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PREFACE
In July 1975 the Government of Botswana announced its Tribal Grazing Land
Policy (TGLP) to counteract rangeland degradation by means of changes in
land use practice.
A national land use planning exercise has been underway since the TGLP's
announcement, assembling all existing information on soils, water, vegetation and animal resources. For the Kalahari the exercise was hampered by
the paucity of basic information. Planning was impossible due to lack of
basic data on the animal populations, their habitat requirements and the
range supporting the populations. The Countrywide Animal and Range Assessment Project was then designed to fill this gap in the knowledge of the
wildlife and range resources of the Kalahari.
The Project has been carried out over a two years period, 1978 - 1979,
covering an area of approximately 240,000 km2, encompassing virtually the
entire Botswana part of the Kalahari. As a result of the Project, already
existing information on the patterns of human settlement, stock raising,
cultivation, hunting and gathering, etc., can now be supplemented by information on patterns of game distribution, size of herds and the range
resources upon which the animal populations depend.
The Final Report of the Project, of which the present volume forms a part,
comprises seven volumes of text (including photographs, small scale maps,
figures and tables) and in addition some fifty separately reproduced maps
at large scales. The volume titles are:
Volume I

:

MAIN REPORT

Volume II :

Special Subject Report

PHYSICAL ENVIRONMENT

Volume III:

Special Subject Report

VEGETATION

Volume IV :

Special Subject Report

Volume V

Special Subject Report

ANIMAL POPULATIONS
INTERPRETATION OF ANIMAL
DISTRIBUTIONS

Volume VI :

Special Subject Report:

RANGELAND MONITORING

Volume VII:

Special Subject Report:

DETAILED STUDY HUKUNTSI AREA

:

A list of all the technical products in map-format of the Project is given
in Volume I, The Main Report.
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IV.1

INTRODUCTION

This chapter describes the methods used and results obtained in the assessment of large game populations. The purpose was not to review the status of
the whole spectrum of wildlife, but to focus on populations of large wild
animals that are hunted (i.e. game animals proper), and which might be exploited in other ways. The preservation of wildlife as such is catered for
by the existing national park system, expansion of which is not considered
crucial to the survival of any particular species in the Kalahari. Hence
the emphasis has been on large game animals whose management is one of the
problems addressed by the Tribal Grazing Land Programme (TGLP). The major
issue in game management lies in securing the range upon which the animals
depend. Because of this the project designed a programme primarily to map
game distributions, correlated where possible with features of the environment that could be influencing the observed patterns. At the same time
provision was made to obtain estimates of population size sufficiently
accurate for the level of management envisaged.
No systematic survey of the Kalahari game population had been made prior to
this project, and no published estimates of population size for any species
were available (except for the surprisingly accurate estimates published
in Botswana Game Industries (Pty.) Ltd. brochure). Observers familiar with
parts of the system express such widely divergent opinions on distribution
and abundance that no consistent picture could be formed. Thus Silberbauer
(interviewed in 1978) believed that hartebeeste migrated regularly across
the Kalahari from the south-west to the north-east ends, while Parris (1971)
held the view that no distinct migrations took place. Similarly, divergent
guesses at population size were made by other individuals. In fact, the
quality of knowledge about large game distribution in the Kalahari prior
to this survey is more or less summed up in Map IV.2. This was prepared by
an FAO expert (Project BOT 72/020) in 1975 probably using similar interpretative maps drawn up in the past by DWNPT as the data source. All were
based on hearsay supplemented by non-systematic aerial and ground sightings.
Since this was an inadequate basis on which to attempt any sort of stratification (except to separate the Makgadikgadi pans) the whole region was
subjected to a uniform sampling regime which was intended as a step leading
to a later stratification. The Makgadikgadi pans can be separated out as a
separate stratum because since 1974 six distribution flights have been accumulated for the area together with numerous circumstantial observations
all of which provide a consistent picture of seasonal distributions.
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IV.2

METHODS

IV.2.1

Survey region

Map EV-I-1, the livestock distribution map, shows the region covered by the
systematic aerial surveys. Areas dominated by man and livestock from which
most large game animals have been displaced were not surveyed and mark the
survey limits. For the most part these areas are clear-cut and form a more
or less abrupt boundary with a transition zone ranging from nothing (where
fenced) to ca. 10 km in width. The end of an aerial transect was thus fixed
in practice by the presence of high cattle densities (except where there
were isolated cattle), fences, or the Nosop River. This definition of the
area flown had to be modified in the south-east where the region roughly
enclosed by a line joining Werda, Dutlwe, Letlhaken and Kanye contains high
densities of both cattle and certain game, notably ostrich and springbok.
The reason is that cattle posts and communal areas here still have substantial gaps between them such that game is not yet completely displaced.
Map IV.1 shows the area actually flown in the Kalahari. The area flown to
map the Makgadikgadi pans zebra/wildebeeste populations is defined by the
limits of their range as shown on Map AP-IV-32.
IV.2.2

Survey design

The only feasible method of obtaining a series of distribution maps of
large populations of animals ranging over more than a quarter of a million
square kilometres during the course of one year is by aerial survey. Three
shortcomings of this choice should be mentioned at the outset. Firstly, it
rules out the chance of collecting any information on the probably vast
resource of nocturnal fur bearing game and other carnivores; secondly, it
produces information of varying reliability for different species, since
no one sampling regime applies uniformly to all species,- and thirdly, it
inevitably leads to rather superficial data owing to the limits of time.
Under this projects' working conditions a complete coverage of the whole
region would take at least 2 years of working weeks. Even a 10% sample
(using this project's strip widths) would need 22 working weeks, a span of
time which would obviously preclude any valid interpretation of distribution. Clearly a far smaller sampling fraction had to be used, at least for
the initial surveys. This was the starting point from which the sampling
regime was developed.
IV.2.3

