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The Kalshari ecosystem is characrerized by namural resource conflicess and
land-use pressure resuldng from intensification of human acovitdes, This
paper addresses three issues of concern associated with the Kalahan
ecosystem resource management (1) the mmor land-useland cover shifts
in the Kalahan ecosystem since 1970 and the resuliung pattern in
verELEnon species composition, cover and density; (1) the possible explana-
tions for the observed shifts; and (i) the possible resource conflicts hikely o
arise.

Data collecton involved the compearison of two sets of panchromatic
photographs slong wo ranseces (Hukunsti-Negwatle and Tshane-Tsabong)
to study land-use'cover shifts that heve occurred in the Kalshari ecosystem
berween 1971 and 1986, Secondly, the nature of possible conflicrs resuling
from populztion pressure and sssocated patterns of land-use was invest-
gated by making observanons on selected envirormmental varables along a
300 kin wansect with diverse environments comprsing  dilferent-sized
setlements, vegetation communities and land-uses.

Land-useland cover shifts have occurred within the Kalahar ecosystem
as evidenced by the wo ransects analysed in this paper. The main changes
are the rerreat of gress cover up o 18kms from setdements and the
incregse in thormy and non-thormy woody  encroachers closer o the
setlements. In the Mawsheng ares, land-use/land cover gradiernrs reflect
marked differences in human pressure. For inswmnce, while sectlements
(kraals’houwseholds) and felds around Tshane (smaller and dwimdhinge
setlement) have dechned o 5% at the 4km distance in 1986, these land-
uses account for 22-3% of land cover at 4 km around Hukunsi (bigzer and
expanding village).

Five magor vegetaton communities were idenified using key plant species
during the dry season. However, these communities do not have distinct
land-use acnvities associated with them. Cattle densities were higher
in commumnines found far gaway fFom setdements and waer points where
the grass cover was sbundant. Canle graze far from setlements o obtan
quality fodder and ek vo the warer points sround village pars or at cacde
PosLs.

There are no definite boundaries berween vegeration communities and
land-use activities, hence a lot of interaction between activities of these zones
depends on the dispersion of resowurces. Shifis in land-wsefcover changes can
be accounted for by mthropogeric ascovides (arable agricalture, hivestock



grazing and human sertlements) enhanced by nanoral fecrors like seasonal
varations and prolongsd droughts of the mid-1980s. It is argued in this
paper that potential remedial measures include biosphers conservarion
areas, resource soning and resource modeling plans o determine land
suitabiliny.

Keywords: Kalahar ecosystems land-use’cover; resource use  conflict
Matsheng, anthropogenic actvites; bicsphers conservanion aress; resource
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Introduction

The Kalahari ecosystem has evolved under conditions of edaphic drought, prior to the
introduction of heavy livestock grazing and intense human settlements (Cooke, 1985).
With the drilling of boreholes early last century (Perkins & Thomas, 1993) livestock
and human populations increased and became sedentarised (Arnrzen, 1908),
consequently pushing the Kalahari ecosvstem into resource use pressure and
conflicts. This has tended to cause complications for the sustainable management
of the livestock and wildlife sub-sectors in relation to other Kalahari ecosystem
resources. The difference berween the past and the present in ecosystem changes is
emphasised by local people (International Union for the Conservation of
Wamre —ITTCN, 19907,

Changing patrerns in the ecosystem can be understood by studving the land-use/
cover dynamics. It is important to study the pattern of change in land-use and
cover over time for specific regions because the eastern and western parts of Botswana
have been utilized differently at least in the past 100 vears (Campbell & Child, 1971).
Early last century sipnificant wildlife ungulates and cartle co-existed in the eastern
hardveld of the country. This situation, however, has long changed and catle
husbandry now dominates in these areas, with very negligible numbers and diversity of
wildlife species (Williamson er &, 1988). The sandveld areas to the west of Botswana
were initially used by wildlife species that could survive for long periods without being
dependent on surface water. This has changed since the early 1930z, when borehole
technology was introduced (Cooke, 1985). Ringrose e al. (1997) observed that
resource conflicts can result in degradatdon and to abare such widespread
environmental deteriormtion, processes have to be devised to resolve such resource
use conflicts.

The increase in the human and livestock populations in the Matsheng area, which is
probably associated with intensification of human activities, resulted in land use/cover
changes and conflicts. It is argued in this paper that unregulated changes in land use/
cover ultimately leads to some land uses/covers being driven to the margins or rather
being displaced. The study investigares both the past and present land use/cover shifrs,
and therefore adopts two approaches: interpretation of panchromatic air photographs
from different time points; and measurement of carefully selected environmental
variables along transects over different land uses/covers. This paper addresses the
following questions.

1) Whar major land-useland cover shifts have occurred in the Kalahari ecosystem
since 19702

2y What are the possible explanations for the observed shifts?

(3 Whart possible resource conflicts are likely to arise in view of the pattern of shifts
that have occurred?



Study area

This study focuses on the Matsheng villages in the Kgalagadi North sub-district
iFig. 1) of Botswana. The Matsheng area is located approximately 24°5 and 22°E, and
it is among the driest in the country. Major land-use activities in the area inclade:
grazing, crop production, settlement and collection of veld products.

