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1 General Summary

The 1995/6 Summer Course was the fourth of its kind to be offered by the DRIFN and the sccond focusing on
desertification as a topic, henee the titde Summer Desertification Project HH(SDP2). This course is different from
its predecessor not only in terms of project lopics tackled by the seven students from the University of
Namibia, but also in the fact that all work was carried out in the same area, Engelbrecht farm, 50 km south-west
of Kamanjab. Less lime was therefore wasted in travelling around and moreover, various aspects, {rom socio-
economics to biophysical ones pertaining to land degradation of a single area could be gathered. These in turn
provided a broad overview or profile of all the factors at play and their environmental, economic and social
influences in the area.

Like all the previous courses, where the emphasis is on training and cultivating critical thinking amongst the
participants, time was not enough to gain sufficient insight into land degradation on the farin. The results that
emanated from the project, summarised below, thus remain inconclusive and rather a good demonstrative
baseline data than a verdict on the degradation status of the area.

Engelbrecht is a former settler farm spanning a total area of about 9200 ha. which was considered for
resettlement of the Damara people, as part of a larger arca, in the late sixties following recommendations by the
Odendaal commission. The first people (o resettle on the farm afler it was bought by the Bantu Commission
arrived in 1970 and comprised twelve families totalling a number ol 70 people and 200 livestock. The
resettlement of people was not co-ordinated-by any institution, be it the Bantu Commission or the subsequent
second-tier Damara Authority. Instead, Damara speaking farmers fleeing the effects ol drought in other parts of
the country had a free hand in moving and choosing where to resettle. It so happened that the 70 farmers who
ended up in Engelbrecht in 1970 had three farms to choose from; Engelbrecht itsell, Vrye and Brambach.
Fourteen of the scventy pcople, including pastor Eiseb, stayed on al the farm at what is referred to as
Cngelbrecht village in this report. In about 1974, another group ol pcople setticd on the farm, S km north-west
of the main settlement at what is referred (o as Engelbrecht catticpost.

Lying on the verge of the pro-Namib desert area, at 19° 56* S and 14" 40 I%, Engelbrecht farm can be
classificd as an cntircly arid arca characterised by highly variable rainfall patterns and high cvaporation rates.
Daily lemperaturcs varied between 15 (minimum) and 36 °C (maximam). The dryness of the area is illustrated
by the fact that the largest amount of rainfall in memory of the present residents is the 300 mm of April 1994,
The annual average rainfall rangc is 150 - 250 mm.

The farm is within the realm of areas indicated by UNEP as under severc threat of desertification. The soils on
the farm are predominantly lithisol in a hilly rocky landscape. This landscape is dominated by mopane
(Colophopermum mopane) forest on the plains while other tree such as.Combretum spp.. Terminalia spp. and
Acacias spp. and herbaceous plants are well represented on the farm.

The farm Engelbrecht hosts 21 ( 8 from the caltle p;)sl and 13 from the main settlement) houscholds in total,
with a combined population of 98 (31 from post and 67 from village) people. The stocking rates on the farm
are in the area of 820 simall stock (of which 300 goats belong (o one person) and 330 large stock units. The
people and their livestock depend on only 4 functional borcholes out of cleven drilled on the farm, mostly by
the former owner. Though some boreholes were impossible to dip, the depths of those dipped varied from a 4
metre deep, shallow open pit adjacent (o the main borehole on the main settlement, (o an unuscd dry borchole
161.2 metres deep (W22053 , GPS 19°56',9405 S; 14° 43,268 E). The two functioning boreholes at the caltle
post have 8 and |2 pipes respectively. Water availability is said not to be a problem on the farm at all.

The farmers on the farm constantly have to put up with frequent elephant problems where the animals not only
compete with livestock for grazing but also cause serious damage to trees and even threaten human lives. The
clephants werc also reported to damage water installations and fences to an extent where people have simply
given up mending fences or gardening. In an effort to minimise human-clephant conflicts, a scparate borechole
has been provided for use by elephants about 2.5 km south of the main scttlement. The Departiment of Walter
Affairs is responsible for maintance of water points on the farm.
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Due lo lack of fence maintenance, management of grazing and livestock movement is absent on the farm
except for herding of goats as a measure against predators (jackals) and goats gelling strangled in (ree

branches. Animals move in all directions when grazing, and cattle can go as far as the farm’s borders in the dry
scason.

Regular recurrent droughts arc a scrious problem on the farm. Apart from relying on drought relicf, people
move (heir stock to other places (o evade the consequences ol droughts. Towever not everyone has (he
resources (o move (heir stock around and many people arc lelt with no option but to waltch their stock perish.

Almost every tree found in the area is put to one or the other use by the community, from food and medicine to
fuel wood. Mopane trees are the most used of all trees on the farm. Collection of pods from ana trees
(Faidherbia albida) seem to be practised by a few individuals only, who mainly do it for selling rather than as
an emergency fodder in dry periods. Fierce competition for these pods among livestock and elephants limits the
amount people can gather. It might take a whole day to collect one bag (size ol a 50 kg animal fodder bag) of
pods.Fuelwood can still be found within a short distance from the village. In fact, collection of wood is amongst
the three major daily activities taking up people’s time on the farm, the others being cooking and tending to
goats.

The economic situation at Engelbrecht is not dominated by cash due to problems selling livestock and the
distant location of the farm from major urban centres ( Opuuo, Khorixas and Kamanjab), and thus banking
facilities. Lack of vehicular transport limits people’s movements as they can’t travel to Opuuo, which now hosts
the regional headquarters and most of government services like subsidies, across the Veterinary Control Fence,
with donkcy carts. IT they should cross the Redline with their carts, then the animals, the donkeys, would not be
allowed to return. Thus collecting drought relief fodder has emerged as new problem for the pcople of
Engelbrecht. Apart from the Council of Churches of Namibia’s (CCN) “food for the vulnerable’, people share
meal whenever one slaughters an animal.

Further details on the farm are to be found in the respective individual reports contained in this volume.



CLIMATE AND WEATHEI‘I AS POSSIBLE PROXIMATE FACTORS OF LAND
' DEGRADATION

Nghitila Teofilus

Introduction

Arid and semi-arid areas have received little scholarly or popular attention, yet desertification is likely to occur within
such regions. In fact, these areas may well be [ragile or vulnerable. Anthropogenic pressure, when combined with
climalic variations, may accelerate land degradation (UNEP, 1991).

Most ol Namibia's land is arid and semi-arid and has many characteristics in common with dry arcas (hroughout the
world (Secly, 1991). Rainfall in Namibia is extremcly variable and unpredictable, making the country susceptible o
waler shortages. This variability, together with the constant pressure on the land, contributes (o land degradation. The
climate of arid lands can be highly variable, producing remarkable changes in (he environment. Climate is onc of the
most important factlors in an ccosystem. In Namibia, rainfall is the overriding lactor affecting health and diversity of
[MTora and Fauna, which in turn,are the primary determinants of whether a specilic arca is degraded or not. Knowledge
about the climate and weather will provide a better understanding of the Namibian environment and consequently, can
suggest measures which might prevent or alleviate land degradation.

This study attempts to give the climatic picture at the Engelbreeht farmy in former Damaraland (Kunene), Namibia, Tt
also reviews some ol the factors, both global and regional, which may play a significant role in producing weather
conditions in southern Africa, Namibia in particular.

Southern African Weather Systems

The Inter-tropical Convergence Zone (ITCZ) brings most of the rain that falls in the southern Alrican region (Booth, et
al, 1994). The ITCZ is the zonc of inlensc rain-cloud development created when the Southeast Trade Winds (winds
from the southern hemisphere) collide with the Northeast Monsoons (winds (rom the northern hemisphere). The
movement of the ITCZ southward away [rom the Equator marks the start of the main rainy scason in the Southern
Hemisphere. This movement is linked (o the position of the sun in relation to the position of the carth. During the
summmer, the sun is dircetly between the Equator and the Tropic of Capricorn, heating the Occan and other waler-bodics.
This causes warm and moist air to rise into the atmosphere, often resulting in substantial and rain-bcaring clouds.

The Atlantic and Indian High Pressure Systems are the most influential factors affecting weather conditions in the
region. When (hese systems move southwards they cause the Westerlies (o blow south over the continent.

The Indian High Pressure has its centre well out o sea. The winds that originate {rom (his high pressure cell travel
across the warm Indian Occan picking up moisture. This air in(luences the eastern parts of southern Alrica.

The Atlantic High Pressure System, which has its centre near the west coast of southern Alrica, is a source ol dry
subsiding air with short sca track and carrics little moisture (Hurry and van Heerden, 1981).

The air from the Indian High Pressure mecets the air from the Atlantic High Pressure System resulting in the so called
moisture boundary. Air [rom the Atlantic undercuts the Indian air, causing uplifting, condensation and cloud formation.
This boundary lics south-cast of Namibia and distributes some rain into the region (fig.3). When (his boundary lics
north of the region, drought conditions prevail, but when it lics (o the south, widespread occurrence ol rains is possible
(Hurry and Heerden, 1981).

Upper High Pressure Systems create unfavourable conditions for heavy rainfalls and tends to push rain-bearing I'TCZ
and active westerly cloud-band out of the region and over the Indian Occan (Hurry and Heerden, 1981).
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Causes of drought in Squthern Hemisphere

Climatologists have produced a number of plausible explanations as to why droughts occur. A single conclusive answer
is yel to be found (Booth ct. al, 1994). Whilc the pattern of global aridity scems (o be based on (he basic global energy
flux and resultant patterns of atmospheric circulation, drought occurs as a result of specilic shortfalls in moisture
availability-in the face ol specilic demands for moisture. Drought can therelore oceur during any uncxpected shortage
ol available moisture sufTicient (o cause severe hardship to human resource use in the arca alfected. An expected
shortage, say [rom the effects ol the scasonal dry period, would not therelore he classilicd as a drought. If (he shortage
occurred in the normally wet scason or the magnitude of the shortage was significantly greater than normal during a dry
scason, then a drought is said (o occur.

Past drought occurrences have been linked to events such as El Nino and volcanic cruptions. El Nino is a weather
condition which begins with the warming of waler in the western Pacilic Ocean. These natural warming cvents alter
weather worldwide, probably causing droughts in southern Africa or coniributing to their severity (UNESCO, 1980).

Droughts in southern Africa have been linked (o volcanic eruptions elsewhere in the world. Climatologists believe that
the eruption of Mount Pinatube in the Philippines in June 1991 could also be linked (o the drought that devastated
southern Africa in 1991-1992. Dust spewed by the volcano could have interfered with southern Africa's ITCZ, which
brings rain to much of the region (Booth et. al, 1994).

Sources of rainfall in Namibia

The main factors which influence rainlall in Namibia arc occan currents and winds. The winds which blow from the cold
waler ol theAtlantic Occan as a product ol the Cold Bengucla Current along the Namibian coast, bring little moisture.
Morcover, the cold conditions accompanying (he sea breeze are responsible Tor an inversion layer along the coast. This
prevents sulTicient upliltment ol the air masses and the necessary turbulence for cloud formation. On the other hand, the
clouds and moisture from the Indian Occan have (o travel a long way to Namibia so that by (he time they reach the
country, much ol the moisture is drained of. Namibia is therefore a dry country which primarily depends on the position
of the I'TC zones for rain.

