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ABSTRACT

A study was made of certain relations operating within a South West African
woodland savanna ecosystem which was characterised by simplification

within most of its basic components. Main attention was given to the

rele.tively unexplored field of spatial and structural organisation of the

pr'imary‘ producer component in relation to its quantified intra-seasonal
functional changes including its phenology. Simple rnathematical model
descriptions of seasonal mass change of the herbaceous parts of the.
primary prodncexf component were derived; Various parts of the primary

producer. component were also evaluated in terms of some of the main

climatic driving forces of the ecosystem, decomposition relations in the

form of disappearance rates, soil-vegetation mineral relations and

consumer (mamly insect) relations. Gross effects of manlpulatlon of

‘the ecosystem type by fire and management is included.
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1 INTRODUCTION

Injudicious utilization of the natural biological resources of an area has in the past_

often greatly disturbed the biological balance in nature and resulted in decreased
productivity. Recently, this disturbance of biological equilibrium has increasingly
been the subject of scientific research. It has becqme clear that for correct
utilization a thorough knowledge of the structure and operation of the ecosystem(s)

of an area was needed.

a Type of study

Early in 1970, an ecological project was conceived that would attempt to record
quantitatively some of the functional aspects of a terrestrial South West African.
ecosystem, paying particular attention to the seasonal changes in the vegetation

over a period of one year.

The first aspect to be considered was productivity, determinations of which are
central to the functioning of the system since it offgrs, firstly, a reliable and
absolute measure of the g~ener\al' vigour and performance of a ispecies and secondly,
it indicates the seasonal fixation of energy in the system. Economically, the growth
rate and timing of production under field conditions is of direct significance fur the
effective budgeting of grazeable material by stock-farmers. In South West Africa,
the seasonal rates of production of herbaceous species, within their natural com-
munities and under field conditions, have rarely been quantitatively analysed. The
biomass, which is the total amount of living matter present at a given moment in

a biologicai system, is an indication of the fixation of energy in the system, and

can be a useful parameter in determining the functional status of a species in the
system. Furthermore, relatively little attention has been paid to the determination
of the biomass of all the vegetational éomponents in a savanna or woodland ecosystem.
Phenology, ‘which is usually the qualitative recording of the more readily observable
seasonal ‘changes of function in plants or plant communities, is an important
framework within which other functional ‘data should be viewed. Systematic
qualitatiile recordihgs of phenology and quantitative description of the phenological

reaction to climate are exceedingly scanty for South West Africa. Some data of

this type exist for the Southern Kalahari (Leistner, 1967).
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b Requirements

To study these various aspects most effectively in South West Africa, a relatively
simple and stable terrestrial ecosystem was needed to facilitate the correct
interpretation of correlations between recorded sets of data. An area was thus
sought that was, firstly, subject to as few external complicating factors as possible.
In particular, the area shduld have a more or less level surface to minimize the
differential effects of gradient, in the form of water run-off and exposition, on

the vegetation. It should also be strictly protected from grazing and should not

have been subject to an unknown history of various selective grazing pressures.
Secondly, the vegetation should have attained a relatively stable suécessional stage
with a cleariy demarcated active growth season and the rainfall should, as far as
possible, be relatively reliable. Thirdly, the area should have as homogeneous a
vegetation and soil as possible to reduce sample variation. Vegetational components
should be equally aged to reduce variation of growth due to differing ages of the
individual plants. Sampling function would also be simplified if the kinds of growth
form of the dominant species were well-known and well-researched. Finally, the
ecosystem chosen should be large enough to withstand destructive sampling without
significantly changing its character, and should be represenfative of other larger

areas.

¢ Properties of study area satisfying requirements

In South West Africa, the region of least variable rainfall and the most clearly
demarcated active season, is that north and east of the town Otjiwarongo (Fig. 1.1).
The only area in thié large zone that was found to be level yet ‘have no history of
grazing by domestic stock animals was, not unexpectedly, a rather inaccessible
remnant of the Great Waterberg Plateau situated east of Otjiwarongo. This isolated
remnant, called the Omuverume Plateau, contained a fairly homogeneous sandy soil
over an area of about 175 ha in extent. The savanna vegetation was as homogeneous
as could be expected, that is, usually homogeneous on a scale of about 1 ha but
Becoming more heterogeneous in smaller areas. Due to an overall fire the previous
season, the above ground parts of the herbaceous layer of the savanna were all of
approximately equal age. The growth forms of the dominant species were mainly

bunch grasses and deciduous tree forms. From the distribution of the
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dominant tree spe'cies, Burkea africana, it appeared that the vegetation was related

to that of the north-eastern parts of South West Africa (Volk, 1965 - 66). Later,

from the analysis of the species composition of the area, it became c1}ear that the
vegetation was a peripheral representative of the large "Tree Saxahna and wquland"
vegetation-type (Giess, 1971) which covers the north-eastern sector of South West
Africa (Fig. li 1). This basic vegetation type appears to occur in many areas
outside the borders of South West Africa, for example, through many parts of the
Kalahari and in some sandy areas in the central and northern Transvaal (Van der
Schijff, 1971). Certain typical species of the Omuverume Platéau sand area, for
example, Andropogon gay:anu's and Securidaca Iongepedunculata are apparently
associated together as far afield as West A&ica (Bowden, 1964). |

Since the sand area vegetation of the Omuverume Plateau appeared reasdnably
representative of much larger éreas and to be suitable for the envisaged study, a

part of this area was selected as a study area despitev the difficulties of access.
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2 STUDY AREA

2.1 Physiography

A short description of the general features of the topography and vegetation of the

Omuverume Plateau-Mouhtain has been given (Rutherford, 1972).

The Great Waterberg Plateau is roughly 50 km long, rising gradually out of the
eastern sandveld plains of the Grootfontein District to its maximum height in the
Omuverume and Klein Waterberg Plateaus in the west, above the central thorn

bush plains of the Otjiwarongo District. The attenuated triangular shaped Omuverume
Platéau is sepérated from the Great Waterberg Plateau by a high saddle-break about
halfa kilometer wide at its narrowest point (Fig.2.1). The Orﬁuverume Plateau-Mountain
ismadeup of the Etjo series and is capped bydeep pink vertically fissured aeolian sand-

stone (Gevers, 1937) which forms a line of cliffs 15 to 60 m high,completely circumscribin

the mountain (Figs. 2.2 and 2.3). Below this line of cliffs is an almost continuous
terrace froxh which descends a fairly even slope to the base of the mountain. A few
fountains occur on the sides of the mountain. Above the cliff line is a rather broad,
often rocky, summit perimeter belt enclosing a sandy area without surface i‘dck in

the central part of the plateau.

An area of approximately 13 ha, regarded as typical of this 175 ha sandy area, was
selected as the general study area (Fig. 2.1), within which 8 ha were intensively
étudied. The study areabwas situated at the intersegtion of the co-ordinates of
20035%'8 and 17007'E and was about 365 m above the surrounding plaihs at the base

~ of the mountain, and 1847 m above sea level.

2.2 Climate

a Introduction

The climate of the study areavwas an important factor in selecting the area best
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suited to the type of study. The region from around the Waterberg toward the

north-eastern part of South West Africa has been classified as the climatic unit

BShgw after Koppen and been referred to as "warm, subtropical steppe" by
—-—.—-—.\

Barnard (1963 - 65).

Schulze (1965) has indicated various climatic characteristics of the Waterberg
region. The total radiation is about 600 cal. em -, day_zl in December and
somewhat greater than 400 lcal. cm-z. day_1 in June. The average annual duration
of bright sunshine is relatively high, that is about 80% of possible sunshine, with
the average annual number of days with no sunshine (overcast days) only numbering
abouf one. The area lies roughly between the mean annual isotherms of 20, 0 and

22, 5°C with a relatively low range of temperature (less than 10°C). In the study
area frosts would appear to seldom occur. Winds are not cbmmon and are light to
moderate mainly from the eastern to north-eastern sector and are usually strongest
in. late winter and spring. High gusts are, however, normal during the onset of thun-
derstorms throughout the rainy season. The relative variability of the annual rainfall
is low (about 30%) compared to that of most of South West Africa. Rain falls in
summer and, from recordé of nearlying rainfall stations, almost all (about 97%) of
the average annual rainfall falls from the 1st of October to the 30th of April. The
annual rainfall of the area is about 500 mm, most of which is from thunderstorms
and instability showers. Hail is rare and snow has never been recorded. During the

study year, most of the rain appeared to fall in the late afternoon or early evening.

b Method of study

Records of rainfall, temperature and relative humidity were made throughout the

study year (September, 1970 - August,1971).

i Rainfall

Two rain gauges were positioned at 80 cm above ground in a slight clearing
near the centre of the study area (Fig. 2.4). Readings were taken when possible
every day at about 8 am. Since they could not always be taken daily, the one rain
gauge was modified so that rain was fed through a waxy surfaced plastic tube into a

storage receptacle underground and shaded to reduce evaporation of accumulated
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so that the rainfall records of Okosongomingo were used to roughly indicate

the rainfall of the study area for the periods immediately preceding and following
the study period.

The average rainfall of the study area (taken from the Waterberg rainfall station)
first becomes effective in Octobér (14,8 mm) anvd‘November (43,3 mm) and then
rapidly increases in December and January to a maximum of 117,7 mm in February
which amounts to 23% of the annual rainfall (Fig. 2.6). The months of high rainfall
are January (114,7 mm), February (117,7 mm) and March (100,3 mm). About 97%
of the annual average falls between the 1st October and the 30th April. Rain occurs
very rarely in the winter months of June, July and August.

The raiflfall of the season preceding the study season igery important to the
present studyas itis this rainfall that was largely responsible for the amount of
plant material as well as for the state of the plant material at the start of the study
period. The rainfall of-v the previous season (1969 - 1970) as well as that of each
month (Fig. 2.7) wés very much below the average rainfall. Okosongomingo
recorded a total of 342, 7 mm which is about 71% of the average rainfall. A fire in
the study area and surrounding area was started by lightning at the beginning of the
prévious season's rains. The first rains were later than uéual: they only started

on the 5th November, 1969. From the 5th to the 7th November 24,5 mm was
recorded followed by 17,2 mm on the 22nd and 25th November. The fire of this
period probably occurred before or just as the new ground layer growth was starting.
‘In the month following the fire (December) a relatively low i'ainfall of 31, 0 mm was
recorded. Only in Janﬁary and Februai'y did near-average rains fall (115,3 mm and
103,5 mm respectively). In March 36,6 mm was recorded. The last rain of this
season (6,0 mm) was recorded at Okosongomingo on the 26th April, 1970. The
growth of the previous season, although probably stimulated by a fire at the
beginning, was thus relatively short. The period withodt recorded rain between this

season and the study season was more than 5 months.

The first rains of the study season fell in the study area on the 17th October, 1970
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(Fig. 2.6). The rains started relatively slowly in October and November but then

" increased rapidly in December and January to a maximum O,f 295, 5 mm in February.
In March, however, the rainfall was below average (34, 2 mm) increasing to above
average in April (63,7 mm). A few late light showers were recorded in May and
June. The rainfall Qf the study year on this site was 807,3 mm, which is 157,1%

of the Waterberg station's average (Fig. 2.6) or 235,6% of the previous year's
rainfall recorded at Okosongomingo (Fig. 2.7). A rough indication of the availability
of water in the study season, using the Gaussen proportion of 1:2 for temperature
in degrees centigrade to rainfall in millimetres, shows a brief water surplus in
October, 1970 followed by a slight deficit in November (Fig. 2.8). From December
to February an abundant exceés of water is indicated but in March a brief deficit,
followed by an excess in Apr11 occurred, after which the severe water deficit of

winter set in by May.

The rainfall of the season following the study season was much below average,
325, 1 mm being recorded at Okosongomingo from Novembér, 1971 to April, 1972.
The first effective rains only occurred in January, while in February no rain was

recorded.

The above average rainfall of the sfddy season is in distinct contrast with the much
below average of the preceding and following seasons' rainfall. The value of 807, 3 mm is
not the maximum recorded for the Waterberg area and has beén exceeded, for instance, in
the season 1953 -~ 54 when 880, 8 mm was recoi'ded at Okosongomingo, although,

only 807,0 mm was recorded at the Waterberg Rainfall Station for this period.

ii Temperature

Estimé.te of mean temperature. v

Schulze (1965) shows that the Watei'berg afea lies foughly between the 20,0 and
22, 5°C mean real isotherms. The Omuverume Plateau is, however, elevated

365 metres above the surrounding plains which probably brings its average monthly

temperature down to about 20, 0° C or slightly lower.

The average monthly temperature of the study year was calculated at 18, 7°C from the
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monthly averages of the daily maxima and minima. Since maxima usually last shorter than
minima, this method of calculation overestimates the average temperature. Using
Schulze's (1965) correction for the averages at Maun and Windhoek, the calculated
average of 18, 7°C was converted to a corrected 18, 4OC. The monthly temperature
means are also corrected by the same amount. From the analysis of the inverse
relationship between rainfall and temperature for Windhoek (Schulze, 1965), it

appeafs that a relatively high rainfall, as that of the study year, might depress

from average the temperature of that year by about 1, 0°C. If this is so, the

average temperature of the study area is therefore about 19, 4°C which corresponds

well with the estimate of about 20°C or slightly lower.

Temperatures of study year.

The highest average monthly temperature (23, 0°C) during the study year was attained
in November (Fig. 2.9). Although solar radiation reaches a maximum in summer,
the average monthly temperatures were depressed by the above-average rains of
this period. After November, the average monthly temperature decreased steadily
toa relative minimum in February (18, 3°C), followed by a relative maximum in
March (19, 7°C), but then decreased to a minimum average in July (13, 900). The
highest temperature (33, OOC) was measured in October, while the lowest ( O,SOC)
in August. The monthly maximum (average of daily maxima) varied from 29, 8°c
in November to 20, 0°C in June, while the monthly minimum (average of daily
minima) varied from 16,8°C in November to 8, 0°C in July (Fig. 2.9). The range
of temperature between average monthly maxima and average monthly minima was
9, IOC, which is a low fange of temperature relative to the average range in the
interior of Southern Africa (Schulze, 1965). The minimum range occurred in

February (8, OOC) and the maximum in August (14, 7°C).

In the study year no hot days (>35°C) but 44 warm days (>30, OOC) were recorded.
There were 54 warm nights (>16, 7OC), ten of which, were tropical nights (>20, OOC).
‘No frosty nights (<0, OOC) and no cold days (<10, OOC) were recorded. The coldest
day was 15, OOC, while the warmest night was 22, 0°c. According to Schulze (1965),
the number of warm nights and days are greater for the Waterberg area than were

recorded. Although the temperatures of the study year were depressed by the

10
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above average rainfall, this discrepancy is probably due mainly to the study area

lying at more than 1 800 m above sea level.

In the previously mentioned relation of monthly rainfall and temperature (Fig. 2.8),

the high November temperature assisted in bringing about a "water deficit" in this mont}

iii Relative humidity
The average relative humidity of the monthly values was 40% with an average

minimum of 26% and an average maximum of 54%.

The pattern of average monthly relative humidity (Fig. 2.10) followed the

rainfall pattern closely. There was a strong increase in relative humidity from a
low average of 10% in September to a maximum average of 76% in February. After
th1s there was a sharp decrease to the average relative humidity of 12% in August
The very low relative hum1d1ty of September 1970, was confirmed by the

recording of the average relative humidity of 12% in September, 1971.

2.3 Soils

a Introduction

The study area was limited to part of the sandy flats in the central area of the
Omuverume Plateau. The area is not used agriculturally and has had no history of
‘cultivation or any other evident human influence. The soil is thus a natural undisturbed
soil. The gradient varies from‘_ evenly flat to slightly sloping down toward the north.
The gradient is s0 slight that no sign of water erosion was seen. A few irregularly
shaped mounds of soil up to about 50 cm high and a maxiinum'of 20 m in diameter

are scattered in the area. Due to the established perennial grass cover, litte

wind erosion occurs although leaf bases, such as those of some Brachiaria
nigropedata individuals, are raised above the general soil surface. This phenomenon

can, however, be a protective adaption to recurring fires.

11
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b  Morphology

Two pits were dug in the open flat areas and one in the centre of each of two larger
mounds, all within the study area. Each pit was excavated down to bedrock. The
depth of soil was 3,0 and 2,9 m on the mounds and 2,0 and 2,2 m on the flats. The
difference between the soil depth on the mounds and on the flats is thought not to

" be significant since the surface of bedrbck is very irregular due to the vertical
fissuring of the,,;sandstone' cap of the plateau (Fig. 2. 3); The profiles wei'é observed

when the soil was dry.

On the flats there is a reddish brown soil layer 20 to 30 cm thick, below which is an
uniform red layer down to bedrock. The soil profilé below the mounds (Fig. 2.11)
is more developed with an approximately 2 m reddish brown layer, underlaid by

a uniform red layer down to bedrock. The transition between the 2 layers in each
c.asev is clear (within 1 to 5 cm). The reddish brown upper layer (A) has a hue of
5YR, value of 5 and a chroma of 3 and the red lower layer (B) has a hue of 2,5YR,
value of 5 and a chroma of 8 (Munsel Color Chart, 1954). |

The texture of bofh profiles is on average a loamy sand. There is very little
variation in the distribution of particle size in the various profiles and between mound
areas and flats. From texture analyses of all soil samples (Appendix 2 and Fig. 2.12),
about 75% of the soil is made up of fine sand (0,2 to 0,02 mm diameter particles),
about 10 to 11% of medium sand (diameter 0,5 to 0,2 mm), aboilt the same

percentage of clay '(diameter less than 0,002 mm), and about 3% of silt (diameter

0, 02 to 0,002 mm), with only about 0,2% of rough sand (diameter greater than

0,5 mm). There is,however, a slight difference in particle size between the

silrfaée layer (10 cm deep) ahd the soil below (Fig. 2.12). The main difference

is in clay content, that is, a mean of 7, 85% with range of 6,97 to 9,53% of the
surface layer soil is clay compared to a mean of 12,39% with range of 9, 34 to

14, 8'3% of the soil below the surface layer.

The structure of the A horizon is weakly developed, structureless, and a strongly

diffuse dark brovim.and black fleck is preSent.- The structure of the B horizon is

12
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struétureleSs-massive, and weak diffuse black flecks are present. In both layers
the consistency is soft but not loose and there is thus some measure of cohesion.
There_ are no concretions and no stones except a few round laterites near the
surface .of the bedrock. The bedrock consists of pink aeolian sandstone of the Etjo

series (Gevers, 1937) which also forms the plateau capping.

The profile of the flats is similar to that of the mounds except that the relative
thicknesses of the layers are different and only the mound profiles had tree roots

of, for example Combretum collinum, and some disused termitaria cavities one

half to one metre below the surface (Fig. 2.11). There appears to be a slightly
higher clay content on the mounds (mean of 12,54% and range of 8,69 to 14,83%)
than on the flats (mean of 8,67% and range of 6,97 to 11,11%). On the flats there

is a higher percentange of medium sand material in the surface layer (mean of

14,52% and range of 10,45 to 18,76%) than below the surface (mean of 6,91% and

range of 5,80 to 8,42%). This difference was not seen in the mound profiles.

¢ Drainage

Drainage appears to be exclusively internal as no surface run-off of rain water
was seen during thunder-storms. During intense thunder-storms, short-lived and
isolated ponding occurred in some areas. Surface conditions are mainly soft but
in a few patches the soil tends to cémpact and seal at the surface, which results
in very little plant growth, if any'. The soil is wéll drained. Saturation with rain
water was usually limited to a few days in the case of the mounds, | while on the

- flats it usually lasted for only a few hours.

On a typically flat area with a slightly below average Vegetatibn cover within the
study area, narrow pits were dug dailyafter the first rainfalls of the season and
the depths of the wet front and following dry fronts recorded. Each day's hole was
filled, packed and marked to avoid digging in the area of disturbed soil. The
progression of these fronts is given (Fig. 2.13) for the first 10 days following the
first rain period of 2 days. The first rains fell upon dry sand that had not received
rain for 5 months. Additional rainfalls are indicated on the appropriate day. The

wet front was easier to define for the first 10 days but thereafter became less

13
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defined as wet fronts overlapped previous fronts. In the first 4 or 5 days after the
first rains, the internal soil drainage rate exceeded 5 cm a day, while afterwards,
the rate was less than 5 cm a day. The dry front was never particularly well defined.
The upper parts of the soil started to dry 4 days after the initial heavy rainfall, or
two days after subsequent smaller showers. This rapid drying is assisted by
maximum temperatures at this time of the year. From the first rains (in October)
till almost the end of April, the surface layer never dried out to a depth of more than

about 12 cm, except in one period in March, when it was dry to a depth of about 20 cm

d Chemical analysis of the soil

Samples of soil were taken at various systematic depths (specified in Appendix 2) in
the profile pits of both flats and mounds. Some additional samples of the surface layer
were taken on the flats. All samples fell within either one of the two horizons present
and samples at 0,2 m depth all came from the upper horizon. The surface layer is
the top 10 cm of the upper horizon. For each sample a 5 cm vertical section was
taken except for the surface layer in which a 10 cm section was taken. Roots were
sifted from the samples and the analyses were carried out by the Department of Soil
Science at the University of Stellenbosch. The pH (in 1 N KCl) was determined in a
paste; read with a '""Metro'' pH-meter. The percentage carbon was determined using
the Walkley-Black dichromate suphuric acid method. Resistance was determined using
a saturated soil paste in a standard soil cup with cell constant 0,25. Calcium,
magnesium, sodium and potassium were determined by first leaching with 0,5 N
ammonium chloride unbuffered at the pH of the soil. The calcium and magnesium
were determined in the leachate by EDTA titration and the sodium and potassium by

flame photometry. Results of each determination are listed in Appendix 2.

i pH(in 1 N KCl])

On the typical open vegetated flats, all 5 samples in the surface layer (10 cm deep)
have a pH equal to or less than 4,5 averaging 4,0. The pH of all 4 samples below
the surface layer down to bedrock is also less than 4,5 averaging 4, 08. The entire
profile of the flats is thus very acidic with all samples lying close to an average of
4,03. The surface layer (10 cm deep) of a bare area with a slight crust is extremely
acidic (pH 3,70). On the mounds the 2 samples of the surface layer lie within the
class intervals of pH 4,5 to 5,5, with an average pH of 4, 88. In the remainder of

the reddish brown layer from 20 cm down to 200 cm, 5 of the 6 samples fall between

pH 5,5 and 6,5 (the remaining one of the 6 has a pH of 6, 65), all 6 samples
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averaging 6,19. In the lighter red sand layer below 2 m depth, all three samples

have a pH falling between 6,5 and 7,5 with an average of 6,98. The mound profile, in
contrast to the almost constant pH of the flats profilé, changes from a fairly acidic

surface layer through a thich slightly acidic layer to almost neutral above the bedrock.

The pH values for the profiles of the flats and mounds may be summarised as follows

with the number of samples in brackets:

PH intervals . Flats ' Mounds
Very acidic 3,5 - 4,5 Whole profile (9/9) -
Fairly acidic  4,5% - 5,5 - Surface layer (2/2)
Slightly acidic 5,5 - 6,5 - Rest of reddish brown layer (5/6)
+ Neutral 6,5-17,5 . Red layer (3/3)

ii  Percentage carbon
The organic content of the soil of the flats is lower than that of the mounds for each
depth interval down to about 2 m. Only below a depth of 2 m does the organic

content of the soils become more or less equal.

The average percentage carbon of the surface layer of the flats is 0,82% compared

to 1, 32% for the surface layer of the mounds. The percentage carbon drops rapidly to
between 0,50 to 0,40% at 20 cm depth in the flats but drops more gradually to the value
of about 0,40% at about 200 cm depth in the mounds. Both these depths correspond
roughly to the transition from redddish brown horizon to underlying red horizon. The
red horizon in both areas thus contains a very low percentage of carbon (less than 0,409

and reaches a minimum of about 0, 10% in both cases just above bedrock.

The relationship between soil depth and the percentage carbon for mounds and flats
is given in Fig. 2.14. It is clear that throughout the profiles the carbon content of
the mounds is greater than that of the flats.

iii Resistance

The resistance of the s0il is expressed as ohms at 20°C and is measure (within limits)
of the amount of soluble salts in the soil. The usually accepted limit of saline danger
to vegetation is where the resistahce of the sdil is less than 500 ohms (Russel, 1968).

Soil of all samples was above 1000 ohms, indicating no high degree of salinity. This

*In all cases, in this thesis, where a common class limit is used between classes,
the stated limit value falls in the class upwards of this value.

15



Stellenbosch University http://scholar.sun.ac.za

was to be expected since there is good internal drainage and a relatively high

rainfall which does not easily permit accumulation of soluble salts.

On the mounds, the resistance of the soil is highest in the surface layer with an
~average of 2720 ohms (range of 2290 to 3150 ohms), a lower average of 1648 ohms
(with a ré.nge of 1280 to 2100 ohms) for the remaindér of the reddish brown horizon,
and a still lower avefage of 1240 ohms (range of 1050 to 1400 ohms) for the underlying )
red horizon. On the flats, the surface layer soil has a relatively high resistance
éveraging 7360 ohms (with a range of 3300 to 11500 ohms) but in the remaining soil
down to bedrock a still higher resistance is found, that is an- average of 9500 ohms
(with a range of 7100 to 12700 ohms). It is clear that the flat's soil has a much higher

resistance than that of the mounds, indicating less soluble‘salts in the soil of the flats.