Sampling regime

Because the limiting factor was the number of working days available, the
speed with which the ground was to be covered was clearly an important
factor. The aircraft used could be flown comfortably at 280 kph (150 knots),
and tests showed that this permitted observers to maintain a consistent
visibility profile provided height above ground, and strip width were kept
at low values. A somewhat arbitrary target was set of completing a survey
of the whole project region in 5 working weeks, and of conducting altogether 4 - 5 such surveys. This forced a wide interval (15 km) between
sample strips.
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The regimes adopted are summarized in Table IV.1. In order to process data
more efficiently a computerized system was used (see Section IV.2.6), based
on cellular grids laid over the survey region. Sampling regimes within a
grid must be held constant, but can vary between them. Hence Table IV.1
lists the various sampling regimes by grids, the geographical locations
of which are shown on Map IV.1.
The original expectation was that the aerial surveys would allow a stratification within the Kalahari based on the patterns of animal distribution
recorded. These strata would then allow a redistribution of sampling effort
proportional to animal density, applying less to low density regions and
more to high density regions. The object was to improve the estimates of
population size. In the event, such restratification proved impossible.
This was because the entire region is used by the animals surveyed, the
distributions of which are not sufficiently predictable to stratify with
confidence. It would be feasible to stratify for a single species. But
for most this would still involve covering a large area and within the
project's objectives there was no way of singling out one species that
would justify the time and expense of a special survey. Ostrich, for example, are the most valuable population in terms of cash, but to rank them
above hartebeeste, the principal meat source, is to pre-empt resource management conclusions that are the prerogative of the districts. In addition,
for the major population it proved possible to calculate merged estimates
with quite adequate confidence limits.
Distribution was mapped by plotting the densities of anjjmals observed in
the sample strips scanned on either side of the aircraft. These densities
were averaged for each cell of the grid in order to simplify the mapping
process and enhance the distinction between regions of low and high density. One of the reasons for using this method is that it permits a simultaneous estimate of total population size to be from the same data. This
is important for 2 reasons. Firstly, it provides a valuable check on the
distribution pattern derived from each flight by ascertaining whether or
not the whole population of the species in question is accounted for.
Secondly, it is obviously more economical if the two goals of distribution
and census can be pursued simultaneously. The disadvantage is that it
compromises both goals. Better distribution maps might result from flying
slightly higher, scanning wider strips, and altering the flight path on a
subjective basis to determine in more detail any concentrations of animals
encountered. Better censuses would result from cutting down the number of
distribution flights, stratifying, increasing the number of units sampled
in each stratum, and reducing aircraft speed.
The sampling regime adopted for the distribution flights settled on a
height of 46 m (150 ft) above ground, with each observer scanning a strip
between 100 and 200 m wide, depending on circumstances (on any one flight
strip width was of course held constant). This gave good visibility under
trees, which is important as they are much used for shade. Lower and higher
heights led to obscuring of the visibility profile by tree canopies.
A major reason for using narrow strips and low heights was to minimize bias
dependant on the distance between the observer and the target animals.
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Caughley (1976) has shown how apparent animal densities recorded by aerial
observers tend to be biased towards under-representations that are primarily functions of the distance between the observer and the animals. Since
the chances of establishing reliable bias correction factors for all the
animals observed were clearly small, it was decided to anticipate bias by
reducing as far as possible the distance between observers and animals,
thus keeping bias values minimal.
The interval established between flight lines was 15 km. This interval
also sets the cell size of the grid, as each cell has only one flight line
across it, and finalizes the sampling fraction applied to the whole region.
For the Kalahari this fraction, depending on the area flown, strip width,
etc., ranged between 1.8 and 2.6%. 15 km was about the smallest interval
possible that allowed completion of a survey in a calendar month. In aerial
survey generally, intervals of 5 and 10 km are often applied, while more
than 10 km would be considered a wide interval. To evaluate the resolving
power of a 15 km interval in terms of distribution patterns, a resolution
trial was carried out. During the second flight of Grid 01 in December 1978
a 14,480 km2 section was isolated and flown as a 5 km interval grid
(Grid 10, see MAP IV.1). Every third flight line of Grid 10 thus coincided
with the corresponding position of the 15 km interval Grid 01 flight lines.
Three of the distribution maps resulting are shown (Maps IV.3 - 5), 2 for
high density species (hartebeeste and wildebeeste) and one for a low density species (gemsbok). If these maps are compared with the corresponding
ones of Grid 01, Flight 02 (Maps AP-IV-2, 6 and 10) it can be easily seen
that although the 5 km interval provides a more detailed map the 15 km interval records the same general pattern. For the purposes of this project
the resolution at 15 km was considered adequate.
IV.2.4