When the ITCZ moves southwards away [rom the Equator, it brings plenty of moisture to countrics like Zaire, Zambia
and Botswana and to the northern part of Namibia. The winds that (Bransfcr the moisturce of the ITCZ from the north of
Namibia o its southern and western parts cqually, travels a long distance and loses moisture in the process. This is then
responsible for the steep gradient in annual rainfall from the north-east to south-west of the country. The coast only
receives a maximum annual rainfall of 3mm (fig.4.). The Kunenc region, and thus Engelbrecht farm, is within this low
rainlall region.  In addition, the orographic influences create rainfall shadow condition in (he mountainous arcas ol
Kunene.

Method and Materials

General description of the area:

The Kunene arca is situated in the north-western part of Namibia. It is normally an extremely dry part of the country.
According (o the Koppen system ol climatic classilication (van der Merwe, 1983), the climate at Engelbreeht can be
classificd as "BWhw". This indicales a dry region with deficiency in rainfall (B), truc desert (W), annual mean

temperature above 18 OC (h), and rainfall during summer (w) (fig.2.).

The landscape is dominated by mountainous terrain, hills and plains. The vegetation of the region consists mainly of
annual and perennial grasses, acacia species (A.erioloba, A. mellifera and A. erubesces) and Colophosperniun mopane
with sparscly distributed Combretum along the river course (Giess, 1955; Nghitila, 1995, pers. obs.).

The Huab and Ugab arc some of the major ecphemeral rivers in this region, supporting people, plant and wildlife
communitics ol (he arca (Jacobson et al, 1995).
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Specific description of study site

This study was donc in carly December 1995 on the communal farm Engelbrecht about 60km south-west of Kamanjab,
situated 1956 S, 14 40 E. The larm lies on the Huab river's north bank tributary, thc Kalemba, which Mows through the
main village of the farm. December corresponds to summer, which is the normal rain scason in Namibia. On the [irst

day of measuring, (he arca received a shower of 0.1mm. Measurements and records of daily (emperatures, humidity
and wind speed were made at the study site.

Mecasurement of soil temperature

Mecasuring soil lemperaturc is necessary (o obtain the value ol heat flux between soil and air. The soil temperature was
taken at two depths below the surface: 10 ¢cm and 20 cm, these being the usual depths used at most meteorological

stations. At this depth, the soil thermometer (of liquid mercury, range:-35 (o 55 9C) was buricd in the soil for two
minules so that heat could be transferred and the temperaturc stabilised. Then, lemperature value reading was recorded
on the prepared data sheet.

Measurement of air temperature

For the measurement of the air temperature, the Bailey thermaocouple thermometer (Model BAT-12, -100 OC (o +200

OC) was uscd. The instrument was placed in the shade, and readings were recorded when the ligures stabilized.
Measurement of air humidity

Atmospheric humidity is uniquely related (o the wet and dry bulb (cmperatures of a properly ventilated psychrometer
(Unwin, 1980). The psychrometer consists ol a pair of thermomelters, one of which is covered with a wet sleeve. Aflter
pouring water on the sleeve, the psychrometer is rotated until a constant reading is obtained, both on wet and dry
thermometers. These readings were converted into pereentage relative humidity using the psychrometric chart 100.0
kPa (Barenbrug, 1974).

Wind spced

Wind speed was recorded by a 3-cup x 100m Windweg ancmometer (Wilh. Lambrecht GmbH Gottingen). The initial
numbers on the anemometer are recorded and the reading taken again after I minute has clapsed. The measurcments
were converted into m/min. The pole supporting the ancmometer was about [.8m high above the ground.

Information about rainfall, droughts and floods was obtained from the residents and the weather stations near
Engelbrecht. Long term rainfall data were also oblained from (hese stations (Weather Burcau, Depl.of Transport,
Ministry of Works, Transport and Communication, Windhock). The four weather stations which had long precipitation,
(emperature and humidity records and were situated near Engelbrecht, were sclected. Their rainfall records were chosen
Lo approximale the expected rainfall at Engelbrecht, as these stations bracket the farm (map 7). An overview was
prepared comparing a wet year (1974) with a dry year (1948). The latter is considered a drought year in this region. The
results obtained were then arranged into threc calegories as:

A) Intlerviews

B) Direct measurements

C) Climate of the arca



Results '

A) Interviews

Six local people were interviewed, of which four are clderly men who have stayed on the Farm Engelbreeht since the
1970s. They cmphasized that the arca has no reliable rainfall records. The 1995 total annual rainfall of 300mm was the
hest they remembered sinee they had dwelled at Fngelbrecht, and the river had flowed three times.

Between 1980 and 1982 the arca experienced a severe drought. However, the people at Engelbrecht had never had
drinking water problems since they settled there, including during the 1980-1982 and 1991-1992 droughts. Because
there was little or no rainfall during that period, some residents moved (o other farming areas like the Usakos arca, then
came back therc after it rained. According Lo the local people, the arca looked barren between 1988 o 1994, but alter the
good rainfall in 1995 it recovered. None of them noticed any long term change in the vegetation pattern,

There is only onc rain gaugce in the whole of Engelbrecht but most inhabitants seldom take readings. They cxpressed
their willingness (o acquire some rain gauges.

B) Direct Measurements

Humidity and air temperature obtained by dircet measurements show the same trend as the data obtained from the four

weather stations ( fig.5 and 6). Daily temperature is in the range of 15 (0 35°C, ( fig.5).
C) Climate of Arca

Figure 10 shows a gradient ol increasing rainfall from the coast to the inland arcas. Daily (cmperature is high with a
maximum of 36 OC [ig.8. Humidity is rclatively low lig.6.

A comparison of rainfall of the arcas located in the 199 s latitude and along the longitudinal line in the range ol 13-18¢
I3, indicates the increase in rainlall from west to cast with variations at many places.

Discussions and Conclusion

In discussing the nature ol the climate of this arca, onc must understand the basic characteristics ol arid climales.
Rainfall is patchy, unrcliable and highly variable both in time and space. The north-western part of the country lalls
within onc ol the lowest rainfall regions of Namibia where high cvaporation rates arc experienced (lig.4.).

The analysis of the long-term data shows how variable the rainfall can be in this environment. Damaraland climalte is
similar (o that of the Sahel: the summer rainy season is characterised by large variations of precipitation,from onc year (o
another (Richard, 1993). Droughtis a recurrent and an expected event. In 1974, good rains fcll, though with variations
between sites, and 1948 was a drought year. The rains of 1991-1992 lailed almost completely in all Damaraland
excepting the Grootberg arca in the northeast. Even near Grootberg, only a few species of acacia managed (o retain
some green foliage along with the miraculous mopanc trees (Richard, 1993). In (his situation, the coclTicient of
variation of rainfall may be high. The mean should not be used, because it does not give a good representation of the
cxpected amount of rainfall.

A study on drought-stressed rangelands of Eastern Australia (Caughley ct al, 1987) analyzed interaction between
climatic variability, plant production, plant specics composition and kangaroo population. He concluded that the system
became dominated by variability when the rainfall’s cocefTicient of variation is ncar or exceeds 30%. This can displace
the cquilibrium of the ccosystem. A similar study was done in Northern Kenya by Ellis and Swilt (1988), arriving at the
same conclusion as Caughley (Scoons, 1994).

Unfortunately our data did not include the rainfall for cach year and the cocfTicient of variance was not calculated. The
study done on ephemeral rivers and their catchments in this arca by Jacobson ct. al, (1995) shows large deviation from
annual mcan rainfall.

6



Owing to high temperature and low humidity (fig.5 and 6.), polential evaporation is high, and cxceeds the rainfall.

Besides the soil being rocky, low rainfall is the major lactor which limits people [rom practising crop farming. Small-
scale stock larming is the only viable agricultural practice in the arca.

While a limited amount of rainfail complicated by its variable and patchy nature docs not cause desertification, it limils
(the amount of plant biomass (hat can be sustained by any given arca. Consequently, the productivity of the rangelands
and its carrying capacity will be low, but most importantly, it will vary with ramfall and will thus be unreliable for
farming. ‘This not only hampers proper and prudent planning by farmers, bul it complicales management.

Bascd on its low rainfall history, the farm Engclbrecht could hardly support a single farmcr and his workers, now having
to support a scdentary scttlement of more than 16 houscholds (sce Kakukuru in this volume). Thus, the danger of
“exceeding the carrying capacity is real.

Thereflore, better use of both past, present and future knowledge of the behaviour ol the climalte system in a

multidisciplinary effort should be adopted (o avoid possible land degradation, resulting in excessive resource use which
ignores the typical and extreme climatic variations.
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Fig.2. A map of Namibia’s climatic regions according to Koppen
\f;yst.:em ol climate classification. The sltar on the map
. indicates the location of Fngelbrecht.
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Yo Relative Humidity at Fogethiocht on 10 Dec 1995
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Fig.6. Daily relaltive humidity at Engelbrecht on the 18 December
199%. These values lie within the range of humidity measured at
nearby localtions. (Weather Bureau, Windhoek, Hamibia ).
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Tolal rainfall along 19° S 1atitude for February
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Fig.10. Total rainfall along the latiltude line 19" 5 at diflferent
longiltudes lor February 1948 and 1974 1948 wans a dry year wibth
poor rainfall as compared to Cthe exceplionally good rain in 1974.
The graph illustrates Lthe high varlabililty of rainfall with huge
dilfferences from year Lo year, a faclt Lhat makes measurcements of
moan rainfall unreliable.  In Namibia, rainfall generally increases
from West Lo Fast as shown in the graph.
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' MAPPING

Jacobus Guidao-oab

Introduction

The arguably unresolved question regarding the occurrence and extent of desertification in Namibia
nécessitates in-depth research. The most appropriate way of indicating the spatial dimension of the phcnomena
is through mapping. Maps are essential for the study of desertification as they inay also indicate the potential
for spread and the threat of desertification in gcographical enlities at a varicly of scales such as continents, _
countrics and regions. Itis claimed that countries with a total population of 900 million pcople are alfected by
different magnitudes ol desertification (Trux.A, 1993). These are countrics in arid and semi-arid regions ol the
world with a ratio of annual average precipitation to cvaporation of 0,65 (Trux.A, 1993). Namibia, thus,
cxpericnees the same potential for desertification as other arid and semi-arid arcas in the rest of the world.

Namibia is (he driest country south of the Sahara in Africa (Secly, 1984). To illustrate how Namibia and (he
rest of Africa fit into the global picture of arcas under threat of desertification, it is nccessary to start with
large-scale maps and then to focus on Namibia and thereafter the specific study site, I'ngelbrecht. As Van der
Merwe (1983) argues, no country exist in isolation but cach forms an integral part of the larger global climatic
system.

In this project, use is made of existing world, continental African and Namibian maps, as well as maps of the
Engelbrecht area, to support the rescarch undertaken in that locality.

Materials and methods

Through a literature review, a number of maps were obtained from various publications and were used as base
maps for the drawing of relevant maps indicating desertification. These were maps that covered issues ranging
from the extent of desertilication in susceptible countries to vegetation maps, both international and local. In
mapping the different phenomena, an attempt was made to always consider the relevance of the map to
desertification in Namibia, with emphasis on Engelbrecht farm. To map details of Engelbrecht farm,
community members ol the Engelbrecht village where gathered under a trec where they draw up a sociological
map, using a PRA method (sce Kakukuru, this volume). The same approach was applied in drawing up the
resource map for Engelbrecht farm.