The area has semi-arid climate with erratic rainfall, and a long-term mean rainfall of
about 350 mm (Bhalotra, 1987). Most of the rain falls benween the months of October
and April. On average, the smdy area receives 95% of its toral rainfall during the
summer season. [emperatures are relatively high with a minimum diurnal average of
12°C (May—August) and maximum of 41°C (September-April). During the winter
season  (June-August) ground frost incidences are common (Bhalotra, 1987).
As a resulr of high remperatures experienced during the months with highest
rainfall, evapo-transpiration is high exceeding the amount of precipitation. This
implies that there is relatively little moisture retained within the soil for the vegetation.
Wegetation is therefore always under acute moisture stress making the study area less
conducive for vegerarion establishment. It is this arid narure of the smdy area,
which makes it more sensitive and wvulnerable to increased namral resource
conflicts.

The Matsheng villages cover approximately 3500 km?, the population density was
lpersonkm © in 1071, 2-5 personkm ° in 1081 and 1-6 personkm ° in 1001
CArntzen er al., 1998). The population for the five major settlements of Matsheng
villages grew from 5772 in 1981 to 6379 in 1991, which implies an average annual
growth rate of 1% in the 1980s (Van der Maas ¢r all, 1994 as quoted by Arnzen er &,
1998). Like the rest of the country, Matsheng villages show a steady increase in
population.

The study area is an important cattle grazing and sensitive wildlife management
area with scatered arable farming fields. The increase in human population
in Kgalagadi North sub-district (mainly Matsheng villages) has been accompanied
by a steady increase in livestock numbers (Fig. 2). While there were fluctuations in
cattle numbers in the sub-district attributed to the impact of drought that
decimared the cartle populations during the 1980s, declines in small stock population
occurred during the 1990s probably due to high morrality rates. Most of the
cattle in the sub-district occur around the Hukuntsi/Tokgwabe/LehuturuwTshane
area, Kang and Phuduhudu. They are also found at Ukwi, Neaang, Hunkukwe
and Zurshwa. Apart from the supporr, which the livestock sector receives from
the government, the major factor that has led to the expansion of the
industry in this district & the introduction and advancement of borehole
technology.

Az a result, livestock production has taken over from wildlife as the dominant tvpe
of rangeland wuse in this district, as is the case in most parts of the country.
Cattle encroachment into the Kalahari region has deprived the wildlife industry
firstly of their resorts in the driest of drought vears, and better warered land to the east
of the Kalahari, and secondly, of access to many of the pans and areas of dead river-
bed in the Kalahari that are now heavily grazed by stock (Campbell & Child, 1971).
Wildlife is a wery valuable resource in western and particularly northern Botswana.
Following the 75% decline in animal numbers during the 1980s (Adams ¢ al, 19007,
wildlife in the Kalahari is at a crossroad.

The Matsheng area lies between two major animal wildlife sanctuaries, the Kalahari
Transfrontier National Park and the Central Kalahari Game Reserve. Expansion of
the human population has meant an interference with migratory routes of wild
animals between these reserves. This has therefore alienated and driven the wildlife
further from their habitats. Common wildlife species in the Kalahari environment are
eland, gemsbok, duiker, kudu, hartebeest, springbok, steenbok, wildebeest, ostrich
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Figure 1. Location map showing the Mawsheng villages in the Kgalsgadi North Sub-districe of Botswana, (prepared by Mr. G, Koorurwe,
Diepartment of Environmental Sciences.)
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Figure 2. Trends in hvestock numbers in Kealagadi North Sub-district.

and warthog {Arntzen & Veenendaal, 1986; Michelsen Institute, 1 996). It is, however,
very evident that the quantity and variety of animals available for hunting has declined
over the years (Table 17.

The likely causes of decline in wildlife numbers in the Kgalagadi region
have included the expansion of the livestock sector, increasing hunting
pressure, drought, declining surface warter and the erection of cordon fences which
interfere with the migrarory parrerns of wildlife from the Kalahari to the Okavango
delta with far reaching reduction effect on wildlife (Pearce, 1995; Arntzen er al., 1998;
Kegabung, 1999; Mbututu, 2000; and Table 1). This decline in wildlife numbers in the
district has resulted in (1) reduction in wildlife products for subsistence and
commercial use; (2) reduction in wildlife processing activities; (3) increased hunting
efforts and opportunity costs (Arntzen e al, 1998) and {4) decline in subsistence
income levels.

Table 1. Wildlife decline in the westerm regon (Falahart and Ghans Districes)

Species Scientific name % Change between
1978 and 1986
Hartebeest Aleelaphus baselaphus — 761
Wildebeest Connochaetes taurinus —04-2
Springbok Antidorcas marsupialis =70
Ostrich Struthio camalus — 633
Gemsbok Orvx gazella +35-0
Eland Tawrotragus orve — 466
Fudu Tragelaphus sirepsicerus —15-1

Norz: This period largdy ncludes the drought period of 198287,

Sarerce: Van der Maas er all (1994) (quoted by Arntzen er @, 1908).



Methods

Two approaches were adopted to investigate the objectives of the study. The first
approach considered the land-use/cover shifts that have occurred in the Kalahari
ecosystem since 1971, while the second focused on (land-use/cover) conflicts likely to
arise. The discussions about the two approaches follow below.

