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A vegetation survey was conducted of the Owen Sitole College of Agriculture (OSCA).
Phytosociological data were used to identify plant communities and to determine alpha
liversity. Five plant communities were recognised and described. One of these was sub-
divided into two sub-communities. An ordination scatter diagram of the distribution of
the six vegetation units depicted topographically induced gradients, specifically related
to soil depth, rock cover, slope and altitude. Floristic composition of the six vegetation
units indicates that this coastal thornveld has affinities to the Grassland, Savanna and
Forest biomes. In the study area, closed woodland communities have the highest plant
richness and grassland communities the highest plant diversity. Diversity and richness
per commumty compares favourable with the Rocky Highveld Grassland. suggesting
that phytodiversity at OSCA was maintained despite a history of multiple disturbances.
The habitat on OSCA farm serves as an important refuge for plant species and commu-
nities of biological and economic significance, especially the remaining grasslands.

Key words: biodiversity, conservation, forest, grassland, phytosociology, species rich-
ness, savanna, thornveld.
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Introduction

KwaZulu-Natal is a region of cultural signif-
icance and conservation importance (Good-
man er al, 2002; Hughes 2002). However,
development and its associated ecological
footprint are exerting increasing pressure on
the environment and are fast leading to dwin-
dling natural resources due to habitat loss
(Scott-Shaw 1999; Roberts et al. 2002). In
Zululand, sugarcane and timber plantations,
agricultural monocultures and rural housing
developments, all contribute to the formation
of fragmented patches of natural vegetation.
Habitat fragmentation could result in a
decrease in community species richness and
even species extinction, caused by decreased
chances of seed dispersal and lack of suitable
habitat for re-colonisation (With & King
1999; Bruun 2000).
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Loss of plant diversity in natural areas in
South Africa will be to the detriment of sub-
sistence farmers and other poor rural people,
as these people are dependant on natural
resources for their livelihoods and health
(Hutchings 1996; Van Wyk & Gericke 2000).
Large tracts of undisturbed land outside
parks and reserves with rich ethnobotanical
resources are limited and sustainable use of
such resources has now become important.
Many of these plant resources are small wild
flowers and there is no management plan for
KwaZulu-Natal to conserve plants of frag-
mented areas that are extensively used for
food and medicine by local communities
(Scott-Shaw 1999).

Considering the above, the role of small,
fragmented areas as natural resource reserves
could become significant in maintaining
endangered plant diversity. As a step for-
ward, an inventory must be compiled of plant
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Fig. 1. Vegetauon map of the Owen Sitole College of Agriculture.

community composition and species distrib-
ution of small fragmented conservation areas
(Smit et al. 1997; Siebert et al. 2003). The
aims of this study are therefore to identify
the plant communities, classify the vegeta-
tion, relate these to specific environmental
factors, and to assess the plant diversity on
the Owen Sitole College of Agriculture
(OSCA) farm for future land-use planning
and management (Foran et al. 1986; Kent &
Ballard 1988).

Study area

The Owen Sitole College of Agriculture is
situated 12.5 km north of Empangeni on the
old Mtubatuba road. The 672 ha farm aver-
ages 3.2 km in width from east to west and
2.2 km from north to south. The area extends
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from latitudes 28°57'45"-28°57'22"S and
between longitudes 31°55'31"-31°57"22"E.
The farm borders on the old Empangeni-
Mtubatuba road in the east and the Nseleni
River in the south (Fig. 1).

The farm was acquired from the Mthethwa
Tribe in Reserve 5, Lower Umfolozi District,
currently known as the Enseleni District. The
land was obtained in exchange for a portion
of State Land in the same district. The Col-
lege was established in 1968 to train Zulu
people in agriculture, animal health and
nature conservation. During its inception it
was named the Cwaka Agricultural College
after the Cwaka River which runs through
the property from northwest to southeast. In
1985 the College was renamed the Owen
Sitole College of Agriculture in honour of
the late Inkosi Owen Sitole.
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Land-use in the surrounding areas comprises
subsistence farming, forestry and sugarcane.
The result of these practices was that natural
vegetation remained only in small, isolated
parches in the landscape. Within OSCA,
numerous shifts in land use since the 1930s
have also significantly contributed to the
loss of pristine pastures in the study area.
Changes in land use and the response of the
natural vegetation can be followed through a
series of aerial photographs that date from
1937 (Van der Linden 2004). These pho-
tographs show that the land of OSCA was
open grassland during the 1930s and early
1940s. During the late 1940s, subsistence
farmers began to cultivate large parts of the
land. This resulted in overgrazing of the
remaining pastures. This continued at irregu-
lar intervals and intensity up to 1968, when
the subsistence farmers received new land
and the land was incorporated under OSCA.
Between 1968 and 2003, agricultural activi-
ties continued and became more intense to
serve the needs of the College (Van der Lin-
den 2004).

The landscape consists of a series of undu-
lating hills sloping down to the floodplains
of the Nseleni and Cwaka Rivers. Altitude
varies from 23 m above sea level at the low-
est point in the valley of the Nseleni River, to
120 m on hills in the northwestern portion of
the farm. The Cwaka River, which flows
from the north into the Nseleni River,
divides the farm into two almost equal sized
parts.