The resistance values for the profiles of the flats and mounds may be summarised

as follows with the number of samples in brackets:

Resistance (ohms) Flats - Mounds
> 3270 " Whole profile (9/9) - -
3270 - 2270 - : Surface 2/2)
2270 - 1270 _ - Rest of reddish brown layer (6/6)
- <1270 ' - " Red layer (2/3)

iv  Calcium _

In all the mound samples, the calcium content is higher than in all the samples of the
flats. Samples throughout the profile on the flats vary from 0,12 to 1,37 me/100 g
with an average of 0, 52 me/100 g. The reddish brown horizon on the mounds has an
average of 5,92% ranging from 2, 22 to 8,>7 5 me/100 g. The _undei‘lying red horizon
of the mounds has a high averaée of 12,04 me/100 g ranging from 11,62 to

12,25 me/100 g. The mound soils thus have a calcium content which is at 2 maximum
concentration below 2 m depth in the red sand. There are higher concentrations of
calcium in the red sand below the mounds than in the red sands of the flats which may
account for their differen_ces in pH. In the texture analyses, free chalk was reported

as occurring only in the red sand at the bottom of the mounds profile.
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The calcium values for the profiles of the flats and mounds may be summarised

as follows with the number of samples in brackets:

Ca content (me/100 g) Flats Mounds

< 2,00 Whole profile (9/9) - - '
2,00 - 10, 00 - - Whole reddish brown layer (8/8)
>10,00 L " Red layer (3/3)

v Magnesium

The concentration of magnesium in the soils of the mounds is greater than that in the
flats. Thé amounts appear to be fairly variable throughout each profile. The average
value for the flat's soil profile is 0,23 me/100 g ranging from 0,04 to 0,44 me/100 g
and there is an average of 1,16 me/ 100 g for the inound profile, ranging ‘from 0,60 to
1,60 me/100 g. . |

The magnesium values for the profiles of the flats and mounds may be summarised

as follows:

Mg content (me/100 g) Flats i * Mounds
< 0,50 - Whole profile -

>0,50 - Whole profile

vi Sodium
' The sodium values are very low. The ﬂats éppear to have lower cohcentrations of
sodium than the mounds. Of the values above trace amounts, the average for the flats
is 0,01 me/100 g (with a range of 0,01 to 0,02 me/100 g), but for the moﬁnds it is
0,03 me/100 g (ranging from 0, 01 to 0,10 me/100 g).There are 3 trace samples out
of 11 sanipies on the mounds and 6 out of 9 on the flats. For both areas 6 out of 7 sample:
have trace amounts in the surface layer againsf only 3 out of 13 samples below the
surface layer. This indicates lower conceﬁtrations in the surface layer. The distribution
“of sodium through each profile appears to be fairly variable with perhaps a higher

concentration of sodium in the red sand of the flats than in the upper reddish brown layer

vii Potassium

The distribution of potassium is similar to that of sodium. The flats profile has a
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lower average of 0,13 me/100 g(ranging from 0, 06 to 0,24 me/100 g)compared to the
mounds with an average of 0,29 me/100 g (ranging from 0,11 to 0,65 me/100 g),In the
flats profile the average concentration is higher in the reddish brown soil than in the

underlying red sand.

e Conclusions

Both profiles can be classified accordihg to the South African soil classification
system (Van der Eyk, Macvicar and De Villiers, 1969, revised by i:he National
Institute for Soils and Irrigation, Department of Agricultural Technical Services,
Pretoria in 1972) as the Mangano series of the Hufton form because both have an
orthic ,A horizon on a red apedal B horizon. The lower horizon is classified as red
apedal B because (i) the hue is 2,5 YR and values and chromas are more than 3 and
6 respectively, (ii) its structure is more weakly developed than a medium developed
soil and  (iii) it occurs beneath a diagnostic surface horizon. The upper horizon is
classified as orthic because it has no properties which classify it as organic, humic,
vertic or melanic, nameiy it (i) has less than 10% organic carbon, (ii) is struc-
tureless, (iii) has less than 15% clay and (iv) has light colours with values and

chromas more than 3.

In the mounds, the main chemical differences between the 2 horizons are that, in
the orthic A there is a lower pH and lower calcium content but higher resistance
and percentagé carbon than in the red apedal B. The concentrations of magnesium,
sodium and even pofassium are almost the same in both horizons. In the flats, the
only clear chemical difference between the horizons is the higher percentage carbon
in the orthic A. Calcium concentrations may be slighﬂy higher in the orthic A and
sodiﬁm concentrations slightly higher in the red apedal B. Concentrations of

magnesium and potassium appear very similar in both horizons of the flats.

The reIatively high fertility of the mounds soil is probably closely related to the

distinctive species and dense vegetation of the mounds.

The 2to3 m déep soil is of great effective depth since it does not have any horizon -
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which physically or chemically limits root penetration and since roots were observed

to low levels.

The reddish colour of both soils, support the earlier statements that the soil is
well drained and has a high porosity, since, according to Maignien (1964), reddish
colour is due to the weathering of ferro-magnesium minerals and the oxidation of

the products.

2.4 Vegetation

The central part of the plateau contains a relatively uniform deciduous woodland
savanna. The vegetation structure is simple (Fig. 2.4), consisting of a tree canopy
layer, usually from about 3 to 7 m high, and a herbaceous layer with some grass
culms up to about 2,5 m high. Only one species of shrub is. common and is present
in the lower part of the herbaceous layer. The more common trees belong to the

species Burkea africana, Terminalia sericea, Combretum psidioides subsp.

dinteri, Ochna pulchra and Securidaca longepedunculata (Figs. 2.4, 2.5 and 2. 15).

The only common shrub species present is the approximately half-metre high

Grewia avellana, while Grewia deserticola is the only larger shrub species that is

at least infrequently scattered in the area. Combretum collinum commonly forms

thickets 3 to 4 m high (Fig. 2.16) usually positioned on low mounds of darker more

fertile soil irregularly scattered through the area. The dominant herbs present

belong to the grass species Digitaria polevansii and Brachiaria nigropedata,

followed by Andropogon gayanus and Andropogqn échirensis.

The partial tall grass aspect, provided by Andropogon gayanus in the herbaceous

layer (see Fig. 6.1), as well as a definite stratification of tree and herbaceous layers,
is similar to that observed in may areas weli to the north-east in South West Africa.
However, the height of the individuals of the trée species in the study area is lower
than the height of the same species in areas well to the north-east. This is probably
partially. due to the considerable elevation (1847 m) of the study area above sea

level, and to the relative shallowness of the soil compared with the great soil
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.depths of the Kalahari basin itself. Almost all the members of the flora of the study area
are typical representatives of the woodland savanna vegetation type (Giess, 1971) of the
north-eastern sector of South West Africa. This is remarkable since the study area

~ is situated on the periphery of this vegetation type (Fig. 1.1), and is in close

proximity to other localised rock-associated flora. The separateness of 'ghe vegetation
of the study area from that of the adjacent areas is possibly due to the homogene_ous

sand covering of the study area.

2.5 History

References to the early history of the Waterberg area are made in the comprehensive
work on the history of South West Africa by Vedder (1938). The reported visits of
Gao-karib and Tjiponda to the Waterberg, possibly in the 16th and early 18th
centuries, respectively, indicate that from these early times the Saan Bushmen
and Bergdamaras were settled at the Waterberg. According to Vedder, these non-
pastoral tribes practised extensive grass-burning to facilitate hunting. Vedder
further indicates that, at the beginning of the 19th century, the Waterberg was still
unoccupied by Hereros, although the_Hereros were steadily increasing in other
parts of the future Hereroland. Only later did the pastoral Hereros entirely
dominate the Waterberg area. After the Battle of Waterberg in 1904, European-
owned cattle increasingly supplanted those of the Hereros. It appears reasonably
certain that most of the human hisfory of the Waterberg was concerned with the
areas around the fountains on the lower parts of the mountain, and not with the
isolated and waterless summit of the Omuverume Mountain itself. The plateau,
which until recently fell under the jurisdiction of the Monuments Commission, now

falls under the Department of Nature Conservation and Tourism of South West Africa.

The Waterberg Plateau was originaliy referred to as the "Omuveroume" (= Gate)
Plateau (Schinz, ca. 1891) and in 1904 Hartmann still called the entire Waterberg
Plateau (excluding the Klein Waterberg Plateau) the "Omuweroumwe'" Plateau.
This name was replaced by the name Great Waterberg Plateau and the name
"Omuverume" Plateau waé then applied to the small insular south-western part

of the Great Waterberg Plateau (Jiger and Waibel, 1921)."

20



Stellenbosch University. http://scholar.sun.ac.za

I: Study area

I: Central summit sand
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Fig. 2.1 Map shdwing posifion of the study area on the Omuverume Plateau-

Mountain (Arabic figures are heights (m) above sea level)
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F1g 22 ' (on following page) The sbuth-eastern
. side of the Omuverume Plateau-Mountain showing
the sandstone capping that forms an encircling

line of cliff that protects the plateau from larger

- herbivours.

. Fig. 2.3 (on following page) The aeolian sandstone
capping, showing its mode of vertical weathering.

This capping forms the bedrock of the study area.
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Fig. 2.4 (on following page) View of the
Omuverume woodland savanna vegetation from
an opehing in which 2 raingauges were positioned.

Burkea africana individuals are visible on the

middle left and Combretum psidioides on the

right.

Fig. 2.5 (on following page) Part of the
Omuverume woodland savanna vegetation with a
Stevenson screen in which the thermo-hygrographs

wére placed. Burkea africana is visible in middle,

Terminalia sericea at right and a branch of a rare

tree individual of Ozoroa' paniculosa on the left.
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Fig. 2.6 Distribution of monthly rainfall for the study year (1970-71) on
Omuverume and the average monthly rainfall distribution for
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Fig. 2.7 Distributio_n of monthly rainfall at Okosongomingo during study year
o ~ (1970-71) and previous year (1969-70)
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Fig. 2.8 Climate diagram (after Walter, 1962) for the study year (1970 - 71) on
' ‘ Omuverume showing the relation of monthly rainfall to monthly

temperature
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Fig. 2.9 Average monthly temperature during the study year (1970-7 1)
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Fig. 2.10 Average monthly relative humidity durmg the study year (1970-71)
for Omuverume
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Fig. 2.11 Soil profile of a well develop.ed'mpund on Omuverume
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Fig. 2.12 Distribution of particle size for soils of the surface layer and that
of below the surface layer ‘
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Fig. 2.14 Relationship between .soil depth and the % carbon averaged per sampling

depth for mounds and flats
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|  Fig. 2.15 (on following page) An Ochna pulchra

individual about 1,4 m high, just after appearance

of new leaves.

Fig. 2.16 (on following page) A smaller thicket
of Combretum collinum on a low mound. Burkea
africana is seen in the background and Andropogon
gaﬁnus and Digitaria polevansii in the'foreground.
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3 GENERAL SAMPLING IAYOUT

A T-shaped study area was selected to cover possible variation in vegetation
composition more effectively in relation todthe size of the study area. The study
area was divided up in essentially the same way as that recommended by Newbould
(1967) and endorsed by Milner and Hughes (1968).

The study area of 13 ha was divided into 4 sub-areas (Fig. 3.1) consisting of:

(1) A small plot for stationing meteorological instruments, situated roughly in

the centre of the study area. , v

(2) A narrow buffer zone surrounding the meteorological plot.

(3) Eight square ha blocks scattered throughout the remaining portion of the study
area, each subdivided by grid-lines to facilitate reference to positions. These blocks.’
constituted the measurement area for most of the systematic sampling.

(4) The remaining land surrounding and lying between the above-mentioned areas.

In this area, surveys were carried out that could not easily be fitted into the

systematic samplmg areas.

The large undisturbed region, surrounding the study area, provided an ample

buffer zone against possible external disturbing factors.

Since the sampling methods used were usually specific to each study aspect, they
are described separately in each section. However, a central programme of layout
of sample quadrats existed for the monthly recording of production and some
structural characteristics. Since these quadrats were used to obtain data for
several different sections, the layout of thebquadrats is déscribed here, but the

actual method of sampling in the quadrats is reserved for the appropriate sections.

As there was no opportunity for the extensive preliminary trials required to
indicate the minimal sample size needed each month for significant differences
in monthly growth of species to become apparent, it was decided'that only from

inspection of the data at the end of the study could i:he_ number of species which
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provided adequate growth curves be related to the 8ize of the sample taken. The
largest-sized sample that could be analysed within a rea'sonable amount of time
each month was thus taken. The sampling period each month should not exceed
about 5 days, since with longer sampling periods, significant errors would probably
occur due to growth and development of the vegetation during this period. Since,
apart from the clipping of herbage-layer material and the density counts of
individuals, the sampling period also included time-consuming sorting into species,
old and new material, and generative and vegetative material, the maximum
monthly sample size that could be considered, even with extra assistance in the

active season, was 100 m2.

All the positions of the 1200 qﬁadrats required for the monthly recording of
production, density and frequency of species over one year were laid out according
to a method of restricted randomisation. To avoid possible trampling during the
_study of quadrats not yet sampled, all the quadrats required were laid out and marked
in advance. The first three ha blocks were divided as a whole into 75 equal square
sub-blocks in each of which a marker-point was centralized. The position of each
quadrat was laid out at random distance (read from random tables) along each of

8 equidistant radii from every marker point, making up a total of 600 quadrats. No
quadrat was positioned at less than 2 m distant from the marker point or beyond the
boundary of the particular sub-block. Thus no overlapping of quadrats was possible
and buffer zones of at least 2 m wide were provided between the quadrats. In laying
out the remaining 600 quadrat positions in the other 5 ha, the same procedure was
followed, although a wider distribution of the 75 marker points resulted, since the

75 sub-blocks were now distributed over a wider area.

Each quadrat position was marked by an erect metal pole to which an index letter to

a month of the year was affixed. The months were taken in a continuous series and
assigned .in clockwise direction around the marker points. When all 8 quadrat positions
in a sub~block were marked in this way, the series was continued in the adjacent
sub-block, each sub-block being coinpleted in systematic rows across each of the 8

ha blocks. Quadrats for the sampling of data each month were thus randomly
distributed in between the quadrats of the other months, and throughout the study area.
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- Each month, a quadrat frame was placed m position in a constant compass direction,
at all the poles bearing the index letter relating to that month. The square aluminium
quadrat frame had an inside dimension of 1 m2. One side of the frame was hinged to
include tree trunks. Another side was extended by about 0,5 m and terminated in a
clasp that engaged with the base of the quadrat position marker-pole, thus avbiding
sampling the vegetation which ,might have been affected by the long-term proximity

of the marker-pole.
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4 VEGETATION STRUCTURE

4.1 Introduction

The extension of measured functional aspects from the vegetation of the study area
to other similar areas, depends primarily upon accurate recordmg of vegetation

structure as a bas1c form of reference.

Vegetation structure includes spatial distribution of species, numbers of

individuals, physiognomy and cover.

A table of species giving structural and other data may be-arranged according to an
index of ecological importance values, instead of in taxonomic sequences based on

relations of origin that are not necessarily eco-functionally significant,

Importance values such as the DFD index of Curtis (cited Greig-Smith, 1964)

where relative density, frequency, and basal cover are added together, seriously
undereetimate, for example, the importance of the functional status of tree species
relative to the herbaceous species. The functional significance of importance indices
such as these appears to be limited. Hurlbert (1971) points out that “'despite its past
use in more static senses, the term 'importance' connotes ecological function'. He
quotes Whittaker as stating that 'the best single measure of a species' importance ...
is its productivity"”. On the study area, the entire herbaceous layer was razed to
ground level by fire one season before the period of study. Thus, in the study period,
the average aerial biomass of the herbaceous layer species may be regarded as
loosely related to the average rate of production in the period from the time of
burning to the time of study This is commonly applicable in most tropical grassland
areas (Bourhere and Hadley, 1970). Although biomass, as an importance value, was
thus only strictly applicable to herbaceous layer species, it would for want of other
comprehensive functional data, provide a reasonable measure of functional importance
. relative to the energy input and energy fixation in the ecosystem for all fhe species
present. For this reason the species listed in Table 4.1 were arranged according

to their respective biomass. As the nature of the tree and herbaceous layers is

very different; the member species of these layers are listed separately.
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4.2 Spatial and numerical structure

4.2.1 Density and frequency

a  Method

In each of the 1 200 m square quadrats sampled for biomass throughout the year, the
density of each species was recorded and the frequency of occurrence in these quadrats
computed. The quadrat size of 1 mz, governed by biomass sampling requirements, was
not necessarily optimum for obtaining frequency data of each species. Data on the
frequency of species was, however, in the light of the entire study considered less
essential than the biomass data. Furthermore, although the quadrat size used for
sampling the frequency of tree species was probably below optimum, for comparison

of frequency and frequency dependent data between tree and herbaceous species, the
quadrat size used for trees could not be different to that used for the herbaceous species
Frequency of a species, unoccompanied by further qualification, refers to the frequency
of the occurrence of that species in quadrats of stated size and is expressed as a
percentage. All other use of the word frequency pertains to the number of occurences
(as a percentage) of a defined object in a stated class and applies to statistical
frequency distributions. The number of individuals, that is density, of each species,
was counted by method of removal (Van Dyne, Vogel and Fisser, 1963) where the
species growth form permitted, and was performed in conjunction with the clipping

of the quadrats for the production study. By counting the individuals as they were
clipped and removed, errors due to counting the same individuals twice were

eliminated and the accuracy of counts was improved since no well hidden individual,

for example in the base of a thick grass tuft, was overlooked. All individuals rooted

in the quadrats were counted. Where only part of the base of an individual was present
in the quadrat, it was recorded as half an individual for the density data, but as

present for the frequency data, so avoiding recording a species with a positive density
and no accompaning frequency. The error introduced by treating all parts of individuals
as half-individuals was reduced for the more common species. Where the difference

between live and dead individuals was clear, these two were counted separately.
Various difficulties arose in the density counts.

In some species, individuals were difficult to distinguish although a working definition

of an "individual' could be made. In Ancylanthos bainesii and Grewia avellana it was

convenient to define the closely grouped stems as an individual, although several

adjacent groups were joined below the soil surface (Fig. 4.2). In some grass species,
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especially Brachiaria nigropedata and Panicum kalaharense, with old tufts, dead and

burned regions intervened between the live parts of the original tufts. These were
treated as one individual except where a living part was more than about 5 cm from the
other living parts, in which case two individuals were recorded. For the purposes of
comparison, especially between months, these arbitrarily defined individuals appeared

satisfactory.

In one species, it was difficult to distinguish individuals and also found very difficult

to define an individual. This was the dominant grass species Digitaria polevansii which

is a non-tufting species with occasional runners. Here counting was very subjective
and data based on the density of this species should only be regarded as approximate.

All other grass species present were tufting species and usually easy to count.

Individuals of Oxalis purpurascens were so numerous in one quadrat that the count

-was only approximate.

All creeper species were only included if rooted in the quadrat. In 2 quadrats with

Pentarrhinum abyssinicum, and where the vegetation was very tangled, the count

was approkimate. (The clipping only included those parts of the individuals of this

species that were in the quadrat.)

Regeneration shoots, if clearly part of a tree individual, were not recorded as
separate individuals. Multistemmed trees were recorded as single individuals

(Fig. 4.1) for production purposes.

In the count of dead individuals, only those still firmly fixed in the ground were
counted. Fixed and loose individuals were not easily distinguished from each other

in some representatives of Aristida meridionalis and Polygala kalaxariensis.

Unidentifiable species, usually seedlings, were counted and lumped separé.tely.
Counts of Basidiomycetes (fruiting bodies), Hepatics and mosses, although very

rare, were recorded separately.

b. Results

The tabulated density (living and dead individuals) and frequency figures (Table 4.1)
are both averages of the monthly sets of data covering the natural seasonal fluctuation
in density and frequency of each species population. Due to fluctuating numbers of

individuals in some species, it is clear, that at no single time of the year, is a
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determination of density a valid reflection of the comparitive density status of those
species. For example, the apparent density of some annuals, only present for half
of the year, is not strictly comparable to the density of the other perennial species.
By taking the average densities 6ver the whole year, however, a statistically valid
comparison may be made. Data of the individuals of tree or larger shrubs Species
occurring within the herbaceous layer is added to the data of the tree layer. It is
clear that although density and frequency of species is roughly related to the
importance (biomass) of the species, there are several exceptions, for example,

where Cenchrus ciliaris, which is the 9th most important herbaceous layer species,

is relegated to an inferior position when only density and frequency are considered.

With a density which exceeds 20 000 individuals per ha and a frequency of 90, 33%,

Digitaria polevansii is by far the most common (and dominant) species of the

herbaceous layer. The 9 species with the nexthighest densities per ha are Tephrosia
cephalantha (23 208), Grewia avellana (11 258), Brachiaria nigropedata (10 217),

Cyperus margaritaceus (9 883), Andropogon schirensis (9 650), Aristida stipitata

(8 825), Aristida meridionalis (5 342), Rhynchelytrum species (4 950) and Andropogon

gayanus (3 075), and those with the nexthighest frequencies are Brachiaria nigropedata
(48,42%), Cyperus margaritaceus(42,17%), Tephrosia cephalantha (41,58%),

Andropogon schirensis (35,33%), Aristida stipitata (33,17%), Grewia avellana
(30,75%), Aristida meridionalis (28,42%), Rhynchelytrum species (20,42%) and
Andropogon gayanus (19,75%). Despite the variation in the sequence of density and

frequency of species it will be noted that the same 10 species occur in both,

Unimportant species that have a relatively high density are Fimbristylis exilis

(2 200 individuals per ha) and Oxalis purpurascens (1 300). These species are both

made up of very small sized individuals. F. exilis also has a relatively high
frequency (2,83%) although the O. purpurascens has not (0,33%). Due to the

relatively high density and the relatively low frequency of O. purpurascens one

expects that the distribution of individuals of this species is localized (aggregated).
Other suspected aggregations occur in several other species with relatively high

densities and low frequencies, for example in Eustachys paspaloides.
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4.2.2 Species-area curve

a Method

- Of all the1200 m2 quadrats laid out for sampling at the fate of 100 m2 plots each
month, only the samples of the 4 months of March to June were considered to
include the maximum number of species for the curve of the cumulative frequency
of species per number of quadrats (species-area curve), since before this period,
some late annual aspect species were not readily recognisable, and after this period,
some species were already shrivelled and unidentifiable, or absent. For this reason,
the maximum size area for which the species-area curve (Fig. 4.3) could be
accurately drawn was 400 m2 that was made up of separate and randomly distributed
quadrats which was a requirement for this curve (Greig—Smith,' 1964). The quadrats
were taken arbitrarily from March through to June, although the form of the curve
is basically the same if taken from June to March. To facilitate the plotting

of the curve, the quadrats were taken consecutively in groups of ten.

b Results

The species-area curve revealed that the 100 quadrats taken each month sampled
all but rare and sporadic species. Although interpretation of the adequacy of
sampling from this curve is limited since the exact form of the curve depends on the
relative scales of the axes of the graph (Goodall, 1952), it is nevertheless an

indication of 2 characteristic aspects of the vegetation of the study area.

-The first characteristic becomes apparent from the gradient of the curve. As shown
in Fig. 4.3, 60 different species had been recorded by the 400th quadrat. By
expanding the sample size to cover the whole year's data, that is a sample of

1200 m , the number of species had risen slowly to 67. The 8 ha study area was
very thoroughly inspected throughout the study year and was found to contain 95
species. It seems probable that in nearing the 80 000th quadrat the number of
species present would have risen to about 95. From the first quadrat sampled until

virtually the entire study area was "sampled", the curve continues to rise and thus
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no sample smaller than the whole study area will include all species. To include
only about 70% of the species, ‘a relatively large 1,5% of the study area must be
sampled. Many of the rare species are ""escapes'" from the distinctive adjacent
floras. Although totally unimportant to the function of the system (as far as energy
fixation is concerned), the large group of rare spec‘ies‘can provide a serious bias
in any ecological expression based upon the percentage of total number of species

present in the "system, for example in Raunkiaer's (1934) "Biological Spectrum",

The second characteristic is seen in noting that the 2 most rapid relative rises in
the 50 to 60 and to a lesser degree in the 90 to 100 quadrat intervals, are due, in
each caée, to a quadrat falling upon a mound. These rises indicate some
heterogeneity in the vegetation of these mounds and the study area. Although the
mounds have a very distinctive floristic composition, they constitute a very small
part of the study area (about 2%), and they did not influence the lay-out of sample

quadrats.

4.2.3 Distribution of frequency and density

A distribution of species in 5 frequency classe‘s was drawn up to compére with
Raunkiaer's (1934) "normal' distribution. Raunkiaer's J-shaped distribution, or
"law of frequencies", states that in 5 equal frequency classes the lowest frequency
class of 0 - 20% contains most species and is followed by a general fall in the next
2 or 3 classes. However, in the 5th class with the highest frequencies of 80 - 100%,
a rise critical to the basic shape of the distribution, occurs. A common conclusion
arising from this J-shaped distribution was that, apart from tﬁe usual decrease in.
number of species in the higher frequency classes, there are more "high frequency"
(dominant) species in the community than there are those species with a frequency

which is almost as high (sub-dominant) (Oosting, 1956).
As expected from the species-area curve, where a large number of rare species

was indicated, the number of very infrequent species in the first class of the

distribution was very high (Fig. 4.4a). Most species of this class had very low
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frequencies (Fig. 4.4b). The sizes of the other classes also conform roughly to
Raunkiaer's distribution and although only one species occurs in the 5th frequency
class, the size of this class still exceeds the 4th class (with a frequency of 60 - 80%)

in which there are no species.

This J-form distribution, with a 5th class strongly depressed compared to that of
Raunkiaer's "normal", is indicated by Greig-Snﬁth (1964) to be caused by, and
indicative of pronounced aggregation in vegetatlon A subsequent analysis (following
section) confirmed that strong aggregatlon was present in much of the vegetation

of the study area.

The J-form distribution has been shown to be theoret1cally misleading since the
frequency classes include unequal density classes. For example, the 5th frequency
class covers a potential range of density exceeding that of the remaining classes

put together so that more species fall into this class than into, for example, the

4th frequency class (Greig-Smith, 1964; Kershaw, 1964). To test, in the light of
theseb misgivings, the conclusion that there are more dominant species than sub-
dominant species, a histogram of the distribution of species in equal density classes
was drawn up (Fig. 4.5). This showed a slight but clearly evident J-form distribution,
thus indicating at the end of the J-form distribution a larger group of species with

a higher density than the group of species with a somewhat lower density.

It appears that, had the vegetation been less aggregated, the 5th frequency class
would have been larger, indicating a greater number of dominant species than sub-
dominant species. Despite misgivings, this interpretation was found to still hold true

in the study area when dominance is measured in terms of density.

4,2.4 Aggzeggtion

Since the frequency distribution of species suggests that aggregation of individuals
of species is a characteristic of the spatial organization of the vegetation on a 1 m2

scale, a short analysis of aggregation at this scale was undertaken.
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Apparent aggregation occurs when more than one individual ofa species is
frequently recorded in a quadrat. As a species becomes more common however,
this apparent aggregation may be due entirely to the increased number of

individuals which may be randomly or evenly distributed. This apparent aggregation
is thus only indicative of the average density or proximity of the individuals in the
quadrats where they occur, and not necessarily indicative of aggregation as

Daubenmire (1968) appears to have assumed. For example, Brachiaria nigropedata

is shown to apparently "aggregate" slightly more than Ochna pulchra (2,1 individuals

per quadrat in which they occur. as opposed to 2, 0), whereas Ochna pulchra actually

aggregates considerably more than Brachiaria nigropedata (a ratio for aggregation

of 1,9 against 1,5). Although 2 species are differently aggregated, as far as possible
interaction between the numbers of their respective individuals is concerned, they

are equivalent.

a Method

Determination of aggregation in a species entails detection of non-randomness in the
distribution of its individuals, that is, where expected densities in random distributions
are exceeded by actual densities in the field. When individuals tend to clump or
aggregate together more than is expected had the same individuals been randomly
distributed, the term overdispersion has beenused(Greig-Smith, 1964). The theoretical
case where individuals are more evenly spaced than is expected from a random distri-
bution, has been referred to as underdispersion. Greig-Smith (1964) has pointed out that
these 2 terms are confusing, and suggests the term "contagion" for aggregated

distributions, and "regular" for evenly-spaced distributions.