Land-use/cover shifis

The Marsheng villages are nucleared and the sampling design ook advanrage of the
differential gradual decline in resource use intensity with distance from the major
villages (Fig. 1). Two transects, each stretching our for 40 km, were idenrified from
Hukuntsi towards Ngwatle (the Hukuntsi-Ngwatle transect) and Tshane towards
Tsabong (the Tshane-Tsabong transect). Assessment of patterns of land-use/cover
were done at 4, 18 and 40 km along each transect. Two sets of panchromatic aerial
photographs per transect were acquired from the Survevs and Mapping Department
and used in the analysis. For the Hukuntsi-Ngwatle transect, the two sets used were
for the vears 1971 and 1986, while for the Tshane-Tsabong transect the vears 1976
and 1986 were acquired.

At each sampling distance (ie. 42, 18 and 40km) along the transect on the
photographs, a quadrat of 10 x 10km~ was placed. The hectare coverage of different
land-uses/covers was estimated within these quadmats using a dot planimeter. The
following land-uses/covers were defined: grassland; woodv-thorny; shrubland; bare
ground; active fields; abandoned fields; pan areas and kraals’homesteads (Table 2).
This method allowed three tvpes of comparisons of change in land-use/cover: changes
in distance (along each transect); changes in direction (berween tmnsects) and
changes in time (for the same transect).

Land-uselcover conflicis

To have an insight of the nature of conflicts likely to arise in the Kalahari in view of the
pressures resulting from population increase and its associated parterns of land-use, a

Table 2. Land wieicover classes characterized/defined ar 4, 18 and 40km along
the moo transects (Hukunmi-Ngwatle and Tshane-Tsabong) on the panchromanc

phatogra phs
Land uses/covers Description
Grassland The herbaceous cover dominates and less than 5% woody cover

Woody-thorny Mamly bush encroachment species dominating
(e.g. Acacia mellifera, Dichrostachvs cinerea).
Verv low grass cover (<15%)

Shrubland Shrub species mainly Terminalia sericea, Grewia flava,
i.e. non-thorny woody species
Bare ground Almost 0% herbaceous cover, with minimal or no woody species
Active fields These are arable ficlds that were actively being used
(ploughed in the last growing season)
Abandoned Fields that have staved fallow for probably more than one year,
ficlds and are starting to get invaded by grasses and shrubs
Pans Depressions on land surface with or without water
Kraals/ This 15 the village itself, composed of built structures

Homesteads (huts and houses) and kraals for livestock




much longer transect (stretching beyond the defined study area) traversing across
different Kalahari vegetation types, land-uses/covers and different-sized settlements
was assessed. The 300km transect stretched from Kang to letlhakeng through
vegetation patches comprising of shrub savanna, thorny bush savanna and grassland
savanna with muldple land-uses (e.g. wildlife management areas (WMAs), catde
grazing areas, settlements and fields). Sampling was done in August and September of
1999 and the transect followed an existing rough gravel road that connects Letlhakeng
to the Trans-Kalahari highway at Kang. Dry season sampling was considered
appropriate due to acute shortages and enormous demand (competition) for resources
experienced around this time by animals (both livestock and wild).

Seventy-eight plots each measuring 30 x 30m® were placed between Kang and
Lethhakeng. Sixty of these plots were placed systemartically at every 5km, while 18
plots were randomly placed on land cover patches that were missed during the
systematic sampling. All the plots were at least 1 km away from the existing gravel
road. Within these plots, environmental variables that could characterize vegetation
tvpes, densities of domestic and wild animals, utilization pressure, fire frequency and
soil texture were assessed.

Vegetation characteristics were considered at two levels: both the woody layer and
herbaceous cover. Woody vegetation composition and density were determined from
the 30 x 30 m? plots, while grass cover and composition was recorded in five randomly
placed 0-5 x 0-5m® quadrarts within the 30 x 30 m” plots. Problems of grass species
identification (especially the herbaceous layer found with no inflorescence) were
experienced for plots with acute utilization pressure.

Other environmental vanables: wildlife density; cartle density; donkey density;
grazing pressure; fire frequency; water; land use and soil texture were also assessed
within the 30 x 30 m? plots. The densities of wild herbivores, carttle and donkeys were
estimated by counting the amounts of pellets or dung present in any particular plot
(see Table 3). It was assumed that plots placed in areas with less animal (carttle,
donkeys or wild animals) populations would have less dung or pellet densities per unit
arca and vice versa. The grazing pressure was subjectively determined by observing
the magnitude to which the herbaceous layer within the 30 x 30 m? plots was damaged
(0 = no signs; 1 = low; 2 = moderate; 3 = high and 4 = very high). Plots were
assessed for fire by characterizing them according to the relative age of fire
occurrences (0 = no signs of fire; 1 = old signs of fire on trees; 2 = few months
(6-12) signs of fire on trees and grasses; and 4 = freshly burnt evident on the
herbaceous layer). Water resources were categorized according to whether they were a
borchole, pan or none of the two, while land-use categories were: arable fields;

Table 3. A summary of three environmental variabls and ther magnitude rating

used in the field
Environmental 0-0 1-0 20
variables
Wildlife None Moderate High (>3 piles
density (no pellets) (1-3 piles of of pellets)
pellets)
Cartle None Moderate High (>3 dung
density (no dung puddings) (1-3 dung puddings)
puddings)
Donkey None Moderate High (>3 piles of
density (no pellets) (1-3 piles of donkey pellets)

pellets)




settlements for remote area dwellers (RADS); villages and others (e.g. wildlife
management areas). Soil texture was assessed in the field using four categories (0 =
sandy; 1 = sandy loam; 2 = sandy clay; 3 = clay).