The mean annual rainfall for OSCA is
1022 mm (AGROMET 2002), with a third of
the rain falling in mid to late summer (Janu-
ary to March). Rain falls throughout the
year, but drier spells are experienced during
the winter months. Mean day temperature
range from a minimum of 19 °C in winter to
33 °C in summer. The mean annual tempera-
ture is 26 °C (AGROMET 2002).

The uppermost group of the Karoo Sequence
underlies the study area, namely the southern
limit of the volcanic basalts that belong to
the Letaba Formation of the Lebombo Group
(Visser et al. 1989). Flood plains and river
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Table |
Percentage cover of each soil form i the study area
as well as the approximate area
m hectare (ha)

Soil Form Cover (%) Area (ha)
Mayo / Tambankulu 68.9 454
Oakleaf 7.2 47
Westleigh 6.4 41
Inhoek 5.6 36
Shortlands 45 29
Rensburg 3.9 25
Glenrosa 1.8 12
Willowbrook 0.6 4
Kroonstad 0.2 |

terraces are underlain by alluvium. Nine dif-
ferent soil forms occur in the study area, of
which Mayo/Tambankulu is the most domi-
nant (Table 1) (Van der Linden 2004).

OSCA falls within two Bio-Resource Units
(BRU). namely Moist Coast Forest, Thorn
and Palmveld (BRU 1) and Moist Zululand
Thornveld (BRU 19) (Camp 2001). Accord-
ing to Acocks (1988), OSCA falls under
Coastal Tropical Forest and is part of the
Coastal Forest and Thornveld (Veld Type 1).
More specifically it is described as the
thornveld element of Typical Coast-belt For-
est which is classified under Veld Type 1.
Granger et al. (1996) places the study area
under Coastal Bushveld-Grassland (Vegeta-
tion Type 23).

Methods

Sampling was done in 43 plots. OSCA farm was
stratified into relatively homogeneous physiograph-
1e-physiognomic units using 1:50 000 stereo aenal
photographs. Plots were randomly placed within
these stratification umits, which represent different
plant communities, Plot size was fixed at 20 m
% 20 m. Within each sample plot, total floristic com-
position was recorded and a cover-abundance value
assigned to each species according to the Braun-
Blanquet scale (Mueller-Dombois & Ellenberg
1974). Environmental factors were recorded and
included aspect, altitude, soil type and soil depth,
terrain type, rock cover, as well as fire and grazing
history. Vegetation structure was classified accord-
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ing to Edwards (1983) and is reflected in the names
of the plant communities. Species names follow the
annotated plant checklist of southern Africa
(Germishuizen & Meyer 2003). Plant growth forms
are indicated next to species names in the phytosoci-
ological table.

Relevé data were stored and managed in the TUR-
BOVEG (Hennekens 1996a) database and exported
to MEGATAB (Hennekens 1996b) for multivariate
analysis. A first approximation of a vegetation clas-
sification for OSCA was obtained by the application
of TWINSPAN (Hill 1979a) to the total floristic data
set. Braun-Blanquet procedures (Westhoff & Van der
Maarel 1978) were followed to refine the phytosoci-
ological table. Data were subjected to ordination to
identify possible gradients between and within the
recognised plant communities, and to relate commu-
nity variation to environmental gradients. DECO-
RANA (Hill 1979b) was applied to produce a scatter
diagram of the relevés.

Alpha diversity (species richness) is defined as the
number of species per unit area within a homoge-
neous plant community (Whittaker 1977). In this
study the mean number of species per unit area was
calculated from the total richness obtained for each
plot of a plant community. Shannon-Wiener diversi-
ty indices were used to combine species richness and
relative abundance among species (Barbour et al.
1997). In this study the Braun-Blanquet scale was
converted to percentage cover, and the mean cover
per species per plant community was taken as its
abundance value.

Mean vegetation cover percentage (MCP) was deter-
mined for each species in each community. MCP is
the sum of a species’ percentage cover in all the
relevés of a community, divided by the total number
of relevés for that community (species cover was
determined using the following conversion from the
Braun-Blanquet scale: r= 0.5 %; + = 1%: 1 =3%; 2a
= 8%: 2b = 18%: 3 = 37%). Species were grouped
into three main growth forms, namely trees (includ-
ing shrubs), forbs (includes geophytes) and grasses.
Total vegetation cover percentage (TCP) was deter-
mined by adding the MCPs for each growth form in
each community. TCP is used to compare the domi-
nance of different growth forms for each vegetation
structure (Siebert er al. 2003).

Results and discussion

Classification

Results of the classification are presented in
a dendrogram (Fig. 2) and a phytosociologi-
cal table (Table 2). Data analyses resulted in
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the identification of five plant communities
and two sub-communities. The vegetation of
OSCA represents two distinctly different
vegetation types, which were clearly separat-
ed by TWINSPAN. These are grouped as an
open vegetation type with three plant com-
munities, and closed vegetation type with
two plant communities.

