extremely
saline soils ocour being due o saline patehes in the underlying anhydrite. One such area
approximately 5 miles (8 km.) east of Erigavo supported a pure stand of Pterocephalus
Jrutescens.

Areas of soil and water accumulation on the plateau

In general the slopes on the plateau are very gradual and as a result wide drainage areas
associated with seasonal flooding are quite common. In these areas there is a gradual
deposition of fine alluvium, and such sites support vegoetation that is both taller and richer
than that which is found elsewhere. Both the soil and the vegetation of the doko at Erigavo
are described under Acacia etbaica open woodland. At Hadaftimo (1046 N, 48.06 B; 430 ft,
(1310 m.)) there is a large doko with tall trees of 4. tortilis which are characteristic of a
supply of deep root-water (Pl. 8, fig. 23) and in the partial shade under the trees there
is a patchy sward of Cynodon dactylon. In the patches in the sward other species are
found, Diceratella sp. and Heliotropiwm undulatifolium being the commonest.

Further to the east, at Hubera (10.40 N, 48.29 E; 3000 ft. (910 m.}), there is another
large dokho which s situated in a very flat area which is widely but shallowly flooded during
the rainy season. The soil surface, which consists of curled flakes of silt and fine gand, indi-
cates alluvial deposition over the whole area. The central part of this doko supports the
usual Aeacia tortilis trees and a patchy sward of Cynodon dactylon with the following
additional species: Aerva persica, Blumea gariepina, Calotropis procera, Cenchrus ciliaris,
Chrozophora oblongifolia, Solanum incanum, 8. somalense var. parvifrons and Withania sp.
Around the main doko there are low shrubs of Cadaba mirabilis and Zygophyllum hilde-
brandtii, Here 4cacia tortilis is also found in & stunted form up to 1-5 m. high. The main
grasses found in the fringing Cadaba belt are Dichanthium annulatum with smali amounts
of Aristida sp., Cymbogpogon sp., and Cynodon dactylon, About 2 miles (3 km.) from the
main doko area there are lines on the surface where the water flows across the road. Where
these lines are close together there ars numerous small plants, some of which are partly
buried by wind-blown sand. The main species found in this low mixed community were
Aerva persica, Blepharia persica, Cenchrus ciliaris, Citrullus colosynthis, Convolrulus
hysiriz, Farsetia sp. off, ramosissima, Indigofera sp. aff. phillipsiae, Pulicaria attenuala,
Withania sp., and Zygophylium hildebrandtii.

In the main doho area there is a Jarge amount of fresh grass available after the rains, but
most of the local grazing is by goats and sheep which will not eat the lush grass, but
continue to graze on the exhausted fringe areas of the doko. Efficient use of the available
grazing réquires an exchange of a small number of cows for a large number of goats,

The Nogal Valley

The Nogal Valley, which is situated in the south-east of Somaliland, is the result of faults
of the Red Sea trend (Macfadyen, 1933; Scmaliland Oil, 1954). The valley contains no
major river system but represents the drainage system of a former wetter climate (Somali-
land 0il, 1954). The floor of the Nogal Vallsy lies between 2000 and 1350 5. (610~410 m.)
and the mean annual rainfall over the whole area is probably less than 100 mm.,

Over most of the valley the Middle Eocene rocks of the Anhydrite series are exposed and
have mainly been altered to gypsum on the surface. The gypsum has been weathered,
largely by physical procggses, to form a high gypseous and frequently saline soil. The soil
has been eroded from some areas and redeposited in athers, resulting in a complicated soil
mosaic*The original gypsum-derived soil consists of a pale ochreous-toned fine silty sand
composed largely of finely powdered gypsum. When dry the soil is readily pulverized by
grazing herdsand exposed to wind erosion. In the rainy season these soils form a deep mud
and impassable roads are characteristic of the Nogalin the rains. In the central and lowest
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lying portions of the Nogal saline pools and soils are common. The underlying anhydrite
hasnumerous deep solution holes, and lines of Acacia tortilis trees crossing the plain suggest
underground water. The deeper gypseous soils of the plain support mixed low grasses and
scattered trees. The most typical tree of these soilsis the low evergreen Cadaba heterotricha
and the dominant grasses are Sporobolus ruspolianus and 8. variegatus. Dactyloctenium
scindicum is also common, but the relative proportion of each grass varies greatly within
small areas, The mean annual rainfall throughout the Nogal is léss than on the plateau to
the north, which accounts for the virtual absence of Okrysopogon aucheri. In addition to
Oadaba heterotricha, groups of Buphorbia robecchis are common. Minor variations in the
soil and drainage are ndicated by the presence of ather small woody species, notably E.
cuneata, Ipomoea donaldsonit and Zygophyllum hildebrandtii.

Somewhat more central areas with shallow soil, where gypsum outerops are common,
oarry numerous clumps and small thickets of Salvadora persica together with several
species of Oommiphora. Commiphora spp. are particularly abundant at the edge of the
Nogal where limestone overlics the gypsunt plains soil.

In general these gypsum soils are not used for agriculture, though there are small culti-
vations of Sorghum near Taleh (9.09 N, 48.25 E). The fields are situated close to a low
gypsum hillock, The soil eroded from the hill is deposited on the fields, the eroded rocky
area acting a8 a catchment; it is a fine sandy soil containing a high proportion of soluble
salts (see Table 4 (b), sample 42).

The dominant species of this area which is typical of all sites of redeposited gypseous
soil having & plentiful water supply, is the low (30 em.) sub-shrub Disperma eremophilum.
Small drainage lines between the plants are usual. In more easterly areas such redeposited
soils support mainly low shrubs of Cadaba mirabilis. Thamnosma hirschit is an fmportant
associate along small drainage lines in all such areas.

Thesouthern edge of the Nogal Velley is marked by a broken line of low flat-topped hills
‘which are stepped, and the surface of the anhydrite steps carries traces of gypseous svils
and broken chert. The vegetation of these hills consists largely of endemio species. The
tallest plants are thin straggly trees of deacia caraniana to 5 m. in beight, but the most
numerous plants are low sub-shrubs of Jatropha robecchii (PL 8, fig. 24}, The tops of the
hills support shrubs of Commiphora, a new and nndescribed spocies up to 1 or 2 m, in
height with large leaves. In sheltered gullies between the hills Kirkia sp. cf. fenuifolia is
found, Other species present in small numbers include Acacia edgeworthii, Adenia aculeata,
Aloe inermis, Capparie cartilaginea, Cienfugosia sp, off, welshis, Cleome polytricha, Com-
micarpus reniformis, Crotalaria sp. aff. petiolaris, Cyclocheilon erigniherum, Oldenlandia
capitata and Hesedn amblyocarpa. A sucprising find on these arid hills was the fern
Negripteris scioana. -

)
Suling areas of the Nogal

The central area of the Nogal consist mainly of saline plains from which the gypseous

soil has been eroded. The soil is locally puffed up with secondary gypsum on the surface.
These areas aro poorly drained and evaporated salt is visible over large areas. A single soil
sample was collected from the surface toa depth of abort 4 in. (10 em.) which was the great-
est depth that a pickaxe could penetrate (Tabls 4 (a), ssmplo 14). The typical vegetation
of these plains is more or less evenly spaced, of small succulent Sevada schimpers (P1. 9,
fig. 25; the Lagenantha nogalensis assacies of Gilliland, 1952). The more or less regular
distribution of Sevada plants is occasionally disturbed by other specics. Associnted species
include Atriplex coriaceg, Ipomoea sultani and Momordica sessiltfolia. In somewhat less
extreme sites occasional tufts of Sporobolus ruspolianus and S. variegatus may ke found
betweln the Sevada plants. In the most saline areas Sevada is replaced by Limonium
azxillare and the only grass found is Urochondra sefulosa which colonizes shallow acoumu-
lations of wind-blown sand; both these species are also typical of raised coral beaches
at sea lovel.
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The saline pools in the lowest central areas have beds of soft pale-coloured mud similar
to coastal mangrove swamps, while around the pools shrubs of the succulent maritime
Arthrocnemum glaucwm are found with the small halophytio grass Aeluropus legopoides.