Vegetation communities were determined from the collected vegetation data using
rwo way indicator species analysis (TWINSPAN) (Hill, 1979). To examine/determine
the influence of environmental variables on species data, both the plant species data
and environmental variables were subjected to direct canonical correspondence
analysis (CCA) gradient techniques using canonical community ordination (CANO-
CO) programme (ter Braak, 1988). Through a combination of ordination and
multiple regressions, CCA directly relates variations in floristic composition to
supplied environmental variables. Forward stepwise selection of environmental
variables was performed to retain only variables that account for most of the variance
in the species data set (Van Rooyen ez al., 1994). The Monte Cado test was performed
to show significance of the first canonical axis (ter Braak, 1988).

Results
Land-uselcover shifis

Land-use/cover changes for the Tshane-Tsabong transect indicate that the ‘grassland’
cover decreased from 12% and 5:6% (in 1976) to 7-5% and 2-6% (in 1986) at 4km
and 18 km, respectively. The ‘grassland’ cover increased to 13-7% and 17-4% at
40km in 1976 and 1986, respectively. Over the vears 1976 and 1986, ‘shrubland’
cover decreased with increasing distance from the village. “Woody-thorny’ cover
evidently increased at 4km from 46-7% (1976) to 50-7% (1986). Field covers (both
active and abandoned) and class ‘kraals’homesteads’ were only found at 4 km. The
area extent of ‘active fields’ declined by almost half (from 5-4% in 1976 to 3-8% in
1986) and the class ‘abandoned fields’ slightly increased in coverage extent from 0-7%
in 1976 to 0-8% in 1986. The class ‘kraals/houscholds’ decreased in size from 1:8% in
1976 to 0-4% in 1986. The details of the Tshane-Tsabong transect land-use/cover
changes are illustrrated in Table 4.

In the Hukuntsi-Ngwatle transect, the ‘grassland’ class declined from 2:1% and
21-9% (1971) o 0% and 15% (1986) at 4 and 18km, respectively (Table 5). At
40 km, ‘grassland’ cover increased from 7:4% (1971) to 22-9% (1986). On the other

Table 4. Land-use/cover changes along Tshane-Tsabong transct (1976 and

1986)
Yc_ar 1976 1986
Distance from the village (km) 7 18 20 2 18 0
Land-usel/cover changes
Grassland cover (%) 12-0 56 13-7 75 2-6 17-4
Woody-thorny (%) 46-7 650 61-0 50:7 66-7 558
Shrubland 31-9 266 253 31-2 29-9 26-8
Bare ground 1-1 0-0 00 30 0-0 0-0
Active fields (%) 5-4 0-0 0-0 3-8 0-0 0-0
Abandoned fields (%) 0-7 0-0 00 0-8 0-0 0-0
Kraals and houscholds (%) 1-8 0-0 0-0 0-4 0-0 0-0
Pan areas 0-4 10 00 26 0-8 0-0
Total 100-0  100-0  100-0  100-0 100-0 100-0




Table 5. Land-wselconar changer alompy Hubrosta-Ngreatk trevwroct (1971 and 19 58)

Year 1991 1986

Diistance from the village (km) p T 40 : i a0
Land-usaicomy changes

Grassland cover (%) 2.1 21-9 T4 -0 L3 229
Wihndv—rthorny (%) 500 73 53-7 h7-7 S5h 2 5326
Shrubland (%) L1-0 A0-0 376 2-8 2608 24-2
Bare ground -7 (-0 0-0 32 00 -3
Active felds (%) L3 (L Q-0 12-8 o4& -0
Abandoned fields (%) b5 -0 Q-0 6-7 -0 -0
Fraals and houscholds (%) 16 (-4 Q-0 3-8 08 -0
Pan arcas 1-8 0-4 1-1 30 08 -0
Total Lody-ir - 100-0 T0-0y 100+ Lo 1003-0

hand, “woodv-therny' increased from 59% (1971) w 67 7% (1986) at 4km. At
18 km, the exvent of “woody—therny” increased from 47-3% (19717 w0 5002 % (19867,
whilst in both vears, negligible chanzes were noted at 40 km. While the “woody-
thoroy' class increased n extent at 4 and 18 km, both the “grassland” and “shrubland’
classes declined. “Acrive flelds” decreased in exzent from 14-3% in 1971 o 12-8% in
1980, while abandoned” fields' slighdy increased from & 5% o 1971 to 6-7% in 1980,
Al 15km there was no chanpge in area extent of “active fields’ berween 1971 and 1980,
Demails of the Hukuntzi-IN gwartle mansect land-use/cover changes are illustrated in
Table 5.