Results and discussions

World map

This world map shows a large part of thc world as consisting of arid and semi-arid arcas and only a small
portion being covered by tropical forests. Aridity refers to insufficient rainfall, less than 600 mm per year, (o
support vegetation in any quantity, whereas semi-aridity refers Lo a transitional zonc between savanna grassland
and (ruc desert. Arid and semi-arid areas of the world are indicated on figure 2.1. Semi-arid arcas are indicaled
as areas that are very susceptible to desertification in 30 to 40 years (Allan and Warren, 1993). It is noteworthy
that Namibia falls into this indicated area. Thus there is no doubt that Namibia, and surely most of Africa,
could face serious problems in the long run, particularly with regard to land degradation, decreased economic
output and the accompanying social problems.



African map

The map of Africa gives a clearer picture of the exact extent of aridity in the southern part of the continent. The
map indicates how Namibia consists almost cntirely of arid and semi-arid environments (figure 2.2). llowever,
it should be kept in mind that the extent of regions threatened with desertification is not fixed. As highlighted
by Allan and Warren (1993), weather conditions vary from year to year. Periods of dry years do occur
consecutively and result in local patterns of aridity which may accelerate the process of desertification. A spell
of dry years does not necessarily resull in desertification, but may hasten the processes that lead Lo it. Due to
this, drought tends to be a recurrent phenomenon in semi-arid regions of Africa (Glantz, 1981). In addition, the
climale of most arid environments is characterised by highly variable rainfall, low humidity, high insolation
(the amount of exposure (o the sun) and highly fluctuating temperatures (Seely, 1994).

Figure 2.3 indicates areas that are subject to desertification. - One can clearly see how the south-western part of
Alfrica, and Namibia in particular is at high risk of descrtification. This is mainly due to arid and semi-arid
zones that occur in the country.

Namibia

From the above figures, it is clear that Namibia experiences the same biophysical conditions that accompany
aridity in the rest of the world. Thus the question as to whether desertification is a potential threat in Namibia
can be answered from the maps and regional weather characteristics. This map largely depicts the Namibian
landscape as ranging from semi-arid (o arid and hyper-arid conditions. This clearly shows that desertification is
a polential threat in Namibia, if it is not already a problem. For Engelbecht farm, which is located within the
semi-desert transitional zonc (less than 300 mm annual rainfall), the threat of land degradation may even be
greatcr.

Engelbrecht is located in the Kunene region, in the northwestern part of Namibia and has predominantly
lithosol types of soils (see figure , Namibian soil map). These soils are rendered absolutely unfit for
agricultural use due to the steep, rocky, mountainous and hilly landscape (figure 2.4). On (he other hand, figure
2.4 shows that there are only [-3 persons (per square kilometre) in the Kunene region (figure 2.5 ). Although
the area is not densely populated, the productivity of the soil is very low. Natural vegetation is dominantly
mopane/savanna ((igure 2.6). The vegetation is not really sufficient for livestock farming without careful
management.

Social map

Despite it's polentially low carrying capacity, Engelbrecht farm has been home (o a growing human and
livestock population for the last half a century. The social map drawn by (he community displays a current
pattern of cluster-settlements, which is related to kin relationships and proximity to the waterhole. As water is
fetched either on foot or with donkeys, households are situated within walking distance from the source of
water. As there are neither stock camps nor automatic watering points, farmers need (o personally tend to the
watering of their stock on a regular basis. '

Kinship plays a role in determining clustering of households as single households expand with growing
numbers of family members. The social map seems to indicate that the road also plays a role in determining the
position of individual households.

Resource map

The resource map of Engelbrecht village depicts things such as cultivated land, waler, grazing areas, roads,
rivers and farm land. This map was also plotted with the input of the local people, figure (2.11). Through
intcrviews with the community, use and management of both cultural and natural resources on the farm were
established. Personal views of the local community on their environment, problems and carrying capacily of
the farm were also gathercd in (he process. Flephant activities emerged to be the most oulstanding problem (hat
the community at Engelbrecht continuously has to deal with.
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The farm has 11 boreholes. Four boreholcs are operating: one for local human water supply and onc for
elephants at the main village and the other two for cattle post. Not only do the community's livestock have to
compete with elephants for pastures, but also water installations, gardens and trees sufTer regularly from
elephant damage. The community has, in fact, given up on cultivating and established a separate watering
point for elephants with the help of WWF a mile further away. Further research will establish why the rest of
the boreholes do not work. Some of these still have water.

We also looked at livestock diversity and grazing areas. The Engelbrecht grazing map indicates how the area is
utilized by livestock according to their preference (figure 2.10). It is noteworthy that all animals grazed equally
on the area. The stock graze on the plains during rainy scason then they move to hilly plains once area | is

overgrazed. After areas | and 2 have been overgrazed, they normally move to arca 3, which is rocky and
imountainous.
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Figurc 1.” African map showing classifications of arcas according to aridity.
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Figure 2. The pogition of Engelbrecht on the Namibian soil map
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P()PULA’I;]ON DEMOGRAPIIICS AND OTHER SOCIAL ASPECTS OT
ENGELBRECHT

Elizabeth Kakukuru

Introduction

The dcbate on environmental change in the dry lands of Africa, especially in the context of land degradation, is
filled with confusion and disagreement concerning the magnitute, scverity and causes of observed changes
(Warren, 1988; Agnew, 1988). Bouriere (1983) reported that in reviewing the recent literature on land
degradation, especially in Southern Africa, there is a need (o understand the causes behind existing
contradictions. On the other hand, there is a common beliel that inappropriate farming methods and
overgrazing are turning large areas of Africa into deserts (Bouriere, 1983). [lowever, many other [aclors
including the uncontrollable climatic variations contribute to land degradation. Increasing pressure on natural
resources is causing a decline in the productive capacity of many arcas. The question still remains to what
exlent statements on land degradation issues are based on an understanding of an ecology characterised by
change, variability and heterogeneity. Allernatively, to what extent are such statements based on ever-changing
perceptions of nature and the relationships between man and the environment (Jeffers, 1994).

The causes of land degradation are defined at both national and international level. Meyers (1992), agreeing
that other factors contribute to the total cfect of land degradation, claims that population growth is the agent
behind natural resource depletion. Contrary Lo this, Stern (1993) reports that there is no convincing evidence
that a stable human population would treat the environment better.

Standford (1976) identified four main groups ol arguments concerning the cause of dry land degradation, which
include social and economic structures, largely uncontrollable climatic events, the short-sightedness of
governments, donors and animal population growth.

Namibia is a dry country with low and variable rainfall. The country is sparscly populated but has a high annual
population growth rate of about 3%. The population is unevenly distributed as a result ol the division of the
country into homelands, delimitated by the Odendaal Commission according to ethnic criteria, and the uneven
distribution of natural resources. Lau (1993) reports that those who were lo make a living from the land were
no longer in a position to make any decisions regarding short-term and long-term developments, investiments,
purchases and land tenure. Nor were they in control of the financial or other mecans which

. were required for even small scale projects.

The information for this study was collected at a farm called Engelbrecht which is about 50 km south-west of
Kamanjab, from the 12" till the 19" of December 1995. It is part of an overall study that is looking at the

evidence of land degradation in the western part of Namibia. This specific section focuses on population
demographics. o

The total population determined by the 1991 national census for the Kunene region comprises 4.2 percent of the
lotal population of Namibia. The Khorixas constituency comprised 21 percent of the total population of the
Kunene region. The total population of the farm Engelbrecht in 1987 was 48 people.

Materials and Methods

The methodology used in this study is called PRA (Participatory Rural Appraisal), a mcthod first initiated in the
1970s (o replace or improve on RRA (Rapid Rural Appraisal). RRA method extracts information in a short
period of time and the results may or may not be shared with the community. With PRA, the information is
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extracted for a long pe'riod of time and is shared with the community while researchers are still in the field
(Okali et al. 1994).- It is usually carried out in the field by an interdisciplinary team working closely with the
local people. This method is designed lo generate information on local conditions and the people’s livelihood.
It also helps to stimulale, sustain and strengthen the participation of the local people in research activities
(Keregero,1992). PRA (ools are most widely used in participatory research involving farming (Okali et.al,
1994).

To initiate the PRA investigations, community members, ranging from elderly people (o younger ones, were
gathered under a tree and were informed of the activities that were going (o take place. The following PRA
lools were used in (he study.

1. Social mapping:

The first tool used was social mapping ol the area. Community members, eighteen women and six men,
participated by drawing the location and relative positions of househalds on the farm. The researchers also
participated spontancously. Information on the number of households, houschold ownership, age composition,
gender, emigration and immigration was indicated on the map. The local people drew and coloured maps and
models of the area with locally available materials, following minimal instructions from the researchers and
guided mainly by questions.

The local materials used in drawing and colouring, included sticks, stones. ash, goal droppings, leaves and
grasses. Models and maps were then transferred onto paper by the researchers (map).

2. Transcct walk:

A group of four researchers took a walking tour of the village with the guidance of one villager. This villager is
employed as a game guide by the IHuab River Project, which is funded by WWTF (World Wildlife Fund). te is
responsible for counting the individual elephants as well as the number of groups in which they are moving
about. Information was obtained through observation and discussion with the villager mainly by asking
questions. Researchers also acquired information on the location of the borcholes, when those boreholes were
drilled and where the grazing area and fences were.

3. Venn diagram

The villagers were requested to map the relationships between the community, traditional leaders, government
and non-governmental institutions operating in the area. First, one member of the PRA (eam drew a large
rectanglc which represented the village. Then, the villagers were asked to indicate which of the various
institutions available (o the village related to their day-to-day lives. It was further explained to them that the
institutions that related more to the community’s life were to be drawn close to the rectangle representing the
village and those that did not could be indicated further away from the village. The bigger the circle, the more
important the community perceived that institution and vice-versa. Then, a villager was asked (o indicate how
the selected institutions were related to their daily lives. The various aspccts mentioned according to
institutions were waler, grazing capacity, livestock numbers, permission to sell stock, livestock vaccination,
drought relief, food aid and auctions. Fach of these points was given a sign which was placed inside a circle of
the institution were it belonged to (Fig.1).

4. Interviews:

Some of the information was gathered through semi-structured interviews with the villagers, especially wilh the
oldest residents of the area. These are (he people who have lived in the area for a long time and know the area
well. Interviews were also conducted with some people who were not present during the PRA activities to
confirm the information gathered.
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Results:

The results arc presented in (wo scparate scctions, one for the village Engelbrecht itsell, the other scction
covering the settlement known as the Engelbrecht cattlepost situated approximaltely 5 ki from the main village
scltlement.

Engelbrecht cattlepost:

The current occupants of Engelbrecht cattlepost have been living on the farm for 19 years, but they moved
temporarily to a farm ncar Usakos during the drought of 1980 and also from Junc 1994 until July 1995. There
are 8 houscholds at this post with a population of 31 pcople of which 35.5% arc children. Therc are only 4
schoolgoing children who account for 36.4% of the population at the post. Water availability is barely
considered a problem at Engelbrecht post. The grazing area is still perceived by the community (o be good and
sufficient for their livestock. ‘

There are (wo boreholes, one [itted with a diesel pump with 12 pipes and the other one is a windpumyp with 8
pipes. The wind pump is uscd for emergency water when the dicsel-powerced borchole is broken. There are
approximalely 400 goats and 48 caltle at the post.

FFig. 3a shows that there has been an increase in both the number of small and large stock at the post during the
period of 8 years even though there was a decreasc in both during 1991, Only 4 pcople receive old age pensions
while the rest rely on their livestock for a living, by selling them during auctions al a place called Driehoek, a
nearby farm. They are also supplied with food by the CCN (Council of Churches in Namibia) on an
approximate three months basis. This food was initially meant for pregnant women and small children but is
now used by all.