A. Acacia karroo-Themeda triandra Open Coastal
Thornveld

1. Heteropogon contortus-Tephrosia bachman-
nii Grassland
2. Diheteropogon amplectens-Phoenix rechinata
Open Woodland
2.1 Chloris gayana-Schinus terebinthifolius
Disturbed Open Woodland
2.2 Trachypogon spicatus-Gymnosporia bux-
ifolia Rocky Open Woodland
3. Acacia nilotica-Lantana rugosa Closed
Woodland

B. Acacia karroo-Hippobromus pauciflorus Closed
Coastal Thornveld

4. Asparagus falcatus-Trimeria grandifolia
Scrub Forest

5. Commiphora harveyi-Cussonia zuluensis
Riparian Thicket

Description

The vegetation of OSCA varies consider-
ably, ranging from patches of short forest
and thicket to short woodland and grassland
(Edwards 1983), depending on specific
environmental gradients (Fig. 3). Riparian
Thicket and Scrub Forest occurs along most
drainage lines and the low-lying valleys of
the Cwaka and Nseleni rivers. The higher
lying rangeland is a transition from sour to
mixed veld. Forbs are common in the grass
layer and include common species of the fol-
lowing genera: Berkheya, Cephalaria,
Desmodium, Eriosema, Indigofera, Leonotis,
Lippia, Nidorella, Senecio and Tephrosia.
Dominant grass species include Cymbo-
pogon nardus, Setaria sphacelata, Themeda
triandra, Trachypogon spicatus and Tris-
tachya leucothrix, with Panicum maximum
dominant under trees. Dense stands of
Hyparrhenia hirta occur on old cultivated
fields. In slightly overgrazed areas Era-
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Fig. 2. A dendrogram 1s depicting the division of the vegetation in the study area.

grostis curvula and Sporobolus pyramidalis
dominate the grass layer, but in severely
overgrazed areas it is dominated by Aristida
congesta. Common trees in the study area
include Acacia karroo. Acacia nilotica,
Apodytes dimidiata, Coddia rudis, Cussonia
zuluensis, Dichrostachys cinerea, Gym-
nosporia senegalensis, Kraussia floribunda,
Phoenix reclinata, Scutia myrtina and
Trichilia emetica.

A. Acacia karroo-Themeda triandra Open Coastal
Thornveld

This vegetation type covers the larger part of
the study area (>75 %) and is associated with
elevated areas on steep, rocky hills and open
flats (Table 3). Most of the open, flat plains
are overgrazed, regularly burnt and previous-
ly cultivated, whereas such disturbances are
not common on the rocky hill slopes. The
vegetation is part of Moist Coast Palmveld
and Moist Zululand Thornveld (Camp 2001).

Diagnostic species are listed in species group
G (Table 2). Diagnostic and dominant grass
species that occur in most of the plant com-
munities within this vegetation type include
taxa such as Hyparrhenia hirta, Setaria
nigrirostris, Themeda triandra and Tris-
tachya leucothrix. Berkheya multijuga, Cyc-
nium tubulosum, Xysmalobium undulatum,
Vernonia oligocephala and Scabiosa colum-
baria (species groups E and G) are the most
prominent forb species, whereas Psidium
guajava, an alien invasive from tropical
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America, forms the diagnostic woody layer
of the vegetation type. Dominant shrub and
tree species include Gymnosporia senegalen-
sis, Lippia javanica and Scutia myrtina
(species groups K, N and O), and Acacia kar-
roo, A. nilotica, Dichrostachys cinerea,
Euclea racemosa, Kraussia floribunda,
Phoenix reclinata and Rhus rehmanniana
(species groups N and O).

l. Heteropogon contorius-Tephrosia
bachmanni Grassland

This community occurs mainly in the eastern
part of the study area on flat to moderately
steep (6°) terrain. The Mayo soil type domi-
nates this rocky habitat, with depths ranging
between 100-150 mm, and clay content of
45-60 % (Table 3). This area has a history of
frequent burns and was heavily grazed in the
past. Erosion is common. Flat terrain on
slightly deeper soils was previously cul-
tivated.

Diagnostic species of the plant community is
presented in species group A (Table 2) of
which forb species such as Cephalaria pun-
gens, Chamaecrista mimosoides, Eriosema
cordatum and Tephrosia bachmannii, and
grass species such as Avristida junciformis
and Heteropogon contortus, are the most
conspicuous. This community is charac-
terised by the presence of a large number of
geophytic species (18 taxa), including diag-
nostic species such as Albuca setosa, Gladi-
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Fig. 3. Relative positions of all relevés along the first and second axis of an ordination. Plant community num-

bers correspond with those in the text and Table 2.

olus vernus and Hypoxis hemerocallidea.
The vegetation is dominated by grasses that
occur in dense stands on previously cultivat-
ed areas and pastures, with only a few woody
species present. Dominant grass species
include FEragrostis curvula, Hyparrhenia
hirta, Setaria nigrirostris, Themeda triandra
and Tristachya leucothrix (species groups E
and G). Cymbopogon nardus dominates the
margins of shrubby bush clumps, which are
dominated by Acacia karroo, A. nilotica and
Dichrostachys cinerea (species group O).
The high diversity and total species richness
of this community (Fig. 4) can possibly be
attributed to regular seasonal fires and the
subsequent low canopy cover of woody
species (Fig. 5).

2. Diheteropogon amplectens-Phoenix reclinata
Open Woodland

This community covers the largest part of the
study area. It stretches from the central parts

ISSN 0075-6458

of the farm, from between the Nseleni and
Cwaka Rivers to the eastern and northern
borders where it gradually merges with the
surrounding vegetation on the land of subsis-
tence farmers. The dominant soil type is the
Mayo form, which ranges from 100 mm in
depth on steep rocky slopes to 300 mm on
the plains (Table 3). Most of the plains were
cultivated during the 1940s and early 1950s,
whereas no cultivation took place on the
steep rocky hills where grazing and fire is
also less common.