Interprecaion

Generally, there has been an increase In the “grassland’ class with increasing distance
from the villages along both ransects bemween the vears (1971 and 1986) especially
along the Hulunrsi-Negwarle wansect from 7-4% in 1971 w 22-9% ar 40 km. The
‘prassland’ cover wend is ioversely related o the ‘thornv-woody' class ar Hukunrsi
The disappearance of the “grassland’ cdass at 4km in 198¢ can be explained by the
increase in the extent of the “woodv—thorny' vegemation, ‘bamp-ground® and
‘abandoned fields'. The ‘pan areas’ seem to have increased in size or extent, burt in
realicy this implies more bare spaces in 1986 compared to 1971 ar 4km as most pans
are devoid of vegezation. It can therefore be concluded thar a former gras:s dominared
plant community in the viciny of the Hukuntsi and Tshane pans has been gradually
replaced by thorny vegemation (woody—thorny class) and bare ground. The “woody—
thorny” class is composed mainly of thorny species thar are known encroachers in
highly disturbed areas. Brundin and Karlsson (1990) working in the same area found
thar the main encroacher species were Acaciy melfifera, A. uederiizyi, Ehwenia vigida,
et flava and Brinalia sericea communitiss (Table 6], Thess speciss often
increase and form thickets or communities m areas where grazing has destroyved the
field layver (Skarpe, 1986 and Table &),

The influence of human pressure 15 evident from the presented results. While the
clazses ‘brasly‘homesteads’ and “fields (both abandoned and actve)” around Tshane
have declmed to 3% at 4km distance in 1986, these land-uses account for 22- 3% of
land cover at dkm along the Hulmnea-Npwatle transect. This merely implies more
human pressure on land coveruses ar Hukuntsi than Tthane. Thiz iz further
evidenced by the 1-2% of land cowver being used for ‘kraals’homesteads’ and “fields’ at
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18 km compared to 0% at 18km along the Tthane-Tsabong transect. The observed
differences can partally be explained by a high population density at Hukuntsi
comparcd to Tshane and the anthropological differences of the people living in
settlements surrounding the two villages (Arnten or al, 1998), Hulunts has che
highest population among the Matheng settlements with appromimately 2700
inhabitants. Most of the settlement: along the Tshane Tsabong tranzect are
considered BADS where houscholds are predommantly Basarea (also known as che
San) with wildlfe urilzation as the most important income carning activity to more
than 0% of houscholds. BADS are proups of disadvantazed people {c.g. Bazarwa),
whom the Government is trying to assist in different wavs 20 that they could setde
down in vilage-like scrtlements, and they are discoursped from leading nomadic
lifestyles. Silberbauer (1973 observed that remote arca dwellers {RADS) do not hawve
altermartive income generating sources hence exert less pressure on land covers.

The factve’ fields were lower In coverage n 1986 compared o 1971/%6 for both
transccts, while the ‘abandoned’ fields shightly increased in covermpe in 1986
comnpared e 1971/56. This can probakly be cxplained by good minfall conditions
m 197 176 and the drought that plagued the whele country in the nud- 19803,

Land-useicover conflces

TWINSPAN wechnigue classified species compesitton by site and abundance e
communiry cluseers 1-5 (Fig 30, Ar the thicd level of the sub-divizion, community
clusters were cleady defined while the compositon of clusiers became less specific
with further sub-divisions. Community closter 1 8 characrerized by abundant
A. mellifera, Termrinalia sericea and Arizsrida congesta, which are the indicaror’key species
for that communiry. Many sample sites are represented in this communiy clusger
showing thar it & well established in the soady agea. The comimunity represents abour
0% of the sample sites studied though they donot form a distiner clhoster in the CCA
biplot diagram (Fig 4. The second community clister comprises of sites with
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Figure 3. Dendrogram showing TWINSPAN classficarion of major community o ustersin the
study srea. Positve and negedve signs indicate 1 paricular dichowmy preferred by sies and
specis while indicawr specics dominant in each commumity clusver areshown (N = number of
sample sites i each commurmity el uster).

ndicator specics dommated by grass species such as Schmidiie pappoplhoroides,
Digirans mianfiana and Sporcboles poramidafiz. The community claster has fow
representative sample sites (14%), which gencrally lack affiniy and are thus dispersed
from cach other when assessed by the CCA technique. However, the major actvitics
taking place in this zone are mamby wildlife dispersion and water resource sbstraction
as llustrated in Fig. 4.

Community cluster 3 was the most commion and comprises of T, sericea, Arenda
species and Greceia regmerts, with abour 38% mpresentative sample sites. The
community represents a larpe part of the stedy area as shown by the large number of
sample sites and species. The resource conflicts in the community cmanate mainly
fromm actvities that occur in the settlemenss or villages. The commurty s alse
associared with wildlife activicies, as the general directon of the influence is along the
Faxis (Fig. 4).

The fourth community choster consists of Fragrosis rigidior and Shipagrosis
wmfurns with about 19% representative sample sites in the study arca. The major
human activity in this community is livestock grazing closer o the setlements (by
orthogonal projection) as illsrated in Fig. 4. Pan veperation comnouniny represented
as clusrer 5 was omined from the final analvsis as sampling falled to pick up encugh
samples from the pans, hence it is represented as a minor compenent of the
environment {in reality It i an imporcant aspect of the ecosysiem).