Engelbrecht village:

Population composition:

The population composition of the Engelbrecht village is presented in table 1. There are 13 households at the
village with 67 residents. The male composition of the population is 24%, and 4 of the sixteen adult males live

in lowns and visit the farm only during holidays.

Table. 1. Population Composition of Engelbrecht Village

No. of IHouscholds Male Femalc Number of Children
School- Non-schooling
2 going

| | | | 0

2 | | | |

3 | | | 0

4 | | 0 0

S | | 0 0

6 | | 3 3

7 | | 2 |

8 2 | | 2

9 | | 0 3

10 ] 1 | 3

11 2 3 2 3

12 2 2 0 |

13 | 2 0 S

Total 16 17 12 22
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Females comprise 25% and 51% are children. Only 35% of the children are school-going and the remaining
67% are cither small babies or children who help their parents with farming, although they are of school-
going age. There is only one woman-headed household at the farm.

FFig.Ja. shows that there is a trend of increasing numbers of large stock units at the village, whereas, on (he
contrary, the small stock decreased from 700 in 1987 to 420 in 1995. Atthe post, both small and large stock
follows the same (rend, decreasing in 1991 but increasing in 1995. Fig.3b. shows that even with (he decrease
in the numbers of small stock at the village, the increase in small stock at the post balances the total number
of small stock at the farm. Thus, the total number ol small stock at the farm decreased in 1991, from 810 in
1987 o 718 but increased again to 820 in 1995. The overall number of large stock at the farm has increased
significantly over the period of 8 years, from 146 to 330 (Fig.3b.).

Emigration and immigration:

The first residents came to settle in the area in 1970 from Ovitolo afler the farms were bought by the (hen
Bantu Commission for resettlement of Damara pcople. A group of seventy people with approximately (wo
hundred cattle originally came to settle on the farm where they had to choose between (hree farms namely
Iingelbrecht, Vrye and Brambach. Only fourteen of the seventy people decided to stay at the farm
Cngelbrecht. Only two of those pioncer residents and their families are still on the farm as the rest have died
and only their grandchildren still live there. Immigration and emigration into the area is not exlensive but
the village is growing through expansion of the families.

Kinships:

The houscholds are clustered in groups according to the relationships of the people through marriages and
relatives. Kin-relationships also contribute to the migration of people from other areas but this was reported
to be happening at a minimal rate.

Relationship of community to various institutions:

The church is closer to the community than any other available institutions possibly because it is located on
the farm (fig.1). The sign of water within the circle representing the church indicates that the pastor, who
lives on the farm, is the person who reports any of the problems concerning water to the Department of
Waler Affairs and also lakes care of the waterpoints. When he is away, there is always somebody who
represents him.

The results also show that the chief, council and the headman have no contact with the community even
though (hey are the ones involved in the drought relief issues. The community has some direct contact with
the agricullural and velerinary extension ofTicers as well as Rural Water Supply, which falls under the
Department of Water Affairs and deals witll their water problems. These officials visit the community
relatively frequetly and organize auctions, vaccinations, count their livestock and give them advice on the
grazing capacity of the area. ’ ’

Social Welfare:

Only 10% of the population of Engelbrecht arc old age pensioners. The rest of the people depend on their
livestock and food provided by the Council of Churches in Namibia. Livestock is sold during auctions twice
a year and the number of animals sold depends on the owners themselves. Those who do not own any
livestock live on the mercy of the others; it was reported that when the pastor slaughters an ox, the meat is
shared among the villagers.

The communily raised the concern that their desire for making gardens is made impossible by the elephants
as lhey fear that the elephants could destroy them. The elephants were noticed to have increased in number
since the people settled on the farm in 1970 when they did not see elephants or have problems with them.
The only animals they had problems with then were lions and leopards (Fiseb, pers.comm.).
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Discussion '

Engelbrecht farm covers an area of approximately 9200 ha. The population at Engelbrecht has grown from
48 people in 1987 to 98 people in 1995, showing that the population of the farm has doubled in the past 8
years (fig.2). The population at the farm is growing at an alarming rate of 13%. The result will be too many
people and too many livestock in a confined area which may lead to land degradation and ultimately lo
desertification. JefTers (1994) reports that livestock overpopulation and high density ol human numbers
leads to deforestation and overgrazing which ultimately results in the destruction of the livelihood of the
people themselves.

The decrease in the number of small stock at the village (Fig.3.a), is probably due to the drought of 1992.
Rohde (1993), reports that most of the Odendaal farms were seriously affected by the drought of 1992.
Cattle, being the most vulnerable, were the first to be moved to alternative grazing. Although most farmers
wanled to move, they had nowhere to go. The total small stock deaths due lo drought were 35%. De-
stocking of cattle through auctions throughout 1992 showed an increase of sales by about 40% over the
previous year, and taken as a whole, represented a reduction in the total herd of less than 20% (NISER,
1992).

The improvement in human and veterinary services and the availability of modern medicines has helped
increase human population and livestock numbers. Traditionally, livestock are kept for many reasons, as a
source of food, a symbol of status but it also plays a major role in many social functions including
marriages. A large number of cattle are also kept as insurance against loss due to drought or disease. Ience,
it is difficult to convince a farmer to reduce his herd size.

Botelle and Rohde (1995) report that in many rural areas of Namibia, a government pension of N$135 per
month is the staple source of income, especially in the areas where agriculture is extremely marginal and this
small amount can make a difference between absolute poverty and a reasonable food security. Only 10% of
the population of the farm Engelbrecht are old age pensioners. Very few households have large enough
herds to sell livestock. As a result, the income derived from livestock plays a minor role in the economy of
most households at Engelbrecht but this also applies to other parts of Namibia. Some households have less
than 10 cattle and even if they had to sell some, this would just be | or 2 per auction which take place twice
per year.

All water for human, livestock and game (eg.elephants) consumption is obtained from the boreholes and
there is a reservoir at each borehole. There are altogether eleven boreholes at this farm with only four still
operating. The others have dried up possibly because of a drop in the water table (Fanan, 1991). The area
is known to have a low and variable rainfall. The expected amount of rainfall ranges between 59 - 339 mm
per annum (Dealie et.al, 1992). Thus, the water extraction could be far greater than the ground water
recharge. This might be due to the lack of long-term planning in the-region between Rural Water Supply
and the NGO’S operating in the area. Given the fact that Namibia's population is growing at a very high
rale, this correlates with the increase in the utilization of natural resources such as water and trees.The
question is how long Namibia will still be in a position to support its population with water, as one of the
scarcest resources, if already today some of the areas can barely support populations in their marginal life
styles.

The drilling of boreholes as an act of drought relief does not solve the problem but adds to the already
existing ones. This results in a large number of boreholes in a certain area which are in some cases drilled
next to the other one, causing the depletion of grazing in the areas between them (see Ngairorue in this
volume). The cost of barren areas immediately surrounding each borehole is far outweighed by the beneifts
of more efficient fodder use and higher livestock populations (Hanan, 1991). Very high densities of
boreholes in arid environments may result in a decreased resilience of the system as the diverse nature of the
environment is destroyed. All these can lead to land degradation.
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Other areas in the we;tcrn part of Namibia where elephant problems are reported, often include villages such
as Onverwag and areas surrounding the Palmwag lodge. Elephants are reported (o cause damage to gardens
as well as breaking down the waterpoints (Jobst et al,1994). In other parts of the country, especially (he
Castern Otjozondjupa region, the major constraints to increased irrigation and gardening is the lack or
absence of water (Botelle and Rohde, 1995).

More than 90% of the population use donkey-carts as their major mcans of transport. The community needs
support services from the government, especially medical care, as they reported that it takes them a whole
day to ride by donkey-cart to the nearest clinic which is in Kamanjab. The mobile clinics, which are part of
a wider health programme including the rural health promotion and community health education of (he
Ministry of Health and Social Services, do not extend their services to some of these areas.

One interviewee stressed the point (hat he does not think that there is still cnough place for other people to
come and scttle at the farm, as he fecls that too many pcople on a farm will enhance theft. Namibia's high

population growth rate correlates with the increase in the utilization of natural resources, such as trecs and

water. But for how long will Namibia still be in a position to support its population if people arc even now
settled in areas which are barely able to support a marginal lifestyle?
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I Bchematic-diagram showing the relationships of the

Engelbrecht comadunity tD‘thE various institutions.
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FIG.2.POPULATION GROWTH ON ENGELBRECHT.
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The human population at the Engelbrecht village and the o
Engelbrecht cattle post has increased from 1987 to 1995. During
the past 8 years, the population at the Engelbrecht village has

doubled.
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Stock Numbers

Fig. 3a. Livestock Population on Engelbrecht over 8 years
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Fig. 3b. TOTAL LIVESTOCK NUMBERS ON ENGELBRECHT
OVER 8 YEARS
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VALUING THE LOCAL USE OFF ANA PODS AT ENGELBRECHT
I. O. Nghishoongele

Introduction

The ana pods are the fruit of the ana tree which provides animal fodder in the dry season. The scientific name of the ana
tree is [aidherbia albida. They arc harvested by humans and eaten by livestock after they have fallen (o the ground in
the fruiting season which is from September through December. This (ree species is most important for sustaining soil
lertility. It is currently under the subject ol a programme of genctic conservation and rational usc by the Food and
Agriculture Organization ol the United Nations (FAO) (Wood ,undated translation). The ana tree is one ol Namibia's
fastest growing tices. Although it does not grow in the southern and eastern. Namibia (sce appendix, [igure 1), the ana
tree grows in western Namibia in arcas where (he water table is fairly high i.e along water courses (Craven and Marais,
1992).

The Engelbreeht communal farm, situated S0 km south—west of Kamanjab, in the Kuncne Region was chosen as the
study area. The farm, previously a private commercial unit which is now communally owned, has been under
communal tenure since the early 1970s. Many people on the farm do not have a regular source of income apart from
pensioners and those who have livestock which they can sell. Crop farming is not practised on Engelbrecht due to low
rainfall and the rocky type of soil which is not suilable for cultivation as well as the alleged fear of attracting Elephants,
which are fond of destroying gardens.

The aim of this part of the project is to evaluate the use of ana pods and their role as a natural resource for the
Engelbrecht farm. The study aims o provide answers to questions on how much ana pods arc used per household,
during what period of the year (hey arc used and what economic value can be attached to the pods and their uses?

Comparison ol these attributes to those of the Topnaar community along the Kuiseh river in central Namib, will be used
for comparative valuation.

Materials and Methods

In order to value the local usc of ana pods information was gathered through interviews, cither individually or in group
discussions with the local residents. A method of collecting information called the Participatory Rural Appraisal (PRA)
was used. This method involves the local pcople in gathering (he data and breaks down barriers between the local people
and rescarchers (Social Sciences Division of UNAM, 1994). Other Participatory Rural Appraisal (PRA) tools like
matrices and resource maps were also uscd. This participatory approach uses several methods of data collection as a way
ol cross—checking sources (Social Sciences Division of UNAM, 1994).

Obscrvations were made (o verify the information gathered through interviews and discussions. The ana trees were
sampled for canopy cover and diamecter breast height in a total distance of eight kilometres, along the Katemba River.
Trece damage such as branches pulled down and the possible cause of damage, were also recorded and estimated
respectively (sce appendix, figure 2). The Topnaars communities at Swartrivier along the Kuiseb River in the Namib
Desert were also interviewed (o compare the use and value of ana pods with that of Fngelbrecht. To determine the value
of Ana pods to the Topnaars, different sized bags, a 12.5 and 60 kg maizc meal bags, were filled with ana pods and
their respective weights measured.



