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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 exe rcise has been underway since the TGLP's
announcement, assembling all exi sting 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 suppo rting 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
Volume
Volume
Volume
Volume

I
II
III
IV
V

Volume VI
Volume VII

MAIN REPORT
Special Subject
Special Subject
Special Subject
Special Subject

Report:
Report:
Report:
Report:

Special Subject Report:
Special Subject Report:

PHYSICAL ENVIRONMENT
VEGETATION
ANIMAL POPULATIONS
INTERPRETATION OF ANIMAL
DISTRIBUTIONS
RANGELAND MONITORING
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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VI.1.

INTRODUCTION

An amendment to the original Government of Botswana, Commission of
European Communities European Development Fund, and DHV Consulting
Engineers agreement, covering the funding of the Countrywide Animal and
Range Assessment Project (CWARAP), extended the Consultant's task to
include the development of a rangeland monitoring programme. Consultation with research and management personnel working in Botswana and
review of active and proposed monitoring programmes provided much of the
background for material presented in this Special Subject Report.
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VI.2.

BACKGROUND

CWARAP was born out of the need to obtain and correlate basic environmental data for the Kalahari sector of Botswana required prior to implementation of the Tribal Grazing Land Programme (TGLP). The ultimate aim
of the TGLP was to attempt to improve the range management and hence
ensure sustained productivity of Botswana's range and livestock resources.
A major element of the objective involved a profound change in land use
practices.
In the past stock owners have operated under either communal grazing and
water rights, or with specific water rights, mainly boreholes. Demarcated
parcels of land in the rural areas have generally not been owned by
individuals. The technical objectives of the TGLP are to find ways of
converting free range cattleposts into fenced ranches, and of opening up
new pastures to commercial ranching. (CWARAP, Project Document 1977).
TGLP was conceived and undertaken as an internal Botswana programme.
It is essentially a national project effected by the Government.
Inherent in acceptance of the Programme was the challenge to potentially
change land use practices on both legal and technical bases. It involved
the politician, the civil servant and the Botswana people at large in a
manner that no previous programme based on resource inventory, evaluation
and proposed management changes had attempted. Actual decision making
concerned people at the national, district and local level in a framework
of required consultative meetings at each level during all stages of
implicated change including the inventory phase.
Eastern and northern Botswana, due to both personnel resources and
extensive human and livestock populations, were able for the most part
to have inventories of sufficient depth for management decisions completed in a 2 to 3 year time frame.
The Kalahari, except for the permanent human settlement areas, was
virtually uninventoried at the end of 2\ years. Hence, the potential of
the rangeland resource in this region remained unqualified.
Early in the inventory exercise it was realised that not only was there
a paucity of basic information in the Kalahari, but implementation of
the TGLP was complicated by the fact that this area was not simply a
rangeland open for domestic livestock occupation. There were many rural
residents who made regular use of wildlife for sustenance or relied on
it for provision of a subsistence income. Wild animals were seen as an
integral part of the Kalahari resource base and should be considered
within any proposed land use plans (CWARAP Project Document 1977). The
responsibility to gather the required natural resource information and
to supplement the existing data on human occupation and land use in the
Kalahari became that of CWARAP:
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"The preliminary zoning of the Kalahari already carried out under the
land use planning exercise, into communal grazing, commercial ranching,
and reserve land, also includes wildlife investigation areas. These
latter will be examined with a view to recommending wildlife management
The ultimate goal is to produce a land use plan for the Kalahari that
takes full account of all the natural resources, and which includes the
long term exploitation of the wild animal populations" (CWARAP Project
Document 1977).
The CWARAP programme involved inventory, classification and evaluation
inclusive of recommendations for land use, and hence resource management.
It was concerned specifically with two aspects of the Kalahari; vegetation,
its species composition, structure and biomass with respect to range
potential and utilization; and, large herbivores, their presence, populations, seasonal distribution, and range requirements.
The project as it was originally designed was simply another in the
relatively long list of inventories and resource evaluations, formal
and informal, concerned with Botswana's natural surface resources.
Examples of such inventories include Passarge (1904), Brown (1909),
Pole-Evans (1948), Miller (1939, 1952), De Beer (1962), Langdale-Brown &
Spooner (1963), Stobbs (1963), Bawden (1965), Blair Rains & McKay (1968),
Child (1968, 1971), Grove (1969), Pike (1971), Van Rensburg (1971),
Smithers (1971), Siderius (1972), Blair Rains & Yalala (1972), Blair
Rains (1973), Lancaster (1974, 1978), Mitchell (1976), Smith (1977),
Astle (1976), Heemstra (1976), UNDP (1977) and Ginn (1979).
It is almost axiomatic that a programme step beyond that of inventory,
initial classification, evaluation and resultant management decisions
would be called upon during the implementation phase of TGLP. One aspect
that step involves is rangeland monitoring. By monitoring the effect of
TGLP programme developments, fire, climatic oscillations including
drought, plus human and animal occupation on known rangeland resources
effective land use management can be implemented. Such a monitoring
system should contain present natural ecosystem areas as an integral
part of its format. It should be prepared to analyze the changes it
records on an objective basis between sites and for individual sites
through time.
An effective national rangeland monotoring system (i.e. one which has
the built-in capability to effect changes in management procedures when
environmental implications require it) would be instrumental in serving
the aims of TGLP on a holistic or ecological basis. The benefit would
assure Botswana of the rangeland productivity on a sustained yield basis
whether that productivity is transferred to an economic livelihood based
on yields from domestic livestock or wild animal populations (Dasmann et
al, 1973; TGLP White Paper 1975; Croze & Gwynne 1978; Hurst 1978; Mentis
1978).
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It is interesting that the initial request for the development of a
rangeland monitoring system became an extension of CWARAP, which was
charged with data collection and correlation in the Kalahari. It is
within this section of Botswana that the most explicit land use changes
associated with TGLP will take place. Here too is an environment which
can be monitored from the commencement of planned change.
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VI.3.

SCOPE

This report is concerned with aspects of rangeland monitoring associated
with primary productivity, i.e. measurement and evaluation of vegetation
and vegetation growth. Its review of ecological rangeland monitoring in
terms of what it is responsible for, how it is generally implemented
and what its components are is biased towards data collection on vegetation. It examines the components of the ongoing monitoring programmes
of the Ministry of Agriculture; the Range Monitoring Programme of the
Land Utilization Division, and the range assessment portion of the Range
and Livestock Monitoring as carried out by the Animal Production Research
Unit; and, it reviews the range component of the proposed Range and
Animal Population Monitoring Programme of the Department of Wildlife,
National Parks and Tourism. The latter portion outlines a possible
ecological monitoring system, its rationale, its format including site
selection, analysis, storage and retrieval of data, and its relationship
to an effective documentation of changes occurring in the rangeland
environments of Botswana.
The material in this report is limited to an assessment of one aspect of
rangeland monitoring, that of primary productivity, or vegetation growth
and utilization. It is essential to consider that the effectiveness of
any such implemented programme would be realized only if it were undertaken in conjunction with monitoring programmes concerned with elements
such as secondary productivity, and economic aspects of sustained production of rangeland resources (Van Dyne 1979; Poulton 1970; Dasmann
et al 1973; Hurst 1978; Sandford 1979).
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VI.4.

ECOLOGICAL RANGELAND MONITORING

VI.4.1.

Background

The semi arid rangeland areas of the world share a number of common
features. For the most part they are extensive grass or shrublands.
They have a high rate of nutrient turnover, a large variation in annual
productivity and are under the influence of climatic regimes with low,
erratic rainfall.
The traditional land use, that of pastoral or hunting and gathering
communities is being rapidly supplanted. Today, due to a number of
pressures, land use change is an implicit factor of life in these
areas. Regardless of the rationale behind the change - spread of formalized livestock grazing or agriculturalists, development of government
infrastructure, growth of industrially based operations or urban areas it means that ultimately there is a need for effective land management
in order to satisfy the requirements of more people and their attendent
paraphernalia on a finite land area.
A system must be understood in order to be managed. The natural ecosystem
is everchanging; thus inventory or static baseline knowledge alone is
not sufficient for long term management. Monitoring, data collection and
analysis on a continuous systematic basis, based on a periodically
updated inventory and used as an integral part of programming would go a
long way towards providing for long term sustained yield conditions
(Croze & Gwynne 1978). Changes in the ecosystem are dynamic, but do not
often become apparent to management until they are conspicuous or begin
to interfere with the productivity anticipated from the specific land
use practice. Monitoring could provide data prior to the development of
irreversible problem situations; a cognizant management could implement
change before the alarm state became a reality (Grimsdell 1978; Thompson
1978).
Monitoring should be an integral part of land use management. Figure
VI.1. denotes this. It also shows that is is a continuous process.
Such a programme should be considered to be part of the function of an
agency which has evaluation and research as well as resource inventory
responsibilities.
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Figure VI.1.

Monitoring as an integral part of land use management.

The initial management decisions and hence land use practices, research
and evaluation projects, and the monitoring programme are all based on
an inventory or a collection of resource base data providing a one-time
round assessment - a baseline. Monitoring once undertaken provides
direct input into research and evaluation projects, and into management
decisions hence effecting land use change. At the same time it is affected by all other components. To some extent it is built on evaluation and
research and its methodology can be augmented by processes developed
through them. It is particularly advantageous to monitor areas which are
undergoing rapid or dynamic land use change. Effective monitoring can
assist cognizant management in the positive development of such areas.
Situations assessed here can affect monitoring by causing changes in the
methodology employed or in the number and location of sites monitored.
Monitoring may supplement or support data collected during the inventory.
It may also provide sufficient evidence to implement a specific inventory
or similar project required to update the baseline data.
VI.4.2.

Components

The essential components of a monitoring programme, like any data collection and analysis process, are directly associated with what data are
wanted and what the data are intended to demonstrate. Rangeland monitoring
is aimed at providing data which will quantify significant changes in
vegetation or primary productivity, so options open to management changes
in land use can be chosen in order to maximize animal or secondary
production (Croze & Gwynne 1978).
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Data collection concerned with both the synoptic view and the specific
site potentiality are important. A combination of and correlation between
extensive and intensive data collection techniques provide the best
ecological as well as economic effectiveness in monitoring programmes
applicable in large areas (Croze & Gwynne, 1978).
Within the framework of present technology, if possible, data collection
techniques should employ material obtained from:
space (LANDSAT or equivalent) platforms which provide sequential
data of similar format on a broad or synoptic regional or environmental basis
aerial photography at a small scale providing a synoptic view at
scales usually in the order of 1:200,000 to 1:40,000 and large
scale, low level or specific site related photography at original
scales of less than 1:5000. Investigations should include assessment
of any pertinent historic photographic data as well as interpretation
of that taken for specific programme implementation
aerial reconnaissance flights which involve visual assessment and
recording of regional, area or specific site situations or conditions
ground investigations which include climatic, particularly precipitation recording, and soil type and moisture analysis; vegetation
measurements which involve species composition and community structure
which concerns density and frequency or species and individuals,
and productivity; plus measurements concerned with the influence of
animals including man, fire, drought and other modifying factors
which may cause apparent dynamic changes in the vegetation. Assessment of historic data concerned with rainfall, fire, drought and
land use should be considered part of the programme.
A meaningful programme must be relatively comprehensive yet specific in
its data collection. It must not be so rigidly designed that it is
inflexible to change in terms of either data collection or data analysis.
VI.4.3.

