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The plant communities of the Andover Game Reserve, 
South Africa

Abstract
Floristic characteristics of the Andover Game Reserve (AGR) were surveyed using an area-based survey 
technique and classified according to the data recorded from 88 relevés, using the PHYTOTAB-PC 
software package. Three plant communities, of which two each contain two variants, were described 
and mapped. The plant communities and their causative environmental factors were validated 
through detrended- and canonical correspondence multivariate analyses. The plant communities of 
the AGR were found to typify the floristics associated with the catenal sequences located in undulating 
areas on granite. Broad-leaved savanna is located at the crest and upper mid-slopes while fine-leaved 
savanna occurs along the footslopes of the AGR. Seeplines, a characteristic occurrence along catenas, 
are found at the transitional zone between the upper broad- and lower fine-leaved savanna plant 
communities. This study forms the basis for the compilation of a revised ecological management plan 
for the Andover Game Reserve.

Keywords:  Plant communities, PHYTOTAB-PC, catena, savanna, granitic soils

Protected areas have been set aside for the protection of natural 
resources and to perpetuate the natural conditions (Visser et al. 
1996) that are necessary for the continued existence of these 
systems. Management, in this context, is the practice by which 
that purpose is realised (Pyle 1980). For the effective management 
of any natural area a comprehensive description or base line 
study is of paramount importance (Barrett et al. 2006; Brown 
& Bezuidenhout 2000; Brown et al. 2005; Coombes & Mentis 
1992; Reilly & MacFadyen 1992) as management decisions are 
based on a comprehensive understanding of the potential of 
an area.  Management of a conservation area starts once the 
area has been defined on a map (Spinage 1979). Bredenkamp 
and Brown (2001) emphasised the use of plant communities as 
a reliable basis for ecological planning and management. This 
paper aims to describe the plant communities of the Andover 
Game Reserve (AGR), South Africa, and forms a critical part in 
the compilation of a revised ecological management plan for 
the reserve.

Study area

The AGR is situated between the southern latitudes 24˚ 33’ 
and 24˚ 38’ and eastern longitudes 31˚ 10’ and 31˚ 17’, and 
encompasses an area of 7 100 ha. The AGR is approximately 20 
km southwest of the Orpen gate of the Kruger National Park. 
The physiography is characterised by an undulating landscape 
with interspersed drainages and upper landscapes arranged 
predominantly from a westerly to an easterly direction. The 
AGR is located within the Bushveld Lowveld region of the 
revised Köppen climate classification (Kruger 2004; Schulze 
1994) and receives a mean annual precipitation of 782.9 mm 
(AGROMET 1996). Mean daily maximum temperatures in 
January and July are 31.7 ˚C and 24 ˚C, with the mean daily 
minimum being 20.1 ˚C and 9.2 ˚C for the same periods, 
respectively (AGROMET 1996). The geology of the Pilgrim’s 

Rest area, which includes the Lowveld, has been described by 
Walraven (1989). The AGR is situated on the Swazian basement 
complex, which consists predominantly of gneisses and 
granites. The north-western section of the AGR comprises grey 
to pale-brown, medium- to course-grained quartz-feldspar-
biotite gneiss with subordinate mafic to ultramafic xenoliths. 
The south-eastern section of the AGR consists of Makhutswi 
gneiss, which is light-grey, medium-grained biotite gneiss with 
course-grained quartz-feldspar leucosomes (Walraven 1986). 
The reserve incorporates a combination of two Veld Types, 
namely Veld Type 10 or Lowveld and Veld Type 11, also known 
as Arid Lowveld (Acocks 1988), and collectively described by 
Driver et al. (2005) as Granite Lowveld Bushveld. Recently this 
area has been described as the Granite Lowveld by Mucina and 
Rutherford (2006).