Results

People interviewed at Engelbrecht indicated that they collect the ana pods in bags aller they have fallen to the ground.
The 12.5 maize meal bag filled with ana pods weighs 1.5 kg. Some pcople collect the ana pods in these bags and sell
them Lo one communal farmer nearby at a cost of N$2 per bag. Contradiction surrounds the local sale of ana pods. Some
Engelbrecht residents claimed that they also sell the ana pods to one local communal farimer who has many goats, but the
farmer said he had never bought ana pods from anyone. One local resident, Kavendjii, indicated that he collects a (otal
of five bags ol ana pods from (wo or three trees per season, leaving some behind for the livestock and elephants. The ana
pods are mostly given to sick goats and lambs so that when they go out grazing they do not do it too far from the houses.
The goals also browse on shrubs and trees. The villagers indicated that there was a general decline in the number of ana
trees and the availability of the pods. In the Ugab catchment, commercial farmers also collect ana pods in communal
arcas, which appears (o be a new development. In 1995, two groups of outside collectors were asked o leave the ana
pods for local residents (Rudi ILoutit: Chicl Conservation Officer in former Damaraland and Skeleton Coast, pers.
comm. via Mary Seely, 1996). Women who mostly collect the ana pods mentioned that they were willing to put their
time into collecting the ana pods as long as they were there. That mecant they were willing to give up N$10 which they
could have earned by doing the laundry for those who have other sources of income. The reason could be that collecting
ana pods and doing the laundry do not take the same time. For the Topnaars, the ana pods are the main source of fodder
for their goats during the dry season. It is worth noting that some of the Topnaars also rear sheep in the arid environment
of the Namib Desert which they sustain on ana pods as well. Ughos Kham, one of thc Topnaars interviewed, mentioned
that they collect and store ana pods, they also sell them at a price of NS 1S per bag in 60 kg bags, which when full ol ana
pods weigh about 6 kg. They usc donkey carts to travel a distance 50 km in order to scll the ana pods.

The results suggest (hat on the farm Engelbrecht the ana pods are not as much collected or used as it they are along the
Kuisch River by the Topnaars. The crux of the matter lay in determining the proportional amount of livestock fodder the
ana pods provides to altcrnative pastures available at Engelbrecht. The person interviewed at Fngelbrecht, being onc of
those collecting ana pods for goats, indicated that he collects about five bags per season which is a rather small amount
for valuation. Women who collect ana pods in the same area do so and sell them (o a communal farmer in another area,
thus the ana pods are also a source of a cash income to the Engelbrecht community. Estimating the quantitics used and
attaching the price may lead to under-valuation or overvaluation of the usc of ana pods on Engelbrecht farm. Owing to
the limited time which was available lor carrying out this project, the results warrant further investigation in order to
come up with a conclusive answer. Three methods can be used for determining (he price of the ana pods;
I.Local price.
2. Opportunity cost of collecting time.
3. Cost of replacements.
The nutritive value of the:ana pods has to be determined in order to quantify the cost of replacements. At Engelbrecht a
large number of ana trees are thought to have died because of the dropping water table caused by an increasc in the
number of dams up—stream and a decrease in rainfall (Jacobson at al, 1995). Rainfall in this area is also erratic and
variable spatially (Rohde, 1994). It appears as if the increase in elephant population leads to an increase in elephant
damage in Engelbrecht and the neighbouring areas. This again raises more questions of what should be done in order lo
remedy the situation. Elephant damage and other causes of damage may lead (o0 a decreasc in the availability ol ana (rees

which would mean a decrease in productivity in livestock and game alike and would contribute (o desertification of the
area.
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ASSESSING RESOURCE MANAGEMENT ON ENGELBRECUT

Michael Humavindu

Introduction

The social trend of responding (o a situation only after disaster has struck is highly undesirable in
environmental issucs. Atstake is the kind of environment the next gencrations will inherit and it can
he determined by today’s gencration’s actions towards the environment (Booth et al, 1995). Land
degradation is the substantial decrease in either or both ol an arca’s biological productivity duc (0
human interference and is an ancient problem. However it should be kept in mind that degradation is
not confined (o certain regions or areas only , it occurs virtually everywhere to one degree or another
(Johnson and Lewis, 1995). Degradation is caused mostly by overgrazing, cultivation and poverly, and
has alrcady affected about 20% of southern African soil (Booth et al, 1994). Research on
desertification should not only concentraic on the more biophysical aspects but rather, an cquilibrium
should be maintained by focussing on present socio-cconomic factors (0o (Stiles 1993).

Desertification or the impoverishiment of arid and scmi arid area ecosystcms is a national concern and
priority of both Governimental as well as private institutions in Namibia. A public policy on land
degradation should not only promote conservation but also development, such a stand will only not
benelit the local communitics involved, but a wider sector of the sociely (Janson, 1991). Various
organisations such as the DRFN(Desert Rescarch Foundation of Namibia) in collaboration with the
government have been involved in rescarch on desertification in Namibia, thereby propagating
environmental awarencess, education and land management skills (Janson, 1991). This specilic
rescarch was based on investigating resource management activity on a conununal farm in the Kunene
Region. Ttis a component of a research project by the DRTN (o asses the possibility of desertilication
in Namibia.

Materials and Methods.

The research was carried out on a farm called Engelbrecht. The farm was initially commercial but is
now a communal scttlement. Engelbrecht is 50 km south-west of Kamanjab in the Kunene region and
is 10 500 hectares in size. This study concentrated especially on fesource management. The natural
resources that were [ocused on were livestock, waler, grazing arca and nalive trees. Information was
obtained mainly through PRA methods. PRA (Participatory Rural Appraisal) is a tool used in research
that involves the participation of communitics. It is a tool based on iterative Icarning, shared
knowledge and flexible analysis. PRA collects information on living conditions and local situations
(Keregero et al, 1992). The community and research (cam constructed a matrix (o rclate (rec specics (0
their uses and scoring was done against cach tree. The use (hat was considered to be more important
than the others got the highest score. A time budget was another PRA method used in this study (o
identily allocations ol time (o various resources.

Cstimation of the waler used per ycar was made combining human and livestock water use. The water
lost due (o cvaporation and use by clephants was also estimated. The stocking rate allowed us (o
calculate the biomass of the area and therefore the carrying capacity during periods of rain and normal
years. The number of mopane tree logs cleared off for house construction was also estimated. This was
donc mainly by multiplying the number of logs used to construct one house by the number ol housces
in the scttlement. Finally the results were divided by average logs obtained from cach tree to get the
number of trees used in construction.
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Results - ‘

The community on the Engelbrecht farm mainly with livestock. There are 282 cattle, 820 goats, 13
donkeys and (wo horses (sce Kakukuru, this volume). There arc 11 borcholes on the Farnn, ol which
only 4 arc lunctioning (sce Guidao-Oab, this volume). What lfollows is an account on the management
activitics ol these resources on Engelbrecht.

There is litthe management of livestock. Cattle and donkeys are left unattended in the veld. The bulls
arc lelt to graze within the herd all year round. Goats are herded by Tabourers and dogs throughout the
day (o proteet them from thieves and predators such as jackals, as well as occasionally strangling in
trec branches (Ephraim Kavendjii, local resident). The little control over the movement ol stock
means there is little control of grazing patterns on Engelbrecht. The stock graze cspecially on plains
and only when the arca is heavily grazed do the animals graze on hilly or mountainous parts ol the
farm (sce Guidao-Oab, this volume). Rotational grazing is not practised and reduction of stock takes
place (wice a year through marketing. Numbers of stock sold depend on the cconomic situation people
find themselves in. During drought some members ol the community migrate, others scll their stock
and some depend on drought reliefl from the government (Abraham, personal comment).

People on Engelbreeht allocate most of their time preparing meals, from break fast o dinner and doing
what is termed odd jobs. The only activities that were mentioned as definite jobs apart from preparing
meals were wood collection and tending to goats in the morning. The activietics mentioned take up
approximately twelve hours of cach day. Fifteen of the tree specices in the arca arc usced for various
purposes such as food, lodder, medicine and construction (see maltrix). The most commonly used tree
species on the farmis Colophospermum mopane which serves virtually all purposes (sce malrix).
Fircewoaod is collected in two dilferent ways according to the information given by E Kavendjii.
Women and children collect the wood in the vicinity of the village while the men usually go deeper
into the veld (Ephraim, personal comment). This was supported by our observation ol (inding one cart
about Skm from the village garthering wood. Our observations ol one wood gathering party, however,
were (hat men and women collected wood together near the village, using no animals. Mopanc (rees
arc uscd for construction all the time, but construction of houscs (akes place over longer periods, and
the trees used are collected over a wider arca. The community belicves that these two factors produce
less damage to the trees, although this needs futher investigation. The replacement rate of a housce
oceurs between 3 and 5 ycears.

The main sources of water on the farm are borcholes. Although 1995 has had good rains, during
normal (imes (here are [requently water problems (Hosea, personal comment). The community is not
satisficd with the present borchole because the pipes often fall in. Repairs arc not made limeously and
the community doces not have the money to repair damages on its own. There arc only two people who
take care of walter complaints and fuclling of the pump, Pastor T Eiscb and Ephraim Kavendjii. A
borchole on the plains where stock graze was initially cstablished for human use. However the pastor
decided that it should be used by clephants rather than livestock and humans (Eisch, personal
comment).

Discussion.

Land degradation is causced by difficult climatic conditions and ncgative human activitics. It is
generally accepled that improving human activitics may aid in preventing land degradation (Atchia ct
al, 1995). In Namibia this is complicated by a high population growth that doublcs cvery 20 years
(Scely and Jacobson, 1994). Proper management of the natural resources is thus called for, and should
always be a priority within a community.

The community on Tingelbrecht has management strategies on resources that can be lermed inadequale

in relation (o desertification. The decision-making patterns of the community may cxplain the lack of
proper management. Information from the community alluded to the absence of communal mectings
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on the farm. Thus, decisions arc (aken mainly by two people, for the interest of the whole community.
Even during periods of drought there are no emergency mectings. Each lamily decides what (o do on
its own and communily infer-action and co-operation arc weak. An appropriate cxample is that having
camps is preferred by (he community. Still some people are just waiting for others to accomplish that
goal (free-rider problem) (Ephraim, personal comment). Participation of local people in decision
mmaking concerning natural resources is vital for resource management (o succeed (Esser-Winkler,
1993). Common property resource management [ails partly duc to weak decision-making patterns
(Gupla, 1985). Tigures 2 and 3 clearly show that the stocking rate after periods of rain almost doubles
in comparison (o the normal period and that during normal times the number that can be sustained is
relatively low. This is a sign that warns against overstocking during normal times.

Another example is the way wood is collected on the settlement. Men are supposed (0 collect wood
further away from (he village, since they use transport, but the research tcam came upon men with a
donkey cart collecting wood, not even 200 meters from the village.

The time budget as depicted in the activity clock is biased as it was drawn up by a group
predominated by women. Conscquently, major activities which are directly linked to resource
management, such as collecting wood, mending (ences and cutting (rees, which are performed by men,
arc missing from the list. One other limitation is that the activity clock highlights daily activitics, thus
omiting activitics that may take place once or twice a ycar, but which arc crucial to resource
management, such as auctions, drilling borcholes or moving stock during drought. Another obstacle to
proper management is (ransport and current market prices. Thesc lactors determine the stock sold on
the market during drought. The reduction of stock becomes a vital management strategy during
drought, since the more stock that are sold, the less pressure is put on the land.