DISCUSSION

The present-day vegetation of Somaliland shows a great variety of effects produced as a
result of the heavy hand of man and his stock. The country may almost be regarded as a
field station for studies in overgrazing over a wide range of climatic and soil types. Of all
the ecological zones in Somaliland the Acasta bussei open woodland shows the most signs
of alteration and destruction,

The main mode of action of overgrazing is the actual eating of the plants to such an
extent that they either disappear or die. The young seedlingsare also eaten, and the species
are therefore unable to replace themselves. During the dry season, when the low plants
offer poor grazing, it is common for Somali graziers to lop off large branches of deacia
trees, so that the goats and sheep may eat the leaves and fruit. Thus several years’ growth
may provide half an hour’s grazing for a few goats.

Tn addition to the direct feeding effects of stock upon the vegetation, grazing herds
eause erosion by loosening the soil and exposing it to wind (P1. 9, fig. 26). Stock a.ilso make
distinct routes through the bush and these tracks of pulverized soil devoid of vegetation
act as avenues along which water erosion begina. This disturbance of the soil also causes
the death of the plants by exposing their roots to desiceation. In addition to branches being
lopped off, the lateral roots are often dug np and used in the construction of portable
houses and the bark is removed for rope making. Acacia tortilis is not even able to repro-
duce in the grazing reserve at Burao because the curly seed pods are all shaken out of the
trees with long hooked sticks and stored as dry-weather fodder for sheep and goats. 4.
bussei is a very hard wood and dead trees remain standing for years after death, or at least
those that are too heavy to be moved for firewood, or are in areas too far from the villages.
Dead wood is also used in quite large quantities for charcoal burning. These trees, when
dead and if available in adequate numbers focally, are used to build fences to protect the
graves of important people against hyaena and lion. One such grave may be surrounded
by 400-500 trees (P1. 9, fig. 27).

In the higher ecological zones, timber is actually cat for export. Buzus polesare cut from
living trees in the Zvergreen scrub, and Juniperus poles are cut from dead trees in the forest.
Despite all these pressures the vegetation continues to survive, but inan altered form. The
main change that occurs is a general reduction in the degree of cover, particularly by
perennial grasses, These appear to be the first element of tho vegetation to saffer under
heavy grazing. This is a general phenomenon all through the semi-arid part of Africa.
Much of the poor steppe in the Sahelian zone may be regarded as degraded savennah. Some
of the perennial cover is replaced by annunl grasses and other low plante, but bare ground
becomes increasingly more common. Bare ground, with the exception of loose sandy soil,
generally absorbs less rain-water in the absence of vegetation than it would with a good
vegetation cover. Thus the amouunt of water entering the soil and becoming available to
plants is reduced and surface-rooted plants, notably Acacia busset, die, and soil erosion
becomes steadily more serious.

The replacement, of species is, however, much more complicated than just a change from
perennial to anmual grasses, In the most heavily grazed areas grasses tend to disappear
almost completely. The Indigofera ruspoliijAstripomoea nogalensis community, which is
found in the Acacia busses/Haud-type bush transition zone, provides an example. Other
communities which are indicative of heavy grazing consist of low mixed dcanthaceae,
which will tolerate it. Such plants have only a single main stem arising from the root, so
that even in areas with a moderately high projected ground eover, they provide an
insignificant dofence against run-off and soil erosion.

The production of bare patches of ground offers sites for recolonization, but as it iz
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difficult for palatableseedlings to become established unpalatable species are st an advan-
tage. There are, for example, at least nineteen species of 4loe in Somaliland (Reymnolds,
1958) and they are all unpalatable and all appear to have fairly closely defined ecological
requirements, In some aveas 4loes are abundant and dominant or at least codominant over
wide areas.

Aloe megalacantha on limestone plateau soils (L. 1, fig. 1) and A. scobinifolia in the gyp-
seous areas of the east, both in the Acacia etbaica zone, provide examples of this kind,
Hypoestes hildebrandtii, which is very common from the Juniperus forest down to the
Acacia bussei zone, appears to be entirely dependent on grazing pressure to enable it to
compete with grasses, as may be seen from the Hargoiss looust control camp enclosures
(Table 5).

TIn addition o the ecological changea which result from actual grazing pressure there are
other changes produced by the reduced supply of available root-water. The removal of the.
grass cover has reduced water absorption by the soil to such an extent that many plants,
notably Acacia bussei, have died. In some areas this shallow.rooted species is being
replaced by 4. reficiens subsp. misera which is generally characteristic of sites of prolonged
devaatation (Glover, 10515). This species also lives in the much drier coastal areas, The
accumulations of wind-blown sand that have been produced in the Burao area support,
A. edgeworthit, which is another xerophytic species found on wind-blown gand in the driest
parts of the coastal plain with & mean annual reinfall of only 50 mm.

The actual vegetational zonation is also considerably disturbed and there is a tendency
for the zones to move up the slopes ag the lower areas become eraded and less water is
absorbed. The invasgion of the lower edge of the Acacia etbaica zone by . busses provides
an exsmple of this effect. This invasion appears to be limited to the more soily and less
rocky areas, probably owing to the root system of 4. bussei. A, etbaice has been removed
from the limestone plateau and in eroded areas where the underlying rock becomes
oxposed, it is not replaced by 4. bussei. -

The establishment of vegetation arcs provides an isolated example of how overall degras
dation of the vegetation has resulted in the establishment of a richer vegetation type over
& small proportion of the ground surface. The remaining ground, which is bare, acts as a
catchment ares collecting water for the next arc, which is situated lower down a gentle
slope (Hemming, 1965).

Fire is an important factor in controlling the vegetation in other parts of Rast Africa,
where grass-covered plains are burnt annually. Themeds iriandra remains dominant over
wide areas in Kenya with regular burning. Glover (19475} has reported Themeda on the
Tug Wajale plains, and fives were reported long ago by Burton (1856). Fires are probably
necessary fo maintain the dominance of Themeda and sines overgrazing has reduced the
grass cover they are no longer a regular phenomenon and Themeda has heen replaced.

The consequences of overgrazing and subsequent erosion depend considerably upon the
clay content of the soil. The effect upon the more clayey soils, which are characteristic of
the platean, kave already been discussed, but on the coastal plain the situation is different.
The sandy coastal plaing in the west econsist of ecnsolidated sand which is gradually
becoming loose owing to both grazing and trampling. After loosening, the finer particles
tend to be hlown away, leaving & mantle of loose coarser sand. On the consolidated sand
Lasiurus hirsuing is dominant but Panicum turgidum is becoming established on the loose
sand. Young Panicum is suitable for grazing and is not able to grow quickly and smalt
clumps are common. In addition to Panicum there is a variety of annuals. These altered
patches, with Panicum offi annuals, have a characteristic appearance, which includes a
lack of gominance by any species, and may best be deseribed as disturbed or unsettled.
Such areas are increasing and appear to be of special importance in connexion with the
population dynamics of low-density sclitary and transiens populations of the Desert
Locust.

The consolidated sands do not absorb all the rain received during a heavy shower, if
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there is neither vegetation nor a mantle of loose sand. The loose sand isimportant in that
it both reduces the rate of sub-surface drainage, and acts as a temporary reservoir from
which the soil may absorb the water slowly. On slopes from which the loose sand mantle
has been removed there are frequently erosion ditches several feet deep. Thus it in clear
that so long as the absorption of water is ensured satisfactorily by the mantle of loose
sand any tree which may be present will survive. In fact, the distribution of trees on the
coastal plain, particularly Balaniles orbicularis, appears to be controlled by small differen-
ces in clay content on consolidated sand and to be independent of the type of grass cover
or the degree of loosening of the sand.

The red loamy soils of the Haud behave similarly under grazing pressure. Today over
wide areas the grass cover has practically disappeared but owing to the mantle of loose
sand the woody vegetation remains much, less altered.

