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SUMMARY:

The distribution of Sclerocarya birrea in South Africa has previously been mapped by
institutions. Data describing actual point locations are available from institutions like the
National Botanical Institute (NBI) as well as collections from Environmentek, Council of
Science and Industrial Research (CSIR).

A potential distribution of S.birrea (marula) in South Africa is mapped using nine bioclimatic
variables as input into a Geographic Information System (GIS). By mapping potential
distribution, it creates a base layer from where questions can be asked surrounding land tenure
in distribution areas, as well as other socio-economic questions.

Movement chains involving beer traders as well as fruit collectors are also examined. Data
from household surveys are collated to form a spatial visualisation of where beer traders sell
their beer. Distances to the marketplaces from surrounding villages are calculated with the aid
of GIS technology. A fair indication of the willingness of beer traders to travel long distances
is examined, by comparing the average distance travelled by beer traders from villages to
different market places.
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INTRODUCTION

Sclerocarya birrea subspecies caffra (marula) is a widely distributed species found through-
out the semi-arid, deciduous savannas of much of southern and eastern Africa (Peters, 1998).
The distribution of marula is largely known through the recording of sitings of marula trees.
No systematic routine has been conducted to determine the exact extent (distribution) and
density of marula occurrence. The extent of marula distribution has been hypothesised
through the development of models (Poynton, 1984, Von Maltitz et al., 1996) at varying
levels of scale.

The aim of this study is to attempt to assess the accuracy of the marula distribution proposed
by the Tree and Shrub Selection Guide (TSSG) model, and determine if there are any defining
bioclimatic variables which govern the distribution of marula trees in South Africa.
Obviously, other factors such as soil, harvesting and society, play a role in the occurrence of
marula trees, but for the purposes of this study only bioclimatic variables were considered.
This study uses GIS' technology to map potential marula distribution in South Africa and
assess the accuracy of the TSSG model. It forms part of a larger study that looks at the
‘winners and losers’ in non-timber forest product commercialisation in southern Africa and
Guyana.

The movement of traders, more specifically beer traders, from villages to marketplaces are
also spatially depicted, with the aid of GIS technology, as part of this study. The distances
between marketplaces and villages are mapped using information gathered by Sheona
Shackleton” (2002).

The usefulness of this study is in the possible siting of marula plantations for
commercialisation purposes. By mapping the movement of traders between villages and
marketplaces, insight into the market chains and movement of marula is gathered, which in
turn helps to define the socio-economic processes that govern the marula trade at village level.

2. METHODOLOGY

Data was gathered from two existing sources, i.e. the National Botanical Institute (NBI) and
the TSSG. The data from NBI was captured as quarter degree squares (QDS) or at 1:50 000
scale, mainly due to the lack of GPS® technology, which means that no actual point locations
were recorded by this system. The data from the TSSG were captured in decimal degrees as
known point locations by fieldworkers. This spatial database made use of the principle of
bioclimatic envelopes to perform two functions:

e To draw potential distribution maps;

e To identify species suitable for growth at a specific location on the ground.

A bioclimatic envelope of a species is a range of climatic conditions within which the species
will grow. The TSSG model uses seven bioclimatic parameters to predict potential growth

' GIS or Geographic Information System is a computerized system for the collection, storage,
manipulation (analysis), and output of information that is spatially referenced. (Obermeyer & Pinto,
1994)

2 Sheona Shackleton, Department of Environmental Science, Rhodes University, Grahamstown, 6140
® Global Positioning System



regions. The species has a minimum and maximum for each of these criteria. The envelope is
then determined by recording where the species are currently growing and the climatic criteria
at that site. The model then determines which areas within South Africa satisfy all the climatic
criteria for a specific species. The climatic data that is used in the model is stored at a
resolution of 1/60 of a degree (i.e. one minute), which is approximately 1.6 x 1.6 km on the
ground. The seven bioclimatic variables that are used in the TSSG are as follows (Von Maltitz
etal., 1996):
e Mean minimum temperature of the coldest month — an indication of the species
absolute cold tolerance. This figure will approximate frost tolerance.
e Mean maximum temperature of the hottest month — an indication of the species
absolute heat tolerance.
¢ Mean annual maximum and minimum temperature — an indication of the typical
temperature regimes under which the species will grow.
e Growth days — this is an indication of the plant’s water requirements and takes into
account rainfall and potential evaporation.
e Growth temperature — this is an indication of the temperature during the growth
period.
e Non-growth temperature — this is an indication of the temperature during the time
when there is insufficient soil moisture for growth.
e Mean annual rainfall and temperature is also available, but not normally used
since other profile parameters are considered to be more biologically meaningful.