Since the number of individuals of all the study species occurring in a one metre
square quadrat does not usually approach the maximum number possible, the
Poisson series may be applied as a basis of random distribution. It should, however,
be’noted that several species, such as tree species, are possibly aggregated on a

larger scale than that of 1 m2 while some species, for example Ochna pulchra,

may be aggregated at both a 1 m2 and at a larger scale. Aggregation, as given

below, is only valid at a scale of 1 mz.
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To indicate the degree of aggregation of each species, the method of ratio of
observed density to calculated density as outlined by Greig-Smith (1964), was
followed. The observed density is the total count of individuals of a species divided
by the total number of sample quadrats. The calculated density is the expected
density of a random distribution, and was estimated by using the known frequency of
a species and Table 6 of Appendix B in Greig-Smith (1964), where the relation of
observed frequency (F) to density (m) is given by F = 100 (1- e—m). The ratio of
observed density to calculated density is a measure of the degree of non-randomness
in a population and is greater than 1 for contagious distribution, less than 1 for

regular distribution and in the region of 1 for random distribution.

b Results

Ré.tios for aggregation in the study area are given in Table 4. 1, column 5. The only

species that was omitted from the analysis was Digitaria polevansii due to the

aforementioned difficulty in density counts. Very rare species were also omitted.
There were no regularly distributed species present. The ratio of less than 1 for

Eragrostis pallens was due to the many half-individuals recorded. All distributions

are thus random or of differing degrees of contagion, which corresponds well with
Kershaw's (1964) observation that "little evidence has appeared to suggest that
regular distribution of individuals (underdispersion) is of more than rare occurrence

in vegetation™.

The 22 random or almost random species with an arbitrary range of ratio for
aggregation of 1,0 to 1,2 include the tree species - inclusive of one large woody

shrub species - but with the exception of Ochna pulchra. A larger scale of about

25 m2 would probably have contagion for the tree species Combretum collinum,

Combretum psidioides, Terminalia sericea and Dombeya rotundifolia. The other
16 more or less randomly distributed species are herbaceous and generally rare,
that is all have a frequency of less than 4%. The most frequent species

which was more or less randomly distributed was Turbina oblongata with a relatively

low frequency of 3, 67%. However, most of the other rare species, with a frequency

of less than 4%, have definite degrees of contagion. Most of these can be grouped
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into (i) pioneer species, for example, Kyphocarpa angustifolia, Pygmaeothamnus

zeyheri, Nidorella resedifolia and Fimbristylis exilis; (ii) mound associated

species, for example Cenchrus ciliaris, Oxalis purpurascens, Panicum maximum,

Rhynchosia sublobata and Pentarrhinum abyssinicum; and (iii) distinct patches of

single species, for example Eustachys paspaloides or Panicum kalaharense. The

last group would also include Eragrostis pallens if the scale for contagion was

increased slightly.

Of all the more common herbaceous layer species under consideration in the study area,
that is all 15 species with a frequency of more than 5%, noneapproacha random distribu-

tion (ratio 1,0 to 1,2). Although 3 of these species (Andropogon gayanus, Triraphis

schinzii and Commelina africana) occur in an intermediate class of contagion (ratio 1,3

to 1,4), all the other 12 species are clearly aggregated (ratio 2 1,5). Ancylanthos

bainesii and Grewia avellana both have a high ratio of 3,1 due to the mode of

vegetative growth where underground parts connect defined "individuals".

To contrast the aggregation of rarer (frequency less than 5%) and more common (equal
to or more than 5% frequency) herbaceous layer species (Table 4.2) the 2 groups

are tabulated as percentage of total (56) species present - Digitaria polevansii excepted.

The majority of species (71,4%) have some degree of aggregation at a scale of 1 mz.
Since many of the non-aggregated remaining 28,6% of the species are aggregated at a
larger scale or are only present as one individual and cannot show aggregation, it
appears that aggregation of species in the study area is a common characteristic. It is
particularly evident that none of the more common species are randomly distributed,
almost all being clearly aggregated. This is in general accordance with the popular ob-
servation (reported by Greig-Smith, 1964) that in contrast with the various aggregations

possible in rare species the ""commoner species are usually not randomly distributed".

To investigate the level of significance of aggregation of the majority of more common
species with ratios for aggregation equal to or greater than 1,5, a species with the

lowest ratio in this group was chosen as a test species. Aristida congesta was selected

and had a ratio of 1,5 and was also the species with the lowest frequency in the group

(5,42%). As the mean density of the Aristida congesta population was very low,
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the X2 (= chi squared) test to compare the terms of the Poisson distribution with
the observed data could not be carried out since only 2 adequate classes of numbers
of individuals (0 and 21) were obtained which provided no degree of freedom
| required for the X2 test. Greig-Smith's (1964) advice that "when the mean is very
low we are ... dependent on the variance: mean ratio test for lack of a better one"

was followed.

Yix? - Zn?
N

The variance was calculated as NI = 0,1976

and thus the ratio of the variance to the

' ©0,1976
= 2= 0
mean 0, 0867 2,2791

To test the significance of this ratio, a t-test was carried out where

t = observed variance/mean - expected variance/mean
' standard error

where the standard error of this ratio is v FI?_I

Since expected variance/mean = 1 for the Poisson distribution then

t = 262342':‘_—2- - = 31,05, which for 1 199 degrees of freedom, is extremely
b .

significant.

As the other members of this group of common species have ratios for aggregation
higher than that of this extremely significantly aggregated test Species, it appears
likely that most Species of this group are highly significantly aggregated. The
ability and opportuhify to aggregate appears, therefore, to be a fundamental
characteristic of species that successfully control the community. The high
incidence of agg'regatlon is also of fundamental importance to the interpretation

of density-frequency relations (c.f. Brown, 1954) and of samplmg errors when

compiling growth curves.

4.2.5 Species density and richness

In all the 1 200 m2 quadrats sampled, the average number of species per quadrat

48



Stellenbosch University http://scholar.sun.ac.za

was 5,12, A distribution of this species density per quadrat is given in Fig. 4.6.

No quadrat was empty. The percentage of quadrats with only one species present

was very low (1,42%), but the percentage of quadrats increases rapidly for higher
numbers of species until there are 5 species per quadrat (21,17% of the quadrats).
Thereafter the percentage of quadrats drops rapidly for increasing number of species
until about 9 species per square metre is recorded in 2,50% of the quadrats.
Quadrats with more than 9 species are relatively rare, although the maximum
number of species per quadrat is 13. The species density in a quadrat varies with

the species present.

For all the Aristida congesta quadrats, the distribution of species density per

quadrat (Fig. 4.6) is essentially the same as that of the total number of quadrats,
except that it is uniformly displaced to the right due to an overall increased species

density. The average species density of these Aristida congesta areas is thus, not

unexpectedly, higher than the average for the whole area, and is 6,94 species per

square metre. In these Aristida congesta areas there is a clear tendency for

preference for high density extremes (about 6 species above average) rather than

for low density extremes (about 4 species below average).

The average number of species per Dicliptera eenii quadrat is about 5,75 and the

distribution conforms roughly to that of the total number of quadrats.

Species density per square metre does not, however, convey any information on
species richness, that is, there is no indication of how many different species are

concerned in the Aristida congesta and in the Dicliptera eenii areas. Hurlbert

(1971) points out that since species richness tends to increase with the size of the
collection of organisms, comparisons of species richness are meaningful only when
all ""collections' are adjusted to a common size. A rough comparison of species

richness of the Aristida congesta and Dicliptera eenii areas can be made by

recording the species in a random selection of the quadrats which make up the

larger Aristida congesta area. This random collection should be equal in number

to the quadrats which make up the smaller Dicliptera eenii area. In the 30 m2

Dicliptera eenii area, 24 species were recorded whereas in the randomly composed
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area of 30 m2 of the Aristida congesta area, 34 species occurred. It thus appears

that Aristida congesta quadrats do not only have a higher species density per

quadrat than the Dicliptera eenii quadrats but also a higher species richness.

4.2.6 Species-associations

Ah analysis of species associated with the 2 species (Aristida congesta and Dicliptera

eenii) with different species density and richness was undertaken. These 2 species were
selected as representing areas of probable dissimilar functional status on the flats (that

is mounds excluded). Aristida congesta (Fig. 4.7) was typically represented on certain

small bare-surfaced, potentially unstable, and unshaded patches, andis a well-known and

recognised pioneer or seral species (Rattray, 1960; Jones, 1968). Diqliptera eenii

(Fig. 4.8) was a typical representative of more stable, relatively densely vegetated
areas, often in the shade of trees. Randomly selected individuals of these species

(for phenological observation) had 9 out of 10 Aristida congesta individuals on

relatively bare soil, and 6 out of 10 Dicliptera eenii individuals on soil with a thin

tree-leaf litter layer, 5 of which also with a layer of decomposing organic matter.

Although Dicliptera eenii individuals are later shown to be significantly associated

with the mounds relative to the flats, only the individuals on the flats were considered

here.

Both the above 2 areas, each with their respective sSpecies, were analysed for
significantly associated species. The presence or absence of each species in the
quadrats concerned was placed ina 2 x 2 contingency table and a X2 test carried

out to determine significant association with Aristida congesta and Dicliptera eenii

areas.

A relatively large number (10) of species was found to be highly significantly

associated with the Aristida congesta blocks. These were Anthospermum ericoideum

3

Aristida meridionalis, Cassia biensis, Cyperus margaritaceus, Fimbristylis exilis,

Ochna pulchra,Pogonarthria squarrosa, Polygala kalaxariensis, Rhynchelytrum

species and Turbina oblongata. The instability of this area is clearly shown since
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apart from Aristida congesta, some of these species, for example, Fimbristylis

exilig,Pogonarthria squarrosa and Rhynchelytrum species, are also pioneer

species (c.f. Rattray, 1960). Four species were significantly associated with the

Dicliptera eenii blocks. These were the herbaceous species Commelina africana

and Mariscus laxiflorus and the tree species Combretum psidioides and

Terminalia sericea.

An illustrative diagram (Fig. 4.9) showing these two functionally distinct
associations of species, is given. The associated species are arranged around each
of the selected species on radii, the length of which is a measure of the strength of
association, that is, the shorter the radius line the stronger the association, where
the radius r =3(—12- . The dotted circle around each association represents the limits
of 95% confidence. The associated species with the highest frequencies have been
placed toward the centre of the diagram as it is these species that have the greatest
- probability of being associated with other species intermediate to these 2 groups of
functional distinctiveness. Also shown are the few negative associations which

could be calculated.

It is clear that the Aristida congesta quadrats contain a closely-associated group

or "node" of species, whereas the Dicliptera eenii quadrats contain a laxer

association of fewer species.

Due to the statistical inefficiency of the X2 test for indicafing significant association
of a species with a large area in contrast to one with a small area (for example, in

the case where Ochna pulchra is common in the large area outside the Dicliptera

eenii quadrats but is absent within these quadrats, no significant difference is
indicated), only a few negative associations (that is positive association with non-

Aristida congesta or non-Dicliptera eenii quadrats) were indicated at a probability

level of greater than 90%. The species which significantly avoid Aristida congesta

quadrats are Grewia avellana and Tephrosia cephalantha, while those avoiding

Dicliptera eenii quadrats are Tephrosia cephalantha and Aristida meridionalis.

Tephrosia cephalantha had the most rapid increase of density of individuals during

the study season. It is not unexpected that its new individuals avoid the relatively

densely covered Dicliptera eenii quadrats but the avoidance of the relatively open
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Aristida congesta quadrats is of particular interest. Areas with Aristida congesta

are not, however, the only relatively bare and open parts of the study area.

These two associations, each distinguished by one typical species, will subsequently
be shown to be functionally different in several respects. In the unstable areas with

Aristida congesta, the soil is bare and relatively poor in nutrients, and the biomass

of plants per square metre less than average. However, as previously seen, the
number of individuals per square metre is higher, the species richness is relatively
‘high and the associated species are those that aggregate significantly. In the

relativély more stable areas of Dicliptera eenii, the characteristics of the above

area are reversed, that is the soil is usually covered and has higher concentrations -
of nutrients and it has a relatively higher biomass per square metre than average,
while, the number of individuals per square metre is relatively lower, the species
richness is lower, ahd the associated species are species that aggregate only to a

slight degree, although many of the other species present here may be aggregated.

4.2,7 Mounds

Irregularly scattered in the 13 ha study area were 7 areas which were slightly
raised above the surrounding ground. The mounds constituted only about 2, 3% of the
8 ha measurement area. No mound was less than 50 m or more than 170 m from
another. The mounds were roughly circular in shape and varied in diameter from
about 4 to 20 m and in height from about 10 to 6v0 cm, usually at the éentre of the

mound.

Mound vegetation, with a dense herbaceous underlayer, varied froma 3to4 m
high canopy with closely grouped tree-stems with some regeneration from their

bases (Fig. 4.10c) to dead tree stems 2 to 3 m high with prolific basal regeneration.
Most species on the mounds were not found on the surrounding flats. The floristic

composition of each mound was noticeably distinct from that of other mounds. To

show the degree of difference between the flora of the mounds and that of the
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surrounding flats, a separate survey was carried out. The 7 mounds in the study
area, as well as an 8th mound on the border of the study area, were included in the
survey. The close association between the mound areas and the thickets of Combretum

collinum and Dombeya rotundifolia was used as a basis for delimiting these areas.

The perimeter of each mound was marked by the stem bases of peripheral individuals

of the above 2 species.

To sample presence of species, 155 m2 quadrats were randomly distributed over
the 8 mounds, the number in each mound area being determined by the size of the
mound, but maintaining a minimum of 15 quadrats per' mound. Altogether 514 m2

quadrats were randomly placed in the intervening flat areas between the mounds.

This survey confirmed that the mounds had a very specific floristic composition

relatis}e to the rest of the study area, and were themselves different from one another.
Many of the species found on the mounds were typically found on the edge and slopes of
the Omuverume Plateau-Mountain (Rutherford, 1972). Only the mound defining species

Combretum collinum as well as the ubiquitous Digitaria polevansii were present on all

8 mounds (Table 4.3). The ubiquitous Andropogon gayanus had a presence value of 7,

Cenchrus ciliaris and Dicliptera eenii a presence of 6 and Dombeya rotundifolia

a presence of 5. All other mound species presence values were low. Presence values
refer to the number of mounds on which the species occurred and are not expressed as

percentages since the total number is only eight.

On the mound areas, Combretum collinum had the highest local frequency (53, 4%) fol-

lowed by Cenchrus ciliaris (45,8%). Other species with a local frequency of greater than

2,5% are given in Table 4.3. Local frequency refers to frequency of a species on the

mounds alone.

To indicate the degree of floristic difference between the mounds and the surrounding
flats, X2 values were computed for each species, and those species significantly
different at a level of probability equal to or greater than 95%, are marked with an

asterisk in Table 4.4 Fourteen species, for example, Combretum collinum,

Cenchrus ciliaris, Dicliptera eenii, Rhynchosia venulosa and Panicum maximum

were found significantly associated with the mounds, and 22 species, for example,

Digitaria polevansii, Tephrosia cephalantha, Grewia avellana, Brachiaria
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nigropedata and Cyperus margaritaceuswith the flats, Since amongst the more

common tree species present, Combretum collinum provides most shade

throughout the year, the association of shade species, such as Panicum maximum

and Dicliptera eenii with the mounds, is expected. The flora of the mounds is so

significantly different to the flora of the flats that both the two most frequent

species of each area, viz., Combretum collinum, Cenchrus ciliaris, and

Digitaria polevansii and Brachiaria nigropedata respectively, have X2 values of

greater than 100 for 1 degree of freedom.

The ratio of the frequency of a species on the mounds to the sum of its frequencies
on the mounds and on the flats (Table 4.4), indicates the relative difference in the
frequencies of the 2 areas, that is a species with a ratio of 1,00 is exclusive to

the mounds; 0,50 indicates a frequency equal on the mound and flats and a ratio

of 0,00 exclusive to the flats. There is a relatively large group of 16 species with -
a relative frequency ratio of 1, 00, that is, exclusively confined to the mounds, and
also a large group of 39 species with a ratio of 0, 00, that is, exclusively recorded
on the flats. Most, that is 11, of the remaining species in the survey are very
nearly exclusive to the mounds (ratio 0,99 to 0,95) or to the flats (ratio 0, 049 to

0,001). The mound defining species, Combretum collinum, with a ratio 0,99 to

0,95, shows its slight occurrence on the flats. It occurs here as a few small groups
of stems, and as one isolated tree about 7,5 m high. The remaining 8 species occur
in the large range of ratios 0,949 to 0, 050 which shows that very few species
approach a more or less equal frequency in both areas. Only one common species,

Andropogon gayanus, has almost equal frequencies, with a ratio of 0,54. This

corresponds with findings of Andropogon gayanus on diverse soils throughout Africa

(Bowden, 1964).

The origin and significance of the mounds is obscure although it appears that some
of the mounds have vestigial characteristics of some termitaria described from
other parts of Southern Africa. For example, there are, apart from a few old
termite cavities (Fig. 2.11), similarities in soil properties such as relatively
higher pH value and a greater retention of bases, as well as the occurrence of

some termitaria-associated species (exclusively associated with the mounds of
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the study area) such as Ziziphus mucronata inRhodesia (Watson, 1967), Panicum

maximum in Tanzania (Boaler, 1966) and Cenchrus ciliaris which is often found on

"ant-hills" in Rhodesia (Rattray, 1960),

- Further consideration of the origin of the m_oimds is given in the section on

chemical analysis of plants (Section 5.3).

4.3 Physiognomic structure

4.3.1 Vegetation profile

Three non—overiapping belt-transects were laid out at random in the Stl’ldy area.
Each transect was 40 m long and 10 m wide. All woody species with a basal stem
diameter of greater than 1 cm were plotted on a map of the belt areas. Total height
of individuals, height of the base of the canopies, canopy widths and height of the
lowest branch of each individual were recorded by clinometer and measuring staffs,
and individuals were then draWn to scale in a profile diagram ( Fig.‘ 4.10a, b, c) as
viewed from one side of the transect. The form of the individuals and the canopy

shape were drawn in from inspection in the field.

In all 3 transects (Fig. 4.10a, b, c) the canopy height varies greatly, although

Burkea africana and Terminalia sericea usually form a roughly defined upper

canopy while Combretum psidioides tends to form a somewhat lower tree layer.

Ochna pulchra, a common diminutive tree, is clearly seen in Fig. 4.10a. Scattered

Grewia deserticola shrubs are seen in Fig. 4.10a, ¢ with an Ozoroa paniculosa

shrub-form in Fig. 4.10b. Part of a mound',‘ densely covered with Combretum

collinum, is included in Fig. 4.10c.

There is an immediately apparent variation in canopy density which correspbnds
well with that of the profiles of similarly structured vegetation (which includes

Burkea africana) of Ghana (Lawson, Jenik and Armstrong-Mensah, 1968) and

Nigeria (Hopkins, 1962). The aggregate groupings of Terminalia sericea and
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Combretum psidioides individuals are clearly shown in Fig. 4.10a, b,

Although an overall picture of the growth form and height of individuals is obtained
from the profiles, the variation of these 2 aspects is considerable so that separate

quantitative analyses of these were made.

-4.3.2 Tree growth forms

Tree individuals were classified into 7 classes that appeared best suited to

distinguish the varying growth forms which were present.

I Tree form: Trees with a canopy of more than 2 m in height and no regeneration

from the base.

II Regenerative tree form: ‘Trees with a canopy of more than 2 m in height as

well as regeneration from the base.

-+ I  Small tree form: Trees with a canopy of less than 2 m in height and no

regeneration at the base.

IV Small tree regenerative form: Trees with a canopy of less than 2 m in

height as well as regeneration from the base. -

V  Basal regenerative tree form: Trees higher than 2 m but only living at

regenerative base,

VI Basal regenerative shrub form: Tree species individuals lower than 2 m in

height and only living at regenerative base. -

VII  Tussock form: Suffruticose tree forms only regenerating from ground level
With no dead parts present. In_cluded here ére all seedlings recorded, since it was
found difficult to distinguish these 2 types espééially whére the seedling had grown
for a period of some time or where burned back sfumps had rotted and weathered
away. Boaler and Sciwale (1966) also found, in similarly structured vegetation, that
it isA ""often difficult to distinguish seedlings from suffruticoses" and that "the

necessary examinations were found to be very time consuming",
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In order to obtain a reasonably large sample of these tree-forms 4 sample belts
were laid out which totalled an area of 2 ha (2 of 250 m x 20 m and 2 of 500 m x

10 m). In this sample area, all woody species normally producing tree individuals
under favourable conditions, were recorded. Shrub species which attain more than
1 m in height were also recorded. Dead individuals were recorded separately and
are referred to in a section on mortality (Section 7.2.2.2). Individuals with more
than one "stem" were recorded as single individuals. The frequency of each growth

form for each species is given in Table 4.5.

Burkea africana was the only species which had more than half its individuals

belonging to the tree form class I, although Lonchocarpus nelsii was similar

and had almost half its individuals in this class.

Terminalia sericea, Combretum psidioides and Combretum collinum had similar

growth forms, each with a relatively high percentage of basal regenerative shrub
forms VI (30,8%, 31,0% and 32,8% respectively) with almost as many tree forms

I and somewhat fewer regenerative tree forms II especially in Combretum collinum.

Ochna pulchra and Securidaca longepedunculata both had the majority of their

individuals (63,1% and 64, 8% respectively) belonging to the basal regenerative
shrub form VI and fewer to the tussock form VII, The other rarer larger woody
species present, were similar to the last 2 species but were more or entirely
restricted to one or both of the latter 2 forms. The tree species in this group thus

rarely attained tree dimensions. The specie.s here were Ozoroa paniculosa, Grewia

deserticola (where the basal regenerative shrub form and tussock form were not

easily distinguished from each other), Combretum apiculatum, Acacia hereroensis,

Ximenia americana and Grewia flavescens. (The latter 3 are not given in Table

4.5 because of their extreme scarcity.)

Some of the rare larger woody species of the study area were not recorded in this

survey, for example, debe)@ rotundifolia, Tarchonanthus éamphoratus and

-Ziziphus mucronata.

Considering all the tree species individuals irrespective of species (Table 4.5),
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the majority of the individuals (58,8%) were basal regenerative shrub forms and
tussock forms (VI and VII). This was because these 2 forms were made up

mainly of 62,4% of the very common Ochna pulchra individuals and 15, 6% of

Combretum psidioides. Apart from these 2 non-tree forms, the form which was

most common (19,5%) was the tree form I which was made up mainly of

Combretum psidioides (38, 0%), Burkea africana (37,0%) and Terminalia sericea

(15,4%) individuals. All the other tree form types were relatively infrequent.

The least frequent growth form (2,9%) was the small regenerative form IV, made

" up mainly of Combretum psidioides. (52,7%) and Ochna pulchra ( 22, 0%) individuals.

. The closely related srixall tree form III, also with a low frequency (5,1%) was made

up mainly of Ochna glchra (58,2%)and Combretum psidioides (19,6%) individuals.

The relatively infrequent (4, 1%) basal regenerative tree form V was made up

chiefly of Combretum psidioides (44,1%) and Terminalia sericea (18,1%) individuals.

The remaining class of regenerative tree form 1I had a somewhat more frequent
occurrence (9,6%) and had roughly similar proportions of constituent species as

the basal regenerative tree form V, that is Combretum psidioides (61, 1%) and

Terminalia sericea (21, 6%) individuals.

The small tree form, small tree regenerative form, basal regenerative shrub form

and tussock form (III, IV, VI and VII) all had Combretum psidioides and Ochna pulchra
as the most important constituent species. The regenerative tree form and basal

regenerative tree form (I and V) both had Combretum psidioides and Terminalia

sericea as the main constituent species, while the tree form I had, in addition,

Burkea africana as a main constltuent species.

4.3.3 [Frequency of tree heights

In Table 4.1 the average unaffected heights of the microphanerophytes and rare
mesophanerophytes are given. There was, however, a great variation around these
average values which was closely related to the canopy physiognomy of parts of the

community.
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The heights of all individuals more than 2 m tall were measured, using measuring
staffs up to 4 m high and a clinometer for trees above 4 m. Readings were taken
to the nearest 10 cm. All heights were recorded of those individuals rooted in a
3 000 m2 area made up of 3 representative strips, each 10 m in width and 75, 110

and 115 m in length.

Almost one third (30, 3%) of the individuals of the dominant tree species, Burkea africana,

were 5 to 6 m high (Fig. 4.11b). Although Burkea africana had the highest individuals

of the study area (roughly 3% of its individuals above 9,0 m in height and the absolute
maximum height measured 9,4 m), individuals above 7 m in height were rare
(<6%). Most of the individuals (75, 7%)were approximately evenly spread in the

frequency height classes of 4 to 7 m, which, in areas with more Burkea africana

present, resulted in a somewhat undulating canopy effect with a rare giant individual

obtruding here and there. A clear feature of the Burkea africana population was the

relative scarcity of individuals below 4 m in height. This was possibly related to the
‘fairly infrequent fires killing many of the younger trees below 4 m in height. Trees
above 4 m in height appeared to be not so seriously affected as evidenced by the

recent 1969 fire.

42,1% of Terminalia sericea were between 6 and 7 m, and only 5,3% in a higher class

(Fig. 4.11c). As this most frequent height class of 6 to 7 m included more individuals
than each of the lower height classes, this particular height distribution resulted

(in predominantly Terminalia sericea areas) in a more or less regular and level

canopy which was in contrast with the more undulating canopy in areas of mainly

Burkea africana individuals. In contrast to Burkea africana, Terminalia sericea

had 31, 6% of its individuals between 2 and 4 m in height but only 5,3% between 4
and 5 m in height, and its smaller individuals thus did not appear to be as seriously

affected by fire. Although Terminalia sericea and Burkea africana had much the same

average height, Terminalia sericea appeared to be taller due to a relatively large

proportion of individuals falling in a frequency class positioned higher in the

frequency distribution.