This open woodland community is charac-
terised by the diagnostic taxa presented in
species group B (Table 2). The list includes
grass species such as Diheteropogon
amplectens and Trachypogon spicatus, forb
species such as Kalanchoe rotundifolia and
Solanum panduriforme, and tree/shrub
species such as Diospyros simii, Euclea
undulata and Phoenix reclinata (palm). On
previously cultivated lands, Acacia karroo
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and A. nilotica (species group O) occur in
moderately closed bush clumps. Palatable
grasses have a high cover percentage
(Table 2) and give this community the high-
est grazing value at OSCA (Table 3).

This community was classified into two
prominent sub-communities, which differ in
soil depth, slope and frequency of man
induced disturbances such as grazing, culti-
vation and fire.

2.1 Chloris gavana-Schinus terebinthifolius
Disturbed Open Woodland

This sub-community occurs on open, flat,
previously cultivated (1940-1950) and over-
grazed (1960 to present) areas on the north-
ern and eastern parts of the farm. Overgraz-
ing is especially evident in the areas sur-

rounding farm dams. Remains of old kraals
are common in some areas. Alien species
such as the invasive Schinus terebinthifolius
and Yucca gloriosa served as hedges/fences
around the kraals and are still abundant in
this plant community. Soil depths range from
200-300 mm, with clay content between
45 % and 70 % (Table 3). Uncontrolled fires,
which probably originated from the adjacent
farms, were a common phenomenon in this
community before 1980, after which fire-
breaks were implemented.

This disturbed woodland is characterised by
the diagnostic taxa listed in species group C
(Table 2). The plant community is rich in
grass diversity and dominant species include
Chloris gayana, Cymbopogon nardus,
Diheteropogon amplectens, Eragrostis

Table 3
Environmental factors and selected attributes associated with the different plant communities of OSCA

Factors/attributes

Plant commumities

1 21 2.2 3 4 5
Number of relevés 7 18 7 2 7 2
Mean species per relevé 45 35 43 59 32 42
Total number of species 127 112 112 89 96 62
Trees 5 18 17 17 38 23
Shrubs 9 18 19 15 25 16
Dwarf shrubs 5 4 2 1 | 2
Chmbers 4 5 5 8 10 7
Herbs 60 27 34 25 14 6
Geophytes 18 9 8 6 4 6
Annuals 4 7 4 3 1 0
Grasses 22 24 23 14 3 2
Hectares (ha) 193 152 89 101 69 68
Grass cover (%) 28 30 28 25 1 1
Forb cover (%) 11 5 6 8 3 4
Woody cover (%) 10 29 26 44 86 77
Grazing value (LSU y 10ha) 4 5 6 4 2 2
Altitudinal range (m) 75-95 50-110 40-120 80 40-95 65-90
Slope (°) 5-6 5-8 10-13 4-8 6-12 10-16
Aspect S:E E: 8 W; S E: N W: S NiE
Dominant soil form3 My My: Gs My My: 1k Oa: 1k Gs
Soil depth (mm) 100-180 200-330 100-170 250-625 400-800 350-400
Rock cover (%) 20-40 0-40 40-50 0-10 20-30 50-60
Mean radiation index 2.5 29 29 3.5 24 4

ILsu = Large stock unit per ha based on Van der Linden (2004):
3My = Mayo, Gs - Glenrosa, Ik = Inhoek, Oa = Oakleaf.

2N - north, S = south, E = east, W = west;
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curvila. Hyparrhenia hirta, Setaria
nigrirostris, S. sphacelata. Themeda trian-
dra. and Tristachva leucothrix (species
groups B, C, E, G). Prominent forb species
include Scabiosa columbaria, Helichrysum
nudifolium and the geophyte, Hypoxis heme-
rocallidea (species groups G and K). The
woody layer is well developed and has a
canopy cover of up to 30 %. Besides the
microphyllous thorn species, Euclea race-
mosa, E. undulata, Lippia javanica, Phoenix
reclinata, Scutia myrtina and Rhus rehman-
niana (species groups B, G, N and O) are
abundant. Naturalised alien trees from tropi-
cal American are aggressively invading this
community, and include Chromolaena odor-
ata, Schinus terebinthifolius and Psidium
guajava. Invaders are associated with dense
bush clumps of Acacia nilotica. Diospyros
simii, Gymnosporia buxifolia and Coddia
rudis (species groups B and N) occur as
small shrubs due to frequent fire and grazing
damage.

2.2 Trachypogon spicatus-Gymnosporia bux-

ifolia Rocky Open Woodland

This sub-community is strongly associated
with moderately steep, rocky hills in the
western parts of the study area (Table 3).
Soils are shallow (100-150 mm), with
underlying loose rocks. Human-induced dis-
turbances are less frequent in this inaccessi-
ble sub-community due to slope and rocki-
ness, although old kraals are present.