Trader movement was spatially captured and analysed from data collected by Shackleton
(2002). A distance grid was generated to calculate the average distance a trader would travel
to a market place from his/her village to sell their beer. The number of traders from specific
villages was also captured and analysed.

2.1 Potential S. birrea (marula) Distribution Modelling

Higher resolution climatic data was used to map potential distribution of marula in South
Africa. The climatic data, at a resolution of 1 x 1 km, is available from Environmentek, CSIR.
The same methodology (Figure 1) as used in the TSSG, is used in the marula distribution
modelling process to define a new bioclimatic envelope for marula distribution. With the
improvement of bioclimatic GIS coverages, new parameters were generated® by extracting
values from the pregenerated bioclimatic grids, as shown in Table 1. Using expert knowledge
it was decided to substitute mean annual rainfall with summer rainfall. Summer rainfall
extends from October to March and is within the fruiting season of marula and excludes
winter rainfall regions. Nine of the parameters, with the exception of elevation and
groundwater level, were used in the modelling process. All areas that satisfied the parameter
query were given the value of one, while those areas that did not satisfy the parameter query,
were given the value of zero. Figure 2 shows the nine bioclimatic criteria as mapped when
applying the parameter query. The final potential distribution was then modelled by summing
all the different variables and classifying the resultant grid by the number of parameters that
were met. In other words, the very high potential distribution of marula class is where all nine
parameters are satisfied.

* The ArcInfo command ‘latticespot’ was used to extract minimum and maximum values from the
pregenerated grids.



Table 1 TSSG parameters vs Modelled Parameters

Tree and Shrub New Generated Parameters
Minimum Maximum Minimum Maximum
Non-growth temperature (°C) 16.000 22.000 16.919 22.752
Growth temperature (°C) 20.000 25.000 20.204 25.998
Coldest month minimum (°C) 3.000 13.000 3.701 13.295
Hottest month maximum (°C) 26.000 32.000 27.102 32.503
Mean annual temperature (°C) 17.000 22.000 17.502 23.001
Mean minimum temperature (°C) 10.000 17.000 10.803 17.397
Mean maximum temperature (°C) 24.000 29.000 24.202 29.604
Growth Days (number) 26.000 145.000 27.996 180.853
Mean annual precipitation (mm) 195.000 931.000 202.878 889.960
Summer rainfall (mm) N/A N/A 193.698 766.319
Groundwater N/A N/A 12.900 35.434
Elevation (m) N/A N/A 6.229 1317.193
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Figure 1. The potential distribution modelling process

The accuracy of the new model compared to the TSSG were assessed by examining the
number of QDS from the NBI data that fell within the high to very high potential modelled
distribution zone for the new model and the very high potential for TSSG (Figure 3). The high
and very high potential zone for the new model are those areas that satisfy eight and nine
parameters respectively. The very high potential zone in the TSSG satisfies all seven



parameters. It was decided to use the NBI distribution information, since the TSSG known
point locations were used in the modelling of a new potential distribution bioclimatic
envelope and would thus in any case fall within the modelled zone. A zonal process’ was
used whereby the percentage potential area within a QDS is calculated.

2.2 Trader Movement Analysis

Forty-five beer traders were randomly interviewed in the five main towns in the
Bushbuckridge district, namely, Acornhoek, Thulumahashe, Bushbuckridge, Mkhuhlu, and
Hazyview (Shackleton, 2002). Between ten and eleven traders were interviewed in each
marketplace except for Mkhuhlu, where only two traders were encountered. In addition, five
roadside traders selling along the main road between Bushbuckridge and Acornhoek and one
selling on the road between Thulumahashe and Dwarsloop were also interviewed.

A GIS was used to map the spatial distribution of beer traders in this area as well as to
examine the number of traders selling beer at a specific market place. A distance grid was
created to show the distance travelled by the beer traders to the marketplace. Existing town
data were used to map the location of the different towns and markets. Five roadside traders
were interviewed by Shackleton (2002) and their locations captured with the aid of a handheld
GPS.

3. RESULTS

3.1 Potential Distribution Modelling

Figure 4 shows the potential distribution of marula in South Africa as modelled with the new
parameters and variables. The inclusion of summer rainfall automatically excludes areas like
the Eastern and Western Cape, which show up in the TSSG model as high potential areas.
According to experts these are areas where marula will definitely not occur (C. Shackleton,
2002, pers. com.).