Methods

The level of detail required from a particular study, determines 
the working scale or associated sampling scale, which in turn 
determines the smallest mappable unit area both in terms of 
field procedures and cartography (Rutherford & Westfall 1986). 
Pressey and Bedward (1991) and Panagos (1995) illustrated 
the effect of different scales on the same data set, where at so-
called coarse scales the data set showed fewer groups than 
when classified for finer scales. Panagos (1995) and Westfall 
et al. (1996) recommend a sampling scale of 1:12 000 for areas 
less than 10 000 ha in extent. A recent (1996) monochrome 1:60 
000 aerial photograph was used to construct a photographic 
mosaic that was then enlarged to a scale of approximately 
1:13 000. The photographic mosaic was stratified into eight 
relatively homogeneous areas using a method that involved the 
recognition of pattern based on texture and grey values (Cronje 
2004; Panagos et al. 1998). The number of sampling quadrats 
positioned in each homogeneous unit depended on the size of 
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the area: the larger the area the higher the number of sampling 
quadrats allocated to the unit. A minimum of four sampling 
quadrats was allocated to the smaller homogeneous units to 
maximise detection of variability. The sampling quadrat area 
was set at 200 m2 (10 m x 20 m), relative to the sampling scale 
(Westfall et al. 1997). This quadrat size has become established 
as an optimised area for savanna (Boucher & Jarman 1977; 
Bredenkamp 1975; Panagos et al. 1998; Panagos & Reilly 2006; 
Theron 1973; van Rooyen 1983; Werger 1974). A total of 88 
quadrats were subjectively placed throughout the homogeneous 
strata as identified on the aerial photographic mosaic. Relevés 
were located in the field using a Global Positioning System 
(GPS), the aerial photographic mosaic and a topographic map 
(Cronje 2004).

Each relevé was geo-referenced using a GPS and the 
environmental factors recorded at each quadrat included: 
topographic unit (i.e. crest, mid-slope, footslope, riverine); 
slope in degrees (estimated); aspect in degrees, with the aid 
of a compass; soil form, with diagnostic horizons identified 
up to a depth of 1.2 m according to MacVicar et al. (1991); soil 
characteristics were classified (sandy, loam or clay) based 
on a texture analysis using the ‘sausage test’ (Brady 1984); 
and the visual occurrence of fire and any other noticeable 
disturbances.

The floristic parameters recorded at each quadrat were 
species composition, growth forms (tree, shrub, dwarf shrub, 
grass, and forb) according to Edwards (1983) and Westfall 
(1992), and canopy cover determined with the use of the Plant 
Number Scale (Westfall & Panagos 1988; Westfall et al. 1996.) A 
community composition analysis (Panagos et al. 1998; Westfall 

et al. 1996) was carried out for each community and variant. It 
entailed calculating the projected canopy cover-to-frequency 
ratios of species in five growth form classes (tree, shrub, dwarf 
shrub, grass, and forb) using PHYTOTAB-PC (Westfall 1992). 
A linear relation between cover and frequency is assumed and 
the expected cover for the actual frequency of each species in 
a community is calculated according to the linear regressions. 
Three distinct groups are formed i.e. those with a higher cover 
and those with a lower cover than the standard error of the 
mean. The third group of species falls between the first two 
groups. The first group is referred to as strong competitor species 
because of the high individual resource-space requirements 
and the second group is called weak competitor species 
because of the low individual resource-space requirements. 
The third group is termed normal competitor species. Plant 
species nomenclature followed that of the National Herbarium, 
Pretoria (Germishuizen & Meyer 2003).

The floristic data were classified using the PHYTOTAB-PC 
program package (Westfall 1992, Westfall et al. 1997) and the 
resultant plant communities were validated using a Detrended 
Correspondence Analysis (DCA) using the CANOCO 
software package (ter Braak & Šmilauer 1998). A Canonical 
Correspondence Analysis (CCA) (ter Braak & Šmilauer 1998) 
was used to validate floristic and environmental relations.   

Results

Classification

A total of 333 plant taxa were recorded in three main plant 
communities, with the first two plant communities each having 
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Figure 1
Plant communities of the Andover Game Reserve
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two variants (Table 1). The identified plant communities were 
as follows:

1.	The Strychnos madagascariensis - Aristida stipitata var. 
graciliflora short closed woodland	
1a	The Strychnos madagascariensis - Indigofera inhambanensis 

variant
1b	The Strychnos madagascariensis - Parinari curatellifolia 

variant

2.	The Acacia gerrardii - Setaria sphacelata var. sphacelata short 
closed woodland
2a	The Acacia gerrardii - Fuirena pachyrrhiza var. pachyrrhiza 

variant
2b	The Acacia gerrardii - Themeda triandra variant

3.	The Gymnosporia senegalensis - Phragmites mauritianus 
riparian low thicket

The species groups were arranged to highlight the environmental 
gradients associated with savanna sandveld ecosystems. The 
phytosociological classification consists of 12 species groups 
(A–L) of which 205 (61.7%) and 128 (38.4%) species constitute the 
diagnostic and non-diagnostic portions, respectively (Table 1). 
A vegetation map of the AGR providing the spatial occurrence 
of the plant communities is presented in Fig. 1.