Combretum psidioides had a decreasing number of individuals with increasing height

(Fig. 4.11d). Due to the presence of 3 relatively well represented frequency classes

together, in areas with Combretum psidioides predominant within the normal range
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of density of individuals for the area, the canopy presented a very irregular and

undulating subcanopy with here and there an individual joining the Burkea africana and

Terminalia sericea upper canopy. The height class in which there was the greatest

frequency (42, 9%) of individuals was the lowest possible class (2 to 3 m).

Combretum collinum grew socially together and presented a fairly regular canopy

with 52,8% of the individuals 3 to 4 m high (Fig. 4.11e). It should, however, be
noted that one of the two mounds included in this sample contained several dead

upper portions which were included with the other individuals.

Of the remaining species, some of which were rarely trees, Ochna pulchra were from

2 to just over 4 m in height, Lonchocarpus nelsii and Securidaca longepedunculata

were usually large and above 4 m, while Dombeya rotundifolia in height corresponded

closely with its associate Combretum collinum in being always less than 5 m in height.

A few individuals of Grewia deserticola occasionally exceeded 2 m in height, but about

nine-tenths of them were 2 to 3 m high and one-tenth 3 to 4 m high.

Canopy stratification was more apparent on a smaller scale when one species
predominated. The stratification became more diffused or even lost on a larger scale

when all individuals (Grewia deserticola and the mound-associated species Combretum

collinum and Dombeya rotundifolia excepted) were viewed as a whole, since the

distribution of height of all species individuals showed no particular frequency class
considerably better represented than the others (Fig. 4.11a). The abundance of

Combretum psidioides resulted in the frequency distribution of its individuals being

superimposed (Fig. 4.11d) on that of this distribution (Fig. 4.11a). There was a sudden
decrease of individuals from the 15,1% which were 6 to 7 m high, to the 2,8% of 7Tm
height (Fig. 4.12a), indicating the physiognomic top of the canopy of the community

at this point of decrease (7 m).

4.3.4 Vertical distribution of materials in trees

Although analysis of growth forms and heights of trees provide some general information
on the vertical distribution of plant material in the community, a more precise indication
of the vertical distribution of the plant matter of tree individuals is desirable for a back-
ground to biomass studies. Because of the great labour involved in such analyses, only
the vertical distribution of mass in one metre intervals of the materials of wood, leaf
and fruits in a representative mature individual of each of the 8 more common tree

species, was analysed.
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Using previously obtained data on height, trunk diameter and regeneration to select

a representative mature tree of a parti;:ular species, a clinometer Ileading of the
standing height of the tree was taken and the metre intervals then marked off on the
fallen tree, corrections being made in the upper foliage sections for extension of tree
length and distortion of branches when pressed against the ground, especially in the

case of Burkea africana and Combretum psidioides. Each correction was made by

. measuring the difference between standing and prostrate tree height and apportioning
this difference proportionately over the height intervals above the point of observed
branch distortion (usually from just above the first branch)._ All branches or parts of
branches were included in the height intervals in which they occurred. The canopy

diameter was measured in the standing individual.

In the figure 4.12 (a - h), the distribution in one metre height classes of the mass of
wood, mass of leaves and, where present, number of fruits is given for each of 8 species
To compare trees of different heights, each height was expressed as a percentage. The
actual mass values pertain to the mid points of the class interval. The joining lines
between the points are only for guidance from point to point. Joining lines for all
materials are tapered in the uppermost height class to 0% of the material's mass at
1009 of its height, while the joining lines are tapered to the actual height of the lowest
recorded leaf or fruit, irrespective of the class limits in which the lowest leaf or fruit
occurs. However, for the woody component, the joining line is not tapered to 0% of -

the wood's mass at ground level as this would seriously underestimate the amount of

material of wood in the 0 to 1 m class.

In addition, the following information was recorded for each species and set down
below the diagrams (Fig. 4.12 a - h):

Height of tree

Total dry mass of wood

Total dry mass of leaves

Number of leaves

Number of fruits (if present) _

Leaf area of tree and average area per leaf

‘Maximum canopy diameter

W ~3 & U1 o W b e

Trunk diameter at stated height (wet).

In Ozoroa paniculosa some additional information on live and dead parts is given

(Fig. 4.12h). Since only the shrub form of Ozoroa was sampled, it is suffice to
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state that it provided a typical phyrric regeneration form, having similar regenerative
shoots to Combretum collinum, but the upper portions consisting of dead and leafless
material. Further discussion is limited to vertical distribution in tree forms

(Fig. 4.12a - g).

a Vertical distribution of woody material (see Fig. 4.12a - g)

By far the most important part of the tree individual's mass is the woody component.

The trunk mass was virtually constant over the first third of the tree height in Burkea

| africana, Combretum psidioides and Combretum collinum, and the latter species did

not show any relative maximum concentration of wood mass above its base. In

Terminalia sericea, Ochna pulchra, Securidaca longepedunculata and Lonchocarpus

nelsii, however, there was a decrease in mass from the base to roughly 20 to 30%
of the individuals' height while a maximum or relative maximum mass was reached

at about two-thirds height in Terminalia sericea, Ochna pulchra, Lonchocarpus nelsii

and Burkea africana. Securidaca longepedunculata and Combretum psidioides also had.

this relative maximum mass but the former was situated at lower than two-thirds height

while the latter was situated higher than two-thirds height.

The height of the maximum or relative maximum wood mass above the base of the
tree corresponded closely to the interval in which the maximum number of thick

branches was situated. Combretum collinum, with its weakly developed upper

branching system, did not possess a higher maximum or relative maximum mass
in its mass distribution. Relative to the other species, the woody component in

Securidaca longepedunculata terminated least abruptly at the top of the tree.

b  Vertical distribution of leaves (see Fig. 4.12a - g)

In the three dominant tree species Burkea africana, Terminalia sericea and

Combretum psidioides, as well as Ochna pulchra, all the leaves occurred in the top

half of the tree. In the remaining species, leaves occurred from somewhat below
50% of the tree height with the lowest leaves occurring from about 30% height

in Combretum collinum. The leaves of basal regeneration shoots of Combretum
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collinum extended almost from ground level to about 30% of the tree's height.

Distribution of leaves on the tree is indicative of the canopy shape of the individual.
Where more than 50% of the leaves occurred above about 85% of the height of the

tree, the crown was characteristically flat-topped as in Burkea africana, or

secondarily a flat sub-top as in Terminalia sericea. Where the majority of the

leaves were more or less evenly distributed at heights above 70 to 75% of the height
of the tree, the crown had a more rounded appearance, for example, Lonchocarpus

nelsii, Ochna pulchra, Combretum collinum and the more irregularly rounded crown

of Combretum psidioides. The two separate peaks in the leaf distribution of

Securidaca longepedunculata was evidence of the irregular and usually obscuré

stratification within the foliage of these tree individuals.

Only in Combretum psidioides did the maximum leaf concentration coincide with

the maximum or relative maximum mass of the woody component. In all the other
species the maximum leaf concentration was situated above the height of the
maximum or relative maximum of the woody component. At this height relatively
few leaves occurred, or in some species almost none, for example, Securidaca

longepedunculata and Ochna pulchra.

Of the species analysed, those which had the smallest leaves also had the greatest

number of leaves, for example Securidaca longepedunculata and Terminalia Sericea,
which indicated the rough inverse relationship which exists between leaf number and

leaf area for the species analysed. Burkea africana was an exception due to its

compound leaves.

The ratio of the leaf area to the total mass of the individual (leaf area ratio or LAR)

was lower for Terminalia sericea (0, 09 mz/kg) and Securidaca longepedunculata

(0,12 mz/kg) compared with the higher ratio of the other species which ranged
from 0,25 mz/kg in Ochna pulchra to 0,50 mz/kg for Combretum collinum.

In spite of being the heaviest individual sampled, Burkea africana had as high a

LAR (0,34 m2/kg) as several of the other lighter individuals.
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¢ Vertical distribution of fruits (see Fig. 4.12b, f)

At the time of sampling (June), most of the relatively few fruits were still attached

to the trees; fruits were only present in 2 species. In both Terminalia sericea and

Securidaca longepedunculata the distribution of the frequency of fruits followed that

of the leaf frequency very closely, although largely avoiding the lowest parts of the

leaf canopies.

4.3.5 Heights of herbaceous layer species

In 10 randomly selected individuals of each species for phenological observation,
the heights of the herbaceous layer species individuéls were measured to the
nearest cm in early May, by which time, there was no more increase in the
length of éulfns of grasses. The average height of each species was calculated

(Table 4.1), damaged heights being excluded.

A distribution in height classes of the 18 most important species‘ of the herbaceous
layer, each with a biomass greater than 2, 0 kg/ha, indicated that most of the
average heights of species were irregularly distributed from about 15 cm to about
130 cm in height. The herbaceous layer species with the greatest average height

was Andropogon gayanus (233 cm) while the average height of the dominant species,"

Digitaria polevansii was 126 cm. Seven of these 18 species were more than 100 cm

high and 5 were 50 to 100 cm high. The remaining 6 of these 18 species were

between 0 to 50 cm average height; they constituted all the non-grass species.

4.4 Basal cover

A wheel point survey was carried out on the 19th and 20th of April, 197 1at
the height of the growing season, to detérmine the basal cover of each of the

more important species. Five thousand points were taken along straight lines
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evenly spacéd over the whole study area, each point at a distance of 2,86 m
(one revo_lution of the wheel) from the next. The wheel point apparatus was
similar to that designed by Tidmarsh and Havenga (1955). Each point was

only recorded as a stroke if the basal area of the point (0,4 cmz) pressed

down upon the ground-level area of a plaht individual or would clearly have
pressed down upon this part had the point not been deflected by the upper parts
of the plant. If there was any doubt whether the point had touched the actual base
of the plant, the point was not recorded as a strike. Therefore, when the point
pressed down on soil between closely-grouped stems, for example in Grewia

avellana, it was not recorded as a strike.

When a tree individual was encountered which blocked the parth of the wheel, the
set-line was kept to as far as possible. Although the survey of basal cover thus
only applied to the herbaceous layer, the total basal plant cover is virtually
unaffected by the exclusion of the trees. Most of the basal cover of the tree and

large bush species was made up of the dominant species, Burkea africana,

Terminalia sericea and Combretum psidioides. From the data of the ground-

level stem or trunk diameters of these spécies (taken in addition to other

- measurements in 2 strips of 300 x 10 m), the basal stem or trunk diameter

of a "mean individual" of each of thesé_ species was calculated, converted to
area, multiplied by the respective density of each species and added together,
giving a rough estimate of the total basal area of these dominant tree species.
This amounted to about 0,08% basal cover, with no single species exceeding
0,03%. As a percentage of the total basal plant cover, the trees of the study
area appeared to contribute only sl.ightly more than 1, 0% of the total basal cover
of plants of the study area. The basal cover figures given for the herbaceous

~ layer are thus reasonably representative of the basal plant cover of the whole

area. -

The basal cover values recorded are presented in Table 4.1 (column 2). The basal

cover of the herbaceous layer was 7,82%. The highest basal cover was that of the
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grass species Digitaria polevansii (3,92%) and secondly Brachiaria nigropedata

(1, 94%) which together made up 74, 6% of the total basal plant cover. The species

with the next greatest cover was Grewia avellana (0,40%) which was only 5, 1% of

‘the total plant cover. The basal cover was made up of 88, 8% grass species, 5, 9%

woody species, and 5, 3% other herbaceous Spec'ies.

The inefficiency of the wheel point method for cover determinations of less common
species was amply demonstrated here, since very few species of the large group
with lower frequencies were recorded. In the 5 000 points recorded, only 21 of

about 80 recordible species of the herbaceous layer were recorded. This included
Burkea africana and Ozoroa paniculosa within the herbaceous layer.

There was marked variation in the efficiency of ground surface utilisation of the
more common species. For those species with an April basal cover of >0,1%,
the cover values were divided by the biomass values for April which were derived
from the 5th degree polynomial regressions (or 4th degree in the case of Grewia
avellana), for each species. These species are listed in order of descending

surface area utilisation:

1  Aristida stipitata 39,63 g/om>
2 Grewia avellana 35,24 v

3  Andropogon gayanus 28,36 "

4  Triraphis schinzii 22,26 "

5 Digitaria polevansii - 17,08 "

6 Andropogon schirensis 15v,69 L

7  Brachiaria nigropedata 9,71 v
v8 Cyperus margaritaceus | 7,63 "

The different surface area utilisation of species explains how the relationship between
cover and biomass is dependent on the species present and is one of the main
reasons why cover cannot be used as a measure of biomass irrespective of species,

gince, for example,the biomass of species with a relatively low surface utilisation,

for example, Cyperus margaritaceus, may be grossly overestimated, while the

biomass of a species with a relatively high surface utilisation, for example

Aristida stipitata, may be somewhat underestimated using cover values.
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Tablc 4.1 List of san{pled species arranged according to average dry biomass, giving data of community structure

Symbols :  *
+
“"won

()

s oo ee e oo

Species significantly associated with mounds
Preceeds data of tree species in herbaccous layer (Mass to nearést kilogram)

Approximate value due to sampling difficulties, dependence upon supporting plants or excessive damage
Species with too low densities to be used for reliable test of aggregation

Only applies for individuals in the herbaceous layer

TREE AND LARGE WOODY SPECIES -

Burkea africana
Terminalia sericea
Combret‘um psidioides
Ochna pulchra

*Combretum collinum

Securidaca longependuculata

Grewia deserticola
Lonchocarpus nelsii
Grewia flavescens
Ozoroa paniculosa
*Dombeya rotundifolia
Ximenia americana

Tapinanthus oleifolius

'HERBACEOUS LAYER SPECIES

Digitaria polevansii
Brachiaria nigropedata
Grewia avellana
Andropogon gayanus
Andropogon schirensis
Aristida stipitata
Triraphis schinzii
Rhynchelytrum species
*Cenchrus ciliaris
Aristida meridionalis
Stipagrostis uniplumis
Tephrosia cephalantha
Cyperus margarita_tceus
Ancylanthos bainesit
Eragrostis pallens
_Panicum kalaharense 4
‘Dicliptéra eenii
Commelina africana
*Rhynchosia sublobata
Eragrostis jeffreysii
*Pentarrhinum abyssinicum
Turbina obiongata

TOTAL

o Frequency ) ) Average
Average 2 Density of Ratio for unaflected
dry biomass Bagal cover . .in1m® individuals aggraation height of
quadrats ) population
kg/a) (@) % tn/hay e (em)
11801+1 ) +0,02 3,58 315 1,1 511
6153 +1 "0, 08" 3,25 340 1,1 514
3405+ 1 3,25 360 1,1 331
226 + 3 8,25 1 650 1,9 -15-
195 + 1 1,17 125 1,0 315
160+ 1 0,42 42 1,0 -66-
157 1,08 125 1,2 "210"
96 , 0,08 8 .- -
31 g - - - -
22 + 0,02 0,08 - - -
20 0,25 - - -
15 v - - - -
9 - - - -
22 290 + 8 ' '
= 22298 o
422,93 3,92 90,33 >20 000 - 126
119,65 1,94 48,42 10 217 1,5 66
89,28 0,40 30,75 11 258 3,1 41
59,29 0,34 19,75 3075 1,4 233
42,68 0,28 35,33 9 650 2,2 101
36,24 0,12 33,17 8825 2,2 _ 81
21,90 0,14 15,25 2 250 1,4 130
18,61 0,02 20, 42 4950 2,2 91
18,60 - 0,92 208 2,3 ©99
10,91 0,04 28, 42 5342 1,6 "o
10,33 0,08 5,75 900 1,5 107
8,02 0,06 41,58 23 208 4,3 19
7,59 0,18 42,17 9883 1,8 39
6,28 0,02 8,25 2708 3,1 22
: 5,58 0,06 1,17 100 0,9 124
4,05 0,04 0,50 300 6,0 133
3,87 0,02 2,67 283 1,0 39
3,78 0,06 9,83 1342 1,3 <16
1,10 - 0,58 217 3,7 AL
1,66 - 1,00 125 1,3 137
1,27 0,06 1,25 325 2,6 "go"
1,15 - 3,67 392 1,1 5
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Table 4.1 (continued)

Aristida congesta
Cissampelos mucronata
*Sphedamnocarpus puriens
*Rhynchosia venulosa
Schmidtia pappophoroides
Mariscus laxiflorus
Cassia bienses
*Oxalis purpurascens
*Panicum maximum
Dicoma gerrardii
Pavonia clathrata
Blepharis maderaspatensis
Dicoma schinzii
Eustachys paspaloides
Eragrostis stapfii
Limeum fenestratum
Pogonarthria squarrosa _
Elephantorrhiza elephantina
Pentamenes zambesiacus
Indigofera daleoides
Kyphocarpa angustifolia
Pygmaeothamnus zeyheri
*Hibiscus fleckii
Nidorella resedifolia
Polygala kalaxariensis
Raphionacme burkei
Solanum delegoense
Tephrosia lupinifolia
Anthospermum ericoideum
*Gloriosa virescens
Phyllanthus pentandrus .
Fimbristylis exilis .
Felicia muricata
H'ermannin tomentosa
Tragia dinteri
unidentified species
TOTAL

TOTAL \\'iTH TREE SPPECIES
IN HERBACEOUS LAYER

GRAND TOTAL FOR STUDY AREA

Frequency ’ Average
Average . 2 Density of Ratio for unaffected
dry biomass Basal cover in 1m individuals  aggregation height of
quadrgts i population
(kg/ha) ) % ana/ba) O em)
1,10 - 5,42 850 1,5 72
1,04 - 1,50 150 1,0 17
0,99 - 0,25 21 1,0 "G5
0,95 - 2,58 333 1,3 32
0,74 - 017 33 1,9 75
0,58 - 4,58 775 1,7 97
0,47 - . 12,58 2033. 1,5 21
0,40 - . 0,33 1300 39,4 10
0,35 - 0,08 33 4,1 105"
0,32 - L 308 2,6 18
0,31 - 0,42 66 1,6 61
0,30 0,04 . 4,08 692 1,7 9
0,20 - 7 0,50 87 1,7 14
" 0,19 - 0,17 133 7,8 "4y
0,18 - 0,33 33 1,0 50
0,17 - 1,92 225 1,2 36
0,16 - ' 0,25 25 1,0 52
0,13 - 0,67 67 1,0 30
0,11 - 0,75 108 1,4 55
0,09 - - 0,92 175 1,9 20
0,08 - 0,50 133 2,7 g5
0,07 - , 0,42 100 2,4 e
0,06 - 0,17 13 (1,0) 1195
0,06 - 0,33 225 6,8 78
0,03 - 1,50 158 1,0 29
0,03 - 0,17 17 1,0 g
0,03 - 0,08 8 (1,0) -
0,03 - 0,50 58 1,2 66"
0,02 - 0,50 75 1,5 17
0,02 - . 0,08 8 (1,0) -
0,02 - 1,33 358 2,7 13
0,01 - 2,83 2 200 7,7 15"
0,01 - 0,08 17 2,1 -
0,01 - , 0,17 25. 1,5 -
0,00 - 0, 08 8" 1,0 -
_0,09 - - "2 617" - -
904, 12 7,82
912,85 7,86
23 202,85 g, 00"
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Table 4.2 Percentage of rare and common herbaceous layer species
in aggregation classes

Random Intermediate - Aggregation Total

(Ratio 1,0-1,2) (Ratio 1,3-1,4) (Ratio  1,5) -

| % 9 % SRR
Rare species F < 5% 28,6 5,4 39,3 73,2
Common species F >5% 0,0 5,4 21,4 26,8

TOTAL 28,6 10,8 60,7 » +100
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Table 4.3 Presence and 2frequencies of plant species on 8 mounds (determined
with 155 1 m~ quadrats)

Species ' Presence (out of 8) Local frequency (%)

1 Combretum collinum 8 - | 53,5 |
2 Cenchrus ciliaris 6 45,8
3 Digitaria polevansii 8 41,3
4 Andropogon gayanus 7 18,7
5 Dicliptera eenii 6 17,4
6 Rhynchosia venulosa .4 17,4
7 Panicum maximum 2 12,9
8 Sphedamnocai'pus pruriens 1 11,6
9 Oxalis purpurdscens 1 11,0
10 Rhynchosia sublobata 1 11,0
11 Dombeya rotundifolia -5 9,0
12 Pentarrhinum abyssinicum 3 7,17
13 Hibiscus fleckii 4 6,5
14 Gloriosa virescens 3 3,9
15 Commelina benghalensis 3 2,6
16 Maerua juncea -1 2,6
17 Tephrosia cephalantha 2 2,6

Twenty one other plant species with frequency values of 2,5% and lower were also

- recorded; almost all of these had a presence of 1.
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Table 4.4 Ratio of frequency on the mounds to the sum of that on the flats and mounds for each species

* indicates significant (P« 0,05) difference between mound and flat

1,00 _ 0,99 - 0,95 0,949 - 0,800 0,799 - 0,500 0,499 - 0,200 0,199 - 0,050 0,049 - 0,001 0,000

. [
Acacia hereroensis *Combretum collinum *Dicliptera eenii Andropogon gayanus | *Digitaria polevansii *Grewia avellana *Andropogon schirensis  *Ancylanthos bainesit
Asparagus africanus  *Dombeya rotundifolia *Rhynchosia venulosa Hermannia tomentosa Turbina oblongata  *Tephrosia cephalantha *Aristida meridionalis Anthospermum ericoideum

*Brachiaria nigropedata *Aristida congesta
*#Rhynchelytrum species *Aristida stipitata
*Triraphis schinzii *Blepharis maderaspatensis
- *Burkea africana
*Cassia biensis
Cissampelos mucronata
*Combretum psidioides
*Commelina africana
*Cyperus margaritaceus
Dicoma gerrardii
Dicoma schinzii
Elephantorrhiza elephant
Eragrostis jeffreysii
Eragrostis pallens
Eragrostis stapfii
Eustachys paspaloides
*Fimbristylis exilis
Grewia deserticola
Indigofera daleoides
Kyphocarpa angustifolia
*Limeum fenestratum
Mariscus laxiflorus
Nidorella resedifolia
*QOchna pulchra
Panicum kalaharense
Pavonia clathrata
Pentamenes zambesiacu
" Phyllanthus pentandrus
Pogonarthria squarrosa
Polygala kalaxariensis
Pygmaeothamnus zeyheri
Raphionacme burkei
Schmidtia pappophoroides
Securidaca longepedunculata
*Stipagrostis uniplumis
Tephrosia lupinifolia
*Terminalia sericea

*Cenchrus ciliaris *Hibiscus fleckii
Combretum apiculatum *Pentarrhinum abyssinicum
*Commelina beghalensis *Rhynchosia sublobata
Croton gratissimus *Sphedamnocarpus puriens
Eragrostis rigidior
*Gloriosa virescens
Heteropogon contortus
*Maerua juncea
Melhania acuminata
*Q»alis purpurascens
*Panicum maximum
Solanum delegoense
Sporobolus fimbriatus
Ziziphus mucronata

8
Hjosoqua)|9is

:dny Aysisaiun

More frequent on mound
More frequent on flats

B%°0e°UNs"Jejoyos//
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Table 4.5 Frequency of larger woody species in 7 growth form classes

(Symbols for growth form classes as in text)

Growth form classes |

Species 1 m m vV VI VI

T % % % % % % %

Burkea africana 64,6 55 2,3 0,6 2,6 81 16,4
Terminalia sericea 30,5 21,0 3,3 3,0 7,5 30,8 3,9
Combretum psidioides 97,7 21,8 3,7 58 67 31,0 3,2
Ochna pulchra 1,1 o0,1 7,3 1,6 0,3 631 26,6

Combretum collinum 25,9 10,3 12,1 4,3 - 13,8 32,8 0,9
Securidaca longepedunculata '5, 6 4,2 2,8 7,0 0,0 64,8 15,5

Ozoroa paniculosa - - - - - 51,7 48,3
Lonchocarpus nelsii 45,5 13,6 4,5 0,0 0,0 36,4 -
Combretum apiculatum - 21,4 - - 14,3 57,1 1,1
Grewia deserticola - 1,4 - 1,1 17,0 70,5 -
All individuals 19,5 9,6 51 2,9 41 43,9 14,9
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Fig. 4.1 (on following page) Illustration of

a fire-induced two-stemmed Burkea africana

individual amongst smaller Combretum psidioides

individuals.

"Fig. 4.2 (on following page) Exposed

underground parts that connect several

adjacent Grewia avellana "individuals".
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Fig. 4.3 Species-area curve: cumulative frequency of species per number of 1 m2 quadrats
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Fig. 4.4a Number of species in frequency classes
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Fig. 4.4b  Number of species in frequency classes
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Fig. 4.5 Distribution of the occurrence of épecies in déns}ity classes
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Fig. 4.6 Distribution of species density in Aristida congesta quadrats and in
all quadrats '
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Fig. 4.7 (on following page) An Aristida

congesta individual on an open area (in winter).