Programme development

Ideally, any monitoring programme is based on or has available background
material such as a recent relatively comprehensive environmental inventory.
The inventory provides the baseline against which changes may be assessed.
Periodic updating, on the order of 10 year intervals in most man-influenced environments, of inventory programmes is considered necessary. A data
bank of all reports and field assessments from previous work done in the
area; maps, aerial photographs, animal and human population data and
land use as well as information concerned with anticipated land use
changes in the area should be collected, indexed and filed during the
initial development stages of a monitoring programme.
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The intent of an ecologically based monitoring system is to record and
analyze factors which influence changes in the sustained productivity of
a geographical area, and to assess these changes with respect to land
use practices. The ultimate aim being to influence effective management
decisions. The monitoring of environmental conditions on the basis of
ecological zones or areas determined by assessing all available data,
particularly that visibly apparent on aerial photographs and space
imagery or during aerial reconnaissance flights provides for the most
effective programme. The data from this material form the skeleton on
which the programme is hung. The classification of the landscape (most
often as it is related to the watershed or drainage pattern(s)) into a
hierarchal system designating land regions, systems, units and facets
should be an integral part of initial programme development if no such
classification exists for the region (Astle et al 1969; Grimsdell 1978;
Croze & Gwynne 1978; Thie & Ironside 1976; Zonneveld 1978). The actual
monitoring programme routinely collects data on specific sites within
the designated area of homogeneity. It is extrapolation of this data
through time and interpolation of it to larger areas that provide the
assessment necessary for management decisions (Poulton 1970; Dasmann et
al 1973).
Programme development includes assessment of techniques and implementation of actual data collection involved with the acquisition of information on: climatic, particularly rainfall data; soil type and watershed
flow and infiltration measurements; vegetation growth and productivity;
and, the effect or influence of fire, drought or animal use on vegetation.
The monitoring system itself is perhaps best carried out on the basis of
a climatic year. Such programming allows for a full cycle of wet and dry
or cold and warm seasons to be easily assessed.
Climatic data collection including temperature and precipitation and to
some extent radiation, humidity and wind, is basic to any programme. Of
these data, precipitation records on a continuous basis are considered
most important. A monitoring programme should devise a systematic grid
network of rain recording stations or at least provide for placement of
such stations in close proximity to actual monitoring sites. The standard
type storage rain gauge as used in Botswana is considered usually adequate for most situations. A more rugged unit, such as a one metre long,
12,7 cm diameter steel cylinder set in ground with a concrete base plate*
as recommended in Grimsdell (1978) could work well in some remote areas.
Monitoring of hydrological and edaphic aspects of the environment may
not appear to be such obvious components of a programme undertaken in
sandy, semi-arid environments as they would be in a more humid and
structured soil area but they should be an integral part of any programme. Grimsdell (1978) outlines methodology and some actual measurement tools concerned with these aspects.
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Soil type, chemical components and moisture can be assessed from augered
samples taken during routine monitoring. The laboratory analysis for
chemical components should be done as soon as possible after the sampling.
These samples along with usually visual assessments of erosion can
provide insight into environmental changes.
Water runoff, stream flow and water depth in streams and standing water
situations, and the water table conditions should be assessed where
applicable. In most places these data are the responsibility of government agencies involved in water resources and management.
Information supplied by them should form an integral part of the baseline data as well as portions of the ongoing monitoring programme which,
if at all possible, should be dealt with on a watershed basis (Van Rensburg 1971; Van Dyne 1975). If no such data are directly available or
extrapolations for an area cannot be made, the monitoring programme must
take responsibility for the collection of at least some hydrological
data.
Assessment of the vegetation is basically undertaken for two purposes;
to determine change in the vegetation itself, and to determine change in
the value of the vegetation as fodder for herbivores.
Change in the vegetation itself is normally assessed from data collected
during field or large scale aerial photographic investigation using
measurement techniques which count, estimate and measure individuals,
species, types and groups of plants. The change in the food value is
assessed by weight and volume measurements of the actual vegetation at
varying stages of dryness and by laboratory analysis which provides
chemical and digestibility data for a particular species, amount or
type.
The placement of sites is directly related to the assessment of vegetation. Monitoring sites should be representative of vegetation communities
in terms of ecological zones, areas or regions. It is generally conceded
that the sites should be situated in a relatively homogeneous area
within the vegetation community (ASP 1975; Grimsdell 1978). If the
community is variable the monitoring sites should reflect this - perhaps
two or more sites are necessary to reflect the actual situation and
hence accurately measure the productivity vis-a-vis the vegetation
community itself and its value as fodder for animals. If large scale
land use changes are anticipated it would be advantageous to place at
least some sites in areas which will be affected. The site should be
permanently marked so that it can easily be located both from the air
for large scale photography, i.e. recording purposes and on the ground
for ground monitoring measurements.
Photographic records have long been an integral component of vegetation
monitoring.
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During the last decade small scale photographic and photographic-like
records have provided a synoptic view which augments that of the aerial
and terrestrial photography which has heen a valuable portion of many
programmes during the past 40 years. Bibliographies like the one done by
Krumpe, the annually updated one devised by Philpotts and Mack, and the
bi-monthly published Geo Abstracts series "G" provide invaluable information for anyone requiring reference material on the role of remote
sensing in monitoring (Krumpe 1972; Philpotts & Mack since 1972), (Geo
Abstracts G, since 1978; available from Univ. East Anglia, Norwich,
England).
Terrestrial or ground photography from hand-held or fixed tripod-based
cameras, providing either vertical or oblique photographs taken as
single frames or stereoscopically paired records, have been used simply
as visual records concerned with illustrating vegetation change (Phillips
1963) or for actual measurement purposes (Parker 1951; French & Shunk
1952; Claveran 1966; Wimbush et al 1967; Pierce & Eddleman 1970, 1973;
Tueller et al 1972; Springfield 1974). Programmes which monitor dynamic
changes such as vegetation growth after heavy grazing or browsing or
subsequent to fire can use visual records very satisfactorily. 35 mm
cameras are the most common type in use.
However, 70 mm polaroid and stereoscopic cameras as well as those with a
stereoscopic attachment have been used. Black and white panchromatic,
colour prints, colour transparencies and colour infrared films have all
been used. Jenkins recommended photographic trend studies to be carried
out as part of the management programme for Selebalo Group Ranch, Botswana
(Jenkins 1976).
Most studies using terrestrial photography have limited themselves to
the normal working height of a standing man; therefore only the lower or
grass layer and sometimes the seedling layer is actually monitored.
However, the shrub layer and even small tree dominated vegetation communities might well be monitored by this method if they were sufficiently
open enough to eliminate canopy overlap. Species composition, cover and
density of species on bare ground can be easily assessed using vertical
photographs. Oblique photographs are used to provide environmental
records rather than material for measurements. Some investigators have
found that grids can be set behind vegetation and horizontal photographs
can be used to very good advantage in analysis of such aspects as
vegetation regrowth after browsing (Springfield 1974).
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Large scale aerial photography became a valuable tool in forestry and
subsequently became part of rangeland monitoring during the 1950's.
Investigators like Aldrich, Heller, Reppert, Carneggie, Driscoll and
Tueller have done a significant amount of work towards making large
scale aerial photography an integral component of monitoring programmes
(Aldrich 1966; Heller et al 1964; Carneggie & Reppert 1969; Driscoll &
Reppert 1968; Driscoll & Francis 1971; Tueller et al 1972). Once the
ground data have been collected and the site has been accurately and
permanently marked, large scale aerial photography can provide an accurate
and relatively inexpensive routine monitoring tool. This type of photographic record can also be used to inventory and monitor animal populations as illustrated by Graham's work in the Okavango Delta section of
Botswana (Graham et al 1976).
Large scale oblique and near vertical aerial photography normally taken
from a light fixed wing aircraft using hand-held, stationary mounted or
attached 35 mm or 70 mm format cameras provides invaluable monitoring
data on a relatively economic budget. If stereoscopic coverage is required,
and it usually is, the camera must have a rapid shutter and advance film
speed controlled electronically. Black and white panchromatic, colour
film and colour infrared film, all of aerial film speeds produced as
transparencies or prints are used. Colour infrared film requires much
more handling care than other films and the significance of its value in
general monitoring programmes has yet to be proved.
Small scale aerial photographs, which as a matter of overall planning or
management strategy should be obtained for an area or region at least
once in every 10 years, are invaluable in the development of a monitoring programme. Usually produced as a black and white film record on a
250 x 250 mm contact print format these materials can be utilized in
numerous methodologies (ASP 1975).
This record always includes stereoscopic coverage. All parts of most
countries have been photographed one or more times and it is usually
possible to use or obtain prints from their survey departments. Prints
may be viewed stereoscopically, enlarged for specific study purposes or
made into a map-like mosaic or print laydown format. Photos can be used
as basic data in classifying and mapping landscapes, vegetation communities, habitats and land use categories. Photographic records in scales
of 1:40,000 - 1:125,000 have been used extensively by Botswana researchers,
e.g. Bawden & Stobbs (1963), Blair Rains (1968, 1972), Astle (1977),
Astle & Graham (1976), Nchunga (1978) and Field (1978) all used small
scale aerial photography as a basic inventory and environmental assessment
tool.
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If no specific vegetation data are available a preliminary map which
provides for delineation, on a broad scale, of vegetation communities
can be made using small scale aerial photography. It can be subsequently
updated each time new flights are recorded. An understanding of community
structure, and species presence and abundance can be assessed from these
maps. Such maps and the original photographic data they were derived
from form part of the initial investigations concerning site selection.
Once a site is chosen its location should be recorded on the latest
aerial photographs. This can be filed as part of the site's data base.
Environmental area and site data on this scale can be correlated with
that of both larger and smaller remote sensing bases - large scale
photography flown specifically for the monitoring programme, and the
small scale synoptic view from space.
Aerial reconnaissance or routine survey flights which may or may not
include photographic recording, provide visual assessments of environmental conditions, counts and estimates concerned with vegetation and
animal populations. Such assessments which can be recorded in a number
of ways, i.e. dotted on maps, tabulated on data sheets, or spoken into
tape recorders provide excellent resource data during both inventory and
monitoring programmes. Botswana researchers have made use of aerial
survey technique as illustrated in numerous government wildlife departmental files and publications such as Nchunga (1978), Graham (1976) and
Astle (1977).
One of the more recent remote sensing tools available to assist in
ecological monitoring is the photographic-like and readily computerized
synoptic view obtainable on a recurrent basis by satellite. Provided at
an initial scale of 1:3,000,000 this data! can be enlarged to scales
compatible with those of small scale aerial photos. This record provides
insight into the ecosystem of the area as a whole and can be used to
monitor seasonal changes, large scale good or poor environmental conditions, or dynamic changes such as fire and flood situations. (Ashley &
Rea, 1975; Carneggie et al, 1974; Croze & Gwynne, 1978; Thompson, 1978).
These data are most commonly seen as a 250 mm x 250 mm black and white
transparency or print, or a colour composite transparency or print
called a frame which covers approximately 100 km x 100 km of the earth's
surface.
The colour materials are created by combining 2 or more of the 4 available black and white film formats which represent reflected light from 4
separate parts of the visible and near infrared portions of the electromagnetic spectrum. The visible records can be used in their familiar
forms, enlarged for specific detail work or handled as 70 mm transparencies. In this latter format they are used with equipment such as the
colour additive viewer, which enlarges and combines the formats to
create various colour composites which can be studied.
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At present satellite data are electronically relayed to earth and stored
on magnetic tape and are thus readily usable in computer programmes
which provide for a large proportion of the research work being undertaken using this remote sensed information.
It is axiomatic that correlation between the ground acquired data and
that from all three of the remote sensed data bases is undertaken as
part of the monitoring programme. Other remotely sensed data such as
side looking radar imagery, spectrometer reflectance readings and thermal infrared imagery may well provide monitoring programmes with valuable
information in the near future, but at present the photographic records
are most heavily relieved.
For the most part the monitoring of animal influence on the vegetation
is done visually. Here, the use of visual or photographic records can be
advantageous. They can readily be used to detect change and may serve to
assist in the correlation of data between sites as well as of those on
trend conditions of an individual site (Burwell & Bullock, 1968; Hayes
et al, 1976). Subjective visual assessments or actual measurements of
such aspects as grass height and twig length can be made between grazed
or browsed sites and nearby unutilized or protected examples of the same
vegetation community.
Development of a monitoring programme must take dnto consideration the
time taken for it to become an effective information provider to the
management system. A programme which correlates information from both
extensive and intensive data collection techniques should be capable of
providing effective management data within its first two years. Systematic data collection which took place before the actual programme
itself began should be used to augment information for management decisions. A programme should aim for as close an approximation to simultaneous data collection and synthesis as possible.
Correlative data should be used as the records are being built up.
VI.4.4.