On the other hand, transport costs arc high and most of the income [rom selling the stock is uscd (o
covers these costs. This may cause selling (o be a financial burden rather than a means ol deriving an
income for the farmer. When the cost of selling stock surpasses the returns derived from sclling them,
it may actas a disincentive (o scll. As a rcsult of that, the community sclls less stock than desired and
holds on to the rest. In addition, the community will only sell the livestock that are older and badly
alfected by drought, thereby reducing the price fetched on the market. Even if a subsidy is organiscd
as an incentive to de-stock it hardly makes up (or the low prices brought about by the poor condition
ol the stock (Rohde, 1995).

Some of the problems that the community encounters with resource management are experienced
worldwide. The variability of prices and supply arc two fundamental problems of livestock markeling
(Scoones, 1995). The number of livestock sold depends also on the size of the herd (Scoones, 1995).
The number of stock owned by lamilics on Engelbrecht shows. that the herd size is not big. Except for
onc family that owns more than a hundred cattle, the rest have caltle ranging hetween S to 15 in a herd
(sce Kakukuru, this volume); the smaller the herd size, the less the initiative to scll.

A commonly mentioned problem on the farm is elephants. Elephant activity is perceived as an
obstacle (o proper resource management. The activities of clephants includes damage to fences and
trces making it impossible to practise rolational grazing. During colonial times the previous owners of
the farm controlled the clephants numbers through culling (Hosea, personal comment). Each morning
fences were looked at and any damage repaired (Hosea). The existing laws of the country do not allow
for such practiscs any more. The elephants not only discourage fencing, hut also gardening. One
villager tricd gardening some time back and clephants destroyed his cfTorts (Flosea). Information on
actual or pereeived costs of clephant activity could not be provided.

Elcphants are a common problem but they are also seen as a potential income provider. There are
opportunitics to use elephants in order to gencrate income that can assist (he communily (o repair
broken boreholes and fences. The NGO(WWF) that was running the clephant borchole has left the
settlement. There arc paintings on certain rocks (hat can be used as a tourist attraction. Pastor Eisch
was considering turning the painting sitc into a (ourist aliraction, although the lack of financial
resources is holding him back (Pastor Fisch, personal comment).
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Although tlre resource management activities on Engelbrecht can be termed inadequate in relation (o
land degradat‘ion,lhere are some actions that are desirable. Pastoral development in most part of
Damaraland is hampered by lactors such as scarcity of waler, grazing resources, droughts and
increased population pressure (Rohde, 1995). Water is one of the scarcest resources in Namibia and
nceds to be managed effectively (Ashlcy, 1994). This is supported by figure I which estimates the
amount ol walter consumed in a year. The figurc clearly shows that the community and their livestock
arc (the primary consumers of the waler available. But most of the borcholes have dried up, probably
duc o a drop in the water table. The drop in the water table may be related to the fact that farmers
have built dams upstream in the catchment arca. These dams may block or reduce volume ol waler
rcaching downstrean (sce Kakukuru, this volume). This situation is also being experienced by the
Topnaar community who lives in the Kuiseh Calchment Arca in Erongo region (Dausab ct al, 1994).

Proper resource management on Engelbrecht may be hampered by lack of community organisation
and clephant damages but the farm population demographics (sce Kakukuru, this volume) clearly
points to another poltential factor, manpower. There are few young and capable men (o mend fences
and herd stock as most infTuential men are relatively old. Only (wo young men were found on the farm
during the course of the lickdwork, ol whom one was just a visitor. The other young man, Abraham,
scems pre-occupicd with managing clephants. Though cach houschold was indicated (o consist of a
man and a woman, only women, mostly old oncs, and children were found on the farm. Most young
men are probably employed on adjacent farms, towns or looking lor jobs. This problem may be
complicaled by the [requent absence of (he apparently sole decision maker from the farm. The
presence of such obstacles makes proper resource management virtually impossible. However, (here
are some thoughts and actions from the community that arc desirable for cffective resource
management.

The absence of a waler committee docs not completely decrcase the community's inlluence on the
construction of borcholes. Although rural communities lack (inancial resourccs, development projects
such as tourist attraction should be a local initiative. A country such as Botswana has tourism activitics
that are founded on a local level. Tourism benefits local communitics by providing jobs and income
(Pfotenhauer, 1993). This is also the casc in Zimbabwe where large mammal such as rhinoceros are
utilized in tourism to the advantage of the community (Moyo et al, 1991). Rural communities should
be educated-about various alternatives resource management strategics and the value of the natural
resources found in (he arca (Ashley, 1994). 11 such strategy is applied, the community should decide
on how these resources should be managed. The most important thing is that resource management
should be a community effort and not an individual onc.
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Appendix. 1

CALCULATIONS
ESTIMATES OF ANNUAL WATER USE AT ENGELBRECHT (Fig.1)
Number of people: = 98
Estimated daily consumption. @ 25 U/persaon/day
=24501/d

Number of cattle: = 282
Estimated daily consumption: @ 40V LSU/day
=11280V/day

Number of goats: = 820
Estimated daily consumption @ 101/SSU/day
=8200V/day

Number of donkies: = 13
Estimated daily consumption @ 271/LSU/day
=3151/day

Number of horses: = 2

Estimated daily consumption @ 271 /LSU/day
=541/day

Total daily water consumption 222191/day

Total water use per year 8109935l/year

ESTIMATES OF WATER USED BY ELEPHANTS (Fig.1)
Number of Elephants in the vicinity = 81
However elephants are sighted after every fourth week. Sometimes they are seen on the farm but do not drink
there or they come in at night and drink. Other times it's only a bull or two that has wandered off that is seen.
Normallly the elephants stay on the farm for a day. As an estimate 81 elephants are taken to consume water on
the farm, two times in a month, or 24 times in a year.
An elephant consume @ 2341/day
They drink between 2 and 4 times a week (Kisangani 1986).

81 x 2341/day x 24 = 454896l /year

ESTIMATES OF WATER LOSS TO EVAPORATION

The evaporation rate = 3000mm/year

Daily evaporation rate = 8mm/day

Water lost to evaporation is estimated through the use of two open tanks on Engelbrecht.
Average radius of the tanks = 4m. ‘

Area of tank = pr?, where p=3,1416

3,1416*(4)*=50,2656m’

Volume lost: = 50,2656m* X 3m/day =150.797m’

1m® =10001

Lost to evaporation 150,797/day = 15079711 /y

PERCEIVED THE STOCKING RATE (Fig.2)

These are values on the stocking rate on Engelbrecht,as perceived by the community. The size of the farm is
9200ha. Stocking rate after period of rain:

cattle: 600 :9200\600=15,3ha/LSU(large stock unit)

goats:800 :9200\800=11,5ha/SSU(small stock unit)

Stocking rate during normal times:

cattle:300 :9200\300=30,6ha/LSU
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goats:500 :9200\500=18.4ha/SSU

BIOMASS BASED ON THE STOCKING RATE

The livestock biomass shows the relative percentage of cattle and goats that the available grazing area can
support during periods of rain and normal times. The average weight of cattle is estimated at 500kg. The
average weight of goats is estimated at 80kg.

Biomass in normal times:

cattle:300 *500kg = 150000kg

goats:500 *80 =4 0000kg

Biomass after periods of rain:

cattle: 600 *500kg = 300000kg

goats:800 *80 = 64000kg

ESTIMATES FOR HECTARES CLEARED OFF IN CONSTRUCTING

HOUSES USING MOPANIE TREE DENSITY/HECTARE

Mopane trees are the most common trees used in construction (as shown in the matrix). The density of
mopanie is 2,15 trees per 100m*

Per hectare there are 215 trees/ha (see Ngololo, this volume). On average 278 logs are used to construct a
house with estimate of 5 logs per tree.

:278 x 13(number of houses) = 3613 logs :3614 logs\5 logs\tree = 773 trees 773
trees\215 trees/ha = 3.5 ha cleared off. The replacement rate of a house is between 3 and 5 years.
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WATER USED

FIGURE.1.TOTAL WATER USED PER YEAR
ON ENGELBRECHT FARM

The grah presents the total estimated water consumed by the pepple, o
livestock, elephants as well as water lost by evaporation. Suc.h mi"ormanon is
necessary in periods of drought, thereby knowing exactly which livestock to

reduce in order to save water.
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FIGURE 2:PERCEIVED STOCKING RATE
AFTER RAIN PERIOD -

LSU

LIVESTOCK

[ig. 2 The stocking rate was calculated according to the community’s estimates on the
number of livestock that can be sustain aflter a rainy period. After a rainy period 17.5 ha
can sustain one large stock unit (LSU), while 13 ha are needed to sustain one small stock

unit (SSU).
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GURE 3:PERCEIVED STOCKING RAT
! DURING NORMAL TIMES |

40

T

SOOI SN
LIVESTOCK |

Fig. 3 The stocking rate was calculated accor
number of livestock {hat can be sustain

sustain onc large stock unit (LSU), whil
(SSU). During normal times

ding to the community’s estimates on the
during a normal period. In normal times 35 ha can
¢ 21 ha arc needed {o sustain one small stock unit

much more land is needed to sustain one livestock, therefore
overstocking will lead (o overgrazing.



FIGURE 4:BIOMASS ESTIMATES FOR STOCK
AFTER GOOD RAINS

GOATS (17.6%) GBI

~CATTLE (82.4%)

Fig. 4 The liv & Ulasiss
l':g 4 llh(, liv csl'm.k biomass shows the relative percentage of cattle and goats (o periods of
Aamand normal. Cattle  was estimated af a wej ™ | .

' 5 ¢ : : ight of 500 kg per cow, whil 4 :
il o ' ' S0y, He goats were
o i;lr;“c.dl ll( a weight :’)f 80 kg per goat. During periods of rain the livestock biomass has

<470 callle and 17.6% goats. The tofal weight of cattle was 300 000 kg and goals total
weight was 64 000 kg. | R
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FIGURE 5:BIOMASS ESTIMATES FOR STGC s
DURING NORMAL TIMES

GOATS (21.1%)-

CATTLE (78.9%)

Fig. 5 The livestock biomass shows (he relative percentage ol cattle and goats to periods of
rain and normal. Cattle was estimated at a weight of 500 kg per cow, while goals werc
estimated at a weight of 80 kg per goat. During normal times the livestock hiomass is
composed out of 78.9% cattle and 21.1% goats. The total weight of cattle is 150 000 kg and
40 000 kg is the total weight for goats.
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FIGURE.G. : A TRER MATRIX