Fig. 4.8 (on following page) A Diciip_tera

eenii individual in the shade
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Fig. 4.9 Diagram illustrating 2 plant associations in the study community
on Omuverume (Explanation in text, page 51)

AC
Ae
Am
Ca
Cb
Cp
Cm

- DE

Fe

Pk
Ps

Tc
To
Ts

= Aristida congesta

Anthospermum ericoideum

Aristida meridionalis
Commelina africana
Cassia biensis
Combretum psidioides
Cyperus margaritaceus
Dicliptera eenii

= Fimbristylis exilis

Grewia avellana
Mariscus laxiflorus
Ochna pulchra

= Polygala kalaxariensis

B nn

Pogonarthria squarrosa
Rhynchelytrum species
Tephrosia cephalantha
Turbina oblongata

= Terminalia sericea
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Fig. 4.10c Vegetation profile of part of the study area on Omuverume
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a ALL TREE SPECIES OF FLATS
50r- _ _ Av. height 4,24 m
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50 b BURKEA AFRICANA
| ‘ Av. height 5,11 m
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Height classes (m) .. '
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Fig. 4.11 Distribution of the frequency of tree individuals in height classes
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Fig. 4.11 (continued) Distribution of the frequency of tree individuals

in height classes
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% of total mass

BURKEA AFRICANA
60
— : wood
sob —/ ¢ leaves
40
30F
20}
10
} { | 1 1 < 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
' Class intervals as % of height of tree
Total dry wood ‘mass (kg) : - 243,5
Total dry leaf mass (kg) 10,7
Number of leaves 6 956
Leaf surface area (cmz/leaf), 125, 04
(cm?/leaflet) 4,47
(mz/iﬁdividual) 86,98
Maximum canopy diameter (m) 6,3

Trunk diameter at 1 m (cm) 26,4

Fig. 4.12a Vertical distribution of materials in trees
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TERMINALIA SERICEA

h
—— . wood A
F e A
—_— .. uits | /,/ \
i | g\
R //-//. \‘.\.
/ |
: g
./-
T N | L2 /1 ! |
10 20 30 40 50 60 , 70 80 90 100
Class intervals as % of height of tree ’

Height (m) 7,5

‘Total dry wood mass (kg) - . 170,2

Tota1 dry leaf mass (kg) | 3,2

Number of leaves 33420

Number of fruits 254
' Leaf surface area (cmz/leat) - 4,70

(mz/ individual) 15,71
Maximum canopy diameter (m) 5,9
Trunk diameter at 1 m (cxﬁ) ' 23,8

Fig.4.12b Vertical distribution of materials in trees
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1 i 5 L

L
0 10 20 30 40 50 60 70 80 90 100
Class intervals as % of height of tree

Height (m) _ 4,4
Total dry wood mass (kg) 36,6
Total dry leaf mass (kg) 2,5
Number of leaves ., 9 615
Leaf surface é.rea (cm2/leaf) 15, 41
(m?/individual) 14,82
Maximum canopy diameter (m) | 3,8

Trunk diameter at 20 cm (cm) 13,0

Fig. 4.12c Vertical distribution of materials in trees
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COMBRETUM COLLINUM

94
(=]
|

——— : wood (Regeneration wood and leaves
—e—= : leaves shown seperately in bottom

w40k ~ ) _ left hand corner of diagram) -
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—~ 30
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e

20 20

iy
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1 L J A

——

! 50 60 70 80
Class intervals as % of height of tree

Height (m) . 4,3
Total dry wood mass (kg) 13,6
Total dry leaf mass (kg) | 0,8
Number of leaves .4 350
Leaf surface area (cmz/leaf) 16,70

(m%/individual) 7,26
Maximum canopy diameter (m) 1,3
Trunk diameter at 20 cm (cm) 9,2

Fig. 4.12d Vertical distribution of materials in trees
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/OCHNA PULCHRA

— wood

@ -~em=- t leaves / -
g

3 40

<]
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S 30

R

n
L

10

[}
i | L ] 1 L1 L 1 1

0 10 20 30 40 50 60 70 80 90 100
Class intervals as % of height of tree
Height (m) | 4,6
- Total dry wood mass (kg) v 33,6
Total dry leaf mass (kg) 1,3
Number of leaves : 7 715
Leaf surface area (cmz/leaf) o 11,17
: (mz/ individual) = 8,62
Maximum canopy diameter (m) 2,7
‘Trunk diameter at 20 cm (cm) 14,4

Fig. 4.12e Vertical distribution of materials in trees
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SECURIDACA LONGEPEDUNCULATA

701-
GOF— —_— ¢ wood ..'\‘
----- : leaves /A
. 1 / [
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8 40L. / \._
he / \
(] / //4 .
§3 0H~ /\ ~a d i \\ \

[
(=]

10

10 20 30 40 50 60 70 80 90 100

Class intervals as % of height of tree
Height (m) | - 6,6
Total dry wood mass (kg) 71,9
Total dry leaf r_hass (kg) ' 2,0
‘Number of leaves 53 795
Number of fruits ' 292
Leaf surface aréa (cmz/leaf) 1,66
(m%/individual) 8,93
Maximum canopy diameter (m) 3,9

Trunk diameter at 1 m (cm) 19,4

Fig. 4.12f Vertical distribution of materials in trees
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LONCHOCARPUS NELSII

50L — ¢ wood

% of total mass
w

n

————: leaves

L1 L1 L | 1 1

10 20 30 40 50 60 70 80 90 100

Class intervals as % of height of tree

Height (m) 6,0

Total dry wood mass (kg) 43,6

Total dry leaf mass (kg) | 1,6

Number of leaves 4630

Leaf surface area (cmz/leai) 30,19
(m2/ individual) 13,98

Maximum canopy diameter (m) 2,4

Truﬁk diameter at 1 m (cm) 20,6

Fig. 4.12g Vertical distribution of materials in trees
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OZOROA PANICULOSA : REGENERATION FORM
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8,
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(mz/individual) 9,83
Maximum canopy diameter (m) 2,0

(3 sets of stems)
Trunk diameter at base (cm) : Dead 2

+ Live 1

Fig. 4.12h Vertical distribution of materials in trees
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5 PRODUCTION

Leith (1972) has briefly sketched the main periods in the development of production
studies and has indicated that these studies received a great impetus from about
1960 onwards, a period cdinciding with the start of the International Biological
Programme. |

Petrusewicz (1967a) defines production as the amount of brganic matter which is
elaborated by a population in a defined period of time in a defined area, whether or
~ not all of it survives to the end of the investigation. ;Prodiiiztion is divided into gross
production and net production (Milner and Hixghes, 1968). Gross production is the
sum of energy accumulated in organisms, and energy used in the life process,
chiefly by respiration (Medwecka~-kornas, 1967). Net production is the energy
accumulated in material and is the visible, realized or observable production

(Medwecka-kornds, 1967 and Petrusewicz, 1967b).

Biomass is the quantity of organic matter present in an ecosystem at a

stated time (Ovington, 1962). As pointed out earlier, it is a measure of the enérgy
fixation within the community and can be used aé a measure of importance of species.
The terms "crop'", "standing crop' and 'yield" are scientifically imprecise
(Westlake, 1963) and are avoided as they appear to often connote the maximum
amount of material présént or the peak of seasonal growth in an area. Ovington

(1962) points out that the termf‘standing crop' does not apply well to all the different
biotic combonents of ém ecosystem. Petrusewicz (1967a) has stressed the importance
of averége biomass which is the averaged biomass for the étudy period and should be

properly averaged to avoid serious error.

Biomass change is the difference between biomass at two arbitrary moments and
ignores the variations in biomass in the time between these moments, merely giving
final increase or decrease of biomass at the end of the intervening time interval

(Petrusewicz, 1967a). Biomass change may be positive or negative in contrast to net
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productionwhich is often treated only as a positive quantity, similar to the term
"g-rowt}‘".

Medwecka-kornis(1967) and Westlake (1963) use the term "productivity' to
describe rates of production (including growth rates) also expressed as
instantaneous productio_n rates (%)- . Net productivity is, hbwevg‘xx'l, defined for
the present study as the rate at which biomass changes, that is T This rate
may be positive or negative and is similar toOlson's (1964) 'Plant Accumulation
Rate'. Excépt in species where previous season's biomass is stable, true
productivity is taken as therate of change of only new season's biorhass. For
comparisons of relative efficiency, a useful allometric concept is relative

productivity, that is productivity per unit mass of organism.

Primary productivity is that associated with autotrophic photosynthetic and to a
much lesser degree chemosynthetic organisms, whereas secondary productivity
is associated with heterotrophic, holozoic and saprbphytic types of nutrition and
.applies to all animals, fungi and many bacteria (Evans, 1967). The primary
producers are in most cases clearly divided into aerial and subterranean parts
so that aerial and subterranean productivities may be differentiated (Milner and

Hughes, 1968).

. The sections below are aimed at determining net primary aerial productivity of the
more important herbaceous layer species as well as the average aerial biomass

of each of the sampled species of the study area.

5.1 Productivity

Almost no work in tropical savannas has been done where rate of biomass change
is seen as a function of both production and die-off and where there is separate
treatment of species, previous and new season's material and generative and

vegetative material (Bourliére and Hadley, 1970).
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5.1.1 Field method

To follow the growth of the main components of the herbaceous layer over the
year, only a method of destructive sampling or a harvesting technique was
considered feasible. Harvesting could only be performed once a month to provide

an even flow of work each month.

The random layout of quadrats for sampling vegetation each month has already
been described in Section 3. With the labour available, the maximum sample
size that could be taken each month was 100 m2 so that the period of harvesting
would not take more than about 5 days.

The harvesting of each set of pre-selected quadrats took place in the last week of
every month. Only individuals or those parts of individuals that were rooted within

the quadrat frame were harvested. However in 2 quadrats with tangled Pentarrhinum

abyssinicum, harvesting took place without regard to rooting points. All herbage
layer material was clipped with sheep shears at a constant distance of 5 cm (lateral
and vertical) from the rooting points of theindividuals. Difficulties in maintaining
a constant clipping height were encountered; for example, in some elevated tufts

of Brachiaria nig@pedata, clipping at a 5 cm height was difficult owing to the hard,

compact material of the tuft base. In some species, for example Cyperus

margaritaceus and Tephrosia cephalantha, that have several individuals about

5 cm high, the clipping height was critical, but could not be lowered if a uniform
clipping height was to be maintained for all the species of the herbaceous layer.
All woody stems, with a diameter of greater than 1 cm at a height of 5 cm within
the quadrat, were not harvested. This proved suitable since woody stems that
were not harvested excluded only the majority of individuals of all tree species
and the few large shrub species present. All lower shrub species, for example

Grewia avellana, had stems of less than 1 cm in diameter at 5 cm height, and were

included in the herbaceous layer.
All species harvested were clipped separately or sorted from one another during

clipping. Where generative parts were present, they were separated from the

vegetative parts in most species. Usually structures of the plant individual that
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appeared exclusively for the generative propagafion of the species were sorted

as generative mé.terial, for example, in grass species, that portion of the culm
above the node of the uppermost photosynthetic leaf was generative material.
Vegetative and generative material of each species was placed in strong polyethylene
bégs'that were suspended on a portable rack (Fig. 5.1) which provided 12 rows of

8 labelled pockets for the sorted components of each species. This rack greatly
facilitated the sorting of species while clipping in the field. A plastic tarpaulin was

- kept in the vicinity to cover the rack and prevent the bags from filling with water,

should it rain during harvesting.

'~ Each day's harvested material was taken to a covered sorting site near the study
area. In species where it was possible, the vegetative as well as generative new
season's growth was handsorted from the previous season's material. This

resulted in most species each being sorted into 2, 3 or 4 groups. With few exceptions,
sorting was carried out on the day of harvesting, since a day after harvesting, most
of the new season's material became wilted and shrivelled and more difficult to
distinguish from the previous season's material. 'Sorting of the new season's
material from the old was carried out until the height of the growth season in

March. From April, a significant amount of new materiai had started to die off
(probébly accelerated by the relative drought in March) which rendered distinguishing
of the new dead material from the previous season's material impracticable within

the time available.

As the sorting was completed, the material was clipped into smaller pieces to
facilitate packing in drying trays and to promote more rapid drying. Evans (1972)
has emphasised the importance of the early stabilisation of harvested material's
mass and points out that "when the materialr is once stable, it can be further dried
at leisure". New season's material as well as any previous season's rain-damped
material was loosely packed and placed in labelled perforated metal drying trays
in an oven on the site (Fig. 5.2). Material was rapidly heated for 1 or 2 hours
firstly to terminate respiration of live material and prevent breakdown by
autolysis, and secondly to partially dry it to minimize loss of mass due to fungal

growth while in temporary storage, awaiting completion of the remaining harvests

98



Stellenbosch University http://scholar.sun.ac.za

of the month. No means for the final accurate weighing of material was available

at the site. The site oven was constructed large enough to require only 4 loadings
to dry one day's harvest. It was relatively high with a chimney to promote a strong
upward draught from the heating element which consisted of an evenly spread

flame over the entire basal area of the oven. The fuel used was bottled gas. The
lowest gauze shelf was placed at somewhat less than 1 m above the flame-level. A
thermometer was used and the gas flow regulated for a temperature of between 80
to almost 100°C in the shelf area, with the oven doors shut, The period in which

a tray remained in the oven depended upon the amount of moisture present in the
material. The wettest material was placed on the lowest shelf, to dry this material
more effectively. Two sets of trays were used for rapid changing of material in the

oven.

So that the sorting and preliminary drying of material could be completed on the
same day as harvesting, usually not more than a 20 m2 to 30 m2 sample area was
harvested each day. At the height of the growth season, harvesting fime (which
included density counts of individuals and preliminary sorting) with one assistant,
was 4 to 6 hours each day while the subsequent work of the day, with 2 or 3

assistants, took between 10 to 12 hours.

Immediately after the final harvest and sorting for a particular month, all the
partially dried material was transported to Windhoek for accurate drying and
weighing. The material was dried in batches in ventilated electric drying ovens for
24 hours at a constant temperature of 85°C, and weighed to the nearest 0,05 g. The
least dry material was always included in the first batch. The period from the time
of harvesting until final weighings were taken, rarely exceeded 8 days. Drying for
a period of 24 hours at the above temperature was found to be more or less
equivalent to drying to a constant weight, and the temperature was low enough to
avo.id spontaneous combustion or breakdown of some chemical compounds or loss

of volatile substances. Each tray was usually weighed within one minute of removal
from the warm oven, Warm air currents from the trays did not prevent accurate
weighihgs to the nearest 0,05 g for trays with about 100 g of dry material, while small

‘trays with less than 10 g of material could be stably weighed to the nearest 0,01 g.

99



Stellenbosch University http://scholar.sun.ac.za -

Since weighing took place in a generally arid climate with exceptionally low
humidity (Windhoek), it was found that the error incurred by the hygroscopic
warfn dry plant material absorbing water vapour within 1 minute of removal
from the ovens, was usually much less than 0, 4% above the true dry mass of the
material. The marked masses of the drying trays had to be revised periodically

as the season progressed, since many of the masses increased slightly with use.

5.1.2 Processing of results

a Limitation of regressions

The amount of material of each species that is sampled each month is determined

at any single time by the variability in distribution of numbers of 1nd1v1dua1s that
occur in the random samples and by the variability in, for example, size of

the material itself. Although the selection of the study area was based upon

consideration of maximum uniformity of vegetation, the phenomonon of aggregation

of individuals of species, refe‘rred to earlier, created sméll-scale heterogeniety

in the vegetation. If production is to be expressed per unit area, variation in number

of individuals from one month's sample to another can not readily be eliminated.

The individuals harvested each month can also not be selected initially for increased

uniformity of, for example, size, leaf area, and potential rate of growth, without

the sample becoming seriously unrepresentative of the population of the species.

Becéuse of variability', sampling different nﬁmbers and types of individuals of a
species each month cannot easily be avoided. Each month's sample of harvested
matefial, viewed separately, thus has a decided but expected error, that is
especially pronounced in the less common species where sampling error often
compietely masks the pattern of productivity of the species. None of the different
specieé studied had consistently error-free monthy harvests since the sudden
variation of some of the month's harvests relative to the others did not always

- correspond with concurrent phenology and climatic data. Since the value of a
particular month on a monthly productivity graph of a particular spgcies is subject'

~ to decided error, all the points on the graph should be viewed as a whole and not
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individually. To this end, regressions wére fitted between the plotted points by
the method of least squares to reduce the error of individual points. Since the
increase or decrease of plant biomass is a continuous process, curvilinear

regressions were fitted to the data points and the appropriate equations computed.

Radford (1967) recommends curve fitting to plant growth data on condition that
relation of mass. to time can be resolved and formulised. He points out that this
relatively new approach to growth analysis eliminates any further assumptions in

the more detailed analysis of the growth pa’_cterh, and that there is no need for
arbitrary pairing off of data for the calculation of growth rates. This technique also
utilises inférmation from all available harvests in determining values at any point

.in time. It appears, however, that in the process of relating mass to fime, small

but real irregularities are often smoothed over and any smaller real variations in
growth are often masked by this technique. In cases where each plotted point is
considered reliable, these minor but real irregularities in the course of growth can
be taken into account without recourse to regressions.

In the preseht study, only total amounts of harvested material each month were large
enough to be considered reliable for analysis of real irregularities in biomass change
without the use of regressions. The analysis of mean growth rates by use of differences
between successive values, is referred to by Radford (1967) as the "traditional

practice" of growth analysis.

b Clarity of growth trends

From inspection of plotted points of maés against time for total biomass, new
material or old material, it became clear that only the 10 species with a density of
greater than 3 000 individuals per ha or alternatively a frequency of greater than
19%, could provide adequate values for a clear growth trend per unit area. These
included the 6 herbaceous layer species with the greatest average biomass, viz.

Digitaria polevansii, Brachiaria nigropedata, Grewia avellana, Andropogon gayanus,

Andropogon schirensis and Aristida Stigitata as well as the two less important species

Tephrosia cephalantha aﬁd Cyperus margaritaceus. The material of the remaining

2 species in this group, however, appeared too variable to provide adequate values
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for a clear growth trend. In Aristida meridionalis this was probably due to the

presence of an abnormally large number of dead individuals, while Rhynchelytrum

species was a mixture of perennial and annual species (see species list).

A test was carried out to determine whether the discernment of the growth trend

of the above species and some other common species would be improved by
expressing biomass change per individual harvested, in contrast to biomass change
per unit area. The density of individuals clipped and those not clipped were recorded
separately. In some species, expression of the biomass change per individual

improved the clarity of the trend slightly, for example in Cyperus margaritaceus.

In most other species, however, there was no clearly apparent improvement in

clarity by expressingbiomass per individual (Fig. 5.10c). It appeared that in most cases
there was little difference between the variability in mass of the individuals of a species
and the variability in their distribution. For uniformity of expression (of biomass

and productivity) and to agree with the usage of other workers (for example,

Westlake, 1963), biomass and productivities of all species and components were

expressed per unit area rather than per individual.

The monthly or seasonal trends of generative material were found to be very

variable, since, apart from the mentioned sources of variability, the ability of

each individual to produce generative parts varied greatly and, in the sorting of
generative from vegetative parts, difficulties in maintaining a standard criterion of
separation were experienced. Of the 8 species which provided adequate growth trends,

only Grewia avellana did not produce generative parts in the samples. Of the 5 grass

species of this group, only the dominant Digitaria polevansii (Fig. 5.10a) provided a

clear trend of new and previous season's generative material through the year. Some
of the other grass species produced clear growth trends of previous season's
generative material only. The expression of generative material as a percentage

of the total biomass at the same time of the year, was too strongly affected by the
change in the total biomass to be of use in illustrating the progression of the

generative material through the year. Cyperus margaritaceus and Tephrosia

cephalantha provided clear growth trends of total generative material and are

presented with Digitaria polevansii as examples of the change of generative material
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per unit area through the year in a grass species (Fig. 5.10a) a sedge species

(Fig. 5.10b) and another herbaceous species (Fig. 5.10¢).

There were many species which were less abundant than 3 000 individuals per ha

or with a frequency of less than 19%, that still showed a meaningful seasonal tendency
of total biomass change if samples were grouped into 4 seasons (Sept. - Nov.; Dec.-
Feb.; March - May; June - Aug.), each season's biomass value being the average
of three 100 m2 samples. It was found from inspection that, apart from the
abovementioned 8 species which provided adequate growth trends, the 15 herbaceous
layer species (including Ochna) with a density of more than 250 individuals per ha
and a frequency of greater than 2% could show reasonable seasonal changes in total
biomass. Of these, 6 species provided clear changes in biomass in seasonal

groupings and were, in descending order of frequency, Commelina africana,

Ancylanthos bainesii, Aristida congesta, Mariscus laxiflorus, Turbina oblongata

and Rhynchosia venulosa. For special reasons, the remaining 9 species, however,

proved unsuitable for indicating seasonal growth trends:

(1) The 3 species of this group that had the lowest height above ground, namely

Blepharis maderaspatensis, Cassia biensis and especially Fimbristylis exilis,

showed erratic seasonal biomass since the height of clipping was critical.

(ii) The 3 species of this group which has the g'reatest average mass per individual,

that is Dicliptera eenii (14,56 g/individual), Stipagrostis uniplumis (11,06 g/individual)

and Triraphis schinzii (10,26 g/individual) had relatively erratic seasonal biomass

since the addition or loss of only 2 or 3 of these individuals, created a large

sampling error.

(iii) Due to probable dependence upon burned back stumps of varying ages, the

regenerative shoots of those Ochna pulchra of the herbaceous layer did not provide

clear seasonal growth trends.

(iv) The same reasons for unsuitability of Aristida meridionalis and Rhynchelytrum

species for clear biomass change trends per month appeared still to apply in seasons.

103



Stellenbosch University http://scholar.sun.ac.za

¢ Mathematical description of biomass changes

It has been emphasized that, except in the case of total productivity of the herbaceous
layer, mathematical curves must be fitted to plotted points of biomass against time
for individual species to smooth out differences which are clearly due to sampling
errors. Once the correct curve has been fitted, the calculation of rates of change

of biomass at any instant in time can be done accurately by differentiation of the
equation of the curve. A systematic programme was followed to determine which
types of mathematical functions best described each set of data for the 8 species
concerned. Yarranton(1971) has discussed the distinction between mathematical
models and mathematical representation or description of a phenomenon. That which
follows, is strictlj a mathematical description of changes in biomass and growth
through the year. vyarranton (1971) states that "the purpose of a first mathematical

representation is to provide an intelligible'description of observational data'".

i Total biomass changes over the year

From inspection of data of total biomass of each of the 8 species each month, it

was clear that there was in most cases a tendency toward a decrease in biomass
with the first few rains of the season and an increase as the major rains of the
season occurred. Thereafter a maximum was attained, followed by a gradual
decrease into the winter months. The latter decrease of biomass after the attainment
of maximum biomass has also been found for example by Wiegert and Evans (1964)

in grassland vegetation in Michigan (U.S.A.). A pélynomial was selected for
description because the form of the relation was uncertain. A description of this form
requires at least one point of inflection which is found in third degree polynomials.
However, to provide for a possible point of inflection at the beginning of the graph

so that the graph may run smoothly from that of the previous season, and to provide
a point of inflection toward the end of the graph to allow for decreasing rates of fall
in biomass with time, a fifth degree polynomial appeared best suited to the data.

To test the suitability of a fifth degree polynomial regression, polynomials from

the third to seventh degree were fitted for most of the species by the method of

least squares. In all cases, except one, a fifth degree polynomial appeared to

provide the best description of the data in the form of:
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W = b(0) + b(1)t + b(2)t2 + b(3)t3 + b(4)’c4 + b(5)’c5
where W = biomass, t = time and b = coefficients. The misleading data for the last

2 months of the study period in Digitaria polevansii resulted in the curve for the 3 .

winter months being ignored for this species,

ii Decrease of previous season's material
Previous season's material was sorted only for the first 7 months of the study year in the

5 most important grass species (Fig. 4.1) and Cyperus margaritaceus. Exponential

forms (W =peqt), power forms (W = atu) and linear forms (W = a(0) + a(1)t) were
fitted to the data of the first 7 months. It was fouhd that the function W = atb appeared
to provide the best description of the data since it allowed for a relatively smooth
follow on from the previous season's decreasing dead material. It also reflected the
expected more rapid loss of easily removable material at first, and less rapid loss
later wheﬁ most of this material had been removed. The form of this curve also
explained the decrease in total biomass in the beginning of the growth season when

the rate of loss of previous season's material at first exceeds the new growth. A
most important characteristic of this decreasing W = atb curve is that it appeared to be
extrapolatable after the 7th month until the end of the study year, and from other
concurrent data of phenology and climate, there appeared to be no reason for a further

sudden decrease in the remaining previous season's material.

iii Increase and decrease of new growth ,

The new material of the growth season is the most important constituent for growth
analysis since it is only new growth which reflects the true productivity of the species,
and not only the change in total biomass since this is affected by varying amounts of
dead previous season's material present (Porter, 1967). Wiegert and Evans (1964)
have pointed out that even the use of new material data does not describe the true
growth of a species, since it does not account for mortality of new plants before the
peak biomass is attained, nor measure growth which may occur during the decline

of biomass. This is not of critical importance since, in the study area, individuals

of the same species tended to be relatively well synchronised in growth and in

mortality. No analysis of new material of Andropogon schirensis was attempted
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since it appeared to have too variable data.

The basic and most important problem in the determination of change in new
material throughout the year was that it was only possible to separate new material
from previous season's material until the height of the growing season in March. An
approach to this problem was made by using the extrapolatability of the previous
season's material curve, and the fitted curve of the total biomass. By
subtracting the former curve from the latter for the last 5 months of the study year,
an estimate was obtained of change in new season's material in this period. Using
actual new material biomass values for the first 7 months of the study year and
estimated values for the last 5 months an attempt was made to fit a single exponential
and negative exponential function todescribe the change of the new material through
the whole study year. This function, however, underestimated the maximum biomass

of the new material. Using Brachiaria nigropedata as an example, a logistic growth

function of the type W = T*l-ATe:E (Fichards, 1969) was fitted by the method
described by Ricklefs (1967) to the new material biomass values of the first 7
months, together with the estimated value of the maximum new material's biomass,
derived from the curve of the decrease of previous season's material subtracted
from the curve of the total biomass. This logistic curve (Fig. 5.6b) was found to
provide a good description of the start of new growth but, as in other growth curves
(Gompertz and Von Bertalanffy), it only provided for an asymptote at the end

of the growth range. In the change in new material of each species in seasonal

vegetation, an asymptote would appear to be non-existant. In Brachiaria nigropedata,

the asymptote given by the logistic equation approached the maximum biomass of the
new material too gradually, about 2 months after the maximum should have been
reached (Fig. 5.6b). The traditional growth functions appeared therefore, not to
provide adequate description of the maximum biomass of new material. This is
possibly not unexpected as Pielou (1969) has pointed out the highly simplified
assumptions that underlie the application of the logistic eduation to the growth data.

It was decided that some form of graph segment should be used to describe the change
in new material throughout the year. Williams (1964) has discussed some of the
difficulties in fitting single functions to describe growth patterns through the year,

and has shown the usefulness of graph segments for describing each section of
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growth by different functions. He, however, warns against the splitting up of the
graph into too many segments as some segments become precariously dependent
upon a few points of the data, thus defeating the object of the curve fitting. Description
of the growth and decrease of the new material was split into only 2 segments, so that

only one point of dis‘continuity was present in the curve.