Equipment

The aerial survey programme was conducted using the following equipment.
A Cessna 210 aircraft was hired fitted with an autopilot. Project equipment
installed in the aircraft for the duration of the hire period consisted of:
A GNS 500A VLF/OMEGA navigation system A King KRA10 radar altimeter reading from 40 - 2000 feet above ground;
An air conditioner,A Vinten 70 mm Reconnaissance Camera in a vertical mount.
For data recording an office dictaphone system was used. Two lightweight,
solid-state recorders were carried in the aircraft, with transcription
carried out on the desk top equipment.
A TI-51-III calculator pre-programmed with statistical functions, and a
general purpose calculator with an impact printer were obtained for the
office.
The Government Computer Bureau provided access to their computer via a
bureau VDU terminal. Initially the system used an ICL 1902 series computer,
latterly updated to an ICL 2958/10.
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Problems with equipment caused the only setbacks encountered in the aerial
programme. These were serious enough to call for some comment. The most
aggravating were a series of mechanical failures of the aircraft for the
first 6 months of operation. These introduced a time lag of about 2 months
in the aerial programme, which ran behind schedule for the whole project,
leading to a reduction in the coverage of the survey region both during
some grid flights, and in the number of flights.
The other problem was in delivery of the photographic equipment. The camera
was received 7 months late, and the film arrived only 5 months before the
end of the project, almost putting paid to the photographic work. Vegetation photography during the growing season was ruled out. Fortunately, this
is not as serious as the aircraft problem, because the monitoring work for
which the camera was obtained will be ahead anyway, conducted by DWNPT and
possibly MOA instead of by this project. Techniques, however, have been
reviewed by the project.
Excepting the aircraft air conditioner, which only worked intermittently,
all other equipment functioned satisfactorily. In particular, the VLF
navigation system more than lived up to expectations in terms of usefulness
and reliability. It completely revolutionizes aerial survey in providing
reliable, accurate position information continuously both for generating
guidance data, and in facilitating mapping. The instruments' performance
was evaluated by recording the position error (to the nearest 1/10 of a
degree) against time. This was done over the course of the survey work by
recording the error after returning to a starting point, or after passing
over a primary trigonometric station. 26 such readings were obtained and
analyzed statistically. Figure IV.1 shows the plot of position error
against time. N/S and E/W components are not distinguished because no significant difference was present. As can be seen, it is rare, even after
6 hours of flight, to encounter an error of more than 3 minutes of arc and
as a rule of thumb the instrument can be taken as accurate to within i 2 km
after an hour or more of flight. While the obsolute error tends to increase
with elapsed time, the relative error actually showed a slight decrease.
IV.2.5

Working conditions

Aerial survey data was collected in the following way.
Two observers were used, one in each front seat. The left observer doubled
as pilot, since the VLF navigation system reduced this task to a comparatively simple one. Normally, the autopilot heading hold was engaged, plus
the roll axis mode. Corrections to the flight path were made as required
by reference to the VLF course deviation indicator, and radar altimeter.
The VLF also eliminated the need for a navigator and/or flight coordinator.
Since it provides a constantly updated digital display of position (as
latitude and longitude) both aircraft and animal sighting positions can be
accurately and quickly fixed by a glance at the instrument. All animal (or
other) sightings were recorded together with the longitude, which was used
by the computer to allocate data to their appropriate grid cells.
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Strip widths were measured by direct observations in flight of a suitably
marked strip on the ground of known width. This was done using a railway
line and its associated fences, the boundary fences of Molepolole airfield, and vehicle tracks established across Hukuntsi Pan. A formula was
also devised for demarcating strip width window markers by calculation
(Figure IV.2), but this was not as accurate as the direct observation
method. Strip widths were demarcated on the aircraft windows by blanking
out the unwanted section with translucent plastic sheeting. This is very
helpful when the outer strip boundary passes through groups of animals.
Since the 210 is strutless, it is necessary to rig a cable where the lift
strut would be if a second strip marker is wanted. If, however, the unobstructed visibility profile is more desirable, then zeroing of the observer's position relative to the window markers can be done by adopting consistent seating conditions and lining up on a suitable datum at the wing
tip.
All systematic data were recorded on the dictaphone recorders, with additional data marked on maps or photographs as required.
Over the period 18.6.'78 - 2.8.'79 (the aerial work continues after the
time of writing) 112 days were spent on various flying duties totalling
550 hours flying time. The 4 systematic distribution flights were flown
according to the following routine. The average shift length was 3.9 hours,
ranging from 1.8 - 6.6. The average flying day totalled 6.2 hours, ranging
from 4.9 - 9.4. The number of working days per survey (Kalahari only) was
15, and including the Makgadikgadi pans, about 20. Weekends and delays
spread the work over 4 - 5 calendar weeks. This regime is reasonable in
terms of fatigue, so that a consistent quality of data acquisition can be
maintained. Both observers considered one long shift of 5 - 6 hours per day
preferable to 2 shorter shifts, presumably because the latter by extending
the working day is more tiring. A detailed analysis of the data has not
been made but a preliminary inspection shows no apparent change in recorded
densities or sighting frequencies attributable to either short or long-term
fatigue.
IV.2.6