Data collection

Data collection involves a routine and often specific seasonally orientated field and office workload. Effective field data collection procedures are based on office work which initially organizes all available
base data, continues to update them as monitoring records become available and provides for the purchase and upkeep of field equipment as well
as efficient maintenance of the overall monitoring programme and systematic reporting of its findings.
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Data collection is an integral and continuous part of a monitoring
programme. Initially much time is involved in setting up a basic data
file. Once this is set up it is updated along with the routine work
involved in collecting the actual programme data from both the field
work activity of the programme itself and other sources of data which
should be correlated with it. This latter workload includes the obtaining of meteorological, hydrological and systematically recorded
remote sensing data from agencies responsible for its acquisition.
Data collection procedures concerned with objective and repeatable
assessment methodology and aids such as data sheets and cards, tabular
assessments of fodder value, species lists, identification keys plus all
necessary field equipment must be organized and their maintenance integrated into the ongoing programme (Heller et al 1964; Aldrich 1966;
Carneggie & Reppert 1969; Poulton 1970; Francis 1970; Krumpe 1972;
Driscoll & Coleman 1974).
Field data collection should be done in a manner which involves a minimum of pre-processing analysis action and time. Field data sheets, cards
and overall programming development should provide for ease, objectivity
and repatability of all aspects of data collection.
VI.4.5.

Data analysis, storage and retrieval

Analysis of rangeland and monitoring data involves the correlation
between data provided in grossly different scales in both sequential,
spatial and temporal views of the ecosystem. The investigation of specific ground plots provides the micro view. Data concerned with plots,
plots and adjacent localities, animal influence or distribution in the
vicinity, plus meteorological or hydrological records for the area or
region provide the meso view. The macro view is supplied by synoptic
records such as that provided by space imagery which can provide invaluable broad areal or spatial environmental data, i.e. sequential
LANDSAT data can give insight into and hence provide data directly
related to the vernal greening of vegetation and its autumnal quiescence
or browning on a regional basis.
If possible data analysis should be handled by computer. Linear regression allows for the correlation of trend conditions in a site and to
some extent between sites. Multivariate analysis provides for a number
of comparisons between sites and environmental influences, while systems
analysis allows for assessment of the overall dynamics.
Remotely sensed data handled by computer must to some extent be analyzed
by the human eye in an interactive process with the machinery and provided programme.
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Since the final produce of a ecologically based monitoring programme is
responsible for providing information to determine the dynamics of a
system on a spatial or geographic basis, the analysis and correlation of
data can advantageously be handled on a grid cell basis (Thie & Ironside
1976; Astle & Graham 1976; Astle 1977; Grimsdell 1978).
All data records must be indexed, filed and stored in a manner which is
directly applicable to ease in retrieval. The storage system should be
set up as an integrated data file which provides for the indexing and
cross-referencing of different data bases. The tabular, field and computer records; the visual map, photographic and imagery materials; the
correlated data files; and, the initial data bank components must all be
handled within the filing system. Each type of file record should be
stored in a manner compatible to its physical permanency as well as
convenient to ease in its retrieval.
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VI*5.

SUMMARY OF ONGOING AND PROPOSED MONITORING PROGRAMMES

VI.5.1.

Introduction

Rangeland monitoring is not a new concept in Botswana. Its status can be
assessed from a brief review of the two ongoing Ministry of Agriculture
(MOA) monitoring programmes; the Range Monitoring Programme carried out
by staff of the Range Ecology Unit of the Division of Land Utilization
(LUD), and the range portion of the Range and Livestock Monitoring
Programme carried out by personnel from the Animal Production Research
Unit (APRU); and the proposed Range Monitoring Programme, which is a
part of a large scale, long term wildlife management development scheme
to be under the jurisdiction of the Department of Wildlife, National
Parks and Tourism (DWNPT).
A brief summary outlining the objectives and data collection techniques
of the three programmes and a table illustrating their components in
relation to those of an ecological rangeland monitoring programme follow.
For a fuller review please refer to Appendix VI-1.
VI.5.2.

Range Monitoring Programme of Division of Land Utilization (see Map VI.1 at page 74)

The main object in the range monitoring programme, as established by the
Land Utilization Division in 1973, is to monitor the effect of grazing
on the vegetation with special emphasis placed on the early detection of
detrimental changes in rangeland condition. The monitoring programme is
based on a series of 50 permanent plots called baseline sites. Each site
actually consists of 3 sub-sites located in relationship to a water
point so that the overall assessment for the site concerns data from a
location near the water point, a location assumed to be outside the
influence of the water point and a location considered to be in an
intermediate position of influence.
Data collection is carried out annually at the height of the growing
season and is based solely on ground observations and measurements which
include assessment of basal cover, vegetation cover and botanical composition along transects. The data are recorded on field sheets designed
for data transfer to computer cards. The programme provides for a direct
link between its specific site assessment and actual range management
through the use of Range Condition score cards by which paddock or site
conditions can be equated to baseline site situations in equivalent
environments.
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VI.5.3.

Range Monitoring Programme of Animal Production Research
Unit

In 1976 the Animal Production Research Unit (APRU) initiated a range and
livestock monitoring scheme in the Ghanzi District. As part of a recent
focus on livestock production in the Kalahari APRU had become involved
in examining the feasibility of sustained livestock production in western
Botswana. The dearth of animal production data applicable to the areas
coupled with assumed fragility of the ecosystem, based on the present
situation of overgrazing and range deterioration in local areas where
cattle were maintained, prompted the the development of the monitoring
programme. It was based on two objectives: to determine if sustained
cattle production can be achieved; and, to determine what level of
production can be obtained without deterioration of the habitat.
The vegetation monitoring programme has been undertaken on two ranches
while grazing and bush clearing trials, which could well fit into an
ecological monitoring programme, are being carried out in other locations. All assessments are based on ground measurements.
VI.5.4.

Range Monitoring Programme Proposed by Department of
Wildlife, National Parks and Tourism

Projected as part of comprehensive wildlife management development
scheme, initially requesting external funding from European Development
Funds (EDF) and American International Development (USAID) for the
fiscal five year period 1979-1980/1984-1985, this programme was envisaged as a wildlife range based equivalent of the Land Utilization
Division's monitoring programme. The geographical region of interest
included most of the central part of Botswana, the Okavango Delta and
large proportions of the plains and forest area in the north and northeast.
Two prime objectives of the programme were: to measure and determine
significant changes in vegetation on a long term basis with respect to
botanical composition, density and species frequency; and to measure
vegetation as it is affected by dynamic changes such as defoliation
caused by fire, grazing, drought, flooding, etc., in terms of biomass,
structure and chemical composition differences and their significance.
The basic monitoring tool was to be a combination of low level, large
scale, colour photography of permanently marked sites, coupled with a
periodic effective on-the-ground recording programme. Two concurrent
series of sites were to be set up; a detailed site study series and a
photo site series.
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VI.5.5.

Comparison of Programmes

From Table VI-1, a tabular summary of the three range monitoring programmes, it can be easily seen that they all contain a number of components which would be integral parts of a broad, nationally based
ecological monitoring system such as outlined in VI.4.
MOA has some responsibility for jurisdiction over commercial and communal ranch, arable and forest land use. DWNPT is responsible for the
administration of Wildlife Management areas, National Parks and Reserves. Range land is thus a land use within the jurisdiction of
both administrative programmes. At the moment the Range Ecology Unit
is monitoring range utilization, on an annual basis, on a national
wide network of 50 specific sites 5 of which lie within areas under
the jurisdiction of DWNPT. The routine LUD range monitoring programme
and the small scale research range management monitoring APRU projects
are specifically related to the presence of vegetation with respect
to its quality and quantity for livestock.
Although they are primarily interested in trend or change in the lower
or grass/herb layer of vegetation they to some extent collect equivalent data on the shrub layer and the tree canopy and other environmental aspects.
Table VI.1.

Relationship of Botswana's Range Monitoring Schemes
to Components of an Ecological Monitoring Programme

components

programmes

LUD

APRU DWNPT

x

x

Baseline Data
general inventory
specific inventory
general knowledge

x

x

x
x

x

x

x

Data Acquisition
ground measurements
terrestrial photography
oblique/horizontal
vertical
large scale aerial photography < 1:5,000
small scale aerial photography ^ 1:40,000
space imagery

x
x
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components

programmes

LUD

APRU DWNPT

Sites
arbitrary ground placement
predetermined placement
aerial photography
accessibility
management practices
geographic/ecological network
presence
permanently marked
ground use
air use
individually placed
placed in specific relation
to others
to land use practices
to modifying influences

x
X
X
X
X

X
X
X

X
X

X

X

X

X

X
X
X

X
X
X

X
X

X
X
X

X

X
X
X
X

Data Collection
time sequence
periodically intensive
bi or tri monthly
seasonally
annually
3 to 5 year cycle
components
temperature
measured
interpolated
solar radiation (measure:d)
precipitation
measured
interpolated
soil analysis
type
moisture
chemical composition
soil erosion (visual)
water/water basin assessment
stream flow
lake/standing water meas urement
erosion assessment (visual)

X
X

X
X
X

X
X

X

X
X

X
X

X
X
X
X

X
X
X
X

X
X
X
X

X

X

X

X
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components

programmes

vegetation
community structure
species composition
species frequency
fodder value
trend (change)
animal influence
visually estimated
visually checked with unutilized
area
measured against unutilized area
use predetermined by management
animal presence
visually counted and recorded
aerially
recorded from ground survey
recorded from management reports
recorded from questionnaires
fire influence
visually assessed
laboratory assessment (chemical)
manipulated and routinely assessed
bush encroachment
measured, individuals counted
manipulated, assessed by measurement

LUD

APRU DWNPT

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

Data Analysis
computer
laboratory
field assessment record

x
x
x

x
x
x

x
x
x

Data Storage
tabular form
photographic form
indexed
filed
available to others

X

x
x
x

X
X
X

X
X
X
X
X

x
x

X
X

X
X

Date Retrieval
field notes
computer programme runs
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components

programmes
individual sites - site components
time sequence
correlated multi-site data
site relations
time sequence relations

LUD

APRU DWNPT

x
x

x
x

x
x

x
x

x
x

x
x

The above table is considered self-explanatory. This and the text of
Appendix VI-9.1. which reviews Botswana's two ongoing and one proposed
range monitoring scheme, and that of IV.4., which outlines aspects of an
ecologically based range monitoring programme, should be kept in mind
while reading the following (IV.6.).
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VI.6.

PROPOSED NATIONAL RANGELAND MONITORING PROGRAMME

VI.6.1.

