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ABSTRACT

A Quantitative, semi-detailed plant ecological study of the
area between 25° 54' and 26° 22' E and 26° 00' and 26° 20' S,
situated around the town of Lichtenburg in the South-western
Transvaal, South Africa, is reported. Mean annual temperature of the
study area is 17 °C and annual rainfall is about 600 mm. A basic
difference is recognised between the Bankenveld Land System and the
CT Grassland Land System. The former is underlain by dolomite with
lithosolic soils, Bankenveld vegetation and cattle ranohing as the
chief land-use, whereas the latter is underlain by granite, Ventersdorp
lavas, Dwyka tillite and surface limestone with Shorrocks, Mangano and

Lichtenburg series soils, Cymbopogon-Themeda Veld vegetation and

extensive cultivation of maize as the chief land-use.

One hundred and ten 16 m2 quadrats were placed within each Land
System by means of a stratified-random strategy. Of the 247 species
encountered, nearly 100 occurred in less than six quadrats.

Themeda triandra, Arigstida congesta, Elionurus argenteus; Anthospermum

rigidum and Justicia anagaloides were common throughout. Two

association analyses (AANAL) were carried out and a total of 21
final groups were described and 11 groups were mapped at 1:50 000.
In addition, Bankenveld Land System quadrats were classified by
divisive information analysis (DIVINF) and AXOR (axis ordination)
and results were compared with those of AANAL. Results were
basically similar although AANAL was sensitive to the number of

species recorded in each cuadrat and the other two techniques were

not,
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Various methods of data reduction were applied to Bankenveld
Land System quadrats and AAVAL and DIVINF were used to classify the
resulting data. Even rather severe data reduction was found to
have 1little effect on the groups produced or on the configuration
of the hierarchy when either statistical methods or ecological
interpretation were used to compare groups.

The Ecological profiles technique was successfully applied to
the Bankenveld Land System data. Although the data were not
entirely suitable in this study it was concluded that the technique
has great value as it can provide the kind of information needed to
explain the ecology of common South African plant species.

I'inally, some proposals for future semi-detailed surveys were
made. The basic stratified-random sampling strategy was found
acceptable but would be improved by choice of a sample site re-
presentative of the physiognomic-physicgraphic unit being sampled.
For optimal results, the groups resulting from an automatic
classification will have to be refined, possibly by means of the

Braun—~Blanquet table method.
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CHAPTER 1

INTRODUCTION

The plant ecology of the natural and semi-natural vegetation
of part of the Highveld Agricultural Region is being studied by
the writer as a project by the Botanical Research Institute for
the Department of Agricultural Technical Services, Pretoria,
South Africa. This thesis reports on the results of a quantitative
ecological study of the Lichtenburg area, which falls, together
with the Mayuassie area, under the writer's responsibility for
the western section of the Agricultural Region. J.C. Scheepers(l),
working in collaboration with the writery; is responsible for the
eastern section of the Region, including the Kroonstad, Bethlehem
and Villiers areas.

The overall model for the Highveld Region Survey was drawn

up by Scheepers in collaboration with D. Edwards(2). The writer

(1) Address: Mr J.C. Scheepers, Botanical Research Institute,

Private Bag X101, Pretoria.

(2) Address: Dr D. Pdwards, Botanical Research Institute,

Private Bag X101, Pretoria.



became involved with the Survey towards the end of the preliminary
planning phase. Instead of spreading surveying efforts equally
over the whole Region of approximately 11 655 000 ha (45 000 sa
miles), it was decided to opt for the Key Area approach whereby
surveying efforts would initially be concentrated in the Lichten-—
burg, Maquassie, Kroonstad, Bethlehem and Villiers Key Areas.
Responsibility for surveying Key Areas was assigned as stated
above. Each Key Area is a quarter degree square, covering
approximately 69 000 ha (270 sqQ miles). Surveys of Key Areas
are to be followed by extrapolatory surveys linking all five
Areas. The basic sampling strategy of 4 by 4 m quadrats, with
a stratified-random distribution was chosen during preliminary
studies for the Kroonstad Key Area and the Lichteaburg survey
reported here followed suit to aid later comparison and extra-—
polation.

Two basic Land Systems (Dowling 1968, Mabbutt 1968), which

(3) (4)

may be equated with -bioclimatic regions or subregions 9

occur in the study area. Throughout this account they are

(3) Defined by Phillips (1973) p. 30 as: "A biocolimatically

natural unit of extensive area, often constituted by a

number of ecologically-related smaller units - the subregions ~

either forming portion of the same great area or, more often,

widely separated by other bioclimatic units".

(4) Defined by Phillips (1973) pP. 30 as: "A constituent of the

biocclimatic region'.




referred to, for convenience and brevity, as CT Grassland and
Bankenveld Land Systems. The former includes Dry Cymbopogon-

Themeda Veld and Sandy Cymbopogon-Themeda Veld and the latter

covers part of Bankenveld (Acocks 1953). The main features of
and differences between the two Land Systems are detailed in
Chapter 2. Briefly, Bankenveld lies on an area of dolomitic
lithosol north of Lichtenburg where a great deal of the natural
and semi-natural vegetation (physiognomically a grassland)
remains and the main land-use activity is cattle and sheep
farming. CT Grassland is an extensively-cultivated area south,
east and west of Lichtenburg where maize is the chief crop.
Natural and semi-natural vegetation is rare but, where still
encountered, the physiognomic structure is grassland or savanna.
In general, it is only small rock outcrops and poorly-drained
areas which are not ploughed in the CT Crassland Land System.

With regard to this study area, it is Bankenveld which
should receive most attention from plant ecologists and agric-
ultural officers interested in natural pastures because the
remnants of natural vegetation in CT Grassland are unrepresentative
of the bulk of what used to be present there. Emphasis is
reversed in soil surveys where most interest is in arable land
and Bankenveld is dismissed by pedologists as a lithosol (see:
Van der Bank 1968).

The aims of the present survey were the production of a
vegetation map at a scale of 1:50 000 and an account of the
plant ecology of the Lichtenburg Key Area, referred to through~

out this account as the "study area". In Chapter 3, the



vegetation sampling strategy is described and the vegetation
classifications produced by straightforward association analyses
of both Land Systems are given.

Chapters 4, 5 and 6 are concerned with the use and testing
of advanced methods of automatic classification, including AXOR
(axis ordination) and divisive information analysis as well as
the use of a French synthesis technique, Ecological profiles,
on the vegetation of the Bankenveld Land System. As the data
were gathered primarily for a rapid, semi-detailed survey of the
vegetation of the Lichtenburg area, the data were generally
inadequate, or at least not optimal for most of the newer methods
of classification which were applied. Results in these Chapters
are therefore intended to indicate the utility of the particular
method and ecological results are preliminary. Nearly all
computations were undertaken while the author was overseas (see:
Morris 1973), making use of computer programs that are not
available in South Africa.

Some thoughts on future strategies in semi-detailed botanical
surveys in South Africa are given in Chapter 7, in the light of
results from the present study. Conclusions with regard to the
applicability of advanced classificatory techniques in such

surveys are also made.






DESCRIPTION OF STUDY ARBA

LOCATION _AND COMMUNICATIONS

The location of the area studied for the present account
and its position relative to towns in the South-western Transvaal,

South Africa are indicated in Tig. 1. Initially, the study area

INSERT FIG. 1

was the 2626AA quarter degree square but as parts were very extensively
cultivated the area was enlarged westwards to 250 Hh4!' longitude,
eastwards to 26° 22! and southwards to 26° 20' latitude to enable
placement of enough sampling points in relatively un&isturbed
vegetation. A rectangular shape was retained even though much of
the enlarged area was not sampled. The quarter degree square covers
about 69 000 ha (270 sq miles) and the enlarged area about 177 000 ha
(680 sq miles).

The town of Lichtenburg is situated near the centre of the
2620AA quarter degree square. Coligny, south~east of Lichtenburg,

is the only other town in the study area. Lichtenburg is connected



with the surrounding centres of Mafeking, Zeerust, Koster, Coligny,
Ventersdorp, Wolmaransstad and Delareyville by tar roads. A good
network of gravel roads covers the intervening areas. Lichtenburg
is about 200 km (125 miles) west of Pretoria.

The only railway in the area is that between Lichtenburg and
Coligny. The line is a branch of the Johannesburg-Kimberley line,

passing through Coligny.

Introduction

Apart from precipitation records and air temperature measurements,

no climatic data are available from within the study area. Data

L

from Potchefstroom, and even Pretoria,; are used to complete the
degscription of climate given below. Where data from outside the
study area are used, they are intended as indications of conditions
prevailing within the area and no more. It is considered better to
give volues, which are assumed to be in the same order of magnitude
as those within the study area, rather than nonc¢ at all. Where
observations have been made at more than one meteorological station,
28 with reinfall, the variability between stations becomes apparent
and should be borne in mind when data from only one station are
available.

Yith the exception ol Pretoria, the locations of all mcteorol-

ogical stations discussed in the text and listed in Tables are



marked on the locality map (Fig. 1).

Radiation and temperature

1) Radiation

Few meteorological stations in South Africa record radiation.
The station nearest to Lichtenburg is at Pretoria, half a degree
further north and 200 km east. The instrument in Pretoria is a
Kipp solarimeter and all measurements are from a horizontal surface.
Although it is unwise to extrapolate so far, the figures for
Pretoria indicate the magnitude of the values at Lichtenburg. As
the principal factor controlling radiation is latitude, use of the
Preteria station cannot lead to gross errors in cextrapolation

o the South—-western Transvaal. It 1is likely that radiation received

o

4.9

at the surfrce of the earth in the South-western Transvaal is higher
than that at Pretoria as the amount of rainfsll is less and therefore
cloudiness, which influences radiation inversely, is also less.
There are,; however, no measurements to quantify the increase.

It is well known (Schulze 1965) that the annual march of
radiation at a point on the earth's surface is that received at
the cuter limit of the atmosphere, attenuated by factors which
absorb, scatter and reflect incoming radiation. The percentage
radiation received at the top of the atmosphere, but not reaching
the surface of the earth at Pretoria, averages 39 percent annually
with a maximum attenuvation of 45 percent in December and ninimum

of 31 percent in June.



The monthly march of radiation at Pretoria is given in
Table A1(5)q The highest mean daily sums occur in summer from
1 i 2
October to February when the global radiation exceeds 530 oal/om /day
and the lowest mean daily sums in June and July (less than
@ e : ; "
360 oal/om /day). Radiation increases sharply from July to September
and then stays fairly constant during summer before starting to
decrease in February. The levelling off of radiation in summer is
dve to an increase in cloudiness compensating for radiation increases
: - ; e ’ 2
during this season. Diffuse radiation wvaries from over 150 oal/om /day
. - O 2 . . ) -
in summer to less than OO oal/om /day in winter. The highest sum
Y " . 2 !
of radiation recorded on a single day (800 oal/om ) occurred during
: rs ; 2 ,
the month of January and the lowest (27 cal/cm ) during July.
Mean hourly sums of global and diffuse radiaticn for January,
March, May, July, September, November and the year are given in
Table A2. In summer, higher radiation is usually received during
the morning hours than during the afternocon while in winter the
distribution is almost perfectly symmetrical. This suggests that
during summer, cloudiness, which reduces radiation, is more prevalent
during the afternoon.
Az the study area is generally flat, the influence of increased
or decreased insolation on sloping ground, as discussed recently

by Schulze (1970) and Downing (1972)3 is of little importance.

(%) Climatological Tables Al to Al4 are given in an Appendix.



2) Sunshine and cloudiness

The nearest meteorological station recording sunshine duration
is Potchefstroom, 120 km south-east of Lichtenburg. The monthly
and doily marches of sunshine follow interesting trends whaen compared
with the march of radiation.

Average monthly and annual sunshine duration in hours at
FPotchefstroom is given in Table A3. During winter months from May
to September over 80 percent of the theoretical maximum sunshine
is recorded while in summer the amount drops to about €5 percent.
The average number of suashine hours per day stays remarkably constant
through the year with a elight peak in winter, when day-length is
shortest. The phenomenon cen be explaincd by the greater amount of
cloud cover present during summer which more than cancels out the
effect of longer days. On most days, over 50 percent of the theoretical
maximum is recorded and the number of days with no sunshine, or one
to 10 percent of the possible maximum, are few.

Mean monthly sunshine duration for each hour is given in
Table A4. As is observed with global radiation, the amount of
sunshine recorded during the morning is markedly zreaiter than that
recorded during the afternoon in summer but sunshine is equitably
spread through the day during winter. This indicates once again
that more cloud is usually present during the afternoons in sunmer
while clouds (when they oocur) are eQually spread through the day
in winter.

Very little data on cloudiness are availlable according to

Schulze (1965)° Ile suggests that as cloudiness is recorded cnly



S T

twice each day, at 0800 hours and 1400 hours, if at all; the
records cannot be of much value. More can be inferred about
cloudiness from hourly radiation and sunshine records than from

such sparse observations.

3) Air temperature

Temperature fluctuations in South Africa are summarised by
Schulze (1960). Air temperature data (Table A5) have been recorded
at Lichtenburg since 1905. Observations until 1950 are the most
recently published statistics.

Mean of daily maximum temperature varies from over 28 °C in
December and January to under 20 °C in June and July. Mean of
daily minimum is about 15 °C in January and February and less than
2 °C in June and July. Of more interest ecologically are the
extreme maxima and minima (Walter & Leith 1960). Extreme maximum
temperatures in summer (September to February) exceed 35 oC while
in winter the maximum recorded temperatures exceed 25 °c (July).
Extreme minima as low as =10 °C have been recorded in July while
minima below =5 oC have occurred from May to August. In mid-
summer (December to February) the extreme minimum temperature is

above 3 oC.

4) Grass minimum temperature and frost

Grass minimum temperatures are available for Potchefstroom

and are summarised in Table Ab.
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Mean grass minimum temperature varies from 11l °C in December;
January and February to below -5 °¢ in June and July. The maximum
exceeds 16 °C from November to March and drops to 8 °¢ in July
while the minimum temperatures throughout the year (except February)
are below 1 °¢. The extreme minimum of ~-17 °¢ is recorded during
July.

In the absence of observations on frost occurrence; climatol-
ogists have used various air temperatures to indicate the occurrence
of frost. If the criteria of the publication Weather Bureau (1954),
namely a minimum temperature less than O °C in a Stevenson screen
1,2 m above the surface, are accepted, Lichtenburg averages 106 days
per annum (30-year records) with a possibility of experiencing
frost. The average first date is 19th May and the average last date
is 2nd September. As the average number of days on which frost
actually occurs is 26, frost may be expected one night in four
from the middle of May until the end of August. The extreme first
date was 16th April and the extreme last date on which frost has

been recorded was 26th September.

5) Soil temperature

Soil temperatures have heen recorded at Potchefstroom for
five years. Mean monthly soil temperatures at five depths at 0800
hours and at two depths at 1400 hours and 2000 hours are given in
Table A7. As soil temperatures at 60 cm and 120 ocm do not vary by
more than about 1 OC through the day only the temperatures recorded

at 0800 are given for these depths.
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The annual march in soil temperature from high in summer to
low in winter is evident from Table A7. At 60 cm and 120 cm the
annual range is much smaller than it is nearer the surface. A
number of other gradients are also clear. At 0800 hours from
September to March temperature increases with depth to 60 cm and
then decreases slightly by 120 cm. During winter months (4pril
to August), temperature increases with depth to 120 cm. As
expected, surface layers of soil are warmer at 1400 hours and 2000
hours than at 0800 hours through absorbing radiation. The differences
between temperatures at 1400 hours and 2000 hours are small, however,
with the 1400 hours reading being slightly higher at 10 om and slightly
1§wer at 20 cm throughout the year.

The highest monthly mean temperatures have been recorded at
1400 hours in November;, December, January and February when the
temperature exceceded 29 °¢ at 10 cm and 24 % at 20 cm. The
lowest temperatures in June and July at these depths, where most
plant roots are located, were 8,3 °C at 10 om (0800 hours) and

10,2 °¢ at 20 om.

Surface wind

No information on surface wind is available from within the
study area but the general features may be determined from a
knowledge of air circulaticn patterns over South Africa and from
observations of wind speed and direction at nearby meteorological

stations. In general, there seems to be little seasonal change in
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wind direction or force. Winds with a northerly component pre-
domin-te but it is difficult to assign any one prevailing direction
according to Schulze (1965). The northerly component results from
the normal anticyclonic circulation of air around o high pressure
cell located over the interior of South Africa throughout the year.
Apart from a weakening and southward movenent of the system through
o few degrees of lntitude in summer, the essential features of the
circulation in winter ond summer are not greatly different (Tyson 196
Although a wind-~rose dingram for Potchefstroom is given in Weather
Bursau (1960b), it is not presented as mean wind direction in an
anticyclonic system may change over short distances and is therefore
unlikely to represent the situntion at Lichtenburg adequately.

The strongest winds do not necessarily coincide in direction
with the prevailing, or most frequent, winds. This is particularly
true here, according to Schulze (1965). Winds from the south-
westserly sectory, although infrequent, are often the strongest.

Such south-westerly to southerly winds of short duration are almos

alwyoys associcted with thunderstorms.

Frecipitation

Precipitation within and nenar the study area is almost entirely
in the form of rain, most of which falls during summer. While
severe hail storms are exparienced occasionally, snow is rare
end is not discussed further. Data from a number of meteorological
stotions measuring rainfell within and necr the study ares are given

in Tables A8 and A9. Altiough there are voriations in temperature
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and other climatic variables through the study arec, these cannot
be studied since rainfall is the only statistic for which more
than one set of values are available for the study of variation.
A1l the data are presented to show variability and rainfall gradients
through the arec and its surround.

Mean annual rainfall at Lichtenburg is just over 600 mm,
with 85 percent falling during the six summer months from October
to March. Within the study area, annual rainfall varies from 550 mm
to 625 mm while in the survounding area it varies from a minimum
of 566 mm at Mafeking (to the west) to a maximum of 654 mm at
Koster (to the north-east). At Lichtenburg, the month with peak
roinfall is Jenuary, with on average of over 100 mm, while June,
July and August are driest with less than 10 mm each. The rainy
season usually starts in October and the monthly total increases
steadily until January after which it falls gradually until April
and May.

Rain may be expected on ten days each month during December
and January and on only one day per month in winter (Tables A8 and
A9). Rain is recorded on about 60 days per year at Lichtenburg.
The number of rain-days per month and year are important for
judging the distribution of rainfall; whether it falls in many
showers or as a few downpours. According to Schulze (1965) the bulk
of rainfall results from thunderstorms and instability showers.
The data given in Tables A8 and A9 and personsl observations within
the area confirm that a major part of the rain does fall in heavy

downpours.

Variation in rainfall from one station to the next, even when
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these are in close proximity, will be obvious from examination
of the tables. Weather Bureau (1960a) considered that as even
neighbouring stations showed widely divergent tendencies in long-
period averages it was not only difficult; but also misleading,
to use data from a few separate stations to make deductions about
rainfall over larger areas. They considered that a greater measure
of reliability was obtained, particularly with regard to problems
such as long-term agricultural planning, by forming a parameter,
namely district rainfall, which could then be used for further
analysisy In 1934, Schumann & Thompson recognised 32 rainfall
districts but a more satisfactory division was made later by
Schumann & Hofmeyr (1938). The Lichtenburg study area falls on
the boundary running north to south between Districts 19 (to the
west) and 21 (to the east) in Schumann & Hofmeyr (1938) and Weather
Bureau (1960a) and within District 84 in Van Rooy (1972). Mean
monthly rainfall for these three districts is summarised in Table Al0.
The trend of increasing aridity to the west is evident from
figures for Districts 19 and 21. Rainfall data for District 84
(Table A10) agree well with data for Lichtenburg (Table A8) although
the mean annual rainfall is 10 mm less and the summer monthly peak
is also not as high for the District as for the town. In District 84
75 percent of the precipitation is recorded during the five months
from November to March.
Some data on the occurrence of droughts and the variability
of rainfall are available. Weather Bureau (1960a) tabulated the
frequenoy of droughts of different duration for each rainfall

district (Table All) for twelve monthly precipitations below
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75 percent of the annual rainfall. The Table shows that the area

is subjected to some particularly critical and harmful droughts

on account of their lengthy duration (Weather Bureau 1960a) .
Schumann & Mostert (1949) developed a relationship (V) as a

measure of rainfall variability:-

n
! _|
v =55 ji%l |p; - M
1=1

where b, is the individual amount for year i, M is the mean distriot
rainfall and n is the number of years. Measure (V) is equal to
zero when annual reinfall is precisely the same and it has a maximum
value of two. Values for V in Districts 19 and 21 (Schumann &
Hofmeyr 1938) are given in Table Al2. The variability within both
Digtricts is similar. The maximum variability throughout the country
is found in District 21, in June, while the variability in District 19
is also high in June. In January the variability is much lower and
over the whole year it is fairly low.

Schumann & Mostert (1949) devised a coefficient for rainfall
reliability (R) asi-

B o= (1-%)°

where R attains its maximum value of unity when V equals zero.
Values for R in January, June and the year are given in Table A12.
The lowest reliability in the country is found in District 21 in
June and the value for District 19 is not much higher. Reliability

in January and for the year is much better.
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Prom variability, reliability and drought fredquency data it
may be concluded that prolonged droughts are a feature of the
climate and that variability of winter rainfall is high and reliability
low. These conclusions are borne out by maps presented by Schulze
(1965) showing that rainfall at Lichtenburg may be 175 percent
greater than or 60 percent less than the average. Rainfall for
District 84 may be 148 percent greater than or 68 percent less than
the mean (Table AlQ).

The development of squall lines, leading to the formation of
cumulorimbus clouds and thunderstorms, the major source of rain,
are described by Tyson (1969). He describes shower belts, which
contribute to rainfall, as well. He concludes his account of air
circulation and precipitation over South Africa by stating that
circulation and precipitation cannot be explained in terms of
prevailing winds and rigid precipitation types. Instead,
South Africa's rainfall must be explained in terms of prevailing
vertical temperature gradients and weather systems likely to produce

convergence and the ascent of air.
Zvaporztion

Evaporation from an A-class pan has been recorded for 4% years
2t Potchefsiroom (Schulze 1965) . Although the period is short,
results give an indication of the evaporation pattern. Of the
average annual evaporatior (2140 mm), 32 percent occurred in summer
(December to February), 21 percent in autumn (March to May) ,

b

16 percent in winter (Jure to August) and 31 percent in spring
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(September to November). The lowest mean monthly evaporation was
recorded in June (35 mm) while an average of over 90 mm occurred

during each month from October to January.

Vapour pressurc and relative humidity

Vapour pressure and saturation deficit have been recorded at
Potchefstroom at 0800 hours and 1400 hours (Weather Bureau 1954) .
Saturation deficit is a measure of the drying power of the air and
is the difference between vapour pressure and saturation vapour
pressure. In the morning, vapour pressure varies from about
15 mb in summer to 6 mb in winter while the saturation deficit
varies from over 9 mb in e>rly summer to less than 3 mb in winter
(Table Al3). Thersfore, the air has three times as much drying
power in summer as in winter. The early afternoon wapour pressures
are slightly lower than the morning values in summer and are
approximately the same in winter while the saturation deficits are
much higher in the sarly afternoon than in the morning, with the
same seasonal trend.

Relative humidity has been measured hourly at Mafeking for two
years (Table Al4). As the recording period is very short the data
can oanly be used as an indication of the relative humidity régime.

In the morning (0600 hovrs), relative humidity varies from
over 80 percent in late cunmer (January to May) to less than
60 percent in September. At midday, relative humidity is lower
than 1n the morning and the lowest values are recorded in the

afternoon at 1500 hours. The lowest mean monthly relative humidity
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ig 21 percent (August) at 1500 hours. Relative humidity increases
again in the late afternoon and evening.

Relative humidity is therefore highest in the early morning
and lowest in the mid afternoon. On a seasonal basis; relative
wmidity is generally highest in late summer (January to May) and

lowest in late winter and spring.

Climate classification

According to Schulze (1947), the Lichtenburg study area is in
the BSkw clnss of Kbppen. The climate is arid (st;Tpe), cold and
dry with a mean annual temperature below 18 OC. Mean temverature
of the hottest month exceeds 18 °C and the dry season is during
winter. Following the Thornthwaite classification (Schulze 1947,
1958), the situdy area lies on the border between DB'd to the west
and CB'd to the east. DB'd is a semi-arid warm (steppe) climate
and CB'd is sub-humid warm. In both climates, moisture is deficient
throughout the year. Tollowing the classification of UNESCO-FAO
(1963) the climate is accentuated temperate tropical. In other
words, there is o dry period of between one and eight months
coinciding with the period of shortest day-length, the mean temperature
of the coldest month is between 0 °C and 10 °C and the xerothermic

index is between 150 and 200.
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GEOMORFHOLOGY _AND GEOLOGY

The study area lies between 1460 m (4800 ft) and 1520 m

1y(6)

(5000 ft) above sea level (Map . It consists of a large, un-—

~

dulating plain characterised by the absence of any marked topographice
features. Gentle rises and shallow hollows throughout and shallow
valleys of the Harts River and its tributaries in the south are
the most noteworthy topographical features.

Iven in this very monotonous landscape a clear relaticnship
between topograrvhy and geology is evident. The south-eastern
corner is underlain by Archaean granite, which forms dome-shaped
hills. This slightly-roised portion is part of the divide
the Harts River to the west and Schoon Spruit to the east. The
arca occupied by Ventersdorp lava is usually devsid of physiographic
fentures. Volcanic brecchia appears in dome-shaped outcrops and
voleoanic tuff usually forms a featureless topography.

Delomite, to the necrth of Lichtenburg, is usually coverlain
by a covering of alluvial gravel. Apart from a smzll escarpment
on the road to Zesrust, three kilometres north of Lichtenburg, the

area covered by dolomite is very flat, being relieved by occasiocnal
chert ridges, shallow depressions, dry watercourses and, more

frequently, by sink-holes. Sink-holes are also known as dolines

(Lobeck 1939). Some sink-hLoles are small and have steep sides while

(6) IMMaps 1 to 4 are in pccket inside back cover.
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others are in the form of long, narrow depressions. Sink—holes
have been fillad by recent sandy material. The subterranean
erosion of dolomite, leading to formation of sink-holes, is
described by Harger (1922).

Surface limestone usually builds extensive, flat plains.

Drainage

The south-eastern corner of the area,; immediately north of
Coligny, is drained by the Taaibos Spruit, which flows into the
Schoon Spruit. The south-central area is drained by the Harts River,
which rises in a low escarpment immediately north of Lichtenburg
and flows towards the south-west. The Harts River does not flow

perenially within the

o]

rea. Usually, the only water in the river
bed is in a series of small, shallow, disjunct pools, and artificial
damg. North-west of the area drained by the Harts River there is
either no surface drainage or run—off is fed to pans with internal
drainage. Larger rivers are also lacking in the dolomite arsa
where the water, which is mostly derived from springs, is drained

by means of small courses towards the north.

Geological strata

The geology of the area has been described by Von BagkstrBm
et al. (1953), on which the following account is based. The

-
geological series are mapped on Map 2(0).



1) Archaean granite

Archaean granite occurs south-east of Lichtenburg. Outcrops
are rare so that its distribution is mainly deduced from the nature
of the terrain and from data obtained from quarries, cuttings and
bore-holes. Granite is usually overlain by sandy surface drift.

Granite is white, light grey or pink. The main constituents
are feldspar and quartz which, in some cases, form micropegmatites.
Microcline and microperthite are present in greater abundance than

plagioclase. Mica is also present,

2) Ventersdorp system

Deposits of the Ventersdorp system are found in a belt along
the southern edge of the area from the south~western corner to a
point south of Lichtenburg and then occur again along the eastern
boundary of the area. The system consists mainly of andesitic
lava. Intercalated are agglomerate and volcanic conglomerate,
pyroclastic sediments or tuff and clastic sediments including
boulder conglomerate. As lava occurs at different horizons in the
succession, it may be concluded that it was laid down in a number
of flows.

The following beds of the System are mapped:- i) Quartzite,
grit and conglomerate, ii} bedded tuff and tuffy sediments,

iii) wvolcanic brecchia ani conglomerate and iv) andesitic lava,
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3) Transvaal system

Rocks of the Dolomite series of the Transvaal éystem are, for
the most part, covered by more recent deposits, particularly gravel
and surface limestone. Small outcrops occur north and north-east
of Lichtenburg, on the boundary of the study area. The Dolomite
series consists mainly of blue-~grey, massive, dolomitic limestone,
with intercalated lenses and layers of chert and shale, the latter
being developed more particularly near the base of the Series.

The limestone has been strongly chertified and recrystallised.

In many places, dolomite has been weathered chemically. In
addition to the general lowering of the level of the dolomite
country in this way, localised sub-surface solution has caused
numerous, and often large, sink-holes of various depths. Caves,
as described by Moon (1972) from a dolomite area 100 km east of

Lichtenburg, are not known.

4) Karroo system

Dwyka series tillite and shale of the Karroo system occur
over a fairly wide area south and east of Lichtenburg. Owing to
fast weathering and the softness of the formation, rocks are seldom
exposed at the surface.

Tillite is composed of a soft, clayey, unstratified matrix
in which unsorted fragments are spread at random. The fragments
are mostly of chert and various quartzites. FExamples of glaciated

pavements and other distinct signs of glaciation are found.



Shale occurs beneath the tillite in places to form the true

base of the Dwyka Series.

5) Tertiary and recent deposits

Tconomically, these deposits are the most important in the

area. They oonsist of gravel, surface limestone, sand and alluvium.

a) Gravel

Gravel is found mainly overlying Dolomite series rocks in a
belt along the northern edge of the area. The deposits; which vary
in depth from a few centimetres to over 50 m, are made up of rounded
alluvial meterial with which is mixed angular, eluvial chert.

The alluvial material consists mainly of white; cream—coloured
or light grey pebbvles of chert and chalcedony although a variety
of pebbles derived from other geological systems are also encountered.
The eluvial material is composed of angular and irregularly-shaped
fragments of chert and concretionary grains of iron, or manganese-
iron, derived from weathering of the dolomite floor. Dolomite series
rock includes a proportion of very hard, white or grey chert in
layers, lenses and veins. As the matrix is dissolved by chemical
action, chert remains behind as angular rubble.

From the fossil remains of river beds, known as runs, it has
been concluded that the alluvial material was transported from

northerly and north-easter’y directions by great rivers. The
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original courses, banks and reaches of the ancient river beds may
5till be determined in places. Some are particularly marked on
gatellite photographs taken on NASA/ERTS—I flights-

The fossil river courses are often found protruding above the
general level of the surrounding country, instead of being incised
into the surface. The phenomenon is known as 'inversion of topo-
graphy'. The first stages in the inversion is normal incision by

the river (see FPig., 2) and the deposition of gravel in the river bed.

INSERT FIG. 2

The alluvial gravel layer then gives a measure of protection from
chemical weathering to the underlying dolomite, resulting in a
slower lowering of the surface where it is covered by gravel in
comparison with surrounding arecas. Inversion of topography accounts,
in part, for the occurrence of river-bed diamond diggings on small
ridges above the general level of the surface.

Stratification of the gravels is distinct in some places and
altogether absent in others. The material is either rudely sorted
or entirely unsorted and the ratio of rounded to angular fragments
varies sharply, even within the same layer. Pebbles and fragments
vary in diameter from less than 1,2 cm to more than 1,2 m.

Sink-holes, filled with gravel, are found within the fossil
river beds. They were forned before, during, or after the de~

position of alluvial material.
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b) Surface limestone

Surface limestone covers a large area west of Lichtenburg.

Tt is not generally exposed at the surface, but is covered by a
thin, sandy overburden usually from 20 c¢m tc one metre thick.

The thickness of the limestone itself is difficult to determine

but is known to occur as a thin, hard, crust although it is usually
much thicker. Depths between 10 m and 38 m have been recorded. The
quality of the limestone varies from some of great purity to some
that can be described as calcrete, At the surface, the limestone

is usually hard and massive while at greater depths it is softer,
granular, friable and slightly stratified.

Vlei~limestone, which differs considerably from surface
limestone, occurs locally in the valley of the Harts River. It
consists of a mixture of fine, white or light grey chalky material
containing varying amounts of ocrumbly, porous nodules., Lenses of
hard, crystalline limestone occur irregularly within it while plant
roots, partly or wholly replaced by limestone are locally fairly
abundant, The limestone originated through the precipitation of
Calcium carbonate from solution in either standing or slowly-
noving water. Analyses of water from springs rising from dolomite

indicate a mainly dolomitic origin for the Calcium carbonate.

¢) Sand

In the area north~west of Lichtenburg the older formations

are overlain by red and yellowish Kalahari sand, consisting in the
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main of slightly rcunded grains of quartz, less than one mm in

diameter.

South-east of Lichtenburg, coarse-grained sand covers a
fairly extensive area. It consists of subangular grains of quartz
and felspar with flakes of mica and is mainly derived from under-

lying Archaean granite.

6) Dyke intrusions

A syenite dyke and occasional diabase dykes are found in the

area. Quartz veins are also common throughout.

Trosion surfaces

Erosion surfaces of the Highveld Agricultural Region have been
mapped by Harmse (1967). The dolomite, and gravels overlying

dolomite, north of Lichtenburg are of the Karst structural phase

of the African surface (Fig. 3). Sand overlying the rest of the

INSERT FIG. 3

study area is of the aggradational phase (aeolian sand) of the
African surface. Sand was transported from the north-west.

In the successzion of erosion surfaces, the African surface is
found below the Gondwanaland and Post-Gondwanaland surfaces, which
are found on the Drakensberg Mountains and Lesotho Plateau (King 1963).
As the African surface is typically flat, the marked abscnce of relief

in the area is understandable.
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Lconomic geology

As the surface mining of diamonds and limestone within the
study area influence the natural vegetation these activities are

described briefly.

1) Diamonds

Du Toit (1951) made a detailed study of the diamonds and
diamondiferous gravels of the area and the following account is
based on his findings and those of Draper (1928) and Williams (1930).

The first diamond was discovered in South Africa in 1867 and
the famous 'Star of Africa' was uncovered in 1869 (Williams 1930) .
The first diamond in the Lichtenburg district was discovered during
1921, although diamonds were being mined in the South-western
Transvaal before 1914 (Wagner 1914). As diamond discoveries increased
at Lichtenburg, more and more fortune hunters arrived and many
gpectacular 'rushes' were held, culminating in the famous 'charge'
on the farm Grasfontein in March 1927 when some 25 000 runners
participated. In August 1926, an estimated 56 000 non-Buropeans
were employed. According to Williams (1930), a population of over
100 000 of every class and colour imaginable was resident on the
new diamond fields shortly after their discovery. The presence of
this huge population, concentrated in a small area north of
Lichtenburg, must have had a marked effect on the vegetation. In
addition to direct disturbaice by trampling, digzing and clearing,

the keeping of livestock, gathering of firewood and cultivation of



crops probably ceaused rapid deterioration of vegetation near the
diggings.

Up to the end of 1947, the alluvial diamond output of the
Lichtenburg district exceeded 7 220 000 carats valued at over
£16 006 000 (Du Toit 1951). In 1951, the diggings were still
described as the most important of the inland alluvial diggings
(Du Toit 1951). Very little activity is evident on the diggings

now and only an occasional fortune hunter is encountered.

2) Limestone

o

The limestone resources of the area are described by

Wybergh (1918). Large tracts of surface limestone have been purchased
by Anglo Alpha Cement Cos and Thite's Portland Cement Co.; both

of which have factories in the area. The thin, sandy overburden

is bulldozed away and surface limestone is mined by open-cast
methods. Limestone can be mined economically only to a depth

of about 14 m. Thus far,; no attempt has been made by the Companies
to revegstate limestone laid bare on the floors of abandoned mines.
Timestone dust, blown from this source, is a problem as the surface
is not protected from wind erosion. Natural vegzetation is not able
to invade the bare limestone surface adequately without considerable

assistance.



TABLE 1 Comparison of svil series names applied to soils of the

2626A4 guarter degrec square.

Naries used by Van der Bank (1968) Names presently accepted by the

Soils and Irrigation Research

Institute (after Verster).

Lichtenburg series Lichtenburg series

Rietdraai series Lichtenburg series
Hendriksdal series Shorrocks series

Mangano series Mangano series

Rooigrond series Shorrocks or Mangeno series
Sinkgat series Mangano series

Rietgat series Soetmelksvlei series
Greefslaagte series Soetnelksvleil series
Ventersdory series Soetnelksvlei series
Soetrelksvlei series Soetmelksvlei series
Vlakfontein series Soetmelksvlei series
Hartsrivier series | Rensburg series

Manana series Bonhein series

Klippan series Willemsdal or Sterkspruit series
Kalkbult series Shorrocks series

Dudfield series Soetmelksvlei series

Kalkbank series Muden series (fine sandy type)

Brakpan series Arcadia or Muden series
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SOILS

Introduction

Soils of the 2626AA gquarter degree square have been mapped
by Van der Bank (1968) and the reader is referred to that publication
for a detailed description of soil genesis, structure and composition.
Soils of that part of the study area outside the 2626AA quarter
degree square have not been mapped. Van der Bank describes in
detail a total of 21 soil profiles of the 18 soil series recognised.
His map of 17 soll series,; four soil complexes and three land
classes has been simplified in collaboration with E. Verster<7) to
nine soil seriesy; four complexes and three other classes to conform
with present soil nomenclatural concepts of the Soils and Irrigation
Research Institute. The simplified map is given as Map 3(6). A
comparison of the names applied to soil series in the Lichtenburg

area by Van der Bank (1968) and Verster is given in Table 1.

INSERT TABLE 1

Shorrocks, Mangano and Lichtenburg Series

Shorrocks series soils occur in small patches north-west of

(7) Addresss Dr E. Verster, Soils and Irrigation Research

Institute, Belvedere St., Pretoria.
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Lichtenburg. Mangano series occur very locally within the Dolomite
region north of Lichtenburg while Lichtenburg series cover relatively
small areas near the Harts River in the south-eastern corner of the
study area.

Shorrocks, Mangano and Lichtenburg Series are well-drained
soils. They are characterised by good internal drainage and weak
structure. They have high, fine sand and low clay content, prominent
red colours and an absence of mottling. Horizons that impede
drainage are absent. Kaolinite is the principal clay mineral and
the exchange capacity varies between two and eight milli-equivalents
percent. Calcium and magnesium are the dominant exchange cations
throughout the profile. In the surface horizons, exchange calcium
is dominant, but in the underlying horizons magnesium increases

rapidly and may even exceed calcium.

Soetmelksvlei Series

soetmelksvliei is the non-lithosol series covering the largest
area in the quarter degree study area. It ocours throughout the
area not underlain by dolomite.

Restricted drainage is a characteristic of Soetmelksvlei
soils. With increasing depth the clay content increases and the
structure becomes weak mediiim blocky. Red and yellow mottles
assoclated with uncemented iron concretions are distinctive features
of the lower horizons. Principal clay minerals are kaolinite and
illite. Montmorillonite t2nds to increase in the lower horizons.

Exchange capacities vary tztween four and eight milli-equivalents
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percent. Calcium and magnesium are the dominant cations.

Magnesium increases with depth but seldom exceeds calcium.

Rensburg, Bonheim and Willemsdal or Sterkspruit Series

The Rensburg, Bonheim and Willemsdal or Sterkspruit series
are poorly-drained soils. Poor permeability, high clay content,
high exchange capacity and strong blocky or prismatic structure
are the salient features of these Series.

The occurrence of these soils, either collectively or singly,
ig limited in extent. Rensburg series occurs in the bed of the
Harts River while Bonheim series soils are restricted to slopes
of the Harts River valley, where the river leaves the dolomite
substrate. Willemsdal or Sterkspruit series occur in small patches
north and north~west of Lichtenburg. They are usually underlain

by dolomite.

Muden and Muden or Arcadia Series

The feature. common to Muden and Muden or Arcadia ssries soils
is the underlying surface limestone formation encountered at
shallow depths. Where the limestone is buried deeper the soil is
usually Soetmelksvlei. The parent materials are either aeolian
sand, drift{ materials, or “oth.