Data processing

Survey data was processed via a computerized system developed during the
project - the WILDLIFE COMPUTER SYSTEM. Animal data was collected in individual sightings of groups of animals, species by species, along a flight
path, by two observers. Each observer scans a strip of limited width (as
described under Section IV.2.3) which constitutes the sample from which the
computer extrapolates to describe the whole region. The data is analyzed by
laying a rectangular grid of square cells over the flight paths and their
strip samples. The computer calculates the density of animals per cell of
the grid in order that comparisons between different parts of a grid can
be made. For mapping purposes, this information is usually depicted pictorially by a range of shades, the darker tones representing higher densities.
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Briefly, the WILDLIFE COMPUTER SYSTEM consists of a suite of 8 programmes
designed to compile and analyze aerial survey data. It produces 3 main outputs: distribution maps (either of animal populations or physical features),
population estimates and tabulated data accessible to further analysis.
Analysis is carried out by large 'package' programme, ANPR, originally
designed to accept data from punch cards. The susceptibility of the punch
card system to errors at punching, plus data sheet entry errors and computer coding form errors, combined with the fact that ANPR goes invalid
on encountering an error, led to considerable practical problems in actual
use. In order to get around these, a suite of programmes was developed to
accept and compile field data, eliminate out of range errors, and finally,
create a card image in the format reguired by ANPR. In this way, only clean
data is submitted for analysis.
A major feature of the system is that it can be operated entirely via
Visual Display Unit (VDU) terminals. The user himself carries out all
operations at the terminal under the multi-access system MAXIMOP. Under
this system the user is allocated a user-file (WILDLIFE) within which are
9 sub-files. These latter comprise the various programmes and tables reguired for the data treatment. Self-explanatory messages are generated
which assist the user to issue the appropriate commands, etc. Computer
printouts of the tabulated and analyzed data are written to the system
output file automatically.
The most important feature of the system is that it accepts data keyed in
at the terminal, transcribed direct from cassette tapes recorded in the
field. Using a dictaphone transcriber unit the operator, wearing a headset,
controls tape movement via foot controls, thus keeping his hands free to
type. In this way punch cards are eliminated entirely from the system, only
one opportunity for transcription errors occurs (when keying the taped data),
and considerable time savings in data handling are made. Nothing need ever
be written down.
For such a system to work reguires that the survey data be collected under
a fairly rigorous regime which may not be compatible with all situations.
Should this occur additional programmes may have to be written, and the
system is set up so that new programmes may be readily incorporated.
Because the establishment of the WILDLIFE SYSTEM in a fully operational
state was one of the project objectives, a full description of its structure and operation has been made in a comprehensive user's manual, issued
by DWNPT. Further details on data handling are given in this document.
The way in which the system is used to generate maps is as follows. The
animals counted in the narrow strips of ground on either side of the aircraft constitute a sample which is a known fraction of the total survey
region. The density of each species observed in the part of the strip
sample running through each cell is assumed to be representative of the
cell as a whole. The computer performs this calculation for each species
in each cell and prints a map of the whole grid (or part of it flown),
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species by species, in one of 2 possible formats: either the actual density
(in animals/km2) is printed, or the relative density. Relative densities
are depicted on a scale of 1 - 5, in which the computer finds which cell
had the highest density, assigns to this the value 5, and then assigns to
all the other cells their respective values, calculated relative to the
value of the cell with the highest density. For example, if the highest
density recorded for a species on a given occasion was 10/km2 this would
be assigned the value 5. All densities in the range 8.1 - 10/km2 would in
fact be assigned the value 5, densities in the range 6 . 1 - 8 the value 4,
densities in the range 4 . 1 - 6 the value 3, and so on.
It is important to appreciate that density values are assigned relative to
the highest density recorded on that particular flight. Thus the absolute
densities for say, ostrich, on flights 1 - 4 , Grid 1, which were assigned
the relative value of 3 cover different (though similar) ranges on each
occasion.
The maps generated by the computer depict absolute or relative density
values for each cell, identified by their coordinates printed along two
margins of the printout. The basic map can then be used to derive various
kinds of maps depending on what is wanted. Most of the maps produced by
this project were either pictorial or digital grid maps only slightly
adapted from the computer maps, or interpretative maps in which density
contours were drawn freehand round digital data. The stages in producing
these 2 types of maps are as follows:
Grid maps
Stage 1

Computer generated maps.

Stage 2

A transparent overlay drawn to the computer map scale is
laid over. This overlay has on it whatever topographical
or other detail is required.

Stage 3

An outline of the grid on a transparent overlay is laid on,
so that each digital value printed appears in its cell.

Stage 4

A similar grid overlay is laid under whatever base map is
to be used, drawn to scale on transparent film.

Stage 5

Digital data from the computer grid is then transferred by
hand from one map to the other via the grids, or, more commonly, used to code a pictorial depiction, e.g. lettraset
tones.

Interpretative maps
Stage 1

Computer generated maps.

Stage 2

Transparent overlays are placed on the computer maps and
density distributions contoured in whatever way is required.

Stages 3 and 4

As above.

Stage 5

As above, except that in this case contours are transferred.
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Either of the above types of maps can be modified by establishing a sandwich of overlays from successive flights in order to develop composite maps
which consolidate, for example, individual distributions into one general
distribution.
It is possible to interrupt any of the above stages and make dye-line
copies of the overlay sandwiches.
The transformation process is attended by one hazard - the incorporation of
errors arising out of transferring data to the wrong grid cell, etc. The
only way of eliminating this problem entirely (though careful verification
is of course nearly as effective) is by stopping the map at Stage 2.
However, this suffers from the problem that the computer generates maps
in which the horizontal scale differs from the vertical (owing to inherent
line printer characteristics). The resultant map is skewed in a way and on
a magnitude that differs from more conventional cartographic distortions,
apparently causing some viewers difficulty in visualization of the information depicted.
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IV.4