From all that has been said in the foregoing pages it is clear that the signs of overgrazing
aremanifest. Unfortunately it is not possibletosay, withany degree of certainty, how many
animals graze in Somaliland. Glover’s estimates were 13,000,000 goats and sheep as against,
Hunt’s 4,000,000, and 2,500,000 camels as against 1,500,000 {Hunt, 1961}. Hunt (sic)
stated that: ‘There js no doubt that the nomadic life depends on a very delicate state of
balance between the stock and the vegetational cover of the country, often resplting in
famine in bad years’. The signs of overgrazing suggest that this delicate balance has not
been achieved. It must, however, bo realized that this isa very difficult problem and that
even on cattle ranches and farms in Kenya the problem of how many stock the land can
carry is s perennial one. There is inevitably a great difference in the carrying capacity of
the land during the dry and wet seasons. On a farm the problem can be solved partly by
making hay as a dry-weather reserve, but in natural grazing areas under nomadie grazing
it is more difficult. Recommendations concerning the establishment of a system of enclos-
ures and controlled rotational grazing have in the past been made snfer akia by Hunt
(1951) and Glover (19474), but Glover considered that destocking by half was an essential
precursor 0 any successful scheme. No comprehensive scheme has been introduced, but
there are signs that the Somali grazier fs himself worried by the deteriorating grazing.
0ld men will tell one today that it was not always like it is now, and some small aress ate
being voluntarily enclosed as reserve grazing, being left until the open areas are exhausted.
‘While no detailed transecta were made in any such enclosure it was cbvious that even with-
in a ghort period of a year or two there had been a great improvement in the cover, parti-
cularly of grasses, and a reduetion in rain.water run-off. Hailey (1938) atatos that formesly
the Somalis worked & system of dry-season grazing reserves which were not used until
necessary. Hunt pojnted out that during the period of the General Survey (19044-1956) the
only major exports werc animal products, principally sheep, goats and their skins. It is
clear, therefore, that the welfare of Somaliland was wholly dependent upon the welfare of
its stock. Tt was natural that the Somali should consider rising stock numbers as a sign of
increasing prosperity, but the concomitant deterioration in the grazing position is at the
point of producing diminishing returns.

Such measures as the construction of additional water holes and storage tanks have
enabled the grazing to be spread over a wider territory, shus reducing the pressure around
the original watering points. The total amount of grazing has not been reduced by this
move, which may in fact enable stock numbers to rise still further. Whether or not, there-
fore, the provision of these extra watering points can be regarded as a blessing on a long-
term hasis is debatable. Formerly such arcas had periods of enforced rest from grazing
owing to the absence of water, but the possible grazing period has now been extended by
several months, and in favourable years grazing may even be possiblo without interruption.

In the section of this paper dealing with Acacia etbaica open woodland the increase in
settled agriculture has been referred to, and this, together with the development of the
Sorghum scheme and wheat-growing experiments on the Tug Wajale plain, is weleome.
It appears that the Somali is coming to realize that the life of the nomadic grasier isa very
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“ hard one, and that as herds increase in size and the grazing deteriorates life becomes still
. harder. It is in the establishment of an alternative financial system, other than stock, that
| the hope of reducing grazing pressure lies. In the areas to the west of Hargeisa thereis now
| so much agriculture that grazing stock is otally excluded from wide areas. Ithas therefore
! become unnecessary to enclose the fields with thorn fences, and this has resulted in less
i wood chopping. The grass cover is now thickening and tree scedlings are becoming estab-
! lished. At the moment, however, the Somali has only one foot in this new way oflife and
some other member of his family merely takes the grazing herd elsewhere.

The soils of the principal agricultural areas are sandy, being derived from the under-
lying rocks of the basement complex. Before agriculture hecame 8o extensive there was
sporadic small-scale cultivation, and different areas were dug up and abandoned every

- fow years. This process of shifting agriculture resulted in the natural vegetation being
removed from quite large arcas, which when subsequently abandoned becams centres for
erosion. Deep erosion ditches were formed and this caused some apprehension lest an in-
. ¢roase in agrioulture should cause & concomitant increase in erosion, Now that agriculture
is settled, fields are not abandoned and erosion dogs not seem to be serious in this area for
. the present. The acid basement-derived soils will eventually need fertilizers, but whether
or not the economies of local agriculture will sllow their use remains to be seen. Should
these fields eventually become exhausted and then be abandoned, erosion on & serious
seale will inevitably ensue.

The low rainfall of most of Somaliland sets a limit upon the area that can be used for
settled agriculture. At present the main production area of western Somaliland roceives a
mean annual rainfall between 400 and 500 mm. but in areas of low rainfall where run-off can
be utilized on the vegetation-arc prirciple, Sorghum may be grown. At Taleh, which has a
mean annual rainfall of less than 100 mm., Sorghum was seen on a colluvial soil in 1962; the
cultivated area there is now very small, but it is said that during the period when the Mullah
Mohammed Abdullah Hassan had his headquarters at Taleh between 1913 and 1920 large
amounts of Sorghum were grown in the area. Somali cultivators do, in fact, like to have
their cultivations down-flow from some bare run-off area, and they channel the extra
water supply on to the fields (Peck, 1943). This applics even in the Hargeisa area and
further west, where the mean annual rainfall is between 400 and 500 mm., but with larger
cabehments this method could be used to grow crops in areas with & much lower rainfall

 (PL 2, fig. 4).

Throughout East Africa the importance of the conservation of catchment arcas, in
relation to the maintenance of stream flow, has come to be realized, Extensive hydrological
studies have been undertaken, in connexion with the changing land use of such arcas
(Dereira et al., 1962). The drying-up of the permanent stream at Gan Liboh owing to the
destructidn of much of the Juniperus forest (Appendix 2) indicates that much damage has
' been done, but even though permanent streams, other than those arising from springs,
may be a' thing of the past, there is still time to ensure that the remaining forest and
woodlend patches and their soils are preserved.

The classification and description of the zones in this paper has been based upon both
geomorphology and the dominant plant species. The use of a geomorphological basis for
the const follows Hemming (1961). The use of a system based solely upon the dominant
speoies would cause excessive fragmentation of what iy really a complicated mosaic of
minor soil variations. The severity of climatic conditions on the const seems to produce
a different dominant for each soil variant. As one rises in altitude and the rainfall increases,
broader patterns may be seen and the same vegetation can exist, across drainage systems
and on a variety of soils. Here the zones are best designated by their dominants, but even
in these more clement areas some vegetation types may well be sufficiently clearly defined
o warrant a generalized physiognomic title such as Buergreen scrub or even a specially
created term such as Houd-fype mized bush. The advantage of physiognomic classification
is that it facilitates comparison, provided that the terms are used according to some
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accopted rulcs such as have been recommended (C.8.4., 1958). Nevertheless, it is con-
sidered that the mixed system used in this psper draws sttention to the mars iwpor-
tant features of each zone.

SUMMARY

An accbun is given of the main vegetation zones of Somaliland (Somali Republic,
Northern Region). Brief accounts are also given of the geology, geomorphology, and the
present and past climate. An attempt is made to determine with which meteorological
factors the zonation ia mast closely correlated. A rainfall map is given and its close simi-
larity to a map of the vegetetion zones indicates a close correlation between vegetation
and rainfalt. There are, however, many factors preventing a direct relationship and they
are discussed. .

Six principal zones are recognized between the sea-shore and the forest on the high
ground along the top of the escarpment. These zones may readily be arranged in order
according to increasing rain and altisude, and decreasing tomperature. In addition to these
six zones there are two other major ones. One is described as Gypseous areas and it is clear
that its vegetation is controlled by its unusual soil, and the other is the Haud-type mized
bush. The latter ocours on the plateau on reddish loamy sands which cannot, be regarded
o5 unusnal soils; yet this vegetation type does not fit into the Somaliland succession as
exemplified between the coast and the top of the escarpment. Tt is suggested that this
extremely important zone, which extends south.westwards for over 1000 k., is neverthe-
less determined largely by its soil which makes particularly good use of the available water
supply.

1In each zone the vegetational changes that have occurred and are still in progress ste
indicated. The accounts of early travellers, together with the field evidence, indicate that
the vegetation of Somaliland was already showing signs of overgrazing at the turn of the
century, and that the rate of deterioration has increased since then, Stock numbers have
continued to rise and the grazing pressure has increaged in proportion,and it is cloar that
the rapidly worsening grazing situation is reaching the point of diminishing returns. Stock
numbers are now at such a level that it is doubtful whether any system of grazing control
or rotational grazing scheme conld gave the position unless it is preceded by a large-seale
stock-reduotion scheme.