These soils cover areis of moderate size, usually in complexes,

to the west of Lichtenburg.
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Differences in emphasis between pedologist and plant ecologist

The soil survey by Van der Bank (1968) clearly illustrates
the differences in emphasis placed by pedologists and plant
ecologists in the same area. He describes, in detail; soils which
are under very heavy cultivation while the dolomite lithosol re-
ceives scant mention. On the other hand, the natural vegetation
of the ploughed area is solely of historical importance while the
vegetation of the unploughed areas (the lithosols) has economic
and academic value. These differences in emphasis; unfortunately,
hinder correlation between soil and vegetation surveys.

In describing the vegetation of the area, Van der Bank mentions
the Veld Types described by Acocks (1953) and then records that
the natural vegetation has been largely desiroyed by ploughing
and it is only in the corners of fields that vegetation in fairly
good condition may be found. The small grazing paddocks which
remain on the ploughable areas are usually so overgrazed and the
vegetation is so damaged that the original species composition
has undoubtedly changed, according to Van der Bank. As far as the
dolomite area is concerned, he merely mentions that in addition
to grasses a few tree species occur.

The difference in outlook between Van der Bank and the writer
is most markedj in the following chapters it is the vegetation

of the dolomite areas which receives most attention.
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This account is based on the description of Acocks (1953 .
The distribution of Veld Types (Acocks 1953) in the South-western

Transvaal is shown in ¥ig. 4. DMost of the study area west of

NSERT FIG. 4

-

Lichtenburg is covered by Dry Cymborogon-Themeda Veld (Veld Type 50)-.

gt =i ]

An area of Sandy Cymbopogon-Themeda Veld (48) extends north of
Lichtenburg towards lMafeling and covers the rest of the 262644
quarter degree square. Murther north,; outside the study areca,
Bankenveld (61) occcurs.

In the South-western Transvaal, Dry Cymbopogon~Themeda Veld

occureg in an arec from Lichtenburg to south-west of Delareyville and
then scuth to Wolmaranssiad. This arc, comprising the northern
Fal

varietion of the Veld Type, is found on sandy soils. The dominant

species is Themeda triandra. Cymbopogon plurinodis is the tallest

grass, but is usually not common. This Veld Type lies between
altitudes of 1280 m (4200 ft) and 1370 m (4500 £%) on flat, =andy

country with a summer rainfall of 430 to 580 mm (17-23 in) per

(8) Species names used by Acocks have been brought up to date

where possible.



TABLE 2 Species of general ocourrence, according to Acocks, in Dry
Cymbopogon-Themeda Veld (50), Sandy Cymbopogon-Themeda Veld (48)
and Bankenveld (61) with relative abundances of over 1000 (relative abundance

values are given in thousands).

Species Veld Type
50 48 61

Setaria flabellata 142 121 109

Heteropogon contortus 7 27 76 R T
Eragrostis chloromelas 5 20 36 three Veld Types
Elionurus argenteus ) 5 | 16 35

Themeda triandra 165 39 30

Cymbopogon plurinodis 57 13 13

Eragrostis racemosa 20 137 Common to
Brachiaria serrata 13 15 Bankenveld and
Diheteropogon amplectens i 14 one other Type
Triraphis andropogonoides é 2

Eragrostis lehmanniana 26

Anthospermum rigidum 8 Found in
Eragrostis superba 6 Dry Cymbopogon-
Eustachys mutica 5 Themeda Veld
Anthephora pubescens 5

Eragrostis obtusa 2

Vernonia oligocephala 2 Found in Sandy
Eragrostis gummiflua 2 Cymbopogon-
Eragrostis capensis 1 Themeda Veld
Digitaria tricholaenoides 120

Trachypogon spicatus

—
um

Tristachya rehmannii
Justicia anagaloides
Bulbostylis burchellii

Schizachyrium sanguineum Found in

Cassia mimosoides Bankenveld

Senecio venosus
Acalypha angustata
Diplachne biflora

Helichrysum caespititium

H oo D W W W 2=\ U

Trichoneura grandiglumis
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annum and with frosty winters. Species of general occurrence are
given in Table 2.
INSERT TABLE 2

Species of less general occurrence include: Cynodon dactylon,

Digitaria argyrograpta, Digitaria eriantha, Panicum coloratum and

Stipagrostis uniplumis. There were 140 speciesg in the Relative
Abundance Table (Acocks 1953).

In the South-western Transvaal, Sandy Cymbopogon-Themeda Veld

occurs in the rough sauare bounded by Lichtenburg, Ventersdorp,
Klerksdorpy and Ottosdal, to the immediate east of the arc of

Dry Cymbopogon-Themeda Veld. The sguare comprises the northern

ariation of the Veld Type where the altitude ranges from 1310 m

(4300 £1) to 1520 m (5000 £t) and summer rainfall is from 510 to

690 mm (20-27 in}. Winters are frosty. Species of general occurrence
are listed in Table 2. Species of less general occurrence include

Cynodon dactylon, Cynodon incompletus, Digitaria argyrograpta

and Helichrysum rugulosum. According to Acocks, this Veld Type
mnerges into the western variation of Bankenveld and needs more study.

Dry Cymbopogon-Themeda Veld usually occurs at a slightly lower

elevation than Sandy Cymbopogon-Themeds Veld and usually receives

slightly less rain.

Sandy Cymbopogon-Themeda Veld and Dry Cymbopogon-Themeda Veld

are both Pure Grassveld Types while Bankenveld is a False Grassveld
type. Bankenveld occurs in a belt from east of Ventersdorp, to
Klerksdorp and Parys. The western variation occurs near Lichtenburg.

It is found on sandy plains and low, rocky ridges, ranging in
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altitude from 1370 m (4500 £t) to 1680 m (5500 ft) and receives
560 to 690 mm (22-27 in) rain, mostly in summer. It is a rather
sparse, sour, strongly turted vegetation and, in the nature of its

grasses, is clearly transitional from Sandy Cymbopogon—Themeda

Veld to Sour Bushveld (Veld Type 20), which occurs north of the
study area, according to Acocks. The climax was possibly an open
savanna with Acacia caffra. Species of general occurrence are
given in Table 2. Species of less general occurrence includes-
Anthospermum rigidum, Digitaria pentzii var. stolonifera,

Digitaria monodactyla, Bustachys mutica, Kohautia amatymbica and

Pygmaeothamnus zeyheri. Two hundred and three species occurred in
the Relative Abundance Tables

Six species occur commonly in all three Veld Types (Table 2)
and four occur in Bankenveld and one other Type when species with
relative abundances (as defined by Acocks 1953) of over 1000 are
taken as being 'common'. Twelve species occur commonly only in
Bankenveld while Four and five occur commonly only in Sandy
Gymbopogon-Themeda Veld and Dry Cymbopogon-Themeda Veld; respectively.
Altnough relative abundance values were not designed for this
application, they give an overall view of the distributions of
common species within the three Veld Types concerned.

Tentative boundaries to Veld Types drawn by Acocks (1953)
for the South-western Trénsvaal (Fig. 4) may be re-drawn after
more intensive study. Limits of Bankenveld near Potchefstroom and
Ventersdorp, east of the study area, have been accurately mapped
by Grunow (1959). Photographs from NASA/EBTS—l flights will greatly
aid the further mapping of vegetation in this area at reconnaissance

scales. Bankenveld is actually found as far south as Lichtenburg,
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as far west as a line from Lichtenburg to Mafeking and as far east
as a line from Lichtenburg to Rustenburg although this is not

apparent from Acocks' map. Whether the rest of the area was Dry

Cymbopogon-Themeda Veld or Sandy Cymbopogon-Themeda Veld is of

academic importance only as the natural vegetation has been replaced

by extensive cultivation.

LAWD-USE

Broad land-use is closely tied to geology, soils and vegetation.
The areas with deep, well—drained soils overlying all geological

systems except dolomite (Dry Cymbopogon-Themeda Veld and Sandy

Cymbopogon-Themeda Veld) are extensively ploughed. Van der Bank (1968)
comments that, in practice, all soils which are ploughable have
already been ploughed. The principal crop is maize and limited
quantities of sunflowers, grain sorghum, groundnuts and cattle
fodder are grown. It is estimated by Van der Bank (1968) that
the average yield of the crop is about 15 bags per morgen (1170 kg/ha)
although some farmers reap 20 or more bags per morgen (1550 or more
kg/ha). According to J.O. Grunow(9), 12 to 15 bags per morgen are
reduired to cover costs.

Cattle ranching is the chief occupation of farmers on the

dolomitic lithosols (Bankenveld) north of Lichtenburg. Occasicnal

(9) Address: Prof. J.0. Grunow, Dept. of Pasture Science, University

of Pretoria, Pretoria.
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sink-holes in the area, which have become filled with aeolian sand,
are invariably cultivated for cash crops like maize. Some irrigation;
using the good supplies of water from boreholes; is undertaken.

An alarming activity is the open—cast mining of surface lime—
stone in the area by two cement Companies. Large tracts have been
acquired and are being systematically laid desolate. Unaided
colonisation of denuded areas by plants is very slow and a means
of accelerating colonisation is needed as wind-blown dust from the

denuded areas is a problem.

SUM

MARY OF INVIRONMINTAL FRATURES

g}imate

e et s

The climate of the Lichtenburg study area is summarised in

the diagram (modified after Walter & Leith 1960) given in Fige 5,

INSERT PIG. 5

Aspects of weather and climate over Southern Africa are summarised

by Jackson (1951) and Jackson & Tyson (1971). They detail the
influence of the position of the subcontinent in relation to

Pressure and wind systems of the Southern Hemisphere,; off-shore

ocean currents and other fectors, on rainfall distribution. Types of
weather and climatic elements including radiation, sunshine, precipit-

ation and temperature over Southern Africa are also described.
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In the following summary, use is made of the description of
climate given by Schulze (1965) for region H (the Highveld) in his
description of the climatic regions of South Africa. The average
daily maximum temperature is about 28 °¢ in January and 18 °C in
July but in extreme cases temperatures may rise to 37 OC and
25 OC, respectively. Average daily minima range from about 15 g
in January to 2 °¢ in July, whereas extremes may drop to 6 OC and
-10 oC, respectively. The period during which frost is likely to
occur lasts, on average, for 106 days from May to September, during
which period frost occurs on about 26 days. Sunshine duration in
summer is about 60 percent and in winter 80 percent of the possible.

Mean annual precipitation is about 600 mm. Rainfall is almost
exclusively due to showers and thunderstorms. Winter months are
normally dry and about 85 percent of the annual precipitation falls
during the summer months from October to March. A small rainfall
peak occurs in January. Heavy falls of 125 mm to 150 mm are
occasionally recorded in a few hours. The average annual number
of thunderstorms is about 75. These storms are often violent with
severe lightning and sirong, but short-lived, gusty, south-westerly
winds and are sometimes accompanied by hail. The area has a high

hail frequency with an average of four to seven occurrences annually.

Other environmental features

When relief, geology, geomorphology, soils; vegetation and
land-use are considered, two very different Land Systems (Dowling 1968,

Mabbutt 1968) or bioolimutj_o@) regions (Phillips 1973) may be
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recognised in the study area., According to Dowling and Mabbutt,
the land of a region is conceived as a series of Land Systems,
each of which contains typical land facets, which have similar
features wherever they occur and which can be readily identified
on aerial photographs. In the following summary of environmental
features each Land System 1s treated separately.

One Land System,; named Bonkenveld, is underlain by dolomite,
variously covered by alluvial grevels on the Karst structural phase
of the African erosion surface, and with lithosolic soils. The
Veld Type is Bankenveld =nd cattle ranching is the chief land-use-

The second Land System, named CT Grasslend, is underlain by
granite, Ventersdorp lavas, Dwyka tillite and surface limestone on
the aggradntional phase (acolinn sand) of the African erosion
surface. Soils of Shorrocks, Mangano and Lichtenburg series are
genernlly sandy ond well-drained. The natural vegetation was Dry

Cymbopogon-Themeda Veld or Sandy Cymbopogon-Themada Veld but most

of it has been destroyed for the cultivation of maize, the chief

land-use.
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CHAPTIR 3

CLASSIFICATION OF THE VEGETATION

BY ASSOCIATION ANALYSIS

TNTRODUCTION

In this Chapter, which gives a quantitative description of
the vegetation of the study area, the sampling strategy and method
of classification are first described. Classification results and
descriptions of each plant community are given in the next, and
largest, section of the Chapter. The results and sampling strategy

are briefly discussed in the last section.

PROCEDURE

Sampling strategy

A major consideration in designing the vegetation sampling
strategy was compatibility with other component projects of the
ecological survey of the Highveld Agricultural Region. A common

sampling strategy will malie possible meaningful comparison
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between surveys and their results and enhance possibilities for
integration and extrapolation between areas surveyed by different
. dia (1) : i e, e
officers. As J.C. 3Scheepers , who is responsible for surveying
the eastern section of the Region, had started field sampling
before the study reported here was initiated, his general strategy

was adopted.
l) Sample placement and size

Initially, the 26264A quarter degree square (bounded by
26° 00! and 26° 15' east longitude and 26° 00' and 26° 15' south
latitude) was taken as the study area. All lands under cultivation,
or showing signs of past cultivation, as well as the town of
Tichtenburg were excluded from the area to be sampled as indicated
by hatching on 1:36 000-scale aerial photographs. The remaining
area was stratified into Bankenveld and CT Grassland Land Systems.
Within each Land System, unploughed areas were stratified into
physiognomic-physiographic units determined on aerial photographs.
Although relatively few units could be recognised as the area is
without marked features, such physiographic features as the
Harts River could be distinguished from the surrounding plains.
Within the Bankenveld Land System, no physiognomic subdivisions were
possible but sink-holes and narrow strips of Willemsdal or Sterk-—
spruit and Shorrocks or Mangano soils were delimited.

In addition to lands under cultivation and the town of
Lichtenburg, no samples were placed in or near the bed of the

Harts River. A number of considerations lead to this decisiono.
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Tirstly, the area covers a small proportion of the whole study

area and, secondly, the floristic and habitat differences between
the river bed and higher-lying areas were so obvious that automatic
methods were oonsidered unnecessary for elucidating the differences.
The third reason was that although very little of the river-bed

had been ploughed, the vegetation had been severely overgrazed and
trampled and some re-seeding had been carried out, all of which

had modified the vegetation to such an extent that standard samples
could not have been considered reliable abstractions of the natural
vegetation that existed there previously.

Within each physiognomic-physiographic unit, sample positions
were marked on aerial photographs at random, using pairs of random
co-ordinates. The number of samples in each unit was proportional
to the area covered by the unit on the photographs with small
units being given slightly more samples than large units in proportion
to the area they covered. t was attenpted to place at leagt five
samples in each unit. A total of 250 sample positions were marked
on pnotographs as it was considered that between 200 and 250 samples
could be taken during the one summer allocated for fieldwork. In
certain parts of the study area, extensive cultivation resulted in
only small, fragmented areas being suitable for sampling. Even by
clustering samples closely, it was found impossible to obtain a
representative sample of the CT CGrassland Land System within the
quarter degree square. The study area was, therefore, enlarged
westwards to 250 54" east,; southwards to 26° 201" south and eastwards
to 26° 221 east, so that enough samples of vegetation could be

obtained.
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The sample size of 16 m2, chosen during pilot studies for the
Highveld Survey Project, was retained for uniformity. Pilot
studies had shown that a sample area of 16 m2 was both the smallest
adequate sample for grassland vegetation of this kind and the largest
area that could be sampled in an economically-justifiable time
i Scheepers(l)z pers. COmMe ).

For technique studies during the present survey, however, it
was decided to record species presence in such a way that samples
of other sizes would be obtained as a by-product. The basic,
4 by 4 m sample, constructed of fine chain stretoched hetween stakes,
was divided into four triangles by chains connecting diagonally-
opposite corners of the square. Fach triangle covered 4 m2=
Samples of 4, 8, 12 and 16 m2 were thus available by successive
addition of triangles. Speciles present in a belt, estimated as
being two metres wide; round the perimeter of the sample were also
recorded, principally to aid re-allocation of samples mis-classified
by association analysis owing to the chance absence of the positive
dividing species. A sample of approximately 64 m2 was obtained
thus. For technique studies,; areas of 4, 8, 16 and 64 m2 were used,

Each sample point, marked by a pin-prick on an aerial photograph
before going into the field, was found as precisely as possible by
study of the photograph at the site. Once the position had been
found, and if it had not been ploughed since aerial photography, a
metal stake was thrown over the recorder's shoulder. The point
where the marked end of the stake came to rest became the north-west

corner of the sample, which was aligned north-south and east-west

by magnetic compass sightings. The random element introduced by
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throwing the stake and the use of the same sample alignment each
time excluded intentional and subconscious selection for or
against a particular stand of vegetation.

A metal stake (fencing dropper) was hammered into the ground
to mark the north-west corner of the quadrat permanently for

accurate relocation of the sample if necessary.
2) Habitat data gathered

A limited amount of habitat information was recorded at
each sample site. Physical faotdrs recorded for each site included
geology, geomorphology, aspect, angle of slope and exposure. Soil
type (Van der Bank 1968) and depth were recorded and then for each

(10))

horizon, soil pH (measured by colorimetry 3 s0il reaction to
dilute hydrochloric acid (HC1), moist soil colour (Munsell) and

soil texture werc noted. Biotic influence was noted by animal type

and by degree on a four-point scale from absent to very intense.
3) Vegetation data gathered

Total basal cover and height and basal cover of each
constituent stratum were estimated for the 16 m2 gsample,
The presence of all permanently-recognisable plant species

was recorded. The order in which each species was encountered was

(10) Approximately five g soil in five ml distilled water with

one g Barium sulpl ate as clearing agent.
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noted, as were additional species found with each increase in sample
size from 4 m2 to 64 m2. Cover—abundance on the Braun-Blanquet

scale (Werger 1973) was also noted for each species.

Association analysis

An objective method for classifying the vegetation of the
study area was required. At the time of sampling, the only method
known to be suitable was the hierarchical technique of the
Southampton—-Canberra school (Williams & Lance 1958, Williams &
Lambert 1959, 1960, 196la, Lambert & Williams 1962, and others).
The original technique, association analysis (Williams & Lambert 1959),
has been used with varying degrees of success in a number of vegetation
types in South Africa, including Van der Walt (1962) in grassland,
mountain scrub and karroo vegetation, Qrunow (1965a, b and 1967) in
bushveld, Roberts (1966) in grassland, Dowvning (1966) in vlei
vegetation, Miller (1966), Miller & Booysen (1968) and Scheepers (1969)
in grassland, Taylor (1969) and Boucher (1972) in fynbos,
Downing (1972) in savanna and wocdland vegetation and Coetzee (1972)
in Bankenveld. Although more advanced analyses had been successfully
carried out (for example: Crunow & Lance 1969)9 the computer
programs were not available in South Africa.

1t was decided; on pregmatic grounds and in spite of possible
shortcomings and limitations in the technique, to use association
analysis for classifying the vegetation and then to carry out
other, more sophisticated. analyses as part of a later comparative

technique study.
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The monothetic—divisive technique of association analysis, used
for classification, is so well known as not to require detailed
description. Briefly, quadrats to be classified are hierarchically
divided on the basis of the presence or absence within each quadrat of

. . . o g . (11)
the species with the highest association (X~ in one or other form )
with every other species. Division by this strategy has been found
to remove most heterogeneity from the parent population of quadrats,
resulting in groups with a higher degree of homogeneity than any
other grouping.

. . . 2

An analysis was carried out on the 220 guadrats (16 m ) of
the study area and then another was carried out on the 110-quadrat
subset of Bankenveld Land System quadrats. The former; known
below as the Total analysis, was done to obtain an overall classif-
ication of the vegetation of the area and, in particular, to
enable definition of the main vegetation types. The second analysis,
kriowni as the Bankenveld analysis, was to obtain in-depth information
about Bankenveld, the area whose natural and semi-natural vegetation
was of most importance. The Bankenveld analysis was necessary as
the Total analysis did not separate Bankenveld from CT Grassland
Land Systems clearly enough. In both analyses, the division

= D i
parameter used was 2> (X°/N)®. Subdivision was terminated when

: . 2 [
the highest single X (with Yates' correction) failed to exceed

L y :
(11) X" is used for chi-asduare throughout this account.
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: i (12)
3,84 (p = 0,05), or less than eight quadrats remained in the group
For each analysis, species occurring in fewer than six quadrats were
masked as it was presumed that those species were rare enough not

to have Indicator value. Their exclusion greatly increased the

speed of computation. The influences of various kinds of data
reduction are discussed in a later Chapter.

Tor each analysis, straight lines were drawn across the
hierarchies at fairly low highest single X2 levels and groups
existing at those levels were numbered from left to right. From
the chosen level, groups were interpreted downwards to the final
groups of the analysis and upwards to the first division.

It was reguired that defined groups be given names and not be
knewn only by numbers, or letters, as done by Grunow (1965a) and
many others. The suffix 'Bankenveld' was used for all groups of
the Bankenveld Land System and 'Grassland', 'Woodland' and 'Savanna'’
suffixes were used for association analﬁﬁs groups of the CT Grassland
Land System. One or two species were chosen for inclusion in the
name. Where possible, positive dividing species from the association
analysis were used but species with significant Indicator values or
high cover-abundance ratings (see 1ater) were also used. In order
to create unidque names,; it was sometimes necessary to overlook a
species which appeared suitable as it was even more appropriate for

another group. Derivations of names are discussed either in the

(12) The neutral term 'group' is preferred to 'agsociation', which
has a specific meaning in the Braun-Blangquet sense (Werger 1973),

while other neutral terms like 'community' could hawve been used.



group descriptions or in the discussion of similarities between
groups. For economy of reference in the text, groups are usually

referred to by numbers and letters, instead of by their full names.

Indicator value and other aids for group interpretation

Program CFREQ, written by the author, was used to aid inter-
pretation of groups at all hierarchical levels. The program lists
species occurring in more than 19 percent of the quadrats of a
given collection of quadrats together with their absolute and
percentage presence within the group. As Cain & Castro (1959)
define constancy as, "a relative expression of the presence and
absence of plants of a species in different stands of 2 community
type; based on equal-area samples" (p. 288), constancy might seem
to be a term preferable to presence; which they define as, "the
degree to which a speciles is represented in a series of stands of
a community type” (p. 295). To avoid confusion with the so-called
Roman or comstancy table of the Braun-Blanquet school (Werger 1973),
presence and presence percentage are used throughout this account
even though equal-~area samples were used and constancy is therefore
possibly more correct.

Indicator value (Goodall l953b) for each species is also
calculated by CFRLQ. Indicator wvalue, according to Goodall, is
used to express the presence of a species in a particular group
against its presence in all other groups. Where a species has
lower presence in a group than in all the other groups together,

Indicator value will be negative; otherwise it is positive.
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Consider the following 2 by 2 contingency table where presence and

absence of a species in Group A and in all other groups are given:-

Group A all other Groups

species x present a b a+ b
species x absent c d c + d
a + ¢ T+ & N

where Yates' correction for continuity has been applied. Where

b is greater than a, Indicator value is calculated as:-

and is given a negative sign. The significance of Indicator values
may be calculated by X2 (either with Yates' correction or by
Fisher's exact test, whichever is appropriate). In the following
account, species with positive, significant (p = 0,05) Indicator
values are marked IVS, while species with negative, significant
Indicator values are marked =IV3.

The lists of species with negative Indicator values are not
complete, however, as only species present in more than 19 percent

of the gquadrats of each group are listed by CFREQ. Many more
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species may have significant, negative Indicator values as such

values are more common among species with low presence in a group.

Re—allgggjion

Inspection of final groups suggested that on the bases of their
habitat data being markedly dissimilar from those of other quadrats
of the group, certain quadrats were misclassified. By reference
to species listed from the area surrounding each 4 by 4 m quadrat
they were re-allocated to other groups on the basis of the dividing
species of the hierarchy. Some Quadrats,; which, from inspection,
appeared misclassified but which could not be satisfactorily re-
allocated by the above method were left in their original groups

and are discussed with those groups, as excebdtions.

Mapping of vegetation

A vegetation map of the study area was drawn at a scale of
1250 000. Extensive use was made of aerial photographs to identify
groups obtained by means of the association analysis. The
nhysiognomic-physiographic stratification, completed prior to sampling,
was used and detail was transferred from photographs to the base map
by means of a radial-line ploiter. As certain association analysis
groups could not be distinguished separately on photographs,; they
were mapped together. Where identification on photographs was not
certain, a field check was made before final mapping.

Vegetation boundaries were drawn to include as many dquadrats
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of a group, as possible, within the boundaries of the group to

which they belonged. For some quadrats this was, however, not

possible.

RESULTS

Summary statistics of data

A total of 220 quadrats were placed within the study area.
Between the 2nd March and 10th April 1970, 110 sample plots were
taken in the Bankenveld Land System and between 27th April and
27th May 1970, 110 quadrats were laid out in the CT Grassland
Land System. An average of nearly seven samples were taken on each
working day in CT Grassland and the average in Bankenveld was over
gix each day. Locations of the 220 sample sites are indicated on
Map 4(6).

The following statistics refer to the 16 m2 quadrats unless
otherwise indicated. The number of species encountered in all the
Jquadrats was 247. Within Bankenveld 211 species were encountered,
only 36 fewer than in all the quadrats, whereas only 165 species
were found in CT Grassland quadrats. Proportions of common and

uncommon species are summarised in Fig. 6. Shapes of all three

INSERT FIG. 6

graphs indicate that many species are uncommon (have low overall



presence) and that a few species are very common (have high overall
presenoes)o Within the entire area nearly 100 species occurred in
fewer than six quadrats. Of these, 35 occurred in only one quadrat
and 26 in only two quadrats. As nearly 40 percent of the species

were uncommon (occurring in five or fewer Quadrats), it was decided

to mask uncommon species from the association analyses. Within
Bankenveld, 92 species occurred in fewer than six quadrats, 42 species
occurred in only one quadrat and 24 were found in only two quadrats.

The commonest species in Bankenveld were Aristida congesta,

Justicia anagaloides and Themeda triandra occurring in 97, 87 and 86

of the 110 quadrats, respectively. Over the entire study area

(220 quadrats), Themeda triandra was the species occurring most

frequently (in 184 quadrats). Other commonly-occurring species

were Aristida congesta (171 quadrats), Elionurus argenteus (150

quadrats), Anthospermum rigidum (149 quadrats) and Justicia ana-

A Bankenveld quadrat contained the largest number of species (54)°
In CT Grassland, the highest number of species in a quadrat was 36.
In Bankenveld,; the lowest number of species in a 16 m2 quadrat was 18,
in a 64 m2 quadrat it was 19 and in CT Grassland (16 m2) 1% was 1l.
The average number of species in a Bankenveld quadrat was 36,5
(standard dev;ation (8D) = 7,5) and in CT Grassland the average
was 24,3 (SD = 5,5). The overall average was 30,4 (sD = 9,0).

In summary, about 30 cpecies were recorded in each of the
220 quadrats, a larger number of species being found in Bankenveld
quadrats than in CT Grassland quadrats. About 40 percent of the

species could be considered uncommon and only four species occurred
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FPig. 7 Association analysis hierarchy of Lichtenburg study
area. N. = total number of guadrats in each group and
C-TG is number of CT Grassland Land System quadrats in group.

Dividing species are: 1 = Schizachyrium sanguineum
Jy D b

2 = Kohautia omahekensis, 3 = Brachiaria serrata,

4 = Stipagrostis uniplumis, 5 = Crabbea angustifolia,

6 = Heteropogon contortus, 7 = Triraphis andropogonoides,

8 = FBustachys mutica, 9 = Bulbostylis burchellii,
10 = Loudetia simplex, 11 = Indigofera daleoides,
12 = Barleria macrostesgia, 13 = Bragrostis lehmanniana,

.14 = Hermannia depressa, 15 = Blepharis integrifolia,

16

Vernonia oligocerhala.
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in over 65 percent of all guadrats.

Total association analysis

1) Description of hierarchy

he association analysis hierarchy classifying all 220 quadrats

is given in Fig. 7. The quadrats are divided into four major groups.

INSERT FIG. 7

These four groups are very distinct, being maintained from a level
2o e U0 o A B e
of H.8:X > 54,0 to H.S.X &£ 28,5 in the case of the third and
fourth groups and more than double that amount in the case of the
first group. At a level of H.S5.X = 20,0 there are nine groups and
ol 2 A :
at a level of H.S.X = 15,0 there are 14 groups. A4t the l4-group
level the mean number of guadrats per group is 15,7. Inspection
of the results showed that certain subaroups of the fourth major
group could be profitably subdivided to a lower level than
2
He3.X = 15,0. Thus, divisions above H.S.X = 7,5 are shown for
this major group in FPig. 7, where different base lines are used to

indicate the two levels of subdivision. As the fourth major group

contains more than one third (36 percent) of the quadrats, sub-

2 ’ 1 sy S :
(13) H.5.X is the abbreviation used for highest single chi-square

o

throughout this account.



TABLE 3 Statistics of major groups.

Major group MNo. of final mean no. of SD of % of total
numnber SToups quadrats per mean no. of
final group quadrats
) 3(a) 15,7 4,9 21,4
2 o(2) 17,0 959 15,5
3 4(2) 14,8 10,6 26,7
4 9(?) 8,9 3,6 36,4
4 5(2) 16,0 6,6 36,4

(a) a% Mgl = 1550

{b) at 7.S.X° Ta®

1l



_55_

division to a lower level results in groups which are, in general,

not much smaller than those in the other major groups (Table 3).

INSERT TABLE 3

There are three final groups in the first major group, two in the
second, four in the third and nine in the fourth major group. The
mean number of yuadrats in the final groups of each major group is
given in Table 3. A HQSQX2 = 15,0 the mean number of quadrats pexr
final group is remarkably similar for the four major groups. The
standard deviation of the mean for each major group, however,
indicates more wariation in number of quadrats per group within the
second and third major groups than within the first and fourth
groups. At HnSon = 15,0 the mean number of quadrats per final group
is 15,7 with a standard deviation of 0,76. With the finer sub~’
division of the fourth major group to Hoszz = 7,5, the mean becomes
1241 (8D = 3,5).

Groups are numbered from 1 to 9 at the HOS°X2 = 20,0 level and
further subdivisions are labelled alphabetically and numerically.
Groups are usually referred to in the text by number for brevity
although, as was mentioned previously, groups are also named after

dominant species and certain habitat features.

2) Re-allocation

Following the procedure described earlier, quadrat 114,

originally in Group 3a, was transferred to 4b, quadrat 112 from



3b to 5b, quadrat 152 from 9a to Ta and quadrat 126 from 9c¢
to 9a.

Except where otherwise indicated all results given above and
below and including results in all tables and figures relate to

groups after re-allocation.

3) Interpretation of major groups

The association analysis did not completely separate
Bankenveld from CT Grassland Land Systems. The first two major
groups are, however, largely Bankenveld and the last two mainly
CT Grassland. Before re-allocation, the first major group consisted
of 47 Bankenveld quadrats and no CT Grassland quadrats and the
second major group of 34 Bankenveld and two CT Grassland quadrats.
After re-allocation, the first two major groups consisted entirely
of Bankenveld quadrats.

Thus, the presence of either Schizachyrium sanguineum or

Kohautia omahekensis (the first two dividing species) in a gquadrat

is a good indication of Bankenveld. The absence of these species
does not, however, indicate CT Grassland as 29 of the 110 Banken~-—
veld quadrats also contain neither of these species. Nine of the
29 quadrats make up Group 4a, two occur in Group 5a, five in
Group 5b, seven in Group 6, four in Group 7c and two in Group 8.
The H.S.X2 division leveis indicate that quadrats of the first

major group are very distinct and are not related to any quadrats



outside Bankenveld. The second major group is almost as distinct.
The slight admixture of Bankenveld quadrats in the third and
fourth major groups suggests that some Bankenveld quadrats are
floristically related to some CT Grassland quadrats but that the

reverse does not hold.

4) Final groups

As a separate association analysis of Bankenveld quadrats
was carried out, a description is not given of the Tirst two
major groups and their final groups and Group 4a, which are made

up entirely of Bankenveld quadrats.

a) Oroup 4b (Short Stipagrostis uniplumis Calcareous

Grassland)

Group 4b is defined by the absence of Schizachyrium sanguineum

and Kgggpjggwgggpggggﬁig, the presence of Brachiaria serrata and

Stipagrostis uniplumis and the absence of Indigofera daleoides.

It is the first CT Grassland group to be split off. The quadrats
form a homogeneous group with regard to species composition and
habitat, with the exception of quadrats 194, 161 and 211, which
are somewhat aberrant with regard to habitat. As it was not
possible to re—allocate these three quadrats by reference to the

species in the surrounds; they were retained in the Group.



TABLE 5 Presence percentages of Group 4b (Short Stipagrostis upiplunis

Calcareous Qrassland) species in descending order of

presence (see text for explanation of codes).

Species Presence Indicator Code
value symbols
Brachiaria serrata 100
Stipagrostis uniplumis 100 X
Themeda triandra 100 X
Dicoma anomala 81
Tlionurus argenteus 81 X
Aristida diffusa var. burkei 76 IVs X
Corchorus asplenifolius 76 IVS &
Crabbea angustifolia 76
Euphorbia inequilatera 76 IVS
Fingerhuthia africana 71 IVs ¥
arleria macrostegia 67
Triraphis andropogonoides 62
Convolvulus ocellatus var. ornatus i Vs X
Acalypha sp. (MEL 1267) 48
Geigeria burkei 48 IVS &
Heteropogon contortus 48
Anthospermum rigidum 43 ~IV3
Thesium costatum 43 Z
Euphorbia sp. (1B 70) 38 IVs i/
Selago holubii 33 IVS Z
Wahlenbergia caledonica 33 Ivs Z
Salvia radula 29 Vs Z
Scabiosa columbaria 29 Vs Z
Mariscus capensis 24 IVS Z
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Becological parameters of Group 4b are summarised in Table 4 and

Table 4 Summarization parameters of Group 4b (Short Stipagrostis

uniplumis Calcareous Grassland).

Number of quadrats in Group. 21

Mean no. of species per guadrat: 26,3 (SD = 4,9)

Geology: Surface limestone

Geomorphology: Flain

— . i o i . .+

Soil series (after Verster): Lithosol and Soetmelksvlei

So0il depth: 2,5 - 10,0 cm
PH of A-horizon: 7,5
St

Soil HC1l reaction: srong or moderately-sirong

Biotic influence: Grazing light or absent

Mean basal cover: 9,4 percent (total)

N

(€%

,8 percent (Tall grass stratums
5

D5

percent (Short grass stratums

60 - 90 cm)
10 - 40 cm)

Notes: a) Many significant positive Indicator values

b) Closely related to Group 6

e

floristic parameters are given in Table 5.

INSERT TABLE 5

With the exception of guadrats 194 and 211, all quadrats occur

on shallow aeolian sand overlying surface limestone. In a few

cages the sand deposit is over 30 cm deep, s¢ that the soil may

be classified as Soetmelksvliel series, but in general it is a

2,5 to 10 cm deep lithosol. Quadrats 194 and 211 are on deeper

soil ( > 80 cm) over granite and dolomite, mespectively.

Quadrat 211
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is situated near most of the other quadrats of this Group and is on
the ecotone between this and another group. The inclusion of 194
in the Group cannot be explained in terms of either geodlogy ar
soils. All quadrats are situated on a flat plain with virtually

no relief. Soil pH is usually 7,5 but occasionally 7,0 or 830
S90il HC1 reaction is usually strong or moderately strong in shallow
so0il and weaker where the soil is deeper. A negative correlation,
significant at p = 0,01 was found between soil depth (in om) and
IC1 reaction recorded on a 0, 1, 2, 3 inteusity scale.

Grazing was light, or absent, for most quadrats of this Group.
In about one third of the quadrats selective grazing was observed
and in four gquadrats (111, 116, 122, 133) heavy grazing and trampling
were recorded.

Basal cover data are given in Table 4 together with mean
number of species per guadrat. As the overall average number of
species per quadrat in CT Grassland is about 24, quadrats of this
Oroup are relatively rich in species.

Species commonly occurring in quadrats of the Group are listed
in Table 5. Presence percentage is the number of times a species
occurs in the quadrats of the Group, expressed as a percentage of
the number of guadrats in the Group. Code X marks species which
have high cover-abundance values in many quadrats of the Group
and code Y indicates possible indicator species. Indicator species
are species which are common within the Group but are uncommon
through the rest of the study area. All species with a presence
greater than 39 percent are listed and species with lower presence

but positive; significant Indicator values (IVS) are alsc included
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in Table 5. Code Z marks species which are listed in the floristic
summary of this Group but no other group. Although possibly
present in one, or a few quadrats of other groups, these species
are not common enough to be included in the floristic summary of
another group. Where available, they aTe given for each group as
species with limited distributions.

Brachiaria serrata, Stipagrostis uniplumis and Themeda triandra

ococur in all 21 quadrats of the Group. Possible indicator gspecies

include Fingerhuthia africana and Convolvulus ocellatus var. ornatus,

although the latter is present in only 12 of the quadrats of the

Group.

b) Group 5b (Eligggrus argenteus Secondary Grassland)

Group 5 is defined by the absence of Schizachyrium sanguineum

and Kohautia omahekensis, the presence of Brachiaria serrata and

the absence of §__11jj_1_:@gros"c'1sz_“}.mi131111;1}_51o At H=S;X2 = 1#.,5 thig

Group is split on Bulbostylis burchellii into Groups 5a and 5b.

As CGroup 5a contains only three quadrats, two from Bankenveld and

one from CT Grassland, it is not considered further. At HoSng a 13,6
Group 5b splits into a positively-defined group of four Bankenveld

and one CT QOrassland quadrats and a negatively-defined group of

one Bankenveld and 20 CT Orassland quadrats on the presence or

absence of Eragrostis stapfii. As Group 5b with E. stapfii is

small and made up predomirantly of Bankenveld quadrats it is not
discussed. The following discusgion refers to the 20 CT (Grassland

quadrats of Group H5b without Elwﬁﬁﬁgiii together with quadrat 112



TABLE T Presence percentages of Group 5b (Elionurus argenteus

Secondasry Grassland) species in descending order of

presence (see text for explanation of codes).

Brachiaria serrata
Heteropogon contortus
Themeda triandra
Elionurus argenteus
Anthospermum rigidum
Justicia anagaloides
Setaria flabellata
Aristida congestsa
Crabbea angustifolia
Barleria macrostegia

Lragrostis curvula

Triraphis andropogonoides

Aristida diffusa var. burkei

Dicoma anomala

Cymbopogon plurinodis
Hibiscus microcarpus
Lasiosiphon capitatus

Vernonia oligocephala

Digitaria argyrograpta

Gazania krebsiana
Tragrostis gummiflua
Chascanum hederaceum
Aristida canescens

Helichrysum zeyheri

Presence

100
95

90
85
85
85
70
70
65
65
65
60
50
50
50
50
50
45
45
40
40
35
30

IVS
Ivs
IVs

Ivs

IVsS
VS

N
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re-allocated to this Group. The one Bankenveld quadrat classified
to this Group is mentioned where applicable. KEcological parameters

of Group 5b are summarised in Table 6 and floristic parameters are

Table 6 Summarization parameters of Group 5b (Elionurus argenteus

Secondary Grassland).

Number of quadrats in Group: 21

Mean number of species per quadrat: 26,5 (SD = 5,2)

Geology: Ventersdorp System
Geomorphology: Plain or crest of hill

Soil series (after Verster): Soetmelksvlei

Soil depth: 15 - 80 em
PH of A-horizon 6,5

Soil HCl reaction: absent

Biotic influence: Light or heavy grazing. Signs of soil

erosion in some gquadrats
Mean basel cover. 8,4 percent (total)

2,2 percent (Tall grass stratum: 60 -~ 90 cm)

053 percent (Short grass stratum: 10 - 40 cm)

Notes: a) Heterogeneous group
b) Few common species with significant Indicator values
¢) Similar to Group 8

e e e e Ll A 47 e . i< S 0 e e

glven in Table 7.