When the species daa were interpreted in relaton w dwe en measuned
environmental variables, the result was a CCA biplor wirh eigenvalues of the first
and second axes of O-40 and 027 respectively. This suggesss that the supplied
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Figure 4. Ordinetion dogrom beted on CCA species sbundance dore with regpect o fve
envronmental varshles [wildkfe density, camle density, grase cover, water resources and
distance fom the setlement). Acac karo (A Aarodd, Acac wrt G4 ordll), Rhus rern (o
Erriinervin), Spit unip (Sripagrosey waipheni), Cadas species (Cadaba spedies), Aris oong
(elrivmde congeaa]y, Bosc foer (Bovcin e, Bocs albi (Boserr afterenca ), Digl mila [ D
medargroea), Erax rigl (Fragrocns ripedior), Zizsl muce (Zsphee moecromara), Acec mell (e
J.m:'d'gﬁm}, R]Iyrl repe (Rﬁj.alcﬁmjtm rt:pcru}_., Greww MNorves (Grcw{c.ljl!awmc’ru}_. Gerew [ov {Grt\ﬂl&.r
feama), Ochn pule (Ockeea palohra), Acoc lued (Aeoces lnedeareen), Spor spedes (Spoobolus
species], Aris species [Arnnda speces], Acac hebe (Acoao fieserdadal, IMos el (Dormros
freivida), Lonc nels (Lonchocarpus neli), Lyd specis (Lt speciss), Term ser [Rrmiinalia
sermeea )y Dhich cine (Dedfirvstocline amerea)y, Grow ret (Oreons retemervny)y, Xime amer (Nemsmia
americana), Ceph species (Cephalocarpus species), Acac eno (descra enoloba), Digl species
(Degiana speces), Acoc erub (deacts orubescens), Schim papp (Schendtia pappophoroide), Spor
yrn (Spornbolus e endiale), Erag pall (Fragrosks paileser), and Kyll alba (Kylfegee alboa).



Table 7. Tvafuer and wuriable oofamon jGciors for e mete oryroweeRil

variabls
Environmental variables r-values Variables inflation factors
Wildlife densicy —0-26 113
Ciramng pressure —1-59 304
Camle densizy (-52 LG8
Donkey density 0-87 2.31
Fire frequency 1-70 1-23
Whater resources 5.54 132
Land-ase type 1-26 LG4
Grass cover 3-82 1-81
Distance from the village 2-27 L-28

crwironmental variables accounted for & large amount of varance in axis 1 of species
by site data matrix The environmental variable; soil texture, was omitted by the
progmmme {CCA) implving neglipible variance. On the basis of tvalues for the firse
axis on the environmental varables, only five of the ten ervironmenzal varables were
retained as they accounted for a larpe portion of the variance within the data set.
Wariables with -values < 2-1 and those which showed multi-collinearity {with hizh
variable inflation factors) were omitted (Table 7% from further anabvsis (ter Braak,
1988). The five retained ermvirenmental vadables were: ‘distance from the village';
‘water resources’; “wildlife density’; “cattle density” and “grass cover'.

Tnerprevanion

Five definite plant communities identified n the study area are denved from plant
species association and composition. The five comnunities are presented in Table 8
roge ther with summary of associated conflices. There are several lessons thar can be
learned from the magniude of actvides that ocour in the varicws plant community
clusters identified in Figs 3and 4, and Table &. During the dry season, cartle disperse
for 15-20km from the water sources in search of suitable forage (White, 19937, This
explains why the environmental variable ‘camnle densiny' s locared melarively far from
the point that represents the “warer resources’ variable. Therefore, during the study
period (dry season), cartle densities were higher further away from warter points, where
the grass cover was abundant (consider the straighs distance berween catle and grass
and berween carle and warer). However, at a cermain point during the day, livesmck
congregate around boreholes for warering., causing forther stress on vegeration. Thus,
areas closer to the villages and water resources have very little veperarion (grass cover)
associated with them, similar o Perking (1991 sacrifice zones in eastern Kalahar.
Conflicts near warer resource: and sertlements are thus exemplified by the sheer
asence of abundant herbaceous cover resulting in such areas being less favourable for
livestock, wildlife or other activities.

Szcondly, lack of suitable forage and water ata certain period of the year determines
the behaviour of wild herbwores and livestock and the namre of conflice with other
human activities. Highest wild herbrvore densities occur at the sites that are opposite
areas associated with high cattle density, partially implving that the two do not coexist
where either & controlled (Fig. 4). Wild herbivore species are located away from the
point representing Ncreasing grass cover but relatvely closer to the water points and
willages. Thiz can be explamed by a number of factors. Forst, wild herbivore species are



Table 8. The major plovet commromitrez amd ruemmeary of asrooated cortflicts

Plant community Key species Implcations for conflicts

1. A, malliferal Avisrida spp., This community is not well defined
T reviceq Avisrida eongesra, in the CCA diagram, bat probably
COMIM Ty A, meilifera, conr'd be the transition zones