The tendenoy for the Somali to setile and take up agriculture as opposed to the nomadic
way of life is discussed. The amount of land, as judged by svitability of aoil and adequacy
of rainfall, is limited. In addition to these favoured areas, which lie in the west and ta the
south of the main watershed, other areas could grow vrops if adjoining unproductive
slopes were used as catchment areas, copying the natural system found in vegetation arcs.
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APPENDIX 1

List of plants mentioned in the text

Abutilon hirtum (Lam.) Swest Malvaceae
Acacia asak (Forsk.) Willd. Mimosaceae
A. busser Harms ex Sjostedt Mimosaceae
A. caraniana Chiov. Mimosaceae
A. edgeworthii T. Anders. Mimosaceae
A. eibaica Schwein{. eubsp. uncinats Brenan Mimosaceae
A. sp. nr. gloveri Gilliland Mimosaceae
A. hamulosa Benth. Mimosacene
A. Forrida (L.) Willd, subsp. benadirensis (Chiov.) Hilleoat

& Brenan Mimosaceae
A. mellifera {Vahl) Benth, susbp. mellifera Mimosaceae
A. nilotica (L.) Del. subsp. Ieiocarpu Brenan Mimosaceae
A. nubica Benth. Mimosaceae
A. paolii Chiov, Mimosaceae
4. reficiens Wawra subsp. misera (Vatko) Bronan Mimosacene
4. senegal (L) Willd, Mimosaceae
A. senegal (L.) Willd. var, rostrata (Sim) Brenan Mimosaceae
A. somalensis Vatke Mimosaceae
4. siuklmannii Taubert Mimosaceae
A. tortilis (Forsk.) Hayne subsp. spirocarpa (Hoohst. ex

A_Rich.) Brenan Mimosaceae
A. zizyphispina Chiov. Mimosaceae
Acokanthera schimperi (DC.) Oliv. var. ouabaio (Schweinf.

ex Lewin) Cuf. Apocynaceae
Adenia aculeata (Oliv.) Engl. o Passifloraceae
Aeluropus lagopoides (L.) Chiov. Gramineae
Aerva persica (Burm. f.) Merr. Amaranthaceae
Aibizzia anthelmintica (A. Rich.) Brong. Mimosaceae
Aloe breviscapa Reynolds & Bally Liliacese
A. eminens Reynolds & Bally Liliaceae
A. inermis Forsk. Liliaceae
A. megalacantha Bak. Liliaceae
4. rigens Reynolds & Bally var. glabrescens Reynolds & Bally Liliaceae
A. scobinifolia Reynolds & Bally Liliacese
Andropogon keller: Hack. Gramineas
A. sp. nr. pratensis Hochst. ox Hack. Gramineae
Aristida adscensionis L. Gramincao
A. kellers Hack. Gramineae
A. obtusa Delile Gramineae
A, sp. nr. pacliana Henr. Gramineae
A. papposa Trino § Rupr. Gramineae
Arthrocnemum glaucum (Del.) Ung.-Sternb. Chenopodiaceae
Astripomoea nogalensis (Chiov.) Verdeourt Convalvulaceae
Atriplex coriacea Forsk. Chenopodiaceae
Avicennia maring (Forsk.) Vierh. Verbenaceae

-

Balanites glabra Mildbr. & Schlecht. Simaroubaceae
B. orbucularis Sprague Simaroubaceae
Ballota hildebrandiii Vatke & Kurtz Labiatae

Barbeya oleoides Schweinf. Barbeyaceae
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B. persica (Burm. f.) Kuntze
Blepharispermum fruticosum Klatt & Schinz
Priun o

Boscia minimifolia Chiov.
Boswellia bricchettii (Chioy.) Chiov.
B. carters Birdw.

B. freereana Birdw,

Bothriachloa insculpta (Hochst.) A. Camus
Buwus hildebrandtii Baill,

Cadaba. farinesa Forsk. subsp. farinosa

C. glandulosa Forsk,

C. heterotricha Stocks

C. mirabilis Gilg

Cadia purpurea (Picc.) Ait.

Calotropis procera (Ait.) Ait.f.

Capparis cartilaginea Decne.

C. decidua (Forsk.) Edgew.

Cassia ellisae Brenan

C. italice (Mill.) Lam. ex F. W. Andr. subsp. micranthe Brenan

C. occidentalis L.

Cassipourea malosana (Baker) Alston

Celtis africana Burn. f.

Cenchrus ciliaris L.

C. setigerus Vahl

Ceratostigma abyssinicum (Hochst.) Aschers. in Schweinf,

Chloris roxburghiana Schult.

C. virgata Sw.

Chrozophora oblongifolia (Del.) A. Juss.

Chrysopogon auchers (Boiss.) Stapf var. quinqueplumis (A. Rich.)
Stapf

Clenfugosia sp. aff. welshii (T. Anders.) Garcke

Clissus sp.

Clitrullus colocynthis (L.) Schrad.

Cleome brachycarpu Vahl ox DC.

C. polytricha Franch.

Clutia richardiana Muell.-Arg.

Commicarpus reniformis (Chiov.) Cuf.

C. squarrosus (Hoimerl) Standley

Commiphora spp.

Conacarpus lancifolius Engl.

Convalvulus hysiriz Vahi

C. ruspolis Dammer ex Hall. f.

Clorchorus cinerascens Deflers

Cordeauzia edulis Hems].

Clordia gharaf (Forsk.) Ehrenb. ex Aschers.

Cordyla somalensis Gillett

Cressa cretica L.

Crotalaria albicaulis Franch.

C. dumosa Tranch.

C. sp. aff. petiolaris Franch.
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Acanthaceac
Acanthaceae
Composita

Capparidacese
Burseracene
Burseraceae

Burseracena
Burscraceac

Gramincae
Buxaceae

Capparidaceae
Capparidaceae
Capparidacene
Capparidaceae
Capilionaceas
Asclepiadacene
Capparidacede
Capparidaceae
Cacsalpiniaceae
Caesalpiniaceae
Caesalpiniaceae
Rhizophoraceae
Ulmaceae
Gramineae
Gramineae
Plumbaginaceae
Gramineae
Gramineae
Euphorbiaceae

Gramineae
Malvaceas
Ampelidaceas
Cucurbitaceae
Capparidaceae
Capparidaceae
Euphorbiaceae
Nyectaginaceae
Nyctaginaceae
Burseraceae
Combretaceae
Convolvulacene
Convolvulaceae
Tiliaceae
Caesalpiniaceae
Boraginaceae
Caesalpiniaceae
Convolvulacese
Papilionaceae
Papilionaceae
Papilionaceae




[image: image68.jpg]1965-68]

C. pycnostachya Benth.

Croton cliffordii Hutch. & E. A. Bruce
Cussonia holsiii Harms

Cyclocheilon eriantherum (Vatke) Engl.
0. somalense Oliv.

Cymbopogon divaricatus Stapf
Oynodon dastylon (L.) Pers.

Cyperus conglomeratus Rotth.

Dactyloctenium scindicum Boiss.
Dalbergia commiphoroides Bak. f.
Datura metel L.

D. stramonium L.

Deloniz baccal (Chiov.) Bak. f.

D. elata (L.) Gamble

Diceratella sp.

Dickanthium annulatum (Forsk.) Stapf
Dickrostachys kirkii Benth.

Digitaria rivae (Chiov.) Stapf
Diplolophium somaliense Verdcourt
Dipterygium glaucum Decne.
Disperma eremophilum Milne-Redh,
Dobera glabra (Forsk,) Juss ex Poiret
Dodonaea viscosa L.

Dracaena schizantha Bak.

Echinochloa colonwm (L.) Link.

Eleusine compressa (Forsk.) Aschers, & Schweinf.
E. indica (L.) Gaertn.

Enneapogon brachystachyus Jaub. & Spach.

E. elegans (Nees) Stapf

Enteropogon somaliensis Chiov.

Eragrostis aulacosperma Steud.

E. cylindriflora Hochat. var. gymuorrhachis Schweinf.
E. mahrana Bchweinf.

Eremopogon foveolatus (Del.j Stapf
Erythrpcklamys cufodontis Lanza

E. leucosphaera Brig.

Erythrophysa septentrionalis Verdcourt

Buclea schimpert (DC.) Dandy

Euphorbia cuneata Vahl

B. grandis Lem.

B. multiclava Bolly & Carter

B. robecchii Pax

Buryops pinifolius A. Rich.