USTG OF 'TRERES

fm————————— fm——————————— f————— F————— p————— f————— ———— f————— f——=
| LOCAL NAME |SC. NAME FOOD | FODDE|CONST|CARVE | FURETL|MED. | WAT
fmm———————— fmm e — — f—————- R e f———— l———— === | ———
| /UNIS | B. ALBITRUNCA | xxxxx | XxXXxX | ] | | xxx |
fmm b fm———— fm——— p————— F————— b———— fm———— =
| TSAURA-HAIS|C. MOPANE | xxxx |x | xxxxx | x [ xx | xxxx |
e ————— e —— fm———— f————— po————- fm———— p————- fm———— O
| +0s |A. DESERTORUM|x | xx | x | x | x | xx [
Jmm o f————— b ——— f———— f————— f———— fm———— b———
| | |A-NAS | | x | xx | xx | | xxx | x |
Fom———————— e ——————— F————— f————— fm———— po————- p——— fim———— p———
| +HEAS | | x | xxx | xx | x [xx |x |
bmm o ———— o —— bm———— f————— f————— fm——— fm———— f———
| ANA-TIAIS |F. ALBIDA [ xxx | xxxxex | | | l |
o ——- e fpm———— R f————— | ————= ———— | ————— l——=
| KORA-CIUAS | | xx | x [ | | [ xx |
e fmm e ——— fm————- f————— f————— f————— f————- F—— o ———
| tuau-oan | | xxx | xx | | x I | | xxx
e fmm e ———— fo———— f————— fp—————- f————— fpm—— f————— fo———
| /NA-RAS |A. HORRIDA | xxx |xxx | | | N |
fom b P ———- p————— p————— f————— f———— f————— f———
| luas | | | | xx | x | xx |x |
b e — fpm——— pm————- fm———— Fe————— fm——— f————— 4=
| INOES | | xxx |xxx |x | | x | x |
e ————— pmm—————————— fm———— p————— p————— b————— fm———- p————— fo——=
| TSA-BIS . PSEUDEBENU|xxx [xxx | | | x l |
e ———————— fpm—— e —— f————— +————— fm———— tm———— f——— fm——— b———
| KHORIS |S. PERSICA [ xxx |xxx | | | | |
e ———— e f———— F————— p————— J————— == p————— -
| DU-TIAIS [ | xXXXX | XXXXX | xx | x | xxx | |
bmm——————— e p————— - t————— pm————- f———— fm———— 4—==
| XAU-BES  |B. FOETIDA | | xxxx | ] | | |
R ] fmm————————— - b= fp————— + - bm———— f———— e ===

Fig. 6 A matrix was constructed by the research team and the community in order to
identily tree species and their value and use to the community in the area. Scoring was done
against each tree’s uses and the use that was considered more important {han the others got
the highest score.

NOTE: fodde= fodder, const= construction, carve= wood carving, med= medicine and wat=
waler.
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CHANGES IN.WOOI)Y VEGETATION WITH INCREASING DISTANCE FROM
THE WATERHOLE

Elizabeth Ndeukumwa Ngololo

Introduction

Desertification is defined as land degradation in arid to semi-arid environments (Cardy, 1993). It may result in
reduced human and animal carrying capacily. The causes, processes and symptoms accompanying degradation
of land are multiple, complex and related to other global processes (hat are not easy (o dissect (Seely et al,
1994). The environmental indications generally associaled with land degradation range from biophysical soil
characleristics such as nutrient loss, erosion and salinization to social ones such increasing poverty
(Shanyengana, 1994). However, the formalized UNDP (United Nations Development Programme) definition of
desertification alludes to the loss of productivity as the ultimale consequence of land degradation. Loss of
productivity may imply different things to different people and can be defined on the basis ol either agricultural
output (livestock or crops) or economic output. Nevertheless, the most tangible means of measuring
productivity is via measuring primary productivity, which is vegetative output of plants.

Changes in plant biomass production is not easy to determine as it may require long-term monitoring and
measurements. FHowever, plants are known to produce distinct morphological features and deviations from
general growth habits in response to sustained herbivory pressure (Mueller-Dombois and Cllenberg, 1974).
These characteristics can be measured within a relatively short time and deductive conclusions can be drawn
from these trends Lo explain observed or perccived phenomena.

A commonly known process in the progression of land degradation is the deterioration of vegetation cover
around watering points. As livestock tend to spend more timme in the vicinity ol waterholes, they trample, graze
and browse vegelation extensively near the watering point. This causes a patlern of gradual increase in
vegetation with increasing distance from the waterholes. These dilferences caused by the impact ol herbivores
on vegetation may in turn induce different responses from the vegelation which may be translated into different
morphological eatures (Young, 1986).

Woody vegetalion is more prone to eventual herbivory because it is usually present in an area for longer
periods than herbaceous vegetation and would be expected to produce more profound responses. As a result,
woody vegetation would depict varying conditions of land degradation with distance from waterholes through
secondary morphological adaptations to browsing. This applies specially to thorn bearing trees (Ward pers.
comm.).

In most African rangelands where the principal farming practice is rearing livestock such as cattle which are
selective grazers, the pressure is mostly on grasses rather than on woody vegelation. A consequence of such
heavy grazing pressure is oflen an increase in woody vegetation which may replace the grasses, a process
known as bush-encroachment (Kambatuku, 1994). It is commonly assumed that at any particular site, the
habitat is supporting the maximum possible density of trees and thus the position of surviving individual plants
is delermined by competition for moisture between individuals (Greig-Smith and Chadwick, 1965). A bush-
encroached area, therefore, will be expected to have woody vegetation growing much more densely in a thicket
compared to a natural savanna ecosystem where a balance is maintaincd between trees and grasses (Storhbach,
1991). Hence, tree density can serve as a reliable indirect measure of the magnitude of grazing pressure
experienced by grasses in some areas at some rainfall levels.
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The particular project wg investigated focused on the description and analysis of morphological differences in
woody vegetation as well as their spatial distribution and densities, as a function of distance from waterholes. It
is hypothesized that the vegetation closer to the waterholes would produce more side branches per branch-
leng(h on which longer and more numerous (horns would be borne. Such a feature was expected to go along
with the production of fewer and smaller leaves embedded amongst the thorns as a stralegy (o minimise
browsing. Fewer and smaller leaves would result in reduced photosynthelic activily and thus diminished
praductivity, which would be partially compensated for by grealer growth of branch tips and more side

branches. Morcover, trees may grow more densely closer (o waterholes than far away, where grazing would be
minimal.

Matcrials and Methods

The study site chosen wias Engelbrecht, a former commercial farm and now a communal settlement 50 km
south-west of Kamanjab in north-western Namibia. This area lies within an arid part of the country wherc there
is very low annual rainfall and high evaporation rates are the most prevalent climatic features (see Nghitila this
volume). The rain that fell in carly 1995 was in fact the best (o be recorded in the area for the past (wo decades
(Fiseb, Pers. Comm, Weather Bureau records). The area is classified as mopane savanna (Slols, 1994). Mopane
(Colophospermun mopane) is prominent there although trees ol other specics such Combretum species and
Terminalia prunoides are also present,

Of the eleven waterholes found on Engelbrecht, four are in use and Lwo served as the focal points for the study
g ) p Y

around the waterhole.The one waterhole, herein referred to as waterhole | ( 199 56" S, 140 41" E) close to

Engelbrecht village, is used by humans, goats and cattle. The second waterhole, referred to as waterhole 2 (190
57" S, 140 41" E ) is said to be used by elephants (see Guidao-oab, this volume).

A 250 m transecl was measured southwards from waterhole | and quadrants placed along the transect at
intervals of 50 m. Another two sites were selected 500 m and 1000 m eastward from (his walerhole. At both
sites, a central point was chosen from which three quadrants in different cardinal compass directions were
established. The same method was flollowed in establishing sampling sites at watcrhole 2, 500 m and 1000 m
from it. lowever, no short distance was laid out at this waterhole as at waterhole 1, but sites were selected 50 in
from the walterhole at 0, 120, 240. A (otal of seventy six quadrants were sampled; forty at the walcrhole 1 and
thirty six at waterhole 2.

At each quadrant, the closest woody plant to the central point in each of four cardinal directions was selected
and its distance measured and recorded. The inverse of (he distance of plants from the central point of a
quadrant served as a measure of tree density in each site (Mueller-Dombois and Ellenberg, 1974). The heights
(rounded to the nearest 50 cm [or trees) and the trunk circumferences at breast height of 1.5m(lo the nearest |
cm ) of the trees were measured and recorded to indicate their size distribution. A branch whose tip was within
I.5m of the ground was chosen at random from each tree and its length measured. The 1.5m height ensures that
the branch is within the range of heights that goats can reach when standing on their hind legs. The last 50 cm
of the branch was measured and the number of thorns, the number of leaves, the lengths of ten randomly
chosen leaves, the length of new growth of the branch tip and the number of side branches within that 50cm
were recorded. The percentage ol dead malterial of each tree was estimated and rccorded.

Analysis Techniques

We tested whether there were dilTerences in the percenlage of dead trees with differing distance from the
waterholes, using ANOVA (Analysis of Variance) (Krebs, 1989). In order to obtain an unbiased measure of
tree sizes, we used PCA (Principal Component Analysis) of the following variables : tree height, canopy
diameter, side branches, leaf humber and leaf size. PCA is used to investigate the links between the weightings
of the variables (Orloci et al, 1979). Tree density differences between sites [00m, 500m and 1000m away from
the waterhole were analysed using ANOVA. The sizes ol all trees between sites werc compared using the
Kruskal- Wallis test, which was also used to compare sizes ol mopane trees. ANOVA was also used to
compare thorn lengths.
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The Sorensen index of similarity was used lo determine the similarily in species between all pairs of silcs
(Krebs, 1989). This index is S = 2j/a + b, where j = (he number of shared species , a = number of species at sile
a, b = number of species at site b. In addition, we measured the similarity among sites using a cluster analysis of

species abundance (Mueller- Dombois and Ellenberg, 1974). This technique uses species density data obtained
from the point quarter technique mentioned above.

Results

There are differences in communities around each site, meaning that each sampled quadrant contained difTerent
tree species. The points (distance from the walerhole) are not shown as single individuals on the graph (fig. 4)

but rather as paired clusters linked together at certain levels of similarily (Mueller-Dombois and Cllenberg,
[974).

The overall measurement of tree sizes was obtained by using PCA. The mopane (rees within 100m from the
walerholes were significantly smaller than those found at 500m and they decreased slightly (but not
significantly) in size at 1000m (fig. 1). -

The same method was used for all trees. The weightings of tree was done (o obtain the overall measurement of
tree size. The ANOVA test of the variables previously mentioned gives the following results : F=3.617,
P=0.049, Error d.f. = 17. There is a difference in the size of trees within 100m between two walerholes. The
trees at 500m were the largest and a decrease in size of trees at [000m was observed (fig.2).

The Acacia species mainly occur at 1000m away (rom waterhole |. These are primarily : Acacia mellifera,
Acacia erioloba and Acacia erubescens. There was no significant difference in the length of thorns of the
Acacia species when all species were combined, near and far from the waterhole (fig. 3).

The length of branches of trees close to the waterholes were longer than trees far away (intermediate ST =
0.765) using ANOVA. There was no difference between branch lengths at 500m and 1000m (fig. 6).

All trees exhibit an equal degree of dead naterial, due (o either animal damage or natural death, so that the
percentage of dead material on (rees were in (he same range regardless of their distance from waterholes. The
differences in percentage of dead trees was not significantly different between (rees near and far from the
waterholes (fig. 4).

Discussion and Conclusion

The term plant communities as used in this study, refers to a distinctive sub-division of vegetalion cover.
Wherever Lhe vegetation cover shows obvious spatial changes, one may distinguish a different community.
These changes in growth or morphology of plants may be due lo responses of the vegetation to environmental
conditions, which in turn may produce different properties (Mueller-Dombois and Ellenberg, 1974).

The method used was specifically designed for the Acacia species (Ward, pers. comm), which were only found
clustered at a distance of 1000m from waterhole 1. This could be attributed to the level of high accumulation of
silt, less sand and also the fact that there was a dry stream in the area (Roodt, 1992). The dominance of the
mopane species is ascribed to the fact that it is more tolerant of well-drained soils (Roodt, 1992).