TNSERT TABLE 7

As Group 5b is the last group of the third major group of the

hierarchy, a certain amount of heterogereity in floristics as well
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as in habitat is expected. Heterogeneity will be apparent from the
description which follows.

Quadrats of this Group occur in three main clusters north-west,
north—east and south of Lichtenburg, respectively. The clustering
is probably due to the sampling method, which resulted in quadrats
being located in clusters. The Group is mapped with Group 8.

Various geological substrates underlie quadrats of this
Group. Half are underlain by Ventersdorp lava, quartzites, breochia
or conglomerate, four are on deep sand overlying dolomite and chert
of the Transvaal system and two quadrats each are found on surface
limestone, Archaean granite and Dwyka tillite. Three quadrats face
north on &ery gentle slopes and the others occur on flat plains or
crests of hills.

Half the quadrats in this Group have soil over 80 cm deep

and the rest are on shallower soil with an average

depth of 15 cm.
All quadrats are found on Soetmelksvlei soil series. Soil pH is
usually 6,5 but values of 6,0 or 7,0 are occasionally recorded.
Biotic influence voried widely. Some gquadrats were only
lightly grazed while others were heavily grazed and some showed
signs of soil erosion. All heavily-grazed quadrats were located
on deep soil while only light grazing was recorded on shallow soils.
Mean total basal oover was slightly lower than in Group 4b
and mean number of species per quadrat was almost the same in
both groups.
Species commonly occurring in quadrats of Group 5b are listed

in Table 7. Only Brachiaria serrata occurs in all quadrats.,
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Blionurus argenteus, after which the Group is named, is the only

species with high cover—abundance in many quadrats of the Group.
o species with high presence percentage have significant Indicator
values. Only three species (Code Z: Table 7) are not recorded

in the floristic summary of any other group.

¢) Group 6 (Tall Stipagrostis uniplumis Calcareous

Grassland)

Group 6 is a small group of 13 quadrats defined by the absence

of Schizachyrium sanguineum, Kohautia omahekensis and Brachlaria serrata

and the presence of Stipagrostis uniplumis. As the only difference

in definition between this Group and Group 4, as a whole, is the

presence or absence of Brachlaris serrata, a degree of similarity

between the two Groups would be expected and, in fact, the Groups
do have many features in common. None¢ of the guadrats of Group 6,
however, have B. serrata recorded from the surround so they could
not be moved to Group 4b on those grounds. Groups 4b and 6 are
mapped together, the distribution being given in the description
of Group 4b. At H,S,X/ = 8,0 Group 6 is split on the presence or
absence of Vernonia oligocephala into 6a, containing six Banken-
veld and one CT Grassland quadrats. The Bankenveld gquadrats of
Group 6 fall neatly into Group 6 of the Bankenveld analysis
discussed later. The six CT Grassland quadrats of Group 6 are

considered together even though they are split on Vernonia oligocephala

into a group of five quadrats and a single quadrat (113). As

the Group is small and sinilar to Group 4b, the following discussion



TABLE 9 Presence percentages of Group 6 (Tall Stipagrostis uniplumis

Calcareous Grassland) species in descending order of
presence (A) and presence percentages of species in over 70% of

Bankenveld Group 6 quadrats (B) (see text for cxplanation).

Species A Code symbols B
Presence (for A) Presence

Stipagrostis uniplumis 100 X 100
Aristida congesta 83 ' 86
Themeda triandra 83 X 71
Vernonia oligocephala 83
Anthospermum rigidum 67
Barleria macrostegia 67
Elionurus argenteus 67
Fragrostis superba 67
Convolvulus ocellatus var. ornatus 50
Fingerhuthia africana 50
Hermannia betonicifolia 50
HNolletia ciliaris 50
Commelina africana & C. erecta 100
Eragrostis lehmanniana 86
Sporobolus africanus 86
Chascanum pinnatifidum 71
Cymbopogon plurinodis 71
Diplachne fusca 71
Hermannia tomentosa 71

Oropetium capense Tk
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is short. BEcological parameters of Group 6 are summarized in Table 8

e oo e et At . 3 e e et

Table 8 Summarization parameters of Group 6 (Tall Stipagrostis

uniplumis Calcareous Grassland) .

Number of quadrats in Groups 6

Mean no. of species per Quadrat: 26,3 (SD = 7,4)

Geology: Surface limestone

Geomorphology: Plain

Soil series (after Verster): Soetmelksvlei

©

Soil depth: 0 = 50 em
pH of A-horizon: T30 = T45

Soil HC1 roaction: Slight or absent
Biotic influence: Light grazing

Mean basal cover: 13,7 percent (total)

8,0 percent (Tall grass stratum: 60 - 90 cm)
5,7 percent (Short grass stratums 10 - 40 cm)

Notes: a) Related to Group 4b

and floristic parameters are given in Table 9.

All the quadrats are located west of Lichtenburg, some near
the town and some as far as 25 km away. All but one of the gquadrats
occur on flat pleins underiain by surface limesvone deposits.
Slope is negligible and sites are very cexposed. Quadrat 210 occurs
on a flat plain where sand, over 100 cm deep; overlies dolomite

and gravels of tie Transvaal System.

Soil over the limestone is sandy and usually 30 to 50 cm deep.



50il pH is 7,0 or 7,5 and soil HC1l reaction is slight or absent.
Grazing was usually light and average total basal cover for
both strata was 13,7 percent.

While Stipagrostis uniplumis is the only species occurring in

all six CT CGrassland guadrats of Group 6 (Table 9), the Group is
too small for any Indicator wvalues to be significant. Both

Stipagrostis uniplumis and Themeda triandra reach high cover-

abundance values in quadrats of this Group. Hermannia betonicifolia

is the only species which is not included in the floristic description
of any other group.

The Bankenveld section of Group 6 contains a different
assemblage of species, adding further weight to the decision to
separate the Bankenveld and CT Grassland quadrats of this Group.
Species occurring in over 70 percent of the gquadrats of the Banken-

veld Group are also given in Table 9. Of these, only Aristida congesta,

Stipagrostis uniplumis and Themeda triandra occur commonly in

CT Grassland quadrats of the Group as well.

d) Group 7

Group 7 is defined by the absence of Schizachyrium sanguineum,

Kohautia omahekensis, Brachiaria serrata and Stipagrostis uniplumis

and the presence of Crabbea angustifolia. At O, 12,0 the

Group is split on the presence or absence of Hermannia depressa

7
and at H.3.X = 10,8 the positively-defined group is divided on

Blepharis integrifolia. The first 15 quadrats, defined by the

presence of both H. depresea and B. integrifolia, form a distinct

Group, Ta, made up entirely of CT Grassland quadrats. The Group



defined by the absence of B. integrifolia,; 7b, contains ounly three

quadrats and as it appears related to Group Tc, it is discussed
with it. Group 7¢, containing four Bankenveld and five CT Grassland
quadrats, is defined hy the absence of both the above-mentioned

dividing speciles.

i) Group 7a (Cymbopogon plurinodis Grassland)

Only one quadrat (120) appears mis-classified in this Group. As
it could not be re-allocated by reference to the species in the surround.
it was left in the Group. Quadrat 152 was re-allocated to this Group

from 9a. Hcological parameters of Group Ta are summarised in Table 10

Table 10 Summarization parameters of Group Ta (Cymbopogon plurinodis

Grassland).

sy A R . e e o e . i A A 8l et 5 ot i A

Number of guadrats in Group: 15

Mgan no. of species per quadrat: 26,4 (SD = 4,5)

Geology: Dwyka tillite
Geomorphology: Flain
Scil series (after Verstoer): Soetmelksvlei

Soil depth: 100 cm

PH of A-horizon: 7,5 - 8,0
901l HC1 reaction: slight or absent
Biotic influence: Range from total protection to heavy grazing
Meanr basal cover: 9,1 percent (total)
2,7 percent (Tall grass stratum: 60 — 90 cm)

6,4 percent (Short grass stratum: 10 - 40 cm)

T B e s e e s e R —




TABLE 11 Presence percentages of Group Ta (Cymbonogon plurinodis

Grassland) species in descending order of presence (see

text for explanation of codes).

Species Presence Indicator Code
value  symbols

Blepharis integrifolia 100
Hermannia depressa 100
Themeda triandra 100
Barleria macrostegia 93
Crabbea angustifolia 93
Tlionurus argenteus 87 X
Eragrostis curvula 87
Cymbopogen plurinodis 80 X
Tustachy: mutica 80
Setaria flabellata 80
Aristida canescens 73 X
Anthospermum rigidum 73
Iragrostis superba 13
Gazania krebsiana 67 IVS
Aristida congesta 67
Helichrysum caespititium 67 Z
Eragrostis lehmanniana 60 Ivs
libiscus pusillus 60 Vs
Triraphis andropogonoides 60
Felicia muricata 53 IVs
Fuphorbia inequilatera 53
Crabbea hirsuta 53 IVS Z
Corchorus asplenifolius 47
Digitarie argyrograpta 47
Eragrostis stapfii 47
Euphorbia pseudotuberosa 47 Ivs Z
Justicia anagaloides 40

Rhynchogia totta 40
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and floristic parameters are given in Table 11.

INSERT TABLE 11

Quadrats of this Group occur in two clusters near each other.
One cluster borders Lichtenburg to the south—east and the other is
east of the town. Two large areas and a number of small fields are
mapped as Group Ta, where quadrats of fthis Group are located.

With the exception of quadrat 120, quadrats of this Group are
located on flat plains underlain by Dwyka tillite. Slope is one
percent or less and sites are exposed. The soil series in all
quadrats is Soetmelksvlei. Average depth is about one metre and
soil pH is 7,5 or 8,0. A slight soil HC1l reaction is occasionally
recorded.

Quadrat 120 occurs in a slight hollow on a flat plain covered
with surface limestone. The soil series is Arcadia or Muden. Soil
depth is 40 cm with a pH of 7,45 and no soil HCl reaction.

Within Group T7a, biotic influence was most variable. Some
guadrats enjoyed total protection from grazing, as within the
Lichtenburg aerodrome reserve, while others in the municipal
commonage were heavily grazed and trampled.

All species with a presence exceeding 39 percent in dquadrats of

Group 7a are listed in Table 11. Blepharis integrifolia,

Hermannia depressa and Themsda triandra occur in all 15 quadrats.

High cover-abundance values were recorded for Llionurus argenteus,

Cymbopogon plurinodis and /ristida canescens. Helichrysum caespit-

itium, Buphorbia pseudotubsrosa and Crabbea hirsuta are not common

enough to be included in tae floristic summary of any other Group.
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Cymbopogon plurinodis has a high cover—abundance rating in

80 percent of the guadrats of the Group. It has neither a high
cover-abundance rating nor significant Indicator value in any other

group. As the next commonest species, Elionurus argenteus, had a

high cover—abundance rating in only 43 percent of the quadrats, this

species is not included in the name of the Group.

ii) Groups Tb and Tc

Quadrats of Groups 7b and Tc occur scattered through the study

area. Bcological parameters of CT Grassland guadrats of these

Groups are summarized in Table 12 and floristic parameters are

Table 12 Summarization parameters of Groups 7b and Tc-.

Mean no. of species per quadrat: 23,6 (SD = 3,1)

substrates

S
Geomorphoiogy: Plain

Soil series (after Verster): Soetmelksviei

Soil depth: 35 - 100 cm
ang 630 = F,0

Soil HC1 resctions absent

pH of A-horiz

Biotic influence: Light grazing

Mean basal cover 7,5 percent (total)

2,0 percent (Tall grass stratum: 60 — 9C cm)
5,5 percent (Short grass stratums 10 - 4G cm)
Notes: a) Groups not mapped as very smazll and quadrats

scattered throughout area




TABL® 13 Presence percentages of Groups Tb and 7c species in

descending order of presence (see text for explanation

of codes).

Species Presence Code
Crabbea angustifolia 100
Themeda triandra 100 X
Anthospermum rigidum 88
Triraphis andropogonoides 88
Aristida congesta 75
Cymbopogon plurinodis 75
FBragrostis curvula 15
Heteropogon contortus 75 X
Justicia anagaloides 63
Setaria flabellata 63 X
Vernonia oligocephala 63
Acalypha sp. (MAE 1267) 50
Barleria macrostegia 50
Cassia mimosoides 50 Z
Cynodon dactylon 50
Diplachne fusca 50 Z
Elionurus argenteus 50
Fustachys mutica 50
Hypoxis sp. 50 Z
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summarised in Table 13. The gquadrats are found on a number of

INSERT TABLE 13

geological substrates and soil series. Three gquadrats are located
on surface limestone (Soetmelksvlei soil series), three on sand
overlying dolomite and gravels (Soetmelksvlei series), one on
granite and one on Ventersdorp brecchia and conglomerate. All are
on exposed, flat sites.

In most quadrats, grazing was light or the vegetation had
been rested for some time before sampling. Heavy grazing was
recorded from two quadrats.

Species occurring in more than three of the eight CT Grassland
quadrats of these Groups are listed in Table 13. Only two species,

Crabbea angustifolia and Themeda triandra occur in all eight

quadrats and three species have high cover-abundance estimates
in most quadrats of the Groups. The combined Group is too small
Tor any Indicator values to be significant.

The two (Groups described above do not form distinct, mappable
units. As a number of quadrats apparently belonging to other
Groups appear to be included in these Groups and as

they are small they are neither mapped nor named.

e) Group 8 (Elionurus argenteus Primary Grassland)

Group 8 is defined by the absence of Schizachyrium sanguineum,

Kohautia omahekensis, Brachiaria serrata, Stipagrostis uniplumis




TABLE 15 Presence percentages of Group 8 (Elionurus argenteus

Primary Grassland) species in descendinz order of

presence (see text for explanation of code).

Species Presence Code
symbol
Heteropogon contortus 100
Anthospermum rigidum 89
Aristida congesta 89
Tragrostis curvula 89
Setaria flabellata 89
Themeda triandra CE
Llionurus argenteus 67 X
Barleria macrostegia 67
Digitaria argyrograpta 67
Tustachys mutica 67
Hibiscus microcarpus 67
Triraphis andropogoncides 67
Diplachne fusca 56
Eragrostis gummiflua 56
Hermannia betonicifolis 56
Lasiosiphon capitatus 56
Pogonarthria squarrosa 56
Cymbopogon excavatus 44
Gazenia krebsiana 44
Helichrysum caespititium 44
Hermannia depressa 44
Justicia anagaloides 44
¥olletia ciliaris 44

Raphionagme hirsuta 44
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and Crabbea angustifolia and the presence of Heteropogon contortus.

It is a small group of 11 qguadrats, nine of which are within
CT Grassland. FKEcological parameters of the CT Grassland Group

are summarised in Table 14 and floristic parameters are summarised

Table 14 Summarization parameters of Group 8 (Elionurus argenteus

Primary Grassland).

Number of quadrats in Group: 9

o

444)

Mean no. of species per guadrat: 23,1 (3D

Geology: Mostly Ventersdorp system

Geomorphology: Plain or gentle waxing slope

Soil series (gfter Verster): Soetmelksvlei

Soil depths: 60 - >100 cm

pH of A-horizom: 655 = 7,0

Soil HCL reaction: absent

Biotic influence: Light grazing or none at all. Vegetation

in good condition

Mean basal cover: 10,4 percent (total)

4,0 percent (Tall grass stratum: 60 - 90 cm)
654 percent (Short grass siratum: 10 - 40 om)
NWotes® a) High cover-abundance values rare

b) Related to Group 5b

in Table 15. Quadrats of this Group occur mainly at two places,

INSERT TABLE 15

east of and west of Lichtenburg, respectively. The Group is mapped
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with Group 5b.

Five quadrats occur on Ventersdorp conglomerate, lava or
quartzites, three on sand overlying dolomite and gravels and one
on Dwyka tillite. Quadrats are on extensive flat plains or on
gentle waxing slopes.

The soils developed from the three rock types all belong to
Soetmelksvlei series. Soils are usually 60 cm to over one metre
deep, soil pH is usually between 645 and 7,0 and no soil HC1l reaction
is recorded.

With only one exception, the quadrats of this Group were
not grazed or were only lightly grazed and in good condition.

Species present in more than 39 percent of the quadrats of

Group 8 are listed in Table 15. Heteropogon contortus is the

only speocies occurring in all 9 quadrats of this Group. The

Group is too small for any Indicator values to be significant.
High cover—abundance values were only rarely recorded for

species in quadrats of this Group. In addition to the common

grass Llionurus argenteus, Bragrostis gummiflua and Dustachys mutica

were the only species with high cover—-abundance values in three

or more quadrats.

f) Group 9

2
At H.3.X = 20,0, Group 9 is the last group of the analysis.

It is defined by the absence of all dividing species, namely:-
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Schizachyrium sanguineum; Kohautia omahekensis, Brachiaria serrata,

Stipagrostis uniplumis, Crabbea angustifolia and Heteropogon contortus.

No Bankenveld Land System quadrats occur in Group 9.

Twelve quadrats, defined by the presence of Triraphis andropog—

2 ;
onoides, are split off Group 9 at H.S.X = 16,0 to form Group 9Ya.

Two slightly different subgroups are recognised within 9a. The
first subgroup, 9ai, of nine quadrats, is defined by the presence

of Dicoma macrocephala or the presence of both D. macrocephala

and Digitaria argyrograpta. The second subgroup, 9ail, containing

three quadrats, is defined by the absence of both these species.

CGroup 9b is defined by the absence of Triraphis andropogonoides

and the presence of Barleria macrostegia. Ten quadrats are

contained in the Group. The seven quadrats of Group 9¢ are

defined by the absence of both the above dividing species. Group 9c¢
is the last group of the analysis and 1s defined entirely on the
absence of dividing species.,

Quadrat 126 was re-allocated from Group 9¢ to the first sub-
group of 9a and quadrat 152 was re-allocated from the first subgroup
of 9a to Group Ta on the bases of species recorded in the surrounds
of these qQuadrats.

Subgroups of Group 9 have a number of features in common.
ost of the gquadrats are on Ventersdorp system rocks. The soil
is usually deep with a pH of 6,0 or 7,0. In nearly all gquadrats,

grazing was heavy and trampling was recorded. Grass basal cover
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was low and the mean number of species per quadrat was about 20,

the lowest of any group of the analysis.

i) Group 9a (Acacia karroo Savanna and Secondary

Cymbopogon plurinodis Grassland).

Ecological parameters of Group 9ai, named Acacia karroo Savanna,

are summarised in Table 16 and ecological parameters of Group 9aii,

Table 16 Summarization parameters of Group 9ai (Acaoia karroo

Savanna).

Number of quadrats in Group: 9

Mean no. of species per gquadrat: 21,8 (SD = 5,2)

Geology: Ventersdorp quartzites or sand over granite

Geomorphology: Plain or waning slopse

Soil series (after Verster): Lichtenburg, Soctmelksvlei and

: Rensburg
So0il depth: 90 cm
pH of A-horizon: 6,0 - 7,0

Soil HCl1 reaction: absent

Biotio influence: Heavy grazing and trampling

Mean basal cover: 6,3 percent (total)

1,7 percent (Tall grass stratum: 60 = 90 om)
4,5 percent (Short grass stratum: 10 -~ 40 om)

Notess a) Trees invading grassland

b) Barly stage in succession to A, karroo Open Woodland
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which is related to Group T7a and named Secondary Cymbopogon plurinodis

Grassland, are summarised in Table 17.

Table 17 Summarization parameters of Group 9aii (Seoondary

Cymbopogon plurinodis Grassland).

Number of quadrats in Group: 3

N

/

Mean no. of species per guadrat: 22,0 (SD 11:%)

Geology: Dwyka tillite

Geomorphology: Flain or gentle waxing slope
Soil series (after Verster): Soetmelksvlei
Soil depth: 30 - 90 cm

pH of A-horizon: 7,0 - 795

Soil HCl reactions absent

Biotic influence: Heavy grazing and trampling, vegetation in

poor condition

Mean basal oover: 8,3 percent (total)
2,8 percent (Tall grass straiun: 60 - 90 cm)
545 percent (Short grass stratums 10 - 40 om)
Notes: a) Group too small for accurate description

b) Wapped with Group Ta

Quadratls of Group 9a occur scattered through the area east
of Lichtenburg. Four quadrats occur in a cluster of Group 9c
guadrats. One quadrat (126>9 which was re-azllocated to this Group,
occurs west of Lichtenburg and it differs from the rest of the
Group 1n other respects as well. A small area of Group Sai, not
containing any quadrats, is mapped to the south of Lichitenburg

and Group 9aii is mapped with Group Ta.

Quzdrats of the first subgroup of Group 9a occur on Ventersdorp



TABLEG 18 Presence percentages of Group 9ai (heacia karroo

Savanna) species in descending order of presence

(see text for explanation of code).

Species Presence Code symbols
Aristida congesta 100
Digitaria argyrograpta 89
Bustachys mutica 89 X
Themeda triandra 8a
Triraphis andropogonoides 89 X
Blepharis integrifolia 78
Tragrostis gummiflua 78 X
Fragrostis lehmanniana 78 X
Tiragrostis superba 78
Solanum supinunm 78
Tragrostis eurvula 67 X
Lippia scaberrima 67
Sporobolus africanus 67
Hermannia depressa 56
Setaria flabellata 56
Thesium costatum 56
Anthospermum rigidum 44
Cymbopogon plurinodis 44
Cynodon dactylon 44 X
Dicoma macrocephala 44

Justicia anagaloides 44

B T T NP S f— -
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quartzites while those of the second subgroup are found on Dwyka
tillite substrate. Quadrat 126, the aberrant, re-allocated quadrat,
occurs on a surface limestone deposit. Guadrats of the first
subgroup occur on extensive flat plains or on waning slopes to
gtreams while those of the second subgroup eccur on flat plains
or waxing slopes. In all cases; slopes are very slight (one
degree or less). About half the quadrats are moderately~exposed
and half are exposed.

A number of soil series are represented in the first subgroup,
including Lichtenburg, Soetmelksvlei and Rensburg, while all
three quadrats of the second subgroup are on Scetmelksvlei series.
Soils are relatively deep, avercging about 90 cm. Soil pil waries
between 6,0 and 7,0 and no soil HC1 reaction is recorded.

In all the quadrats of this Group, grazing was heavy and the
vegetation had been trampled. Trees were invading grassland at a

aumber of Group 9ai sites. The most common tree was Acacia karroo;

which occurred as a scedling or full-grown tree up to 4 m tall.

Ziziphus mucronata occurred occasionally as well as the following

N

shrubsi— Asparagus laricinus, Diospyros lycioides and

Maytenus heterophylla,

Basal cover was low in quadrats of Group 9ai. Average total
basal cover was only 6,3 percent. Mean number of species per
quadrat in both subgroups was about 22,0.

Species present in more than 39 percent of the quadrats of

Group Sai are listed in Teble 18. Aristida congesta ig the only

Lo




TABLE 19 Presence percentages of Group 9aii (Secondary
Cymbopogon plurinodis Grassland) gpecies in descending

order of presence (see text for explanation of code).

Species Presence Code symbols
Barleria macrostegia 100
Blepharis integrifolia 100
Cymbopogon plurinodis 100 X
Ilionurus argenteus 100 X
Eragrostis curvula 100 X
Bustachys mutica 100 X
Themeda triandra 100
Triraphis andropogonoides 100 X
Aristida congesta 67
Tragrostis lehmanniana 67 X
Fuphorbia inequilatera 67
Hermannia depressa 67
Hibiscus pusillus 67
Setaria flabellata 67

Solanum supinumn Y
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species occurring in all quadrats of the Group. Jix species. have
high cover—abundence estimates in most quadrats of the Group.
Species present in more than one of the three guadrats of

Group 9aii are listed in Table 19. As there are only three

INSERT TABLE 19

quadrats in the Group, these presence values can hardly be relied
on.

Both Groups 9ai and 9aii are too small for any Indicator
values to be significant. Species which are more common in

Group 9ai than Group 9e2ii include: Digitaria argyrograpta,

Bragrostis gummiflua, E. superba, Lippia scaberrima and Sporobolus

africanus. As Group 9aii is so small, species presence in it are
not known accurately. The following species, however, appear more

common in Group 9aii than in 9ais— Cymbopogon plurinodis, Elionurus ar-

genteus, Euphorbia inequilatera, Hermannia depressa, Hibiscus pusillus

and Setaria flabellata.

ii) Group 9b (Acacia karroo Open Woodland)

Quadrats of this Group are distributed in two clusters,
south and south—east of Licktenburg, respectively., Relatively
large areas south and south--east of Lichtenburg are mapped as
Group 9b. Ecological paramzters of Group 9b are summarised in

Table 20.
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Table 20 Summarization parameters of Group 9b (Aoaoia karroo Open

Woodland) .

Number of quadrats in Group: 10

Mean no. of species per quadrat: 20,7 (8D = 21

Qeology: Ventersdorp System

Geomorphology: Plain or crest of rise

Soil series (after Verster): Soetmelksvlei and Lichtenburg

Soil depth: 60 - 10C cm
pH of A-horizon: 6,0 — 6,5

Soil EC1 reaction: absent

Biotic influence: Heavy grazin

D,

tota
Tall grass stratum: 60 —= 90 cm)

g

Mean basal cover: 5,4 percent (
1,0 vercent (

(

4,4 percent (Short grass stratum: 10 -~ 40 om)

Notes: a) Tree species may be common

Wine of the ten quadrats of this Group are situated on Venters-—
dorp System rocks. Ventersdorp lava, conglomerate; brecchia and
guayrtzites are represented. The remaining quadrat is located on
granite. Most of the guadrats are located on flat plains or the
crosts of hills where slope is too slight to measure. Most of
the quadrats are sheltered or moderately sheltered, in marked
contrast to the quadrats of other groups described above. Sheltering
is usually hy the presence of trees in, or near, the quadrats.

Soetmelksviei series, Soetmelksvlei lithosol and Lichtenburg
series are the most common soils recorded for these quadrats. Soil

is usually 60 cm to one metre deep with a I of 6,0 to 6,5.



TABLT 21 Presence percentages of Group 9% (Acacia karroo

Open Woodland) species in descending order of presence

(see text for explanation of code).

Barleria macrostegia
Felicia muricata
Cynodon dactylon
Lippia scaberrima
Sporobolus africanus
Aristida congesta
Lragrostis superba
Blepharis integrifolia
Iragrostis curvula
Solanum supinum
Themeda triandra
Brayulinea densa
Eragrostis lehmanniana
Lasiocorys capensis
Anthospermum rigidum
Antizoma angustifolia
Cymoopogon plurinodis
Digitaria argyrograpta
flionurus argenteus
Hermannia depressa
Hibiscus pusillus

Setaria flabellata

Presence Indicator Code

100
90
90
90
90
80

80

10
70

50
50
50
40
40
40
40
40
40
40
40

value symbols

e s U N ———

IVs
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Nearly all the quadrats showed signs of heavy grazing and
trampling. The condition of the vegetation of even those quadrats
in which grazing appeared moderate was recorded as being poor,
probably as a result of heavy grazing in the past.

Basal cover in gquadrats of this Group was low. Total average
basal cover was only 5,4 percent. The number of species per quadrat
was also low, the average being 20,7, and 24 being the highest
number of species recorded in a quadrat of the Group.

Species present in more than 39 percent of the quadrats of

Group 9b are listed in Table 21. Barleria macrostegia is the only

INSERT TABLE 21

species occurring in all ten quadrats. Brayulinea densa and

Lasiocorys capensis have significant Indicator values. High cover—

abundance was recorded for three speciezs in the Group. Trees and
shrubs are recorded from the surrounds of six quadrats. The most
common tree is Acacia karroo, which attains a height of 4,5 to 6 m.

e e et e e e

Occasional; or co-dominant with A. karroo is A. caffra, Other

trees found occasionally include Celtis africana (7,5 @),

Ziziphus mucronata (5,5 m), Acacia robusta (rare) and Rhus lancea.

In Acacia karroo Open Woodland the trees are usually one to three

crown—diameters apart.

Shrubs include Maytenus heterophylla, which can encroach on

shallow so0il with mismanagement, Xeromphis rudis, Grewia flava

(oeoasional, or common, in understorey), Asparagus laricinus and

Diospyros lycioides.
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iii) Group 9o (Drainage Basin Acacia karroo Open

Woodland)

Six quadrats of this Group are located east of Lichtenburg
along a tributary of the Harts River. The other quadrat (183)
occurs south-east of Lichienhurg with quadrats of Groups 9a and 9b.
Although the bed of the Harts River was not sampled, the whole
drainage basin is mapped as Group 9c, pending more detziled
investigation. BHcologlcal parameters of Group 9¢ are summarised

in Table 22,

Table 22 Summarization parameters of Group 9¢ (Drainage basin

Acacia karroo Open Woodland).

Number of guadrats in Group: 7

Mean no. of species per guadrat: 15,2 (SD = 3,7)

Geology: Ventersdorp series guartzites

Geomorphology: Plain or waning slope to drainage line

Soil series (after Vquterlz kensburg and Rensburg or Soet-
melksvlei

Soil depth: 100 cm

pH of A-horizon: 6,0 — 7,0

S0il HC1 reaction: wusually absent
Biotic influence: Heavy grazing and trampling

Mean basal cover: 6,2 percent (total)

1,6 percent (Tall grass stratums 60 - 90 com)
4,6 percent {Short grass stratum: 10 - 40 cm)
Notes: a) Group defined by absence of all dividing species

b) Variety of tree species present




TABLE 23 Presence percentages of Group 9c¢ (Drainage Bagin

Acacia karroo Open Woodland) species in descending

order of presence (see text for explanation of codes)o

Species Presence Code
symbols

Digitaria argyrograpta 86 X
Blepharig integrifolia 71
Cynodon dactylon WL
Iragrostis curvula 71 X
Setaria flabellata T1
Sporobolus africanus 71
Themeda triandra T1 X
Panicum coloratum 71 Z
Eragrostis lehmanniana 57
Fustachys mutica 57
Hibiscus pusillus 57
Acacia karroo 43 Z
Aptosimum indivisum 43 Z
Aristida congesta 43

Felicia muricata

43
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The geological formation underlying all the quadrats is
Ventersdorp series quartzites. Two quadrats are on flat plains,
four on waning slopes to drainage lines and one is in a drainage
basin. Most quadrats are north-facing on gentle slopes. IFour
of the quadrats are sheltered by trees in and near them.

A number of soil series are represented in this Group. Three
quadrats are on Rensburg series alluvial clay, two on the transition
hetween Rensburg and Socetmelksvlel series and two on Lichtenburg
series. Soils are usually one metre deep and pH varies between 6,0
and T7,0. Soil HCl reaction is recorded from two quadrats.

Heavy grazing and trampling were recorded for five of the

quadrats but in two quadrats the vegetation was in good condition

by

and grazing had besn light.

Total basal cover was low (6,2 percent), but slightly higher
than in Group 9b, Hean number of species per guadrat was 15,2, a
low value for the vegetution of the study area; with the least
being 12 and the most being 21 species per quadrat.

Species present in wmore than 39 percent of the quadrats of

Group 9c¢ ar

o
w

listed in Table 23. Digitaria argyrograpta; in six

LOISERT TABLE 23

of the seven gquadrats,; is the most common species. Digitaria argyro-

grapta, EragroQE;s curvula and Themeda triandra reach high covey-
abundance estimates in gquadrats of the Group. Three species are
not listed as present in any other group of the analysis.

Trees and shrubs, similar to those of Group 9b, were recorded



TABLE 24 Presence percentages of combined Groups 9b and 9c

species in descending order of presence (see text

for explanation of code).

Species Presence  Indicator Code
value symbols
Cynodon dactylon 82 X
Sporobolus africanus 82 X
Felicia muricata 71 Ivs
Blepharis integrifolia el
Eragrostis curvula TR X
Aristida congesta 65
Themeda triandra 65
Barleria macrostegia 59
Digitaria argyrograpta 59 Ivs
Lippia scaberrima 59 Ivs
Bragrostis lelmanniana 53
Iragrostis supsrba 53
Setaria flabellata 53
Sclanum supinum 53 Ivs
Hibiscus pusillus 47 I7s
Tustachys mutica 41
Panicum coloratum 41 Ivs
Brayulinea densa a5 IVS
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from four quadrats.

iv) Combined Groups 9b and 9c

Individually, Groups 9b and 9c are too small to produce many
significant Indicator values. Considering that they are the last
Groups of the analysis, however, a surprising number of significant
Indicator values are found in the combined Group. Species occurring
in more than five of the 17 quadrats of the combined Group are listed

in Table 24. Seven species out of 18 have significant Indicator

INSERT TABLE 24

ralues and three species have high cover-abundance estimates in

quadrats of the Group. In addition, Anthospermum rigidum and

Lasiocorys capensis, which occur in five of the quadrats, have

significant Indicator values.

Bankenveld association analysis

1) Desoription of hierarchy
The association analysis hierarchy resulting from classific-
ation of the 110 Bankenveld Land System quadrats is given in

Fig. 8. The first three divisions yield four distinct ma jor

INSERT PFIg. B8
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Fig. 8 Association analysis hierarchy of Bankenveld Land

System. Dividing species are: 1 = Diheteropogon

amplectens, 2 = Chascanum hederaceum, 3 = Stipagrostis

uniplumis, 4 = Fragrostis racemosa, 5 = Sporobolus pectinatus,

6 = Ursinia nana, 7 = Oropetium capense, 8 = Schizachyrium

sanguineum, 9 = Corchorus asplenifolius, 10 = Heteropogon

contortus.



grours, labeled A to D for convenience (Fig. 8). The first Group, A,

characterised by the presence of Diheteropogon amplectens and

Stipagrostis uniplumis is small, consisting of only 12 quadrats,.

It is very homogeneous with regard to specles assoclations as it

does not divide from H.3.X > 30,0 until #.8.X = 7,2. In addition

o

to being a major group it is also Final Group l. Group B contains

33 quadrats and is defimed by the presence of Diheterorogon amplectens

3

2 a S
and the absence of Stipagrostis uniplumis. At H.S.X = 8,0 it is

divided into four Final Groups,; named 2a, 2b, 2¢ and 2d. Group C

contains 28 quadrats and is divided into two Final Groups at
H.S.X = 15,0. Final Group 3 is defined by the absence of

Diheteropogon amplectens and the presence of Chascanum hederaceum

and Tragrostis racemosa. Final Group 4, defined by the absence of

D. amplectens and E. rancemosa

and the presence of Chascanum hederaceum,

r - ~

is divided at H.S.X = 9,3 on the presence or absence of

nizachyrium sanguineum. Three Final Groups are obtained from

major Group Dy which is defined by the absence of both D. amplectens

5 2
and @« hederaceum. Group D contains 37 quadrats. At H.S.X = 1T
Final Group 5 is split off from Group D on the presence of

Ursinia nana. Then, at a slightly higher Highest Single Chi-square
(13,1), the part of Group D without U. nana is split into Final

ot 7~ . 1 -
Groups 6 and 7 on the presence or absence of Oropetium capense,

Final Groups in A and B were obtained by ter minaeting division at

F 2
He3.X = 8,0 and final grouvs in ¢ and D by terminating division
3

at H.S v _ ar M3 7 Ao :
at .5.X = 10,0. These levels were choszen arbitrarily, purely
for naming purposes and divisi below H ~ 84! 1 H.S.x°

g b 65 & aivisions pelow H.3.X = 6,0 and H.S.X = 10,0,
respectively, are discussel at approvriate places in the text.



Based on a study of hierarchy division levels (H.3.X )
Groups 4 and B, on the one hand, are most dissimilar from Groups C
and D on the other. Groups C and D differ more from cach other

1,

thon does Group A4 from B as the former divide further at a higher

o) Ny

0 5 e
T.5.X than the latter, The small number of splits above H.S.X = 15,0,
at which level there are only five groups, suggests that the sample
congists of a few, large groups, which are rather homogencous. The
homogeneity of A wos mentioned above. Major Groups C and D are
also homogeneous, the former being maintained from H.S. A ;>3

WS ’»’2 1 A 3 -\2 i)

to HeS.X = 18,0 and the latter from Ha,oh 2 35,0 to H.8.0 & 137,

The mean number of yuadrats in each final group is fairly

constant. TFewest Quadrats are found in Final Groups 2

b

3
2a (8,2 average). On average, twelve quadrats are found in each
final group of major Groups A and D. The average number of quadrats

in Final Groups 3 and 4 is 14,0.

Re~allocation was not required in this anzlysis and the few

%

quadrats which do not fit the description of a particular group

s 2 whole are discussed in the group description

2) Species distribution within groups

Lists of species commonly occurring in each final group were
dravm up as part of the interpretation of each group. 1t was found
s - = P s s - 3 = i
that large numbers of species seemed common to many groups and that
+3 ~ T AT by < LY s e Rlaa - T . I w ~
there were few species that were restricted to only one or two
groups.

To study these findings at greater depth, a spec

|_l

les~-in-groups



TABLE 25 Presence percentages of species with presence exceeding 39% in all groups defined by the Bankenveld

association analysis (See text for explanation of symbols).

Species Group
B 4 5 6 v
Anthospermum rigidum 7% 88 89 Lo ~IVS 68
Aristida congesta 88 100 X 89 100 X 100 X
Blepharis integrifolia 61 2 67 Lo Lb
Commelina africana & C.erecta 79 71 78 92 75
Crabbea angustifolia 76 82 56 Lo 63
Diplachne fusca 88 65 67 k2 56
Elionurus argenteus 88 65 Ll 50 81 X
Themeda triandra 58 -IVS 100 78 X 75 X 100 X
Triraphis andropogonoides 52 -IVS ol Sl 67 i




TABLE 26 Presence percentages of species with presence exceeding 19% in all groups defined by the Bankenveld

association analysis (See text for explanation of symbols).

Species Group
1 B 3 L 5 6 7
Anthephora pubescens 82 X 21 -IVS 55 82 X 67 X 67 X 56 X
Aristida diffusa var. burkei 9 X 73 X 55 35 2 b2 63 X
Barleria macrostegia 82 Lg 55 59 56 32 81
Brachiaria serrata 100 91 a1 71 L 55 69
Cassia mimosoides 64 55 6L 5% 22 Lo Lk
Dicoma macrocephala 73 21 -IVs 55 71 IVH 56 L2 38
Eragrostis curvula 55 67 X 1IVS L6 X ol Ll 50 X 38
Eragrostis stapfii 6l 24 -IVS 36 71 56 33 69
Euphorbia inequilatera 100 36 -IVS 6l 82 78 83 38
Pogonarthria squarrosa 82 Lp -IVS 64 88 Ll 33 72
Raphionacme burkei 26 55 6L L 67 25 38




TABLE 27 Presence percentages of species occurring in at least 20% of the quadrats of all but one group of the

of other symbo

B e?veld association analysis (- indicates presence percentage less than 20, see text for explanation
RECHS

Species Group

X B 3 b 5 6 7
Chasacanum pinnatifidum L6 - 27 65 1IVS 67 50 50
Corchorus asplenifolius 73 - 7T 53 100 50 28
Cyperus margaritaceus 27 = L6 35 22 58 1IVs 31
Eragrostis superba 27 - 36 4y 78 i 69 1IVs
Eustachys mutica L6 - 26 65 1IVS 56 58 28
Indigofera daleoides 55 - L6 65 78 58 3
Setaria flabellata 55 - 55 29 53 33 69 IVS
Stipagrostis uniplumis 100 = 27 71 X 78 X 100 56 X
Heteropogon contortus 64 7 7% X 65 X - 75 =
Acalypha sp.(M&E 1267) 64 88 55 el Lo - 38
Chaetacanthus costatus 64 61 26 41 33 - 38
Helichrysum caespititium L6 88 64 eal 67 - 23
Justicia anagaloides 91 97 100 88 78 - 56 -IVS
Kohautia omahckensis 91 30 -IVS 7% 88 89 - 38
Bulbostylis burchellii 55 88 64 24 3% 25 -
Cymbopogon excavatus L6 58 X IVS 7% X 35 55 23 =
Ipomoea obscura var. fragilis 55 Lp 46 ] 22 58 -
Ophrestia oblongifolia 55 7% IVS3 46 35 -2 33 -




TABLE 28 Presence percentages of species occurring in at least 20% of the guadrats of all but two groups of the

Bankenveld association analysis ( - indicates presence percentage less them -0, see text for explanation

of other symbols).