RESULTS

IV.4.1

Introduction

The systematic aerial survey produced distribution maps and population estimates for 16 species. Table IV.2 lists 11 of the 16. The others are zebra,
cattle, donkeys, horses and goats and sheep (these latter two for convenience being 'shoats'). Since the 16 species do not return data of equal quality they do not all recieve the same treatment. Individual distribution
maps have been prepared for only 9 species, (the first 8 on Table IV.2,
plus zebra), being the region's principal game animals. The remaining
species are dealt with via simplified maps. For reference purposes, however, all species are fully recorded on computer generated maps filed at
DWNPT.
This Volume is confined to a brief description of the spatial features of
the animal distributions, and results of the population estimates, the next
stage in the analysis of distribution - linking of spatial patterns with
other features of the system - is dealt with in Volume V.
IV.4.2

Distribution (Kalahari System)

A number of general points should be borne in mind when consulting the
distribution maps. The most important thing to realize is that they do not
depict a fixed pattern of distribution. Animals are, for all practical purposes, continually moving. What pass for distribution maps are really only
the distribution as it was on that particular day. Long before the map
itself was finished the distribution shown on it will have changed. The
situation can be likened to a continuously showing cinema film which has
been stopped on 4 occasions, freezing the action so to speak in order that
we can study how the animals were spread out at those particular times.
The temptation is strong to suppose that the combination of distributions
for any given species indicate areas much used (or avoided) by the species
in question over long periods of time. This may be the case, or it may not;
one year's data cannot resolve the matter fully. Volume V pursues this question further.
The distribution maps are biased towards dry season distribution. In 1978
the rains were late, and below average. Thus the December flight which
should have mapped an early wet distribution actually mapped a second dry
distribution. The March flight recorded distribution during a below average
wet season. August 1978 and July 1979 were typical dry seasons. This bias
should be borne in mind when referring to the maps, though it was in some
ways more informative to have made observations during unusually dry years.
This is because the dry season is the limiting season for herbivores and
their dispersal at this time is more critical in indicating areas essential
to them. This is illustrated by the comparatively unusual presence of some
13% of the wildebeeste population in the north-east Kalahari, and shift to
the south-west between Mabuasehube and the Nosop of some 15% of the wildebeeste population, in July 1979.
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The type of distribution map in this report is an occupance map. It shows,
for each 15 x 15 km square into which the region has been divided, what
fraction of the total population was found in it on the occasion mapped.
In order to be able to compare cells at a glance the information has been
expressed as densities rather than percentages, divided into 5 density
classes.
Although each individual map only shows one of many possible distributions
for that species, each successive map laid on top of the others shows which
areas tend always to have high occupance values. From a hunter's or game
manager's point of view these are the areas where most of the game spends
a lot of its time, or where a hunter has a high expectation of finding his
quarry.
The biomass maps depict a slightly different kind of information. The total
weight of the most numerous of the free-ranging large game - hartebeeste,
wildebeeste, gemsbok and eland - has been combined, and the fraction of
the total found in each cell shown on a relative scale of 5 classes. The
purpose is to find which parts of the range are being subjected to the
heaviest grazing and browsing.
On both types of maps it must be remembered that the data derives from a
very small sample. This means that where a cell is mapped as having no
animals in it, this only means none were seen. There may have been, in
fact probably were, some there. The values shown are relative not absolute
values.
IV.4.3

Distribution by species

Hartebeeste (Maps AP -VI-1-4) the most numerous species (ca. 280,000).
Always widely distributed over nearly all the region. Consistently high
concentrations in the north-west and north-east, and south-east sectors
of an area centred on Rang. Another, less dense concentration always found
in the west, and centred about the latitude of Mabuasehube.
Wildebeeste (Maps AP-IV-5-8) the next most numerous after hartebeeste
(ca. 262,000). Also widespread throughout the system. In August 1978 were
predominantly in the northern and western parts of the system, with concentrations in the north-west and south-east sectors. Another concentration
in the vicinity of Mabuasehube.
In December 1978, the distribution was similar, with concentrations in the
north-west and between Rang and Lokalane.
In March 1979, the distribution was essentially similar, with local concentrations between Ohe and the Okwa, and around Mabuasehube.
In July 1979, were more on the peripheries of the system. A large concentration between Tsabong and the Nosop, smaller ones near Nojane, Rang,
Metseamonong and Xade.
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Gemsbok (Maps AP-IV-9-12) Population of ca. 71,000 very widely dispersed
throughout system on all occasions, with generally subdued concentrations,
particularly in the south-west, and a smaller one in the north.
Eland (Maps AP-IV-13-16) Population of ca. 19,000, not widely dispersed.
Consistently concentrated in a region west and east of Metseamonong, west
of Mabuasehube, and west of Hukunsti.
Springbok (Maps AP-IV-21-24) Population of ca. 95,000. Fairly widespread,
locally clumped. Consistently 3 main groupings, a small one in the north
and the south, with most along the Schwelle. Highest concentrations northwest of Hukuntsi, other concentrations on the western Okwa and the southeast Schwelle, near Kokong.
Ostrich
spread,
similar
west of

(Maps AP-IV-17-20) Population of ca. 65,000 consistently very widethough slightly more concentrated in March. Distribution pattern
to springbok, but more widespread. Main concentration north and
Hukuntsi but also high in the area Dutlwe to Sekoma.