The function fitted to the new material biomass values of the first 7 months was taken
up to the point where it intersected the curve of the fifth degree polynomial function
of the total biomass minus the fitted and extrapolated function of the decrease of
previous season's material. The intersection of the 2 curves usually took place at a
point roughly hdlf way through the study year. Although the first part of the logistic
equation might describe the first part of the new material's growth effectively, the
following functions were found to be almost as effective and to be less laborious to

apply. The function W = ctd was used for Digitaria polevansii and Brachiaria

nigropedata, and W = pe_qt for Andropogon gayanus and Aristida stipitata, while the

function for the latter half of the study year was in all 4 species:
W=[b(0) + b)t + b2 + b1 + bap? + bE’] - [atP]

Absolute grbwth rates each month were calculated for some species by differentiation
of the above equations. Where relative growth rates were calculated, these were done
by dividing the actual mass at a particular time into the rate of growth at that time.

In Digitaria polevansii where the 2 curve segments intersect at a relatively large

angle (Fig. 5.6a), the rate of growth nearest this point of intersection was taken as
the average of the 2 functions at the point concerned, that is the relative rate of

growth of Digitaria polevansii in the middle of February (a point in time which lies

near the point of intersection) was calculated by:
4 (Polynomial - atb) 4 (ctd)
dt dt
b d
Polynomial - at ct
2

where Polynomial = b(0) + b(1)t + b(2)t2 + b(3)t3 + b(4)t4 + b(5)t5

RGR =

Rates and relative rates of change in the total biomass of the herbaceous layer were

worked out from the actual monthly biomass values, resulting in mean rates for a
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particular month. The mean growth rate is given by

Wy - W1
GR =
Tp- 6
and the mean relative growth rate is given by
RGr= D W2 -0 W, Radford (1967),
T - 5

where Wi =massatt; and Wy =massatty

iv Increase and decrease of generative material

Increases and decreases in generative material of species were expressed as actual
differences in biomass values, and no mathematical felation between mass and time
was attempted as the exact expectation of changes in generaﬁve biomass through the

year was uncertain,

5.1.3 Results

5.1.3.1 _Changes in total biomass

Change in total aerial biomass through the year may be divided into 4 phases. The
last 3 of these phases correspond closely to the familiar growth and decrease of
" new material through the year. Thé 4 phases are, (a) decrease in biomass early

in the growth season, (b) period of rapid increase, (c) attainment of maximum

biomass and (d) decrease of biomass after the maximum. Andropogon schirensis
started with a relatively high biomass early in the season (Fig. 5.4d) and is the only
species that appeared to have a net decrease over the study year, due probably to

low vitality of its individuals. Tephrosia cephalantha was almost absent in the
beginning of the study year but increased greatly later in thé seéson. The total
biomass at any point in the year was thus roughly equal to its new growth material
(Fig. 5.4h). Analysis of the abovementioned 4 phases in changes of total biomass
gave the following results: '

a Decrease in biomass early in the growth season

The herbage layer's first real increase in biomass started in October and increased
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to a mean rate of 2,55 kg . ha-l. day'-1 in November, but then fell with a rate of
-1,50 kg . ha-'l. day“1 in December (Fig. 5.3). In each of the 5 grass species
(Digitaria polevansii (Fig. 5.4a), Brachiaria nigropedata (Fig. 5.4b), Andropogon

gayanus (Fig. 5.4c), Andropogon schirensis (Fig. 5.4d) and Aristida stipitata

(Fig. 5.4e)),there was a slight decrease in total biomass in November or December
after the new growth had started. The decrease of previous season's material
appeared to occur more rapidly than the growth of new material in the period of the
first rains, resulting in a net decrease of biomass at first. This disagrees with the
statement of Bourliére and Hadley (1970) that a feature of "tropical" herbaceous
vegetation is the very rapid rate of biomass increase at the start of the growth
season. Although there was no net decrease early in the growth season in erus

margaritaceus, there was a tendency for the biomass to remain more or less

constant in October and November after growth had started (Fig. 5.4f). No early

decrease in biomass of Grewia avellana was apparent (Fig. 5.4g), since this shrub had

already shed its leaves by the start of the growing season and soon acquired a new

flush of leaves.

b Period of rapid increase

The herbaceous layer's biomass increased rapidly in January and attained a maximum
mean rate of 15,90 kg . na L. day-'1 in February (Fig. 5.7). This falls within the
reported range of 10 to 40 kg/ha daily dry mass increase in the growth season for
most savanna communities (Bourliére and Hadley, 197 O). The rate was also similar
to the maximum average rate of increase of 16,4 kg . ha L. day_1 in a month for the
living material of a protected cropland in Oklahoma (Penfound, 1964). Rapid increase

in the total biomass of Cyperus margaritaceus started earlier, namely in December

(Fig. 5.4f), while Grewia avellana had its period of maximum rate of increase in

December (1,22 kg . ha-l. da.y-1 in the middle of December) and January (1,10 kg .

ha_l. da,y_1 in the middle of January) (Fig. 5.8c). Total biomass of both Digitaria

polevansii and Brachiaria nigropedata increased most rapidly in January and

February (Fig. 5.4a, b). The period of rapid increase extended into March for
Andropogon gayanus (Fig. 5.4c) and Aristida stipitata (Fig. 5.4e) and into April

for Tephrosia cephalantha(Figs. 5.4h and 5.8d) (and less reliably for Andropogon
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schirensis (Fig. 5.4d)).

¢ Attainment of maximum biomass

The maximum biomass of the herbaceous layer's material was reached in April
(1 420 kg/ha) (Fig. 5.3). Ovington, Heitkamp and Lawrence (1963) found the
maximum living biomass of the herbaceous layer of a savanna vegetation in central

Minnesota was 1 916 kg/ha. Grewia avellana attained its maximum biomass

(151 kg/ha) earlier, namely in March (vFig. 5.4g) while Brachiaria nigropedata

and Cyperus margaritaceus attained maximum biomass (196 kg/ha and 14 kg/ha
respectively) (Fig. 5.4b, f) in April. Those species which attained maximum
biomass about May were Digitaria polevansii (669 kg/ha in the beginning of May)
(Fig. 5.4a), Andropogﬂx gayanus (100 kg/ha) (Fig. 5.4c) and Aristida stipitata
(53 kg/ha) (Fig. 5.4e). A maximum biomass (19 kg/ha) was only reached in June

in the case of Tephrosia cephalantha V (Fig. 5.4h). The maximum biomass of

Andropogon schirensis appears to be unreliable since it occurs too late in the

season (Fig. 5.4d).

d Decrease of biomass after the maximum

The herbaceous layer's biomass started to decrease rapidly in May and attained its

1 day-l) in June becoming

most rapid mean rate of decrease (-5,54 kg . ha~
- progressively less rapid in July and August (Fig. 5.7) from the maximum until
September, the mass dropped by about 33% which is somewhat greater than the 25%
decrease after the maximum in Nigerian savanna (Hopkins, 1968). In all 8 species
it is clear that the total biomass was never stabilised near its maximum point since

all decreased relatively rapidly soon after the maximum biomass had been attained.

The annual net increase in the total biomass of the herbaceous layer can be estimated
by extrapolating the graph of the herbaceous layer material (Fig. 5.3) by one month
into September, 1971 giving a biomass value in the region of 950 kg/ha. When the
biomasé in September, 1970 is subtracted from this value, an annual net increase
of about 500 kg/ha is obtained. The calculation of net annual increase for this
particular period appears suitable since in September the biomass was stable

relative to the biomass values for most of the other months of the year. In the course
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of the study year, the second season after fire, the aerial biomass of the herbaceous
layer thus more than doubled. The range of biomass within one year (often referred

to as annual production by for example, Westlake (1963))appears greatly to exceed

the net increase of biomass in that year. Thus, although the total biomass of the
herbaceous layer increased by about 500 kg/ha from the beginning to the end of the study
year, the range from the minimum to the maximum biomass in this year was about

900 kg/ha. This value is similar to "annual production" (995 kg/ha) on the Springbok
Flats of the Transvaal (Louw, 1968). Minimum biomass expressed as a percentage

of maximum biomass was 23,5% for the total and was 25, 1% for Digitaria polevansii,

24,8% for Brachiaria nigropedata, 31, 0% for Andropogon gayanus, 41,5% for

Aristida stipitata, about 13,9% for Grewia avellana, 1,69% for Tephrosia cephalantha

and 18,2% for Cyperus margaritaceus. These usually low percentages indicate the

large amount that biomass of important constituent species of a community can vary

throughout the year. Only Andropogon schirensis had the relatively high percentage

of 72, 0%, due probably to the poor vitality of its population.

The 6 less-important species which gave meaningful seasonal biomass changes are
shown with these changes in Fig. 5.5a - f. The months September to November
constitute Spring; December to February, Summer; March to May, Autumn; and June
to August, Winter. Two of the six species had a maximum biomass in summer and a
decrease in autumn. These were Mariscus laxiflorus with a summer maximum of

1,3 kg/ha (Fig. 5.5a) and Turbina oblongata with a maximum of 3,0 kg/ha (Fig. 5.5b).

Commelina africana, had a maximum biomass in autumn (6,4 kg/ha) which slightly

exceeded that of summer (Fig. 5.5¢). The 3 remaining species increased in summer
relative to spring, but only attained maximum biomass in autumn which corresponded
well with the dominant species. Autumn maxima were 2,1 kg/ha for Aristida congesta
(Fig. 5.5d), 2,9 kg/ha for Rhynchosia venulosa (Fig. 5.5e¢) and 12,0 kg/ha for
Ancylanthos bainesii (Fig. 5.5f).

5.1.3.2 Decrease of previous season's material

As pointed out earlier, a negative power curve of the form W = atb appeared to
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provide the best description (all P <0, 02) of decrease of previous season's material
per species (for the 5 grass species concerned, the correlation coefficients are 0, 97;
0,97; 0,92; 0,79 and 0,76). Wiegert and Evans (1964)also found that rate of
disappearance of dead material in a grassland vegetation was highest during the
early part of the growth season, and decreased as the season progressed. Not all

the 5 grass species had previous season's material decreasing to the same level,

for example, material had decreased in the 4 months from start of the rains in

October to height of rains in February by 22,7% in Digitaria polevansii (Fig. 5.4a),

34,2% in Brachiaria nigropedata (Fig. 5.4b), 53,7% in Andropogon gayanus
(Fig. 5.4c),'51,5% in Andropogon schirensis (Fig. 5.4d) and 46,6% in Aristida

stipitata (Fig. 5.4e). The rate of disappearance of previous season's material was

thus, for example, higher in Andropogon gayanus than in Digitaria polevansii.

By April or May, at the height of the growing season, the ratio of previous season's
material to the maximum total biomass, expressed as a percentage, was approximately

16,4% for Digitaria polevansii (Fig. 5.4a), 11,7% for Brachiaria nigropedata (Fig.

5.4b), 11, 0% for Andropogon gayanus (Fig. 5.4c) and 20,7% for Aristida stipitata

(Fig. 5.4e). Since the new material of each species decreased rapidly after the
maximum was attained, the ratio of previous season's material to total biomass
increased appreciably toward winter. The ratio is also dependent on the success

of growth in the previous season and would probably have been higher had there

been more than one previous season of growth. Only one previous season's herbaceous

layer growth existed due to a fire at the beginning of that season.

5.1.3.3 Growth and decrease of new material

Analysis of new material's growth and decrease was only fully undertaken for the

4 grass species, Digitaria polevansii, Brachiaria nigropedata, Andropogon gayanus

and Aristida stipitata,as well as for Tephrosia cephalantha. The last species' new

growth at any point in the year, was roughly equal to its total biomass (Fig. 5.4h).
The growth of new material in Cyperus marggrita'ceus (Fig. 5.4f) was somewhat

masked in the beginning by the previous season's material present. New material
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could not be sorted from previous season's material in the shrub Species Grewia

avellana (Fig. 5.4g). The data for Andropogon schirensis was not considered

reliable for detailed analysis of new growth as was that for the estimation of new

material for Digitaria polevansii in the winter months.

All 4 grass species started growth in October and new material increased most
rapidly about February. The rate of increase at the middle of February was

6,70 kg . ha L. day-1 for Digitaria polevansii (Fig. 5.8a)and 1,26 kg . ha”l | day_1

for Brachiaria nigropedata (Fig. 5.8b). For Andropogon gayanus the corresponding

value was 0,81 kg . ha ! day—l. Tephrosia cephalantha increased most

rapidly in April (0,14 kg . ha-l. day_l) (Fig. 5.8d). The relative growth rates at the
mid points of these months of maximum growth were for Digitaria polevansii

0,018 kg . kg_l. day_1 (Fig. 5.9a), for Brachiaria nigropedata 0,017 kg . kg_l. day_l,

for Andropogon gayanus 0,024 kg . kg—l. day_l, and for Tephrosia cephalantha

0,012 kg . kg-l. day_1 (Fig. 5.9c). Andropogon gayanus appeared thus to be a

relatively efficient producer of new material in the period of maximum rate of
growth. This species had the greatest average mass per individual (21,51 g) of the

herbaceous species.

New material accumulation reached a maximum at the beginning of May for

Digitaria polevansii (estimated at 558 kg/ha) (Fig. 5.6a), in late May for Brachiaria

nigropedata (174 kg/ha) (Fig. 5.6b) and Andropogon gayanus (89 kg/ha) (Fig. 5.6¢),

and in June in the case of Aristida stipitata (42 kg/ha) (Fig. 5.6d) and Tephrosia

cephalantha (19 kg/ha) (Fig. 5.4h). The maximum biomass of new material of the
herbaceous layer could not be estimated, since the sorting of previous season's

material from new growth in some species, for example Grewia avellana, could not

be carried out. Considering the maximum new material in the dominant grass species,
however, it appeared that the maximum new material of the whole herbaceous layer,
probably somewhat exceeded the peak green standing crop of 944 kg/ha of a prairie
herbaceous layer in central Minnesota, but did not reach the maximum of 1 916 kg/ha
of the herbaceous layer of an adjacent savanna (Ovington, et al,, 1963). Soon after
the maximum was attained in the above species, there was a definite decrease in

new material following the end of effective rains in early May. The rate of decrease
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appeared greater in Andropogon gayanus than, for instance, in Brachiaria
nigropedata.

Relative growth rates through the year are given for new material of a grass species

(Digitaria polevansii) (Fig. 5.9a), for the total biomass of a woody species (Grewia

avellana) (Fig. 5.9b) and for the material of a small herbaceous species (Tephrosia
cephalantha) (Fig. 5.9c). In each species there was progressive decrease in relative
growth rate as the total biomass of the populations increased. In both the grass
species and the woody species, the maximum relative growth rate occurred in the
first month of growth, that is 0,113 kg . kg'l. day"1 in October (Fig. 5.9a) and

0,024 kg . kg-l. day”1 in November respectively (Fig. 5.9b). In Tephrosia

cephalantha, due to the presence of some unstable previous season's material at
the beginning of the season, the relative growth rate was slightly irregular, but
nevertheless high, in the beginning of the growth season (Fig. 5.9c). About the
middle of December the relative growth rate was 0, 045 kg . kg_l-. day—1 for
Digitaria polevansii (Fig. 5.9a), 0,019 kg . kg-l. day_1 for Tephrosia cephalantha

(Fig. 5.9¢) and 0,017 kg . kgnl‘ day'1 for Grewia avellana (Fig. 5.9b). Four

months later, in the middle of April, the relative growth rates were 0, 002 kg . kg—l.
day-'1 for Digitaria polevansii (Fig. 5.9a), 0,012 kg . kg-l. day_l. for Tephrosia

cephalantha (Fig. 5.9c), and -0, 003 kg . kg'l. day’1 for Grewia avellana (Fig. 5.9b).

The rate of fall in the relative growth rate thus varied not only according to the time

of the year, but also between species. The woody species, Grewia avellana, had a

lower relative growth rate than Digitaria polevansii throughout the year, owing to

the retention of much dead material in woody species.
Although rélative growth rates are useful to compare efficiency of growth of species,

it nevertheless appeared that the absolute growth rate of a species indicated the

success of growth of the species in the community.

5.1.3.4 Changes in generative material

As pointed out earlier, only Digitaria polevansii, Cyperus margaritaceus and

Tephrosia cephalantha generative material was considered suitable for showing
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changes over the year. Monthly changes in previous season's and present season's

generative material are presented for Digitaria polevansii and Cyperus margaritaceus

in Fig. 5.10a, b. The previous season's generative material of these 2 species
decreased steadily, so that by December the amount of material was less than 15%
of that in September, and had vanished after February. In both species, the new
season's generative material exceeded that of the previous season's from January .

New season's generative material appeared in November in Cyperus margaritaceus

(Fig. 5.10b), January in Digitaria polevansii (Fig. 5. 10a), and February in

Tephrosia cephalantha (Fig. 5.10c). In all 3 these species, the generative material

reached maximum around March with the approximate maximum values of 18,5 kg/ha

for Digitaria polevansii, 9,0 kg/ha for Cyperus margaritaceus and 1,6 kg/ha for

Tephrosia cephalantha.

5.1.3.5 Relation of biomass increase to climate changes

Watson (1963) has pointed out that the dependence of "yield" on climatic factors is
usually far too complex to be described adequately by linear regressions on a few
gross measures of climatic vériation except perhaps where a factor such as rainfall
dominates over all other factors. Expectedly, the average monthly relative
humidity and temperature were found to be not directly correlated with changes

in biomass of the herbace;)us layer, or the changes in biomass of different species.
In the nonhumid tropics, the biological year is, however, dominated by water, and
species phenology and production are closely linked to the alternation of wet and dry
seasons (Bourliére and Hadley, 1970). Some relation of biomass change to rainfall »
was found to exist. Several trials were made to determine possible relations between
growth of total herbaceous layer and rainfall. The period of October to April was
taken since this was the active growing season in which a close correlation between

rainfall and growth could be expected.
A linear test of correlation between the rainfall of each month of the study year and the

herbaceous biomass of the month following (for biomass from October to April) was

found to be not significani: (r = 0,58). A correlation between the actual mean monthly
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rate of change of herbaceous layer biomass and the deviation of actual rainfall from
average rainfall for the same month was also found to be not significant (r = 0,57).
This deviation was obtained by taking the difference between the actual measured
monthly rainfall on the study site and the monthly average record at the Waterberg
Rainfall Station.

The only anomalous significant relatibn resulted from linear correlation between the

: averé.ge annual monthly rainfall data of the Waterberg Rainfall Station and the biomass of the
following month which gave a high correlation coefficient of r = 0,913 (P<0,001),

A correlation of the average monthly rainfall of the Waterberg Station with the

standing biomass of the herbaceous layer for the same month was found to be not

significant (r = 0, 344),

5.2 Biomass

Determinations of the biomass of crops and to a lesser extent of forests have often
been carried out (e.g. Ovingfon, 1962; Westlake, 1963; Rodin and Bazilevich, 1967;
Whittaker and Woodwell, 1969; Leith, 1972). It appears, however, that determinations
of biomass of sa{ranna vegetation have rarely been carried out or have been restricted

to the ground layer vegetation (e.g. Walter, 1939).

5.2.1 Herbaceous layer biomass

Changes in biomass over the year havé already been given for the herbaceous layer
and its main constituent species (Section 5.1). The oven-dry biomass of this layer
and its c_onstituent species is ‘taken as the average of the samples throughout the
year (Table 4.1). | |

Ovington, Heitkamp and Lawrence (1963) also took biomass as the average of the

observations over the entire sample period. Any single biomass determination only

reflects one part of the seasonal variation in biomass through the year. Petrusewicz
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(1967a) has drawn attention to the importance of the proper weighting of the mean

to reflect the correct average biomass for the study period. The average biomass

of the herbaceous layer for the study year was 912,85 kg/ha which is equivalent to

91, 285 g/mz. This average value is very much lower than the biomass values of

many crops but is higher than the 770 kg/ha of the herbaceous layer of the savanna
vegetation in Michigan (Ovington et al., 1963). Walter's (1939) ground layer values

for South West Africa (re-cited in Walter and Volk, 1954; Odum, 1959; Walter,

1962 and Rodin and Bazilevich, 1967) appear excessively high; the 5 533 kg/ha for the
Waterberg area was obtained using a non-standardized method and was based on a
very small and highly biased sample. Walter's (1939) reasons for the unexpectedly

‘high values include the admission that maximal values were sought.

Biomass differs according to different species composition. Average biomass in

Aristida congesta quadrats differs from that of Dicliptera eenii quadrats of the flats.

The biomass of these areas was calculated using average masses of species
individuals and known density of individuals of the species in these quadrats. The
\biomass of the herbaceous layer in the Aristida congesta quadrats was 71,79 g/m2

(= 717,9 kg/ha) while that in the Dicliptera eenii quadrats was 123, 03 g/m2

(= 1 230,3 kg/ha). The biomass of the Aristida congesta areas was thus below the

herbaceous layer average of 91, 285 g/m2 while that of the Dicliptera eenii areas of

the flats was above this average'.

The 2 species of the herbaceous layer with the greatest average biomass were

Digitaria polevansii (42, 2 g/mz) and Brachiaria nigropedata (11,9 g/mz) which

together made up 59, 4% of the biomass of the herbaceous layer. The species with

2
the third highest biomass (8,9 g/m”) was Grewia avellana, followed by the grass

2 2
species Andropogon gayanus (5,9 g/m”). Andropogon schirensis (4,2 g/m”) and

2
Aristida stipitata (3,6 g/m”~). These 6 most important herbaceous layer species

constituted 84,3% of the herbaceous layer's biomass. The only other reasonably

important shrub species of the herbaceous layer was Ancylanthos bainesii with a

biomass of 0,63 g/mz. The smaller basal shoots of tree species and large shrub
species together only made up 0,86% of the herbaceous layer's biomass. The grass

species with a biomass greater than 3 g/m2 were 74,57% of the total biomass while
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grass species with less than 3,0 g/m2 and more than 0,5 g/m2 were 9,41% of the
total. The grasses with biomass less than 0,5 g/m2 were 0,92% of the total while
other herbaceous species were 3,74% of the total biomass. The woody species of
the herbaceous layer constituted 11,33% of the total and unidentified species only
0,01%.

Although biomass of a species is usually expressed as mass of material per unit
area, it may also be expressed as the average biomass per species individual. A
distribution of individuals (irrespective of spécies) into classes of average masses of
species individuals is given in Fig. 5.11. Since each mass concerned was the
average mass for the individuals of each species, all individuals of a particular
species could only fall in one class . The vast majority of species individuals fell
between 0 and 12 g. Within this range, most species individuals occurred in the
class 8 to 12 g. Species individuals with average mass from 12 to 20 g were
infrequeht but those in the class 20 to 24 g were relatively more frequent. Sporadic
occurrences of individuals with greater average mass per individual such as

Sphedamnocarpus puriens (29 g), Eragrostis pallens (48 g), Cenchrus ciliaris (91 g)

and Grewia deserticola (177 g) occurred.

Species with a density greater than 0,1 individuals per m2 are distributed in the

following average individual mass classes. Cyperus margaritaceus, Tephrosia

cephalantha and Cassia biensis fell below 2 g and Aristida meridionalis, Ancylanthos

bainesii and Commelina africana between 2 and 4 g. Andropogon schirensis,

Aristida stipitata and Rhynchelytrum species fell between 4 and 6 g and Grewia

avellana between 6 and 8 g. Digitaria polevansii fell between 8 and 10 g and

Brachiaria nigropedata and Triraphis schinzii between 10 and 12 g. Andropogon

gayanus fell between 20 and 22 g.

5.2.2 Tree biomass

Since biomass of large individuals (e.g. trees) with a low relative growth rate, does
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not vary much relative to the total mass within a one-year study period, biomass
of these individuals determined at any one time in the study year were taken as

more or less equal to the average biomass for the study year.

5.2.2.1 Method

The measurement of biomass of ecosystems containingtrees is difficult. According
to Newbould (1967) usually only relatively low confidence limits can be given for
estimates of forest production and using short-cut approaches for biomass

determinations, errors of up to 50% are not unexpected.

The density of tree species showed that Burkea africana, Terminalia sericea,

Combretum psidioides as well as Ochna pulchra overwhelmingly dominated the tree

layer. The biomass of the rarer tree species could thus be less accurately estimated
than these 4 species without affecting greatly the estimate of total tree layer's biomass.
To estimate the aerial biomass of each of the 3 dominant tree species and Ochna
pulchra, an attempt was made to draw up a correlation between an easily measurable
characteristic or property of the tree individual and the biomass of that individual.

In this way, by harvesting only the relatively few individuals required for the above
relation, the biomass of the entiré population could be estimated without recourse

to large scale, time-consuming and unwanted destruction of the population.

Some problems, encountered in determining the relationship between various
properties of a tree individual and its biomass, have been given by Jordan (1971).
Usually, some property of tree trunk circumferenqe (Holland, 1969) or diameter
(diameter at breast height - DBH) (Jordan, 1971, Peterken and Newbould, 1966), or
some pi'operty of the tree trunk combined with the height of the individual (Post,

197 O‘) is used for correlating with the biomass of the individual. In the present _study,

the only reasonable correlation between height of tree individual and biomass was

found in Terminalia sericea, but in other tree species very poor correlations

resulted.

A method similar to that followed by Jordan (1971), was used to correlate wet
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diameter, at a set height above ground, with dry biomass. Tape was used to
measure circumference and the resulting value divided by = to obtain the
diameter of the trunk. Newbould (1967) indicates that measuring trunk diameter
by tape is preferable to measuring by calipers. Although in most woodland"
ecosystems diameter at breast height (DBH) is in general use, in the low savanna
vegetation of the study area, DBH could not be used since, in many individuals,

‘especially in species such as Combretum psidioides, individuals had already '

branched at breast height. To avoid complications caused by branching, diameter
was measured below the first major branch of most individuals, that is one metre

above ground in Burkea africana and Terminalia sericea and 20 cm in Combretum

psidioides and Ochna pulchra. Although writers such as Holland (1969) and Jordan

(1971) have used measurement of tree trunks at ground level, it was felt that
diameter at ground level was too dependent on other factors such as varying

. degrees of burning back in individuals after past fires.

Heights and stem diameters of trees were used to select individuals for correlation of
trunk diameter and biomass. By taking individuals ranging on both sides of the
average height of each tree species, a relation of trunk diameter to biomass was
obtained which applied to almost all individuals of the species. Individuals for
sampling numbered at least 15 per species and were mostly selected in the fourth

subdivision of the study area (Fig. 3. 1).