Diagnostic species are listed in species group
D (Table 2) and include woody species such
as Gymnosporia buxifolia and Sclerocarya
birrea. The geophytes Bulbine abyssinica
and Schizocarpus nervosus, which are typi-
cally associated with rocky outcrops, are the
only diagnostic forbs in this community.
Other prominent species include Diospyros
lycioides, Euclea undulata, Gymnosporia
senegalensis and Kraussia floribunda
(species groups B, N and O) in the woody
layer and Polygala leenderiziae and Scabiosa
columbaria (species groups E and G) in the
herbaceous layer. The woody canopy cover
is up to 25 %, although the cover is higher in
areas near the old kraals that date from the
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early 1940s. Hyparrhenia hirta and Era-
grostis curvula (species group G) cover large
areas of previously cultivated and disturbed
areas. Better management (less frequent fires
and overgrazing) of the grass layer of rocky
slopes resulted in a high cover percentage
(Fig. 5) of Decreaser species such as Dacty-
loctenium australe, Digitaria eriantha,
Diheteropogon amplectens, Panicum maxi-
mum, Setaria nigrirostris, S. sphacelata and
Themeda triandra (species groups B and G).

3. Acacia milotica-Lantana rugosa Closed
Woodland

Although only two relevés were classified
here (Table 2), it is a distinct community that
occurs on deep, wet soils and abandoned cul-
tivated fields of the eastern parts of the study
area (Table 3). This community was burnt
regularly until the late 1990s. For the past
seven years no fire occurred in this commu-
nity due to longer lasting green foliage in the
grass layer during winter months, caused by
high soil moisture. Vegetation cover in this
woodland community is high (approximate-
ly 75 %) and the area is not heavily utilised
by livestock as they prefer the more palat-
able grasses of the adjacent open plains.

Species diagnostic for this community are
listed in species group F (Table 2), which
include the South American grass Paspalum
dilatatum, forb species such as Ruellia cor-
data, Aster bakerianus. and small shrubby
Lantana rugosa. Other conspicuous forb
species include Cycnium adonense, Freesia
laxa and Thunbergia dregeana (species
groups | and K). Prominent woody species
include Gymnosporia senegalensis, Kraus-
sia floribunda, Lippia javanica and Euclea
racemosa (species groups K, N and O).
Dense stands of Acacia karroo, A. nilotica
and Dichrostachys cinerea occur frequently,
although most of the individuals are juve-
niles, which indicate potential bush
encroachment, Climbers are common and
include Cissampelos torilosa and Rhoicis-
sus tridentata. The climbing nature of the
invasive scrambling shrub Chromolaena
odorata has resulted in dense canopies in
bush clumps dominated by Acacia nilotica.
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Fig. 4. Analysis of species diversity and richness of
the plant communities of OSCA: (a) Shannon-
Wiener Diversity Index. (b) mean species richness
per unit area, and (c) total species richness (horizon-
tal bars = total - alien taxa).

Many of the dominant grass species of this
community indicate previous disturbance,
e.g. old fields, and include Bothriochloa
insculpta, Cymbopogon excavatus, Era-
grostis curvula and Hyparrhenia hirta
(species groups G). Other dominant grass
species include Digitaria eriantha and Pas-
palum dilatatum (species groups F and G),
which are generally associated with moist
soils. Species richness per unit area of this
community is the highest for the study area
(Fig. 4).
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B. Acacia karroo-Hippobromus pauciflorus Closed

Coastal Thornveld

This closed vegetation type is confined to
lower lying areas along drainage lines and
floodplains of the Cwaka and Nseleni
Rivers. Soils are deep with high moisture
content (Table 3). It is the least disturbed
area on OSCA, as this area was not exten-
sively cultivated or grazed due to steep
slopes and burning stopped in the late 1960s.
Recent years have seen aggressive invasions
by alien plant species. This vegetation type
can therefore be considered as a natural,
advanced successional type, probably repre-
senting a sub-climax between thornveld and
forest. The vegetation belongs to Moist

Coast Forest and Thornveld (Camp 2001).

(a)

y =23 311Ln(x) - 21 52
R2 = 05994

21
— 30—

o 25

Forb TCP (%)

()

454 y = -17 385Ln(x) + B7 159

= 404 R2 = 0 7563

10+

0 20 40 60 80
Tree TCP (%)

Fig. 5. Total Cover Percentage (TCP) for selected
growth forms, as a function of co-existence n each
plant community: (a) grass TCP plotted aganst forb
TCP. and (b) herbaceous (forbs + grasses) TCP plot-

ted agamst tree TCP.
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This vegetation type is differentiated from
the Acacia karroo-Themeda triandra Open
Coastal Thornveld by the near-absence of
grass cover (Fig. 5) and the presence of many
different broad-leaved woody species and
climbers. It is characterised by the diagnostic
taxa listed in species group M (Table 2),
which include the shrubs Grewia occidental-
is and Hippobromus pauciflorus, and the
trees Apodytes dimidiata, Euphorbia tirucal-
li and Trichilia dregeana. Broad-leaved
species specifically associated with deep,
moist soils characterise the community, but
the most dominant trees are microphyllous
species. Chromolaena odorata infestation is
severe in this vegetation type. This vegeta-
tion type has the lowest diversity and species
richness in the study area (Fig. 4).

