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ABSTRACT

_ The maintenance of biotic diversity is a central aimof ===
conservationists. The purpose of this thesis was to evaluate some
hvootheses relating to diversity and to determine the nature of the

diversity/biomass relations between the vegetation and large

herbivores of Mkuzi Game Reserve.

correlation analysis. Soils were stro

geology and topography, and varied from base rich clays to base poor
sands and shallow rocky soils at the extremes. Vegetation physiognomy

and composition were strongly associated with soils. Woody biomass

increased with an increase in available moisture, but had a bimodal
esponse to available nutrients. Soils influenced grass and forb
distribution and biomass, as did interactions with woody plants and

the effects of utilization and fire.

lative to other southern African

as hig
savannas, as a result of the high spatial heterogeneity of the
h et

Jandscape. By con a-divarsity at the community scale

was associated with a benign environment and low disturbance.
woody species richness was positively related to productivity.
Grass species richness was positively related to productivity and
utilization, but negatively influenced by woody biomass. Forb species
richness was determined by interactions with woody plants, grasses and
the intensity of utilization.
The herbivore community was below carrying capacity and dominated
y concentrate feeders. This was a result of disturbance rather than
any biological characteristic of the system. Herbivore biomass was
positively related to vegetation biomass when this was limiting,
4444444EFE?5By4§G656?fTﬁ§4fﬁé4ﬁ6ffUﬁ‘thHt‘DTOdUCtﬁV*tY‘Of‘hefb%VﬁFeS4%%———————————44———44——f
directly related to resource supply rate.
The richness of herbivores in Mkuzi is a resuit o
i

e e
of habitats. However, the local richness and diversity of herbivores



was negatively related to spatial heterogeneity: this was unexplained

and requires further investigation.
Herbivore richness was positively, and equitability negatively

related to the local vegetation biomass, richness, diversity and

equitability, and herbivore biomass. The former relation supports

————————current—theory.— Fhe tatter ispossibleina situation where a———

generalist species is able to successfully exploit a greater amount

7

+ ~
LYy ©

and var
There is no single determinant of vegetation and herbivore biomass

i f resources

w

a

and diversity. They are a function of a complex set of interactions

between themselves, the amount and variety of resources, and

disturbance.
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©CHAPTER 1. INTRODUCTION

1.1 BACKGROUND AND GENERAL OBJECTIVES

Maintenance of biotic diversity is one of the primary aims of
conservationists. Not surprisingly, therefore, the investigation of
"ecological diversity” (Pielou, 1975) remains a central persuit of

both theoretical and applied ecologists.
roblem that preoccupies students of ecological

n
i e

7
diversity has been clearly stated by Pielou (1975), as follows: "given
ecies community, how have its constituent species come

to share the same ha at an i i

interact with one another? Hence what determines the number of

pu |

species that can live together, and the

In comparison with other continents, Africa has an extremely
diverse mammal fauna (Coe, 1980). Of particular interest to tourists
and ecologists alike, is the spectacular array of large mammals.
Exponential human population growth in Africa, particulariy in rurai
and the extension and intensification of agriculture is rapidly

ishing the sizes of wildlife dominated areas which are now

o
w

dimin
becoming islands in a sea of development.

44444444444E5§5H46ﬁ4fﬁé‘thEOT%634ﬁf—4s4and—biogeogEaph¥4LMacArfhur and
wilson, 1967; Miller, 1978; Soule’, Wilcox and Holtby, 1979; Harris,
1984; Wilcox, 1986) and without manipulative management, one would
predict the loss of a
created islands. This is of extreme concern to conservationists and

has continued to
d the feasibility of manipulating these if necessary.

proportion of the species present on the newly

stimulate the drive to understand the determinants of
diversity an
Besides the establishment of protected areas for the specific

maintenance of species diversity, conservationists have attempted to

justify the existence of wildlife outside these areas on the grounds

ductive than domestic stock. Proponents of

these wild multi-species utilization systems postulate that a diverse
mmunity of niche differentiated species use utilize the range

resource more evenly than a single species system and should



therefore, produce more tha ,
intuitive that much of the relative stability of populations in some
f t

i s om e d LS EA A

communities is a consegusnce O
interacting in various ways to limit and stabilize one anothers

populations.