Giraffe (Map AP-IV-25) Population of ca. 3,000 in 2 consistent groups, one
in the north and one around Metseamonong.
Domestic livestock (Map EV-1-1). Distribution is shown as presence or
absence in each grid cell observed, divided into 2 categories: cattle
(and other stock), and shoats, donkeys and horses only. The map consolidates data from all 4 flights, for Grids 01, 02 and 04. The purpose of
the map is to show livestock distribution on the same scale as game distribution. The usual caution should be observed in interpretation, particularly in the absence of any measure of relative numbers,- a single light
toned cell could represent one donkey of 1,000 goats. The data for these
maps represent a total population for the 4 stock types of, very approximately, 196,000 cattle, 45,000 shoats, 4,000 donkeys and 2,000 horses.
These should not, however, be taken as more than a rough indication, because by and large survey flight lines were terminated as soon as cattle
in large numbers were encountered. This means that only the fringes of
the cattle population were sampled. Also, less care was taken in actual
observation of livestock since distribution was the only parameter being
carefully recorded.
Remote Area Dwellers (RADs) (Map I.I.). All sightings of RAD activity made
during the systematic aerial survey were mapped in order to gauge their
relative distribution in the system. For this reason, locations of RAD
activity known from other sources are not shown on this map, nor was any
attempt made to estimate the numbers either of people involved, or their
settlements.

18

IV.4.4

Distribution (Makgadikgadi System)

In striking contrast to the Kalahari the dominant feature of the
Makgadikgadi System is the classic migration of the zebra and wildebeeste
population. During the wet season (roughly December to April) they graze
the short grass plains along the western egde of Ntwetwe pan. As this
region dries out the animals migrate westwards to the Boteti River where
they spend the entire dry season (May to November), moving out to the
plains again in spectacular herds as soon as it rains.
Whether the quality of the food or availability of free water, or both, is
the chief cause of the migration is unknown. Whatever it is, the seasonal
ranges are relatively limited and well defined. Again, in contrast to the
Kalahari the boundaries of the system are apparently not entirely man made.
Though the eastern and southern limits are coincident with high density
human occupation the northern side is open range apparently never used by
these populations. Most of the western limits of their range is the Boteti
River which in the dry season is often only a series of pools. Yet there
are no records of large numbers of either species ever being seen west of
the Boteti.
North of the Boteti their western limit is the Makalamabedi Ranch boundary
fence. This clearly is an obstruction of their former range as every dry
season large accumulations of zebra and wildebeeste form against it.
This project confined itself to mapping the zebra/wildebeeste population
only, since for inventory and land-use planning purposes the more extensive survey of Parker (1974) suffices.
IV.4.5

Biomass distributions

Table IV.5 lists the population biomasses of the total Kalahari and
Makgadikgadi populations. Approximately 88% of the total game biomass is
made up by the more nomadic species - hartebeeste, wildebeeste, gemsbok
and eland. In order to show the shift in grazing pressure over the Kalahari
recorded on the 4 aerial surveys occupance in terms of the combined biomass
of these 4 species has been mapped (Maps AP-IV-26-29). In August 1978 high
biomass values were present between Kang and Kokong and east of this point;
at Mabuasehube and west; on the western Okwa. In December 1978 peaks again
showed between Kang and Kokong, and north of Nojane. In March 1979 peaks
showed north-west of Dutlwe, south-west of Takatshwaane and on the central
Okwa; at Mabuasehube and west.
The total biomass of all Kalahari game (based on the estimates uncorrected
for bias,- actual values will be slightly higher) is approximately 94 million kg. In terms of kg/km2 this represents, in comparison with other
grazing systems, a low figure (ca. 400 kg/km2). In terms of the possible
stocking rate with cattle it is the equivalent of about 189,000 LSU's (of
500 kg), or 125 ha/LSU.
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Two points come to mind with respect to the biomass figures. The comparatively low values may reflect the absence of free water in the system,
which forces a high degree of nomadism on the obligate grazers if they are
to continually find suitable pasture. But they also suggest a caution with
respect to exploitation of the Kalahari rangelands. It may well be, over
the long term, that even if water is supplied stocking rates have to be
kept at comparatively low values.
It is interesting to note that the Makgadikgadi pans zebra/wildebeeste
population currently exists at a vastly higher stocking rate in biomass
terms: about 6,000 kg/km2. This represents an equivalent of about 8 ha/LSU.
This may well represent, in part, the boost given to grazing animals by
free water, which in the Makgadikgadi is available year round, from the
Boteti (dry season range) and pools (wet season range).
IV.4.6