4. Asparagus falcatus-Trimeria grandifola
Scrub Forest

This forest community occurs on moderately
sloped to flat terrain in the western part of
the study area on the banks of the major
rivers (Table 3). It is associated with a vari-
ety of soil types. which include Mayo,
Inhoek, Oakleaf and Shortlands. Soil depth
range from 300-800 mm. Variation in soil
depth and type gave rise to much diversity in
local floristic composition. Patches of this
community was previously cultivated and
grazed. Since the 1980s this wooded com-
munity was not burnt. which may explain the
development of a forest type.

Although the plant community is dominated
by a rich diversity of woody taxa with a high
canopy cover (80 %), only the tree Trimeria
grandifolia and climber Asparagus falcatus
(species group H) are diagnostic species
(Table 2). Microphyllous species such as
Acacia karroo, A. nilotica, A. robusta and
Dichrostachys cinerea (species group O)
dominate the community, but many different
broadleaf species also occur. These include
Apodytes dimidiata, Euclea racemosa,
Grewia occidentalis. Hippobromus pauci-
florus, Kraussia floribunda, Olea europaea,
Trichilia dregeana and Vangueria infausta
(species groups M, N and O), Although var-
ious creepers (ten taxa) are found within this
community, the scrambling Jasminum multi-
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partitum, Senecio tamoides and extremely
invasive Chromolaena odorata are dominant
in certain parts (species group N). The scan-
dent shrub Scutia myrtina forms dense
canopies in some of the higher trees. Dense
woody cover inhibits grass species to prolif-
erate resulting in low grass species diversity
and cover (Fig. 5). Conspicuous forbs
include various members of the Acan-
thaceae, such as Barleria obtusa, Justicia
flava and Thunbergia dregeana (Species
groups I, J and O).

5. Commuphora harveyi-Cussonta  zuluensis

Ripanan Thicket

This community is typically associated with
steeper slopes along the Nseleni River and
along the western part of the farm, The main
soil form is Glenrosa with a soil depth of
300-400 mm and underlying rocks (Table 3).
This community was not previously cultivat-
ed and was excluded from fire and grazing
since the 1980s, It therefore represents a nat-
ural, late successional community. Although
only two relevés are presented here, its com-
position of diagnostic species clearly distin-
guishes it as a unique community of litho-
phyllic vegetation.

This thicket is characterised by the near-
absence of grass species and the presence of
the diagnostic species in species group L
(Table 2), of which Commiphora harveyi and
Aloe rupestris are the most conspicuous.
Geophytes such as Eucomis autumnalis,
Sansevieria hyacinthoides and Scadoxus
puniceys are prominent diagnostic species.
Microphyllous species dominate the tree
layer, but are interspersed by conspicuous
broadleaf species such as Apodytes dimidia-
ta, Coddia rudis, Cussonia zuluensis, Eryth-
rina caffra, Dombeya burgessiae, Euclea
racemosa and Hippobromus pauciflorus
(species group L, M, N and O). This thicket
has a woody canopy cover of nearly 80 %
(Fig. 5). As in the Scrub Forest, climbers are
common, such as Jasminum multipartitum
and Pisonia aculeata. Dense infestation by
the alien invasive species, Chromolaena
odorata and Passiflora suberosa, occurs
occasionally. Riparian Thicket has a lower
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diversity and total species richness than
Scrub Forest, but has higher species richness
per unit area (Fig. 4).

Ordination

An ordination illustrated that the distribution
of plant communities of OSCA follows the
gradients of specific environmental factors
(Fig. 3). The distribution of relevés along the
first and second axes of a scatter diagram
(Fig. 3) corresponds to variation in soil
depth, slope, rockiness and elevation. Vege-
tation is correlated with an elevation gradient
along the first axis (eigen value = 0.458), and
soil depth, slope and rockiness correlate with
a vegetation gradient depicted by the second
axis (eigen value = 0.193). Plant communi-
ties are arranged along the first axis accord-
ing to an altitudinal gradient, with Acacia
karroo-Themeda triandra Open Coastal
Thornveld of higher lying slopes and plateau
on the left and Acacia karroo-Hippobromus
pauciflorus Closed Coastal Thornveld of
low-lying valleys on the right. Along the sec-
ond axis, communities of moist environ-
ments, i.e. deep soils, lie in the upper half of
the diagram. Communities of dry, rocky,
steep slopes are in the bottom half. Soil
depth and rock cover in turn relates to water
retention and drainage of habitat. Both ripar-
ian and highland areas have a general gradi-
ent of (i) deep, moist soils with low rock
cover and moderate slope, to (ii) shallow,
drier soils with high rock cover and steep
slope.

Land-use history, especially cultivation, fire
and grazing, are usually associated with cer-
tain physical environmental factors. It is
likely that a combination of land-use and
environmental factors has driven differentia-
tion in floristic composition of the study
area’s vegetation over the past 75 years (Van
der Linden 2004). This is more so for higher
lying, accessible areas than for wooded areas
near rivers and drainage lines. In these areas
unpredictable land-use practices, in combi-
nation with natural environmental factors,
have resulted in a heterogeneous floristic
composition that has made the identification
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of clear-cut sub-communities difficult. How-
ever, from the scatter diagram it does seem
as if Disturbed Open Woodland can be fur-
ther divided, namely communities that origi-
nate when either Grassland or Rocky Open
Woodland is disturbed (Fig. 3; black arrows
indicate possible successional pathway).