The thorns of the Acacia erioloba are generally expected to be longer and more numerous near and far from the
waterpoint due to browsing activities (Ward, pers. comm.). The same study was done in Israel with the Acacia
species and also along the Kuiseb river with the Faidherbia albida (Ward pers. comm.). The outcomes of both
studies were that the rees closer o the waterhole had longer thorns ({ig. 3). Young (1984) reported that longer
thorns are induced by large mammal herbivory on the Acacia depranolobium. 11e compared trees from an
unbrowsed community to trees exposed to browsing activities.
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Thorns on browsed brahches within the reach of goats were significantly longer than thorns from higher
branches on the same browsed tree, and significantly longer (han branches at similar heights on unbrowsed
{rees .

The length of branches could be an adaptive development by the vegetation lo increase the tolal surface area of
side branches and thorns (fig.5). The reverse is true in the overgrazed area (see Ngarirorue in this volume)
around the waterhole 2. Grass, when present alter good rains, offers an alternative source ol food to potential
browsers like elephants which would then spare the woody vegetation.

Increase in human population in semi-arid and arid areas leads (o a corresponding increasc in livestock holdings
and therefore the deterioration of the range (Cumming, 1982). Herbivores have major elfects an the plants they
consume and the character of these effects depends on factors such as fecding preferences, differential growth
rates and competition among co-occurring plants (LLouda, 1990). The influence of browsers on vegetation
changes are more likely to be greater within (he immecdiate vicinity ol a waterhole due to livestock converging
from all directions, in the absence ol camp fences, on a walerhole. Livestock tend to concentrate in bigger
numbers around the waterholes and hence (rampling, browsing and impact on trees is increased (here (fig. | and
2). The biggest trees were [ound at 100 m, aller which trce size started decreasing probably due (o a magnitude
of faclors not easily explained by this type of study (c.g. soil and hcavy browsing). Another factor contributing
to the decrease in productivily was the elephant damage which not only occurs at Engelbrecht but also in (he
whole of the Kunene Region (Kakukuru, 1995).

The healthy mopane forests that occurred in the north-western part of the country arc deteriorating with an
increase in human population (Marsh, 1990). At lingelbrecht, 278 logs were used (o build a housc (sce
Humavindu, this volume). The people themselves confirmed that they now have (o travel a longer distance (o
get straight logs for construction and even luelwood, illustrating that the numbers of (recs have decrecased in (he
arca. The percentage of dead materials on trees showed no significant difference between (rees necar and far
from the waterhole (fig. 4).

Many African countries have doubled their population in the last thirty years. More people mean more livestock
and more mouths (o feed. The same picce of land would have lo produce twice the amount of food it presently
produces to meet the demand (Middleton, 1991). Increase in demand flor food contributes to extensive land use
which causes desertification. Degraded land may (ake years to recover. To rehabilitate the land and obtain a

desirable vegetation cover, people should maintain fewer animals (Behnke and Scoones, 1992), espccially
clephants which arc increasing in numbers. Ilunting or culling of animals should be considered.
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Fig. 1. SIZE DISTRIBUTION OF MOPANE TREES.
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FIG.3. THORN LENGTHS NEAR AND FAR FROM WATER
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FR OANALYSTS OF PLANT COMMUNTITTINS
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Plant commumitics at SO0 m (W 1Hand 1000m (W I rom walcthole | show a higher deprec
ol similarity and these two communitics are closcly relatad to communitics closer (100 or <) (o
walcethole 2 (W207). The next close linkage 1o W2U! are with communitics at S00m [1om
waterhole 2 (W21) which is linked to communitics at 1000m from waterhole 2 (W21°).

Communitics closer to walteithole 1 (WI1C) arc the most remolely related Lo others with close
Iinkage (o W2IF, .
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THE USE QIF AN INTEGRATED SYSTEM FOR PLANT DYNAMICS (ISPD)
: : IN NAMIBIAN RANGELANDS

BT Ngairorue

Introduction

The quest for possible tcchniques (o improve rangeland systems requires an understanding of the
rangeland dynamics. The ISPD is a newly-developed computer program that can be used as a ool

in the study of Namibian rangcland systems. The model archives Tocally collected data in the form of a
data basc, assesses the rangeland condition and determines the grazing capacity. An expert mode is
constructed by the user and is led into the program (o suggest possible management alternatives [or
the studied area. Options which are alrcady in existence can be enlered into the system to deline
appropriale management options (Bosch and Booysen 1992).

The system usces ordination techniques o analyze survey data in order (o linally construct a
degradation gradient. The ordination is used in two ways: he Detrended Correspondence Analyses
(DECORANA) and the Degradation Model Construction (DMOC). DECORANA dcfines a relatively
homogencous grazing area within the data sel. Variation occurring within the data sct could be
explained by habitat information such as structure and soil composition ( soil pt, soil depth and the
soil conductivity) The [irst step in the analyses ol data is (o ordinate all sample plots in order (o define
possible subsets. The DMOC determines the degradation gradient based on the biophysical data
recorded.

The ISPD system is currently being used in rangeland systems in countries such as Australia, New

Zcaland, Israel and extensively in South Africa. A study in the Namibian rangelands using 1ISPD was
) y y g g

done in the Kunene region.

Materials and methods

This study was carricd out on Engclbrecht, a farm situated south west of Kamanjab in the Kunence
region. Two study sites were sclected (S 198 56, E 14§ 73'); a waterhole used by humans and another
for clephant use.

The recording of data was done over a range of S0m (o 1000m extending from the two walerholes.
Three transects of one square mcter per sitc were used (0 collect soil and grass data. Three data sels
were collected at cach point and the average then used to account - for the data at the point. The total
number of cach species occurring on the transects was recorded. Ther average ol the total mass of all
specics per transect gave Lhe total biomass in grams at that specific plot. This value was used (o
calculate the maximum production rate per plot, ranging from the minimum to the maximum
production value. The grass specics were identificd and coded in letters for ISPD format, (e.g. KOI1A
SPP for Kohautia.spp and STIP {or Stipogrostis). See (appendix 1) for the complete table of codes.
Soil samples for pH analyscs, soil type, soil depth and the soil conductivity are essential (o explain the
underlying factors surrounding the variations in the habitat of the study arca. An expert approach
system is utilized (o calculate the grazing capacity of the area. A module is constructed with a
combination of various inputs and run time questions. The net-biomass available to grazing animals is
also calculated. The expert system suggests some management options for the maintenance or
improvement of the ficld condition.

Results and discussion

67



DECORANA results for both watcrholes suggest that the walerhole arcas have significantly dilfTerent
habitat characteristics so that the data should be split and treated as (wo data scts (fig.1): Biomass
production increases with distance from the home walcerhole but it does not support the split of data
into lwo homogencous grazing arcas (1ig.2). Better specices (i.c.more palatable ) namely the Unknown
spp (specics heavily utilized which could not be identificd) of grasses occur more on the right hand
side of the ordination (home waterhole) and are replaced by Geigeria ornaliva, Enncapogon desvanxii
and Tricholeana manachne toward the left hand side (the clephant borchole) of the gradient (11g.3).
The relatively homogencous grazing arca is not apparent in the data sets and a split of the data set into
two cannol be accomplished with a limited sample size and inadequate habitat data.

The degradation gradicnt of the elephant borchale is towards the borchole (more palatable species
occur with distance from the elephant borchole), the presence of better specics criteria on'the home
walerhole scems (o favor the occurrence ol better species closer (o the waterhole although low in
biomass (lig.4). Water holding capacity ol the soil indicates a range ol 70%-80% for the (wo
walcrholes (clephant and home waterholes) lig (x) and this shows no signilicant difference with the x-
test (p<0.09)

The degradation gradient is supported by the abundance of Unknown spp (lig.6), because it increases
from the elephant borchole to the home waterhole Tts ahsence on the clephant borchole side is
indicative of overgrazing at (he borehole side and its abundance toward the home walterhole shows
less utilization on that side of the area. The presence of favorable habitat criteria could also attribute (o
the abundance of Unkoven spp toward (the home waterhole. The abundance of Gergeria as depicted in
l1g.7 and its increase towards the clephant waterhole, indicates again the over-utilization at this end ol
the gradient while its gradual decercase toward the home walterhole indicates improvement or less
utilization with distance away from the waterholes. The Tall grass exhibited a similar pattern (o
Geigeria, with a lypical increase away [rom the home waterhole ([ig.8). This spccies” abundance
toward the elephant waterhole indicates over-utilization on that side and again shows less utilization as
its decreases away from the walterhole.

The degradation model (g 4) is rotated 180 (fig 9a) when utilized as a condition assessment (00,
with good condition on the left and poor condition on the right. The home waterhole is represented by
the left and the elephant borehole by the right in the flipped ordinates. The x-axis was also subdivided
into scctions as in the study area. The arrow indicates the condition of a site cvaluated relative (o all
the sides used in the construction of the degradation gradient. The condition value of 18.5 is cxpressed
as a percentage and should be compared to the ideal 100%. A veld valuc of 18.5% is very low
comparcd to the ideal 100% and indicates a very poor veld or a heavily overgrazed arca.

FFor the Gaussian regression fitted in the species abundance values along (he first axis (gradient ol
degradation) for the Unknown spp, the goodness of fitis illustrated by supporting statistics at the
bottom of the graph showing the standard deviation, rool mean square crror, the cocflicient of
determination and the Willmot index for model performance (fig. 10). These regression equations for
specics abundance arc uscd for calculating species composition along the gradient in the population
dynamics roulinc. It also serves to characterize specics population dynamics within both a
deteriorating ficld and a recovering field condition. The specics may decrease or increasce in both ficld
conditions, it is an indication in (his casc that the Unknown spp react like typical decreaser species
(Iig. 10y, the gradient is toward the home watcrhole. The Unknown spp decreases away [rom the home
walcrhole. The regression equation fitted in the specics abundance for Trig mon (fig. 1), Ger orn
(lig.12), Blep spp (Nig.13), Tall gra (fig.14) and Enne des (lig.15) indicate that these species are

increaser specics in the dircetion of the elephant borchole.

68



>

Conclusion - ;

The species response to overgrazing and (heir successional trends made the ISPD and ideal (ool (or
condition asscssment at Engelbrecht. A non-degraded arca is characterized by a high abundance of
palatable species. (O Bosch ctal 1990).

The abundance of the unpalatable species indicates a degraded or disturbed arca. The home waterhole
shows a high abundance of palatable grass namely the Unknown grass. This species decreased toward
the most degraded arca and is thus known as a decreaser species, indicating degradation (Janse van
Rensherg 1987). The grazing ol palatable species releases the unpalatable grass specics [rom
competition (Trollope 1987) as shown by the clephant borchole. Browsing by both clephants and
domestic animals in Engelbrecht has an effect on the vegetation. The browsers tend (o reduce
production ncar the immediale vicinity of the borcholes. (Ngololo in this volume).

The model suggests a need for the reduction in the number of stock in the Engelbrecht arca and (his
decision nceds scrious consideration as the [icld condition could deteriorate if no appropriate measures
or alternative remedics are implemented. Following the management options given by the cxpert
model it's advised (o [ollow the recommendations and hence alleviate grazing pressure from the veld.
This entails movement of stock Lo other arcas that have reccived good rains and that are capable of
taking up additional stock from this arcas. Another alternative could be selling ol stock.

Vegelative variations (hat may occur in Engelbrecht need constant monitoring due (o the complexity of
the Tactors that alfeet system transfer [rom once state (o the other.
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