Farsetia sp. aff. mmu.sis.sima Hochst.
Gangdenia sp. nova

Gisekia pharnaceoides L. var. pharnaceoides
Glinus setiflorus Forsk.

Qloriosa aureq Chiov.

Gnidia somalensis (Franch.) Gilg
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Gomphocarpus fruticosus (L.) Ait. £, Asclepiadaceae
Grewia erythraen Schweinf. Tilizceae

Q. penicillate Chiov. Tiliaceae

@. schweinfurthii Burret aceas

G tembensis Fres. Tiliaceae

@. tenax (Forsk.) Fiori Tiliaceae

G. villosa Willd. Tiliaceae
Gyrovarpus hababensis Chiov, Hernandiaceao
Halopyrum mucrongtum (Nees) Stapf Gramineae
Helichrysum glumaseum DC. Compositas
Heliotropium sessilistigme Hutch. & E. A. Bruce Boraginaceae
H. pterocorpum (DC.) Vatke Boraginaceao
H. undulgtifoliwm Turrill Boraginaceae
Heteropogon. contortus (L.) Roem. & Schult. Gromineae
Hildebrandtia africana Vatke Convolvulacese
H. sericen Hutch. & E. A, Bruce Convolvulaceas
Hygpoestes hildebrandtis Lindau Acanthaceae |
Indigofera articulata Gouan Papilionacene
1. hochstetteri Bak. Papilionaceae
I, ruspolii Bak. f. Papilionaceae
Iphiona rotundifolia Oliv. & Hiern Compositae
Tpomoea argyrophylia Vatke Convolvulaceae
1. cicatricosa Bak. Convolvulaceae
I. citrina Hall. {. Convolvulaceae
I. donaldsonii Rendle Convolvulaceas

1. sinensis (Desr.) Choisy subsp. blepharosepala (Hochst. ex.

A. Rich.) Verdcourt ex Meeuse - Convolvulaceae
1. sultani Chiov. Convolyulaceao
Jatropha dichizr Macbr, Euphorbiacese
J. parvifolia Chiov. Euphorbiaceas
J. robecchii Pax Euphorbiaceae
J. spinosa (Forsk.) Vahl var. somalensis Pax Euphorbiacese
J. villosa (Forsk.) Muell.-Arg. var villoss Euphorbiacene
Juniperus procera Kndl, Cupressaceae
Justicia minutifolia Chiov. Acanthaceae
Kelleronia quadricornuta Chiov. Zygophyllaceae
Kirkia sp. of. tenuifolia Engl. Simaroubaceae
Kleinia sp. Compositae
Lasiocorys argyrophylla Vatke Labiatae
Lasiurus hirsutus (Forsk.) Boiss. Graminese
Latipes senegalensis Kunth : Gramineae
Lepladenia pyrotechnica (Forsk.) Decne. Asclepiadaceae
Leucas cuneifolia Bak. Labiatae
L. jamesii Bak, Labiatae
Limonium axillare (Forsk.) O, Kuntze Plumbaginacens
Lithospermum hispidissimum Sieb. ex Lehm. Boraginacese
Loewia gluttnosa Urban Turneraceae

Lycium euwropasum L. Solanaceae
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8. gillettii Huteh. & E. A. Bruce Sapotaccae
Socatora visciformis (Vatke) Bullock Asclepiadacese
Solanum dubium Fresen, Solanaceae
8. teanum L. Solanaceae
8. renschii Vatke Bolanaceas
8. somalense Franch. var. parvifrons Bitter Solanaceae
Sporobolus helvolus (Trin.} Dur. & Schinz Gramineae
8. marginatus Hochst. ex A. Rich, Gramineae
K 8. panicoides A. Rich Gramineae
i 8. ruspolianus Chiov. Gramineae
i 8. spicatus (Vahl) Kunth Gramineae
! 8, variegatus Stapf Gramineae
1 Sterculia africana (Lour.) Fiori var. rivae (K. Schum.) Cuf. Sterouliaceas
Suaeda monoica Forsk. Chenopodiacéae
Syzygium guineense (Willd.) DC. Myrtaceae
Tagetes minuta L. Compositae
Tamarix nilotica (Ehrenb.) Bunge Tamaricacene |
Tarchonanthus camphoratus L, Compositae
Tephrosia dura Bak. Papilionaceae
7. polyphylla (Chiov.) Gillett Papilionacese
Terminalia brownii Fresen. Combretaceae
T. orbicularis Engl. & Diels Combretaceae
7. polycarpa Engl. & Diels Combretaceasc
Letrapogon spathaceus (Steud.) Dur. & Schinz Gramineae
Thamnosma hirsohii Schweinf. Rutaceae
T'hemedn triandra Forsk. Gramineae
Tragus racemosus (L). All. Gramineae
Tribulus terrestris L. . Zygophyllaceae
Urochondra, setulosa (Trin.) Hubb. Graminere
. Usnea articulata Hoffm, Lichenes
Vahlia goddingii B. A, Bruce Baxifragaceae
Vernonia cinerascens Schultz Bip. Compositae
4 Withania sp. aff. reichenbachii (Vatke) Bitter Solanaceae
i W. somnifera (L.) Dunal Solanaceae
’ Zygophyllum coccineum L, Zygophyllaceae
Z. &p. aff. coccinewm L., *Baskalla’ Zygophyllaceae
Z. hildebrandtit Engl. Zygophyllaceas
Zaleya pentandra (L.) Jeffrey Aizoaceae
Zizyphus hamur Engl. Rhamnaceae
APPENDIX 2
¢ The following is the story of Ahmed Naleya, Habr Yunis, Musa Abdallah, Abokr Loge,
an old man who has lived on Gan Libah all his life. His age is now about 65 years (1947).
This story was recorded by P. E. Glover and included in his unpublished work (Vol. II,
part TT, 1947).
*About 55 years ago many elephants lived on Gan Libsh. There was a herd of probably
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Maerua crassifolia Forsk.

M. socotrana (Sohweinf.) Gilg
Melhania phillipsioe Bak.
Momordica sessilifelia Cogn.

Negriptoria sicana (Chiov.) Pic.-Serm.
Nuaia sp. of. oppositifolia (Hochst.) Benth.

i Ochradenus baccatus Del.
Odyssea mucronata Stapt
Oldenlandia capitala Brem.
Olea africana Miller

Oayris compressa (Berg.) DC.

Panieun aoloratum L.

{ P, turgidum Forsk,

Parkinsonia aculeata L.

Paspalidium desertorum (A, Rich.) Stapf

| Pavetta phillipsiae Sp. Moore

Pennisetum dickotomum (Gmel.) Henr.

P strgmineum Peter

P. villosum ®. Br.

Phoeniz reclinata Jacq,

Pistacia lentiscus L. var. emarginaio Engl,
Pleuropterantha revoitis Franch.
Pleurostelna sp.

Pluches 8p.

Podocarpus gracilior Pilger

Psiadia arabica Jaub.

¥ Prerocephalus frutesoens Hochst. ex. A. Rich. subsp. novat

| Pterodisous ruspolii Engl.
Pulicaria altenuata Hutoh. & B. L. Burtt

Reseda amblyocarpe Fresen.

. bracteata Boiss.

Bhigowum somulense Hall. f,
Rhazophorg mucronate Lam.

RBhus natalensis Bernh, ex Krauss
R. somalensis Engl,

Ruttya fruticosa Lindan

Salsala forskalii Schweinf.

8. rubescens Franch.

Sulvadora persica L.

Salvig somalensis Vatle

Sansevieria ehrenbergii Schweinf. ex Bak.
Sedderasp.

Sesamothamnus busseanus Engl.
Sesbanta somaliensis Gillett

Sesuvium sesuvioides (Fenzl) Verdeourt
Setaria verticillata (L.) Beauv.

Bevada schimperi Moq.

Siderozylon buzifolivm Hutok.