Species Group

1 B 3 L 5 6 7
Pygmaeothamnus zeyheri L6 Lg 1IVS L6 2L 22 - -
Rhynchelytrum repens 27 27 55 1IVS 24 %% - -
Senecio venosus 82 7% 1IVS L6 35 22 - .
Solanum supinum 27 24 55 77 Ll - -
Ursinia nana 55 27 55 71 IVs 100 - -
Cyphocarpa angustifolia ) 52 IVS 55 29 35 - —
Gazania krebsiana 64 36 6l L - L2 -
Oxygonum dregeanum L6 64 TVS L6 - 22 - 25
Crassula transvaalensis 73 Lg - 29 Ll - Fo
Helichrysum cerastioides L6 58 - 53 56 50 -
Vernonia oligocephala 36 - - il 33 67 38
Turbina oblongata 55 = - 29 bk 92 56
Hermannia tomentosa 73 - - 53 78 67 50
Cymbopogon plurinodis 6L - - Ly 33 67 88 X
Eragrostis tricophora - - 55 X 53 X Lk 33 25
Eragrostis lehmanniana - - 36 29 67 X 67 38




TABLE 29 Presence percentages of species in groups defined by the Bankenveld association analysis. Species
present in at least 20% of the quadrats of: a) one group, b) two groups, c) three groups and d) four

groups (~ indicates presence percentage less than 20, see text for explanation of other symbols) .

Species Group
1 B 3 b 5 6 7
Eragrostis gummiflua - - - - - ko IVS -
Euphorbia sp.(M&B 70) = - - - - Lo IVS -
Fingerhuthia africana - - - - - 58 X -
Cynodon dactylon - - - - Ll 25 -
Mariscus capensis - - 27 - - kg IVS -
Diplachne biflora - 52 IVS 27 - - = -
Tephrosia longipes - 52 1IVS L6 - - - -
Setaria nigrirostris - - - 41 1IVs 22 - -
Elephantorrhiza elephantina | - Lg TIVS 26 - - - 31
Lippia scaberrima - - L& IVS - 22 25 -
Menodora africana 27 - - L1 IVs 22 - -
Nolletig ciliaris 27 = = 2L - L2 TIVS -
Schizachyrium sanguineum 73 X 88 X 73 2 - - -
Zornea milneana - 20 55 29 68 - -
Bulbine sp. (not collected) | - - - 5 22 Lo 38
Sporobolus africanus = - - 24 55 67 38
Oropetium capensec 27 - - 2k 53 100 -

[

Sida chrysantha = - L6 TIVe 2k 5 52 =




TABLE 30 Presence percentages of sfécies occurring in at least 20% of the quadrats of Groups 1 and B and none, one,

or two other groups of the Bankenveld association analysis (- indicates presence percentage less than 20,

see text for explanation of other symbols).

1 B 3 4 5 6 7
Andropogon appendiculatus 27 Lg X 1IVS - ~ - = -
Barleria pretoriensis 73 76 TIVS - - 22 25 -
Chascanum hederaceum 73 79 1IVS 100 100 X - - -
Dicoma anomala 21 91 i 29 - - -
Diheteropogon amplectens 100 X 100 X 36 - - = =
Eragrostis racemosa 6l 91 100 - - = =
Lightfootia denticulata 26 55 IVS - - = - 31
Polygala rehmannii L6  IVS 21 27 - - - =
Senecio coronatus 27 61 IVS 36 - - - =
Sporobolus pectinatus L6 7% IVS L6 - - - -
Thesium costatum 55 61 IVS - 24 - 25 -
Trachypogon spicatus 55 X 7% X VS 64 X - - - ~




TPable was drawn up. Six Final Groups, namely 1, 3, 4, 5, 6 and T,
and Oroup B (consisting of Final Groups 2a, 2b, 2¢ and 2d) were
used for the severn columms of the Table. The presence percentage
of every species in each group was computed and all values over
19,9 percent were printed by program CFREQ. Rows of the Table were
then formed by the 84 species each of which had a presence of over
39 percent in at least one group. FPresence percentages for the

species are given in Tables 25 to 30, where species with similar

TNSERT TABLES 25 TO 30

- : 14)
distribution patterns through the groups are listed tcwether( s

Species present in over 40 percent of the quadrats of all

scven groups are given in Table 25. In particular, Aristida congesta

i

and Themeda triandra are common

hroughout the aren if a presence
of 75 percent is taken as a2 criterion for within-group abundance.
While all the other species in Table 25 are considered common

in all groups, they ore slightly less common in one or two groups

than in all the remninder. Crabbea angusitifolis and Anthospermum

rigidum occur in less than h21f the quadrats of Group 6 and their
obsence from this Group is significant by Goodell's test.

Blepharis integrifolia and Diplachne fusca zre also found in less

xSl b el S i : W -

(14) In Tables 25 to 30, IVS and ~IV3 again signify positive and
negative significant Indicator values, respectively. X in-
dicates a high cover-abundance rating for the species in most,

if not all, quadrate of the group.



han half the quadrats of Group 6. Elionurus argenteus has a

fairly low presence percentage in Groups 5 and 6 and Triraphis

andropogonoides only occurs in 44 percent of the gquadrats of

Group 5 and 52 percent of the quadrats of Group B. Apart from
the lower presence percentages recorded above, all these species are
common in all groups. Species present in over 19 percent of the

quadrats of all groups are given in Table 26. Raphionacme burkei

has a low presence in Groups 1 and 6. Anthephora pubescens,

Dicoma macrocephala., Eragrostis stapfii, Buphorbia inequilatera and

Pogonarthria squarrosa do not occur often in gquadrats of Group B and

have negative Indicator values in the Group. Dicoma macrocephala and

Pogonarthria squarrosa are also uncommon in Group 6 and Eragrostis

stapfii is uncommon in Groups 3 and 6. Aristida diffusa var. burkei

has a high presence percentage in all groups except 4, 5 and 6.

Barleria macrostegia and Brachiaria serrata have low presence per—

centages in Group 6 while Cassia mimosoides and Eragrostis curvula

are common in all groups except 5 and 4, respectively.
The 18 species, which have a presence of over 19 percent in all

but one group, are listed in Table 27. Chascanum pinnatifidum,

Corchorus asplenifolius, Cyperus margaritaceus, Eragrostis superba,

Bustachys mutica, Indigofera dalecides, Setaria flabellata and

Stipagrostis uniplumis occur in all groups, except B, with Presence

percentages of over 19. Nc species are absent from Group 1 only, or

only 3, or only 4. IHeterovogon contortus has a presence of less

than 20 percent in Group 5, while Acalypha sp. (M&E 1267),

Chaetacanthus costatus, Helichrysum caespititium, Justicia anagaloides

and Kohautia omahekensis lLave presence percentages of less than 20
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in Group 6. Kohautia omahekensis and Justicia anagaloides have

negative Indicator values in Groups B and T, respectively.

Bulboétylis burchellii, Cymbopogon excavatus, Ipomoea obscura var.

fragilis and Ophrestia oblongata have presences below 20 percent

in Group 7.
Sixteen species with presence percentages higher than 19 in

five of the seven groups are listed in Table 28. Pygmaeothamnus

zeyheri, Rhynchelytrum repens, Senecio venosus, Solanum supinum,

Ursinia nana and Cyphocarpa angustifolia occur with presences of

over 19 percent in all but Groups 6 and 7. The first three species
and the last are also not common in the fourth and fifth groups.
Solanum supinum has a high presence (77 percent) in Group 4 only.

Ursinia nana occurs in all quadrats of Group 5 and has a positive,

significant Indicator value in Group 4. Vernonia oligocephala,

Turbina oblongata, Hermannia tomentosa and Cymbopogon plurinodis

have presence percentages exceeding 19 in all but Groups B and 2

while Bragrostis tricophora and E. lehmanniana have presences below

20 percent in Groups 1 and 2. (azania krebsiana, Oxygonum dregeanum,

Crassula transvaalensis and Helichrysum cerastioides also have

bresence percentages below 20 in two groups.

With the exception of species listed in Table 30, all species
present in at least 20 percent of the quadrats of only one group,
only two groups, only three groups and only four groups are listed
in Table 29. Only three species out of the 211 recorded in

Bankenveld quadrats, Iragrostis gummiflua, Buphorbia sp. (M&B 70)

and Fingerhuthia africana, have presence of over 19 percent in only

one group. All three species are confined to Group 6. The first
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two species have positive, significant Indicator values and
F. africana has high cover-abundance estimates in quadrats of

the Group. Cynodon dactylon, Diplachne biflora, Mariscus capensis,

Tephrosia longipes and Setaria nigrirostris occur with presence

of over 19 percent in two groups. Mariscus capensis and Setaria

nigrirostris have significant, positive Indicator wvalues in Groups 6

and 4, respectively, while Diplachne biflora and Tephrosia longipes

have significant, positive Indicator values in Group B. Elephant-

orrhiza elephantina, Lippia scaberrima, Menodora africana and

Nolletia ciliaris have presence percentages of over 19 in three

groups while Schizachyrium sanguineum, Zornea milneana, Bulbine sp.,

Sporobolus africanus, Oropetium capense and Sida chrysantha have

presence percentages of over 19 in four groups. It is observed
that in Table 29, presence percentages are generally lower than in

Tables 25 and 26. Exceptions in Table 29 are Schizachyrium sanguineum

in Groups 1, B and 3 and Sporobolus africanus and Oropetium capense

in Group 6.

Presence percentages of species occurring in over 19 percent
of the quadrats of Groups 1 and B and none, ones; or two other
groups are given in Table 30. These species are listed together ag
it was found that twelve species had roughly the same distribution.

Diheteropogon amplectens, TEragrostis racemosa, Polygala rehmannii,

Senecio coronatus, Sporobolis pectinatus and Trachypogon spicatus

have presences of over 19 rercent in Groups l, B and 3. Light-

footia denticulata has a presence of over 19 percent in Groups 1y B

and f. Barleria pretoriensis. Chascanum hederaceum, Dicoma anomala

and Thesium costatum have presence bercentages of over 19 in
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Groups 1, B and two other groups. Some fairly high presence

percentages are found in Table 30. In particular, Diheteropogon am—

plectens, Chascanum hederaceum, Dicoma anomala, Lragrostis racemosa

and Trachypogon spicatus generally have presence percentages of over

65 in the groups in which they occur.

3) Final groups

a) Group 1 (Diheteropogon—stipagrostis Primary Bankenveld)

Group 1 is defined by the presence of Diheteropogon amplectens

2 .
and Stipagrostis uniplumis at H.S.X 7»30,0. It is a homogeneous

2
Qroup, being further subdivided only at the low level of HoB. X = 7,2

The division on Ipomoea obscura var. fragilis, within Group 1, does

not appear to Hivide the cuadrats in an interpretable manner.
Considering the low level of the division and the small number of
quadrats involved, an important difference between the groups would
not be expected. Quadrat 70, classified by the analysis as belonging
to this Group does not fit the description given below for the Group.
It is therefore omitted from the discussion and is described
separately.

Two small patches of quadrats of Group 1 have been mapped
(Map 4) north and north~east of Lichtenburg. Other quadrats of
this Group occur scattered singly through the north~central and
north-western parts of the area.

Nearly all quadrats are located on the crests of small rises,

typical of the area; or on waxing slopes from rises. Two quadrats
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occur in small hollows. Slope is usually so slight as to be
unmeasurable. Chert fragments and loose dolomite rocks are usually
found on the ground surface in these quadrats. Soil depth varies
from 5 to 10 cm. Soil pH is usually 6,5 and occasionally 7,0.
Biotic factors were uniform within the Group. Grazing intensity
was light, or moderate, and often the vegetation appeared to have
been rested for some time before sampling. Average total basal
cover was 14 percent, 6,3 percent being contributed by the tall
grass stratum (60 to 90 cm tall with many 75 em tall) and 7,6 percent
by the short grass stratum (about 16 cm tall but ranging from 5 to
35 em tall). The mean number of species per quadrat was 49,5 with
a standard deviation of 3,4. The maximum number of species in a
quadrat was 54 and the minimum was 43. Quadrats of this Group are
thus rich in species, containing the highest average number of species
of any Bankenveld group studied. The low standard deviation indicates
that quadrats are all equally rich. Species present in over
19,9 percent of the quadrats of Group 1 are given in Tables 25 to 30.
This small Group represents Bankenveld on relatively deep,
dolomite-derived soils that have been rested in the recent past or
have at least been protected from mismanagement. All quadrats are
also not found near the diamond diggings, a source of past disturbance.
The Group is thus referred to as Primary Bankenveld. The Group is
named after the two species positively defining it in the hierarchy,

Diheteropogon amplectens and Stipagrostis uniplumis. These species

also had high cover-abundaace ratings in most quadrats of the Group.
Quadrat 70, while occurring in the same landscape as the other

quadrats of the Group, differs by being very heavily grazed and
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its vegetation being in poor condition. Soil is very shallow and
large sheets of rock are exposed in the quadrat. On these grounds

N

it is excluded from the description of Group 1.

b) Group 2 (Diheteropogon-Schizachyrium Bankenveld)

Group 2 is defined by the presence of Diheteropogon amplectens

and the absence of Stipagrostis uniplumis. It is further subdivided

o - .
at H.S.X = 13,1 on the presence or absence of Sporobolus pectinatus.

The three quadrats, which form Group 2a, are split off the

0
+S. pectinatus leg at H.8.X = 8,5. A large amount of residual

group heterogeneity is apparently removed by this division as the

i i : i -
next division is at a higher H.S.X wvalue. Groups 2b and 2c are

K
/

formed by division on Heteropogon contortus at H.3.X = 10,4.

Group 2d is formed by quadrats in the -3. pectinatus leg of Group 2.

As a whole, Group 2 appears homogeneous, being retained as an entity
2 2

from H.S.X = 30,0 to 13,1. At a level of H.S.X = 8,5, however, the

33 quadrats of this CGroup are divided into four groups. The largest

Final Group, 2b, contains 14 quadrats, CGroups 2d and 2c contain 10

and 6 quadrats, respectively, and Group 2a contains only three

auadrats. GOroup 2 will be described as a whole and peculiarities

of each Final Group will be mentioned.

Quadrats of this Group form a belt from east to west across the
study area, Group 2b is concentrated in the castern and central
parts of the belt. Group 2a is restricted to three quadrats in
the south-western corner ard quadrats of Group 2¢ occur among

those of Group 2b. Quadra’s of Group 24 are found at the western
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end of the belt and along the south-central edge of the belt. Only
three quadrats of Group 2 fall outside the area mapped as such. In
comparison with some other groups, whose quadrats are scattered
through the study area, this is a 'neat' Group. Provisionally,

the distribution of this Group has been extended to include areés
not classified as belonging to any other group and areas that were
not sampled. A reason for doing so is given later.

Over two thirds of the quadrats of Group 2 occur on crests of
rises or on very gentle waxing south— and north-facing slopes. The
other third, which are found scattered through all four Final Groups,
are in very shallow depressions, on waning slopes to drainage lines,
or in small sand-filled sinkholes.

Soil is usually 5 to 8 cm deep with chert gravel littered on
the soil surface. A solid sheet of dolomite is not found in any
quadrat. Soil pH varies between 6,5 and 7,0 and no soil HC1l reaction
is recorded.

With five exceptions all quadrats were lightly grazed or rested
and the vegetation was in good condition. Some of the sanples were
from inside fenced maize lands on soil too shallow for ploughing.
Vegetation in these situations was protected from grazing, except
after the maize harvest, when cattle are usually allowed to eat the
dry maize stalks. The exceptional quadrats were heavily grazed and
trampled and sheets of dolomite were often exposed in them. These
guadrats are not excluded from the calculations on which the
species lists given below are based, because some, if not all of
them, could have been heavily grazed for too few years for their

species composition to have altered. Under these circumstances,
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the quadrats will be correctly classified as the classification is
based on the floristic composition of the quadrats when sampled.

Average total basal cover in Group 2 was 5,0 percent for the
tall grass stratum (usually 75 om but ranging from 60 to 90 cm in
height) and 5,7 percent for the short grass stratum (usually in the
range 15 to 30 om tall). The averages for Group 2b were slightly
greater than the overall averages and those for Groups 2a, 2c and 2d
were equal to, or slightly less than, the averages for Group 2 as a
whole. The mean number of species in each quadrat of this Group
was 43,6 (SD = 5,8). Species present in over 19,9 percent of the
quadrats of Group 2 are given in Tables 25 to 30.

Groups 22 and 2c¢ are too small to yield reliable presence
percentages and are not discussed further. With the exception of
dividing species, no species could be found restricted to either
Groups 2b or 24.

On the grounds of the species common to the subgroups and
the similar habitat and management features of the quadrats of
Group 2 it was decided not to subdivide the Group for mapping

purposes. Diheteropogon-Schizachyrium Bankenveld is the most

widespread Group in the analysis. It is considered to be the
'normal' or 'typical' Bankenveld of the study area. In dig—

tribution, Diheteropogon-Stipagrostis Primary Bankenveld (Group 1)

formg an extension of this Jroup and represents a higher successional
stage (less disturbance) in the Bankenveld Land System with a
slightly different habitat.

Group 2 is named after a positive dividing species, Diheter-

opogon amplectens, and Schizachyrium sanguineum, a species with a
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presence of 88 percent in the Group. Both species have high cover-

abundance estimates in most quadrats of the Group.

c¢) Group 3 (Chascanum-Eragrostis racemosa Sandy Bankenveld)

and Group 4 (Chasoanum—Anthephora pubescens Sandy Banken-

veld)

These two Groups are discussed together as they are split at
the low H.S,X2 level of 18,1. The homogeneity of each Group is
indicated by neither's being further subdivided until H.S°X2 Z945e
The combined Group, 3 and 4, is also homogensous, being maintained
as a Group from H,SQK; = 38,6 1o HQSQX2 = 18,1. Thus, as a combined
CGroup and as separate entities, Groups 3 and 4 are relativel

homogeneous. The combined Group is defined by the absence of

Diheteropogon amplectens and the presence of Chascanum hederaceum.

Group 3 is defined by the presence of Eragrostis racemosa and

Group 4 by the absence of this species.

Quadrats belonging to both Groups occur along the western
boundary of the area, in a round patch in the north-west; and the
few other samples occur scattered through the remainder of the
sampled area. Distribution of the two Groups cannot be separated.
Group 4 is the larger of the two and the usual pattern is for a
quadrat of Group 3 to occur among a cluster of Group 4 quadrats.

Groups 3 and 4 form a clear ecological nodum associated with
a thin, sandy overburden tc dolomite. In the majority of quadrats,
soil is shallow (5 — 10 cm), but is occasionally over one metre

deep. In most quadrats, the soil surface is free of rock, or
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contains only scattered, small, chert fragments. It is possible
that aeolian sand of Kalahari origin has blown from the west onto
the edge of the area, forming a thin veneer over dolomite. 3uch a
movement of sand would be in agreement with the views of Harmse (1967),
illustrated in Fig. 3. Within the study area; wind-blown sand has
collected in sink-holes and other depressions to form a similar
habitat. In Group 4, four quadrats are located in local depressions
while a number of gquadrats from both Groups occur on flat plains or
crests of rises on which sand could easily accumulate. A remarkable
feature is, however, that over half the quadrats in Group 3 and over
a third of the quadrats in both Groups occur on slightly sloping
ground where it would be expected that erosion of sand would be
greatest and accumulation least. As the rainfall is relatively
low and run-off in the dolomite minimal, sand deposited on a slope
is, however, not transported easily. Soil pH is about 6,5 in both
Groups.

lModerate to moderate-heavy grazing was found in most quadrats
of both Groups. When light grazing was recorded, another disturbance
factor, like proximity to diamond diggings, was usually noted.

llean number of species per quadrat in Groups 3 and 4 were
46,6 (SD = 8,2) and 41,0 (SD = 7,1), respectively. The maximum
numbers of species were 51 and 56, respectively, and the minimum
numbers were 23 and 31, respectively. The tall grass stratum was
60 to 75 cm high in both Groups, with a maximum of 90 cm in Group 3.
The short grass stratum was 10 to 30 cm high in Group 3 and 10 to
20 cm high in Group 4. Total basal cover of both Groups was low.

Basal cover of the tall zvass slratum in both Groups averaged



about 3 percent and of short grasses 6 percent. Total basal cover
was slightly lower in Group 4 than in Group 3.

Species present in over 19,9 percent of the quadrats of
Groups 3 and 4 are given in Tables 25 to 30. Many species are common
to both Groups and about eight species are found particularly in one
or other of the two Groups.

gimilar names are given to these two Groups as they are rather
similar in both floristics and habitat. Both are named after the

dividing species positively defining them:~ Chascanum hederaceumls.

Anthephora pubescens, used as a second name for Group 4, often

scored a high cover—abundance estimate in quadrats of the Group and

has a high presence percentage in the Group.

d) Group 5 (Corchorus-Ursginia Bankenveld of Disturbed

Sites)

Quadrats of this small Group are scattered through the study
area. The two areas mapped as being of this Group were delimited
more on the writer's knowledge of the area than on the distribution
of quadrats of the Group. In facty; the area mapped as such in the
south—east does not contain a single dquadrat of this Group., Group 5

is defined by the absence of Diheteropogon amplectens and Chascanum

hederaceum and the presence of Ursinia nana. The marked floristic

composition which is a result of the secondary nature of the
vegetation brings these quadrats together on the hierarchy. Some
of the quadrats are laid onut near diamond diggings, others on

abandoned lands and the rest on heavily trampled and overgrazed
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vegetation.

All physiographic combinations are represented. Some dquadrats
are on crest of rises, some in hollows and some in intermediate
vpositions. North-facing and south-facing aspects, as well as level
sites, are represented. Soils are usually shallow, being, in
general, from two to eight cm deep and often being gravelly where
occurring in fossil river courses. Deeper soil is found occasionally,
the deepest for this Group being recorded as 0,5 m.

Mean number of species per quadrat was 40,0 (SD = 7,1) with
the maximum being 56 and the minimum 31. Total basal cover
averaged 10,6 percent, only 2,8 percent of which was accounted for
by the tall grass stratum (usually 60 cm tall but occasionally 90 cm
tall). The low total cover and large percentage thereof accounted
for by the short grass stratum (15 to 25 com high) is a further
indication of the dist.-bed nature of the vegetation.

Species present in over 19,9 percent of the quadrats of Group 5

are given in Tables 25 to 30. As Corchorus asplenifolius and

Ursinia nana are the only two species which occur in every quadrat,

the Group is named after them. Although it has a high presence

percentage in Group 4 as well, Ursinia nana is the dividing species

defining this Group. Corchorus asplenifolius is fairly common

throughout the entire area but does not have a rresence of
100 percent in any other Group.

Group 5 represents arsas of disturbed vegetation within the
study area. Thus, the arcas next to abandoned diamond diggings
are mapped as belonging to this Group, even though few quadrats

were located there. The influence on the vegetation surrounding
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the diggings of over 100 000 people (Williams 1930) who flocked to
the diamond fields from 1926 to 1929 must have been tremendous and
it is unlikely that the vegetation has fully recovered yet. Other
types of disturbed vegetation are also included in this Group but

as the areas are usually small they are not mapped.

e) Group 6 (Fingerhuthia—Oropetium Bankenveld of

Dolomite Sheets)

With the exception of three quadrats, which occur scattered
through the study area, the quadrats of this Group occur to the
immediate north of Lichtenburg, in the southern-most part of the
Bankenveld Land System.

Quadrats of this Group are found on shallow soils where
solid dolomite sheets are exposed on the surface. Soil, if it is
present, is usually only 2 to 5 cm deep. Soil pH is usually 7,0
to 7,5, in other words slightly more alkaline than in most other
groups. In three quadrats a slight soil HCl reaction was recorded.

Quadrats of this Group occur on extensive plains, in slight
hollows and on gentle slopes near crests of plains.

Grazing in seven quadrats was light and the vegetation appeared
undisturbed. In the other five quadrats of the Group, however,
grazing was moderately-heavy to heavy. Average total basal cover
was just under 10 percent, with approximately equal contributions
from the tall (usually 75 :my, but ranging from 60 to 120 cm in
height) and short (either 10 to 15 cm or 30 to 45 cm tall) grass

(=

strata. The mean number cf gpecies per quadrat was low (36,5) but
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the standard deviation of the mean was high (sD = 7:4), indicating
that while some quadrats were very poor in species, others were
rich., The lowest number of species recorded from a guadrat of this
group was 19 and the highest was 49.

Species present in over 19,9 percent of the quadrats of

Group 6 are given in Tables 25 to 30. Eragrostis gummiflua,

Euphorbia sp. (M&B 70) and Fingerhuthia africana have presence

percentages of over 19,9 in Group 6 only (Table 29).

The Group is named after Qropetium capense, a diminutive

grass found in every quadrat of this Group but in few other quadrats

(Table 29) and Fingerhuthia africana, which often has a high

cover—abundance rating in quadrats of this Group and does not have

a presence greater than 19,9 percent in any other Group. Gaff (1971)
siccation, a necessary prerequisite for survival on rock sheets

with little soil as found in quadrats of this Group (see Chapter 6

for further discussion).

f) Group T

Group 7 is the last Group of the hierarchy and is defined by

the absence of four dividing species, namely Diheteropogon amplectens,

Chagcanum hederaceum. Trsinia nana and Oropetium capense. The Group

defined in this way usually contains all the quadrats which cannot
be included in any other group and is rather heterogeneous.
Quadrats of this Grou> do not form a meppable unit, being

scattered diffusely across the northern and southern boundaries
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of the area from east to west. This Group is neither mapped nor
named as it is considered a collection of quadrats which should

have been included in other Groups but which, by chance,; lacked

the necessary defining species. Re-~allocation of these quadrats
was not considered worthwhile.

More than half the quadrats are on slight, south-facing slopes
and most of the rest are on level ground. All sites in the geo-
morphic cycle from hollows to crests of rises are represented.

Grazing was light and the vegetation had been rested in about
half the quadrats, one quarter had been moderately grazed and the
remainder had been heavily grazed and disturbed before sampling.
Basal cover of the short grass stratum (10 to 15 cm tall) was
six percent and basal cover of the tall grass stratum (75 cm, but
ranging from 60 to 90 cm) was seven percent. The mean number of
species per quadrat was 32,9 with a standard deviation of 5,6u
The minimum number of species rccorded in a quadrat of the Group
was 24 and the maximum was 43.

Soil is shallow, usually from five to 15 cm decp but may be
over one metre deep or, as in some quadrats, be very shallow with
sheets of dolomite exposed. Soil pH varies between 6,5 and 1,0
and no soil HC1l reaction was recorded.

Species which occur in over 19,9 percent of the quadrats of

this Group are listed in Tables 25 to 30.
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DISCUSSION AND CONCLUSICNS

Sampling strategy

It is well documented that strictly systematic and random
sampling, although deemed statistically justifiable and even
preferable, are inefficient (Taylor 1969, Werger 1973). This
is chiefly because such strategies result in the inclusion of
narrow ecotones in collections of samples, which are then
heterogeneous (Grunow 1965a, Lambert 1972)° It also leads to
undersampling generally-recognised but small vegetation units,
such as vleils (marshes) and dolerite dyke communities, and over-
sampling of large units. Small vegetation units might then not
be identified by a statistical method, such as association
analysis, which is programmed to terminate at a certain minimum
number of samples. Iven a group of only one or two samples will,
of course, be identified by association analysis if its constituent
quadrats are sufficiently similar to each other.

In a vegetation survey such as the present one, more interest
is vested in dominant vegetation communities than in narrow
ecotones and vegetation units of small area, while areas of
intermediate size should be adeduately sampled to enable identif-
ication and characterisation by the statistical process used.

The stratified sampling strategy used for this study ensured that
a representative sample of the variation was obtained (see also

Werger 1973), while the random element ensured that the sampling
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was statistically acceptable. Such a strategy is of particular
importance where the number of samples is strictly limited, as
it was in this study.

It is well documented that sample shape influences the number
of species recorded in a sample. Long, narrow samples generally
vield more species than circular or square ones (Greig-Smith 1964,

= 2
Shimwell 1971). While square samples (16 m ) were used for the
association analyses described in this Chapter, triangular samples
were used for some technigue studies described later. It was
assumed in this study that the differences in shape between
triangles and squares would have little influence on the number
of species recorded and that observed differences in number of
species would be dependent mainly on differences in sample area.

In long, narrow samples the perimeter is longer than in
square or circular samples with the same surface area. Therefore,
more plants straddle the boundary line and proportionally more
decisions as to whether plants are inside or outside the sample
are needed on long, narrow samples. Although the perimeter is
longer in relation to surface area in a triangle than in a
square; it was close enough as not to cause marked sampling
differences from this cause.

It is preferable to establish optimum sample size in the
study area instead of using a size derived elsewhere (Lambert 1972).
In this study, it was considered that compatibility between
studies was of greater importance than the derivation of a unique
size for this project. Furthermore, results of pilot studies

showed that a slightly smaller sample (12 mz) would have been
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adequate and 16 m2 was considered large enough to be a 'safe!
minimum size for the entire Highveld Ecological Survey
50 Scheepers(l): pers. comm.)n

Extensive cultivation in the CT Grassland Land System made
sampling difficult. Not only are clusters of samples situated
far apart, but great difficulty was experienced in getting samples
representative of all vegetation types which were presumed to
have existed in the area previously. Some types have almost
certainly disappeared completely. As it is vegetation on soils
that are less suitable for cultivation which remains, a marked
sampling bias towards vegetation on these soils and away from
that on soil suitable for cultivation is likely to have taken
place.

The number of samples in both Land Systems is small. In
CT Grassland there was the physical problem of fitting samples
into a restricted area of natural vegetation while in Bankenveld
it was considered that the major vegetation types had been
adequately sampled by 110 samples. The limited period for field-
work during the present study also affected the number of samples
which could be taken.

There were two reasons for the small number of habitat
variables recorded at each site. Firstly, as the study was conceived
as a semi-detailed survey of short duration, intensive study of
ecological interrelationships was not planned. Secondly, the
number of habitat factors which can be studied in Bankenveld is

limited by the nature of the soil. In most places, sheets of

dolomite are exposed at the surface and the Plants are rooted



=~ 103 =

"

between rocks. Measurement of field capacity, wilting point, or

similar measures are therefore unrewarding.

Egjég@ologioal aspects

The broad differences between Bankenveld and CT Grassland
Land Systems, outlined in Chapter 2, are shown to be supported by
quantitative analysis of the vegetation. The Total association
analysis separated most quadrats laid out in Bankenveld from
those laid out in CT Grassland. Nineteen Bankenveld quadrats
occurred in groups consisting mainly of CT Grassland quadrats but
Barkenveld groups never included CT Grassland quadrats. It
was therefore concluded that certain Bankenveld vegetation quadrats
resembled vegetation of CT Grassland groups in their floristic
composition, but that no CT Grassland samples resembled Bankenveld
groups. Of Bankenveld quadrats classified with CT Grassland
groups, 42 percent were from Group 7 of the Bankenveld hierarchy
and 37 percent were from Group 6 of the same classification.
Group 7, the last group of the Bankenveld classification; was
found to be a heterogeneous group of quadrats. The species
composition of many Group 7 quadrats could be such that, by
chance, they did not contain the dividing species necessary to
include them in a group in which they would be appropriate. In
the Total analysis also, these quadrats were shown to be a heter-
ogeneous collection by their being scattered through a numbsr of
final groups.

Apart from strong, positive species association within
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guadrats of each Land System and negative associations between
them, floristic richness may be partly responsible for the major
automatic division between Bankenveld and CT CGrassland. A
floristically—rich group of quadrats is defined as one with a
relatively high mean number of species within each quadrat of
the group and a floristically-poor group is the opvosite. That
floristic richness of quadrats may influence the nature of the
resulting hierarchy was ncoticed on inspection of the mean numbers
of species per quadrat in each final group of both hierarchies.
In the Bankenveld classification, the mean decreases steadily
from Group 1 (49,5) and Group 2 (43,6) to Groups 6 (36,5) and
7 (32,9), across the hierarchy from left to right. Thus,
floristically-rich groups split off first and floristically-poor
quadrats generally remain until last. Although evidence is not
available,; it is conceivable that more positive specics associations
are present in floristically-rich collections of quadrats, making
the collections more homogeneous and therefore more likely to be
split off.

A similar decrease from left to right in mean number of
species per gquadrat was found in the Total analysis. The
overall mean number of species per quadrat isy; however, much
lower. The overall average in the 110 Bankenveld quadrats
exceeds 40. In CT Grassland Groups 4b, 5b, 6 and Ta, which
contain most species per quadrat, the mean is less than 27. The
average decreases steadily to the last Group, 9¢, with a mean of
15,2, Thus, if floristic richness is a factor controlling the

results of the classification,; the marked division between



RBankenveld and CT Grassland Land Systems would be expected. It
is also the possible explanation for floristically-poor Banken-—
veld quadrats of Groups 6 and 7 occurring with floristically-poor
CT Grassland groups in the Total analysis.

Austin (1972) has pointed out that association analysis is
sensitive to rare species on account of the way in which associations
(Xz) are calculated. In order to further study the influence of
floristic richness on association analysis, a factor not mentioned
by Austin (1972), analyses were undertaken where the number of
species per quadrat remained constant throughout. Results are
given later.

To obtain the greatest amount of information from the
association analyzes they had to be interpreted at more than oune
stopping level. A single stopping rule, as initially proposed
by Williams & Lambert (1959, 1960), was not adequate. It is
considerasd, furthermore, that experience with use of the method
greatly improves the result that is obtained. Association
analysis should be considered as an aid in the study of vegetation
and not as a tool to be applied by technicians with no training
in i1ts use and misuse.

Although a few quadrats coculd not be successfully re-allocated,
the use of species recorded around the edze of the auadrat to
re—allocate quadrats was successful. Had total floristic composition
also heen taken into accoun’ in the re-allocation hroscedure and
not only habitat features and species in the surrounds of quadrats,
an even more successful re-allocation may have been realized.

Program CFRTQ was mos% useful for summarising presence
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percentages for each species of each group as well as for
calculating the mean number of species per quadrat. Indicator
values, also calculated by this program, were of use for determining
significance levels for species occurring more commonly inside a
group than outside it. Used in conjunction with positive and
negative dividing species and cover-abundance estimates, Indicator
wvalues enabled good floristic definitions of groups to be made.
On the other hand, negative Indicator values, given to species
ococurring more frequently outside a group than inside it, were of
limited use. As only species with presence percentages of over
19,9 were printed by CFRIR, many species with negative Indicator
values were obviouzly omitied. Positive and ncegative Importance
values were therefore imbalanced.

Although no objective criteria for measuring success are
xnown, 1t may be concluded that the technigue of association
analysis performed adequately in providing a generally-interpretable
clasgification of the vegetation. It is shown later thet
differences of varying importance are brought about by altering
either the classification strategy or the size of the mask used
to exclude rare species. A perfect classification of a dats set
of this size probably does not exist and the utility of a particular
strategy as an aid for the study of the vegetation should be the

criterion on which the classification is judged.
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Similarities between pairs of Total analysis groups

1) Similarities between Groups 4b and 6

In discussing Group 6, the similarity between Group 4b

(Short Stipagrostis uniplumis Calcareous Grassland) and 6 (Tall

Stipagrostis uniplumis Calcareous Grassland) was mentioned. In

addition to the similarity of dividing species, these Groups

share the same geological substrate, geomorphology and soils.

Soils are, however, slightly deeper in Group 6 and HC1 reaction

is only slight, or absent, in contrast with the strong or moderately
strong reaction in Group 4b. Mean basal cover of the tall grass
stratum in Group 6 was double that in Group 4b. The mean number

of species per quadrat was the same in both Groups. Three species,

Stipagrostis uniplumis,; Fingerhuthia africana and Convolvulus ocel-

latus var. ornatus were very common in these two Groups but
nowhere slse.
Where still uncultivated, the vegetation of Groups 4b and 6

has been mapped as one unit, Stipagrostis uniplumis Calcareous

Grassland. ,Inspection in the field will enable classification
into the tall or short form to be made on the basis of the above
comparison. It is not possible to separate them on aerial
photographs.

Most of the area formerly occupied by S. uniplumis Calcarcous

Grassland has been ploughed for maize cultivation. lost of the
rest, where the soil is tco shallow for rloughing, has been

excavated to supply limesuone for local cement factories or has,
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at least, been bought for this use in future. The area covered

by S. uniplumis Calcareous Grassland is decreasing rapidly as a

result of this activity:

2) 9imilarities between Groups 5b and 8

Groups 5b (Blionurug argenteus Secondary Grassland) and

8 (Elionurus argenteus Primary Grassland) have a number of

features in common 2nd, in fact, the reason for the association
analysis split is not clear. Most quadrats of both Groups are
found on rocks of the Ventersdorp system, on flat plains where
the soil series is Soetmelksvlei. In Group 5b, half the quadrats
are on shallow soil (mean depth 15 cm), while the other half

are on deeper soil (over 80 cm) while in Group 8, soils are
usually over 60 cm deep. Soil pH and HC1l reaction are similar
in the two Groups.

In Group 5b, quadrats on the deeper soils are heavily grazed
while quadrats on the shallower soils are rested or only lightly
grazed. In Group 8, where the soil is generally deep, grazing is
light or the vegetation has been rested. One of the main
differences is, thus, a disturbance factor of grazing pressure
interacting with the occurrsnce of shallow soil, resulting in

the names 'primary' and 'secondary' for these Elionurus argenteus

Grasslands.
Basal cover of the tall grass stratum was slightly higher
in Group 8 than in Group 5b but cover of the short grass stratum

was the same. A slightly greater number of species occurred in
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quadrats of Group 5b than in those of Group 8.

Hibiscus microcarpus was the only species which occurred

commonly in these two Groups and nowhere else.
Species which occurred in over 60 percent of the quadrats of

both Groups 5b and 8 include:-—

Anthospermum rigidum Heteropogon contortus
Aristida congesta Setaria flabvellata
Barleria macrostegia Themeda triandra
Elionurus argenteus Triraphis andropogonoides

Bragrostis curvula
Species which are common in Group 5b (in over 60 percent of
the quadrats) but are either rare in, or do not occur in Group 8

(less than 60 percent of the quadrats) include Brachiaria serrata

+
G

(the dividing species between the two groups), Aristida diffusa var.

burkei, Crabbea angustifclia and Justicia anagaloides. BHustachys

matica 1s the only species found in over 60 percent of the quadrats

of Group 8 and in fewer than 40 percent of the quadrats of Group 5b.
As these two Groups are similar, except for management and

soil depth factors, they are mapped as one unit. As guadrats of

both Groups are usually intermingled, the Groups would be difficult

to map separately.

3) Similarities between Groups Ta and 9aii

There are many similarities between Group Ta (szbonogon
plurinodis Grassland) and Group 9aii (Secondary Cymbopogon
Plurinodis Grassland), and they are mapped together. GCroup 9aii

is; however, too small for a detailed ecological analysis and
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interpretation. The two Groups have geological, geomorphological

and s0il characteristics in common. Soils are slightly gshallower

in Group 9aii than in Group Ta. Biotic influences were wvariable

in Group Ta but grazing was heavy and trampling marked in Group 9aii.
Mean basal cover and number of species per quadrat were lower in the
1atter Group.