Measured circumference (diameter) of tree trunks was not easily related to dry
biomass. The relation appeared curvilinear, similar to that found by Jordan (197 1),
Peterken and Newbould (1966) and Holland (1969). Polynomials of the second order
did not describe the relation of stem diameter to biomass of small individuals well

(also evidenced by Jordan, 1971). Only in Terminalia sericea did the second degree

polynomial provide a good regression for the entire mass range of those individuals
present. Holland (1969) found this function to apply to Eucalyptus species. A power
function, although generally a good fit (correlation coefficients of r = 0,98 for

Burkea africana, r = 0, 95 for Combretum psidioides, and r = 0, 93 for Ochna

pulchra), did not adequately describe the upper range of mass in each of the

species.
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Thus, in Burkea africana, Combretum psidioides and Ochna pulchra two graph

segments were used; the lower range'of mass was described by a power curve while
the upper range by a second degree polynomial, The 2 functions intersected at

115, 2 kg(dry) for Burkea africana (Fig. 5.12a), 9,4 kg for Combretum psidioides

(Fig. 5.12c) and 1,8 kg for Ochna pulchra (Fig. 5.12d). Only the second degree

polynomial was used for Terminalia sericea (Fig. 5.12b).

The circumference of each individual of the 4 species was measured at the above
stated heights of 1 m or 20 ecm in an area of 6 000 m2 (2 strips of 300 x 10m). Each
diameter value was substituted in the appropriate regression equations to give the dry
biomass of each individual which was then used to give the biomass of the species per

hectare.

By weighing a few individuals of mean postulated mass of the rarer tree species, and
using density of individuals of these species, a rough estimate was made of their

biomass.

Dry mass of trees was determined by sampling stems and branches including leaves of
several individuals of each species and sealing the samples verywell in plastic bags. The
samples were dried later for conversiontodry mass. The mass of the wet samples was

found to decreaseto differing drymass; the averagedrymass as a percentage of the wet

mass was 55% for Burkea africana, 74% for Terminalia sericea, 67% for Combretum

psidioides and 54% for Ochna pulchra, 66% for Combretum collinum, 57% for

Securidaca longependuculata, 60% for Lonchocarpus nelsii, 52% for Ozoroa paniculosa,

62% for Dombeya rotundifolia and 66% for Combretum apiculatum. These percentages

were determinedby drying the wet samples at 8500. It took about 5 to 6 days to dry a

half kilogram (on a dry mass basis) tree trunk.

In the estimates of tree biomass per unit area, no correction for wet leaf mass was

made.

A rough estimate of the total biomass of tree leaves was made by estimating the leaf

mass of each of the 3 dominant tree species. This estimate would be only a slight
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underestimate of the total biomass of tree leaves. A few individuals of mean height
and mean stem diameter and with a average degree of insect grazing damage were

selected and each analysed for leaf mass by counting and mass determination (dry).

5.2.2.2 Results

The total biomass of the tree layer was estimated at 22 290 kg/ha (without the

8 kg/ha of individuals of tree species found in the herbaceous layer). Tﬁis is
approximately two-thirds of the biomass found by Ovington et al. (1963) for the
Michigan savanna vegetation. The total biomass of the plant aerial system was about
23 203 kg/ha or 23,20 metric tons/ha (Table 4.1). It is thus much lower than the
biomass 6f most woodland ecosystems (Rodin and Bazilevich, 1965). The total biomass

was made up of 3,93% herbaceous layer and 96, 07% tree layer.

Burkea africana had an estimated biomass of 11 801 kg/ha or 52,9% of the tree

layer biomass (Table 4.1). Terminalia sericea had a biomass of about 6 153 kg/ha

and Combretum psidioides 3 405 kg/ha. These 3 species alone made up about 95,8%

of the tree layer biomass or 92, 0% of the entire community. Ochna pulchra had an

estimated biomass of about 226 kg/ha, Combretum collinum 195 kg/ha and

Securidaca longepedunculata 160 kg/ha. The biomass of the other rarer tree

species was estimated at 350 kg/ha.

The individuals of each of 4 tree species in mass classes, have a higher frequency
in the lowest mass class and progressively lower frequencies in higher mass classes
(Fig. 5.13). The distribution is discontinuous in the higher mass classes, especially

in Ochna pulchra where there are 2 distinct sets of individuals.

Burkea africana had more than half (54,4%) of its individuals wéighing less than

50 kg, Terminalia sericea more than half(57,3% weighing less than 40 kg, Ochna

pulchra more than half(53,8%) of its "tree" individuals weighing less than 1 kg and

Combretum psidioides more than half (52,'3%) weighing less than 10 kg (Fig. 5.13).

Rounding the total estimate off to the nearest 100 kg/ha, an estimate of 1 000 kg/ha

122



Stellenbosch University http://scholar.sun.ac.za

was obtained for the leaves of the 3 dominant deciduous tree species. The mass of
tree leaves was thus roughly of the same order as the average biomass of the
herbaceous layer. Since loss of material of the herbaceous layer amounted to about
400 kg/ha after the maximum biomass was recorded (Section 5. 1.3.1), the litter
added each year from trees to the soil surface would appear to be more than twice
that from the herbaceous layer. It should also be remembered that the herbaceous
layer does not lose mass by break-away or litter alone, but also by translocation of
material to roots. However, Bray and Gorham are quoted (Hopkins, 1966) as stating
that for most tree species, the dry mass of a leaf just before abscission was very

close to a mean value of 81% of the normal dry mass.

Ovington (1962) has mentioned the importance which insect damage can have on the
biomass of tree leaves. In the study area, the total biomass of leaves produced in
some tree species may be increased as a result of insect damage, for example in

some Burkea africana where eating of the flush of leaves by the caterpillar Crina

forda was followed by a second flush of leaves;

5.2.3 Energy

To be able to relate biomass more directly to the function of the ecosystem and more
particularly to energy flow through the system, initial determinations of the energy
values (heats of combustion) of the leaves of the 12 more important herbaceous

layer species and of the leaves of the 6 more important tree species (Table 4. 1),
Were made for various tixhes of the year. Two Gallenkamp adiabatic bomb
calorimeters were used following the procedure set out in the maker's manuel.

Due to lack of time, only sufficient determinations were made for obtaining

reliable overall values.

The average energy value of the herbaceous species was in the order of 17 600 J/g,
whereas the tree leaves were in the order of 20 550 J/g that is, energy values were
about 17% greater for tree leaves and although all values were uncorrected for ash,
determination of ash in the more important species (Appendix 3) indicate the
percentage of ash content in tree leaves is only in the order of 2% less than that of the
herbaceous material. There appeared to be no marked variation in energy value through

the year in either the herbaceous species or tree species. The average values correspond
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to those of, for example, Golley (1961), Kucera, Dahlman and Koelling (1967)
and Hughes (1971). The latter, for example, found calorific values in an English
deciduous woodland of 17 397 to 18 899 J/g for the ground layer vegetation and
19 380 to 23 577 J/g for canopy leaves.

5.3 Chemical analysis of plant material

Chemical detérminations were carried out by the Institute of Soils and Irrigation
(Pretoria) on plant material of the more important herbaceous layer and tree species
of the sutdy area (Appendix 3). Phosphorus and calcium were the main determinations.
Other additional determinations relating to immediate agricultural utilization (protein,
fibre, fat and ash) are mentioned in Section 8. Material from most months of the year

was analysed in the most important herbaceous species (Brachiaria nigropedata,

Digitaria polevansii and Andropogon gayanus) while in the more important tree and

shrub species and other important herbaceous species (Burkea africana, Terminalia

sericeé, Combretum psidioides, Ochna pulchra, Combretum collinum, Grewia avellana,

Andropogon schirensis and Aristida stipitatajpttention was given to analysis of material

from January to March and June to August. In addition, some other species material was

also analysed for isolated parts of the year (Cenchrus ciliaris, Commelina africana,

Triraphis schinzii, Rhynchelytrum species, Eragrostis pallens and Securidaca

longepedunculata). Main types of material analysed were new vegetative material from

October to March and total vegetative material from April to August. The value for Sep-
tember 1970 is that of total vegetative material. Some samples were taken for analysis of
previous seasons material (before April) and of generative material at various times of

the year.

Phosphorus and calcium content were determined in ashed samples. The calcium content
was determined by precipitation using the ammonium oxalate and phosphorus perman-
ganate method and the phosphorus content was detérmined using the ammonium molibdate
and ammonium valadate method. The other determinations made were those of: protein
content, which was determined by the Kjeldahl method; fibre content, which was deter-
mined using the sodium hydroxide and sulphuric acid method; fat content was deter-
mined by the standard soxhlet petroleum ether extraction method; and ash content which

was determined by ashing at 450°C.

Results
(1) Phosphorus

There was a general trend for the new material to contain, in October or November,
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the highest concentration of phosphorus; this was followed by a steady decreaseas

the season progressed for example in Brachiaria nigropedata (Fig. 5.14a). This

general decline in phosphorus over the growth season is commonly reported (for
example Boyd, 1970). The average phosphorus content in January, February and March
was, in the species sampled, higher than the average content for the winter period
(June, July and August). For the first mentioned period, the average phosphorus content

of the 5 most important grass species (Digitaria polevansii, Brachiaria nigropedata,

Andropogon gayanus, Andropogon schirensis and Aristida stipitata) was 0, 076%, with

species averages ranging from 0, 053 to 0, 091%, while for the winter period the average

was 0,024% ranging from 0, 023 to 0,025%. The common shrub species, Grewia avellana,

had an average phosphorus content of 0,108% for January to March and 0, 051% for
June to August. The average phosphorus content of leaves of the 5 most important tree

species (Burkea africana, Terminalia sericea, Combretum psidioides, Ochna pulchra

and Combretum collinum) was 0,102% (with species averages ranging from 0, 091 to

0,112%) for January to March, and was 0, 060% (ranging from 0, 045 to 0, 080%) for
June to August. The phosphorlis content of leaves of the woody species was thus higher
than that of the vegetative material of the grass species. This also applied to other

grass and woody species that were analysed, namely, Cenchrus ciliaris and

Securidaca longepedunculata.

The phosphorus content of previous season's dead material (sorted until March) was
lower than that of corresponding new material. The phosphorus content of previous

season's material of Digitaria polevansii was about two-thirds of that of the new

material in February, and the phosphorus content of previous season's material of

Andropogon schirensis was about one-third that of the new material in January. The

phosphorus content of generative material appeared very variable. In some cases, it
was less than the content of the new vegetative material, that is, about 30% less for

Digitaria polevansii and about 5% less for Andropogon gayanus in March. In the same

month, however, the phosphorus content of generative material was more than twice

that of the new vegetative material in Triraphis schinzii and Eragrostis pallens. The

phosphorus content of generative and vegetative materials appeared to be equal during

the winter months, that is, in June for Rhynchelytrum species, and in August for

Aristida stipitata.

(2) Calcium

In the most species analysed, there was a general trend for calcium content to
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increase as the season progressed, but this pattern was irregular. In most of the
more important grass species, the calcium content was distinctly lower for the
new material of October to December, than for the rest of the year (see for example

Brachiaria nigropedata Fig. 5.14b). The average calcium content for the 5 most

important grass species during January to March was 2,8% (with species averages
ranging from 1,40 to 3,55%), while for June to August it was 2,94% (ranging from
0,80 to 4,21%). The leaves of the 5 most important tree species had an average
calcium content of 7, 78% (with species averages ranging from 3,46 to 11,50%)

for Jamiary to March and 9,92% (ranging from 3,80 to 14, 00%) for June to August.

The ranges show the variability of content within each group. Aristida stipitata

had the lowest calcium content of the 5 grass species and Burkea africana the lowest

content of the 5 tree species. Combretum collinum had the highest content in the

latter group. The calcium content of leaves of the woody species analysed, appeared
to be mostly greater than that of the herbaceous species. There were, however, a
few clear exceptions to this, for example, in the herbaceous species, Commelina
africana, the calcium content for January to March was 11,60%, while the woody

species, Securidaca longepedunculata, had an average of only 2,52% for this period.

Using the August content of calcium in the abscissing leaves of Burkea africana,

Terminalia sericea and Combretum psidioides and the previously estimated

1 000 kg/ha of their leaves, the annual addition of calcium from trees to the litter
layer was estimated to be in the order of 10 g/m2 or 100 kg/ha. Using corresponding
data for the herbaceous layer and other published figures, annual addition of calcium
from the herbaceous layer and from rainfall was probably much less than a quarter

of this value (Carlisle, Brown and White, 1966; Likens et al., 1967).

Combretum collinum, with the highest leaf calcium content, has been shown to be

significantly associated with mounds, which have more soil calcium than the flats,

especially at lower depths where Combretum collinum roots are also found. That

Combretum collinum may be an essential part of the calcium cycle of the mounds,

might partly account for the development of the mounds and for maintenance of their
specifically associated species, since a rapid cycle of calcium, for example, raises

the pH of the soil and maintains it at a relatively high level.
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Fig. 5.1 (on following pége) The portable
rack used for suspending labeled bags for

sorting of species during harvesting.

Fig. 5.2 (on following page) The field drying
oven on the site that was used for sorting the

élipped vegetation near the study area.
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Fig. 5.2

Fig. 5.1
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6 PHENOLOGY

6.1 Introduction

Presence, timing and duration of each phenological phase of individuals of each
species is an important framework within which the quantitative data, such as
production, can be viewed. The field of phenology appears to be traditionally
restricted to more obvious averaged annual changes in a population of plants. This
includes the recognition and comparison of periodic phases and the relation to
enviromental periodicity. Usually noted are macroscopic and above ground
charactefistics, although Schnelle (1955) has pointed out the validity of the study

of microscopic phenological changes and changes below ground. However, seasonal
changes in the system have not been frequently emphasized. Seasonal characteristics,
not usually noted under phenology, include changes in parts of plants which have
become separated from the standing plant (for example leaf litter) and irregular

yet annual changes to plants brought about by seasonal insect damage.

Phenological phases
The phaées that were suited to provide an adequate description of the vegetation of

the study area were:

A Initiation of vegetative growth. This was taken as the time when buds began to

expand or new leaves unfurl. Only the first few months were recorded.

B Adult green leaf phase. This was the period in which adult green leaves were

present on individuals. Where all the leaves were partly dead, this phase had ended.

C Initiation of die-off of leaves. This phase usually corresponded closely to the end
of the adult green leaf phase but it often overlapped that phase, since, this phase
commenced whenever any leaves started to die-off. Since it was difficult to define the

end of the die-off period, only the first 3 months of die-off were recorded.

C1 Period of dead leaves on plant. This phase was closely related to the period
in which leaves abscised from the individual. In some species the drop of leaves

was sudden in the beginning while in others the loss of leaves occurred over an
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extended period. The phase was applied to tree species and shrub species, and was
not recorded for most grass species, since the loss of dead leaves here was only
due to sporadic breakaway, and did not occur at any clearly predetermined

morphological abscission point.

D Flowering phase. This phase covered all stages of flowering from development

of flower buds to wilting away of the flowers.

E Fruit phase. This phase extended from appearance of young green fruits until

the fruits were ripe. If fruit was clearly unviable, it was nevertheless recorded.

F Initiation of fruit drop. Where it was possible, the month in which first separation

of fruit or seed from the individual occurred, was recorded.

Difficulties in interpretation of phenological phases

In the course of phenological observations, various types of difficulty of interpretation
of the above phases were encountered. These difficulties and complications are briefly

mentioned under each phase.

A Initiation of vegetative growth
The presence of green leaves from the previous season sometimes reduced the

effect of the appearance of new leaves, for example, in Dombeya rotundifolia,

Combretum collinum, Bl epharis maderaspatensis, Dicliptera eenii, Dicoma

gerrardii, Dicoma schinzii, Felicia muricata and Nidorella resedifolia. In some

species, there was more than one flush of leaves, for example, in some Burkea
africana individuals, where the leaves were almost completely eaten in summer by
the caterpillar Crina forda, . a new flush of leaves on most of these individuals

resulted in the following month. Also in the severely insect-eaten Ochna pulchra

individuals, a new flush of leaves occurred just before winter. The above-average
rains of April, following upon the below-average rains of March during the study
year, appeared to result in a new flush of growth in some individuals of, for example,

Grewia évellana, Blepharié maderatsg'm.tensis'J Tephrosia cebhélahtha, Polygala

kalaxai’iensis, Aristida stipitata and Aristida meridionalis, while the most clear

reaction to these late April rains occurred in Digitaria polevansii.
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In some species, new growth commenced unseen, for example, where it started
below ground level so that only by disturbing excavation could initiation of this new

growth be observed, for example in Hermannia tomentosa, Dicliptera eenii and to

a lesser degree in Commelina africana. In some grass species, new growth was

not only observed from the base as expected, but also from the higher nodes, for

example in Cenchrus ciliaris.

B Adult green leaf phase

This phase was usually fairly easy to recognise, although difficulties in defining die-
off of green leaves clearly affected recognition of the ending of this phase. In some
grass species, during the relative drought of December (1970), some adult leaves
underwent involution making it difficult to distinguish juvenile from adult leaves in,

for example, Eragrostis pallens and Triraphis schinzii. In Tephrosia cephalantha,

toward the end of winter, the leaves bent and closed the upper surface but still

remained green even though only the blue-green underside was visible.

C Initiation of die-off of leaves.
In some species this phase was difficult to recognise, for example in species where
the leaves were apparently semi-dead and des&iccated, although still green and living,

as in some leaves of Tephrosia cephalantha, Dicoma gerrardii, Ximenia americana,

Boscia albitrunca, Tarchonanthus camphoratus, Lonchocarpus nelsii and, especially,

Dicoma schinzii. In some species severe insect damage to leaves caused necrotic

areas on the leaves which could be confused with initiation of die-off of the whole

leaves, for example in Ochna pulchra, and to a lesser degree in Securidaca

longepedunculata. The scorching of some leaftips in December or March (relatively

dry months of the study year) could also be confused with the general initiation of
final die-off, especially in March. In December, scorching was evident in several

individuals of Panicum kalaharense, Mariscus laxiflorus, Cyperus margaritaceus

and Cenchrus ciliaris. In March, scorching of leaftips was seen in some individuals

of Mariscus laxiflorus and Triraphis schinzii.

An unusual pattern of die-off created some difficulty in some species where the stem

158



Stellenbosch University http://scholar.sun.ac.za

leaves died off, but basal leaves persisted, for example in Nidorella resedifolia.

In Cenchrus ciliaris die-off started from the lower levels of the plant. The leaf

sheath remained green for a time although leaf blade as well as culm had died, for

example, in some individuals of Andropogon gayanus and Andropogon schirensis.

C1 Period of dead leaves on plants (associated with leaf fall)

Although leaf fall is more applicable to woody species, some grass species, such

as Eragrostis pallens, did lose leaf blades. In some other herbaceous species, the

leaves disappeared by being borne down by splashed-up sand and then covered by

sand, for example, the previous season's leaves of Cyperus margaritaceus and the

dead leaves of Rhynchelytrum species. In some annual species, for example,

Bidens biternata and Kyphocarpa angustifolia, that lost their leaves early, leaf

drop occurred soon after formation, so that within one month, that is, between two

inspections, the adult green leaves might have been formed, died and been dropped.

In some species, for example, Tephrosia cephalantha, Pavonia clathrata and Ozoroa

paniculosa, leaves were dropped unexpectedly while still semi-green in colour. In

other species, such as Sphedamnocarpus pruriens, dead, yet still greenish leaves

were present on the individual. Species that dropped some totally green-coloured

leaves were Combretum collinum, Ochna pulchra, Dombeya rotundifolia and

Tapinanthus oleifolius.

D Flowering phase

This phase was difficult to recognise at an early stage since flower buds and
vegetative buds were not easily differentiated. The flowering phase was also
sometimes difficult to distinguish from the fruit phase in species such as Dicoma

garrardii and Dicoma schinzii without disturbing the plant. In some species, flowers from

earlier months remained shrivelled on the plants and could be mistaken fornewly shrivelled

flowers, for example in Polygala kalakariensis and in Grewia deserticola in March (1971).

A new and often minor flush of flowering occurred in some species, probably as a
result of the good April rains following the below-average rains of March (1971),

for example, in some individuals of Aristida stipitata, Aristida meridionalis,
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Triraphis schinzii, Indigofera daleoides, Nidorella resedifolia, Polygala kalaxariensis

and Limeum fenestratum. The last mentioned species had a flush of flowers in May

but these shrivelled in June. Irregular flowering flush also created difficulty in the

recording of flowering of the Cenchrus ciliaris population.

E Fruit phase
Hopkins (1968) found the fruit phase difficult to recognize consistently in tropical
vegetation. The recognition of this phase was complicated in some species that

retained fruit from the previous season, such as, Ozoroa paniculosa or in species

that retained fruit for a long time, for example, Dicoma gerrardii and Dicoma

schinzii. In some species it was difficult to see if fruit had been formed without
disturbing the plant. No rough handling of the individuals set aside for phenological
inspection each month' could be allowed as this would affect the outcome of the next
month's observation of the same individuals. These species included many grass

species with enclosing glumes, for example, Andropogon gayanus, Andropogon

schirensis, Brachiaria nigropedata, Digitaria polevansii, Eragrostis species,

Pogonathria squarrosa and especially the Cyperaceae species, Cyperus margaritaceus

and Fimbristylis exilis. In some species, for example, many grass species and

Anthospermum ericoideum, the fruits were small and were not easily seen. In other

species, the fruit was 6ften empty and barely recognisable as fruit, for example in

Digitaria polevansii. In many species, the total abortion of flowers resulted in no

fruit being produced, for example in Ochna pulchra as well as Turbina oblongata

and Gloriosa virescens. In other species, insect damage apparently stopped all fruit

formation, for example in Pentamenes zambesiacus. In one species, Limeum

fenestratum, the fruit was morphologically anomalous and lacked the expected wing.

F Initiation of fruit drop
This phase was only easy to define where fruits dropped over a short period. In
species that store fruits for a long time, for example, Dicoma species, Nidorella

resedifolia and Ozoroa paniculosa, fruit drop was difficult to recognise. As pointed

out earlier, it was difficult to see whether fruits were present without disturbing
the plant; fruit drop in these species therefore, could not be determined. For these

reasons fruit drop was only recorded for a few species.
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6.2 Methods

To obtain a quantitative indication of the variation of phenology within each population
(species), it was decided to make use of permanently tagged individuals which were
randomly selected. Using this sample, some indication could be obtained of the
frequency of a particular phase at a particular time within a population, and of the

average intensity of a phase in a population.

In winter, prior to the start of the study, ten individuals of each species (except the
very rare species) were randomly selected over the whole study area. About 50
species could be identified in the study area in this season, Fifty phenological
marker poles were randomly distributed over the 8 ha main study area, avoiding,
by a minimum of 3 m, quadrats to be clipped. The 50 species were‘divided into 5
equal groups from an aiphabetically arranged list. A representative of each species
of a group was sought in the vicinity of a marker-pole. The nearest individual to the
pole was taken in preference to an individual of the same épecie’s farther away. No
selection, however, was permitted in the immediate vicinity of quadrats to be
clipped. To avoid congestion of selected plants around the marker-pole, no plant
was selected cldser than half a metre from it. Each consecutive group of specie's
was sought around the next marker-p()le. Thus each group of spécies was sought
around 10 widely-separated marker-poles. If, after an intensive search of the area
up to 30 m from the marker-pole, an individual of a required species could not be
found, the search was carried over to the next pole. This occurred frequently in the

case of rarer species.

This method of random selection of individuals for tagging was arduous and time-
consuming, since individuals in winter were dormant, so that ready identifications
were difficult. Also one could not differentiate clearly between dead and dormant
individuals. Much time was taken in seeking out less common species individuals
and it was sometimes difficult to decide readily which was the nearest individual of

a particular species to the pole.

Each randomly—seleéted individual was marked by planting a wire peg, with
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identification tag, between 20 to 25 cm from the base of the individual. Care was
taken that the peg marked one specific individual. In the case of larger shrubs and
tree species, a tag was fastened to a branch facing in a different direction and at

a different height to that on the previously tagged individual of the same species.
When new species were noticed in the course of the study, tags, kept in reserve,
were used for 10 individuals. A rough map of the position of each tagged individual
was found essential to locate each individual each month, especially at the height

of the growing season when many tags were obécured by vegetation. Even with the
| use of this map, the random distribution of tagged individuals made location of these

a lengthy task.

Selection of the individuals for intensive phenological observation in the winter
resulted in only perennial individuals or dead annuals being initially selected. If
it afterwards became clear that the selected individual was dead, the nearest live
individual of the same species was tagged. In some species, therefore, the
phenological sample in the beginning was reduced to less than 10 individuals, but
increased to again 10 individuals later. The selection of individuals as above did,
however, serve admirably to indicate the degree of mortality of the individuals of

each species after one season's growth following a fire.

Usually all tagged individuals were visited during the second half of each month. At
each inspection, notes were made following non-destructive and non-disturbing
observation which, as mentioned earlier, sometimes presented difficulties in
determining the presence of certain phases. To partially overcome this problem
and to serve as a control of whether the 10 selected individuals were representative
of the population as a whole, some non-tagged individuals of each population were

also observed.

In addition to standard recordings of the various phenological phases, notes were
made on any pther clearly visible phenomena such as litter layer thickness, insect
damage to various plant organs, presence of seedlings, re-greening of old material,
pollination agents, method of seed dispersal, persistence of generative structures

and colour changes.
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The tagged individuals were also used for indications of mortality and the average -

dimensions of the individuals of each herbaceous species.

6.3 Results

6.3.1 General aspects

a Seedlings

The majority of species in the study area had no seedlings clearly recognisable.
Although many grass seedlings were seen, identification was difficult since the

mortality was high. Seedlings of Aristida stipitata, Aristida congesta, Aristida

meridionalis, Rhynchelytrum species and some rare seedlings of Andropogon gayanus

and Stipagrostis uniplumis were identified. Firm identifications were made of

séedlings of Tephrosia cephalantha, Polygala kalaxariensis, Cassia biensis and

Blepharis maderaspatensis as well as a few very rare seedlings of Pavonia

clathrata and Dicliptera eenii. The only seedlings of a tree species that was

firmly identified were those of Burkea africana.

b Re-greening of old material

The phenomenon of apparent re-greening of old material was difficult to study over
only one year since the history of each individual was not fully known for the previous
year. The description re-greening of old matérial is used when part of the plant
individual concerned apparently died off completely in the previous season, but
became green again in the early part of the study season. Plants where this occurred
thus had some live .above—ground parts present in the dormant seé.son that did not,

however, stay green and sappy. In some individuals of Polygala kalaxariensis

and Dicliptera eenii and to a lesser degree in Blepharis maderaspatensis, partial

re-greening of some of the twigs occurred. In old apparently dead individuals of

‘Rhynchosia venulosa the parts up to 10 cm above ground had re-greened by the end
of November. Re-greening in grass species was usually restricted to the culms of

the hardy grasses. For example, in October, the bottom quarter of old culms of
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some individuals of Eragrostis jeffreysii had re-greened. The lower half of old

culms of most individuals of Eragrostis pallens had started to re-green by November,

that is before the new culms had appeared. In most individuals of Aristida stipitata

the bottom quarter to a third of the old culms had re-greened by December. Almost

all individuals of Stipagrostis uniplumis had the lower half of their old culms green

by November or December. No re-greening of old culms was seen in the related

species of Aristida congesta and Aristida meridionalis.