Capperidacess
Cappavidacese
Sterculiaceas

Cucurhitaccae

Negripterideceae
Loganiaceae

Regedaceae
Gramineac
Rubiaceae
Oleaceao
Satalacese

Gramineae
Gramineae
Cacsalpiniaceae
Gramineao
Rubiacesc
Gramineae
Graminese
Gramineae
Palmae
Anacardiacese
Amaranthaceae
Asclepiadacene
Compositas
Taxacese
Compositae
Dipsacaceae
Pedalincese
Compositac

Resedaceas
Rescdaceae
Bignoniaceae
Rhizophoraceae
Anacardiaceas
Anacardincone
Acanthaceae

Chenopodiacese
Chenopodiacese
Salvadoraceae
Yabiatae
Agavacero
Convelvulaceas
Pedaliaceas
Papilionacese
Aizoaceae
Gramincae
Chenopodiaceae
Sapotaceae
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coffee shop on the BURAC road, which is now bare, was covered with trecs and good grass,
but all the trees and grass wore washed away.

‘In the old days when I was young, only cows were kept on GAN LIBAH, no other kind of
stock came here. My father told me that before my time there were cattlo and gardens
here. When I was young the plains around were full of Hartebeest, Oryx, “Aul’* and
“Dero”t, and in the bush wers numbers of Greater Kudu. There are still a few Kudu but
there are no Oryx or Hartebeest left. They were shot out by the Iocal tribes when they were
able to get arms, and by European hunters.’ (Interpreted by Hussein Weid, Habr Yunis,
Musa Arreh; native names of plants replaced by latin names by the author).

APPENDIK 3
(a) Notes on soil samples referred to in Table 4 (a)

Samples 2and 8. 51 miles 8. E. of Erigave. Aneroded section of gypseous plain, mostly bare
but some succulent Zygophyllum. Surface smooth and finely cracked with flakes,
dry surface colour 10 YR 7/4, darker below 10 YR, 6/4.

2 0-7 in. (Not including superficial silt akes.) Sandy clay losm, non-plastic, non-
sticky; friable into large crumbs, each of which when pressed readily breaks down
to dust. i

3 7-12 in. Soil of similar appearance but harder and more difficult to break, hard
angular blocky structure, each ped will break to dust with soxe diffieulty.

Samples 4 & 5. Gorayaho on Somali-Ethiopian Ogaden boundary road. A reddish loamy
sand.

4 0-2in. Soil loose and sandy.

5 2-10in. Soil compact and hard.

Samples © & 7. Airorih plain. Top soil samples from 9 miles south of Burao and from south-
ern edge of the plain 28 miles south of Burae.

8 Grassy plain, local erosion ditches indicate only 2-3 fb. of sandy soil over secondary
limestone. A compact calcarecus sandy loam with no structure.

7 Mixed Acacia-Commiplors open woodland. Sandy loam, compacted snd mildly
cemented but readily breaking down to individual grains. Similar to 6 butredder toned.

Samples 8-11. 50 miles N.E. of Burao. A sandy plain where Acacia bussei open woodland
is dying and being replaced with A. reficiens subsp. misera. Soil profile revealed in
deeply eroded old vehicle track (PL. 4, fig. 11).

8 0-12in. Mixed grain sand, generally rather coarse and angular; no structure, break-
ing down to individual sand grains. Where the face has been eroded the individual
layers of soil deposition are revealed. Small roots in the soil between the main
Acacia roots are almost all in this horizon.

9 12-30 in. Soil as above but harder, compacted and cemented; very weak blocky
structure. Throughout this section a steady increase in hardness with depth.

10 30-42 in. At 2} ft. white flecks of calcereous acoumulations begin, soil harder and
calcareous accumulations increasing with depth.
11 42-72 in. Much harder with very numerous goftish calcareous accumulations.
Sample 14. 28 miles sonth of Hudin on Las Anod road. Saline gypseous plain typicel of
central areas of Nogel Vailey. Sparse vegetation of helophytes, mainly Sevada
schimperi. .
Soil hard and only 7 in. deep with massive gypsum below. The texture is gritty with
no recognizable structure. The dry soil must be broken with a pickaxe (PL. 9, fig. 25).
Samplos 15 & 16. Erigavo. A doho soil deposited in a drainage area. The area supports quite
rich Acacia etbaica apen woodland with a sward of Cynodon dactylon. The samples
were collected from a profile exposed by erosion due to overgrazing.

* Soemoring's gazelle,
1 Speke's gazelle.
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more than 200. Then one day the whole herd moved away in a body westwards. I would
say this was 55 or 56 years ago for I wasstill a small boy. From then until now, not a single
elephant has returned. [Swayne (1895) says that his brother shot a large tusker on Wagger
where there were a number of elephants. This would seem to confirm $he old man’s story.—
CFH]

‘At that time every hollow had & permanent running spring in it, and there was a luxur-
iant grass growth everywhere. Before my time, & people called the RAHAN WEIN, who now
live in Abyssinia, lived here, and made gardens. These people built a fort, the remains of
which can still be seen at Bagan. There were no other Somali tribes here at that time. Then
after the RARAN WEIN had gone away, the ISHAAK tribes came here from Mait and Heis and
the BABR AWAL still lived only on the coast. 9

“When I was a small boy the open plains which are now covered with Chrysopagon
aucheri var. quingueplumis, Acacia etbaica and Acokanthera schimperi var. ouabaio were
very small openings in the forest. Now only a few dead stumps shew where the Juniperus
procera was. The Juniperus procera extended as far as the present Kharia at Gerba Keli.
Now there is only a little on the northern stopes. In the gully there was plenty of Juniperus
procera. Where the Acokanthera schimperi var. ouabaio is now is called Wabile, There was

Juniperus procera growing with it when I was a boy of about 10 years old, but ic has all
died out now. There was always a great deal of Acokanthera schimpert var. ouabaio there.
The place where the Governor’s Camp now is was called BALLEH, becanse a great deal of
water used to accumulate there after rain, Where the water-hole is now, was called Kab-On
and there was & permanent spring of running water there. The water-hole now called
ONEI-MEDU consisted of one well only ; three men handed water up from the bottom. This
hole was made by us with iron bars. About six holes were made later, but all except two
have been covered over by the wash of rain-water. The water-hole where the big root: of
the Ficus is near the coffee shop was called ¢UROE and was once a permanent spring. Now
it runs for a short time only. It is called GUROH, because i is 50 narrow.

“Where the “Se-ed” (Syzygium guineense?) thicket is, there was a large permanent
swampy jungle called BIY0-ADO-BUE, but now only & few small water-holes remain.The
elephants liked that place very much.

“When I was a young man there was a great deal of fighting among the tribes here, and
the 0GADEN used to raid stock right down into the guBaN; they raided and killed a number
of stock and LA¥ERDG was their headquarters. The road they took down to the GUBAX is
called rurDoH. They accumulated big mounds of bones because they used to break bones
for the marrow.

‘When I was a young boy people called the suran ¢opUs lived on gaN 11841 They
were called that because they were a mixture of HABR YUNIS, RASSTM-ISAHAAR, ARAB RER
ADARK, and ARAB AHMED ABDULLAH. These people used to raid from here to s1aiteaa
and HARAR.

“About 50 to 60 years ago, before the Somalis had rifles, they used to burn large patches
of the foress to drive out the lions which were very numerous, that is how a great many
trees were killed out. This practice had been going on for a very long time, but stopped
after the Somali people were able to get arms. When T was a young man GAN LIBAH was
one of the best grazing areas in the country, but now there is so much stock here, and there
are 80 many people, that nothing is left and everything has been ruined.

‘When I was & boy there was no erosion where now there is a large patch near wasmz.
Also at DERE-MARAH where there is very bad erosion now, there was none, and that part
of the country was dengely covered with Acacia etbaica and A. nilotica subsp. leiocarpa.
All this erosion started 10 years after I waa born. A very heavy “Gu” rain fzll one night
‘whichWas called ““ Dig wein . The people in BURA0 called it *“ Dogob-jibeye  because there
wassuch a volume of water that a large number of trees fell down and were washed away by
the rush of the water. All the wells were washed out in BurA©. This rain fell only for one

night. That is when most of the erosion in the country was started. The plain near the GORE

S
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16 0-8 in. Pale brown clay Ioam. The surface cousists of a thin finely cracked layer of
silty flakes. There are numerous grass roots and the soil is deeply cracked; sub-
angular peds which readily crush to dust; non-sticky and moderately plastic.

18 824 in. Similar to 15 in colour and texture, with vertical cracks forming columns
which break into larger less angular peds than the top soil, peds crush to crumbs,
grass roots throughont.