Vegetation structure

To illustrate the difference in structure of the
plant communities of OSCA, current rela-
tionships between the tree cover and herba-
ceous layer are plotted (Fig. 5). Co-existence
graphs of these growth forms depict the state
of the grass-forb-tree relationship. Briske &
Hendrickson (1998) ascribed changes in
vegetation structure as a result of over-uti-
lization as an ecological response to min-
imise the effect of selective grazing/harvest-
ing. Co-existence graphs of growth forms
illustrate the degree of structural change and
can be applied to monitor the state of a plant
community by comparing annual trends.

The trend depicted in Fig. 5a is that of co-
existence, because as the total cover percent-
age (TCP) of the grass layer increases, the
forb TCP also increases. This linear increase
in biomass production is probably due to
competition for available solar radiation. On
the left of the graph, both grass and forb TCP
is below 5 %, probably because the herba-
ceous layer is outcompeted by trees for sun-
light and are sparsely scattered in the under-
storey where filtered light reaches the soil.
On the right hand side of the graph, both
grass and forb TCP have increased six times
in full sun, with grasses being the most dom-
inant. Figure 5b illustrates the relationship
between tree cover and herbaceous layers.
TCP of the herbaceous layer is lowest
(<10 %) on the right of the graph where tree
TCP is at its highest levels (>75 %). On the
left of the graph, herbaceous TCP increases
to over 30 % when tree TCP decreases below
50 %. When considering the preservation of
smaller flowering plants, the optimum con-
dition for co-existence would be a tree TCP
of approximately 50 %, which would allow
the herbaceous layer to attain a maximum
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TCP. Short, open woodland could therefore
be the ideal vegetation structure to support
optimal, by protecting the soil and providing
enough light penetration for forbs and grass-
es.

Phytodiversity

Grassland and Rocky Open Woodland com-
munities (1 & 2.2) have the highest total
species richness (Fig. 4c). In contrast, Ripar-
ian Thicket (5) has the lowest indigenous
species richness. Mean species richness per
unit area of Closed Woodland (3) is the high-
est for the study area, but this is probably
distorted by the low sample intensity. i.e. two
relevés (Fig. 4b). However, it still compares
better (59 species/relevé) than the richest
woodland in northern KwaZulu-Natal (48
species/relevé) recorded by Eckhardt er al.
(1997). Mean species richness of Grasslands
is the second highest at OSCA, and of the
same level as Rocky Highveld Grassland
(Smit et al. 1997). However, it has a higher
diversity index (Fig. 4a) than any grassland
community of the Rocky Highveld Grass-
land, which is generally regarded as the most
diverse grassland vegetation type in South
Africa. The same can be said for tree-domi-
nated communities at OSCA when compared
with similar communities of Rocky High-
veld Grassland. Only Disturbed Open Wood-
land and Riparian Thicket do not compare
well, as these plant communities are domi-
nated by only a few species which contribute
to a lower diversity index (Fig. 4a).

It is clear from the above that the plant diver-
sity and richness of certain communities has
remained high despite regular changes in
land-use that altered the species assem-
blages. This is best explained by the conver-
sion from grassland to disturbed savanna,
which is mediated by the invasion of micro-
phyllous woody plants, in particular Acacia
species (Higgins er al. 1999). The resulting
tree cover facilitates the establishment of
species of later succession, particularly bird
dispersed fruits of broad-leaved woody
plants and succulents (Thrash 1998; Cooke
& Johnson 2002). This means richness and
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diversity decreases after a disturbance, but
then stabilises and increases when succes-
sion occurs. In the study area this is support-
ed by the high plant diversity of Closed
Woodland, which seems to be the next suc-
cessional stage after Disturbed Open Wood-
land (Fig. 3). Currently, the ordination does
not depict any progressive change towards
forest. Although the grasslands are the most
diverse and species rich, the successional
stages tend toward woodland after a distur-
bance, suggesting that grasslands of OSCA
are maintained by fire.

Fire

Migrating tribes along the Mozambique
coastal plain were probably the first people
to markedly influence the ecology of the
eastern parts of KwaZulu-Natal (Hall 1976).
According to Hall (1984), these people were
semi-permanent agriculturists, who used fire
to clear forested areas for fields and grazing.
The long history of fires and the adaptations
of vegetation to withstand fire indicate that it
is a natural and controlling ecological factor
in some of the grassland, woodland and for-
est areas of southern Africa, which include
the northern parts of KwaZulu-Natal (Tain-
ton & Mentis 1984). Although the effects of
fire on climax highland sourveld grasslands
have been well researched, less has been
done on the sour-mixed coastal grasslands of
the Maputaland Coastal Plain (Siebert et al.
2004), or on the transitional area within
which OSCA falls (Van der Linden 2004).

In the transitional area it is unclear what the
climax state of grasslands should be, as plant
species composition and vegetation structure
was driven by different fire regimes. Before
1960, fire was controlled by pastoralists,
from the late 1960s to early 1990s by a burn-
ing programme, and since 1990 burning
events became erratic and unpredictable.
This resulted in new successional pathways,
as the next burning event took place before
the vegetation could recover from the previ-
ous burn. Erratic burning somehow created
favourable conditions for the regeneration
and establishment of microphyllous species,
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such as Dichrostachys cinerea, Acacia kar-
roo and A. nilotica. Plant communities of
Open Coastal Thornveld therefore consist of
a mosaic of different seral stages of vegeta-
tion that gradually merges, and is grouped
and classified under Grassland, Open Wood-
land and Closed Woodland. This is support-
ed by aerial photographs that show drastic
changes in vegetation structure over the past
70 years (Van der Linden 2004).