(Bush encroached) Trwinala sericea berween communities. The magnitude
of resource conflicts within these
transitional zones will probabiy vary
or be mfluenced by the status’
condition of the other communities

20 A, erubercens! Schmidna Conflicts within thiz comnmunity emerge
& purassdals pappophoreddes,  from the integration of wildlife acovities,
COmMmumy Dhgizaran sotlaupana, water abstraction and buman settle ment

Sporobolous as shown in the CCA diagram
frvandale

3 L. welad T sericea Urewna rennertis, Besource conflicts arse as the settle-
commumty Frmtnaha seeicea,  ments lie along the wildldfe dispersal and

Arisrida spp. migration arca. Wildlife specics come

mnto conflict with other actrvities
even for those species whose hunting
licences are not 1ssued. Such siuations
may allow unlicenzed hunting
1. B. albiencal Eragrostiz rigidior Conflicts arise from the fact thar
&, wngplami Supagros eniplgmis the zone s fundamentally used for
COMMUNItY livestock prazing closer to the settle-
ments in addition to water resources
in the formn of pans and borcholes
3. Pan comnunity  Pan grasscs Thi communicy has ebundent
pan grass wich cattle, water abstraction
and wildlife actwvites being provalent

known to conprepate arcund empty dry pans (o social groups) for resting (Berpstrom
& Skarpe, 1999 during their local dispersions in scarch of food or minerals
CWilliamson e afl., 1988) during drv season migration and dispersion, which at dmes
raverse through villages (e.g. Tseseng and Tshwaane). This phenomenon is linle
understood especially that wild herbivore species prefer w rest in bare pans with no
ees o provide for shade. However, most of these wild herbivore species are water
independent and therefore their association with water points can only be accounted
for by dispersal pamerns during search for food or minerals rarther than warer for
drinking. Large herbivores such as zebras (Eguus burchelid), buffalo (Sucerus caffer),
giraffe (Ginyfiz camelopardalis) and elephant (Loxondara gfeana) are absent in this
region mainly due o the relative absence of sufficient water Quantifes o susiain them.
Second, during the dry season, carle mowve far afield (ino clusters | and 4) from the
semmlements than normal. This movement pmobably overlaps with wild herbivore
habirats, and in response wild herbivore species disperse (mowve our) through the
villages (e.g. Teetseng and Tshwaane) towards community chossers 2 amd 3. These
mwo clusters are found relatively close to high-density wildlife areas and althcugh they
have low grass cover, kev woody species (evergreens or those that rake long o loose
their leaves) are found within the cheters: Lonchorcarpus nelaiy Ochna pulchrea;
T sericea; Dyciwm sppy A, erubescens. These chusters are therefore valuable o the wild



herbivore of the study area, since boowsers and mixed-feeder wildlife species dominae
them.

Pasz smdies have demonstrated thar some activities are not fully comparible. For
example, Verlinden (1997 demonstraced differences in distriburion between wildlife
and livestock areas with some species clearly avoiding cartle areas while ochers were least
affecred. Parris & Child (197 35) have argued that the effect of livestock keeping on the
veperation in sourhern Kalahari could be noticed after several decades of prowecrion
with likely negatwe effects on wildlife. Such sources of conflicts ultmately determine the
nature and the degree of the establishment of other conflicting activities.

Summanry discussion

The study area can broadly be divided into chree management areas: the wildlife
management argas (WMAsz]; grazing areas for catle and the settlement/fields areas.
“There are no definite boundaries between thete management zones and hence a lot of
interaction between activiries of these zones depending on the dispersion of resources
at any point in tme. A resoarce in this context refers to forage, ramfall, water
resources water points and sertlements. It is however evident that land-use/cover
change & ocourring eg.:

# ‘grazsland’ communities are dmappearing closer to settlements;
& bare ground iz mcreasing arcund pans and settlemnents;

# bush encroachmen: species arc increasing towards scttlaments;
* ‘active' fields have been reduced.

These changes are driven by luman pressure through activities such as grazing, and
the expansion of scitlements, arable ficlds and artficial water sources (Wilkamson
er af., 1988; Perkins & Thomas, 19930, It 1z however also evident and possible that
climatic factors have the upper hand in determming the rate of such changes (Arntzcn
et al., 19987, For instance, the observed reduction in cover of active ficlds between
1971/70 and 1986 can be explained by the drought condittions of the mid-1980s.

Ifhuman activities and climatic factors were to remain constant, there would be no
need o @k about conflices In resource use, smee land-uses or land covers would
mmain fized. However, this 15 not the case in the stwdy arca, as cattle grazing and
seitlements have intensified i the Kalahart and some traditional uses such as wildEfe
grazing are being pushed o the fringes (Fig. 4. It is also apparent (Fiz. 47 that co-
existence o the status guo will prove very difficult. Caitle and some wildlife herdbevore
sproics do not co-exist (Fig. 4% as it has been found elsewhere (c.pe Maoasaland in
Kenva) where agricultural expansion forces wild animals and Maasal herdsman oo
increasing conflce with agricultural svsems (Pearce, 19950,