Sample 17. Daloh forest north of Erigavo at 6300 ft., 08 in. A dark brown fine sandy loam
with & good crumb structure. Humic and generally very shallow; very prone to
erosion when not fized with adequate vegetation cover,

Sample 18. Mait Pass road north of Erigavo. Juniperus forest at 4700 ft. A very interesting
forest goil completely resistant to erosion. Old vertically cut faces are quite smooth
looking like rock, but the soil absorbs water well and the smooth soil facé is soft to
the finger. On natural hill slopes the surface of the soil has a minutely stepped and
prismatic appearance, A light chocolate-brown fine sandy loam with good crumb
structure.

Sample 19. Coastal plains at Mait. Gravel and sand over quaternary raised reef, surface
reduced to n stone mantle by wind erosion. Practically without vegetation except
along drainage lines. When wet, after the rare but occasionally heavy rain, the tex-
ture is exactly like wet concrete.

Sample 01. Hard sand collected 6 miles east of Wadere, Ethiopian Ogaden. Reddish
coloured sand, highly compacted except for top 1 in. No appreciable cementation
in structure, readily breaking down to individual sand grains. In this area the
road is not deeply eroded and most of the rainfall is absorbed.

Sample 02, Hard sand collected at: Hagar Sera Wein. Similar to the sample above but
yellower in tone with a trace of clay resulting in a little weak cementation of sand
grains. Spoil heaps by road side develop a skin-like smooth surface. This soil is con-
siderably less permeable than sample 01 and the road is deeply eroded and flows
like a river after rain.
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{b) Notes on soil samples referred to in Tabla 4 (b)

Sample 42. Taleh. A cultivated field of colluvial soil. 0-12 in. The dry soil is gritty but when
wet forms & soft slippery mud. The natural vegetation in the area is typical of gyp-
seons soils, i.e. Disperma eremophilum.

Samples 47-50. Daloh forest north of Erigavo, experimental Hucalyptus plantation.

47 0-12 in. A dark reddish brown (5 YR 3/2) clay loam. The top inch, which was dry,
wag friable to crumbs, below the soil was wet and more clayey. Numerous grass
roéts.

48 12-24 in, A clay soil of similar colour. 8oil damp so structure unknown.

At 36 in. a rather sudden transition to solid limestone. Narrow transition zone lighter
in colour and texture. Samples 49 & 50 werc collected nearby where the soil was
deeper.

49 36—50 in. Soil slightly mottled, background colour 10 YR 4/3 mottled with a lighter
brown. Soil drier than darker clay above.

50 4044 in. Lighter coloured (10 YR 7/4), rather sandy, largely rotted rock,

Samples 71-76. Tog Wajale Plain. Samplos collected from freshly dug 11 . pit showing
marked zonation.

71 0-19 in. Upper hgjf of top soil with grass roots. Deeply cracked when dry, but not
forming columns; subangular blocky peds; sandy clay loam ; friakle and moderately
Plastic; moderately hard, but peds will breakdown to crumbs; colour 10 YR 6/3
(dry), 75 YR 3/2 {damp).

72 19-81 in, Lower half of top soil still with grass roots, generally similar to above but
slightly lighier brown in colour, more clayey and more plastic.
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73 3155 in. Mottled or streaky zone. Average colour 7-5 YR 4/6 streaked vertically
with darker brown and whilish crystals; friable, very sticky, plastic sandy clay.

74 56-85 in. Upper half of orange zone colour 5 YR 4/6; moderately plastic and sticky
friable sandy olay.

75 85-115 in. Lower half of orange zone, generally as above but very slightly brighter
coloured 5 YR 4/8.

76 115-132 in. Nodular zone; colour 5 YR 4/6 with whitish glistening crystals. The soil
between the crystals was moderately sticky and plastic coarse sandy clay.

Samples 77 & 78. Edge of Tug Wajale plain, 1 mile away from deep profile above and
25 ft. higher. Here better drainage allows the growth of stunted Acacia ethaica ; main
depth of Acacia roots 6-7 in. In this soil there are numerous small natural pot holes.

77 0-12 in. Hard, friable, moderately plastic sandy clay loam; colour 10 YR 5/3 {dry),
75 YR 8/2 (damp).

78 12-24 in. Similar to 77 but slightly brighter toned, more clayey and plasic.

Samples 85-87. 3 miles west of Berbera—Burao road junction on Hargeisa road. Profile
revealed in an ercded drainage ditch; mixed Acacia with Aloe and a little grass,
heavily overgrazed; a flat site; land sheils Otopoma and Zebrinops throughout the
profile; scattered stones on the surface; sand includes mica flakes.

86 0-24 in. Surface of thin cracked silty flakes; a loamy sand with practically no
structure; compacted and slightly cemented; readily breaks down to individual
grains and dust; colour 7-5 YR 5/6.

86 24-42in. As above but harder.

87 42-54in. Similar buta brighter red-brown tone 5 YR 5/6 ; soft white calcareous aceu-
mulations, 0-26-0-5 in. across; hard sand breaking to form sub-angular blocky peds.

Samples 96 & 97. 1:5 milea south of Hargeisa airport. Sorghum cultivations on limestone
plateau; soil soft and powdery to walk on when dry; contains many small stones;
generally shallow and virtually without structure; very prone to erosion when not
fixed with vegetation.

96 0-6in. Sandy clay loam; slightly plastic; grass roots present; dry colour 10 YR 5/4.

97 6-14 in. As above with stones and solid rock at 14 in.

Samples 98 & 99. 18 miles west-south-west of Hargeise airport road junction on Balleh
Gubadleh track. A transitional avea with residual limestone-derived platean soils
0 the north and more sandy reddish soils to the south.

98 0-12 in. Surface of silty flakes; weak structire of sub-angular blocky peds, friable
to crumbs and finelly to dust; gritty clay loam; soft, non-sticky and very weakly
plastic; colour when dry 7-5 YR 6/6.

99 12-28 in. At 21 in. the soil becomes harder and darker toned, 5 YR 4/4 (dry); more
clayey; hard but friable, slightly sticky and moderately plastic.

Samples 100 & 101. Grass plain (Ban) 27-5 miles west-south-west of Hargeisa airport road
junction on Balleh Gubadleh track. No stones to be seen.

100 0-15 in. Non-sticky, moderately plestic clay loam; structure very weak, sub-angular
blocky peds, which break easily to sand and dust; dry colour 7-56 YR 5/4.

101 15-24 in. Soil becomes harder and darker toned 5 YR 4/4; caleareous accumulations
become progressively more numerous with depth; slightly more clayey, moresticky
and more plastic. s

~ Sample 102. 4 miles east-south-east of Ineguhah on Somali-Ethiopian Ogaden boundary
road. 0~15 in. Silty flaky surface; clay loara with very little structure; weak peds
1 in, across angular to sub-angular blocky ; readily breaks down to crumb and duist;
non-sticky and moderately plastic; damp below 8 in.; dry colour 7-5 YR 6/6. Earth
augering below showed & similar soil with caleareous accumulation. This is one of
the main soil types upon which dead and dying Acacia bussei woodland is found.

Samples 104-106. 30 miles east-south-east of Inegubhah on Somali-Ethiopian Ogaden
boundary road. Samples collected from construction site for water storage tank.
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There is much run-off, on these soils, which is collected in the tanks (concrete-lined
pita).

104 0-36 in. Sandy clay loam; very little structure breaking down easily to crumb and !

dust; compact; moderately hard; slightly plastic but barely sticky; dry colour i
, 25 YR 3/8.
105: 38-60 in. Soil similar in texture and colour, soft calcareous acoumulations begin
! at3 ft, and inorease with dopth.

108 80-84 in. Soil harder, breaking down to 025 in. blocky peds; hard cslcareous con- i
cretions very numerous. i

Samples 111-113. Juniperus forest at Gan Libah. A shallow brown residual soil over rotted . S
Limestone. i

111 0-9in. A sticky plastic sandy clay; sub-angular blocky peds; some vertical cracking
from the surface; grass roots plentiful, dry colour 10 YR 3/3.

112 0-33 in. Similar to above but less cracked, less friable and getting paler with increas-
ing depth ; mottled with yellow-browns on a background on 10 YR 3/3.

113 33-39 in. Red brown and orange white, all mixed and mottled. A gritty transition to l
rotted rook below.