Rapid die-off of flowers or young seeds (including glumes) in some individuals of

Cyperus margaritaceusby February created a false impression that the culm had

re-greened.

¢ Pollination

The most important pollination agent for most species in the study area would appear
to be wind. Pollination by insects appeared to be of possible importance in some
species. An insect of the family Lycidae (Coleoptera) was found in swarms on the

flowers of Pentarrhinum abyssinicum in February and March while swarms of

insects of the family Lygaeidae (Hemiptera) were found on the flowers of Ozoroa
paniculosa in January. The swarming of these insects on flowers of these particular
species in the study year might have been partially due to the poor flower production

of other species in the study area and immediate surroundings.

d Dispersal

The majority of species of ‘the study area had little effective and specialised means
for dispersal of their disseminules, although many had weak Aadaptations for
telechorous dispersal by means of wind. A few species, however, did have special
modifications of their disseminules that appeared highly effective for telechorous

wind dispersal. These were the plumed disseminules of Clematis brachiata,

Clematopsis scabiosifolié, Raphionacme burkei and Pentarrhinum abyssinicum,

as well as the elongated winged fruits of Securidaca longepedunculata and

Sphedamnocafpus puriens. A few species produced drupaceous fruits which might

be dispersed by birds, for example, Ozoroa paniculosa, Grewia species and
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Ziziphus mucronata. One species had a myxospermous seed which promotes

telechorous dispersal by birds. This species was the parasite Tapinanthus

oleifolius which was found only on the higher branches of Burkea africana and

Combretum psidioides individuals. Although the extremely rare species, Croton

gratissimus, ejaculates seeds forcibly from its fruits, no fruits were formed in
the study area.

There were a few species which had disseminules suitable for dispersal on the
exterior parts of animal bodies. These included the Aristida species (especially

Aristida stipitata), Kyphocarpa angustifolia, Blepharis maderaspatensis and Bidens

biternata. The amount of animal life in the study area was however relatively

small compared with that in other parts, such as the slopes and cliff zone of the
mountain, The only common animal life consisted of insects. The cliffs surrounding
the plateau provided an effective barrier against intrusion by larger mammals such

~ as kudus (Tragelaphus strepciseros) and cattle, although smaller buck easily

surmounted the cliffs but did not appear to traverse the study area often. Several
troops of baboons (Papio ursinus) traversed the study area only very occasionally
and smaller maminals (for example, Mongooses and mice), birds (for example,
grey hornbills and francolins) and reptiles (for example, leguans but no snakes)
were rarely seen. Since there were few reptiles, birds and mammals present,

adaptations for dispersal through animal agents were probably relatively ineffective.

e Persistence of generative structures

The persistence of generative structures on the plant differed from species to species
and formed part of the seasonal change in species. It is often important to know how
long the generative structure of a species persists, since, after generative structures
have disappeared, the identification of species is often difficult. Only after experience

in the study area, could identifications be made from vegetative structures alone.
Most of the woody species did not have any persisting generative structure other than

the fruits themselves, and those that do normally have an associated generative

structure, did not produce generative parts in the study year. Many of the herbaceous
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species have persistent generative structures in addition to the fruits themselves.

The degree of persistence of these structures can vary greatly.

Grass species, especially, have persistent structures such as glumes and culms.
The glumes of the previous season often lasted until the beginning of the study

season in September to November (1970) in Panicum kalaharense, Cenchrus ciliaris

and Andropogon schirensis. Some species such as Digitaria polevansii, Rhynchel ytrum

species and Brachiaria nigropedata already had lost all glume structures by this

time. Some previous season's glumes persisted until December to February, such

as in some individuals of Mariscus laxiflorus, Cyperus margaritaceus, Eragrostis

jeffreysii and Schmidtia pappophoroides. Some of the previous season's

glumes persisted until almost the end of the study season in 1971, for example in

Aristida stipitata and Triraphis schinzii. New culms disappeared as early as March

(1971) in Eustachys paspaloides or in May and June in the case of Mariscus laxiflorus,

Panicum kalaharense and Cenchrus ciliaris. The following species culms persisted

until the end of the study season in some individuals: Eragrostis jeffreysii, Eragrostis

pallens, Aristida stipitata, Aristida congesta, Aristida meridionalis, Stipagrostis

uniplumis and Pogonarthria squarrosa. Thus virtually all the hardy grass species'’

culms persisted well, whereas the softer grass species lost their generative material

more quickly.

Non-grass herbaceous species which lost the previous season's generative parts (for

example pods and capitula) relatively early were Rhynchosia venulosa, Pentamenes

zambesiacus, Indigofera daleoides in November to December (1970), Nidorella

resedifolia in March (1971) and Cassia biensis in April, New material persisted until

August (1971) in some Tephrosia cephalanfha, Nidorella resedifolia, Dicoma

schinzii, Blepharis maderaspatensis, Rhynchosia venulosa, Pentarrhinum

abyssinicum and Pavonia clathrata,the latter of which also had some associated

generative material persisting from the previous season.

f Colour changes

With the exception of a few rarer species with étriking red flowers (for example,
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Pentamenes zambesiacus and Gloriosa virescens) in summer, the flowers (most

commonly yellow to white) of the species of the area were not such that they could
provide a conspicuous colour aspect in the community. The most conspicuous
colour aspects were the light green colour of leaves in spring, the darker green

colour of leaves in summer, the autumnal colours (in late winter) of Burkea africana,

and the typical winter aspect (late winter and early spring) of leafless trees and dry

grass (Fig. 6.1).

6.3.2 Expression of results

In the study of the phenology of a plant population it at once becomes apparent how
difficult it is to express quantitatively a phenological phase in such a way that it
reliably reflects the condition. When a phenological phase, for example the flowering
phase, is investigated, it is often found that the phase is not fully developed compared
with the average maximum possible under more appropriate circumstances. It is

| possible that (1) the intensity of the phase per individual is very low, for example,
only 1% of the average maximum number of flowers per individual plant is present
and that (2) the frequency of the phase in the population is very low, for example,

only 1% of the individuals of the population are in the phase.

To express the intensity of a phenological phase in an individual, a subjective scale
of integers from 0 to 10 was used, where 10 represented the near maximum expected
intensity of the phase that could normally be achieved and 0 where the phase was only
just present on a small part of the individual. This scale was difficult to apply
accurately, since, (1) it was difficult to estimate thé maximum potential development
of each phase before it had occurredand(2) differences in the upper part of the scale

could not be assessed as accurately as in the lower part.

To provide a semi-quantitative expression of each phenological phase, the following

groupings, each with an accompaning term, were used:

A  Average intensity of the phase more than an estimated 10% of the average possible

maximum intensity per individual with the phase - distinct
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(1) In more than half the sample individuals of the population - frequently distinct.

(2) In less than half the sample individuals of the population - locally distinct.

B Average intensity of the phase less than an estimated 10% of the average possible

‘maximum intensity per individual with the phase - slight

‘Zl) In more than half the sampl_e individuals of the population - frequently slight.
(2) In less than half the sample individuals of the population - ocally slight.

N _
| Figures 6.2 to 6.8 are graphic representations of the phenological phases of a
number of plant species in terms of the above groupings. Since observations were
usually made monthly, some degree of latitude in the interpretation of the figures
is needed since a phase recorded as, for example, frequently distinct in one month,
might have just been attained at time of inspection or been present for almost a full

month. Although a total of 98 species was recorded (Rhynchelytrum repens and

Rhynchelytrum villosum were treated as a single specie‘s), the phenological represen-

tations are only given for the 54 species which provided a reasonable amount of
phenological information. There was little or no phenological information concerning

the large group of rare species.

The 54 species were grouped according to their general growth form and taken, in
most cases, according to their ecological importance, defined previously as average
biomass. This served to group the phenology of the more important species within
each growth form together. By keeping rare species separate, their phenological
pattern was not necessarily imposed on that of the more important species. All the

species were grouped as follows:

(i) a group of 18 graés species subdivided into 3 sub-groups
(a) 5 dominant grass species with biomass greater than 30 kg/ha (Fig. 6.2),
(b) 6 common grass species with biomass greater than 5 kg/ha and less than
30 kg/ha (Fig. 6.3) and
(c) 7 minor grass species, with recorded biomass less than 5 kg/ha (Panicum

maximum excepted) (Fig. 6.4);

(ii) 21 herbaceous species, other than grass species, with a recorded biomass
(Fig. 6.5);
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(iii) , 6 more important shrub species (including Tapinanthus oleifolius) (Fig.. 6.86);
(iv) 9 more important tree species ( Fig. 6.7);

(v) 44 rarer species divided into 4 groups according to degree of phenological
knowledge about them |

(a) 14 species with virtually no phenological information;

(b) 11 species with very incomplete phenological information;

(c) 9 épecies‘with relatively more bhenological information, and

‘(d) 10 a‘spect species (including 8 annuals) with incomplete information for the

early phases.

Four species found rarely on the central sand area of the plateau (Rutherford, 1972)

were not found in the study area itself. These were Digitaria eriantha, Lotononis

platycarpa, Phragmanthera glaucocarpa and Rhigosum brevispinosum.

6.3.3 Results in species groups

When the level of degree of development of a phase is not specified, the phase is
f reduently distinct. Since this level is the most important, descriptions are Iargely

restricted to frequently distinct phases.

6.3.3.1 Grass species

The 18 grass spécies with a recorded biomass (excepting Panicum maximum) were

divided into the 3 aboVe—mentioned groups according to their biomass, defined earlier
as a measure of their importance. The phenology of constituent species of the 3

-groups is discussed for each phenological phase:

A Initiation of vegetative growth
~ This phase became frequently distinct in October in 8 of the 18 species and in
November for the remainder. Of the 5 dominant grass species the phase started

frequently distinct in October for Brachiaria nigropedata and Andi-opogon gayanus

(Fig. 6.2b, c). These were also the 2 species of this group with the largest average
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mass per individual (Table 4.1). The phase in the other 3 species started frequently

distinct in November (Fig. 6.2a, d, e). Of the 6 common species, Triraphis schinzii

and Cenchrus ciliaris started frequently distinct in October (Fig. 6.3a, c). Apart from

Eragrostis pallens, these 2 species had the largest average biomass per individual

in this group. The other 4 species of this group started at the same level in November

(Fig. 6.3b, d, e, f). Of the 7 minor grass species, Panicum kalaharense, Eragrostis

jeffreysii, Eustachys paspaloides and Pogonarthria squarrosa started frequently

distinct in October (Fig. 6.4a, b, e, g). The first 3 mentioned were the species of
this group with the largest average biomass per individual. Three species started at
the same level in November (Fig. 6.4c, d, f). The earliest start to this phase, at

any degree, in the grasses was in September for Eustachys paspaloides (frequently

slight) and Andropogon gayanus (locally slight) (Figs. 6.4e; 6.2c).

There appears to be a rough positive relation, within each grass group, between the
earliness of the initiation of vegetative growth and the average biomass of the .

individuals of the species.

B Adult green leaf phase

Eustachys paspaloides and Eragrostis jeffreysii werethe onlytwo species that.reached this

phasetoa frequentlydistinct degree by October (Fig. 6.4b, €). Eleven of the remaining 16
speciesreached this phase to this degree in November, 4 of the other 5 species reached it
in December while one species reached itbyabout January. The earliest month in which this
frequently distinct phase ended, was April. Of the 5 dominant grass species, Digitaria
polevansii, Andropogon gayanus and Aristida stipitata ended in April (Fig. 6.2a, c, e).

The other 2 species, ‘Brachiaria nigropedata and Andropogon schirensis ended in May

(Fig. 6.2b, d). Of the common grass species, only Stipagrostis uniplumis and

Eragrostis pallens ended in April (Fig. 6.3e, f). Ending in May were Triraphis

schinzii and Rhynchelytrum species (Fig. 6.3a, b). Ending in June was Aristida

meridionalis (Fig. 6.3d) and ending in July was Cenchrus ciliaris (Fig. 6.3c). Of

the minor grass species only 2 species, Schmidtia pappophoroides and Eustachys

paspaloides ended in April (Fig. 6.4d, e). Ending in May was Eragrostis jeffreysii

(Fig. 6.4b). Ending in June were Eragrostis stapfii and Pogonarthria squarrosa ( Fig.

6.4f, g). Ending in July was Panicum kalaharense and ending in August was Aristida

congesta (Fig. 6.4a, c). From the above it is clear that the adult green leaf phase

170



Stellenbosch University http://scholar.sun.ac.za

stérted at roughly the same time in all 3 groups of grass species, but in the more
important species the phase ended with the last rains whereas in the common grass
species and to a greater degree in the minor grass species, the adult green leaf

phase often continued until well into winter.

The duration of the frequently distinct adult green leaf phase was 6 months for each
of the dominant grass species (Fig. 6.2). For the common species (Fig. 6.3), the

duration was 5 months in Eragrostis pallens, 6 months in Stipagrostis uniplumis,

7 months for Triraphis schinzii, Rhynchelytrum species, 8 months in Aristida

meridionalis, and 9 months for Cenchrus ciliaris. For the minor species (Fig. 6.4)

the duration of this phase was 6 months for Schmidtia pappophoroides, 7 months in

Eustachys paspaloides and Pogonarthria squarrosa, 8 months in Eragrostis jeffreysii,

Aristida congesta, Eragrostis stapfii and 9 months for Panicum kalaharense. The

duration of this frequently distinct phase was thus short for the dominant grass
species compared to the duration in the common and rarer grass species, indicating
a rough negative relation between the duration of this phase and the biomass of the
species per unit area. There appeared to be no relationship between the average
biomasgs per individual of grass species and duration of adult green leaf phase of the

species.

C Initiation of die-off of leaves

In February, only Brachiaria nigropedata had already started this phase to a locally

slight degree (Fig. 6.2b). In March, all except Schmidtia pappophoroides ( Fig. 6.4d)

had started to a locally slight degree, while Andropogon gayanus (Fig. 6.2c) was

frequently distinct at this time. Only after a period of one or two months of locally
slight die-off did the frequently distinct phase start, usually in April or May. The
early start (at a slight intensity) in most species in March was probably due to the
relative drought in this month. In all 5 dominant grass species, frequently distinct

die-off had commenced by April (Fig. 6.2).

D Flowering phase

Only Schmidtia pappophoroides already flowered to a frequently distinct degree in

December (Fig. 6.4d). Seven species commenced frequently distinct flowering in

January while 8 out of the remaining 10 commenced in February. The other 2 species
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commenced frequently distinct flowering only in March.

The dominant grass species did not start frequently distinct flowering before

February. Digitaria polevangii, Brachiaria nigropedata and Aristida stipitata

commenced in February while the 2 Andropogon species commenced in March
(Fig. 6.2). In the common grass species the phase commenced in January for

Cenchrus ciliaris, Stipagrostis uniplumis and Eragrostis pallens, and in February

for Triraphis schinzii and Rhynchelytrum species (Fig. 6.3). Frequently distinct

flowering never occurred in Aristida meridionalis (Fig. 6.3d). In minor grass species,

the phase commenced as early as December for Schmidtia pappophoroides, January

for Eustachys paspaloides, Eragrostis stapfii and Pogonarthria squarrosa, and

February for Panicum kalaharense, Eragrostis jeffreysii and Aristida congesta
(Fig. 6.4).

In the dominant grass species, the length of the period of frequently distinct flowering

was usually short, that is one month in Digitaria polevansii, Brachiaria nigropedata

and Andropogon gayanus, and 2 months in Andropogon schirensis and Aristida

stipitata (Fig. 6.2). In the common grass species this phase lasted for 2 months in

Triraphis schinzii and Rhynchelytrum species and 3 months in Cenchrus ciliaris,

Stipagrostis uniplumis and Eragrostis pallens (Fig. 6.3). For the minor grass

species there was only one species with one month of frequently distinct flowering,

Panicum kalaharense (Fig. 6.4a). Those species with a 2 months period of frequently

distinct flowering were Eragrostis jeffreysii, Aristida congesta and Eustachys

paspaloides (Fig. 6.4b, c, e). Eragrostis stapfii and Pogonarthria squarrosa had a

flowering period of 3 months (Fig. 6.4f, g). In Schmidtia pappophoroides flowering

was recorded over 4 months (Fig. 6.4d), but it is doubtful whether this is represen-
tative of the species. The longest period that a grass species flowered at a frequent
level was the 6 months from November to April in the case of Cenchrus ciliaris

(Fig. 6.3c).

E Fruit phase

The species which fruited earliest (in February) were Cenchrus ciliaris, Eustéchys
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The long persistence of green leaves in the small Tephrosia cephalantha individuals

might be related to the presence of a long tap root to well below one metre depth.
In other species, the end of the adult green leaf phase at a frequently distinct level

occurred as early as March for Mariscus laxiflorus (Fig. 6.5i) and April in

Commélina africana, Pentarrhinum abyssinicum, Turbina oblongata,

Elephantorrhiza elephantina, Pentamenes zambesiacus and Indigofera daleoides

(Fig. 6.5d, e, f, 0, p, q). The period of frequently distinct adult green leaf phase
was usually the shortest (about 6 months) for the species of the last mentioned group.

The shortest period was in Pentamenes zambesiacus with only 4 months (Fig. 6.5p),

and Mariscus laxiflorus and Indigofera daleoides with 5 months (Fig. 6.5i, q).

C Initiation of die-off of leaves

As stated previously, leaf die-off was particularly difficult to recognise in some
species. In the most important species, die-off started usually after the rains had
ended in about May. However, frequently or locally slight die-off of many herbaceous

layer species was found in March, for example, in Cyperus margaritaceus, Dicliptera

eenii, Commelina africana, Pentarrhinum abyssinicum and Blepharis maderaspatensis

(Fig. 6.5b, c, d, e, m).

¢ Period of dead leaves on plant
Dead leaves on the plant was not a well suited phase for this species group. Leaf-
drop was practically absent since no abscission occurred in many species. Only in

Tephrosia cephalantha, Dicliptera eenii, Pavonia clathrata, Cassia biensis,

Elephantorrhiza elephantina and Indigofera daleoides was dropping of leaves or

leaflets easily noted. The time of leafdrop corresponded roughly to the time of

die-off of these organs, that is, about May.

D Flowering phase

Of the 21 species only one species - Elephantorrhiza elephantina - did not flower

during the study year (Fig. 6.50). This is in contrast to the tree species, where very
few flowered. Several species only had local flowering, for example, Tephrosia

cephalantha, Commelina africana, Cissampelos mucronata and Pentamenes

zambesiacus (Fig. 6.3a,.d, g, p). The earliest frequently distinct flowering occurred
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in November in Nidorella resedifolia and Anthospermum ericoideum (Fig. 6.5r, t)

and in December for Cyperus margaritaceus (Fig. 6.5b). Most species' frequently
distinct flowering period was from January to March (Fig. 6.8d). Some species

produced flowers through more than half the year, for example, Dicliptera eenii and

Nidorella resedifolia; the latter species flowering almost all the months of the study

year (Fig. 6.5¢, r). In some species flowers were only locally distinct in a single

month, for example, in Pentamenes zambesiacus (Fig. 6.5p) or in 2 months, for

example, in Tephrosia cephalantha, Commelina africana and Cissampelos mucronata

(Fig. 6.5a, d, g).

E Fruit phase
Fruit was not formed in some species even though flowering had occurred, for example,

in Turbina oblongata, Cissampelos mucronata, Pentamenes zambesiacus and

Indigofera daleoides (Fig. 6.5f, g, p, q), while some species produced extremely

few fruits, for example, Dicliptera eenii and Commelina africana (Fig. 6.5c, d).

| Usually, when fruit was produced, it was retained for a long time in species such as

Cyperus margaritaceus, Pentarrhinum abyssinicum and Pavonia clathrata (Fig.

6.5b, e, 1), but only for a short time, for example, in Tephrosia cephalantha and

Mariscus laxiflorus (Fig. 6.5a, i).

It is clear that some perennial species of this group completed their functions in a
shorter time than the rest. Examples of these short cycle species were Commelina

africana and Mariscus laxiﬂofus (Fig. 6.5d, i).

6.3.3.3 Shrub species

A TInitiation of vegetative growth
In Bauhinia macrantha and Grewia avellana this phase started at a frequently

distinct degree in October (Fig. 6.6b, c), while Ancylanthos bainesii and Grewia .

deserticola started in November (Fig. 6.6a, d). Rhus ciliata also appeared to
commence at a frequently distinct level in November but still had old green leaves

from the previous season present (Fig. 6.6e). New growth, at a locally distinct
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level, commenced earlier in September, in Bauhinia macrantha and Grewia avellana

(Fig. 6.6b, c), and in October in Ancylanthos bainesii (Fig. 6.6a). Rhus ciliata

started at a locally slight level in September (Fig. 6.6e).

B Adult green leaf phase
This phase started in most of the species in November (Fig. 6.6a, b, ¢, d). Although
Rhus ciliata was in this phase throughout the year (Fig. 6.6e), the frequently distinct

phase ended around March for Grewia deserticola, April for Bauhinia macrantha

and May for Ancylanthos bainesii and Grewia avellana (Fig. 6.6d, b, a, c).

Ancylanthos bainesii and Grewia avellana had this phase enduring at a frequently

distinct level for 7 months, Bauhinia macrantha for 6 months and Grewia deserticola

for 5 months (Fig. 6.6a, c, b, d). The phase ended freqliently distinct in Ancylanthos

bainesii (Fig. 6.6a), whereas in species such as Bauhinia macrantha and Grewia

deserticola the phase had a slight intensity into the first winter month (Fig. 6.6b, d).

C Initiation of die-off of leaves

In all the species (Fig. 6.6) frequently distinct initiation of die-off of leaves occurred
in May except in Rhus ciliata, where this occurred in July (Fig. 6.6e). Bauhinia
macrantha already started at a frequently slight level in March (Fig. 6.6b), while
Ancylanthos bainesii and Grewia deserticola started ata local level in April (Fig.

6.6a, d).

C; Period of dead leaves on plant
This period is associated with leaf drop, but it was difficult to recognise the time of
maximum seperation and fall. Four of the shrub species started at a frequently

distinct level in May, continuing until July for Bauhinia macrantha, Grewia avellana

and Grewia deserticola (Fig. 6.6b, ¢, d). Ancylanthos bainesii continued until the

end of the study period (August, 1971) and dead leaves remained from the previous
year until September, 1970 (Fig. 6.6a). The length of period of dead leaves on the

plant individual was about 3 months for Bauhinia macrantha, Grewia avellana and

Grewia deserticola (Fig. 6.6b, c, d), 2 months for Rhus ciliata (Fig. 6.6e) and

about 5 months for Ancylanthos bainesii (Fig. 6.6a).
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D Flowering phase

Only 2 of the tagged. shrub species flowered, that is Grewia deserticola and Rhus ciliata

(Fig. 6.6d, e). A few sporadic rare occurences of flowering in the population of

Grewia avellana were, however, noted (Fig. 6.6c).

Rhus ciliata started flowering at a frequently distinct level in December, Grewia

deserticola in January, while the first rare flowers of Grewia avellana were noted

in November (Fig. 6.6e, d, c). Grewia deserticola only flowered for 2 months at a

frequently distinct deg'réé, ending in February (Fig. 6.6d), while Rhus ciliata

flowered for 4 months ending in March (Fig. 6.6e). No flowers of Grewia avellana

were noted after December (Fig. 6.6c).

E Fruit phase

No fruits of Rhus ciliata were seen (Fig. 6.6e). Some fruits of Grewia deserticola

were noted in the population in March, April, May and August and one previous

season's fruit in October, 1970 (Fig. 6.6d). Isolated, rare and damaged fruits of

Grewia avellana were found in the population in March, April and June (Fig. 6.6c).

Due to the extreme scarcity of fruits no record of fruit fall can be given for the

shrub species.

An anomalous shrub species,the parasite Tapinanthus oleifolius (Fig. 6. 6f) has not

been included in the above description of the phenology of shrub species. New growth
occurred in this species at a frequentiy distinct level from October. The adult green
leaf phase extended for most of the year at a frequently distinct level and only in
September and August was it present at a frequenﬂy_ slight level. A slight degree of
leaf die-off occurred in April and the following months. In May, a flfequently distinct
leaf fall took place but soon ceased. Frequently distinct flowering extended from
November to January and was locally distinct in February ahd slight in March. The
fruit phase extended at a locally distinct level from February to July, several fruits

being dropped in June. However, relatively few mature fruits were produced.
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6.3.3.4 Tree species

The tree species' phenology is discussed for, fir’st, the vegetative phases and then

for the generative phases.

a Vegetative phases

The initiation and ending of the vegetative phase in the 3 dominant tree species

Burkea africana, Terminalia sericea and Combretum psidioides was the most

important factor in the aspect change of the vegetation (Fig. 6.1).

Burkea africana was, in September, the first to start vegetative growth at a frequently

distinct level (Fig. 6.7a), while Combretum psidioides was local in September but

frequent in October (Fig. 6.7c). Terminalia sericea started locally in October and

reached a frequent level in November (Fig. 6.7b). The adult green leaf phase of all
3 species at a frequently distinct level extended from November (Fig. 6.7a, b, c). This
was after a poor rainy season which may have delayed new growth. The summer

flushes of new growth in Burkea africana brought about by leaf damage by Crina forda

has already been mentioned (Section 6.1). The frequently distinct adult green leaf

phase lasted until May in Terminalia sericea (Fig. 6.7b), and until July in Combretum

psidioides and Burkea africana (Fig. 6.7c, a), extending, in Burkea africana, into

August at a frequently slight level. Terminalia sericea extended at a locally slight

level into July. The ending of the adult green leaf phase in these species was probably
extended by the good rainfall of the study season, and was possibly related to the longer

period in which the species could recover from the previous season's fire. The period

of frequently distinct adult green leaf phase was shortest in Terminalia sericea (7

months) while it extended to about 9 months for Combretum psidioides and Burkea

africana (Fig. 6.7b, c, a).

The leaf phenology of Securidaca longepedunculata and Ozoroa paniculosa is similar

to that of Burkea africana (Fig. 6.7f, h,-a). Lonchbcarpus nelsii, Combretum

collinum and Dombeya rotundifolia were semi-deciduous in 