Background

Neither rangeland monitoring nor the use and analysis of remote
sensing data are new to Botswana. What is unfamiliar here is the coupling
of the two.
Land use change is rapidly affecting the appearance of Botswana's landscape and the economic activity of the Botswana. Technology, economics
and political decisions are responsible for much of this change. No
section of the country or any remote community is inaccessible to fourwheel drive vehicle, light aircraft or helicopter.
New boreholes sunk in locations yielding underground water of acceptable
quality provide a focus for development in areas previously uninhabited
by man and his domesticates. During the past few years expansion of
health and veterinary services have alleviated the general health problems of both man and beast and have modified disease aspects for both.
There is large scale rural-urban migration and significant employment
transfer of personnel, particularly in the civil service. In 1975 the
political decisions to accept the Tribal Grazing Land Programme focussed
unprecedented attention on land use. This focus was augmented by the
development of the Arable Lands Development Programme (ALDEP) in 1978.
These two programmes are being implemented concurrently.
Arable lands are generally considered to be confined to specific localities; rangeland on the other hand, at least in potential terms, is
assumed to occupy the major portion of the nation's land area.
Constraints to livestock expansion such as lack of surface water or
acceptable quality groundwater, sparcity of available fodder or paucity of good quality fodder, presence of disease vectors such as the
tsetse fly, intermittant years of drought conditions in an already
marginal semi-arid environment, and extensive populations of large wild
ungulates are viewed as somewhat transitory barriers to human and livestock extension, even though they are sometimes actually causal factors
in population decimation.
Good rainfall years are periods of animal population expansion - in
respect to both livestock and wild animals. As a result the range is
ultimately expected to provide fodder for more animals. Poor rainfall
years cause loss in vegetation productivity, hardship to man and death
to animals. This situation is not unique to Botswana. It is common to
the natural vegetation regions of the world considered rangelands (Dasmann et al 1975).
"Land capability is given serious attention in most agricultural pursuits. In crop production ... The timberman ... In contrast, land capability has not been given serious or adequate attention for grazing the
natural herbaceous and shrubby flora from the earth's land surface ....
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This situation stems in a large part from the historic processes of
livestock husbandry on native vegetation as well as from the ability of
the domestic grazing animal to utilize the forage on most land with
minimal expense to the owner" (Hurst 1978).
As aforementioned in Section VI.1. much inventory work concerned with
the land resources of Botswana has been accomplished. Investigations
commissioned by the Director of Overseas Surveys Britain, the United
Nations and Botswana herself provide extensive knowledge of a calibre
which can be directly utilized in management. Numerous inventories done
during the 1960's and 1970's were responsible for assessing the potential use and productivity of the land (Langdale-Brown & Spooner 1963;
Bawden & Stobbs 1963; Blair Rains & MacKay 1968; Van Rensburg 1971;
Siderius 1970, 1972; Mitchell 1976; Blair Rains & Yalala 1972; UNDP
1977). Several of these studies made extensive use of aerial photographs
(Bawden & Stobbs 1963; Blair Rains & McKay 1968; Blair Rains & Yalala
1972; Mitchell 1976; UNDP 1977). A few of them were specifically involved in the analysis of range resources and resultant publications to
some extent assessed range productivity (Blair Rains & McKay 1963; Blair
Rains 1973; McKay 1968; Van Rensburg 1971; Weare & Yalala 1971; Blair
Rains & Yalala 1972).
Three symposia held under the auspices of the Botswana Society, have
provided much information on both inventory and management practices
concerned or potentially concerned with Botswana's resources: The 1971
symposium on sustained production from semi-arid areas with particular
reference to Botswana; the 1976 symposium on the Okavanga Delta and its
future utilization; and the 1978 symposium on drought in Botswana (Botswana Society 1971, 1976, 1978).
TGLP itself and the CWARAP inventory, born out of the need to realize
factual biotic information from the Kalahari, have served to amass
extensive data in map form. This information format is particularly
helpful when management is the prime objective such as it is here.
ALDEP is not in itself inventorizing resources, it is relying on the
completion of TGLP maps for its data base.
Essentially we know or have at least made significant strides towards
understanding what we have as resources and where they are located - the
inventory work has provided the knowledge we need in most cases at the
level that we need to know it. The next step is management. Both the
TGLP and ALDEP programmes have management of land resources as their
raison d'etre. Management of its own volition has an interest in recording the continuity of the processes it is responsible for - in other
words monitoring its impact.
If Figure VI-1 was transposed in general terms to comply with the effective situation in Botswana it could appear as (does) Figure Vl-2.
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Figure VI-2 - Land Use Management in Botswana (present)

(INVENTORY)
CWARAP 1978/79
TGLP mapping programme 1976 to present
UNDP studies reports 1971, 1972, 1976,1977
DOS studies reports 1963, 1968, 1972, 1976
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communal lands (mixed rural land use)
wildlife management areas
national parks and reserves
townships
industrial/minig complexes (reserves)

The most noticeable differences between Figures VI-1 and VI-2 are that
in the latter the central pivot, monitoring, is missing; the arrows
which join the components are broken (signifying intermittant influence);
and all the arrows but two go only one way between components.
The components to make monitoring an integral part of land use management and hence cause management to be responsible for assessing the
sustained productivity of its decisions are essentially present. Rangeland monitoring built on present knowledge and utilizing both on-theground and remotely sensed data measurements should be made an integral
part of Botswana's resource management programme.
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VI.6.2.

Programme Development

VI.6.2.1.

Introduction

It would seem with respect to the foregoing material, particularly that
written in VI.2. and VI.5., that is is now timely for Botswana to develop
an ecologically based rangeland monitoring programme. This programme
should yield results applicable to management decisions within the first
two years. Three particularly important aspects of programme development
are: correlation of baseline data, integration of present and proposed
monitoring programmes and other routine data collection procedures, and,
assessment of results for management (Poulton 1970; Dasmann et al 1973;
Sandford 1979).
VI.6.2.2.

Correlation of baseline data

There is scope for much original environmental research work to be done
in Botswana, but the knowledge available is certainly capable of providing sufficient data upon which to develop a sound programme. Most of
the background data were ascertained by commissioned one-time only surveys which assessed past and present environmental conditions as seen on
aerial photographs, recorded by previous researchers, recorded as part
of routine data collection such as that maintained at meteorological
station, visually assessed or field measured at a point in time by the
researchers of the survey themselves (Bawden & Stobbs 1963; Blair Rains
& McKay 1968; Mitchell 1976; Blair Rains & Yalala 1972; Siderius 1970,
1972; Pike 1971; Van Rensburg 1971; Astle 1977; Field 1977; Heemstra
1976).
Many of the environmental data are either already in mapped form or
could be derived from text and tabular records and put in map format
with relative ease providing time and personnel commitment allows for
its transfer. An initial step would be the transfer of all such data as
are technically possible to map or tabular form and subsequent correlation
of these data in a matrix, which could be handled or manipulated by hand
or most opportunely by computer. At this point in time perhaps a grid
base unit of correlation would be most useful. (Thie & Ironside 1976;
Grimsdell 1978; GEMS 1977; Croze & Gwynne 1978).
Data which are mapped or tabulated by grid coordinates can be readily
analyzed by this methodology which has already been used in Botswana.
(Astle 1977; UNDP 1977; Field 1977; see also Volume IV of the present
report).
Not only data derived from correlation between different environmental
attributes but the basic landscape data derived from aerial photographic
analysis can be analyzed in this way.

32

Data from the aerial photographic analysis of Bawden and Stobbs (1963),
Blair Rains (1968, 1972) and CWARAP in 1978 and 1979 should be asses-sed
and if possible correlated before vegetation mapping work scheduled to
be soon undertaken by personnel in the Division of Land Utilization, MOA
commences. Unpublished data of the Chobe area handled by Henry in the
1960's should also be used. The researchers responsible for each of the
above studies used aerial photography from various years between 1947
and 1978 at scales from 1:40,000 to 1:70,000 and the resultant data base
differed in its intent. However, the original working material and field
records from these projects would provide invaluable information. These
should, if at all possible, become part of the background material
available within the framework of the proposed monitoring programme. If
possible these data should be fully utilized in the preparation of the
initial ecological zone map and subsequent evaluation of present and
future placement of monitoring sites. (An attempt to do this is being
undertaken by LUD and DWNPT staff at the present time).
Staff interest and time must be committed to the development of a data
base. A library system responsible for systematically acquiring and
filing map, tabular, computer programme, photographic and written text
material should be an integral part of the programme.
VI.6.2.3.

Integration of other monitoring programmes and routinely
collected environmental data

Integration of proposed data base requirements with the data being
routinely collected by others or considered necessary by proposed programmes is a prime consideration of immediate import. At first glance it
might appear that the correlation of already available data and the
integration of ongoing monitoring data causes the programme to become
one primarily involved in the amalgation of data derived by others. This
is not the case. It is the responsibility of the programme to build on
the data of others and to implement a systematic data collection procedure which correlates its own data and those from others on a continuous
basis in order that it is able to be responsive to the needs of management at the earliest possible date.
Tabular and map formats can easily be updated on a routine basis.
Integration of routinely collected data can be handled on a grid data
base in the same manner that historic data can be correlated.
Staff and programme time must be committed to the development and continuation of an effective data integration procedure. This will involve
the acquisition of data from external sources such as National Aeronautics and Space Administration, United States (NASA) responsible for
imagery as well as agencies within Botswana such as the Meteorological
Branch Department of Water Affairs and Department of Lands and Surveys
which are responsible for routine data acquisition in the form of meteorological records, surface water flow and aerial photographic contracts
respectively.
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A drought review/watch system based on the Australian programme which
assesses precipitation required to offset drought conditions by analyzing monthly rainfall totals received thus far per climatic year, is
being implemented by Cooke at University College of Botswana (Lee in:
Botswana Society 1978).
The initial acquisition and analysis of recorded data should provide
valuable insight into the overall classification of environmental conditions beyond that which can be gleaned or interpolated from the specific area studies noted in the foregoing section VI.6.2.2. Integration
of routinely collected data on the data base derived from correlation of
the one-time survey programmes and remote sensing data analysis should
be undertaken as an initial step and maintained as a procedure involved
in the continuous updating of incoming information.
VI.6.2,4.

Assessment of results for management

A prime consideration of the programme development should be the assessment of monitoring programme derived data for management decisions. For
this priority to be met the monitoring programme must be in an integral
association with other aspects of land use management. Reference to
Figure VI-1 and Figure VI-2 provides insight into how close the association appears and yet how far away actual integration of monitoring
programme data to actual management decisions responsible for the land
use practice in Botswana is.
Without the addition of any major administrative changes data from a
rangeland monitoring programme which should be a part of an overall
ecological/economic monitoring system could become an integral component
of management decisions regarding land use. This could be a possible
factor at both the national and local level. (Sandford 1979).
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Figure VI-3 -

Ecological monitoring as an integral component of
Botswana Land Use Management
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At the national level the monitoring programme becomes the pivot in a
continuous land use evaluation process concerned with the sustained
yield performance of the overall land management. The Land Development
Sub-Committee (LDC), which is comprised of administrators at the departmental level, of the National Research and Technical Committee (NRTC)
should be able to effectively handle the analyzed and subsequently
assessed data provided by the monitoring programme.
At the District and hence local level the Land Use Planning Advisory
Groups (LUPAG) should be capable of assessing the provided data and of
effecting management decisions on that basis.
VI.6.3.

Programme implementation

VI.6.3.1.

Introduction

During implementation of the programme the cyclic nature of its components should be kept in focus. The programme is essentially a system of
continuous evaluation based on routine or time specific data collection
followed by correlation and analysis.
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Five aspects concerned with programme implementation will be discussed
briefly: the maintenance of the programme and the personnel responsible
for it; the collection and correlation of data; data analysis and dissemination of results, and data storage and retrieval. Due to the fact
that there are two specific range monitoring programmes routinely carried out already and that CWARAP did not implement any monitoring procedures during its investigation period the discussion will be one of a
rather general nature. For specific information please refer to VI.4.
and Appendix VI.9.1. and to reference material such as Grimsdell (1978),
ASP (1975), Tueller et al (1972), Croze & Gwynne (1978), Mueller-Dombois
& Ellenberg (1974), Brown (1954), Burwell & Bullock (1968), Claveran
(1966), Parker (1951), Wells (1971), Walker (1970, 1976), Driscoll et al
(1970, 1974), Carneggie et al (1969, 1972, 1974), Pierce & Eddleman
(1970, 1973), Field (1977), Thalen (1979) and others noted in Krumpe
(1972), Philpotts & Mack annually since 1972; and Geo Abstracts "G"
bi-annually since 1978.
VI.6.3.2.