Description of plant communities

The Strychnos madagascariensis - Aristida stipitata var. 
graciliflora short closed woodland (Community 1)

Community 1 (Fig. 1; Table 1, Species Group A) occurs 
throughout the reserve, predominating on the crests and upper 
mid-slopes of the landscape with a slope ranging between 2˚ and 
5 .̊ The soils found in these physiographic units are deep sandy 
soils (mean clay > 5%), with a mean depth of 1 m. Soil forms 
associated with this plant community are Hutton, Clovelly and 
Cartref (MacVicar et al. 1991). This community contributes the 
most to the overall species richness of the AGR, with a total 
of 258 plant species (Table 2), of which the majority, 15.7% 
and 45.4%, of the species richness is within the grass and forb 
growth forms, respectively (Table 3). The woody component 
of the community is dominated (in terms of cover) primarily 
by Terminalia sericea and Dichrostachys cinerea with 12.2% and 
8.2% cover, respectively (Table 4). Terminalia sericea forms dense 
fringes of varying degrees toward the lower portions of the 
mid-slopes. Strychnos madagascariensis is a weak competitor 
with a density of three trees per hectare (Table 4). Digitaria 
eriantha, Hyperthelia dissoluta, Panicum maximum (mainly under 
tree canopies) and Perotis patens are dominant (in terms of 

0

10

20

30

40

50

1 1a 1b 2 2a 2b 3

60

Communities and Variants

 C
an

op
y c

ov
er

 (%
) Forbs

Grasses
Shrubs
Dwarf Shrubs
Trees

Figure 2
Histogram indicating the percentage canopy cover for the growth forms recorded 
in the main plant communities and their associated variants in the Andover Game 

Reserve
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cover) in the herbaceous layer (Table 4). Aristida stipitata subsp. 
graciflora occurs as a normal competitor (Table 4). The forbs, 
Agathisanthemum bojeri subsp. bojeri, Chamaecrista absus, Vernonia 
steetziana, Tagetes minuta and Wahlenbergia banksiana occur as 
strong competitors (Table 4). The actual cover contribution of 
each growth form in this community is shown in Fig. 2, with a 
high total percentage cover of 67.8%.

The Strychnos madagascariensis - Indigofera inhambanensis 
variant 1a

Variant 1a occurs mainly in the eastern half of the reserve 
(Fig. 1; Table 1, Species Group B), where the predominant 
underlying geology is grey to pale brown, medium- to course-
grained quartz-feldspar-biotite gneiss with subordinate mafic 
to ultramafic xenoliths (Walraven 1986). The species richness 
consists of 197 plant species (Table 2), with the dwarf shrub 
(14.5%), grass (14.9%) and forb (49%) growth forms contributing 
the most to the species richness of this variant (Table 3). Dominant 
species (in terms of cover) include the trees Dichrostachys cinerea, 
Terminalia sericea, the grasses Perotis patens, Digitaria eriantha, 
Bulbostylis contexta, Hyperthelia dissoluta, Panicum maximum, and 
the forbs Tagetes minuta, Chamaecrista absus, Vernonia steetziana 
and Agathisanthemum bojeri subsp. bojeri (Table 5). Indigofera 
inhambanensis is within a normal competition range (Table 5). 
The vegetation structure in terms of the actual percentage cover 
relative to each growth form is illustrated in Fig. 2, with a total 
cover of 64.9%