Samples 114-116. Juniperus forest at Gan Libah. Similar to 111-113 but a darker soil, i
Texture etec. same. -

114 0-4in. A brown soil 10 YR 3/2.

115 4-28in. A blackish brown 10 YR 2/1.

116 28-36 in. Soil becoming paler and mottled merging with rotted rock below. |

Samples 129 & 131. Coastal plains south of Zeila, Tap soil samples collected from two areas, :
one with trees (129} and one without trees (131). Both soils have similar field char- :
acters. 0-12 in. A slightly loamy sand with a superficial layer, 1 grain thick of coarse |
wind-sorted sand, below compacted but no structure, breaking down to individual “ b
grains; dry colour 7-5 YR 4/6. |

APPENDIX 4
Appendix to Howard Humphreys and Sons’ letter dated 1
16 October, 1961, to Mr C. F. Hemming I |

Hargeisa Waier Supply—One Acre Buperimental :
Catchment Are L

Rainfall Duration Tntensity Run.off |
Data (ins.) (min.) (in.fhr.) (gatlons) ‘
1958 il
June 4 i 0-03 1 ? - |
5 018 15 099 - I
15 0-26 6 2:60 - i
16 021 32 0:39 - !

17 022 13 102 — g
25 o2¢ a2 045 o~ i
27 0-06 2 ? = il
July 9 0T 244 012 — bl
10 057 61 062 = b ]
15 0-40 103 0-23 6 I

18 022 27 0-50 4 V]
19 015 9 095 2 i |

20 — — — :

21 o — — 1 — I

23, 031 59 032 7 &
2% 008 15 031 - It
Aug. 2 003 — — — ‘A
5 0-02 — — — A

T 010 ¢ 063 — |

8 0-10 12 052 x il

K

;
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Rainjall Duration Intensiny Run-off
Date (sns.) (min) (infhr.} (gallona

Aug. @ 055 64 052 383
il 008 3 0-05 £
16 011 8 084 =
17 069 33 197 32
18 0-22 9 130 1
20 028 20 084 33
28 0-07 — - —
20 093 54 1-03 984
30 023 9 146 3
31 019 21 066 =

Sept. 2 026 18 085 7
3 078 109 043 331
4 020 20 067 3
14 010 20 032 R
28 032 29 060 1

Oct. & 019 13 087 02

1959

Jan. 22 018 166 005 -
24 000 — — -
25 008 160 003

Feb. 17 005 195 001

Apr. 24 022 21 0-63 -
26 026 44 029 —
27 122 23 318 10,037
29 172 208 0-50 5,209

May 1 008 24 015 =
7 026 37 0-41 3
8 016 12 0-80 -
11 002 = e -
15 010 16 038 -
18 004 8 040 -
18 0:03 38 002 e
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EXPLANATION OF PLATES
Prame 1

PFig. 1. Acacia etbaion open woodland. Limestono platean south of Hargeisa. Besidual limestone-derived
s0il now eroded to o stone-mentle. Gress now almost totelly destroyed by heavy grazing, and
unpaletable Alos megalacantha incronsing.

Fig. 2. A balleh in Haud-type mived bush. This balleh, though wide, is very shallow and it has only &
short life after the rains, This results in little change to the vegetation, except to the trees in the middle
where a fallen one may be scon. The foreground is eroded and largely bare dus to very hoavy grazing
which always ocours near ballehs.

Tig. 3. Constal areas. Wide shallow watercourse near Bulhar where alluvial sand'and eilt ure deposited
annually. The trees are Balanites orbicularis and the sub-shrubs Datura metel.

PraTe 2

Fig. 4. The Marodijeh ug near Hargeisa. Run-off from the overgrazed stony foreground, which supports
stunted Acacia ethaica, is utilized in the Sorghwn cultivations on the alluvial soil near the tug. The
trees along the tug are A. tortilia.

Tigs. b an@ 8. Acasia etbaica open woodland on hill slopes near Hargsisa. This ares around the town i
very heavily grezed and grasses are rare, The lower photograph, which is taken inside the Desert

Lacust Survey camp where grazing is not allowed, shows the great increase in grass cover sfter some
years of protection. .

Prarn 3

Fig. 7, Sandy constal plains in western Somaliland. A characteristicuily ‘disturbed’ sres where
rumerous small annuals have temporarily colonized o space left vacant after Lasiurus hirsutus cumps

:mve?dbeen destroyed by grezing, and bofore the loosened sand is permanently colonized by Panicum
urgidum.

Fig. 8" Soft sand dunes on the constal plain 40 miles east of Berbera, On the lower slopes of ﬂ:;e dune
there is sparse Cyperus conglomeratus, The foreground shows the bare surface of the raised coral reef.
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9. A narrow section of the coastal plain where the pediment gravels reach the shore. Sparse
tion of Tephrosia dura growing mainly on very shellow runnels.

PraTm 4

Fig, 10. Transition zone at infand edge of cracked saline olay plain on the const near Lughaiya.
Bmaliost plants in foreground aro Cressa oretica. Grass clumps are Paspalidium desertorum and

1. Boil profile in A4 cacia bussei open woodland. The gection is exposed in an erosion ditch and the
‘ealdarsous scoumnulations are clearly visiblo below 42 in. (Table # (b), samples 8-11). 4. bussei raots
oan be seen hanging from the top soil.

Fig. 12, Dead Acacia bussei open woodland near the southern boundary. The absence of grass and the
signs of surface flow are typical of theso aress of dead trees. The low Capparid in the centro is one of
the fow plants that survive in these devastatod areas.

Prate §

Fig. 18. Dense atands of Andropogon kellers slong a fiooded track on the loamy sends in Haud-type
mized bush.

Fig. 14. An altered soction in the 4 cacia busses zone on the Hargeisa-Berbera road. Here the destruction

of 4. bussei has allowed colonization by 4. edgeworthii and Grewia tenas and an inerease of unpalatable

" apacies : Sansevieria ehrenbergii and Aloe rigens (This photograph is very similar to one in Swayne,
1895).

Fig. 15, Ban Awl north-east of Burao. An example of an induced dan in Acacia bussei open woodland.
A dead A, bussei can be seen in the centre and most of the low plants are woody. Grasses are rarve.

Prare 6

Fig. 18. Boswellin carteri tress growing on steep-sided boulders on the lower sections of the Mait Pass
north of Erigavo. Note the cushion-typo sucker roots.

Fig. 17. Surface run-off from slopes of limestons Tidge nsar Erigavo at junction of Hvergreen sorub
! and Acacia etbaica open woodland.
i

\, Fig. 18. Bvergreen scrub near Sheikh. Tho dark bushes are Buzus hildebrandtii and the paler groy bushes
2r0 Dodonara viscoua. The social grouping is characteristic of large aroas of the Bvergreen sorub,

Prars 7

Fig. 10. Open degraded Juniperus procera forest at Daloh north of Erigavo. Note the well-spaced trees
‘with side branches and the dead trees, The low shrubs aro mainly Psiadia arabica and Salvia somalensia
which ase both unpalatable.

Fig. 20. The eecorpment at Gan Libsh, with & narrow relict strip of Juniperus forest growing on the
edge. Tho eroded land behind, which has been contour-ploughed, supports scatterad Acokanthera
schimperi var. ouabaio sad dcacia etbaica.

Fig. 21. An erosion ditch in the loamy sandy soil of the Haud-type mized bush. Erosion has censed ab
the lovel of the undarlying Kankar.

Prare 8

Fig. 22. Terminalic polyoarpa ocourring as open woodland ia the densest community in the Haud-type
miced bush. Here grazing has had little offect on the woody vegotation but the grass cover is very poor.

Fig. 23. A shallow balieh at Fadaftimo. The tull Acacic tortilis troos are characteristic of any ares with &
supply of tap-root water. Much of the ground is covered with & olose sward of Cynodon dactyion. There
are also clumps of Chrysopogon aucher, Diceratella sp. and Heliotropium undulatifolium.

Fig. 24, Stepped hills of dpsum near Las Anod, Tho tall trecs on the skyline are Acasia ciraniana and
55"~ most of tho shrubs are Jatropha robecohii.

Prate 9

i, Fig, 26. Sevada schimperi growing on saline gypseous soils on the central Nogal valley. Here the soil
X conaints of 66% gypsum (Table ¢ (a) samplo 14).