Programme establishment and personnel

Two considerations should be kept in mind during the initial planning of
an ecologically based range monitoring programme:
implementation of such a programme relies on data drawn from different disciplines, this implies required personnel should have
training in various subject fields; and
the close relationship of data collection, correlation, analysis
and dissemination of results, which are concerned with the assessment of the environment implies the need for the responsibility of
administration to lie within a single unit
Monitoring programmes are carried out to provide management with an
assessment of the impact of land use on the landscape. Two points which
should be kept in focus during the programme planning stage are:
the prime purpose for the proposed monitoring programme is the
evaluation of environmental change in respect to the sustained
yield of the vegetation and the animals dependent upon it; and
the ultimate aim of an environmental monitoring programme is assess
ment of all land use and therefore implemented procedures should be
flexible enough to incorporate processes which could ultimately
monitor arable, forest and industrial/mining land uses
It is proposed that an ecologically based range monitoring programme be
set up within the present government framework. The early establishment
of a unit responsible for all aspects of land use monitoring would
seem feasible. This unit could stem from the already present Range
Ecology Unit maintained within LUD.
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At this point in time, due to the rapid land use change in Botswana, the
extensive inventory material available and the ongoing monitoring programmes, it is felt that an effective monitoring programme could soon be
implemented. Botswana should be able to have an effective rangeland
monitoring unit in the immediate future without the extensive research
time, financial aid and programme development required in the development of the Kenya Rangeland Ecological Monitoring Unit (KREMU) Project.
Once implemented the programme should immediately become responsible for
the correlation of all range monitoring data and should ultimately be
responsible for a coordinated national system.
The programme headquarters should occupy a combined library, office and
data analysis and storage space adequate for a minimum of 4 to 6 permanent full-time personnel involved in the library and routine data,
correlation and storage, analysis and correlation of field data and
results, and reporting. The capability to work with laboratory personnel
and facilities required for analysis of soils, water and vegetation
chemical analysis and the provision of computer time and facilities
sufficient for analysis and correlation of collected data are vital
programme components. Field equipment storage space and maintenance must
be continuously available. It would seem that Sebele Agricultural Research Station might be the best location for the programme. The laboratory facilities and staff at Sebele could be augmented to provide
necessary data analysis.
Office facilities, storage and specific research space required could be
constructed. Equipment maintenance and basic library facilities could be
shared with research, technical and educational personnel at Sebele.
Field logistics as an integral part of the programme will require careful planning. It may be advantageous to have staff residing in different
geographic locations as do the present monitoring programmes.
This should provide for some saving in transportation costs and would
allow for more rapid assessibility to on-the-ground assessment of dynamic situations such as fire or disease outbreaks. It could also provide
personnel with a conditional more time and less distance factor, under
which they could better handle specific studies such as grazing trials,
bush clearing and encroachment trials, fire manipulation, and microclimatic situation trials. A minimum of two teams consisting of two
people each is required for the ground monitoring measurements and the
assessment of research investigations such as the effects of fire, and
other modifying environmental factors.
Staff directly involved in the acquisition of large-scale photography
might not necessarily be full time members of the monitoring programme,
but it would be highly advantageous if this part of the programme was
part of the responsibility of full time personnel. If this was the case,
then the aeroplane and camera could be on standby basis throughout the
year and some research or developmental aspects of monitoring could be
more effectively undertaken, and aerial reconnaissance flights concerned
with assessing dynamic environmental conditions such as fires, drought,
floods or disease outbreaks could be handled with relative ease.
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It is important that the monitoring programme be maintained within one
relatively autonomous unit. The personnel responsible for the programme
must have competent training in different disciplines and yet be committed to cooperatively correlating data for a common purpose. It is also
important that the programme staff get to know and work closely with
personnel involved in the management of Botswana's land resources.
Although it is rather difficult to assess actual programme costs at this
time, Appendix VI.9.2. attempts to provide information on staff and
programme budgets.
VI.6.3.3.

Data collection and correlation

The data collection and its subsequent correlation is based on the need
to evaluate the sustained productivity of Botswana's rangeland resources
and to assess effects of long term and dynamic environmental changes on
this yield. Information effectively extrapolated from an ecological
monitoring programme based on data collection from specific sites associated with specific environmental situations should allow for interpolation of area or regional conditions.
The programme simultaneously obtains data from several sources and a
routine system for data collection and correlation is vital to its
effectiveness. Initially a substantial proportion of the data will be
that amassed from background material analyzed and filled as reference
documents in the form of reports, tabular data, computer printouts,
photographic records and maps. As the programme develops an ever increasing amount of tabular field data and correlated records will need to be
analyzed, filed, stored and intermittently referred to.
The overall format, procedures and timing of data collection and correlation to be undertaken, must be worked out in detail once the programme is established. However, a number of general statements regarding
the collection and correlation of data in respect to site placement,
ground data collection, large-scale and small-scale photography, aerial
reconnaissance survey records and space imagery can be made.
VI.6.3.3.1.

Site placement

At present actual placement of and number of new monitoring sites depends
on two aspects; how quickly a broad national ecological map can be
devised, and how accurately the present 50 LUD sites seem to depict the
overall ecology of Botswana's rangeland environments (see Map VI-1).
The chosen monitoring sites should depict all aspects of the rangeland
environments and they should be placed in such a way as to provide
measurable data on the changes in land use as well as data on trend in
the natural ecosystem. The actual site should be placed in a relatively
homogeneous portion of the chosen ecosystem or facet of the ecosystem
and it should be considered assessible to periodic ground measurement
checks.
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All sites will be permanently marked by a method or methods visible from
the air as well as locatable on the ground as they will in general all
be monitored by both programme components. It is considered preferable
to have a series of monitoring sites, not simply one type of measured
land unit. For the moment these could be called basic monitoring and
specific modifying factor monitoring sites.
The basic monitoring site could well follow the present LUD system in
both physical set up of individual units and placement of a cluster of 3
units per "ecosystem" in respect to a major water source or mineral soil
"lick site". In the Kalahari this means placement of the 3, 3-clusterunits per "ecosystem" so the first is within the immediate vicinity of a
pan or borehole, a second in a location somewhat peripheral to the
phenomenon, and the third in a location apparently unaffected by the
presence of the pan or borehole and its associated animal population
respectively. Each should be located within a homogeneous area of its
representative ecosystem facet and together they should represent the
environment of rangeland in the vicinity (see photos VI.9.3.2. and
VI*9.3.3.). Data collection for the 3 units will remain independent but
can be correlated to show what is happening in the specific area. If
large-scale aerial photography of the total area covered in the cluster
type sites proves unfeasible, a flight path over the north aligned
transect could be used for the already established sites, while single
rectangular sites, placed in the same sequence of environmental situations, could be adopted for future sites (see photo VI.9.3.2.).
If possible the date of the initial ground measurements should be correlated with that of the first large-scale photographic record.
Thereafter a 3 or 5-year-cycle of ground measurement is suggested.
The sites would be flown every year, the ground measurement if taken
every 3 years would allow for 1/3 of the sites to be actually checked on
the ground each year. At this time a 3-year-cycle seems to be most
appropriate for Botswana. If land use change or trend in vegetation
communities proves not to warrant this, a 5-year-ground measurement
routine can be coupled with the annual aerial programme.
Monitoring sites specifically related to the effects of land use or
dynamic modifying factors or concerned with measuring the effects of
basic environmental data can be set up in conjunction with the general
monitoring sites or can be set up as individual units.
It is suggested that the central cluster of the general monitoring sites
become the focus for a routine check into the possible trend in vegetation due to intermittent presence of animals. A single strip of sequential photography calibrated to cover a 500-metre-long swath across
the central monitoring site and perpendicular to the line placement of
the 3-cluster-units would be taken at the same scale as that of actual
monitoring sites. This could be taken every 2nd or 3rd year (see photo
VI.9.3.2.).

39

Specific sites concerned with the effect of fire or related to the
acquisition of specific soil, climatic or environmental manipulation
data such as bush clearance could be set up in already enclosed areas
such as land lying between the two fences in Veterinary Cordon Fence or
Quarantine Camp areas; rural airports such as the one at Hukuntsi, in
parts of paddocks or ranches; or near areas where outstation personnel
are posted. The monitoring programme is one of an interdisciplinary
nature and should utilize available expertise outside of its own staff
members. One way in which it would assist in developing a general understanding of problems associated with loss of sustained yield through
lack of management awareness is to utilize monitoring site locations
which are on land areas used by or under the direct jurisdiction of
others. This could bring monitoring results closer to the attention of
other people and it could also provide for some direct assistance in
routine data collection. Water flow, water level, temperature and rainfall data could be effectively handled on such a cooperative basis.
VI.6.3.3.2.

Ground data collection

All sites initially require ground measurements at the heights of the
vegetation growing season. Sites established as routine monitoring sites
will be handled on a 3-year-rotation cycle so 1/3 are measured each
year. Sites established for environmental manipulation purposes such as
effect of fire, bush encroachment or grazing pressure will be assessed
much more frequently. Routine assessment regarding these sites and the
relationship of timing of ground and remotely sensed data collection
should be worked out during the first year to year and one half of the
programme.
Data collection will include actual vegetation measurements, soil sampling, reading of rainfall recording facilities, assessment of animal
utilization and assessment of regrowth of vegetation if data on its
condition immediately subsequent to the influence of a dynamic modifying
factor such as fire or grazing is available from previous investigations.
There is a large number of publications concerned with the ground measurement of vegetation and in some cases other environmental aspects.
Some which would be helpful in implementing a programme here include
Brown (1954); Mueller-Dombois & Ellenberg (1974); Thalen (1979); Claveren
(1966); Field (1977); French & Shunk (1952); Springfield (1974); Wells
(1971); Tueller et al (1972) and Benson et al (1971).
Most of the data will be tabularly recorded in the field, where subsequent laboratory analysis is required samples will be taken, packaged
immediately and if feasible batch forwarded to headquarters. Photographic records should normally be taken before any measurements or
samples are taken.
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During the initial stages of the programme a number of ground data
measurements and samples related directly to the need for data correlation and assessment of remote sensing techniques will be required. These
data, which will be used to create classification keys, data on productivity, volume and size, assessment of bare ground and information on
species presence and relationships, will assist in the development of an
effective programme through which the relevant data can be rapidly and
economically assessed (Poulton (1979); Benson et al (1971); ASP (1975).
Ground data collection also includes the reading of climatic and hydrological recording instruments. Some facilities such as rain gauges could
be installed in places were frequent readings, in the order of monthly
time periods, could be taken without excessive travel. However, for the
most part it would probably prove more valuable for the programme to
assist in the development of a national network of effective gauges
which could be read routinely by other agency personnel living or working in the vicinity where the facility is placed.
The present network of about 75 rain gauge stations is geographically
incomplete and the equipment in a number of these "meteorological stations"
is not in functioning order. The present scheme whereby police posts are
provided with rain gauges should continue. The scheme should be augmented to include all government ranches, BLDC ranch and group ranch headquarters and primary and secondary schools west of 25°00' east.
Specific climatic data recording facilities such as maximum and minimum
and wet and dry bulb thermometers, hygrometer for direct measurement of
humidity, radiation recording units, wind speed and direction recording
devices, soil temperature probes and buried resistance blocks which
assist in soil moisture assessments can be placed in specific locations
where available staff can read and record the data, or such data from
already established locations provided with such devices can be integrated with the programme data. For general programme purposes the
hydrological recording facilities maintained by the Department of Water
Affairs, including the Okavango water depth gauges which are visually
and photographically measured from the air are at least initially sufficient. However, the need to know more about soil erosion by water and
wind could augment the requirement for some facilities.
VI.6.3.3.3.