Table 2 compares the percentage of QDS that falls within each zone for both the models. The
percentage of QDS that are 50% or more within the potential modelled zone are higher

(60.5% and 70.8%) for the new modelled potential area then the TSSG model (59.5%).

Table 2 Percentage of QDS within zones between the two models

New Modelled Potential
Class Tree and Shrub Selection Guide Area
Combined(High,
\Very High [Very High)
totally inside potential area 12.70% 20% 26.50%
very good i.e. >=50% and < 100% 46.80% 40.50% 44.30%
marginal i.e. <50% 35.40% 31.60% 25.30%
totally outside modelled area 5.10% 8.90% 3.80%

® Zonal functions are part of the GRID module in Arcinfo. It calculates values based on zones from
different input grids and coverages.



3.2 Trader Movement Analysis

As seen in Figure 5, 43% of traders sell their beer in Bushbuckridge, followed by Acornhoek
(32%) and Thulumahashe (25%). The number of beer sellers in Hazyview was not recorded,
but is included because it was observed that traders occasionally go there to sell their beer.

The arrows on the map (Figure 5) indicate the number of traders going to the market place i.e.
the ‘to” and ‘from’ position. The distances (in kilometres), minimum and maximum, as well
as average distance from villages to marketplace, have been calculated and are shown in
Table 3. In Acornhoek and Bushbuckridge, traders managed to find positions close to bus
stops, which helped to increase sales (Shackleton, 2002). This could be one of the reasons
why beer sellers from villages further off still go to Acornhoek and Bushbuckridge as seen in
the average distance from village to market place.

Table 3 Distance calculations of Beer Trader Movement in km

Village Average Min Max

Bushbuckridge 15.92 9.1 23.2
Acornhoek 17.2 6.5 24.8
Thulumahashe 6.11 33 11.5
Hazyview 12.3 5.2 20.6

A buffer of 10km was used to calculate the percentage of traders, per marketplace, travelling
from villages within 10km and further than 10km. The totals are based on the average number
of traders calculated in the survey period of three days and not absolute numbers. This
obviously has an effect on the calculated totals and percentages. As indicated in Table 4, beer
traders are willing to travel more than 10km to a marketplace to sell their beer, especially to
the Acornhoek and Bushbuckridge marketplaces.

Table 4 Percentage of Traders within 10km and further then 10km (Hazyview not included)

Village <10km > 10km
Bushbuckridge 21% 79%
Acornhoek 10.5% 89.5%
Thulumahashe 92.3% 7.7%
Average 41% 59%

4. CONCLUSIONS

The new model compares favourable in regards to the TSSG model in terms of the percentage
of QDS that fall within the potential modelled zone. The percentage of QDS for the new
model that falls within the potential distribution zone is higher then that of the TSSG model.
Further study is needed to determine whether a single, for instance groundwater and soils, or a
combination of variables have more significant effect on the distribution of marula in South
Africa. The use of GIS in mapping natural resources and, more importantly, in mapping the
movement of resources through value chains, is becoming more reliable for answering
complex questions. In this case, by mapping the potential distribution, it also creates a base
layer from where different social-type questions can be asked in conjunction with socio-
economic data.

By evaluating trader movement it seems that specific marketplaces are seen as being more
favourable then others. The reasons for this have been identified by Shackleton (2002). The



possibility of making extra income during times of financial stress is more of a driver for
traders to travel the long distances to marketplaces.
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5. FURTHER RESEARCH

The use of GIS in any future studies should be a definite where you need to show spatial and
temporal patterns, as this is an excellent technique for visualising patterns. The importance of
the different bioclimatic variables and how they play a role in the distribution of species
should also be investigated further. The role of groundwater and frost as deterministic
variables also needs further investigation. Differences in latitude and longitude, seasonality,
and other factors can be analysed in conjunction with bioclimatic factors to see which
bioclimatic variable has a higher significance in terms of where marula is found.

The role of human movement and the distribution of marula trees is also another possible
avenue for further study to see if there is any correlation to where it occurs and where it is
harvested and sold. The development of market chains in the commercialisation of non-timber
forest products must be studied further in terms of how resources are moved from the
environment through the different value chains. Who benefits at what point in this chain is
also of significance and an important issue for further research.

11
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