In view of the importance of these concepts to Tand use policies
in a rapidly changing Africa, there is a need to examine them in more
detail. The general aim of this study is to evaluate some hypotheses
relating to diversity both at the primary and secondary producer
levels, and to determine the nature of the diversity/biomass relations

herbivaores of Mkuzi Game Reserve.

& dAn nd laraoao
“ L=

between the vegetation an ge

1.2 APPROACH

A prerequisite for exploring vers is—a basic
description and understanding of the dynamics of Mkuzi Game Reserve.
d

Since no a priori work of this nature had been un
included in this study. As a result, the study divides into two main
The first is primarily descriptive and consists of background

om a1 4 1ima
QI Lanoiiy, 1L wQo

parts.
information on the study area (Chapter 2), a detailed investigation of

soils and vegetation (Chapter 3) and a description of

herbivore community structure and dynamics (Chapter 4).

part has as its aim the exploration of diversity

starts with a review and discussion of hypotheses
regarding diversity in ec i i ;

with a presentation of estimates of vegetation and herbivore biomasses
at specific sites (Chapter 6). form the basis of many of
the comparisons made between soils, vegetation biomass and vegetation
diversity (Chapter 7), and vegetation and large herbivore diversity

(Chapter 8). Chapter 9 discusses the results of Chapters 7 and 8, in

the light of the hypotheses presented in Chapter 5.




—(HAPTER 2. STUDY AREA AND DESCRIPTION

2.1 LOCATION AND SIZE
Mkuzi Game Reserve (latitude 27230’ to 27°45’ south, longitude

32005’ to 32025’ east) is situated on the coastal plain east of the

Lebombo Mountains in north eastern Natal (South Africa) and is

approximately 40 km west of the coast (Fig. 1). It is bounded on the
Mkuze River, on the south by the Msunduzi River

Clizwi =

b4
and on the west by a fenced boundary along the Lebombo Mountains (Fig.

The reserve is approximately 290 km2 in extent with a maximum
length and width of 24 and 15 km, respectively. Altitude varies from
t

I a

30 m above sea level in the extreme soutn-eas

veé Sea

w

ab~
avyv

[}

to 48

level in the north-west.

2.2 CLIMATE
The climate of Mkuzi is described as warm to hot, humid

sub-tropical (Schulze, 1965) and falls into Koppen’s arid zone steppe

climate group with a mean annual temperature of greater than 18°c

(i.e. BSh). According to Thornthwaite’s (1948) classification, Mkuzi
"""‘7g‘aége?ibéa‘éé‘semfiar%d—w%th—44%%le49r—n0—meisture—surplusgingany

season and having a megathermal thermal efficiency (i.e. Da’da
di

")
iaaram
gram

The major climatic re summarized in a climate
(Fig. 2) drawn according to Walter (1963). In general the average
disposition of the sub-tropical high pressure zones and the
intervening low pressure troughs, modified by local topography, are
the determinants of climate in the area. The hot humid summer
(mid-September to the end of March) includes the rainy season (Fig.
2). Rains are caused by the airstream circulating anticlockwise
around the southerly situated Indian Ocean anticyclone. These

i off the sea are moisture laden, more s

than the south-westerly winds originating from the high pressure cell

in the southern Atlantic Ocean.
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During the warm arid winter (April to mid-September), the
sub-tropical high pressure belt moves up over the southern African
nd mass, it being replaced by a semi-permanent winter-time
—— continental anticyclone. Most of South Africa comesunderthe ——

influence of the anticlockwise winds of this continental high.

Spiralling outwards, the circulation is associated with divergence and

subsidence; low level temperature inversions are common and smoke

tends to accumulate beneath them. Dry hazy weather therefore prevails

(Tyson, Preston-Whyte and Schulze, 1976).