Population estimates

Tables IV.2, 3 and 4 list the population estimates made by the project
for the species shown. Tables IV.2 and 3 contain merged estimates (where
possible) drawn from the estimates made after the first 3 survey flights.
They do not include those from the fourth flight because on this occasion
Grids 1 and 2 returned very different estimates for the nomadic species
owing to drastic redistributions of animals during the drier than average
dry season of 1979. The more sedentary species - springbok, kudu and
ostrich - returned similar estimates, and could have been included.
The quality of the estimates varies considerably between species both in
terms of the degree of observer bias at the time of observation, and in the
statistical confidence than can be placed on them. The effects of observer
bias are not apparent in the data. However, it can be assumed that it is
always present, so that all the estimates (other things being equal) are
to a greater or lesser degree underestimates. The question is by how much.
The project collected considerable data on observer bias as it varies with
aircraft speed and distance from the animals for 2 species only, hartebeeste and wildebeeste. The limitation to these 2 species was partly due
to the difficulty of measuring bias in more than one species at a time,
and partly to the inherent difficulties of collecting sufficient valid data
from animals such as eland and kudu which generally exist at low densities.
The object was to arrive at a basis for correcting the population estimates
according to the method proposed by Caughley (1976). In the event, conclusive values could not be determined as the problem is much more complex
than it was thought to be at the outset. Statistical analysis of the bias
data is still in progress. The preliminary data indicates that while bias
is certainly present in the aerial survey data, holding strip width and
aircraft height down to small values has reduced the bias remaining to low
values, at least for the more conspicuous species. Quite high values of
bias may be present in the kudu estimates, this species being peculiarly
cryptic. Springbok also will return low estimates due to the difficulty of
observing them in many light conditions. Duiker, steenbok and warthog are
not susceptible to consistent aerial counting owing to their small size and
tendency to seek cover. The other species estimated may all be considered
very accessible to aerial observation.
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In general, it must be remembered that all the population estimates are
underestimates. However, even after correction for undercounting, the
estimates for the more conspicuous species would probably remain within
the calculated confidence limits. Statistical confidence in the estimates
varies with a number of parameters. Among the more obvious are the degree
of homogeneity in density, and in distribution through the strata sampled;
the number of units sampled, and the sampling fraction. The degree to which
these conditions were compromised by the sampling regime adopted has already been mentioned.
In Table IV.4 only the zebra and wildebeeste estimates were made by this
project. The rest are taken from Parker (1974) whose survey covered the
whole Makgadikgadi pans system, whereas this survey was limited to the
zebra and wildebeeste range in the west.
De Graaff et al. (1976) have reported the results of 6 aerial censuses of
the Kalahari Gemsbok National Park in the Republic of South Africa which
they extended into the Gemsbok National Park in Botswana for an average
distance of 36 km east of the Nosop. Comparison of the densities and
distribution recorded by them for this limited region would be a useful
exercise in any long-term monitoring programme. This project has not done
so because the data reported by them appears to be consistent with present
findings and does not add to the overall conclusions.
IV.4.7

Discussion

One of the most striking impressions formed as a result of the aerial
surveys is that the Kalahari appears to be a single system in which the
Schwelle running northwest-southeast through the middle of the region
forms an axis, about which are centred the greatest animal numbers. Most
of the game is dispersed (albeit unevenly) throughout the system; no one
part of it differs so strongly from the others as to cause animals to
migrate seasonally from one to the other on an entire population basis.
Except for eland and giraffe, a map of the Kalahari is a map of their
range. This is the general picture. On a more local scale, patterns of
redistribution are recognizable for each species, which can be linked to
obvious features of the system that are likely to be influencing them.
But these redistributions are rather subdued, and do not allow for example
the various species to be separated into convincingly discrete populations.
The widely held belief that game migrations take place in the Kalahari
is contradicted by the results of the aerial survey, which turned up no
evidence for any such phenomenon. To some extent the belief is perpetuated
by the careless use of the term where mere movement was in fact meant. A
migration is a seasonal shift of a population of animals from one specific
place to another. Both the elements of time and space have definite, more
or less constant values, i.e. the seasons and localities are predetermined.
Animals that roam widely from place to place in search of pasture are nomadic, not migrant. The movements of nomads are in response to signals that
may take them in any direction at any time over varying distances; they are
essentially unpredictable.
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The sheer size of the Kalahari system is one of the circumstances leading
to the belief that migrations occur. Travellers tend to make journeys
through necessarily very restricted parts of it, widely separated in time.
On one occasion an observer may encounter vast numbers of say, hartebeeste,
in a certain area. On his return a fortnight later he sees none. Then he
hears of someone who saw large numbers elsewhere, perhaps 300 km away. The
two sightings are assumed to be of the same animals and a migration is supposed to have taken place. Even trained observers jump to conclusions of
this kind. A little reflection should, however, make it clear that ground
observations in the Kalahari have a very limited power to provide the
necessary coverage over short periods of time that are reguired to build
up a reliable picture of animal distribution and abundance. Take the hypothetical example of a ground observer driving from Sekoma Pan to Hukuntsi,
then north to the Okwa, then east to the Merran junction, then south to
Salajwe. He would have traversed a fair selection of Kalahari landscapes extended over several days. Allowing a generous average visibility profile on
either side of his car of 300 m (and assuming that the 600 m wide strip was
continuously scanned) the observer would have sampled 0.2% of the Kalahari.
This project, using the fastest available high wing light-aircraft to criss
cross the Kalahari for the best part of a month on a series of flights totalling nearly 15,000 km, still only placed about 2% of the Kalahari under
observation. To obtain samples of a size that biologists would prefer (say
15 - 25%) on a regular basis is clearly out of the question. Given the
projected cost of future aerial survey, better information than we have
now may never be obtained.
The importance of emphasizing the absence of migrations in the Kalahari
lies in its bearing on land-use planning. Predictable arrivals and departures of animals in certain areas would strongly influence zoning and in
many ways simplify the task of management. But the fact that the game is
nomadic rather than migratory, imposes other considerations upon zoning.
The biological implications are taken up in Volume V, and the zoning in
Volume I.
Wide ranging though the animals are, it is also important to appreciate
that the system has in quite recent times been completely sealed off from
extensive regions that were formerly connected to it. 1020 km of the western and northern boundaries are fenced; 1665 km of the eastern and southeastern edges are an impenetrable barrier of human occupation; only 217 km
of the Nosop River in the south-west is still accessible and that is rarely
used. What may have been a vastly greater range has shrunk dramatically
over the last 3 decades. To what extent this former range was used by the
present-day Kalahari populations is impossible to ascertain. The animals
that were undoubtedly there may have been discrete populations now extinct
or they may have been part of the present-day populations.
What is certain is that the 2 very large populations - hartebeeste and
wildebeeste - display an outstanding characteristic: mobility. They concentrate in widely separated localities and these concentrations re-form
over comparatively short periods of time. It must be assumed that this
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nomadism is one of the preconditions of their success which means that to
curtail it is to risk what might well prove massive reductions in their
populations.
Another widely held opinion prior to the aerial surveys was that the game
generally is strongly associated with pans. With the exception of some
ostrich and springbok, no concentraton of game on or around pans was observed, except occasionally on bare soil pans. While pans are undoubtedly
important in a number of ways the point to bear in mind is that the majority of the large game spend most of their time on the sandveld. If zoning
were to place undue stress in preserving access to pans it would be a
mistake.
What was noticed during the aerial survey is that in common with most other
grazing systems there is an obvious tendency to concentrate on burnt ground
which is flushing. This leads to the further observation that the most
striking short-term concentrations were almost certainly in response to
unseasonal local rainfall during the dry season. It is to be expected that
in this very dry system comparatively slight, isolated rainfalls can cause
dramatic though possibly short-lived shifts in distribution. It was known
that rain had fallen a few weeks prior to the fourth survey in July 1979,
in the area around Tsabong, normally very dry at that time of year. While
flying over the region between Tsabong and the Nosop the ground was noticeably green. A concentration of some 40,000 wildebeeste and 25,000 eland was
recorded on this flush. On the previous 3 flights the whole of Grid 2 only
returned an average of 4,500 wildebeeste and 6,000 eland, illustrating
graphically how powerful an attraction isolated rainfall can be.
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Table IV.2