What therefore is the fumure of the Kalaharl ecosvareny? Land-usefcover pressures
will increase with increasing peopulation and some land-uses‘covers (eg. wildlife
species that do oot co-exist wich cartle and other human activities) will be gradually
driven to the fringes. Unless the present arrangement of activites within the smudv area
it modified (svppested later), it is very likely that this rend in land-use will continue
intensifving until cactle husbandry replaces all other environmental-fri endly vses such
as wildlife management in the Kalahari ecosvstem. This could be particalardy so where
wildlife wilization is not restricted (Verlinden, 1997, The present analysis further
indicates that land-use/cover is slowly shifting from 2 more envimnmenrtal friendly
(wild Efe use, subsistence hunting and gathering) 1o a less conservation-oriented land-
use practice (e.g intensive grazing and monocropping). This is attribagted t© more
pecple irmvesting in agriculture especially along the Hubkuntsi-MNgwatle transect.



However, borehole drilling = not likely to alleviate the current pressure within the
study area nor will agricultural subsidies suszan Kalshan resources.

The shift m land-use & considered environmental unfriendly because the soils are
characteristically dvs rophic with low agronomic value (Chanda & Totolo, 2001). The
sotls are thus less surtable for amble farming and poor catide husbandry methods could
result in further soil deterioration.

Ky formaerd

The Kalahari is very fragile and haphazard land-use and reactive {reacting to arising
protlems) planning will oot minimize the changes and the resvurce conflices evident
in the study arca. To mutgate problems of land-use/cover chanpes and the cosung
resource conflicts, it is imporant that the wnderlving dvnamics driving land -ascicover
chanpe: be understood from varioves dmensions incueding historical (how has land
cover and usage changed over tme) and spatial {c.g. the local processes driving such
chanpes). The paper themfore argues for a long-term land use planmng of the
Kalahari ecosvsiem where parcels of land are designated o specific suitable uses
Proposed measures to determine land wse suitabidity as a way of resolving resource use
conflicts are suggested in Fig. 5 as a working wol. Among the salient ssues to be
inchuded in the resowrce use model include fmrer alia:
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Figure 5. Propeced modd for deerminmg land-use suitshibry in the Kalahan o resolve
resnures e comfhicrs,



* [and HBoards are the custodian of communal land in Betswana, and they are
responsible for allocation of land for different purposes to mndividuals or
groups of people. It is proposed in this paper that Land Boards should set
aside arcas fur specfic actvites deponding on prios known suitabilicy (see Fig.
51, Some zones could be uwsed for wildlife per fe, others for culdvation,
settlement and so forth with strict adherence to the plans. As biodiversity &
known to be the key to all the primary activitics taking place in the arca,
biosphere comservation programmes in some of these zones should be
cstablshed to ensure that flom and fauna are sustained.

# A more efficient and intensive use of the Kalahari environment could reduce
resource pressure and conflices {see Tables d-6 and Fig. 4] o potential for
land-use conflicts are well known (see Fig 5). Many resources are explomed
on an extensive scale with low levels of efficiency demanding more land (e.g.
for livestock grazing, arable farming, e, which & nsufficient. Arcas of
resource integration should be idenrified (Dikobe, 19907 and the contriburion
of each sector o oconflicts defined. Conflicts arise along the interface of
diferent land-uze sectors that may appear to be mcompatible az in the
emotzonal debate on widlfe and lrvestock industrs.

The success of the future resource planning in the Kalahar ccosvstem lies in a rational
modelling that integrates socio-cconomic development and natural resources there-
upon. The suggested model (Fig. 57 typically helps in the determinatgon of the oprimal
productivity on any picce of land based on the application of Geographic Information
Sverem (GIS) procedure where land suitsbility analy=iz and decizion-making are
integraced. Land demand to meet vamous developments in agriculture, sertlement,
transport, lesure and aesthetic beauty contirmue o rmise. The perception thar all land
and the encompassing resources could be uwsed for all types of land-use leads tw
misallocation of land to some non-deserving land wses whilse barring the most
appropriate cascs. Determmation and establizshnmiens of the current land use database
and the land evaillable for vartous land uscs 1= the first step o this respect Such data
will clearly demonstrate what o picce of land 1s currently used for and optmal
potcntial and best utlzaton. Fey questions o answer at this stage arc whether the
land already under certain use(s) 1s being used producovely for that purpose. K the
land-ase is not defined, conflices could be investigated with regard to resources there in.

Resources available could be optmally wolbzed of prior investigation on land wse 1s
launched to determine the suitability of any picce of land for a given purpose. Thysical,
socte and coonomic variables heve to be investigared as the basis of understanding the
best use value for every piece of land Parcels of land are thereafier registered for
particular wses on conditon that oo scricus resource uwse conflicss arc W arsc
thereafier. Once all potental conflices hive been addressed, then the land could be
added inte a GIS database accessible to all stakeholders n land-use allocation and
msource users. [n case potential conflices sall persist, svurces of conflices can be
addressed through fresh resource use and land swiability ovestigations. Neoworking
of such dara berween different stakeholders will evenually ame nua e the mapninade of
natural resource-use conflicts. Amribures amached w parcels of land will dus opimize
productivity where land-use problems are mimmal than vnder the current lassee-faire
sysem that exhibirs litde coordination amone variows land-use demands and available
FES0Urces.
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