Cynodon dactylon, Eragrostis curvula, Bustachys mutica and

Triraphis andropogonoides occur more commonly in Group 9aii than

in Group Ta. As the first two of these species are associated
with disturbed habitats and as grazing and trampling are generally
more severe in 9aii than in Ta, the latter Group is called

Secondary Cymbopogon plurinodis Grassland and the former,

sl

Cymbopogon plurinodis Grasslan

o

General vegetational aspects

In the Total association analysis, division between Banken-
veld and CT Grassland quadrats is fairly clear. As the Bankenveld
area was considered most important from a vegetational point of
view and as there was some mixture of Bankenveld guadrats in
groups of predominantly CT Grassland quadrats, a separate analysis
of the 110 Bankenveld Land System quadrats was undertaken, It was
not considered profitable to interpret Bankenveld final groups in
both the Total analysis and the Bankenveld analysis, particularly
as other classifications of Bankenveld data are interpreted later.
In a general way, results of the Bankenveld analysis and Bankenveld

part of the Total analysis are similar.
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In CT Grassland, eleven final groups are recognised and
described and six vegetation types are mappred. Two final groups,

Short and Tall Stipagrostis uniplumis Calcareous Grassland, occur

on soils overlying surface limestone deposits with the same geo-
morphology and soil series. Soils are generally slightly deeper
and basal cover of tall grasses is double in quadrats classified
as Tall Grassland in comparison with quadrats of Short Grassland.
In both Groups grazing is usually light. As these two Groups
could not be separated on aerial photographs they arc mapped as

one unity Stipagrostis uniplumis Calcareous Grassland. The

community is found around Lichtenburg and in a belt extending
west of the town.

Another two final groups, Elionurus argenteus Secondary

Grassland and @I. argenteus Primary Grassland occur on rocks of

the Ventersdorp system. Heavy grazing and soil erosion are often
recorded from quadrats of the former while the vegetation is
usually in good condition in the latter Group. These two Groups

are also mapped as one unit: EBlionurus argenteus Grassland.

Most Elionurus argenteus Grassland is found south-west of

Lichtenburg.
Two final groups also occur on Dwyka tillite substrate.

They are Cymbopogon plurinodis QOrassland and Secondary

Cymbopogon plurinodis Grassland. Difference between these two

Groups are also in degree of biotic influence but, as there are
only three quadrats in the latter Group, the distinction does
not carry much weight.

Three final groups, Acacia karroo Savanna, Acacia karroo




Group 1

Diheteropogon-Stipagrostis

Primary Bankenveld

Group 3

Chascanum - Eragrostis
racemosa '

Sandy Bankenveld

Group 4

Chascanum - Anthephora
pubescens

Group 6

Schijzachyrium
Bankenveld

Sandy Bankenveld

Group 5

Eingerhuthia- Oropetium

Bankenveld of Dolomite
Sheets

Corchorus- Ursinia

Bankenveld of Disturbed
Sites

Fige 9 Suggested relationships between Bankenveld

association analysis groups.
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Open Woodland and Drainage Basin Acacia karroo Open Woodland are

found on the medium— and poorly~drained soils of the area.
Heavy grazing and trampling are usual in quadrats of these
Groups. Most quadrats are situated on Ventersdorp Series rocks.

In all three Groups a woody element is present with Acacia karroo

ags the dominant tree and shrub species. The three Groups are
mapped separately. The unsampled Barts River valley is provisionally
mapped as Drainage Basin A. karroo Open Woodland.

Two final Groups, Ta and Tb; are neither named nor mapped. It
is found that they are not homogensous and that their component
quadrats occur scattered through the study area.

It is concluded from the description given that the major
vegetational differences in the CT Grassland Land System can be
related to the geological substrate and gross soil characteristics.
Within major groups, management is often an important factor
although, in some cases, there are not enough quadrats in a
group for even a rcasonable degree of certainty. Two final
groups; one of only three quadrats, from adjacent legs of the
hierarchy could not be interpreted.

In the Bankenveld association analysis ten final groups
are distinguished. Tor discussion and mapping the four final
groups of Group 2 are lumped and for mapping pﬁrposes Groups 3
and 4 are also lumped. Sugzested relationships between Banken-

veld groups are indicated i1 Fige. 9, which should be borne in

INSERT _FIG. 9




mind in the following discussion.

It is considered that Group 2 (Diheteropogon—Sohizachyrium

Bankenveld) is the typical vegetation of the Bankenveld Land

System. GCroup 1 (Diheteropogon-Stipagrostis Primary Bankenveld)

consists of quadrats laid out in vegetation that had been well
managed. Group 1 is closely related to Group 2 but has experienced
less selective or heavy grazing and trampling in the past. It

may be considered as the 'climax' vegstation type, although
possibly cccurring in a slightly different habitat.

Quadrats of Groups 3 and 4 (Chascanum—Eragrostis racemcsa

Sandy Bankenveld and Chascanum—Anthephora pubescens Sandy

Bankenveld) occur together on the western edge of the Bankenveld
Land System and in a circular patch in the north-west of the
study arceca. Differences between the two Groups are not clear.
Both are found where sand overlies dolomite. It is suggested
that aeolian sand has been blown from the west over the dolomite
and provided the habitat for these Groups.

Past disturbance in the area was discussed in Chapter 2. It

is suggested that quadrats of Group 5 (Corchorus-Ursinia Banken-—

veld of Disturbed Sites) are those in vegetation which has been
disturbed in the past.

Exposed sheets of dolomite are characteristic of parts of
Bankenveld, particularly in the area to the immediate north of

Lichtenburg. Group 6 (Fing;;huthia—Oropetium Bankenveld of

Dolomite Sheets) iz the vesetation typical of suoh areas.
Group 7, the last group of the Bankenveld hierarchy was

neither named nor mapped. In general, it was found that Banken-

Cu
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veld was homogeneous and that the chance absence of z species
could easily misclassify the quadrat. It is not surprising
therefore, that cne group was not interpretable.

Within the whole study area and out of two association
analyses, 11 groups are mapped out of 21 final groups. Fifteen
groups, one counsisting of four sub-groups, are interpreted.
Although sample size may contribute to the apparent misclassif-
icution of quadrats of these groups; the small total number of

samples 1s a more likely reason.



- 115 -

CHAPDER 4

ChASHIN-ITCRPIGN oOF BANKENVELD

BY NEWER AUTOMATIC METHODS

INTRODUCTICN

Goodall (1953a) proposed the first method for automatic
classification(IB) of vegetation samples, being closely followed by
Williams & Lance (1958), Williams & Lambert (1959, 1960) and Lance &
Williams (1965) with the next method; association analysis. Shortly
after that, inverse analysis (Williams & Lambert 196la) and nodal
analysis (Williams & Lambert 1961b, Lambert & Williams 1962)
were described. More sophisticated techniques, including in-

formation analysis (Lanoo & Williams 1968), dissimilarity

analysis (Macnaughton—Smith et al. 1964), agglomerative

(15 ) The term, automatic classification, is preferred to
objective (or non-subjective) classification (see Miller 1966,
Grunow 1965a and Lambert 1972), ags the former term describes
the process more adequately and it does not imply that it
is superior to other methods of vegetation classification

or that other methods are more subjective.
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clustering (Orloci 1967) and less computationally demanding
techniques such as group analysis (Crawford & Wishart 1967),
followed rapidly as the need for and utility of automatic classif-
ication techniques were realized. Many of the techniques are
reviewed by Williams (1971).

The main distinctions between the various techniques of
hierarchical classification lie between agglomerative and
divisive strategies on the one hand and between monothetic and
polythetic models on the other. Agglomerative and divisive
strategies are concerned with the actual construction of the
hierarchy (see Phipps 1971) while monothetic and polythetic
models are concerned with the number of attributes used directly
in the definition of classes (Lambert & Dale 1964). In the
following discussion, the 'top' of the hierarchy always refers
to the starting point of a divisive strategy and to the end
point of an agglomerative strategy while the 'bottom' refers to
the opposite end of the hierarchy.

Classification of samples is divisive when the whole
population is divided into successively smaller groups, each
group being examined independently for possible further sub-
divisions. It is agglomerative when classification starts with
the individual samples, the most similar samples being successively
merged to form synthetic 'samples!' until all individuals are
united in a compound ‘'sample'. Divisive strategies start with
maximum information about the entire population so that most
distortion is expected at the bottoms of the hierarchies, where

final divisions are made. Agglomerative strategies start with
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many, single samples of minimal information and most distortion is
expected at the tops of the hierarchies where final fusions are
made. Whether most distortion is at the top or the bottom of a
hierarchy is important as one is often interested only in the
topmost divisions of the hierarchy and it is required that these
divisions, or fusions, be as free from distortion as possible. In
terms of freedom from distortion, therefore, divisive strategies
are superior to agglomerative ones. A further, cost advantage of
divisive strategies is that, in them, classification may be
terminated at any desired level, thus saving computer time,

while agglomerative strategies must be completed to obtain the
topmost fusions even though the bottom of the hierarchy may be
ignored later. As there are these good reasons for preferring
divisive stratesies to agglomerative ones; use of two divisive
strategies in this Chapter is justified.

Polythetic models employ a combination of characters to
gspecify either a division or fusion while only one character is
used by monothetic models. Both monothetic and polythetic
models have their advantages and disadvantages. Key dividing
speciesy which may be useful in the field,; are obtained from
monothetic models only (see Qrunow & Lance 1969). On thecretical
grounds,; however, polythetic models are less subject to distortion,
are stable and are, by their nature, more informative (Williams,
Lambert & Lance 1966, Lambert 1972). Monothetic models have the
advantage of being generally computationally faster. Every
group at every stage (except the entire population) of a monothetic

classification is defined by the presence, or absence, of specified
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attributes while the groups of polythetic classifications are

defined by their general overall attribute similarity. Williams,
Lambert & Lance (1966) pointed out that, at that time, agglomerative-
polythetic models, like agglomerative information analysis, were

the most common methods of automatic classification. They

considered divisive—polythetic models, of which AXOR (sec later)

is an example, to be computationally difficult and not sufficiently
developed. Association analysis and divisive information analysis
are examples of divisive-monothetic models.

With few exceptions, all past South African applications of
automatic classification techniques have used only association
analysis and, occasionally, its counterpart, inverse analysis (for
example by Grunow & Lance 1966). The main reason for newer models not
having been applied is that while computer programs for association
analysis have been available in South Africa, programs for other
techniques have not. The three association analysis programs used in
South Africa, WB1l, ASOC and AANAL, will be briefly reviewed below
for the historical record. All three are based on association
analysis as described by Williams & Lambert (1959).

WB1ll was written in FORTRAN II by M.C Pistorius(16) in

O
collaboration with J.O. Grunow()) and used first on an IBM 704

(16) Address: Mrs M.C. Pistorius, then of the National Research
Institute for Mathematical Sciences of the Council
for Scientific and Industrial Research (0BT H. ),

P.0. Box 3195, Pretoria.
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computer and later on an IBM 360 computer at the Council for
Seientific and Tndustrial Research (C.S.I.R.). The program

was used by Grunow (1965a) and other early automatic vegetation
classifiers including Roberts (1966), Miller (1966), Downing (1966)
and Miller & Booysen (1968). The most recent users were probably
Woods & Moll (1967). Use was limited by the relatively high cost
of computer~time at the C.S.I.R. The second program, ASOC, was

(17)

written in PLAN by H.H. von Broembsen for an ICL computer.
This program was used by Scheepers (1969) for classification of
the vegetation of the Kroonstad Key Area of the Highveld BIcological
Survey. Use of ASOC was hindered because ICL computers were not
easily accessible to the Botanical Research Institute. The third
program, AAVAL, was written by the author in FORTRAN IV and has
been used on IBM 1130 and Burroughs B6500 computers. It is
the only known association analysis program currently used in
South Africa. It was used for all the association analyses
described here,

In this Chapter, procedures for a polythetic-divisive model,
called AXOR (AXis ORdination), and a monothetic—divisive model,
known as divisive information analysis (DIVINF), are described.

Results of their application to Bankenveld data are given and

(17) The late Mr H.H. von 3roembsen; Botanical Research Institute,

Private Bag X101, Pretoria.



- 120 -

these Tesults are briefly compared with the Bankenveld association
-analyéis results of Chapter 3. The first, briéf account of AXOR
is by Lambert (1972) and a slightly longer description is given

by Lambert et al. (1973). As a detailed step-by-step account

has not yet been published and as the technique has not been
previously applied to South African data a detailed description

(18))

(after S.B. Meacock is given below. As DIVINF has already
been used in South Africa (Grunow & Lance 1969) and good accounts
of the method are available in the literature only a brief
description is given here.

Both ecological criteria and a new, objective test are
used to study similarities between results of the three
classificatory strategies applied to the same data matrix.

AXOR is considered by Lambert et al. (1973) to produce
divisions superior to other classificatory techniques,
including association analysis, while Grunow & Lance (1969)
found DIVINF preferable to association analysis on various
grounds. These findings are investigated again with Bankenveld

data.

(18) Address: Mrs S.E. Meacock, Department of Mathematics,

The University, Southampton, U.K,
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PROCEDURE

Polythetic—divisive model (AXOR)

l) Raw data

Raw data for AXOR may consist of either qualitative
(presence/absence) or quantitative (cover, density, frequency,
biomass) scores for each species in each quadrat. Although
cover-abundance estimates were available in the present study,
presence/absenoe data, as also used for association analysis,
were used. Reasons for this decision were, firstly, that results
would be more directly comparable with association analysis
results, and secondly, that the presence/absence data were
already coded and punched. The raw data matrix consisted of the

2
presence of all species in the 110 Bankenveld Land System 16 m_

quadrats.

2) Outline of AXOR

The first step in the analysis is extraction of the maximum
variance axis from the data, by means of either a principal
components analysis (PCA: Seal 1964) or a principal co-ordinates-
analysis (PCO: Gower 1966). The next step is the investigation
of all (n - 1) ordered splits on the axis to find the division
which gives the largest A I or /XSS (see below). Improvements

in the split are then made by automatic re-allocation of individuals,
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taken one at a time, either in absolute order on the second and
subsequent axes, or by an alternative re—allocation method until
the addition of a new axis order gives no further improvemeﬁt.
An example is outlined below.

Consider the following p species by n quadrats data matrix,

where scores are either qualitative or quantitatives-

species

1’ 2’ 39 ° ° L] > . y p—'l’ p

i "
2 o
3 <
T :
X = %
~ 5
’U o o
a
=
n—l )

For analysis by PCA, the means for each species are subtracted
from the corresponding elements of L to form matrix(19>’go The
variance-covariance matrix is thenig?go Eigen vectors and eigen
values are extracted from the variance-covariance matrix in
descending order of eigen values. If Z; is the first eigen

vector thenlggl gives the component scores for the n quadrats.,

(19) General accounts of matrix algebra can be found in Lawley

& Maxwell (1963) and Searle (1966).
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Quadrats are ranked in order of their component scores and the
information drop ( AI), or 'sum of squares' drop (/ASS8), of
each possible split is calculated. Consider; for example, the

following five quadrats ranked by their component scores:i-—

e b c a d
€ c a d
e 2 a d
e c a d

Let the third be the split with maximum AT or A\SS, whichever
is being used. Fach quadrat is then moved to the other side of
thig split in turn and an improvement in terms of AT or ASS is

sought. The following moves will be made:-

a b g* B d (a moved)
5 & & b 4 (b moved)

b 5 6 B (o moved)
b ¢ 4 e a (d moved)

o
o
u
(0]
—~
@

moved )

Should an improvement be found, the process is started again
and is repeated until stability is attained. Various strategies
have been proposed to direct the moving process (eeg. based on

absolute order of quadrats on second and subsequent component
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axes) but all yield much the same answer (S.E. Meaoock(18)s
pers. comm.). The moving process is a form of the automatic
re-gllocation process described by Grunow & Lance (1969) .
for analysis by FCO, ¥ is formed as above. Matrix E,

corresponding to the variance~covariance matrix, is then formed:~

Tigen values and eigen vectors (Xi), which are row component

scores, are extracted. The 'real' eigen vectors (gi) are then:-

The process then continues as described for PCA.

The correspondence between PCA and PCO is useful as it means
that either the n x n (quadrats by quadrats) or p x P (species by
species) matrixz, whichever is smaller, may be used for the analysiss
Thus, the number of species and the number of quadrats must be
large before the computer's memory becomes a limiting factor.

For the analysis of Bankenveld data, PCO formulae were used
as the raw data matrix contsined many more species than quadrats.

ACSI was used as division parameter.
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3) Sums of squares

As the term 'sums of squares' is often used without sufficient
definition, for example in Lambert et al. 1973, the term is
briefly described here.

Sums of squares (SS), in the form of ASS, may be used as an
alternative to the information drop (AI) as a measure of the
goodness of a division. It has advantages over the information

(20)

drop with quantitative, unbounded data and may be a better
general-purpose test (J.Ms Lambert<21)z pers. comm.) although
its properties are still being studied at Southampton.

Consider a raw data matrix with j species (j columns) and
i quadrats (i rows). ij is defined as being the mean of the

jth species. The sums of squares of a given group of guadrats (4)

is then given by:-

(20) Bounded ecological data have defined upper and lower limits
(eeg. percentage frequenoys~ 0-100 percent) while unbounded

data need have no upper limit. Phytomass is an example of

unbounded data.,

(21) Address: Dr J.M. Lambert, Department of Botany, The University,

Southampton, U.K.
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If group A is divided into two sub-groups a and b, then:-—

SIS

It

88 + 88, + AASS
a b

and therefores-—

A\SS

i
[@2]
w2

|

(ssa + ssb)

Alternatively ASS is given bys-—

J
mn - - \2
Dss = —— 2 (x; = v3)

where m and n are the number of individuals in sub-groups a and b
and Ej and §j are the means of the jth species 1n groups a and Db,
respectively.

4) TInformation statistic

The information drop, DI, (measured by Shannon's information

statistio) on dividing group (4) into sub-groups a and b is

defined as:-

DT = Toont(A) ~ (Icont(a) + Icont(b))

where Ioont(w) is the information content of group w.



Icont(w) is given by:-

p
Icont(w) = pnlnn - E (ajlgaj # (0 = aj)lg(n - aj))
J=i

where 1ln is the natural logarithm and n is the number of quadrats
in the group, specified by the presence or absence of p attributes.
J

here are aj gquadrats possessing the jth attribute and (n - a.)

lacking the attribute.
5) Directed search strategies

In AXOR, a PCA or PCO produces a lineaT arrangement of
quadrats from which the optimal division is sought. A strategy
such as this in which only a limited subset of all possible
divisions are investigated, is known as a directed search
(Williams & Dale 1965). As there are (2° T - 1) possible ways
of dividing n entities into two groups (Edwards & Cavalli-Sforza
1965) a directed search becomes essential with more than about
20 entities, even with the relatively powerful computers available
today (Morris 1973). The directed search in association analysis
is to the p possible divisions based on the p species present in
one or more of the quadrats. The same directed search strategy
is used by divisive information analysis (see later). In AXOR,
the search is directed by reference to geometrical distances of
samples along the first component of a principal components

analysis or principal co—ordinates analysis.
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6) Superiority of AXOR

‘Lambert et al. (1973) use a novel method for comparison of
hierarchies procduced from different classification models. The
'mathematically optimal' division is used as a standard with
which the model being tested is compared over a large number of
tests. As the mathematically optimal division is found by
evaluating all (2n_l - 1) possible divisions,; such comparisons
can only be carried out on data sets of very limited size. The
number of times the model under test gives the optimal division
as a percentage of the number of tests is a measure of the
absolute efficiency of the model under test. By using this test
with classifications based on quantitative and qualitative data,
Lambert et al. (1973) found that AXOR, with 97,6 percent success
was far superior to divisive information analysis with only
5945 percent success, when ASS was used to define the mathematically
optimal split. Unfortunately, this technique of hierarchy
comparison cannot be used with plant ecological data sets of

normal size as the computations are impracticably lengthy.

Monothetic-divisive model (DIVINF)

Divisive information analysis (Lance & Williams 1968),
known in this account as DIVINF, was developed as an improvement
on association analysis. As it uses a divisive strategy and as
each division is based on the presence or absence of a gingle

specles it is a monothetic~divisive model. Only a brief account
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Fig. 10 AXOR classification hierarchy. N. = number of
quadrats in final group. Stopping levels a and b

are discussed in text.



of the procedure is given below as good accounts have been
available in the literature for some time and it has been used
in South Africa previously (Grunow & Lance 1969)u

In DIVINF, like association analysis ( AANAT), the directed
gsearch 1s to the p possibie divisions based on the p species in
the n gquadrats by p species raw data mairix. The difference
between DIVINF and AAVAL is that the criterion for division in
association analysis is the species that reduces association
o / ) 1 g | e e
(X 1in some form) by the largest amount while in information
analysis the criterion is the species that produces the largest
information drop (ANI). Formulae for AI and Icont(w), needed
for this analysis; were described in the AXOR procedure.

Data used for this DIVIVEF analysis were the 110 Bankenveld

“
quadrats of 16 m with species in fewer than six quadrats masked.

RESULTS AND DISCUSSION

AXCOR clasgaification

1) Statistical comparison with AANAL

The hierarchy resulting from classification of the 110 Banken-—
] 2
veld Land System quadrats (16 m ) with no species excluded from
the analysis by AXOR (using AI as division parameter) is given

in Fig. 10. At within-group information content of 2500 (stopping




TABLT 31 Comparison of AXOR and AANAL group constitutions

at a)

a)

AANAT

EEoups

four—-group level and

AXOR classifi

b) two-group level.

cation groups

9. B E o lem

1 i 1 T 6 12

2 22 10 0 1 33

3 ] B 18 28

4 0 0 24 13 31
hi; F0 - g

2 23 22 39 110

AYOR groups
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1 38 7 45
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level a), the quadrats are divided into four groups, numbered
from one to four and at Icont(w) = 1000 (stopping level b) there
are ten groups, labeled for convenience A through J.

At the four-group level, group constitutions of the AXOR
classification and the association analysis (AANAL) classification
described in Chapter 3 were compared. Results are presented in

Table 31. It will be observed that AANAL Group 1 is split

INSERT TABLE 31

Y

between AXOR Groups 2 and 4. Two thirds of AANAL Group 2
quadrats occur in AXOR Group 1 and the remainder occur in
Group 2. Two thirds of AANAL Group 3 quadrats occur in AXOR
Group 4. Two thirds of AAWAL Group 4 occur in AXOR Group 3 and
the rest are found in AXOR Group 4. In addition to following
the distribution of gquadrats of association analysis groups in
the AXOR classification as was done above, the opposits may be
done. AXOR Group 1 is virtually confined to AANAL Group 2.
Nearly half of AXOR Group 2 gquadrats also cccur in AAWAL Group 2.
Other AXOR Group 2 guadrats occur in AANAL Groups 1 and 3., AXOR
Group 3 is entirely confined to AANAL Group 4. Half of AXOR
Group 4 quadrats occur in AANAL Group 3 and most of the rest
occur in AAVAL Group 4.

From the above account and from inspection of Table 31, it}
is obvious that the two classifications produced fairly similay
quadrat groups. While the published hierarchy comparison tests

to be described in Chapter 5 were not used, a new measure of



TARLE 32 Chi-square test of association between AANAL,
DIVINT and AXOR classifications at four-zroup

and two-group levels.

(a) (v)

four—group level Iwo—group level
olassifications X classifications X
AATAT, - AXOR 122,3 AANAL - AXOR 54,2
AATTAL - DITTHE 109,1 AANAL - DIVIUE B8 1
DIVINF -~ AXOR 1334 DIVINT -~ AXOR 13,7

1
no
]

(a)p = 0,001 at X

() _ 2

0,001 at X

27,9 (9°¢)

10,8 (1%)

g
I
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association between classifications was used to obtain a gquantitative
measure of similarity between classifications. The new measure
resulted from use of the chi-square test of association described

by Bailey (1959). With nine degrees of freedom, the value of

X2 = 122,3 for comparison of AANAL and AXOR groups at the four—

group level is very significant at p = 0,001 (Table 32), indicating

INSERT TABLE 32

that the two classifications are closely related.

Association at the two—group level (Tables 31 and 32) is also
statistically significant at p = 0,001. At the two-group level,
most AXOR Group 1 quadrats occur in AANAL Group 1 and most AXOR
Group 2 quadrats occur in AANAL CGroup 2.

As some of the 'expected! values of the X2 calculation are
less then about five when more than four groups from each
hierarchy are compared,; the new test could not be used at lower

hierarchical levels (Bailey 1959).

2) TFinal-group comparison with AANAL

A manual comparison of group constitution and hierarchy
configuration was undertaken at the ten~-group level of AXOR and
final-group level of AAWAL.

At the ten-group level, AXOR Groups A and B, are merely

subsets of Diheteropogon-Schizachyrium Bankenveld, the typical

community of the Bankenveld Land System. They are not discussed



further. AXOR Group 3, consisting of Final Groups F and G, is
totally within the fourth and final AAWAL major Group. AXOR

Group ¢ includes eight quadrats of Fingerhuthia-Oropetium

Bankenveld of Dolomite Sheets and four Group 7 quadrats.

Although four Fingerhuthia-Oropetium quadrats are omitted,

Group G is a better collection of quadrats typifying vegetation
of extensive dolomite sheets than the group of the association
analysis classification. AXOR Group F is a mixture of Group 7

and Fingerhuthia-Oropetium Bankenveld gquadrats. MNMost Group F

quadrats are situated on dolomite sheets but are located in a
band across the northern edge of the area while most guadrats of
Group G are located immediately north of Lichtenbursz.

Thirteen quadrats, including all nine guadrats of Corchorus-

)]

Ursinia Bankenveld of Disturbed Sites and four quedrats of Group 7
of the association analysis hierarchy, are found in AXOR Group 4.

As the AANAL quadrats are equally distributed in AXCR CGroups H and

I, Corchorus~Ursinia Bankenveld of the AANAL classification is not

recognised by AXOR. The majority (19) of Chascanum Sandy Banken-

veld gquadrats occur in Groups H and J of AXOR Group 4. As six

ol

Diheteropogon-Stipagrostis Primary Bankenveld quadrats also occur

)

in AXOR Group J, it is concluded that some Primary Bankenveld
occurs on deeper, more saundy soils than are normal for the arez.
This conclusion could not be made from results of the association
analysis. AXOR Group 2 is the most segmented group in relation

AT T ey ~ - i S T 1 e . g v
to AATAL groups. Ten quadrots make up the remainder of Diheteropogon-—

Stipagrostis Primary Bankenveld. Of the remaining eight quadrats

b

most belong to Chascanum-Eragrostis racemosa Sandy Bankenveld.




TABLE 33 PFloristic richness of AXOR and DIVINF groups at
a) four-group and b) final-group levels expressed
as mean number of species per quadrat (mean) and standard

deviation of mean (SD).

AXCR DIVINF
Group
mean 5D mean 8D
a) : 4 38,3 Dyl 40,2 DsT
2 42,0 6,6 40,8 549
3 29,3 6,8 5 6,4
4 36,4 653 34,8 756
== B e o M s s S T e
b) A 36,5 556 38,7 4,3
B | 40,1 4,0 41,7 545
C 1 40,8 7,8 40,8 5,9
D 42,2 6,7 29,1 8,6
D 43,6 4,7 3254 5,0
F 29,5 Gyl 42,0 653
G 2951 TsT 32,6 &6
i | 33,55 641 29,7 5,0
36,2 TsT
38,7 551
i
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3) Floristic richness of AXOR groups

Floristic richness of AXOR groups was investigated. A
marked decrease in richness from left to right across the hierarchy
had been found in the AANAL classifications and the pattern in
AXOR groups was considered to be of interest. Results are given

in Table 33. At the four-grour and ten-group levels, floristically-

INSERT TABLE 33

rich and floristically—poor groups are clearly distinguished but
there is no evidence of this variable's having such an over-
riding influence on the analysis as there was with association
analysis. Croup 2 (including its Final Groups, D and E) is
richest in species and Group 3 (inoluding Final Groups F and G)
is floristically poorest. Standard deviations of the mean are
fairly constant and rather low throughout, suggesting that
quadrats in each group have roughly the same number of species
and that within-group variation in number of species per quadrat

is similar in all groups.

DIVINF classification

1) Statistical commarison with AANAL

Divisive information analysis (DIVINF) results are given
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Fig. 11 DIVINF classification hierarchy. N. = number of
quadrats in final group. Stopping levels a and b

are discussed in text. Dividing species are: 1 = Sporobolus

pectinatus, 2 = Diheteropogon amplectens, 3 = Cymbopogon

plurinodis, 4 = Loudetia simplex, 5 = Justicia anagaloides,

6 = Tragrostis lehmanniana, 7 = Heteropogon contortus.




TABLE 34 Comparison of DIVINFE and AANAL group constitutions

at a) four~group level and b) two-group level.

a) DIVINF classification groups

1 2 3 4

i 6 6 0 0 12
AANAL 2 j23 30 G B 33
groups 3 6 0 6 16 28

s A =

35 15 20 29 110

b) DIVINF groups
1 2

AATAT, 1 45 Q 45

Sroups 2 6 59 65

3 3% 330
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diagrammatically in Fige. 11. The first division, on Sporobolus

INSERT FIG. 11

pectinatus, split off 35 quadrats on the positive side. The

negative leg is split, first on Diheteropogon amplectens and

then on Cymbopogon plurinodis to form four groups at I = 2500

(stopping level a). Groups are numbered one through four at
this level. At a within-group information content of 1000
(stopping level b) eight groups exist, labeled A through H, to
facilitate group identification in the following discussion.
Although the similarity between the association analysis
(AANAL) classification of Chapter 3 and the DIVINF classification
was apparent from inspection of the two hierarchies, it was clear
that similarities in group constitution were not as great as
those between AAVAL and AXCR. A two-way table was drawn up to
compare more accurately DIVINF and AANAL, groups at four— and two-

group levels. In Table 34 the number of quadrats common to each

INSERT TABLE 34

pair of DIVINF and AANAL groups is given., From Table 34 it is
apparent that AANAL Group 1 is equally divided between DIVINF
Groups 1 and 2. Two thirds of AANAL Group 2 quadrats occur in
DIVINF Group 1 and the rest in Qroup 2. Over half of AANAL Group 3
occurs in DIVINF Group 4 and the rest of the quadrats are divided

between DIVINF Groups 1 and 3. Two thirds of AANWAL Group 4
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occurs in DIVINF Group 3 and one third in DIVINF Group 4-

Thus, inspection of the two-way table between hierarchies at
the four-group level also indicated similarities between the
classifications. The new chi-square test of association was
carried out on this two-way table as well. The result (Table 32)
is significant at p = 0,001, indicating that the groups delimited
by AATAL are very significantly related to groups delimited by
DIVIF. As the X2 value for AANATI~DIVINF is lower than for
AANAL-AXOR (Table 32) it is concluded that the former pair of
classifications are not as similar as the latter. As some of
the 'expected' wvalues in the X2 equation were rather low, the
calculation was repeated at the two-group level (Tables 34 and 32).

.o 2
A significant X~ (p = 0,001) was obtained again.
2) TFinal-group comparison with AANAL

AAWAL Group 1 (Diheteropogon—Stipagrostis Primary Bankenveld)

occurs in DIVINF Groups B and C. Groups 2a, 2b and 2¢ of AANAL

Group 2 (Diheteropqgon—Schizachyrium Bankenveld) occupy the

remainder of DIVINF Group 1. Group 2d (also Diheteropogon-

Schizachyrium Bankenveld) forms a clear sub—group within DIVINF

Groun C.

A small part of AANAIL Group 3 (Chascanum—Eragrostis racemosa

Sandy Bankenveld) is found in DIVINF Group B and the remainder

occurs with AANAL Group 4 (Chascanum—Anthephora pubescens Sandy

Bankenveld) in DIVINF Group 4, in Final Groups F and C. AANAL

Group 5 (CorchoruS*Ursinja Bankenveld of Disturbed Sites) is a




small group of only 9 dquadrats, which occur scattered through

DIVINF Group 4. Fingerhuthia-Oropetium Bankenveld of Dolomite

Sheets (AANAL Group 6) occurs partly in Group 3 (Final Group D)
and partly in Group 4 (Final Group H) of the DIVINF hierarchy.

AANAL Group 7 occurs mainly in DIVINF Groups D and K.

3) TFloristic richness of DIVINF groups

DIVINF, like AXOR, is not sensitive to quadrat floristic
richness. Means and standard deviations of the number of species
per gquadrat for each group are given in Table 33. Groups 1 and 2
are slightly richer in species than Groups 3 and 4 at the four-
group level. At the eight—group level; certain groups; including
B, C and F, are floristically-rich while others, like D and H
are floristically-poor. A gradient from floristicalliy-rich to
floristically—poor groups across the hierarchy is not present.

In general, the lower the mean number of species per quadrat the
higher the standard deviation and vice versa, indicating that
floristically-rich groups have a more constant number of species

per quadrat than floristically-poor groups.

Comparison of AANAL, AXOR and DIVINF results

Brief oomparisons of AANAL results from Chapter 3 with AXOR
and DIVINF classifications have been made. To make a comparison
between all three models possible, DIVINF and AXOR group con-

stitutions are compared a four- and two-group levels in



TABLE 35 Comparison of DIVINF and AXOR group constitutions

at a) four-group level and b) two-group level.

a) AXOR classification groups

1 2 3 4

1 {21 1 o © 35
DIVINF 3 4 % B G 16
groups 3 0 0 19 11 30

124 23 24 39 110

b) AXOR groups
1 2
— [
MVIF 1 |44 7| 51
g :
groups 2 | 3 56 | 59

E Sl o B
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Table 35. Results of the new chi-square test of association

INSERT TABLE 35

between these classifications are given in Table 32, together
with the other chi-square test results.

At the four—-group level, AANAL is more similar to AXOR than
is DIVINF. At the two-group level, the two monothetic-divisive
strategies are most similar while they are least similar at the
four-group level. AXOR is more similar to DIVINF than to AANAL
at the two-group level. As all the associations are statistically
very significant not much weight can be attached to differences of

degree outlined above.

CONCLUSION

While brief compariscns of AXOR and DIVINF classificetions
with AANAL final groups were made, detailed interpretations of
AY¥OR and DIVINF results were not given. AAVAL, which was interpreted
in detail, had given a sufficiently meaningful-olassifioation of the
quadrats, with the result that two more detailed interpretations
were considered to be unnecessary. Differences between DIVINF
and AANAL and AXOR and AANAL were shown to be statistically no%
significant by a X2 test of association, not previously used to

compare classifications.

A degree of similarity between the results was expected,
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merely because the same raw data matrix was used for all three
analyses, but the reason for AXOR's being slightly more similar
to AANAL than DIVINF is not clear on the basis of strategies
used or rare species masks employed. AANAL and DIVINEF are both
monothetic~divisive models while AXOR is a polythetic-divisive
model. The same mask of rare species was used for AAWAL and
DIVINF and no species were excluded from the AXOR analysis.
DIVINF)an& the AXOR model used for the present study,both used
the information statistic as division parameter.

Some AXOR groups represented improvements on AANAL groups
while some were less easy to interpret in the context of AANAL
groups. Some conclusions resulting from classification by
AXOR after AANAL could not have been reached from AANAL alone.
Both AXOR and AAWAL yield satisfactory classifications of the
quadrats, provided that groups are interpreted intelligently.

It is concluded, finally, that the three classifications are
basically very similar, even though association analysis is
sensitive to floristic richness of quadrats and the other models
are not. This conclusion means that either the vegetation is
very easy to classify automatically, or that all three models
are robust. As all three models give similar results arnd these
results were ecologically meaningful, it may be safely assumed
that all are good eoologioai clagsifications of the vegetation,
It should be borne in mind, however, that AXOR and DIVINF do
not seem to be sensitive to florigtic richness and that AXOR is

preferred by Lambert et al. (1973) on the basis of experimental

comparisons.
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CHAPTER 5

DATA BEBUCTION 58D 0 BIFCTIVE

COMPARISON OF AUTOMATICO

CLASEBETFICAT IONS

INTRODUCTICH

Divisive information analysis (DIVINF) was applied by
Grunow & Lance (1969) to data from Soutpan in the Transvaal
Bushveld. Using ecological and physiological validity of sub-
divisions as tests, DIVINF was preferred by these authors to
association analysis of the same data (Grunow 1965a) in both
the normal and the inverse forms. That paper is probably the
only published South African comparison of two automatic
classification techniques.

In nearly all other comparisons of techniques (including
Dale 1960, Williams, Lambert & Lance 1966, Lambert & Williams
1966, Austin & Greig-Smith 1968, Moore et al. 1970, Pritchard &
Anderson 1971 and Boucher 1972) subjective ecological assessments
are used to compare results, although at least four methods
have been developed for the quantitative comparison of groups

formed in classifications as well as for comparison of the
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hierarchies themselves. The advantages of numerical methods of
comparison are that they are objective, they give a statistical
estimate of significance and they can be calculated in a fraction
of the time required to make ecological interpretations of two
classifications.

Before the rapid increase in the number of classificatory
procedures, which was briefly mentioned in Chapter 4, and the
following need to compare results, Goodman & Kruskal (19549 1959)
outlined some general approaches to the problems of crogs—classif-
icatory comparison. They were particularly concerned with
associations between classifications in a broad sense and
influenced later work in this field.

Sokal & Rohlf (1962) were the first biologists to point
out the need for an objective comparison technique. They con-
sidered that with the increasing acceptance of numerical techniques
an experimental phasge involving the use of various types of
coefficients was beginning. The experiments would involve the
comparison and evaluation of results from many clagsifications
of the same data. Their cophenetic correlation technique was
developed to this end for numerical taxonomists. It is based on
the correlation between the hierarchical levels at which each
vair of quadrats is united in each classification. Williams &
Clifford (1971) pointed out its shortcomings (see below) and
described an improved technijue which distinguishes differences
in group composition from differences in configuration of the
hierarchy. Cohfiguration ims the route connecting two quadrats

within the hierarchy. Comparison techniques which congider only



group composition have been described by Williams et al. (1969)
and Orloci (1970). As these objective tests had been developed,
the writer considered at the outset that these, as well as
subjective; ecological interpretation should be used to compare
results of classifications.

The influence of data reduction on the hierarchy resulting
from use of the same classification strategy was studied at the
same time as objective comparisons were investigated. Data
reduction is the omission of species or the exclusion of quadrats
from data before classification. In agreement with Dale (1960),
the writer considers that it is always preferable to use the
largest possible number of quadrats so that in this study, as
in that of Dale, only reduction of species is considered.

Data reduction is usually undertaken for pragmatic reasons.
When computer time is expensive, data reduction may result in a
large saving of money, time in the field may be saved by certain
forms of data reduction or, thirdly, reduction may be necessary
so that the data matrix will fit into the computer MEnoTyY o
Although it is widely assumed that data reduction has an in-
significant effect of the subsequent analysis, and data are often
reduced on this assumption, little is known about the stability
of classifications with various degrees of reduction and whether
reduction can be justified on grounds other than the Dragmatic
ones given above. The writer set out to investigate this

assumption.
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REVIEW OF COMPARISON METHODS

Group comparison methods: COMPAR and INFOR

1) COMPAR method

Williams et al. (1969) défine and use a measure of sipilarity
between two classifications, referred to in this account as COMPAR.
It is also used by Tracey (1969). COMPAR is based on a technique
described by Rayner (1966) and provides a measure of group
similarity.

COMPAR is based on the coefficient of floral community,
defined in conventional (a, b, ¢, d) notation of a 2 by 2
contingency table as 2a/(2a + b+ o). For two groups, x and y,
one from each clagssification, the number of quadrats common to both
groups ig a, the number in x but not in y is b, and the number in y
but not in x is c¢. Let there be m groups in the first classification
(4) and n in the second (B). The first A-group is compared with each
B-group in turn and the largest coeffiocient of floral community
is retained, irrespective of which B-group produced it« The
process is repeated for the remainder of the A-groups. The
process is then reversed, cach B—-group being taken in turn as
referent. The mean of the (m + n) largest coefficients is the

measure of similarity betwsen the two classifications.
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2) INFOR method

Orloci (1970) developed a test criterion for independence
between two classifications, referred to in this account as
IWFOR. It is the second measure of group similarity to be
described. 1INFOR is the error component commonly used in con-
nection with the analysis of contingency tables and is based on the
information statistic.

Suppose there are m groups in the first classification and
n in the second. The number of guadrats possessed in common by
the ith group of the first and jth group of the second classif-
ication (Xij) is found for each i and j. The symbols X, Xi and
Xj represent the grand total, the ith row total and the jth
column total respectively, in the margins of the Xij contingency

table. The information statistic (2I) is then given by:—

1] n

—— b A

21 = 2 2 ; X, . ln ——=L
e 1] — X.X.

i=1 j=1 o

where In is the natural logarithm. 2T is approximately distributed
as chi-square with (m = 1)(n - 1) degrees of freedom under the

null hypothesis that the two classifications are independent,

Group and configuration comparison methods: COPHEN and WILLCLIFF

1) COPUEN method

The technigue of cophznetic correlation, known in this account
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as COPHEN, was developed by Sokal & Rohlf (1962) and is also
described by Sokal & Sneath (1963). Configuration as well as
group constitution are taken into account by COPHEN.