In a semi-arid environment, the most important climatic factors

are those that influence the moisture balance. These are primarily

precipitation and evapotranspiration. Rainfall in and around Mkuzi is

highly seasonal, peaking in February and with the month of lowest rain
————occurringin—June—{Fig—2)<—The rainy season(all-months with >50 mm

of precipitation (Knoch and Schulze, 57)) starts on average in

1
October and ends 19
Spatial variation in annual rainfall within the reserve is not
great, varying from c. 800 mm in the west to ¢. 600 mm in the east
(Fig. 3). The longterm central tendency in rainfall as expressed by
the mean for the weather station at Mantuma is 631 mm and when
expressed by the median is 610 mm. Since the frequency histogram of

annual rainfall is positively skewed (60% of observations occur below

the mean), indicating a non-normal distribution, normal statistics are

inappropriate—expressions of rainfall central tendency and

y. In this instance the non-parametric median and

measures of dispersion namely quartile, quintile and decile

values provide a more realistic expression of central tendancy and
variability (Jackson, 1977; Simpson, Roe and Lewontin, 1960). The
-
v

atest variability in the mean monthly rainfall received at
This drops off markedly

Gre

_ Maptuma occurs during the dry winter months.

during spring and early summer, with the least variability occurring

uring November (Goodman, 1981).
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Since shortly after the turn of the century, temporal variation in
annual rainfall over south eastern Africa has experienced a weak
underlying oscillation, producing a succession of extended wet and dry

Mametse, 1975; Tyson and Dyer, 1975; Dyer, 1976). It is stressed that
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this oscillation is only a component ii

for more than 30 percent of the variance in annual rainfal
remainder being random (Tyson and Dyer, 1975). The short term (30
vears) rainfall records available from the weather station in Mkuzi
were analysed using the same filter as Dyer (1976) and compared with
his results (Goodman, 1981). The two patterns are similar with

deviations which can possibly be accounted for by averaging in the
The temporal behaviour of rainfall

regional analysis of Dyer (1976).

Short term estimates
and longer term records are available from the Makatini Agricultural

Research Station which is approximately 20 km north of the reserve and

in the same bioclimatic region. Combined records from these two

stations indicate a peak evaporative demand during December and

January of approximately 230 mm per month. The month of lowest

evaporative demand is June with a regional monthly mean of 110 mm. The

mean annual pan evaporation for the region is 2100 mm.

evaportranspi i

been calculated by the method of Thornthwaite (1948). Estimated total
otranspiration is 1230 mm, the peak occurring

AAAAAA 1 Avan
l CTVAPNU Wi Al

annual potent
during January and the trough in June (Goodman, 1981). On average

there is a moisture deficit in every month of the vyear, with an annual

deficit of 599 mm.
The method of Thornthwaite (1948) estimates the rate of water use

when water supply is non-limiting. That of Turc (1954 and 1955)

attempts to account for the effect of a limiting water supply. Actual
evapotranspiration calculated according to the method of Turc (1954

; -1
) 1s— 606 _mm _annum .

Mean annual temperature in Mkuzi is 23,2 °C. Summers are hot,

mperature for the hottest month being 27,1 °C and the

mean maximum temperature for this month (January) being 32,5 0C. The



Frost has not been recorded at the weather station, but some signs of

frosted plants have occurred in lower lying river valleys. The
duration of the thermal summer (the time interval during which the

monthly temperature curve lies above that of the mean annual
temperature) in Mkuzi is approximately 183 days.

The prevailing winds in this area, and for the Natal coastal strip
are roughly north-easterly and south-westerly. The

cco LTl 1 )

iod occurs during September and October, with the windiest

September. The calmest month is June (Goodman 1981).

2.3 TOPOGRAPHY, GEOLOGY AND GEOMORPHOLOGY
The topography of the reserve is cliosely reiated to physiography
Five land units are apparent within the reserve.

and geology.
Occurring from west to east these are;

i) the hilly Lebombo Mountains,

1) a gently undulating region underlain by Early Cretaceous

gdimentsa

i11) a gently, undulating, slightly, elevated Quarternary dune

n

complex,
~ Lad ]

—— §v) a low lying essentiatty ftat regionundertain by tate —

Cretaceous sediments and

11, a1l £1
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v) a low lying f
occurs adjacent to the two major rivers (Fig. 4).

The Lebomboc Mountains consist predominantly of the Jozini Rhyolite
Formation which overlies and post dates the more westerly occurring
Sabi River Basalts (nomenclature according to Cleverly and Bristow,
The Jozini formation is composed mainly of massive

1979) (Fig. 5).
flows of rhyolite and rhyodacite interbedded with basaltic flows and

several dykes, the most common of which are composed of dolerite.

quartz-porphyry intrusions (Bristow, 1976). Rhyolite and rhyodacite