Bush encroachment

Different management practices at OSCA
have led to the development of secondary
plant communities and fragmentation of the
natural vegetation. The interplay between
disturbance and ecological processes, such
as intensive grazing and regular fires,
accounted for a major portion of the organi-
zation and spatial patterning of natural com-
munities in the study area. Classification of
the current vegetation patterns indicates that
different management practices since 1960
modified the vegetation structure even fur-
ther, which resulted in bush encroachment.
This occurrence of periodic disturbance
ensured continuing shifts in plant species
composition. Disturbance after disturbance
resulted in bursts of regeneration that, once
established, suppressed progressive succes-
sion. This is especially apparent in the Aca-
cia nilotica-Lantana rugosa Closed Wood-
land that was regularly cultivated and burnt.
Most of the woody species occur as juve-
niles, which poses a bush encroachment
threat.

High abundance of microphyllous species,
such as Acacia karroo, A. nilotica and
Dichrostachys cinerea (species group O,
Table 1) over the entire study area indicate a
dynamic shift in vegetation structure, conse-
quently leading to losses of natural grassland
communities. In turn, these newly estab-
lished woodlands become invaded by alien
plant species and these seedbanks pose a
serious threat to the maintenance of plant
species diversity in near future (Van der Lin-
den 2004). From the DECORANA it is clear
that Grassland and Rocky Open Woodland
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communities become Disturbed Open Wood-
land after ploughing or overgrazing (Fig. 3).
This disturbed woodland then steadily
undergoes bush encroachment to become
Closed Woodland. This seral stage could
possibly develop into Scrub Forest over time
(=50 years).

Conservation

Although OSCA is relatively small, its het-
erogenous topography and consequently
large variety of habitats harbour a consider-
able richness of plant species of various life
forms (Table 2; Fig. 4). The plant communi-
ties are, however, constantly changing in
response to different disturbance events.
High infestation of alien invasive species,
such as Chromolaena odorata, Schinus tere-
binthifolius and Psidium guajava poses a
major threat to the maintenance of the biodi-
versity on OSCA. Chromolaena odorata, a
declared category |1 weed (Henderson 2001),
occurs in high abundances in all plant com-
munities, although the Asparagus falcatus-
Trimeria grandifolia Scrub Forest and Com-
miphora harveyi-Cussonia zuluensis Ripari-
an Thicket are the most affected by its
scrambling habit that smothers the indige-
nous canopy. Psidium guajava, a category 2
invader species, and Schinus terebinthifolius,
a category | weed (Henderson 2001), are
common in the Diheteropogon amplectens-
Phoenix reclinata Open Woodland and need
to be eradicated to maintain the high species
richness of this fragmented vegetation type.
An action plan for the control of alien inva-
sive species is required, since ignorance
could lead to species losses on the farm. Two
plant communities are of special concern:

i) A few natural areas of coastal grasslands
exist, and most of the remnants are frag-
mented and disturbed. The question aris-
es as to whether it is a viable option to
preserve such relatively small areas.
OSCA grassland contains a high rich-
ness of traditional and medicinal plants
(Van der Linden 2004) and should there-
fore be considered as a genebank for
these bioresources. The plant communi-
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ties, although disturbed and seral, main-
tain these resources and should be con-
served.

ii) The Scrub Forest of the study area is
floristically related to the Plectrantho
fruticosi-Trimerietum grandifoliae
(Eckhardt et al. 1997), a plant communi-
ty regarded as threatened. It was first
described from areas along the upper
reaches of the Black Mfolozi. OSCA
serves as a refuge for this plant commu-
nity and should, together with the last
remaining grasslands, be highlighted as
a priority for conservation efforts and
sustainable management practices.

Conclusions

The TWINSPAN classification and subse-
quent refinement by Braun-Blanquet proce-
dures resulted in the delineation of five plant
communities. These communities were relat-
ed to certain environmental factors, the gra-
dients which are depicted in a DECORANA
scatter diagram. Soil depth, rock cover, slope
and elevation are the major determinants of
the species assemblages of the communities.
Different events related to land-use history
and current management practices, such as
old fields, grazing and fire, determine the
current vegetation structure and occurrence
of plant communities on OSCA farm,
Despite years of disturbance at OSCA, grass-
land and woodland communities have main-
tained their diversity, and compare well with
areas recognised for high species richness.

Description of the different vegetation units
of OSCA farm makes a significant contribu-
tion towards the understanding of thornveld
in the transitional area of Bushveld and
Grassland in coastal areas. However, further
detailed ecological studies need to be done
on old fields of different ages to derive hypo-
thetical succession pathways for future graz-
ing management, and natural grassland
regeneration needs to be investigated to
develop sustainable management plans for
natural resource harvesting. The integrity of
the plant communities can be maintained by
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addressing alien invasion, bush encroach-
ment and uncontrolled burning, to ensure
that it remains a productive landscape.
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