Large-scale Aerial Photography

Large-scale aerial photography vertical, steroscopic views in 70 mm
colour or black and white film formats at scales of 1:600 to 1:1,500
will be taken of a number of specific permanently marked monitoring
sites. This will be done during the height of the growing season or
during a seasonal period for which the best differentiation between
major woody plant species can be ascertained or for a specifically timed
assessment of the effects fo dynamic changes such as those being undertaken on plots where environmental factors are being manipulated.
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A light single-engined aircraft such as a Cessna type 185 or 210 and a
70 mm format electric motor driven camera, such as a Vinten, Hulcher 70
or Hasselblad 70 with an appropriate 6" lens and filters, preferably
mounted in the belly of the plane are the basic equipment needs for the
aerial photography. Both Kodak and Agfa films are available for air
photo work - Kodak Aerographic - Double, plus, or tri-X, and Agfa 30 or
33 for black and white; and Kodak Ektachrome Aerographic and Agfa Aviphot
Colour for colour. Infrared colour and black and white are available but
have not yet been proved superior in value for general monitoring.
Personal research work with several films in a temperate semi-arid
rangeland and cereal crop growing area causes the author to suggest that
Ektachrome Aerographic which produces stable tones and is easy to handle
as transparencies prints would be the best colour film here.
Analysis of these photographic records can supply information on shrub
and tree species, density of vegetation, growth of wood vegetation, bare
ground and to some extent animal utilization and effect of and regrowth
after fire. This part of the programme will initially require a great
deal of correlative work with the ground measurements but once a programme
of routine examination including direct references between photo records
from different time periods has been worked out and species identification keys, volume tables, etc. have been developed the material can be
handled with relative ease. Several papers by Carneggie concerning both
Australian and North American semi-arid vegetation, papers by Tueller
and associates, work done by Driscoll and associates, extensive work
undertaken by University of Berkley, California under NASA contracts and
work undertaken in western Canada rangeland areas could greatly assist
in the initial programme planning (i.e. Carneggie & Reppert 1969;
Driscoll 1971; Tueller et al 1972; Driscoll & Francis 1971; Driscoll &
Reppert 1968; Meyer & Gerbig 1974; Driscoll & Coleman 1974; Thompson
1978; see also Geo Abstracts "G")VI.6.3.3.4.

Aerial Survey Reconnaissance Flights

Besides being an invaluable inventory tool a systematic aerial survey
reconnaissance flight programme can play a role of continuing benefit in
a monitoring programme. The same aircraft, on board recording devices
and camera used for large scale aerial photographic work can be used in
the survey. The monitoring programme need not use this tool as extensively required for inventory stage. However, should be able to play a
valuable role in assessing situations of rapid land change such as will
occur in areas where commercial ranches are being set up. Here photographic as well as the visual assessment records could assist in providing data and would augment the data available from the most recent small
scale photography. Such records could be very helpful in assessment of
area where land use conflict seems to be prevalent such as it is in
parts of the Nojane Ranches and at Phuduhudu.
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Reconnaissance flights could also be flown for assessment of fire,
flood, drought and animal destruction of vegetation, as well as routine
sampling programmes dealing with animal population surveys, and natural
vegetation or cropland inventory or assessments (Graham et al 1976;
Nchunga 1978; Croze & Gwynne 1978; Grimsdell 1978; see also Volume IV).
VI.6.3.3.5.

Small Scale Aerial Photography

Small scale black and white aerial photographic records ranging from
1:40,000 to 1:70,000 cover the entire country at least once and data
from a number of areas are recorded on several coverages. The department
of Surveys and Lands have recently planned an aerial photo contract
programme under which all sections of Botswana will be systematically
covered by contracts flown on a 10-year*-cycle. Within the next decade
there will be a complete new coverage of all areas.
The present coverage can be used to assist in devising the ecological
map and acting as a base for subsequent placement of monitoring sites
which will act as effective units in the overall programme. The present
sites will be assessed before any new ones are allocated. The commitment
of the Department of Surveys and Lands to obtain new photography once
every decade will allow for updating of the baseline data which will in
certain areas change rather rapidly as a result of present TGLP and
ALDEP programmes (see appendix III.7.3., in Volume III).
VI.6.3.3.6.

Space Imagery

At present space imagery used in landscape monitoring programmes usually
refers to LANDSAT materials. Originally provided at a scale of 1:3,000,000
often used at a scale of 1:1,000,000 and easily enlarged to a scale of
1:250,000 scale here in Botswana. These recurrent records provide a
synoptic sequential view which can be used among other things to monitor
general seasonal landscape change, seasonal water bodies and flows, and
veld fire occurrances. If this material now intermittently available
could be provided on a routine basis, it would do much to assist in the
calculation of an important factor concerning rangeland resources. One
an annual basis how much, where and when is vegetation destroyed by veld
fires. Space imagery, including to some extent weather satellites such
as METE0SAT, can document general landscape factors such as veld fire
with ease and accuracy that no ground or aerial survey programme is
alone economically or logistically capable of. Veld fire maps using all
available dry season 1972-1973 and 1975 LANDSAT imagery were devised in
LUD in 1976 (Carneggie et al 1975; Gwynne 1977; GEMS 1977; Ashley & Rea
1975; Krumpe 1972). This material could also be used to monitor and map
general ranch development as being done in Australia (pers. comm. Falconer) .
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The analysis of these data by eye alone and with the use of stereoscopic,
densitometer, colour additive viewer or computer could greatly assist in
assessing the general ecological systems in Botswana. A number of researchers have studied various aspects of Botswana's landscape from
space imagery and it would appear that this synoptic view could be value
to land use management. Although some results have been published most
of these data are in manuscript or file form only, however, should be
made available to the programme.
VI.6.3.3.7.

Summary

The above points have attempted to illustrate the presence of complementary aspects in monitoring programme procedures that use a tiered or
multi-platform system of data collection. It is important to correlate
the complementary data and to build up the programme matrix. The purpose
of initially providing complementary routine data collection procedures
using different platforms or scales of view and different temporal
sequences is to device, in the long term, the most cost-effective programme.
The routine collection procedures do not serve to proliferate data, each
one is utilized so to acquire data in the most effective manner. Once a
permanent site has been marked and ground measurements taken have been
correlated with analyzed from large scale photography, it is expected
that the routine assessment will henceforth be done annually using
aerial photography and that ground measurements will be done on a 3 or
5-year-cycle. Integration of programme acquired information and of data
acquired by other agencies should provide for the early streamlining of
an effective programme in terms of both time and economics of work load
(Driscoll 1974; Tueller et al 1972; Carneggie et al 1971; Driscoll &
Francis 1971; Draeger & Coleman 1972; Fish 19767The programme cost and time involved in the integrated procedure is much
less and the data more comprehensive than ground only programmes could
allow for. The resultant data has in other places proved to be sufficiently accurate to provide effective information to management. Here,
it might be made immediate use of in respect to assessment of destruction of veld and fires. Effective ground or aerial reconnaissance survey
monitoring the extent of veld fires would be prohibitive, however,
synoptic views from space allow this aspect of semi-arid rangeland
ecology to be easily and effectively mapped and analyzed with minimum
cost and time. On the ground measurement or specifically timed large
scale photography of sites on which the effects of fire are being studied
by direct manipulation would serve to provide qualitative data which can
be correlated with the quantitative data derived from the synoptic view.
Likewise seasonal landscape change, presence of surface water or the
impact of relatively large scale dynamic modifying factors such as
drought could be monitored on a system based on correlative data from
different platforms.
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VI.6.3.4.

Data Analysis and Dissemination of Results

The analysis of data should be handled as much as possible by computer
programming. All data measurements taken in the field office or laboratory should be recorded in such a manner that tey can directly or
easily be made compatible to computerization. Site or location codes
which can be geographically related would be advantageous.
Map, tabular and photographic illustrative data are recommended as the
most effective documentation methods. The analyzed data must be effectively correlated so that it can be used for assessing programmes and
assisting in management decisions which may involve aspects of land use
stabilization or land use change. The data should be documented in a
manner readily usable on a district scale where it provides the NRTC or
its responsible sub-committee with information upon which to base decisions . It must also be documented so as to be usable on a district
scale. Here it should be readily accessible as a base upon which LUPAG's
can make land use management decisions.
VI.6.3.5.

Data Storage and Retrieval

The programme must have an extensive library which will house all data
records. The filing system initially set up must take the multi-resource
aspects of the data into account. Vertical map file cabinets, general
office file cabinets, library shelving, aerial photo filing boxes, a
light table, a slide projector, and large work tables are minimally
required library facilities.
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VI.7.

RECOMMENDATIONS

It is recommended that an ecologically based range monitoring programme
be undertaken in the immediate future. This programme can to some extent
be based on the ongoing range monitoring programmes. Its development
does not necessarily require extensive financial or personnel external
aid projects. It should be devised to provide specific information on
which to have Botswana's land use management decisions at both the
national, NRTC, and distrie or local, LUPAG, levels.
One of the most important elements required to implement an effective
programme is the presence of an ecological map of at least Botswana's
rangeland environments. It is recommended that the development of this
map become a priority for the ad hoc committee presently assessing the
need for and requirements of a range monitoring programme. Chaired by
the LUD Range Ecologist and comprising of personnel from the regional
ILCA (International Livestock Development Centre for Africa) office,
staff of LUD, APRU, DWNPT and several in-country consultants this committee could assist in the development of an effective monitoring programme.
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VI.9.

APPENDIX

VI.9.1.

Summary of ongoing and proposed monitoring programmes

VI.9.1.1.

Introduction

Rangeland monitoring is not a new concept in Botswana. Its status can be
assessed from a brief review of the two ongoing Ministry of Agriculture
(MOA) monitoring programmes; the Range Monitoring Programme carried out
by staff of the Range Ecology Unit of the Division of Land Utilization
(LUD), and the range portion of the Range and Livestock Monitoring
Programme carried out by personnel from the Animal Production Research
Unit (APRU); and the proposed Range Monitoring Programme, which is a
part of a large scale, long term wildlife management development scheme
to be under the jurisdiction of the Department of Wildlife, National
Parks and Tourism (DWNPT).
VI.9.1.2.

Range Monitoring Programme of Division of Land Utilization

The main object in the range monitoring programme, as established by the
Land Utilization Division in 1973, is to monitor the effect of grazing
on the vegetation with special emphasis placed on the early detection of
detrimental changes in rangeland condition. Criteria adopted as indicators of range degradation include:
increase in bare ground
increase in number of shrubs and trees
reduction in better quality grasses or
an increase in poor quality grasses or herbaceous species
A number of methods were considered and preliminary assessment trials
were undertaken. Such factors as the time taken for the actual data
collection, and the reliability of data collected by different observers, the statistical accuracy of the method with respect to measuring
trends in range condition, and the statistical validity of the botanical
analysis in general were taken into account. A modified form of Parker's
3-step-method (Parker 1951) as used by the Forest Service of United
States Department of Agriculture was adopted.
The monitoring programme was to be based on a series of permanent plots
called baseline sites. The basal cover, vegetation cover, plant density
and frequency in the grass/herb layer, and the plant density and frequency in the shrub and tree layers were to be monitored and the data
analyzed using computer programming. The 6 digit code of each site
denotes the geographical location of the site; the first two digits
signify °S, the middle two signify °E and the last two indicate the
location within the degree square.
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Criteria observed in selecting the baseline sites included:
each of the main vegetation types as based on Weare & Yalala (1971)
were to be monitored
each of the soil types and differing mean annual rainfall areas as
far as was known were to be sampled
relation to the watering points was to be considered in actual site
location
if possible the site should be chosen within a fenced area so the
grazing intensity could be recorded
the sites should provide for a good geographical coverage of Botswana , and
the sites must be easily located in future years
During the first two years all sites were located in fenced or paddocked
areas for which grazing intensity could be recorded, however, the need
for a more representative sample of Botswana's rangeland conditions was
considered necessary. The objective was altered in order to accomodate
this need.
A network of 50 sites makes up the present monitoring scheme (see Map
VI.1.:
15 are within fenced ranches operated by various sections of the
Ministry of Agriculture; Veterinary Department, Animal Production
Research Unit, Livestock Production Management Unit and Estate
Management Unit
5 are in Botswana Livestock Development Corporation fenced ranches
11 are in privately owned or operated fenced ranches
13 are in grazing areas under the jurisdiction of Land Boards
5 are in grazing areas under the jurisdiction of the Department of
Wildlife, National Parks and Tourism
1 is on unfenced State Land
Each site actually consists of 3 sub-sites or clusters with one cluster
located near a water point, one located outside of the assumed influence
caused by the water point and the third placed in an intermediate position. Each cluster consists of 3 transects each 50 m long and laid out
as shown in Figure VI.4. with one transect arm pointing to magnetic
North. The centre point and the outer ends of the 3 transects are permanently marked with a long 3 cm diameter steel marker rod set in the
ground so that one metre is above ground level. Initially each cluster
was subjectively judged to be representative of local conditions.
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Figure VI.4. - Cluster of three transects used in the LUD monitoring
programme (after Field 1977)
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Data collection is carried out annually in January/March, the height of
the growing season. A steel wire stretched between the marker rods and a
measuring tape which is laid along it provide the base for the first 3
data collection steps. Collection includes:
1000 points along each 50 metre
Base cover
transect line are recorded by vertically dropping a 1 cm rod every
5 cm. Percentage of basal cover as a
total of plant hits is calculated.
Individual species are not recorded.
Vegetation cover
200 points along each 50 metre transect line are recorded by vertically
dropping a 1 cm rod every 25 cm and
recording the vegetation as to its
height category; tree canopy above
3 metre, shrub canopy between 1 and
3 metre, and lower layer below 1 metre.
All individuals planted are counted
and identified.
a 30 cm x 30 cm quadrat placed at
Botanical composition of
5 metre intervals on alternate sides
the lower layer
of the transect allows for 5 samples
per transect. All plants rooted
within the quadrat are identified and
the number of each species recorded.
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Botanical composition of
the shrub and tree layer

each shrub and tree is identified
and the total number of each species
in 6 (20 m x 10 m) quadrats situated
along the outer 20 metre ends of the
transects is recorded (see Figure
VI.-4).