Consider, for example, an association analysis hierarchy in
which HQS.X2 values(l3), are plotted on the ordinate, as measures
of group homogeneity. As the number of groups increases from the
top of the hierarchy to the bottom, H.S.X2 values generally
decrease while group homogeneity increases proportionally.
Cophenetic value would then be defined as the H.SnX2 value at
which the branches connecting a given pair of quadrats unite.

The closer the relationship between two quadrats,; the lower will
be their cophenetic value in this example. Cophenetic correlation
is then the product moment correlation coefficient, calculated
over all corresponding cophenetic values from a pair of clasgif-
ications. Statistical significance of the correlation is not
applied by Sokal & Rohlfs; only the magnitude of the value is

used as a measure of similarity.

Cophenetic correlation may be calculated between any two
hierarchical classifications (agglomerative and divisive) for
which measures of group homogeneity or group similarity have
been used on the ordinate of the hierarchies. Depending on
whether the measures increase or decrease from top to bottom

of the hierarchies, cophenetic correlation may be either positive

or negative.
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2) Shortcomings of COPHEN method

Wiliiams & Clifford (1971) show that COPHEN has two short-
comings, which make it unsuitable for the truncated; intensely-
clustering classificatory strategies now in common use. They
consider, firstly, that it is unable to distinguish between
changes due to group composition and changes due to configuration
of groups within the hierarchy (even though it is a measure of
both these properties). Secondly, it is sensitive to the convention
used for representing the hierarchy in two dimensions. They
present a revised strategy, referred to in this account as
WILLCLIFT, which they consider, overcomes these two drawbacks.

An almost identical method was propesed independently by Phipps
(1971).

Williams & Clifford (1971) roint out that it is now common
practice not to consider a hierarchy down to the level of
individual elements but that the hierarchy is usually truncated
at a convenient number of groups. All members of each group are
then regarded as being the same. Classifications may then differ
in two ways. Firstly, group membership might remain unchanged
but the position of a group in the hierarchy might change
(configurational change) . Secondly, closely-related groups
may interchange some of their members with minimum disturbance
to the hierarchy (constitubional change). Knowledge of changes
in both the constitution and the configuration of groups is required.
While Goodman & Kruskal (1954, 1959) describe methods for comparing

congtitution alone, Williams & Clifford (1971) consider
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that the measure must be at least approximately additive ower
both constitutional and configurational changes.

Williams & Clifford (1971) consider the second shortcoming
of COPHIN, outlined below, to be more fundamental. The level of
fusion or division in a hierarchy was originally defined by the

2; AI, Icont(w)) at which that fusion

homogeneity value (H.S.X
or division occurred. According to Williams & Clifford (1971),
although homogeneity measures are used in the construction of

hierarchies, they are not an integral part of their definition

and should therefore not be used in the measure of hierarchy

comparison.
3) WILLCLIFF method

YILLCLIFF is acknowledged by its describers (Williams &
Clifford 1971) to be no more than a variant of COPHEI. It has
two features which, they consider, represent advantages over
COPHEN. Firstlyy, it uses only the invariant properties of the
hierarchy, making it independent of the method of presentation,
Secondly, it iz substantially additive over group composition
and configuration, as is required of such a measure. It is used
for the comparison of three numerical taxonomy classifications
by Clifford & Williams (1973).

For a given pair of auadrats in two classifications, the
number of nodes that separate them in each hierarchy is denoted
by my and m, s rgspectivelv. The difference (d) between the two,

say my = My, is found. The order of subtraction is immaterial
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as long as the subtraction is done consistently. The process is
repeated for all n(n—l)/E pairs of quadrats. The difference, d,
may be positive (d+), negative (d-), or zero. DPositive and
negative differences are accumulated separately. The sum (D)

of the absolute values of d+ and d-~ is a measure of the total
changes in the hierarchy as one moves from one classification to
the other. D is best scaled by reference to the n(n—l)/2 pairs
which have contributed to it so that the final measure (f)

takes the forms-—

f = 2D/n(n-1)

If the classifications under study are truncated, a pair
whose members are in the same group in a given classification
will have zero m for that classification. In the course of
obtaining D, it is easy to count the number of cases for which
m is zero in one classification but not the other. These two
counts are accumulated separately and denocted as g+ and g—
and the sum of their absolute values by G. G is then a measure
of the total number of transfers between groups.,

Unless D and G are both zero, the hierarchies being compared
are not identical. Although D and G are related, the relationship
is not simple. Clifford & Williams (1973) regard the two measures
as independent. Although D may change without influencing G, any

change in G results in a change in D.
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PROCEDURE

Two divisive-monothetic classification models, divisive
information analysis (DIVINF) and association analysis (AAEAL),
and three methods of data reduction were used in this study.
Pirstly, the influence on the resulting classifications of
masking three levels of rare species from quadrats of the same
size, as opposed to not masking any species in a control analysis,
was studied using DIVINF. Secondly, the influence on the re-
sulting classifications of four different quadrat sizes and two
levels of reduction in the number of species in each quadrat
were investigated using AAMTAL.

For all classifications,; raw data were presence of species
in the 110 Bankenveld Land System quadrats. In all DIVINE

5
classifications, quadrat size was constant (16 mL) while in all
AMTAL olassifications a standard mask of all species occurring

4

in fewer than six quadrats was used.

IElimination of rare specles: four DIVINF classifications

DIVIWF was used for classification of 168 m2 quadrats with
no speoies masked, with species present in one and two quadrats
masked, with species present in five or fewer quadrass masked
and with species present ir 10 or fewer quadrats masked. In
the following presentation of results and discussion, these

classifications are referred to as g, h, i and Js respectively.
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Reduction in quadrat size zand floristic richness: six AANAL

clagsifications

In AAWAL classifications, differences under test were,
partly, the size of quadrat and, partly, the number of species
used from each quadrat. Four different quadrat sizes and two
degrees of reduction in the number of species in each quadrat
were used in a total of six analyses.

As described in Chapter 3, triangular samples with areas of

2 A R -
4 and 8 m , and square samples of 16 and approximately 64 m
were available. For economy of reference, the four association
analyses based on samples of these sizes are referred to ass
45QM, 8SQM, 16SQM and 64SQl, respectively.

It was found that 19 was the smallest number of species

P l
2
recorded in a 64 m sample. This figure was taken and an

sociation analysis was car

0
o3

It

) ried out using the first 19 species
recorded from each sample. This data reduction was possible

as species had been recorded in order of encounter (Chapter 3),
As a further; and extreme data reduction, an analysis was carried
out using only the first 12 species recorded from each sample.
During field work it was noticed that there were usually 10 to

12

Q

onspicuous species, which could be recorded before a detailed
search of the quadrat was begun. These analysss are referred
to below as F19 and F12; respectively.

The term; floristic richness, is used for the number of
species recorded in a qualrat. Reduction in floristic richness

is then reduction of the number of species in sach quadrat. In



TABLE 36 Information statistics (2I) of INFOR comparisons
of four DIVINF classifications at four-group and
final-group levels. All values are significant at p = 0,001

(see text)o

four-group level final-group level

h i j h cH J

g L5T i3% a5 g 478 442 379
h 225 225 h 477 414
i 297 i 499

gi—~ no gspecies masked

he- 1 to 2 frequency-species masked
is= 1 to 5 frequency-species masked

ji= 1 to 10 frequency-species masked
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this study the number of species was reduced to a constant

but it could also have been reduced by a constant percentage

of the total number of species in each quadrat.

RESULTS

Elimination of rare species

Two hundred and eleven species were included in DIVINF
classification g, which took 1960 seconds of computer time
(ICL 1907, 64K computer). Thirty one percent of the species
(i.e. 66 species) were masked in h, which took 1540 seconds to
compute. Forty four percent (92 species) and 55 percent
(115 species) of the species were excluded in i and j, respectively,

which took 1240 and 1020 seconds of computer time.

1) INFOR comparison

INFOR was applied to groups formed from the four DIVINF
hierarchies at the four-group and final-group (nine, or fewer,

quadrats not divided further) levels (Table 36). In Table 36

IISERT TABLE 36

478 is, for example, the value of 2I for classification g (no

species masked) in comparison with h ( species present in one
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and two quadrats masked) at the final-group level. The value 157
is 2T for the comparison of the same pair of classifications at

the four-group level. As 2I is approximately distributed as

2 t11) M L . -
X , the significance of these results may be evaluated by

1—2 g 1= 1

reference to the X +table of Fisher & Yates (1963)0 At the
four—-group level there are nine degrees of freedom and significance
may be evaluated in this way but at the final-group level there

are more than 25C degrees of freedom and the formula:-—

Z'\J“—‘
=

(2x2)’ - (2n = 1)

with n equal to the number of degrees of freedom, is used as a

normal deviate with unit wvariance for evaluating significance

A1l results {Table 35) are significant at p = 0,001,
indicating very significant associations between all pairs of

classifications (0Orloci 1970). In the follewing discuasion,

the magnitude of 2T is used a8 a measure of association, or
similarity, even though all values are statistically equal. it
both stopping levels, classifications i and j are the most
similar while h and i are also similar at both levels. Al though
8till very significantly associated, the most dissimilar pairs

at both levels are g and i, and g and j.

o

These results indicate that increasing the mask of rare
srecies from none masked to species in 10 or fewer gquadrats

masked does not cause a statistical difference to group composition

at either a high or a low hierarchical level. Differences between



TABLE

37 Results of COMPAR comparisons of six AANAL hierarchies

at four hierarchical levels. lighest values at each

level are underlined and lowest values are marked '.

643QM
163QM
53R
45QM
719

three—group level

two—group level

165QM 8sw 4SQM F19  F12 16SQM  8SQM  45QH  F19
79 80 g6 88 84 66 66 64 62
85 & 6 | e 69 60 57"
8o 17 W 63 55
= 57!

26

four-group lewvel

1656 83QM  48QU F19 F12 16SQM  3SQU  434M  F19
5. 5 w4 B4 0ag 56 48 37" 46
6o 481 52r 5 54 45 45
o B4 B 441 46
461 49" 43

5

3
1.8.X" = 10,0 level

[~

(0) SR |
= O

L

fON Oy
D

F12

!
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hierarchies increase as more species are masked but once a

certain number have been masked, a larger mask has little effect

on group composition.

Reduction in guadrat size and floristic richness

Cut of a total of 223 species occurring in quadrats of
64 m , 97 were masked as they occurred in fewer than six quadrats.
Similarly, with the 16, 8 and 4 m2 samples, 92, 89 and 79 of the
211, 191 and 172 species were masked before classification.
Relatively few species were included in classifications F19 and
Fl2. Of the 172 species recorded at least once in the first
19 species of each quadrazt, 88 occurred in fewer than six
quadrats and of the 140 species recorded in the first 12 gpecies
of each quadrat,; T4 occurred in fewer than six quedrats znd were

e
el L

nerefore masked before analysis, leaving 84 and 66 species for

v

the F19 and F12 analyses, respectively
1) COMPAR comparison

Results of COMPAR comparisons of the six AAWAL classifications

are presented in Table 37. Comparisons were made at the two-group,

INSERT TABLE 37

o

. 2
& — 15 foruip—or 173 d 8 = 7
thiree-group, four-group and H.3.X = 10,0 levels. In Table 37,

Q 4 1 =r=Nokb) ~ Rt Z -~ o
79 is the measure of group similarity between analyses of 64SQM



and 1533 data sets at the two-group level, measured by the
technique of Williams et al. (1969). Thresholds for high and
low values in Tables 37, 38 and 39 were chosen arbitrarily.

The general decrease in similarity as the number of groups
increases is evident. The drop in similarity from the two-group
to three-group levels is largest. Hierarchy pairs that retain
their high similarities at all four levels include F19 and F12,
the two analyses where floristic richness is the same in all
quadrats, and 165QM and 83QM. At three levels,; 645QM results are
similar to 16SQM results and at one or more hierarchical levels
64SQM is similar to all other analyses. The 45QM sample has
only one high similarity value. At the 2-group level it is similar
to the 64SQM hierarchy.

Yost low similarity values are found in hierarchy pairs in
which F12 is onec of the pair. Low similarities arc also found
in pairs having the 163QM and 48QM data sets as one of the pair.

As COMPAR measures similarity of group constitution, results
relate only to similarities between groups existing at each
hierarchical level. The first result, namely that similarity
decreases as the number of groups increases, 1s to be expected.

A larger number of differences are obviously likely with a greater
number of groups.

An important finding is that the classification bhased
on 12 species per quadrat was generally most dissimilar from
all the other classifications with regard to group constitution.
It is possible that the classification is more unstable and

has many more misclassifizd or differently placed



TABLE

38 Information statistics (2I) of INWOR comgparisons of

AMNAT, hierarchies at H5~group level.

p = 0,001 at

2 :
X° = 39,3 (16°f) (See Table 37 for explanation of symbols).

643QM
165QM
85Qu
45QH
19

165QM

136

F19

146
136
149
116"



quadrats than other classifications. The similarity between the
two analyses with comnstant floristic richness, however, suggests
that a different, but stable, classification results from that
where floristic richness is wvariable.

On the other hand, the similarities between the 643SQM data

set and all the others and the similarity between the 16SQM and

ik

2
03Ql data sets sugges hat 16 m is an adequate sample size
e e . . . = .
while 4 m  is possibly not large enough for this wvegetation.
Although the aim of the present study was not the determination
of optimal quadrat size, similar results were obtained by
(1)

J.C. Scheepers during pilot studies for the Highveld Ecological

Survey.
2) INTOR comparison

Results of comparing the six AANAL hierarchies at tie

S5-group level by TI'FOR are givern in Table 38. All similarities

INSERT TABLE 38

are significant at p = 0,001, indicating that groups from all
hierarchies are statistically very similar. In the following
discussion the magnitude of 2I is taken as a measure of
similarity. The two classifications with constant floristioc
richness (Fl9 and T12) are most similar (2I = 176). The 648

data set is similar to the 83QM and F19 sets. The 88UH set is

also similar to the 1633 and F19 sgets. The

has low



TABLE 39 Results of a) COFIIN (r) and b) WILLCLIFF (f) comparisons
of AMNAL classifications at five-group level (See Table 37

for explanation of symbols).

a)

16sQM 83Qu 4SQ F19 F12
643QH 0,387 0,49 0,60 0,58 0,57
165aH G5 0,35 024" 0,28
BsQM 0,45 0,37' 0,46
4390 Og4o 0943
F19 0,84
b)

168QH 8sQM ASQM F19 F12
643QM 1,18 1,01 1,11 1,58 1,26
163Qx 0,69' 1,07 1,10 0590'
SN 0,93" 1,21 0,84
4S9 1,28 Q37

F19 0,98
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similarity with (but is still significantly similar ta) ald
other classifications except 16SQM. Fl2 is different from
64SQM and 16SQH classifications.

According to the information statistic, then, group constitution
is highly correlated over all 15 comparisons. Furthermore, these
results are similar to those of COMPAR. Most highly correlated are
F12 and F19 sets and the 4SQM set is least highly correlated with
all other analyses. The F12 set also differs from the two sample

sizes with largest areas (64SQM and 16SQM).
3) COPHEN and WILLCLIFF comparisons

Results of COPHEN and WILLCLIFF comparisons are given in

Table 39. By cophenetic correlation (COPHEN), F19 and F12 data

INSERT TABLE 39

sets are the most similar by far. The 645QM data set is similar
to the 45QM, F19 and F12 sets and the 16SQM set is similar to the
85QM set. The most dissimilar data sets are 16SQM compared with
F19 and Fl2 sets. The 645QM and 168QM pair and the 16SQM and
4SQM pair are also dissimilar.

A rather different result is shown by WILLCLIFF (Table 39),
where the smaller the f~value the greater is the similarity
between classifications. The 16SQM and 8SQM pair are similar

by this measure as well but the F12 and F19 pair has dropped



TABLE 40 Correlation coefficients between measures of similarity.

COMPAR  WILLCLIFF  COFHEN

TNFOR 0,64 0,02 0,50"
COMPAR -3y 0,57
YILLCLITT ~0,12

p=0,05at r =0,48 (n =15)

A

"p=0,01 at T = 0,61 (n = 15)
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from being the most similar in COPHEN to sixth (out of 15) in
WILLCLIFF. The most dissimilar pair by WILLCLIFF (643QM and F19)

is the fourth most similar by COFPHEN.

4) Correlations between methods of comparison

In view of the marked disagreement between results of COPHEN
and WILLCLIFF measures, correlations between results of all
comparison techniques were calculated. Product moment correlation
coefficients were calculated between the results of each pair of
similarity measures, over the 15 classifications. The four-group
level of COMPAR results were compared with five-group levels of
WILLCLIFF, COPHEN and INFOR results.

Correlations are given in Table 40. At the five percent level

INSERT TABLE 40

of significance, NTFOR and COMPAR, INFOR and COFHIN, and COMPAR
and COPHEN are positively correlated. Negative correlations are
expected betwsen WILLCLIFF and the other measures as the more
similar two classifications are, the smaller is the WILLCLIFF
measure (f) and the larger is the other measure. Although
WILLCLIFF and COMPAR, and WILLCLIFF and COPHEN are negatively
correlated, values are far from being statistically significant.
As INFOR and COMPAR are both group—comparison techniques the

strong correlation betweer. them is expected. The correlation

between COPHEN and the tw:> group-comparison methods indicates
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that all three techniques are measuring similar, or related,
properties of the classifications. The low correlation between
YTLLCLIFF and the other three measures suggests that the former
is a measure of a property of the hierarchies very different
from the property measured by the other three measures. This
finding is surprising in view of the statement by Williams &
Clifford (1971) that WILLCLIFF is merely a modification of

COPHEN .

DISCUSSION AND CONCLUSIONS

Four methods for the automatic comparison of hierarchies,
COMPAR, TWFOR, COPHLEN and WILLCLIFF, have been described in
detail; as they are not well-known in South Africa and it is
unlikely that any have been used in South Africa. ot one of
the four methods has been used extensively at all and no account
of comparisons between results of the methods is kunown. MNost
techniques are described and used once, or at most twice, in the
literature before being abandoned. Iven though relatively few
objective comparisons are made in this study and the work is
incomplete, 1t is unlikely that as many different comparison
methods havelpreviously been used on the same set of automatic
classifications.

After DIVIIF had been used on three data sets with rare
species eliminated, Austin (1972) pointed out that assogistion

analysis is markedly sensitive to rare species while divisive
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information analysis is not. Therefore; as it was the rare
species which were varied in this study, the result obtained,
namely, stability of group composition would be expected with
DIVINF but not with AANAL. It is unfortunate that Austin's
statement was not tested by carrying out a number of AANAL
classifications with different percentages of rare species
masked. It is also regretted that no other DIVINF clagsifications
were available for comparison. Knowledge of its performance in
data of uniform species richness (F12 and F19 data sets) would
ve valuable, particularly as Field (1969) has pointed out that
the information statistic is symmetric with respect to zero.
This means that quadrats with a large number of zeros in common
would appear similar. In the F12 and F19 data sets, species
richness is identical throughout and therefore other factors, if
any, would influence the classification.

Automatic comparison technidques are of use for comparing two
classifications. Provided an in-depth study can be made at every
hierarchical level with both the same number of groups in each
clagsification and with the same hierarchical stopping levels,
useful results may be obtained. Choice of only one or two
levels is not sufficient. Where more than two classifications
are involved, however, thé amount of computation increases very
rapidly.

As results of three comparison techniques were found to be
strongly correlated, it would be logical to choose one of them
for future comparisons. The choice is, however, rather difficult.

At first, TWFOR may appear to be the most suitable. In addition
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to measuring similarity it provides a statistical test of the
significance of the similarity, but although further testing will
be required, it seems too insensitive to degrees of dissimilarity
(all 15 results significant at p = 0,001s Table 38). As no
test of significance is given by COMPAR, only COPHEN remains
as a test of similarity. Williams & Clifford (1971), however,
point out two serious short’comings of COPHIN. Not one of the
three methods is therefore acceptable. The comparison method
developed and used in Chapter 4 is also not suitable as a general
test as values in the contingency table become too small if the
number of groups is increased above about four with 110 quadrats.
The lack of correlation between WILLCLIFF and the other
measures suggests that, while it may be used for the reasons
given by Williams & Clifford (1971), it should not be used alone,
It is concluded that a new technique is necessary for the
automatic comparison of classifications. Ideally, the new
technique should consider group composition and group configuration
at all hierarchical levels simultaneously. Such a technigue does
not exist at present and until it is developed the quantitative
comparison of classifications will have only limited usefulness.
Data reduction of some kind has been used in virtually
every automatic classification carried out in South Africa
although it is unlikely that its influence has been investigated
to this degree of detail before. It was shown in this Chapter
that data reduction of various kinds, and including fairly
severe levels of reduction, has remarkably little effect on the
resulting classification when objective methods are used to

compare classifications. This conclusion is most impoxrtant



as data reduction does save computer time and thersfore computing
coasts (see: Results of elimination of rare species, above) and
as it would save time in the field to have to record only a
limited number of species in each quadrat (F12 and F19 analyses).
It will be unwise, however, to limit the recording of species in
a sample to a fixed, small number as it is easy to record,

consciously or subconsciously, well-known or conspicuous species

only, which could lead to erroneous data and results.
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CHAPIER 6

STUDY OF BANKENVELD BY T H

Ve

ECOLOGICAL PROFILES TECHNTIQUE

THTRODUCTION

Automatic classification of vegetation, as described in earlier
Chapters, is only one of a number of ecological synthesis techniques
that can be applied to ecological data. The synthesis technique
which is usually the first to be applied to ecological data at the
Centre d'fitudes Phytosociologidques et Hecologigues Louis Emberger
(C.Z.P.E.) at lMontpellier, France, is that of Icological profiles
and information shared between species and ecological wvariables
(Profils écologigques et information mutuelle entre espeéces et
facteurs &oologiques) (Morris 1973, Romane et al. 1973). The
name is generally shortenad to 'Ecological profiles'. The technique,
which is univariate, 1is described and results of its use are given
in this Chapter. Its main application by French ecologists is for
improvement of sampling but it can also be used for elucidating
species reactions to environmental variables. It has not been

ot

used in South Africa beforec.
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The first account of the method was given by Godron (1965) and
since then more detailed descriptions have been preparsd by
Godron (1968), Daget et al. (1972) and Guillerm (1969a, b, ¢, 1971),
all of which have been in French. Recently, Morris & Cuillerm (1973)
prepared the first Jnglish description of the technique. As no
simple, step-by-step explanation of the method is yet available in
Inglish, such an explanation is given here. The 110 Bankenveld

Land System quadrats are used to illustrate the utility of Ecological

profiles.

FROCEDURE

Both floristic data (presence of species) and habitat data

(multi~state, or continuous variables converted to multi-state)
from samples are required,

1) Floristic data

Tloristic data were the same asz thoge for association analysis
(Chapter 3) before rare species were masked. Presence data of all
i s . 2
211 species in 16 m quadrats were used.

2) Habitat variables

The 12 habitat variables listed in Table 41 were coded for



TABLE 41 Ecological variables used in the analysis and number of classes

of each.

Code No. Variable No, of No. of classes

classes after ‘zrouping
j 19 Topographic position 8 8
2. Aspect T 3
i Slope 3 3
b, Biotic influence 4 4
i Surface rock 4 4
6. Soil depth i 0 6
7. S0il pH 4 4
8. S0il HCl reaction 2
9. Soil colour (Munesell) 10 6
10. Total basal cover 4 4
1. Basal cover stratum II 5 7
il Basal cover stratum IV 8 5
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nalysis. The first eight are acceptable habitat variables and as

INSERT TABLE 41

s0il colour (the ninth variable) is considered an important indicator
of soil internal drainage 1t is also acceptable as a variable.

Total basal cover (variable 10) was that of all grasses and herbs
combined, whereas strata II and IV (variables 11 and 12) are those
defined by Godron et al. (1968), namely, stratum II is from five to

5 cm tall and stratum IV is from 50 to 100 cm tall. An Inglish

N

summary of the standardized habitat variable coding system ed by

e . ) b U {7 =
Mfontpellier scol riven by Godron & Poissonet (1970). For

O
H
&)
cr
u
e
o}
03

nt purpose, basal cover was considered to
variable whereas it is usually considered to be a structural property
of tha vegetation. Cover was used in this way as so few habitat
variables had bsen measured.

As the variables had not been recorded for analysis by Ecological
profiles, not enough information was always available to be coded

wccording to the specifications of Godron et al. (1968). Topographic

pogitiony apparent biotic in encey; soil pH and soil HC1l reaction
were, however, coded according to their specifications. Aspect,

50il depth and soil colour were coded in the same way but the total
number of classes was reduced later in the analysiz. As there is
little topography in the Lichtenburg area a spescial scale, which
follows, was used for slope: O = no slope, 1 = slight (less than 1%),
2 = 1% or more. Amount of rock ky subs te exvosed in the quadrat

was coded as: 1 = none, 2 = little, 3 = moderate, 4 = much.



TABLE 42 Comprehensive profile for a variable with K classes.

class 1 class 2 class 3 esssoe class K Total
Number of gquadrats K
acological aite =R N= 1
Rl R2 R3 e co e [ ] K

variable =




Total basal cover was recorded on the following scales
2 = 5,0 - 9,9%, 3 = 10,0 — 14,9%, 4 = 15,0 = 19,%%, 5 = 20,0 — 24,9%.
Basal cover for individual strata was recorded ass~ O = 0%,
T =1 =20, 2 =3 4%, 3 =5~ 6hy «assnetec.

Topographic position, aspect and soil colour are multi-state
variables while the others are continuous, in the sense of Bokal &
Sneath (1963) and many others. Continuous variables are reduced to

a limited number of states (classes) before analysis.

Bquitability of sampling: comprehensive profiles and

entropy of variables

The first step in Icological profiles is the calculation of

the comprehensive profile (CP) for each ecological wvariable. This
asgesses the equitability of sampling along the environmental

gradient. The CP is a list of all classes of a variable with the
frequency of occurrence of guadrats in each class. An example of

a CP is given in Table 42 where there are a total of ¥ quadrats.

HISERT TABLE 42

By dividing each fredquency value by N, relative frequency is

(22)

cbtained

(22) Relative, corrected and absolute frequency are defined at
length as their use in this Chapter, following the Montpellier

Sohool, differs groatly from accepted usage in America and

other Tnglish-spea ing countries.
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If the class frequency is not too low a good estimate of the
probability of occurrence may be obtained from the fredquencies,
If the environmental gradient has been well sampled, quadrats will
e equally distributed through the classes of the CP and as a
result, the probabilities of occurrence will be approximately
equal. A variable for which quadrats have equal probabilities
of being in each class is sald to have a high indetermination

(23)

(M° Godron pers. comm.)° Indetermination may be estimated

by calculating the entropy <IL) of variable L as:-

K
L, ™ Zﬁi

wlz

where the symbols are explained in Table 42. Intropy is a measure
of disorder (Abramson 1963). Negative entropy (negentropy of

Lwoff 1965), known as information by Lance & Williams (1968),

Orloci (1970) and others, is equal to entropy with the sign
reversed. In this account a fundamentzal but inconsequent difference
between entropy (used in this Chapter) and information (used in
previous Chapters) is that the former uses logarithms to base two

while natural logarithms are used by the latter. Entropy of

(23) Address: Dr M, Godror, Centre d'Etude Phytosociologiques
et Bcologigues Louis Emberger, B.P. 5a51 ,

Montpellier 34, France.
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variable L <IL) may also be expressed in the form:-

K
L=
I, = logl -5 ) Rylogk,

Maximum entropy (Im ) of variable L, which is also the

ax,L

highest indetermination, is found when the arithmetic mean

number of quadrats ocecur in each class of the CP. Thens

i
R. == for all i and
i K
s, T L F o8 Ty - legh

In the preceding paraczraphs it was shown how entropy of a

variable (IL) and maximum entropy (1 ) can be calculated.

maxgyL
With these; it is possible to judge equitability of sampling.
Bauitability is the degree to which quadrats cover the range of

variation in a habitat variable with given class intervals. The

fraction (QL) is used to measure egquitability:-

Usually, the higher the value of @; the better the sampling of
total variation within the sample area. The fraction should be

nsed with caution, however, as some variables have misleading Q

values. The problem arises when variables with many classes are



dealt with:
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relevé" of Godron et al. (1968).

or very poorly revresented in the

therefore, be based on

If necessary,

quadrats

M

he number of cl

Many classes will
CP. The value of I

asses sampled

for example, the 125 soil types in "Code pour le

N

be unsampled,

__ should,
max

adeguately.

hould be re-—grouped into fewer classes

of the ecological wvariable.

Equitability of s

The frequency of occurrence of

variable L ferms
A modified
COTTE

sected freguency

(see Gounot 19

absolute frequency profile is

which is given for

freguency may yield

o the to
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tal number
relative frequency
et gl. 1972). 1If
and Ul
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ecological profile r
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the ecological

=
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It is therefore

or the species ecological D
5 R. guadrats in a class of
closs contain species L relat
smooth out variations caus

species entropy
-_..-E. sty et Y 4
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for variable L.

esults if relative frequsncy or

the number of times species [ occurs
gives the information for species
variable by the CF. Absolute

it is directly proport
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ed by differences
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TABLE 43 Example of ecological profile for species X in K classes of

variable Y.

class 1 clags 2 class 3 ..« class K Total
K
number of quadrats U U U 02 U :g:U' =1
; g 1 2 3 K i T
with species X i
K
number without X v v E
1 X =1
1 2 J3 i ae JK “Vi ]T
i
Total number of
Rl R2 R3 sees R Uy + ¥

quadrats
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found by multiplying relative frequency (Ul/Rl) by the inverse

of average relative frequency over all quadrats:-

(see Table 43 for explanation of symbols)

‘;Ul (as]
. }_]-

INSERT TABLE 43

Information about species behaviour, which is not apparent from
the absolute frequency profile, may be obtained from the corrected
frequency profile.

The presence or absence of each sgpecics in an ecologica
profile may be used to calculate species entropy (Is)’ which is

defined as:-

g N Vi |
s TF PEy PF T
T T
K X
rhe J. = ; ) : - 86 ble
where U U, and ¥, b v, (see Table 43)
i i

A species that is either present or absent in all quadrats will
have Is equal to zero, the minimum value, and a species present

in half the quadrats will have Is equal to one, the maximum value.

The relationship between relative frequency and species entropy



-
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SPECIES ENTROPY

T T ~T T T T T T— T
) Oyl 042 013 0y 045 06 g7 0,8 0,9

RELATIVE FREQUENCY

Fig. 12 Relation between species entropy

and relative frequency.

140
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is shown graphically in Fig. 12.

IUSERT TFIC. 12

Mutual information between species and ecological variables

The information carried by a species relative to an environmental

variable may also be calculated. It is known as the mutual in-
formation between species and variables. As mutuzl information
may be calculated for every species wilth every variable, a species
by variables matrix of entropy values may be produced. To reduce

he volume of results, only certain species and certain ecolc

"

&r

variables are selected, although there is no reason why all the

1]

values should not be calculated if this were required. For siuecies

f

0

and variasble L (in ¥ classes) mutual information is given by:-

=

t
°
A ]
e |

4 |

*

7|
A
=]

T g i

K K
— U, ., Ve e T

IL,_j = 2 i 1052 =N e S i log, i« K
i LY .

(Sywb¢1s Ziven in

[0}

The calculation of mutual information between species and
variables allows the determination of variables that play an

important role in the distribution of species, in other words, the

]

'active' variables. The mest convenient way to find active variables

is to calculate mean mutual information and plot the values against

sntropies of variables. Foan mutual information is plotted alon

the ordinate and entropy cf the variable along the abscissa to give



TABLE 44

Class numbers (from Godron et al. 1968) do not apply to

variables marked with an asterisk.

Comprchensive profiles for variables used in analysis.

class number

Variable 0] 1 2 3 b 5 6 7 8 10
Number of gquadrats

1. Topographic position 13 Lo 19 5 35 3

2.  Aspect 68 8 1 1 2B 2

%3, Slope * B9 %6, B

4,  Biotic influence 21 24 38 27

5.  Surface rock * 15 &7 413 2§

6. Soil depth * 3 Lz 29 14 9 L 1 1 2 )
7.  Soil pH i3 %9 29 a1

8. HCl reaction 107 3

Ga Soil colour * 33 56 5 3 % 1 3 4 1
10. Total basal cover 15 68 21 6
11. Basal cover stratum II 9 g 10 23 43 12 5 1
12. Basal cover stratum IV 8 26 33 19 15 5 2
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a two-dimensional ordering of wvariables. Study of the distribution
of variables within the graph allows choice of those variables
which will improve sampling. On such a graph, variavles placed

to the right and left are respectively well-sampled and under-sample

Variables placed at the top of the gravh are more 'active' than

those placed below them. To choose variables to be re—-sampled,
Godron (1968) suggested choosing from among those which have been

insufficiently saupled (to the left of graph) and those to which
the vegetation appears most sensitive (top of graph). In his
application, Godron re—-sampled and analysed twice to obtain a

satisfactory sample.

RESULTS

Zquitability of sampling

l) Comprehensive profiles of Bankenveld samples

Comprchensive profiles (CP'S) for the 12 variables used in

co

=

this study are given in Table 44.- Inspection of the Table indicated

VSERT TABLE 44

that bictic influence,

(6]
=
H
Hy
o
®
H
C
@]
P

and soil pH had been fairly

well sampled while aspect, =zoil HC1

5 reaction and soil colour had
heo N - 1 o7 i
been either inadequately sanpled or class intervals had not been



TABLE 45 Observed and maximum entropy for each variable and equitability

of sampling.

Variable Observed Maximum Sampling Ranked
Entropy (I) Entropy equitability @ values
| Q)
1. Topographic position 2,39 3,00 0,797 7
2. Aspect 1,20 1,59 0,755 2
3,  Slope 1,10 1,59 0,692 3
k. Biotic influence 1,87 2,00 0,935 12
5. Surface rock 1,83 2,00 0,915 11
6.  80il depth 2,05 2,59 0,792 6
?. Soil pH 1,61 2,00 0,805 8
8. Soil HCl reaction 0,16 1,00 0,160 1
9. Soil colour 1,70 2,59 0,656 2
10. Total basal cover 1,42 2,00 0,710 b
11. Basal cover stratum II 2,31 2,81 0,822 9
12. Basal cover stratum IV 2,27 2,59 0,876 10
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well chosen. After the CP's for the 12 variables had been studied,

the number of classes was reduced for five of thenm (See Table 41)

as certain class frequencies were very low. In the case of soil

depth and basal cover, adjacent classes were grouped. South,

south-west, east and south-east aspects were grouped and north

and north-west aspects were grouped. The two s0il colour codes

with high frequencies, 6/32 and 6/33 in the notation of Godron

et al. (1968), were retained. In the Munsell notation these are

5YR 3/2 and SYR 3/3, respectively, and both are named dark reddish

brown. The other 6/ codes (hue 5YR) and the 7/ (hue 2,5YR),

5/ (hue 7,5YR), and 4/ (hue 1OYR) codes were grouped into four

classes on the basis of the 'simplified' colour wavelength code
- .

of Godron et al. While it has been suggested by ll. Godron‘®

(pars° Commo) that inspection of corrected freduency profiles

(see Bauitability of s

¢cles distribution proce&ure) may assist
in deciding which classes should be grouped, the suzgestion was

not acted upon in this application.

2) Entropy of variables

The observed and maximumn entropy for each variable and value

A : N . q
for @ are given in Table 45. Variables which are equitably sampled

INSERT TABLE 45

according to the @ criterion include, in decreasing order of

lmportance, biotic influeice, surface rock; basal cover for strata IV



MAXIMUM ENTROPY
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soil
Hol reaction
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6
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OBSERVED ENTROPY

Fige 13 Relation between observed and maximum
entropy for each ecological variable.

Diagonal line connects points of maximum entropy.
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Fig. 14 Relation between mean mutual information
for the species with highest information

content and entropy of ecological variables.
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and IT, and soil pH. Observed entropy has been plotted against

maximum entropy for each variable in Fig. 13. Thke nearer a variable

INSERT FIG. 13
is to the diagonal line, connecting points of maximum entropy,
the more equitable is its sampling. Biotic influence, surface rock
and cover stratum IV are most equitably sampled while soil HCI
reaction, total basal cover and soil colour are, by this criteriony

poorly sampled.

Mutual information between species and ecological variables

1) Overall relationships

In FPig. 14 relationships between nean mutual species information

INSIRT  FIG. 14

and variable entropy are given for the 12 variables. For each
variable, mean mutual information was calculated over the 100
species (out of a total of 211) with highest entropies. From

this graph, topographic position, cover stratum II and stratum IV,
soil depth, biotic influence and surface rock are; in that order,
most equitably sampled. The most active factors are topographic
posgition, cover stratum IT, soil colour, cover stratum IV, soil

depth and biotic influence, in that order. With these data there



40

30

N

Fig. 15 Comprehensive profile (CP) for the variable
topographic position (1 = flat, 2 = round
summit, 3} = waxing slope, 4 = mid-slope,y, 5 = ledge,

6 = waning slope, 7 = open depression, 8 = closed
depression).
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are nmorked positive correlations between mean mutual iniormation
and variable entropy, illustrated by the clustering along the
5 percent line in Fig. 14. The diagonal lines in Fig. 14 give the
value of mean mutual information divided by variable entropy, the
froction expressed as a percentage. It is a measure of the
indicator value of variables.

In the following section, variables are discussed separately,
but their relationships to each other shculd not be forgotten.

Por examvle, soil depth and biotic influence may be related and
&£ 9 o

soil depth iz often related to slope angle.

2) EBcological profiles for variables

a) Topographic position
Ecological profiles for topographic position present difficulties
in interpretation although, as a variable, it is favourably placed
in Fig. 14. Firstly, there is asymmetric distribution of quadrats
within the classeg. Cla:

s b is poorly sampled in comparison with

¢

ur

other classes (see comprehensive profile, Fig. 15). Secondly,

INSERT PIG. 15
topography is a discontinuous variable, which means that a great
deal of inspection is necessary to determine trends and patterns in
distribution. Thirdly, t1e Lichtenburg arca has so little relief

that large differences ir floristic composition related to this
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variable are not expected. Related to this difficulty is that of
coding the variable. As coding, according to Godron et al. (1968),
was done from field notes, a number of quadrats could have been
misclassified. For example, the difference between an open and a
closed depression, or between a flat area and the crest of a very
large, rounded hill, was not always clear from field notes. It
isyhowever, unlikely that such misclassification would materially
affect the results in an ecological sense.

(23) (

At tho suggestion of 1. Godron pers. comm.), product
moment correlation coefficients were calculated by computer belween
each pair of corrected profiles of the 100 species with highest
mean mutual information (4 950 oaloulations). Correlations were
first calculated over all eight classes of the profile and then
over the seven classes reuwaining after the fifth class had been

excluded. As corrected frequency profiles for species over the

£

eight classes were markedly distorted by the low CP value for class 5,
the following discussion refers only to correlations over the
gseven remalning classes.

The 100 highest positive correlations were selscted. These
were all significant at p = 0,01 and the first 14 at p = 0,001,
Unfortunately, these good correlations were not as satisfactery
as nhad been expected hecause mean mutual information level has

also to be taken into account. The following are illustrations.

The highest correlation was between Dicoma anomala and Loudctia simplex

that succeeded best on flat areas, rounded summits and waxing and

waning slopes, according to the ecological profiles. D. anomala



had the eighth highest mean mutuval information value for

topographic position while L. simplex was Tortiieth in the ranked
order, indicating a low significance. Thus the profile for L. simplex
is not nearly as significant as that of D. anomala, even though

the profiles are highly correlated.

Gazania krebsiana, Digitaria argyrograpta and Tragrostis gummiflua

profiles were highly correlated, these species being found mainly
on flat areas and in open depressions according to the profiles.
As all three have low mutual information values, however, the high
correlations are again of little value.