Merged population estimates for Grid 1, Flights 1, 2 and 3
Population
Estimate

Variance

Hartebeeste

269,182

1.29 X 109

3.12 X 104

± 26%

Wildebeeste

257,184

9.64 X 108

3.58 X 104

± 24%

Gemsbok

54,125

2.16 X 107

4.65 X 103

± 17%

Ostrich

56,930

2.76 X 107

5.15 X 103

± 18%

Giraffe*

3,407

8.20 X 105

9.05 X 102

± 52%

Kudu

4,841

5.90 X 105

7.68 X 102

± 31%

Duiker

3,620

3.99 X 105

6.32 X 102

± 34%

Steenbok*

1,584

2.40 X 105

4.90 X 102

± 61%

878

3.06 X 104

1.75 X 102

± 39%

Species

Warthog

Calculated from flights 1 and 3 only.

Stand

Error

95% Confidence
Limits
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Table IV.3

Species

Merged population estimates for Grid 2, flights 1 and 3
Population
Estimate

Variance

Stand

Error

95% Confidence
Limits

Hartebeeste

11,281

4.76 X 106

2.18 X 103

± 38%

Wildebeeste

4,574

4.33 X 106

1.85 X 103

± 79%

16,049

1.07 X 107

3.27 X 103

± 40%

Eland

6,240

3.99 X 106

2.0

103

± 63%

Springbok

3,927

1.56 X 106

1.24 X 103

± 62%

Ostrich+

8,454

3.16 X 106

1.78 X 103

± 41%

545

4.15 X 104

2.04 X 102

± 80%

2,702

1.27 X 106

1.13 X 103

± 82%

538

4.10 X 104

2.02 X 102

± 74%

Gemsbok

Kudu*
Duiker
Steenbok
*
+

X

Calculated for flight 3 only.
merged for practical purposes, although the 2 estimates are significantly
different.
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Table IV.4

Populations and biomass for the Makgadikgadi pans. Data
from Tables IV.1, 3, 4 and 5. Makgadikgadi pans population
estimates other than zebra and wildebeeste, eland, roan,
and small antelope also occur on the pans.
Population numbers

Species

Kalahari

Makgadikgadi

Zebra
Hartebeeste
Wildebeeste
Gemsbok
Eland
Springbok
Ostrich
Giraffe
Kudu
Duiker
Steenbok
Warthog

_

100,295

293,462
262,076
70,174
18,832
94,513
69,383
4,406
5,386
6,594
2,122
878

-

Totals

827,826

Population biomass (kg)
Kalahari
-

-

36,682,750
31,973,272
11 157,666
4,463,184
2,835,390
5,828,172
3,304,500
689,408
79,128
19,098
37,754

165,376

97,070,322

52,991
1,249
-

6,895
2,903
-

1,043

Makgadikgad
17 ,050,150
-

6 ,464,902
198,591
-

206,850
243,852
-

133,504
-

24 ,297,849
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SCATTER DIAGRAM OF VLF POSITION DISPLAY ERROR
PLOTTED AGAINST TIME

• • •

> o

I
2
Elapsed time (hours) between position fixes

Figure IV.1
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Upper window mark

Lower window mark

Ground

Calibrating the positions on the aircraft window of the upper and lower marks (i.e.
calculating the distance y) for any combination of desired aircraft flying height and
strip width.
a
b
h
x
y

=
=
=
=
=

distance of observer's eye from window
height of observer's eye above lower window mark
desired height of observer's eye above ground
desired strip width
distance between window marks

a_
a:b = z:h, or z = —
bh
(x+z) : h = a : (b-y)
hence y = b—

a_
x
h

a
b

Figure IV 2

Map IV 1
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WILDLIFE MOVEMENTS IN THE KALAHARI

Map I V - 2

Seasonal game movements as thoy were believed to occur
prior to this project adapted from DWNPT map.
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