The data are directly recorded on three field sheets designed for ready
transfer to computer data cards. Data on card REI deal with vegetation
cover in terms of all species and three layers and basal cover in terms
of total amount; thus a summary of these data provides for a number of
aspects. This data is augmented by the inclusion of a data file giving
information which distinguishes between good, intermediate and poor
grazing and browse species as well as annual and perennial grasses.
Data from the other two sheets, RE2 and RE3, provides summaries concerned with the density and botanical composition of the tree and shrub
layers.
Data from the vegetation summaries are used to prepare a range condition
score card for each of the three clusters and for the mean of each site.
Colour photographs taken from the centre of each cluster outwards along
the three transects are to be done at 5-year-intervals beginning with
the site establishment.

#

It was anticipated that data from specific monitoring or baseline sites
might be useful in assessing, in a relative manner, the range condition
of grazing areas in the vicinity or in equivalent environments. To this
end data summarized through the use of a Range Condition Score Card,
RE5, can be reviewed along side data for a monitoring site of similar
ilk and the trend condition of the range can be reasonably assessed.
Some results from range condition investigations undertaken with this
concept as a background have been published while numerous others can be
found with the departmental files (Field 1978).
The LUD programme thus provides for a direct link between its specific
site assessment and actual range management through the use of the Range
Condition Score Card, RE5. The score card is used to assess paddock or
specific range conditions. Results based on this assessment have been
presented to management (Field 1977; LUD 1978; Bekure & Kgosidintsi
1979). It is hoped that when detrimental conditions are assessed management decisions to alleviate the situation will be forthcoming.
This procedure does not simply attempt to assess poor conditions but is
considered to provide a sort of running means on range conditions. The
use of this type of data has been accepted as part of the ranch development projects (Van Voorthuizen 1976; Jenkins 1976).
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The monitoring programme forms an integral part of the annual work
schedule for staff of the Range Ecology Unit. The field work takes a
total of 12 man months. Two teams of four people each are in the field
for January through March, with one team based in Gaborone checking the
sites in the southern part of the country while the second team, which
is based in Francistown does the nothern sites. Two four wheel drive
vehicles are required throughout the fieldwork period. Approximately
three man months of office time, one and one half months each for two
staff members is required to process the data, and analyze the results
for the annual report. Any other specific data analysis, cross referencing or further calculations regarding past and present trend predication, which can be done anytime throughout the year, could take up
as much as another month of office time.
Essentially the aims, over a period of time, of this range monitoring
programme satisfy a number of aspects which would be part of any ecologically based rangeland monitoring system. These aims include:
to detect changes of the botanical composition and structure of
vegetation which would affect animal productivity
to determine range trends and succession changes resulting from
known management practices
to use this to extrapolate the meaning of data for areas of unknown
utilization, and
to incorporate the date in the management of rangeland areas
VI.9.1.3.

Range Monitoring Programme of Animal Production Research
Unit

In 1976 the Animal Production Research Unit (APRU) initiated a range and
livestock monitoring scheme in the Ghanzi District. As part of a recent
focus on livestock production in the Kalahari APRU had become involved
in examining the feasbility of sustained livestock production in western
Botswana. The dearth of animal production data applicable to the areas
coupled with assumed fragility of the ecosystem, based on the present
situation of overgrazing and range deterioration in local areas where
cattle were maintained, prompted the development of the monitoring programme which was based on two objectives:
to determine if sustained cattle production can be achieved
to determine what level of production can be obtained without
deterioration of the habitat
The range monitoring portion of the programme was undertaken on two
ranches; Dongdong in a woodland savanna environment in the Nojane area,
and Tshobokwane in an open, low shrub savanna in the Kalkfontein area.
Data collection includes the species composition of the grass/herb
layer, the quantity of fodder available, the evaluation of fodder in
terms of food value, the density and species composition of the shrub
and tree layers, and the food value of shrubs. Microclimatic aspects in
terms of radiation, temperature, and soil moisture, and the influence of
grass cover on these parameters were studied at Dongdong.
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On each of the two ranches 4 paddocks have been set aside for monitoring
study purposes:
a 62.5 ha paddock grazed by 30 animals for one week 6 times a year
at a stocking rate of 18 ha per animal
a 125 ha paddock grazed by 10 animals for two months in three at a
stocking rate of 18 ha per animal
1 62.5 ha paddock grazed by 12 animals for two months in three at a
stocking rate of 8 ha per animal
a 50 ha reference paddock ungrazed by domestic animals
Each paddock or camp is (on paper) arbitrarily divided into 8 sampling
areas of approximately the same size and shape. Portions of each of the
grazed paddocks are fenced so to exclude grazing for sampling purposes.
Field monitoring time involves the collection of data to measure the
quantity and composition of species of the grass layer, to collect
speciments for evaluating the food value of the vegetation, and to
measure and evaluate the shrub and tree layers.
Sampling concerned with the quantity and species composition of the
grass layer is undertaken every 2 to 3 months. In each of the grazed
camps 16 (0.5 x 1.0 m) quadrats, 8 within the grazed area and 8 in the
ungrazed area are laid out at random while in the reference paddock 8
quadrats are randomly laid. Cover, basal cover, height of each species,
litter and bare ground are measured. All vegetation in each quadrat is
clipped, weighed fresh, and then oven dried for 6 hours at 80°C before
weighed or dry weight measurement. All grass species are recorded separately while herbs, including sedges, are lumped together as one unit.
Tree and shrub cover in the quadrats is recorded.
During each sample period grasses are collected from within 20 randomly
laid quadrats in each of the 8 samples areas. Material from each camp is
combined to make one sample and then divided into species lots for which
analyses for crude protein, phosphorus, calcium and invitro dry matter
digestibility are undertaken.
Twice per annum, once in the wet season and once in the dry, shrubs are
evaluated for food value. This is done at Dongdong where the outer 10 cm
of 100 subjectively chosen twigs are collected and analyzed for crude
protein, calcium, phosphorus and invitro dry matter digestibility.
Once per year, during the height of the growing season, the density
species composition of trees and shrubs is sampled measuring total cover
while using a "point centred quarter method" (Mueller-Dombois & Ellenberg 1974). Five transect lines laid out at random each with ten sample
points are set out in each camp on both ranches.
Microclimatic aspects of rangeland are being monitored at Dongdong.
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Here a meteorological screen, equipped with maximum and minimum and wet
and dry bulb thermometers, was set up in conjunction with three onehectare plots. One plot has a grass cover of 50%, one a grass cover of
15% and a third was denuded of all vegetation. Plot facilities established were:
two sets of shielded temperature probes placed at 120, 60, 30, 10
and 5 cm above and below ground level all 3 plots
soil moisture cells at 1, 5, 10, 20, 30, 60 and 120 cm below ground
level in all 3 plots
tube solarimeters measuring solar radiation at 90, 20, 10 and 2 cm
above ground level in the 2 vegetated plots
Readings from these facilities have been somewhat intermittent and to
date no set recording programme has been established.
The APRU range monitoring programme thus far established in the field
takes 6 to 8 man months per year divided between two staff members. A
four-wheel drive vehicle is required throughout the year because of the
frequency of sampling. Fencing and meteorological equipment are the most
expensive field costs, but once set up the maintenance costs are minimal. Office and laboratory time involved in analyzing the collected
material averages 2 to 3 man months. The remainder of the year is taken
up by data analysis which is based on records handled by computer. Time
for analysis review and reporting takes up to 2 man months per annum.
Thus the programme occupied most of the annual workload of two people
plus small amounts of time for associated laboratory personnel and
computer staff.
Some aspects of the range monitoring programme as well as other projects
undertaken by APRU personnel could well fit into the overall data collection scheme of an ecological monitoring system. Bush clearing and
aspects of the grazing trials could serve to provide useful data.
On 6 APRU ranches (one of which is equipped with a relatively full set
of meteorological equipment, located in different vegetation zones, a
selected 100-ha-site has been subdivided so that half is cleared of all
bush and half remains under natural cover. Data related to soil and
climatic conditions are monitored as well as those related to vegetation
in terms of the objective:
To determine effect of bush removal on yield of dry matter, botanical composition and chemical composition of herbage of the
lower or grass layer.
grazing trials which assess vegetation productivity and utilization
as well as cattle performance under different management schemes
are being carried out on 3 ranches. Botanical composition is analyzed annually at the height of the growing season. Herbage yield
is assessed through a series of clippings undertaken on both protected and utilized range.
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The livestock monitoring programme, which is essentially the comparison of animal productivity levels under three management schemes,
is carried out in the same vicinity as the range monitoring project. It contains elements, particularly economic relations, which
could be valuable to an ecologically based programme.
VI.9.1.4.

Range Monitoring Programme Proposed by Department of
Wildlife, National Parks and Tourism

Projected as part of a comprehensive wildlife management development
scheme, initially requesting external funding from European Development
Funds (EDF) and American International Development (USAID) for the
fiscal five-year-period 1979-1980/1984-1985, this programme was envisaged as a wildlife range based equivalent of the Land Utilization
Division's monitoring programme. The geographical region of interest
included most of the central part of Botswana, the Okavango Delta and
large proportions of the plains and forest area in the north and northeast.
Two prime objectives of the programme were:
to measure and determine significant changes in vegetation on a
long term basis with respect to botanical composition, density and
species frequency, and
to measure vegetation as it is affected by dynamic changes such as
defoliation caused by fire, grazing, drought, flooding, etc., in
terms of biomass, structure and chemical composition differences
and their significance
The basic monitoring tool was to be a combination of low level, large
scale, colour photography of permanently marked sites, coupled with a
periodic effective on-the-ground recording programme. Two concurrent
series of sites were to be set up; a detailed site study series and a
photo site series.
The detailed study group consisting of 25 sites was to be set up in
different vegetation zones in predetermined areas of particular interest. They were to be regularly monitored by both ground and air
techniques with the emphasis of study on aspects concerned with dynamic
changes. At each of these sites rainfall measurements, soil moisture and
soil nutrient analysis and effects of grazing, burning and other causes
of dynamic vegetation change would be monitored on a routine basis.
The second series, of about 50 sites, was to be monitored primarily by
photographic records, once ground monitoring techniques had established
the baseline data and the site had been permanently marked.
This programme was seen as an integral part of a larger management
scheme.
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Its initial five years would for the first 3 years largely be involved
in assessment of techniques and training of personnel, while the latter
two years would begin to provide the routine data collection required by
a monitoring programme which is to be meaningful as part of a management system. The introductory costs which are still at the preliminary
budget stage would be high, however, the long term costs involving
continued maintenance and recording work would probably be less than a
ground only field collection monitoring programme of a similar number of
sites.
VI.9.1.5.