With data specinlly collocted for an Ecological profiles study,
use of the correlation coefficient to compare species profiles in

discontinuously-distributed variables will be desirable.

t

Q

b) Aspe

Aspect was not equitably sampled and is not active in the
quadrats (Fig. 14). This result was to he expected as the Lichtenburg
area is very flat. In the following discussion it must be remembered
that out of a total of seven classes, only three synthetic classes
were retained. Species succeeding best on flat ground (no aspect)

include Senecio coronatus, Gazania krebsiana and Nidorella hotten-

totica.
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Species having competitive advantage on north and north-west

aspects include(24)s~

1. Sporobolus africanus 7. BEuphorbia pseudotuberosa

2, Cymbopogon plurinodis 8. Eragrcstis lehmanniana

3. Eragrostis superba 9. Hermannia tomentosa

4. Chascanum pinnatifidum 10. Bulbine sSp- (not collected)
5. DEragrostis stapfii 11. Anthephora pubescens

6. Stipagrostis uniplumis 12. Turbina oblongata

Species occurring most commonly on south, south-west, gouth—east

and east aspects include:-

1. Dicoma macrocephala 7. Rhynchelytrum repens

2. Diheteropogon amplectens 8. Hypoxis sp. (not collected)

3. Talinum arnotii 9. Ursinia nana

4. Coleus neochilus 10. Menodora africana

5. Trachypogon spicatus 11. Pentanisia 5P (not collected)
6. Blepharis angusta

These lists should be considered tentative as much more

intensive sampling of all aspects will be necessary to cbtain a

reliable picture of the influence of aspect and topozraphic position

on species distributions.

c) Biotic influence

Results that appeared to be good were obtained from this

(24) 1In the following lists; species are ordered by decreasing
mutual information content. Species whose profiles are
given in Pigures and that are named before the lists have

higher mutual informction than species in the lists.
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Fig. 16 Comprehensive profile (CP) and distributions of
a) Cynodon dactylon, b) Eragrostis tricophora,

¢) Eragrostis lehmanniana, d4) Ursinia nana, e) Eragrostis

superba, f) Diheteropogon amplectens and g) Clematopsis

scabiosifolia, representing the two main distributions

within the biotic influence profile (1 = least influenced,

4 = most influenced).
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environmental variable. The problem with interpreting the results
was, however, that the quadrats were classed as regards biotic
influence on the basis of a subjective appreciaticn with the
result that the species composition of the guadrat influenced the
assessment of the degree of biotic influence and may have distorted
the ecological profiles.

As is to be expected, the main patterns of distribution along
the biotic influence profile are either an increasing, or a decreasing,
corrected frequency with increase in biotic influence. Good
examples of increasing corrected frequency with increase in biotic

influence are:- Ursinia nana, Eragrostis tricophora, Cynodon dactylon

and Eragrostis lehmanniana (Fig. 16). Other species having the

INSART  FIG. 16

same trend include:z-

1. Dicoma macrocephala 5« Heteropogon contortus
2. Corchorus asplenifolius 6. Zornea milneana

3., Blepharis integrifolia T. Euphorbia inequilatera
4. Kohautia omahekensis 8. Solanum supinum

A related distribution is shown by Eragrostis superba (Fige 16).

This species as well as:-

1. Hermannia tomentosa 4. Stipagrostis uniplumis
2. Indigofera daleoides 5. Eustachys mutica

3¢ Chascanum pinnatifidum
are found in approximately equal proportions in the three classes
of disturbed vegetation but are not common in undisturbed areas.

Species found on undisturbed areas and having successively
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Fige. 17 Comprehensive profile (CP) and distributions of

a) Zornea milneana, b) Kohautia omahekensis,

¢) Ipomoea obscura varT. fragilis and d) Oropetium capense

within the soil depth profile.
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lower corrected frequencies as the degree of biotic influence

increases include, notably, Clematopsis scablosifolia and

Diheteropogon amplectens (Fige. 16) as well as:-

1. Thesium costatum 8. Bulbostylis burchellii

2. Tragrosiis racemosa 9., Sporobolus pectinatus

3. Schizachyrium sanguineum 10. Brachiaria serrata

4. Acalypha 8D- (M&E 1267) 11. Elephantorrhiza elephantina
5. Cymbopogon excavatus 12, Diplachne fusca

¢. Heteropogon contortus 13. Senecio vencsus

7. Barleria pretoriensis

d) Soil depth

The comprehensive profile for soil depth (Fig. 17) shows that

INSERT FIG. 17
deeper soils (over 8 cm) were not well sampled. As the Bankenveld
Land System is a dolemitic lithosol with only occasional pockets
of deep soil, additional random sampling would not have improved
sanpling. BEouitability of campling would be achieved only with a
stratified random sampling strategy whereby quadrats are placed
at random within the deep—-soil pockets of Willemsdal or Sterkspruit
Series soils.

The ecological vprofile for Zornea milneana shows that it

occurs on deep soil, whereas Ipomoea obacura var. fragilis and

Oropetium cavense are mos® frequently found on very shallow soil

(Fig. 17), It was observed during fieldwork that the latter species
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Fig. 18 Comprehensive profile (CP) and corrected

ecological profiles for a) Justicia anagaloides,

b) Fingerbuthia africana, ¢) Oropetium carense,

d) EBrasrostis tricophora, e) Dicoma anomala,

f) Barleria macrostezia and g) Lishtfootia denticulata

plotted ajzainst soil pH classes.




usually occurred in small sand pockets in extensive dolomite sheets.
The profile confirms the observations. Similar observations on
Oropetium capense were made by Werger (1973) from the Upper Orange
River Valley and by Leistner & Werger (1973) from the Kalahari. As
Gaff (1971) pointed out that 0. capense could withstand virtually
complete desiccation, the species seems to be adapted to the extreme
drought conditions of shallow sand pockets on dolomite sheets.

The profile for Kohautia omahekensis suggests that within

the range included in the study it has a wide so0il depth amplitude

below 40 cm, but is most frequent on soils about 15 cm deep.

e) Soil pH

Although this factor was not equitably sampled (Fig. 14),
valuable information about the ecology of certain species may be
gained from a study of corrected ecological profiles. Certain

species have been plotted in Fig. 18 to illustrate the Tour main

INSERT FIG. 18
trends. The most remarkable trend is shown by?ﬂ&gggﬂyy@@;tjg}ﬁgggg
and Oropetium capense (Tig. 18), which are found only on soil with
a pH of 8,0, or higher. Leistner & Werger (1973) noted that these
species occurred on alkaline soils in the Kalahari. Other species
showing this trend, but to a less marked extent include:—

l. Stipagrostis uniplumis . Vernonia oligocephala

2. Turbina oblongata Brachiaria serrata

ON U
L]

3. Sporobolus africanus « Iuphorbia inequilatera



All these species occur on neutral and basic soils and not on
acid ones.
I

An example of a species rarely found on solls with a pi

above 7,0 is Justicia anageloides. It grows equally well in acid

or neutral soils (Fig. 18). Other species with the same distribution

o

include Chascanum hederaceum, Eragrostis racemosa and

Epgione us pesianaie.
Species that are found on acid soilsy but also grow in soil

with a neutral pE include Bragrostis tricophora and Dicoma anomala

(Fig. 18). Other species which exhibit this trend of decreasing

corrected frequency as pIH moves from acid to alkaline are:i-

l. Oxygonum dregeanum . Hermannia betonicifolia

2. Pygmaeothamnus zeyheri Lasiosiphon capitatus

. Zornea milneana

-] ON Ul
L

3. Raphionacme burkei
4. Rhynchelytrum repens
Species that show a peak of corrected frequency in the centre

of the range, in other words, that grow in a neutral or slightly

acid soil,; include Barleria macrostegia and Lightfootia denticulata

(rig. 18). Other species with similar distributicns include:s—

1. Helichrysum caespititium 5« Diheteropogon amplectens
2. Dicoma macrocephala 6. Cyphocarpa angustifolis
3. Acalypha sp. (M&E 1267) To Schizachyrium sanzuineum

4. Chaetacanthus costatus

f) Basal cover

Total basal cover was inadequately sampled (Fig. 14) and

is not discussed further. Within the sccond and fourth strata,
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however, three patterns of species behaviour emerged. Corrected
frequencies of certain species increase as cover increases while
frequencies of others decrease or, as in the third pattern, increase
to a peak and then decrease again. It is stressed that cover is
being used as an ecological variable and not as a structural character
of the vegetation. It is assumed that amount of cover in a particular
stratum influences the behaviour of certain species in the same
way that soil depth and pH influence the behaviour of species.
Species for which peaks of corrected frequency are found in
the centre of the profile in both the second and the fourth strata

include (in alphabetical order):-

Barleria pretoriensis Senecio coronatus
Bulbostylis burchellii Sporobolus pectinatus
Coleus neochilus Tephrosia longipes
Lovdetia simplex Trachypogon spicatus

Lightfootia denticulata

while species with peaks in the second stratum only include:--

1. Chaetacanthus costatus 4. Helichrysum caespititium
2. Diheteropogon amplectens 5. Dicoma anomala
3. Corchorus asplenifolius 6. Bulbine Sp. ( ot collected)

and species with peaks in the fourth stratum cnly include:~

Helichrysum cerastioides, Clematopsis scabios sifolia and Oxygonum dregeanun-

Species which increase in frequency as basal cover in the

second stratum increnses include Ursinia nana, Dicoma macrocephala,

Lragrostis stapfii, Eustachys mutica and Brachiaria serrata while

Andropogon appendiculatus, Diplachne fusca, Ipomoea obscura var.

fragilis and Tragros is racemosa exhibit the opposite trend, In

the fourth stratum, species which increase include Thesium costatum,
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Fig. 19 Comprehensive profile (CT) and corrected ecological

profiles for a) Zornea milneana, b) Acalypha sp.

(M&E 1267), c¢) Diplachne biflora and d) Elephantorrhiza

elephantina plotted against basal cover classes of the second

and fourth strata.
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Raphionacme hirsuta; Turbina oblongata, Pygmaeothamnus zeyheri and

¥olletia ciliaris whiles-

. Blepharis integrifolia . Cynodon dactylon

. Dragrostis lehmanniana . Lippia scaberrima

1 6
= 1
3. Setaria nigrirostris 8. Mariscus capensis
4 9

. Digitaria argyrograpta . Sida chrysantha

5. Hibiscus microcarpus
decrease in corrected frequency as basal cover in the fourth
stratum increases.

In addition to the three expected trends described above,
certain species had unexpected distributions when both strata were

taken into account. These are illustrated in Fig. 19. Diagrams

INSERT FIG. 19

such as these could have been drawn for all the species listed but
where the pattern of distribution was clear this was not thought

necessary. Zornea milneana, a short, creeping herb shows a marked

U-shaped curve in the second stratum and decreases sharply in the
fourth stratum as basal cover in both strata increases. Acalypha sp.
(M&E 1267), another short herb, increases in frequency in the

second stratum as cover increases but reaches a peak in the fourth
class of the fourth stratum. Species which decrease as cover in

the second stratum increanes and increase as cover in the fourth

stratum increases are Dip.achne biflora and Elephantorrhiza elephantina.

Although basal cover in both strata II and IV are active and
well-sampled variables (Iig. 14), inspection of the comprehensive

profiles (TPig. 19) shows that the distribution of quadrats through

™
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the classes is for from regular, which may account for the odd

patterns described above. Although the patterns are clear

b

differences in corrected frequency through the profiles are often

smaller than with some of the variables already described.

g) Other wvariables

Other variables are not discussed in detail. The variable,
surface rock, is closely correlated with soil depth in this study
and ecological profiles of each are similar. As slopes within the
study aren were so gentle, if present at all, the slope profile
does not carry much informotion. HC1 rcaction was poorly sampled
and trying to attach ecological significance to soil colour in

+
U

this study arsa was not considered worthwhile as differences in

soil drainage, causing differences in soil colour, were not apparent.

For ecological profiles it is necessary to calculate the

entropy of species, ecological variables and mutually hetween
species and vuriables. The calculations assume the froguency
distribution to be related to the probabilities of species occurrence.
The collection of gquodrats is considered as a "population" and is

treated as such, This cguivalence has its limitations in that it
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assumes that the number of quadrats is "lerge". By the use of a
more complex formula it is possible, however; to overcome this
drawback and use relatively "small" samples. Ixperience from analyses
at Montpellier shows that, with the formulae described in this
Chapter, about 100 samples are necessary for a reasonable first
approximation. With fewer quadrats the results should be used only
as a guide although the conclusions regarding the necessary im-
provements to sampling are always useful.

Montpellier ecologists (Daget et al. 1972) stress that the
main applicotion of the Ecological profiles technique is sampling

improvement. The best approach in the use of this technique for

anpling improvement will be to record about 100 quadrats and then

corry out a first Lcological profiles analysis. npling deficiencies
will .show up clenrly, as, for example, soil HCl renction in this
application (Figs 13 & 14). The study area can then be siratified

in such a way that sampling i1s biased towards under—sampled voriubles

but retains its random element. After, say, another 50

profiles can be calculated again and sampling deficieincies can

again be sought. The cycle of re-—sampling and re—-analysing can be

continued until the user is satisfied with the sampling. It should
be borne in mind that one should first start improving the sampling

of wvariables

igidered important in the study. It may happen
that it will be virtually impossible to improve the sampling of a
ertain variable because of the nature of the study area (only one

class of a variable represented in the area). In the present study

o

t

&
"

it was not possible "e—s1mple the vegetation and therefere sone

culi

profiles were unsuitable for providing information for an ecological



TABLE 46 Species ranked in one of the first 20 positions for at least four
variables and the variables for which they were so ranked. Names

of variables corresponding to numbers are given in Table 47.

species variable number

1.2 3 4L § 6 7 8 9 1 1112 "Tatal

1. Stipagrostis uniplumis LA R o i : 9
2e Schizachyrium sanguineum Nl ¥ t 4 7
%. Turbina oblongata S T 7
L. Dicoma macrocephala ¥ FTs * i B 6
5. Justicia anagaloides i * . 3 &
6. Diheteropogon amplectens S % : 5
7. Brachiaria serrata * - S \J S 7
8. Cymbopogon plurinodis gl p 1A 5
9. Dicoma anomala al AL g . Ny 5
10. Eragrostis lehmanniana * ¥ - e 5
11. Eragrostis superba H7 R = 5
12, Indigofera daleiodes * 4 ¥ % 5
13. Ipomoea obscura v.fragilis e b e * s 5
14. Oropetium capense L N R, b 5
15. Eragrostis curvula tuil & - b
16. Eragrostis racemosa * . * * L
7. Eragrostis stapfii * $. % * L
18. Fingerhuthia africana * AN I
1G6. Loudetia simplex ¥ * = L
20 Opyphrestia retusa T A S ¥ L
1. Scnecio coronatus o Nk # L
“Zo Secnecio ve-usus - L * A
“3e Sporobolus africanus - SES Iy
“ly  Thesium costatum " L * L
X

‘5. Ursinia nana * * = % "
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interpretation of species-habitat relationships.

The ecological profiles techninue is applicable in homogeneous
study areas. There was probably too much variation even within the
110 Bankenveld samples for conclusive results to be expected. The
technique will probably work best at the detalled level of survey
of small areas (mapping scales larger than 1:50 000). The crossing
of marked ecological boundaries within the same analysis (8.8

Bankenveld and CT Grassland Land Systems) should be avoided.

Species indicator values
For every ecological variable, species may be ranked by
decreasing mutual information content. The positicn of a species

in the list is then what is known in France as the iandicator value

of the species for the variable. The specie

()]

with highest mutual

information content has the highest indicator value ior that variable.

vV

While study of the corrected ecological profiles allows specification

of the ecology of a species, it is
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whose ecological requirements are most similar by means of these
indicator values.

Species with the 20 highest indicator wvalues for ecach of the
12 variables were listed and those species which were included on
lists of four or more variables are given in Table 46. In particular,

TNSIRT TABLE 46

Stipagrostis uniplumis, Schizachyrium sanguineum and Turbina oblongata




TABLE 47 DMutual information between five species

(x = mean mutual information, 1 = Stipagrostis uniplumis,

and 12 variables

2 = Schizachyrium sanguineum, 3 = Turbina oblongata, 4 = Dicoma

macrocephala, 5 = Justicia anagaloides).

é;fgz species number
Variable Tirst 100
species I 2 3 4 &
1. Topographic position 0,145 0,469 B.174 0,152 0,142 G121
2. Aspect 0,060 0,097 0,109 0,050 0,098 0,039
3. Slope 0,053 0,068 0,071 0,047 0,045 0,045
4. Biotic influence 0,110 0,133 0,155 0,142 0,208 0,144
5. Surface rock 0,084 0,112 0,095 0,121 0,104 0,113
6. Soil depth 0121 B4 7L 0261 Q157 0016  0;112
7. Soil pH | 0,093 0,128 0,095 0,124 0,124 0,158
8. HC1 reaction 0,024 0,028 0,012 0,043 0,012 0,063
9. BSoil ceolour 0,138 0,335 0,197 0,298 0,113 - 0,206
10. Basal cover 0,075 0,098 0,062 0,094 0,081 =
11. Basal cover stratum II 0,139 Q162 0,172 0,128 0,174 0,168
12. Basal cover stratum IV 0,129 0,151 0,145 0,137 0,245 0,123

% not calculated



- 186 -

have high indicator values for many variables (Table 46). Most
species are active in variables 3 (slope), 4 (biotic influence)
and 5 (surface rock) and fewest in 8 (HC1 reaction) and 11 (cover
stratum II).

Instead of looking at the species by variables motrix of
mutual information, one ecological variable at a time, as was done

here, it may be studied species by species over all variables. In

&

4.

Table 47, mutual information values for five species are given for

INSERT TABLE 47

vbleg. The five species occurred in one

-

the twslve ecological var
of the first 20 vanked positions of more than five variables. To
obtain a point of reference for each variadle, the meon mutual
information for the 100 species with highest mutunl information

values is «iven Tor each voriable. By coi wtual
[e) ot

information value with individual values the relaotive 1nportance
of each species may be obtained. Thus,; for the variable, topographic
position, Schizachyrium scnguineum is most importent with a mutual

information content of 0,;174. As Stipagrostis uniplumis and

Turbina oblongata also have mutual information values that are higher
than the mean (0,145), it con be assumed that they ore alsc important
species. Justicia anagaloides is least important with a mutual
information content of 0,12.. Any species in which one is interested
can be studied in this way, but for detailed study, it will be

necessary to use either the species rank or, at least,; a corrected

value as reference point in place of the actual mutual information
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value. Comparison between variables will otherwise be difficult,

if not impossible.

Indicator groups

According to Daget et al. (1972), species with similar ecological
profiles and carrying a high information content for the same
variables form 'ecological groups'. To avoid confusion with

(23)

'ecological groups' in the community sense, M. Godron (pers.

comm.) suggested the term 'indicator group' for these species. An
indicator group is, then, a collection of species with the same, or
similar, ecological requirements. TFrom past work, accordin;

Daget et al.; it appears that the number of groups of species or of

izolated species stabilises rapidly. The succeeding sgroups confirm
tlose that have been established before or only modify them slightly.

As many ecological wvarinbles are usuelly correlated

T

for example,
slope angle and soil depth in this study) and the active variables
are analysed first, the remaining variables usually add little new
information. Any number of indicator groups may be established for
a variable as the distribution of species along a continuous
environmental gradient is continuous, or nesnrly 80. The specics may
be ordered in 2 series of zroups that are scale~imbricated.
Ordering may be done automatically with the aid of a card sorter
(Daget & David 1970).

In this study, species that had the samey or a similar pattern

of response to a variable were discussed together (sce Rosults:

ecological profiles for variables) but no attempt was made to



- 188 -

derive indicator groups as the data were considered incompletes
& I

CONCLUSION

ecological profiles is a graphic technique. he theory is not
difficult to understand and results are fairly easy to interpret.
Specially-collected data are not necessary, but desirable, as
oevidenced by the use of association analysis data in this account.

As it is univariate, it may be difficult to separate the
influences of related, or strongly correlated ecological variables.
In this account, soil depth and angle of slope produced similar

.

profiles as they were correlated variables. Informntion on correlation

between variables camnot be dsrived from the analysis direc

(@]
ct
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for example, it can from a principal components analysis of habitat
varianles.

The most difficult problem in using the ecolcegical profiles
technique is the erection of class intervals for continuously
distributed viriables. Results depend, to a large extent, on these
decisions, which have been subjective in the past. It is suggested

that, for consistency, the "Code pour le reclevé’ of Godron et al.

(1968) be followed. Use of one's own class intervals (and variables,
for that motter) is possitle, but subjective judgment then becomes
critical and the staiudardization of field observations called for
by Godron & Poisgonet (1970) to aid comparison between surveys is,

of course, no longer possible.

With adequate sampling of ecological variables,; determination

i}
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of the ecological profil of common South Africon plant species

P

for the most imporitant environmental vari blss would provide the

[]

1

kind of information needed to explain the ecology of South African
vegetotion and hence its rational management and use. As a species
may behave differently in different parts of the country and ecolog-
ical profiles are most applicable to fairly small, homogeneous

areas a number of profile studies will be necessary for each species
and each environmental variable. Because of inadegquate sanpling,
the ecological results of the Lichtenburg analysis should be treated

with caution. They indicate, however, the great potential wvalue

of the technidue.
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CHAPTER 7

GENERAL DISCUSSION AND CONCLUSIONS

Specific conclusions are given, as appropriate, at the ends
of other Chapters in this account. In this Chapter, séme thoughts
on the future of automatic classification and ecological profiles
in South Africa are outlined in the light of experience gained
through this and other quantitative ecological studies. As the
sampling strategy should be an integral part of the whole in all

ecological surveys it is also discussed briefly.

FUTURE SAMPLING STRATEGIES

The stratified-random sampling strategy used for the Present
survey was both efficient and sufficient. It was efficient in
covering the variation adequately and suffiocient in that a limited
number of samples provided acceptable results. One possible
improvement, derived from the Braun-Blanquet School's sampling
strategy (Werger 1973) would be the choice of a representative
sample at the site indicated by inspection of the aerial photo~

graph in the field to be the sample site, instead of selecting a



site by throwing a marked metal stake in a random manner as done
in this study. Werger (1973) discusses the concept of a represent-
ative sample and the subject is not broached here except to state
that the sample selected should be representative of the vegetation
type delimited on the aerial photograph before going into the field.
Choice of sample sites in this way should reduce 'noise' in the
data and yet retain sufficient objectivity for automatic classif-
ication technigues.

Quadrats of 16 m2 appeared from the technique studies to be
sufficiently large for the herbaceous stratum of the vegetation.
It was also apparent that reduction in quadrat size had very
little effect except in cases of extreme data reduction so that
quadrats of 12 to 16 m2 would seem adequate for grassland of this
type. Classifications based on the first few species recorded
in every quadrat were satisfactory in the present study, where the
full species complement was actually recorded in the field. Such
a strategy has little in its favour for future surveys excepting
speed, however, as in applying it one may subconsciously look
first for the species one expected to be in the quadrat or for
species one knew. It also means that fewer more common species
will be recorded, leading to less adequate characterisation by
presence percentages of automatic classification final groups.

Habitat data recorded from quadrats should be as good as
possible, both for interpretation of floristic classifications
and also for multivariate analysis of habitat data. & Tule-of-
thumb might be to spend arproximately the same time at each quadrat

on habitat data as on floristic data. Abbreviated dats in
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this study hampered interpretation and severely harndicapped the
use of FEcological profiles.

Finally, in connection with the sampling strategy, it is
considered that less surveying effort should have been expended
on the CT Grassland Land System. At the semi-detailed scale of
the present survey it would have been better to either ignore
the extensively-ploughed CT Grassland Land System as a whole or
to have concentrated efforts only on those plant communities
which were less extensively ploughed, even though they cover a
relatively small proportion of the whole study area. By
restricting samples in this way, more information could have
been extracted about communities that are important from the
point of view of the natural and semi-natural vegetation of

CT Grassland.

AUTOMATIC CLASSIFICATION

The nature of vegetation is probably such that an automatio
method of classification will never be able to provide a perfect
classification. Refinement, in the form of re-~allocation of
quadrats will usually be either necessary o% desirable. Re-
allocation, or final sorting, should be based on habitat information
and species from the surround of samples as done in Gthis study. Use
of the total floristic ccmplement (presence and abundance) of the
qQuadrats, as done by the Braun~Blanquet Séhool, would be a

desirable further sophistication of the classification technique.
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It is currently considered that the Braun-Blanquet technique
(BB) is a generally more rapid method of semi-detailed survey
than association analysis and other automatic techniques. There
is probably no real difference in speed, which, in both cases, is
dependent upon the individual ecologist responsible for the survey
and the level of detail required. Both BB and automatic techniques
require training and experience before acceptable results are
forthcoming. Although association analysis 1s 'automatic', it
cannot be used by untrained technicians and the same holds for
BB technigues.

Experience is also needed for the interpretation of the
hierarchies produced from automatic classifications. The raw
hierarchy is not a one~dimensional ordination where gradients
in environmental factors should be expected from left to right
and vice versa. In general terms, the more nodes that separate
groups, the more different the groups are. In the present study,
however, more than one pair of groups which were widely separated
on the hierarchy were shown to be closely related ecologically.
The computer division could be explained in most instances:
usually, in terms of management differences. An automatic
clagsification hierarchy is not meant t¢ be interpreted in the
hierarchical manner of the Braun-Blanguet school.

Even if it is conceeded that the straight-forward use of
association analysis, or some related technique, without re-
allocation and other refinements will usually provide an answer
that is too crude for acceptance, the need for an initial,

preliminary sort of samples into even rather vague groups is
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necessary. The writer considers that an automatic classification
nmight be preferable to the first sort of a BB association table
for this purpose. Only if the ecologist is extremely familiaxr
with the area and the vegetation under study and if there are
marked differences within the vegetation will BB not create
problems at this stage in synthesis. An initial BB sort will

be particularly inefficient in vegetation like fymbos (macohia)
where Boucher (1972) failed to extract meaningful groups.
Automatic classification can provide a quick, objective initial
sort of the samples into groups which may then be refined by

the BB method.

GCOLOGICAL PROFILES AND ORDINATION

The Ecological profiles technigue was found useful for the
correlation of species behaviour with habitat conditions.
Although not done in the present study, Ecological profiles
can he used for improvement of sampling as well. It could
form a logical extengion to the sampling strategy discussed
above. It can also be used to elucidate automatic classification
results, or BB results for that matter, although a multivariate
ordination teohnique may be preferable in certain instances as
Ecological profiles is not suitable for the study of direct

correlation between habitat variables.

A body of evidence is presently being built up, particularly
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(25) (26)

through the work of 0.J.H. Bosch and J.E. Granger 5
showing that principal components analysis (PCA) does not perform
as poorly on real data as made out by Gauch & Whittaker (1972),
after a study using simulated data. Even though PCA may also
have the theoretical limitations described by Beals (1973), it
and Factor analysis of correspondences (Romane et al. 1973)

are probably still the best ordination techniques for the study
of direct correlation between habitat variables. Once again,

the conclusion is that sensible use of all ecolegical techniques

is called for.

(25) Address: Mr O.J.H. Bosch, Botanical Research Institute,

Private Bsg X101, Pretoria.

(26) Addresss Mr J.E. Granger, Department of Forestry,

P.0. Winierton, Natal.
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SUMMARY

A quantitative, semi-detailed plant ecological study of
the area between 25° 54' and 26° 22' E and 26° 00' and 26° 20' S,
situated around the town of Lichtenburg in the South-western
Transvaal, is reported.

The average daily maximum temperature of the study area
is about 28 °C in January and 18 °C in July but extreme daily
maxima of 37 °C (January) and 25 °¢ (July) have been recorded.
Average daily minima range from about 15 °¢ in January to 2 %
in July while extreme minima of 6 % (January) and -10 °C (July)
have been recorded. The period during which frost is likely to
occur lasts, on average, for 106 days from May to September
with frost actually being recorded on about 26 days. Mean
annual precipitation is about 600 mm, due almost exclusively to
showers and thunderstorms. Winter months are normally dry and
about 85 percent of the annual precipitation falls during the
gsummer months from October to March. On an average hail occurs
four to seven times annually.

The study area lies between 1460 and 1520 m above sea level
and consists of a large; undulating plain characterised by the
absence of marked topographic features. When all physiographic
features are taken into account two Land Systems are apparent.
The Bankenveld Land System is underlain by dolomite, variously
covered by alluvial gravels on the Karst structural phase of
the African erosion surface and having lithosolic soils. The

Veld Type is Bankenveld aad cattle ranching is the chief land-use.
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The CT Grassland Land System is underlain by granite, Ventersdorp
lavas, Dwyka tillite and surface limestone on the aggradational
phase (aeolian sand) of the African erosion surface. Soils of
Shorrocks, Mangano and Lichtenburg series are generally sandy and

well-drained. The natural vegetation is Dry Cymbopogon-Themeda

Veld or Sandy Cymbopogon~Themeda Veld, but most of it has been

destroyed by cultivation of maize, the chief land-use.

A stratified-random sampling strategy, using aerial photographs
was used to place 110 quadrats within each Land System. The basic
4 by 4 m quadrat was divided into four triangles by lines connecting
diagonally opposite corners of the square. Nested samples of
4, B, 12 amd 16 m2 were thus available by successive addition of
triangles. Species present in a strip,about two metres wide, round
the perimeter of the quadrat were also recorded. Physical factors
recorded for each gquadrat included geology, geomorphology, aspect,
angle of slope and exposure. Soil series and depth were recorded
and for each soil horizon, scil pH, reaction to dilute hydrochloric
acid, moist Munsell soil colour and soil texture were noted.
Biotic influence was also noted. Total basal cover and the height
and basal cover of each constituent stratum were estimated for the
16 m2 quadrat. The presence of all Permanently recognisable plant
specles and their coverwabundance estimate were recorded. The
order in whioh speoies were encountered wag noted, as were
additional species found w.th each increase in sample size.

The monothetic~divisive technique of association analysis

wag used for classificaticn of the quadrats. An association
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analysis (known as the Total analysis) was carried out on the

220 quadrats (16 m2) of the study area and then another (known

as the Bankenveld analysis) was carried out on the subset of

110 quadrats of the Bankenveld land System. The former was to
obtain an overall classification of the vegetation of the area

and, in particular, to enable definition of the main plant
communities. The second analysis was %o obtain in-depth information
about Bankenveld, the area whose natural and semi-natural

vegetation was of most importance. For both analyses, species
occurring in fewer than six quadrats were masked.

A map of the vegetation of the study area was drawn at a
gcale of 1:50 000 and a check list of plants collected was made.

Inspection of final groups derived from the analysis
suggested that on the bases of their habitat data being markedly
dissimilar from those of other quadrats of the group, certain
quadrats were misclassified. By reference to species listed
from the area surrounding each misclassified quadrat, they were
re-allocated to another group on the basis of the dividing
species of the hierarchy.

A total of 247 species were encountered in the study area.
Within the Bankenveld Land System, 211 species were encountered
and 165 were found in CT Grassland quadrats. Most of the species
had low overall frequencies. In the whole area nearly 100 species
occurred in less than six fuadrats. A few species, including

Themeda triandra Aristida congesta., Elionurus argenteus,

Anthospermum rigidum and ‘usticia anagaloides were common

throughout the study area.
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The largest number of species in a quadrat (16 m2) was 54,
recorded from a Bankenveld Land System quadrat. The lowest
number of species was 11 in a CT Grassland quadrat. The overall
average was 30,4 with a standard deviation of 9,0.

The Total association analysis did not completely separate
Bankenveld Land System quadrats from CT Grassland quadrats. Of
the four major groups of the hierarchy the first two were
largely of Bankenveld and the last two mainly of CT Grassland
quadrats. Bankenveld groups of the Total analysis were not
interpreted. FEleven final groups were recognised and described
from the CT Grassland part of the Tctal analysis.

Two final groups, Short and Tall Stipagrostis uniplumis

Calcareous Grassland, occur on soils overlying surface limestone
deposits.e The communities are found around Lichtenburg and in
a belt to the west of the town. Species common in one or both

Groups include:- Stipagros@is uniplumis, Aristide congesta,

Brachiaria serrata, Themeda triandra and Vernonia oligocephala.

Another two final groups, Elionurus argenteus Secondary

Grassland and E. argenteus Primary CGrassland occur on rocks of

the Ventersdorp System. Most of these communities are found
south-west of Lichtenburg. Species common in one or both Groups

include:~ Elionurus argenteus, Anthospermum rigidum, Aristida congesta,

Brachiaria serrata, Eragrostis curvula, Heteropogon contortus,

Themeda triandra and Setaria flabellata.

Two- final groups occur on Dwyka tillite substrate. They are

Cymbopogon plurinodis Grassland and Secondary C. plurinodis

Grassland. Species common in one or both Groups include:~
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Cymbopogon plurinodis, Barleria macrostegia, Blepharis integrifolia,

Elionurus argenteus, Eragrostis curvula, Eustachys mutica,

Hermannia depressa, Themeda triandra and Triraphis andropogonoides.

Three final groups, Acacia karroo Savanna, A. karroo Open

Woodland and Drainage Basin A. karroo Open Woodland are found
on the medium— to poorly-drained soils of the area along the
Harts River. In all three groups a woody element is present

with Acacia karroo as the dominant tree and shrub species. Other

species commonly found in one or more of these Groups ares-

Aristida congesta, Barleria macrostegia, Blepharis integrifolia,

Cynodon dactylon, Digitaria argyrograpta, Eragrostis curvula,

Felicia muricata, Lippia scaberrima and Sporobolus africanus.

Two final groups are neither named nor mapped as it was
found that they were not homogeneous and that their quadrats
occurred scattered through the study area.

It was concluded that the major vegetational differences in
CT Grassland could be related to the geological substrate and
gross soil characteristics. Within major groups, management
was an important factor.

Seven major groups wer: distinguished in the Bankenveld

association analysis. Group 1 (Diheteropogon—stgpagrostis

Primary Bankenveld) consists of quadrats laid out in vegetation

that is well managed. Groap 2 (Diheteropogon—Sohizaohyrium

Bankenveld), actually congisting of four final groups, is considered
to be the typical vegetation of the Bankenveld Land System.

Species common in Group 1 include:z- Diheteropogon amplectens,

Stipagrostis uniplumis. /nthospermum rigidum, Brachiaria serrata,




- 218 -

Crabbea angustifolia and Euphorbia inequilatera. Species common

in Group 2 includes— Diheteropogon amplectens, Schizachyrium sanguineum

and Aristida diffusa var. burkei. It was found that many species

were common to all, or most, of the groups and that very few
species were common in only one or two final groups.

Quadrats of Groups 3 and 4 (Chascanum-Eragrostis racemosa

Sandy Bankenveld and Chascanum~Anthephora pubescens Sandy

L

Bankenveld) occur tozcther on the western edge of the Laiic

j-

System and in a circular patch in the north-west of the study
area. Both groups are found where sand overlies dolomite.

Common species include:— Chascanum hederaceum, Eragrostis racemosa,

Anthephora pubescens, Aristida congesta, Justicia anagaloides

and Themeda triandras.

Quddrats of Group 5 (Coroho;us—Ursinia Bankenveld of

Disturbed Sites) are laid out in vegetation that had been disturbed

in the past. Common species include:- Corchorus asplenifolius

and Ursinia nana.

Group 6 (Fingerhuthia—Oropetium Bankenveld of Dolomite

Sheets) quadrats are characteristic of exposed sheets of dolomite,
found particularly in the area to the immediate north of

Lichtenburg. Common species includes- Fingerhuthia africana,

Oropetium capense, Aristida congesta, Stipagrogtis uniplumis and

Turbina oblongata.

Group 7, the last group of the analysis, is neither named
nor mapped.
As part of a technique study, the 110 Bankenveld Land System

quadrats were olassified by means of divisive information analysis
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(DIVIN®) and axis ordination (AXOR) and results compared with
those of the association analysis. All three classifications
produced results which were basically very similar. It was found
that association analysis was sensitive to the number of species
recorded in each quadrat while the other two technidues were nots

Various methods of data reduction, including reduction of
quadrat size to 8 and 4 m2, using only the first 19 and first 12
species recorded in each quadrat and masking species in 10 or
fewer quadrats, were applied to the Bankenveld Land System
quadrats. DIVINF and association analysis were used to classify
the reduced data and by means of twc objective methods for comparing
groups and two methods for comparing groups and configurations of
the hierarchies, it was found that remarkably similar results
were obtained even with severe data reduction. It was concluded
that objective methods were of use for comparing the results of
classifications but that an in-depth study at every hierarchical
level was necessary. A new comparison technique which considers
group constitution and group configuration simultaneously at all
hierarchical levels is necessary. It was also concluded from
this technique study that data reduction, as a means of saving
computer time, can be justified.

The Ecological profiles technique was applied to the
Bankenveld Land System data after the technique had been described
in detail, for the first time in Bnglish. Although the data were
inadequate, results showed the utility of the technique. It was
concluded that with adequ:te sampling of ecological varicbles,

those having the ~rentost influence on the distributions of sveciog
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would be revealed, thereby providing the kind of information
needed to explain the ecology of South African plant species and
hence their rational management and use.

It is finally suggested that in future a slightly modified
sampling strategy should be used for semi-detailed surveys. The
stratified-random approach used for this study should be retained
except that the actual position of the quadrat at the sample site
should be chosen instead of being left to chance.

Even if it is concluded that the straight-forward use of
association analysis, or another method of automatic classification,
without subjective re~allocation and other refinements will
usually provide an answer that is too crude, such automatic
classification can at least provide the necessary, preliminary
sorting of quadrats to be refined by a technique like that of

the Braun-Blanquet School.
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CLIMATOLOGICAL TABLES Al TO Al4
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TABLE Al Monthly march of radiation at Pretoria in cal/ cm® /day.
& b=
Q & a v 5
g B o B 5 2 b
[e] o [« )] e} 'E
o e B o> 3y 8 0
W d 2 o o o
-.—! {q :_8 ..C-‘,\S .(u .a 8 8 ~ 4‘3 8 g
Lellle] ,51 .
K; ('\j 'U ) 'U O 0 P
& S © L g £ 8 @
o 5 S5-I o 8 .5
D w a° Sy 35 o BE o
== 2 g 23 R o
368 48 424 i i
January 585 201 381k 800 6]
February B3l 191 340 778 127
March 486 161 325 687 130
April 418 13 305 575 57
May 266 79 287 L86 58
June 341 69 272 420 7
July 358 75 283 437 27
August Lz7 87 250 561 122
Septenber 500 113 387 649 30
October Shily 158 286 727 79
November 559 185 2L 792 151
December 566 200 266 797 138
Year Lk 136 338 800 27

* From Weather Bureau (1968), period 1951-1962

** From Schulze

(1965), period 1951-1959
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Monthly means of hourly sums of global (G) and diffusc (D) radiation

=
= = - . H
n cal/cm /hour at Fretoria for

TABLE A2
the period 1951 - 1962 from Weather Bureau (1968).