Summary of Programmes

From Table VI-1, a tabular summary of the three reviewed range monitoring programmes, it can be easily seen that they all contain a number
of components which would be integral parts of a broad, nationally based
ecological monitoring system as outlined in VI.4.
The programmes were designed independently, each with specific objectives
in mind. The two MOA schemes are based entirely on ground measurements
whereas DWNPT proposes to augment the ground assessment of vegetation
change with sequential large-scale colour aerial photography. All three
are based on permanent sites, which are analyzed on a routine basis. LUD
interpolates climatic data from meteorological station information,
whereas APRU has both thermometers and rain gauges on site. DWNPT proposes to place rain gauges at the 25 detailed study sites. All three
programmes consider routine soil analysis to be part of their site
assessment. None of the programmes, at present, consider sites in terms
of placement within a water basin or watershed context nor do they
utilize Department of Water Affairs stream flow data. All three programmes are primarily interested in vegetation measurement. All are or
plan to assess the influence of animals, fire and tree/shrub canopy
change on productivity of the vegetation community.
VI.9.2.

Programme scenarios

VI.9.2.1.

Introduction

It is assumed that vegetation monitoring will be an integral component
of an overall programme aimed at continuous assessment for sustained
yield productivity.
Programme development might take one of two basic approaches:
1.
a unit could be set up and function within the government framework
a.
the programme could become part of the research complex at
Sebele, or
b.
the programme could stem from the present Range Ecology Section
of the Land Utilization Division, or
2.
a service company could be contracted to operate the programme
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If the vegetation monitoring unit became part of the agricultural research programme headquartered at Sebele, its staff would have immediate
access to the facilities already present and would augment the research
capabilities of the ongoing work. Additional office space would be
required and laboratory and library facilities and staff would need to
be increased in order to accommodate the additional workload. All staff
associated with the programme would be in close contact unless one team
was stationed outside of headquarters.
If the monitoring programme stemmed from the present Range Ecology
Section and its headquarters remained in Gaborone, staff associated with
the programme would not be in such close contact as laboratory facilities would remain at Sebele. However, the library could become an integral part of the office and might well serve as remote sensing reference centre for the Division if not the entire Ministry. The field
staff placement could remain as it is with one team stationed in Gaborone and the other in Francistown.
If a service company was contracted to develop and maintain the vegetation monitoring programme the initial costs could be extreme as there
is no resident company which has the research expertise or the required
laboratory/library/office complex. The contractor would render a service
and take the responsibility of programme operation. The budget would
require careful assessment so as to make certain the fees charged would
not be too much in excess of what it would cost the government to maintain the programme.
There would be some trade-off between responsibility and expense of
programme operation.
VI.9.2.2.

Personnel

There is a relatively specific staff requirement regardless of who
operates the programme. A computer programmer, a reference/resource
librarian, a remote sensing specialist, a pilot, a range ecologist and a
minimum of one assistant are essential headquarters staff. Although
trained in skills related to specific tasks which can be found in many
work situations it is axiomatic that the people chosen to handle the
first three positions have some training or keen interest and working
knowledge in biology/ecology. A minimum of four other staff members, the
field evaluation and environmental assessment tram members, complete the
basic work force. The services of laboratory staff are required for
analysis of soil, water and vegetation and those of photographic darkroom and reproduction staff are required for copying remotely sensed
data and graphic records.
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Within itself the vegetation monitoring programme would not take up the
full workload of the computer programmer, remote sensing specialist or
the pilot. The time commitments of these staff members could be budgeted so that work related to this aspect of overall monitoring is
handled on a systematic basis. Likewise, time associated with the routine
analysis of field samples could be anticipated as part of the annual
workload of laboratory staff. The field staff members who are responsible for routine on-the-ground data collection as well as handling the
environmental manipulation exercises concerned with measuring the
response of vegetation to fire, grazing pressure, drought, bush clearing, etc., would have full time commitments to the programme as would
the range ecologist and the immediate office staff under his direction.
There are several ways of assessing the actual staff requirements.
It appears that the most economic use of personnel would allow for a
bank of specialists who render services to the overall monitoring programme plus a team of people, who under the direction of the Range Ecologist handle the vegetation monitoring. Table VI-2 outlines a possible
allotment of personnel.
An important consideration to keep in mind is that programmes such as
the proposed monitoring scheme benefit from careful selection of interested personnel. A significant amount of the training required to
maintain and even develop a programme could be taken while in a working
position and much of it could be done in Botswana or under a scheme of
short courses participation.
For example the Regional Remote Sensing Facility in Nairobi, Kenya, the
International Institute for Aerial Survey and Earth Sciences (ITC),
Enschede, the Netherlands, and other such facilities could provide
course as well as technical assistance in some phases of the workload.
Table VI-2

Programme Staff

job

workload

Computer^
programmer
(CP)

Devise and maintain prof/tech.
computer programmes
for vegetation monitoring - utilizing
both ground and
remotely sensed
data bases. Close
liaison with RSS
and RE.

cadre

remuneration (P)
14,000 ± 4000
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job

workload

cadre

remuneration (P)

Remote Sensing Specialist* (RSS)

Develop and mainprof/tech.
tain remote sensing techniques for
vegetation monitoring in conjunction with CP and RE.
Coordinates reference
requirements with LR.

12,000 ± 3000

Pilot* (P)

Responsible for
tech.
aerial flight programme and obtaining
low level photography and surveillance survey
data. Liaises with
RSS and RE.

15,000 ± 4000

Range Ecologist (RE)

Responsible for
prof/tech.
analysis and
assessment of
ground and remotely sensed
data. Responsible
in conjunction with
CP and RS, for development of programme. Close liaison with CP, RSS and
LR. Responsible for
supervision of RG
and FM staff and
programme maintenance. Liaises with
both management and
research, acts as
coordinator of
vegetation monitoring programme.

10,000 ± 2000
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job

workload

cadre

remuneration (P)

Responsible for
tech. or
Librarian/
maintaining libra- prof/tech.
Reference
Coordinator** ry, ordering and
filing of reference
material, inclusive
of remotely sensed
data taken specifically for programme,
weather records etc.
Liaises with RSS and
RE, supervises
assistants and coordinates work done by
them.

6000 ± 1000

Records/
Graphics

Processing and up- tech.
keep of records.
Drafting/Illustrating data. Generally assists LR and
probably becomes responsible for materials
related to a specific sector of the
programme (i.e. vegetation, animal,
economic) as the
overall programme
develops.

3000 ± 500

Responsible for
tech.
Field Monitoring Team(s) carrying out and
recording routine
field investigations and for undertaking excercises
dealing with manipulation of environmental factors affecting vegetation productivity such as
fire, grazing pressure, clearing and
revegetation etc.,
staffwork as a 2 or
4 man team(s), and
liaising closely
with RE.

3000 ± 500
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Notes:
Staff members partially responsible for a specific programme.
CP-responsible for development of vegetation, animal and economic
monitoring (overall offtake and sustained productivity of ecosystem(s)).
RSS-responsible for development of remote sensing aspects of animal
monitoring programme as well as those in vegetation programme.
P-responsible for aerial surveillance flight and photography flight
programmes associated special events (fires, floods, drought) as
well as for vegetation and animal monitoring.
**

Staff member may be full time within specific programme but could
be responsible for maintaining reference material inclusive of
material generated within the programme, for overall monitoring
programme and supervising assistants with each one being responsible for a section (i.e. vegetation, animal, economic monitoring)
depending on size of overall staff and extent of training person.

VI.9.2.3.

Equipment and Facilities

The programme itself would not demand full time use of a large proportion of the more expensive equipment or required facilities.
It could be considered as a part-time but consistent user of: a light
aircraft fitted with an aerial camera and a VFL navigator, a stereoplotter, a colour additive viewer, a laboratory set up capable of analyzing soil and water samples as well as chemical composition and digestibility of vegetation, a reference/resource centre which maintains
remote sensing data (aerial photographs and satellite imagery) and weather
records as well as normal library facilities and a herbarium.
Basic equipment for everyday use would include four-wheel drive vehicles
and camping gear as well as materials and equipment required for field
monitoring exercises. Basic drafting and reproduction facilities for
both photographic and graphic illustration work, calculators, typewriters and drafting equipment, would also be in constant use. Table
VI-3 attempts to outline the basic needs of the vegetation monitoring
programme.
Table VI-3 -

Programme equipment and facilities

Office Facilities
general office space and equipment for 4-5 staff members plus
capability to accommodate 4-6 field staff for short periods of time
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Working materials/facilities
-

general drafting equipment and materials
drafting tables, light tables, stereoplotter, colour additive
viewer, slide projector, mapograph or planrigraph

Specific working needs
access to photographic darkroom facilities, reproduction facilities
for general copying (xeroxing) and dyeline materials
access to computer terminal time
access to laboratory analysis time
access to remote sensing data and use of analysis materials and
facilities including stereoscopes, stereoplotter, colour additive
viewer, diazo printer and light tables, computer printouts, slide
projector, screens etc.
reference/resource library
Cost of facility set up should be borne by overall monitoring programme.
Vegetation sector cost probably would be in the order of 40,000 ± 500.
Running costs of vegetation monitoring including purchase of reference
materials 10,000 ± 2 per annum.
Field equipment and materials
light aircraft
aerial camera
radar altimeter
VFL navigator device
tape recorders
aerial film

initial costs 90,000/2
used in conjunction with
animal monitoring
vegetation sector running
costs (per annum)
8,000
purchase and processing
(per annum)
3,000
2 four-wheel drive vehicles
initial purchase
20,000
running costs (per
annum)
10,000
camping equipment initial purchase
3,000
replacement (per annum)
300
sampling equipment, initial purchase*
3,000
replacement (per annum)
200
fencing generally not done by programme
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VI.9.3.

Photographic examples

Note: Trim Edges please for final page

VI.9.3.1.

The Synoptic View

Composite LANDSAT (Band 7) view of Matsheng Village Area, western Botswana, mid dry season 1975. Scale approximately 1 : 1 M (LANDSAT frame
2176-07471, 17/7/75, covers most of the area seen).
Note large number of bare surfaced (white) and grass or dwarf shrub
covered (varying grey tones) pans.
Extensive grazing, wood gathering, human settlement and arable land use
are responsible for the whitish tone in the vicinity of large bare pans
in the central portion.
Irregular black patchs which are prominent in the lower left and top
centre depict areas burnt by recent veld fires.
Similar grey toned patches denote areas burnt by previous fires over the
past two or three seasons.
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VI.9.3.2.

General Environmental View

Small scale aerial photograph steroscopic 1 : 70,000 view illustrating
typical scene in the vicinity of a bare surfaced pan (SWK/76, 9, 006-007).
Note the dune on the south side of the pan, the similarity between the
shape of the pan and that of the dune. Note the apparant channels running
into the pan from the north west and north north east and the generally
low lying open area to the west of the pan.
The black toned patches south of the pan denote relatively recent veld
fires. The extreme black toned pattern along the eastern edge of the pan
is illustrative of a very recent veld fire which swept through the dwarf
shrubland area adjacent to the pan proper.
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VI.9.3.3.

Site specific aerial photography

Example of large scale aerial photography taken 1 : 5000 near Gaborone
(GAB/70, 3, 3787-3788).
Note different growth habits and stature types for various tree species.
Also note different tonal characteristics which is illustrative of
colour tone of leaves of species.
Such aspects are important in the development of interpretative keys
(ASP 1975; Poulton 1970; Tueller et al, 1972; Driscoll 1968, 1970, 1974;
Carneggie et al, 1969, 1974).
Note tonal and texture of grass/dwarf shrub and shrubland and variation
between low lying and higher topographic area.
Whitish areas are open light coloured exposed rock or bare soil areas.
Walking paths and animal trails appear as a network of white threads.
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VI.9.3.4.

Site specific ground photography

Terrestrial stereoscopic view of site near pan depicted in Photo VI.9.3.2.
(15-2-1979).
Note evidence of recent veld fire - carbon from burnt vegetation still
visible, no grass except for slight green flush in basal tuffs, also note
appearance of trees and shrubs.
Two months before this photo was taken the location had been surveyed.
Dominant grass Erasgrostis lehmanniana with Stipagrostis uniplumis and
Schmidtia pappophoroides present.
Grewia spp. most common shrub (mostly Grewia flava) with most common
trees being Acacia mellifera and Acacia luederitsii.
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