2 Ly = = 5 | % 2 L
G D G D G D G D | B G D G D
0600 2,6 1,5 0,2 0, 0,0 0,0 i 0,0 0,0 5 0,0 1.8 1.1 4 0,5
0700 14,9 6,1 oo 545 1,1 0,5 1 0,7 0,3 § Gkt 12,8 5,6 B0 1% |
0800 Wb T Wa B 3T 5N 12 B4 1aAd 27,6 10,4 20,5 7,1
0900 46,0 16,0 8.9 12,7 i 27,0 6,1 ' 25,7 6,0 38,1 47,9 14,5 36,3 10,8
1000 59,9 20,3 52,6 16,3 ! 40,3 8,4 ! 39,4 8,0 | 5%,5 57.9 ‘18,8 | 55,3 13,8
1100 69,7 22,3 62,9 18,7 ! 50,1 9,9 f Lo,k 9,4 1 64,7 67,4 21,3 i 60,6 15,8
1200 | 74,6 23,k | 66,9 20,7 | 54,9 10,4 |59 10,2 | 69,9 j 721 22,3 | G,C 16,8
W00 | B 255 I 66,1 20,4 ; 55,2 10,3 §5k,7 10,1 | 69,4 i 72,9 21,9 65,1 16,7
100 | 68,5 21,9 59,1 19,1 (49,5 9,9 [h49bk 9,6 | 63,2 | 66,5 20,3 #2157
1500 58,0 19,5 | 49,1 16,5 | 39,4 8,8 3286 8, ; 52,5 55,4 17,9 48,7 13,9
1600 | 43,3 16,0 353 131 [259 68 |28 62 | 37,5 K,5 14,5 | 34,4 11,0
1700 27,2 114 19,6 8,4 10,5 3,9 9,5 3,6 { 19,8 26,1 10,k 18,7 7,3
1800 131 63 - - Y 0,9 0,5 0,6 0,2 L,7 11,9 5.6 5,2 3,1
1900 25 1,6 03 G0 0,0 9,0 0,0 0,0 l 0,0 ; S S W 0,7 0,5
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TABLE A3 Average monthly and annual sunshine duration (hours) and
frequencies at Potchefstroom from Schulze (1965).
No. of days with:
(0]
3 o

j—l.‘ '8 :S G4 44 qS
ol Qg O (o oo )
[ 0 0O [B) o 1, iy ~ R
i} forgrs g < el R Q (@K
w + R e O ON o O
58 | 55| © S8 38 %8 T8
v D = o I © o B Q9 o 90
= & RN T = - & — & 0 & (€N oF
January 8.7 6L 0,5 1,4 6,9 15,9 6,3
February 8,2 63 8.3 1.2 2.3, 17,0 6,4
March 8,1 66 o 19y 3 B3 4,0 15,1 8,5
April 8,7 75 g8 el % | 12,0 3,6
May 9,0 83 0,2 0,6 1,7 9,2 19,3
June 8,8 8L 0,4 0,4 1= 9,2 18,8
July 9,0 85 0,2 0,5 1.3 LS T5
August 9,9 88 .1 510y 0,8 5 22,3
September 9,6 30 e B 8,7 1,7 129 14,8
October 8,9 71 8,2 1.2 4,5 16,0 9,1
November 8,8 66 03 1.7 6,5 15,2 6,8
December 8,6 63 a,3 1.7 7.2 16,3 By 5
Year 8,9 74 2,9 12,4 46,0 153,8 148,9
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TABLE Ak Mean monthly sunshine duration for each hour (in decimals) at
Potchefstroom from Schulze (1965).
hour %‘) £ &
end- %: 5 = —~ 15 % § 'é) é
e L) = = < = L) L} <X w2 (@] = A >
&0 | 22 05 02 18 .25 | ,06
0700 | 83 L35 3% A ¢ 00 .03 37 33 57 66 63| .35
oBOD | <68 .67 68 8 P8 B8 Bom B o o2 vl e
ogoo ( ,2 ,0 ,71 81 ,8 ,88 ,8 ,93 ,87 ,75 ,7%6 .73 | .60
000,77 78,79 ,83 - ,89 ,92 ,92 ,96 ,90 = N - S -
1100 y ,80 ,77 ,82 ,86 ,92 ,9%% ,9% .98 9 8% 82 .79 | 87
1200 | 81,75 .82 ,85 ,92 ,95 ,95 ,98 ,92 8 .81 ,79 |,87
1300 | ,78 ,75 ,81 ,86 ,92 ,9% ,9% ,97 .93 83 ,80 ,75 | ,86
0| W74 73 77 B4 9L 0@ L, .96 92 B 76 469 | ,83
%0 | ,70 ,68 ,73 ,81 ,89 ,9%0 ,9 94 90 77 6B &7 | 8o
1600 | ,62 ,62 ,68 ,78 .87 .88 2 93 87 72 65 56 | 76
1700 1,57 ,55 ,61 ,73 8 ,78 81 .89 B0 87 55 .52 | 6%
1800 | ,50 ,50 ,39 ,30 ,15 ,02 ,06 ,2k ,38 ,50 4o k49 | 3k
13001 420 13 0h 18 Loh | Lo
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TABLE A5 Daily and monthly mean and extreme temperaturc data for

Lichtenburg (°C) from Weather Bureau (1954).

L O &
w = L 3

) o o ” u S ”

4 #F o 8 o 9

" S I - SR O

o A B o) ~ B 3 o

9 o 8 9 O o ¢€Q 9% o 58 g4 JE

T 3 g = 8 & fil & g B R O g O § — s (1=
Period* 20 20 20 20 20 20 L6 L6 20 20
January 28,1 33,3 151 10,7 b 13,0 37,2 6.5 1RB P17
February 2.4 3.6 I4%9 10,89 P2 2.5 350 3.9 IR 22,2
March 28 W2 132 7.8 19,6 128 34k 1.7 1850 18,4
April 23,7 28,2 9,3 2.2 3.8 4 A G =53 122 W2
May 20,9 25,5 50 =14 12,9 15,9 28,9 7,2 2.2 14}
June 18,4 22,9 1,6 =38 10,0 16,8 30,0 9.5 2.F 132
July R,3 250 1,7 =4,4 10,0 16,6 25,6 =10,0 2.8 19,6
August 21,6 26,6 1,6 =2,% 13,2 17,06 29,4 2,8 M1 I3
September 24,8 30,8 8,0 -0,k 16,4 16,8 35,0 -3,9 8,9 17,2
October o7 O < s i R b4 19,4 15,5 35,0 0,0 ‘13,2 IB.9
Novenber BN W34 3T.0 65 20,3 4.6 7367 0,0 15,0 20,6
December 28,1 2,6 14,5 B:0 B.2 156 @92 3,9 158 206
Year 2k, 3 9,k 16,9 14,9 37,2 =10,0 Ped 227

* 20-year period from 1931 to 1950

b6-year period from 1905 to 1950



TABLE A6 Monthly mean,maximum and minimum grass minimum

temperature (°C) at Potchefstroom from Schulze

(1965).
IS £
£ g B
January 1.5 18,4 -1,8
February 11,8 17,8 3,8
March 8,4 16,6 0,5
April L,9 15,1 7,2
May -0,7 12,0 -10,4
June =5,3 8,9 -16,0
July -5,2 7,8 -17,0
August 33 8,9 -15,2
September 1,5 12,2 -13,5
October 6,7 15,6 ~6,7
November 8,9 7.5 ~4,5
December 11,0 17,0 -1,9
Year L,2 18,4 -17,0
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TABLE A7 Monthly mean soil temperature (°C) at Potchefstroom from Schulze
(1965) .

Time 0800 hrs 1400 hrs { 2000 hrs

Depth (cm) 10 20 30 60 120 10 20 10 20

January 22,5 239 248 25,2 23,6 29,6 25,8 128,31 22,7
February 2.2 257 246 2653 258 29,1 295 [388F 2372
March 21,h 2.3 231 283 23,6 27,2 24,0 26,5 25,9
April 12,0 19,0 200 2,6 222 23,4 20,5 y22,5 22,5
May 11,8 I%0 155 1722 19,5 17,7 15,5 47,8 17,0
June 8.3 10,7 1,6 13,8 387 12,7 13,4 113, 13,2
July 2.3 $0.3 1A 1E 14,9 15,9 1,2 A8 13,2
August 10,5 12,3 a%h 343 15,0 2.1 357 damT 16,1
Septenber 6 16,1 16,9 17,3 16,6 21,5 17,6 A0 26,3
October 8.9 21,3 23,2 2k 3 26,3 22,5 24,8 241
Noverber 2,0 22,1 230 %L B4 29,1 24,6 (26,8 26,1
December 22,0 23,2 24,1 24,4 22,6 29,9 ab;o (28,0  @%ha
Year 16,8 18,1 I84 20y 0199 25,2 19,8 |#2.2 -#.9
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= 209

Mean monthly rainfall in mm (r) and mean number of days with rain

(d) at the seven stations with recording periods of over 20 years

within the study area from Weather Bureau (1965).

.
’ o to - g y
Station name and | O N 5 2 5 = "

period (in years)| & T o o~ 10 Ef\ 0~ 2

00 = B s 2R & T &R

© A P &~ = 5~ 80~ i~
O~ O & .0 é Q 5 Q ! +
'] o 0 o i @ o 5]
<5 [ =3 B H A + = B

January (r) 105,3 101,2 109,k 112,3 104,5 99,7 109,5
(d) 10 10 10 10 8 6 10

February (r) 10k4,3 105, 4 92,2 96,5 89,8 91,4 93,2
(d) 9 2) 9 8 7 6 8

March (I‘) 91,5 80,4 9219 9)‘\L’O 9311+ 86’7 8316
(d) 9 9 9 8 7 6 9

April (r) 45,9 49,5 38,7 36,5 41,6 31,7 31,5
(d) 5 B 5 b L 2 b

May (r) 20,8 19,7 A7, 18,0 21,2 16,8 13,4
(d) % 3 3 B 2 1 %

June (r) 10,6 9,4 6,4 6,9 5,9 T2 2,8
(a) 1 1 1 1 1 1 « ¥

July (r) 5 9 L,7 6,5 6,1 6,5 3.7 6,6
(d) i 1 i 1 1 1 p

August (r) 6,0 5,6 5.1 6,0 2,4 1,9 Gyl
(d) 1 1 1 1 3 1 7

September (r) 14,7 12,3 15,0 14,8 14,3 15,5 T o
(d) 2 2 2 2 1 1 2

October (r) 53,6 42,5 46,2 45,6 Lo, 4 41,2 39,9
() 6 5 5 5 5 L i

November (r) 69,4 68,5 2% & 69,0 66,8 71,k 64,3
(d) 8 8 8 - 6 5 7

December (r) 97,0 88,3 98,4 95,2 99,2 80,9 87,k
(a) 9 9 10 9 8 g 9

Year (r) 6248 537,5 601,9 600,9 586,0 548,1 5510
(a) 64 63 64 56 51 %9 59




TABLE AQ Mean monthly rainfall in mm (r) and mean number of days with rain (d) at nine weather stations with

recording periods of over 20 years near the study area from Weather Bursau (19%5).
g P

H
5 3
Station name and E g E 2 R
8 te $a2 Esa ¥ I R IR
2% £ 38 &4 4 iE g 38
~January (r) 106,7 107,2 101, b4 113,2 107,2 101,5 8,8 104,0  103,1
(a) 9 12 7 9 12 9 10 13 8
February (r) 96,3 95,8 97,7 104,5 93,7 8L, b 79,7 97,0 99,4
(d) 8 10 6 7 11 8 9 11 7
March (r) . 82,8 85,6 85,7 97,9 81,0 87,5 85, 91,0 94,3
(a) 8 11 6 7 10 8 9 1 7
April (r) 37,9 34,3 38,2 28,7 37,3 Lo,5 36,0 37,0 Lo,?
(a) 3 b 3 3 5 b 5 6 3
May (r) 16,8 14,0 18,0 18,4 16,8 14,9 16,6 19,3 20,2
(a) 2 3 2 2 3 2 3 3 1
June (r) 7,9 2,5 6,6 7,8 4,6 5,6 7,5 6,k 11,0
' () 1 1 1 1 1 1 1 1 1
July (r) 9,7 7,6 7,6 6,7 6,3 4,5 3,4 b,z 7,5
(a) 1 1 1 1 1 1 1 1 1
August (r) 9,9 8,4 7,8 6,7 8,6 4,6 3,0 7,1 8,5
(a@) 1 1 1 1 1 1 1 1 A
September (r) 19,8 17,5 12,3 16,0 16,5 17,0 15,3 15,4 18,4
(&) 2 2 1 2 3 2 2 2 2
October (r) 49,5 51,6 40,0 40,6 42,7 b1,2 42,5 12,6 47,6
(@) 6 7 4 b 6 5 5 Vi 6
November (r) 77,2 69,3 6l,6 67,3 73,9 64,5 64,5 76,7 88,2
(@) 8 9 5 7 9 7 7 9 7
December (r) 97,5 94,5 89,7 ok,7 94,0 99,9 97,0 96,5 115,2
(a) 8 11 7 7 T11 8 9 10 8
Year (r) 612,0 588,2 569,6 612,5 582,6 566,1 550, 2 597,3  65k,1
(@ 57 72 by 51 7h 56 62 75 52
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TABLE Al0 Mean monthly rainfall (mm) for districts 19 and 21 from
Weather Bureau (1960s) and for district 84 from van Rooy
(1972).
district
19 21 84 84(5)
January 84,0 108,0 99,8 16,2%
February 85,9 97,3 90,5 16, 4%
March 81,5 87,4 90, 4 13,9%
April 36,3 35,3 45,6 8,2%
May 158 18,1 20,2 3,2%
June 5,6 Falk 8,5 1,6%
July 5,k i 6,0 1,1%
August 6,4 7,k k.5 0,6%
September 12,0 15,6 14,2 2,3%
October 33,6 L8,8 42,3 7,2%
November 53,0 81,6 75,9 13,2%
Decenber 69,5 98,4 93,3 16,1%
Avousl ek 488,8%) 611,81 591,31
Annual nean 588,5(2)
14832 (1)
161937 (2)
ez () (1)
o) (2)
(1)Year ending 3lst December
(2)

Year ending 30th June
(3)

(4)

Minimum annusl diestrict rainfall as % of mean
(5)

Maximum annual district rainfall as % of mean

Mean district rainfall for 12 equal months as % of



TABLE All Frequency of droughts of different duration for twelve monthly
precipitations below 75% of the average annual rainfall from

Weather Bureau (1960a).

Drought duration in months
District 1 2 3 b 3 6 7 8 9 10 11 %
19 6 I 3 i & . 1 1 1 1 1 13,k
21 = B s ihe L LIREORE e 1 0 95
% = Total number of drought months as a percentage of the total number of

rnionths covered by the data



TABLE Al2

(period 1907 - 1946) from Weather Bureau (1960a).

Variability (V) and reliability (R) of rainfall within districts
19 and 21 and maxime (MAX) and minima (MIN) over all districts

Variability (V) Reliability (R)
January June Year January June Year
District 19 0,405 1,253 0,188 0,636 0,140 0,820
District 21 0,337 1,329 0,188 0,691 0,113 0,821
MAX 0,933 1,329 0,342 0,797 0,647 0,890
MIN 0,214 0,391 0,113 0,285 0,113 0,723

i -
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TABLE Al3 Mean menthly vapour pressure (V) and mean monthly saturation

deficit (8) in mb at Potchefstroom from Weather Bureau (195L).

Time 0800 1400

v S v S
January 16,2 749 14,4 23,5
February 16,7 5,8 16,4 17,8
March 16,1 4,0 14,5 17,0
April i2.1 4,0 11,0 18,7
May 8,5 3,0 8,5 15,9
June 6,1 2,4 6,8 13,8
July 5.8 2,7 6,2 14,6
August 6,9 L7 743 17,7
Septeriber 8,0 51 8,0 22,9
October 11,9 9,4 9,2 26,2
Noveniber L s 9,7 10,9 25
Decenber {2 T 9,4 12,8 22,8
e e I I
Year 11,4 5,9

o



- 238

TABLE Alk Mean monthly and ennual velues of relative. humidity &%)

for six times of day at Mafeking from Weather Bureau
(1954)«

time (hours)

0600 0900 1200 1500 1800 2100
January 81 60 L8 Lz L6 67
February 86 69 56 e 55 74
March 90 67 53 L5 Sk 79
April 85 57 Lo 35 L9 71
May 81 58 38 33 L6 65
June 77 Sk 36 30 45 62
July 71 Lo 30 26 36 55
August 62 ) 26 21 26 43
September 56 38 27 22 26 Lo
October 63 45 2L 20 2L Lo
November 72 L8 38 32 37 55
December 67 L3 30 26 29 43
Year 7h 5 38 33 Lo 59
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GROUP CONSTITUTIONS

Total association analysis (after re-allocation)

Group Noe of Quadrat numbers
quadrats
1 10 18 20 25 3@ 4 31 W 82 87 Z
2a 19 5 44 45 46 48 49 51 3 55 56
57 58 59 61 62 64 13 86 98
2b 18 %, 5 T 3o, 98 M4 47 B R B8
¢ 6f T 8. 8@ 5 0§ 9
3a 10 17 28 135 3§ 42 6 74 T2 @ 95
3b 24 3 B 12 13 15 19 7 22 2 2
B6 &7 25 5¢° 8t 54 8y [o. R W
81 92 94 107
4a, 9 ¢ 31 4 16 46 @63 1 B4 90
4b 21 111 104 136 193 P2 123 185 127 128 Al
133 134 135 136 137 138 139 140 161 194
21}
5a 3 38 80 167
5b 26 4 33 43 109 116 112 3132 153 155 168
166 168 171 189 192 193 196 201 203 204
207 208 215 216 217 218
6a 6 89 118 119 124 130 210
6b 7 66 85 102 104 105 106 113
T 15 120 141 142 143 144 145 147 148 149 151
152 154 158 159 160
Th: 118 215 220
Te g 75 103 8 11T 1R 191 202 232
8 1 100 101 146 164 165 169 170 199 209 213
214
9a 12 126 350 186 157 163 173 174 175 176 184
186 190
9b 10 182 185 187 188 195 197 198 200 205 206
9¢c T e 177 178 1@ TEg 18107 183
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Bankenveld association analysis

Group No. of Quadrat numbers
quadrats
1 12 1 5 6 T A8 20 2. g8 41 - =y
&5 70
2a 3 71 96 98
2b 14 44 45 47 48 49 50 53 5 51 59
5 H2 &1 8BS
2¢c 6 38 46 51 55 64 68
2d 10 10 24 58 61 73 78 82 88 93 110
3 11 W 32 4 48 52 18 19 80 81 97
99
4 17 1y 1p. & BE 2V 29 3 36 47 33
By ™ ® 1% 1 92 94
5 9 B 17T 19 BB 40 42 63 83 g5
6 12 14 16 66 84 85 87 89 91 100 101
102 104
7 16 2 3 4 # Il 12 823 33 3% 90
103- 385 106 107 J08 109




AXOR classification at 10~group level
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Group No. of Quadrat numbers
quadrats
A 12 38 41 44 45 46 48 50 51 56 64
67 13
B 12 & 48 B3 55 BT 58 59 40 BE . 86
88 98
c 8 B2 61 Bo Hi B2 93 89 310
D 10 W 24 W J& K7 8 T B @6 By
E - 1 > T 34 70
F 12 2 3 9 31 14 18 23 5% &85 A0
107 108
G 12 84 85 87 89 90 91 101 102 103 104
105 106
H 14 4 32 35 3 B £ L % 7T
o 1¢ Fe 10§
i AT @8 42 T8 B 94 95
J 18 8§ 32 I3 35 484 1% 2o &x oz 25
6 27 29 30 H54- &3 65 72
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DIVINF classification at 8-group level

Group No. of Quadrat numbers
quadrats

A L7 & 44 45 46 48 49 51 53 55 56
5T 59 62 64 68 86 98

B 18 L > T .3 34 X 4 4 5 60
67 70 71 18 81 96 91 99

C 16 10 38 20 2 22 24 54 S8 B 65
13 76 B2 £8 93 110

D 10 9 14 84 85 101 102 103 105 106 108

20 2 3 4 ¢ 3 12 33 % lEr ha

2y €7 29 3 63 &6 69 T2 300 107

P 9 25 - 26 28 . 4% 4 8 8 92 94

G 13 1F 3¢ 32 3% 3 9 40 B 2 78
7 19 109

H ! 42 81 89 90 91 95 104
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LTS T OF PLANT

RECORDED IN QUADRATS

The following plants were either recorded ag present in
quadrats during sampling or were collected by J.W. Morris
(M and ML prefixes to collector numbers), Morris and
C. Boucher (M&B), Morris and G.J. IEngelbrecht (M&E) and
Morris and D. Miller (M&M) during the course of fieldwork in
the South-western Transveal. Species recorded from quadrats but
not collected within the study area are marked with an asterisk.
The list is not comprehensive but most permanently-recognisable
grasses and herbs as well as most woody plants are considered to
have been collected during the three-year period of fieldwork.
Specimens are lodged with the National Herbarium, Botanical
Research Institute, Pretoria (FRI) and duplicates of most collections

are housad in the office of the Extension Officer, Department of

Agricultural Techni

=
Q
o
ril
o
D
3
<
~
e
o
oD
=
e
H
{0
o
o
<
m
©
o

5, Lichtenburg,
Families and genera of Spermatophyta are arranged according
to Phillips (1951), based on de Dalla Torre & Harmse (1900-1907).

The 309 infrageneric categories are arranged alphabetically within

families.
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b collectors

AUEHCT R nunbers
Pelaea calomelanos (Swartz) Link M&E 1166

SPERMATOPHEHYTA
ANGIOSPURMAR
POACEAR
Trachypogon spicatus (L.f.) Kunze MXE 1084
Elionurus argenteus Nees ML 1097
Andropogon appendiculatus Nees M&E 1042
Andropogon schirensis Hochst. ex A. Rich. M&E 1172
Andropogon schirensis var. angustifolius Hochst. M&E 1045
Diheteropogon amplectens (Nees) Clayton M 1128
Schizachyrium sanguineum (Retz.) Alst. MAE 1171
Cymbopogon excavatus (Hochst.) Stapf ex Burtt Davy M 1104
Cymbopogon plurinodis (Stapf) Stapf ex Burtt Davy M&E 1000
Hyparrhenia filipendula (Hochst.) Stapf var. pilosa
(Hochst.) Stapf M&E 1078

Hyparrhenia hirta (L.) Stapf M&E 1173
Hyparrhenia sp-. ML 28
Heteropogon contortus (L.) Beauv. ex Roem.& Schult. M&E 1044
Themeda triandra Forsk. M&E 1029, M&ER 1136
Anthephora pubescens Nees M&E 1022
Tragus racemosus (I.) All. MAE 1048

Paspalum dilatatum Poir. Ve 1335



- BAY -

Panicum coloratum L.

Panicum maximum JacQ.

Panicum stapfianum Fource.
Urochloa panicoides Beauv.
Brachiaria marlothii (Hack.) Stent
Brachiaria serrata (Spreng.) Stapf
Digitaria argyrograpta (Nees) Stapf

Digitaria tricholaenoides Stapf

thynchelytrum repens (¥Willd.) C.Z. Hubb.

Rhynchelytrum setifolium (8tapf) Chiov.

Rhynchelytrum villosum (Parl.) Chiov.

Setaria flabellata Stapf

Setaria nigrirostris (Nees) Dur. & Schinz

§gjgzigwggl};dq:§usqg)(Schumacha) Stapf &

Setaria sp.

Leersia hexandra Swartz

Aristida canescens subsp. canescens Henr.

M&E 1071,

Hubb.

Aristida congesta Roem. & Schult. subsp. congesta MAE 1064,

Aristida diffusa Trin. var. burkei (Stapf)

Schweick.

Stipagrostis uniplumis (Licht.) De Wint. var. neesii

(Trin. & Rupr.) De Wint.

Sporobolus africanus (Poir.) Robyns & Tournay

Sporobolus ludwigii Hochst.
Sporobolus pectinatus Hack.

Loudetia simplex (Nees) C.il. Hubb.

M&I-

MEE

M&E

o
MN&EE

g
M&E

M

M&R

M

M&E

M&E

M&E

M&E

M&E

M&E

M&.M

M&I

1066
1314
1063
1190
1089
1040
1075
1295
1163
1307
1145
1023
1123
1169
1146
1192
1006

1096

1088

1043

1018

22

1281
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Microchloa caffra Nees M&E 1076
Cynodon dactylon (L.) Pers. M&E 1137
Chloris radiata (L.) Swartz M&E 1074
Bustachys mutica (L.) Cufod. M&E 1010, M&E 1062
Enneapogon desvauxii Beauve. MEE 1334
Triraphis andropogonoides (Steud.) Phill. M&E 1077
Triraphis schlechteri Pilg. ex Stent M&E 1004
Tingerhuthia africana Lehm. M&E 1033

Diplachne biflora Hack.

Diplachne fusca (L.) Beauv. ex Stapf M 1115
Pogonarthria squarrosa (Licht.) Pilg. M&E 1073
Trichoneura grandiglumis (Wees) Ekman M&E 1066
Eragrostis barbinodis Hack. M&XE 1058
Tragrostis capensis (Thunb.) Trin. ML 27
Eragrostis curvula (Schrad.) Nees M 1292
Fragrostis gummiflua Nees M&E 1001
Dragrostis lehmanniana Nees M 1220
Hragrostis micrantha Haoko. M&E 1194
Eragrostis obtusa Munro ex Fical. & Hiern M&E 1080
Eragrostis racemosa (Thunb.) Steud. M 1308
Iragrostis stapfii De Wint. M&E 1002
fragrostis superba FPeyr. M&E 1060
Fragrostis tricophora Coss & Dur. M&E 1049
Zragrostis sp. M&E 1138

Oropetium capense Stapf M&E 1093
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CYPERACEAR

Cyperus margaritaceus Vahl

Cyperus marginatus Thunb.

Cyperus teneriffae Poir.

Cyperus usitatus Burch.

Mariscus capensis Schrad.

Mariscus congestus C.3. Cl.

Kyllinga alba,Nees

Fuirena pubescens Kunth

Fimbristylis ovata (Burm. f.) Kern

Bulbostylis burchellii (Fical. & Hiern) C.B. Cl.

COMIELINACEAL
Commelina africana L.
Commelina erecta L.

Bulbine abyssinica A. Rich.

Bulbine caespitosa Bak.

Bulbine sp.

Anthericum cooperi Bak.

M&E

MAE 1104, ML
M&E

M&T

M

M&E 1067, M&E
M&E

M&E

M&E

MEE

M&E

M&E

Trachyandra laxa (N.B. Br.) Oberm. var. erratica (Oberm.)

Oberm.

Dipcadi marlothii Engl.

Dipcadi viride (L.) Moench

Asparagus laricinus Burch.

HYPOXTIDACEAR

Hypoxis sp.

M&LE
M&E
M&E

M&E 1119, M&R

1025

16
1167
1293
1061
1184
1082
1068
1031

1081

1198
1197

1092

1193

1005

1209
1210
1125

1124
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TRIDACEAR

Tritonia nelsonii Bak. M&E 1199

Gladiolus permeabilis Delaroche var. edulus (Burch. ex Ker)

Oberm. M&E 1103
ORCHIDACEAE
Jabenaria epipactidea Reichb. f. M&E 1102
Celtis africana Burm. f. M&E 1127
LORAWTHACEAR
Viscum verrucosum Harve. M&E 1201
Thesium asterias A.W. Hill M&E 1287
Thesium costatum A.W. Hill M&E 1038
POLYGONACEAR
Oxygonum alatum Burch. M&E 1206
Oxygonum dregeanum Meisn. var. dregeanum M&E 1070

CHENOPODIACEAR

Atriplex semibaccata R. Br. ML 20
Lophiocarpus polystachyus Turcz. M&IM 19
ANARANTHACEAE
Sericorema remotiflora (Hook. f.) Lopr. M&E 1282
Cyphocarpa angustifolia Lopr. M&E 1072
Aerva leucura Moq. M&EM 21, M&M 28, M&M 32, M&E 1091
¥ DBrayulinea densa (Homb. & Bonpl.) Small M&B 232a
ATZOACEAR

Limeum fenestratum (Fenzl) Heim. M&E 1325
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MESTMBRY ANTHAC RAT

Ruschia hamata (L. Bol.) Schwant.

Ruschia rigens L. Bol.
Aloinopsis sp.
PORTULACEAR

Talinum arnotii Hook. f.

Anacampseros telephiastrum DC.

Portulaca kermesina N.B. Br.

Portulaca guadrifida L.

CARYOPHYLLACEAGR

Pollichia campestris Soland. in Ait.

RAVUNCULACEAR

Clematis brachiata Thunb.

Clematopsis scabiosifolia (DC.) Hutch.

Ranunculus multifidus Forsk.

MEN ISPERMACEAR

Antizoma angustifolia (Burch.) Miers ex Harv.

CRUCIFERAE

Sisymbrium thellungii Schulz

Brucastrum strigosum (Thunb.) Schulz

CRASSULACEAER

Crassula transvaalensis (Kuntze) K. Schum.

SAXTFRAGACEARE

Vahlia capensis Thunb. M&M

t=

ROSACEA

Parinari capensis Harv.

12, M&E 1008,

ML

ML

ML

MEE

M&M

M&E

Mé&:B

M&E

M&E

19

a2

15

1161

E 1270

1196

24

1083

1203

1087

1180

1128

26

1311

o4

1533

1305
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épapia‘ggifgg_(Thunb.) Willd.

hcacia giraffae Willd.

Acacia herercensis Ingl.
Acacia karroo Hayne

Acacia robusta Burch.

Cassia mimosoides L.

Pearsonia cajanifolia (Harv.) Polhill (in MS.)

Pearsonia uniflora Kensit (in MS.)

Melolobium microphyllum Eckl. & Zeyh.

Elephantorrhiza elephantina (Burch.) Skeels

Medicago aschersoniana Urb.

Indigofera daleoides Benth.

Indigofera disticha Eeckl. & Zeyh.

4

Indigofera filipes Benth.

Indigofera heterotricha DC.

Indigofera macra L. Mey.

Tephrosia capensis (Jaca.) Pers.

Tephrosia longipes Meisn.

Tephrosia semiglabra Sond.

Ophrestia oblongifolia (L. Mey.) H.M. Forbes

Zornea milneana Mohl.

Rhynchosia confusa Burtt Davy

Rhynchosia monophylla Schitr.

Rhynchosia nervosa Benth.

M&E 1113,

=i

[&E 1272 9

M

M&E

M&E

M&E

M&M

M

M&E

M&E

M&T

M&M

M&I

M&E

AT

M&M

M&E

M&E

M

M&E

AT

M&E

1188
1186

1297

1271
1017
1020

30

1319
1208
1211
1279
1294

3%
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Rhynchosia totta (Thunb.) DC. MM 29, M&E 1011,

Eriosema burkei Benth.

Vigna angustifoliolata Verdc. M&E 1204, M&E 1298,

GERANTACBAT

Mongsonia angustifolia E. Mey.

Monsonia biflora DC.

Pelargonium dolomiticum Knuth

OXALIDACEA

Oxalis corniculata L.

Oxalis obliquifolia Steud. ex Rich.

POLYGALACEAE

Polygala amatymbica Lckl. & Zeyh.

Polygala hottentotta Presl

Polygala rehmannii Chod.

Polygala sp. cf. amatymbica Eckl. & Zeyh.

SUPHORBIACHARE

Phyllanthus maderaspatensis L.

Acalypha angustata Sond. var. glabra Sond.

Acalypha sp.

Jatropha zeyheri Sond.

Eygggybia inequilatepg Sond.

Euphorbia pseudotuberosa Pax

Buphorbia striata Thunb.

Epg@orbia BD.

ANACARDIACTAR

Ozoroa paniculosa (Sond.) R. & A. Fernandes

M&E

M&E

M&E

M&M

M&E

M.

M&M

M&M

M&M

M&E

M&E

M&E

M&E

M&M

Mé&:B

M&E

1383
1290

1318

1312

1164

1147
1195

1016
1309
23

24

1267

1274

1054

1302

70

1086
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Rhus_lancea L. f.

Rhus pyroides Burch.

COLASTRACEAR

M&E 1090, M&E

Maytenus heterophylla (Eckl. & Zeyh.) N. Robson

RHAMVACEAT

Ziziphus mucronata Willd.

Ziziphus zeyherana Sond.

TILIACEAE

Corchorus asplenifolius Burch.

Grewia flava DC.

Triumfetta sonderi Fical. & Hiern

MALVACTAR

Sida chrysantha Ulbr.

Pavonia burchellii (DC.) R.A. Dyer

Hibiscus microcarpus Garcke

Hibiscus pusillus Thunb.

Hibiscus trionum L.

STERCULILCTAR

Hermannia betonicifolia Eckl. & Zeyh.

Hermannia depressa N.ll. Br.

Hermannia linnaeoides (Burch.) K. Schum.

Hermannia quartiniana A. Rich. M&E

Hermannia tomentosa (Turozﬁ) Schinz ex Engl.

ELATINACEAR

Bergia decumbens Planch. ex Harv.

M&B

1202, ML

M&E

M&E

M&T

o
==
Do
=

N&E

M&D

M&E

M&E

M&E

N&R

MLE

44, M&E 1098, M&E

M&M

M&E

15, MAE

291

18

1120

1115

1041

1100
e 1

1200

1165
1108

59
1328

1175

1009
1046
1099

1101

1030
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THYMELARACEAE

# 'Lasiosiphon capitatus Burtt Davy

ONAGRACEAE
Oenothera rosea Ait. M&E 1122
Oenothera tetraptera Cav. ML 6
UMBELLIFERAK
Pituranthos burchelli (DC.) Schinz ML 10, M&E 1139

Diospyros austro-africana De Wint. var. microphylla

(Burch.) De Wint. M&E 1028

Diospyros lycioides Desf. subsp. lycioides M&E 1105, M&L 1116

OLEACEAR

Menodora africana Hook. M&E 1056
Menodora sp. of. africana Hook. MEM 1
GENTTANACEAT
Chironia palustris Burch. subsp. palustris M&E 1178

FIRIPLOCACEAB

# Raphionacme burkei N.L. Br.

Raphionacme hirsuta (E. Mey.) R.A. Dyer ex Phill. M&E 1027
ASCLEPIADACEAE

Schizoglossum glabresceng Schltr. M&E 1317

Periglossum kassnerianum Schltr. M&E 1189

Pachycarpus schinzianus ¥.I. Br. M&E 1051

Asclepias eminens Schltr. M&E 1032

Asclepias fruticosa L. M&E 1126

of. Asclepias sp. M&IM 4, ML 7
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Cynanchum virens A. Dietr.
nl

Caralluma lutea W.H. Bro

CONVOLVULACEAR

Convolvulus ocellatus Hook. f. var. ornatus

(Engl.) A. Meeuse

Convolvulus thunbergii Roem. & Schult.

Merremia verecunda Rendle

Ipomoea bathycolpos Hall. f.

Ipomoea obscura Ker var. fragilis A. Meeuse

Ipomoea ommaneyi Rendle

Turbina oblongata (BE. Mey. ex Choisy) A. Meeuse

BORAGINACEAR

Trichodesma angustifolium Harv.

.
Cynoglossum enerve Turcz.
VERBENACEAR

Verbena bonariensis L.

Lantana rugosa Thunb.

Lippia scaberrima Sond.

Chascanum hederaceum (Sond.) Holdenke

Clerodendrum triphyllum (Harv.) Pears.
LABIATAE

Teucrium capense Thunb.

Acrotome inflata Benth.

Lasiocorys capensis Benth. M&M 14, M&M 27,

Stachys spathulata Burch. ex Benth.

M&E

M&M

M&I

ML

ML

10

52,

1

23,

M&:E

M&E

M&R

M&M

M&B

M&E

M&E

M&E

M&LE

1121

1332

1278

1296

5 1288

1034

B 1303
5 1036

1135
16

1174

i 1107

1026
232
1095

1280
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Salvia radula Benth. M&E 1059
Coleus neochilus {Schltr.) Codd MAE 1094, M&E 1269
SOLANACEAE
Solanum incanum L. M&T 1112
Solanum panduraeforme L. Mey. M&E 1111
Solanum supinum Dun. M&B 171
SCROPHULARTACTAR
Aptosimum depressum Burch. var. elongatum Hiern ML 25, ML 26
Aptosimum indivisum Burch. ML gl
Sutera atropurpureca (Benth.) Hiern M&E 1055
Sutera aurantiaca (Burch.) Hiern M&E 1057
Zaluzianskya maritima Walp. M&E 1268
Selago holubii Rolfe M 1227
Walafrida paniculata Rolfe M&E 1014
Walafrida saxatilis (@. Mey.) Rolfe MAE 1182
Striga elegans Benth. M&E 1168
Striga gesmerioides (Willd.) Vatke M&E 1284
Pterodiscus speciosus Hook. M&E 1003
Sesamum capense Burm. f. M&E 1106
LCANTHACTAR

Chaetacanthus costatus Nees

Crabbea angustifolia Nees M&E 1013, M&E 1263
Crabbea hirsuta Harv. ML 2
Barleria macrostegia Nees M 1152
Barleria pretoriensis C.B. Cl. M&E 1320
Blepharis angusta (Nees) T. Anders. M&E 1021

Blepharis innocua C.B3. Cl. M&M

10, MAE

1291



i

Blepharis integrifolia (L. f.) B. Mey.

Blepharis squarrosa (Nees) T. Anders.

Blepharis transvaalensis Schinz

Justicia anagaloides T. Anders.

PLANTAGINACEAR

Plantago lanceolata L.

RUBIACTAE

Kohautia lasiocarpa Klotzsch

Kohautia omahekensis (Krause) Brem

Kohautiz sp.
Xeromphis rudis (E. Mey. ex Harv.) Codd
Pentanisia sp.

Pygmaeothamnus zeyheri (Sond.) Kobyns

")

Anthospermum rigidum ekl. & Zeyh.
DIPSACLCEAT

seablosa columbaria L.

CUCURBITACEA

td

Cucumis hirsutus Sond.

Cucumis myriocarpus Naud.

Cucumis zeyheri Sond.

CAMPANULACTAR

Wahlenbergia caledonica Sond.

Hoehlenbergia lycopodioides Schltr. & von Brehm.

Lightfootia denticulata (Burch.) Sond.

M&E 1015, 1

MaM

6,

M

M&E

M&E

ME&R

M&E

M&E

M&E

M&E

M&E

N&E

=
iy
t—‘l

M&E

1253
1035
1299

1214

1187

1037
258
1336

1118

1304
1249

1024

1310

1301

1316

1085

1324

1207
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LOBELTACTAT
Cyphia assimilis Sond.
Lobelia thermalis Thunb.

COMPOSITAE

Vernonia oligocephala (DC.) Sch. Bip. ex Walp.

Pelicia muricata (Thunb.) Nees

Nidorella hottentotica DG
Conyza podocephala DC.

Nolletia ciliaris (DC.) Steetz

Chrysocoma tenuifolia Berg.
— ! -

Tarchonanthus camphoratus L.

Gnaphalium undulatum L.

Helichrysum caespititium Sond.

Helichrysum cerastioides DC.

Helichrysum dregeanum Sond. & Harv.
Helichrysum nudifolium (L.) Less.
Helichrysum rugulosum Less.
Helichrysum zeyheri Less.

Geigeria aspera Harv.

Qeigeria brevifolia (DC.) Harv.

Geigeria burkei Harve.

Zinnia peruviana (L.) L.

Schkuhria pinnata (Lam.) Kuntze
Pentzia globosa Less.

Hertia ciliata (Harv.) Kuntze

Senecio burchellii DC.

M&EE 1047,

(=
B
=

» 1183,

M&E 1131,

M&E 1264,

V&R 1244,

M&E

ME&IM

M&B

M&E

M&E

M&E

M&B

M&R

M&E

M&E

M

M&B

ML

M&M

M&E

M

M&E

M&E

M

Me:E

M&E

M

M&M

Mé&Tn

1331
17

229
1273
1306

1012

11
1327
1204
1053
1069
1114
1109
1308
1330

3

1335
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Senecio hydrorrhizus C.A. Smith
Senecio orbicularis Sond.
Senecio venosus Harv.

Castalis spectabilis (schltr.) T. Norl.

Osteospermum muricatum E. Mey.

Osteospermum scariosum DC.

Ursinia nana DC. subsp. leptophylla Prassler

Arctotis venusta T. Norl.

Haplocarpha scaposa Harv.

Gazania krebsiana Less.

Berkheya onopordifolia (DC.) O. Hoffm. ex

Burtt Davy

Berkheya pinnatifida (Thunb.) Thell. subsp.

stobaeoides (Harv.) Roessl.
Cirsium vulgare (Savi) Ten.

Dicoma anomala Sond.

Dicoma macrocephala DC.

M&E 1181,

M&E 1061,

MER

M&T

ML

ML

M&E

M&E

ML

M&E

MeE

M&E

M&EE

M&T

1177
1277

1300

\O

1162
1050
14
35

1326

1176
1185
1039

29
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