The Strychnos madagascariensis - Parinari curatellifolia 
variant 1b

This variant (1b) of Community 1 occurs within the western 
portion of the reserve (Fig. 1; Table 1, Species Group C). The 
underlying geology consists of Makhutswi gneiss, which 
is light-grey, medium-grained biotite gneiss with course-
grained quartz-feldspar leucosomes (Walraven 1986). The 
occurrences of frequent fires (annually) from the bordering 
rural communities may be an additional causative factor of 
this variant. The species richness of this variant is slightly 
higher (207 species) than that of Variant 1a (Table 2), with the 
grass (17.8%) and forb growth forms (43.9%) contributing the 
most to the variant’s species richness (Table 3). Dichrostachys 
cinerea and Terminalia sericea remain strong competitors in the 
tree growth form (Table 6). Euclea divinorum and Phyllanthus 
reticulatus are strong competitors in the shrub and dwarf shrub 
growth forms, respectively (Table 6). Fuirena pachyrrhiza var. 
pachyrrhiza, Perotis patens, Cynodon dactylon, Hyperthelia dissoluta 
and Panicum maximum are dominant grasses in terms of cover, 
of which the latter two are also strong competitors (Table 6). 
Strong forb competitors include Bidens bipinnata, Wahlenbergia 

banksiana and Agathisanthemum bojeri subsp. bojeri (Table 6). The 
growth forms depicting community structure relative to their 
actual percentage canopy cover are shown in Fig. 2, with a high 
community cover of 72.8%. 

The Acacia gerrardii - Setaria sphacelata var. sphacelata short 
closed woodland (Community 2) 

Community 2 (Fig. 1; Table 1, Species Group D) occurs on the 
lower mid-slopes and footslopes of the AGR, with a slope 
ranging between 5˚ and 10 .̊ The soils are sandy-loam (mean clay 
5–10%) towards the lower mid-slopes, becoming more clayey 
(mean clay > 50%) on the footslopes. Soils occurring in the 
plant community are: Cartref, Fernwood, Katspruit, Kroonstad, 
Sepane, Valsrivier and Sterkspruit (MacVicar et al. 1991). The 
mean soil depth is 1 m along the lower mid-slopes, decreasing to 
0.5 m along the footslopes. A total of 222 plant species (Table 2) 
occur in the community, with the highest species richness 
being in the forb (39.7%) growth form (Table 3). The dominant 
trees (in terms of cover) are Aristida stipitata subsp. graciliflora, 
Acacia nilotica, Combretum hereroense, Dichrostachys cinerea and 
the shrub Euclea divinorum, of which the latter three species are 
also strong competitors (Table 7). Dominant grasses (in terms of 
cover) include Eragrostis gummiflua, Eragrostis curvula, Digitaria 
eriantha, Setaria sphacelata var. sphacelata, Bulbostylis contexta, 
Hyperthelia dissoluta and Panicum maximum, with the four latter 
species also being strong competitors (Table 7). Although 
Hyperthelia dissoluta occurs as a strong competitor, its dominance 
in terms of cover (3.9%) is substantially lower in contrast to its 
dominance in Community 1 and its Variants 1a and 1b (Table 4, 
Table 5 and Table 6). Noticeably strong forb competitors are 
Chaetacanthus setiger and Epaltes gariepina (Table 7). The actual 
canopy cover contribution of each growth form within the 
plant community is shown in Fig. 2, with the total percentage 
cover for the community being 65.6%.

Measurements
Communities and Variants

1 1a 1b 2 2a 2b 3
Total no. relevés. 53 33 20 31 12 19   4

Total no. species. 258 197* 207* 222 147* 193* 118

Total diagnostic species. 181 132* 139* 160 97* 128* 72

Diagnostic proportion. 70.2% 67.1% 67.2% 72.1% 66% 66.3% 61%

Species richness in terms of mean species per relevé. 56 57 54 56 49 61 53

Community variation

Minimum species per relevé. 37 37 40 33 33 47 41

Maximum species per relevé. 70 70 66 73 61 73 75

Range of species per relevé. 33 33 26 40 28 26 34

Mean species per relevé. 56 57 54 56 49 61 53

Standard error of the mean of species per relevé. 1.01 1.3 1.5 1.7 2.4 1.5 7.6

Community variation (proportion spp./relevé/ community). 21.6% 28.9% 25.9% 25.4% 33.4% 31.6% 44.9%

Community variation in terms of the standard deviation. 2.9% 3.8% 3.2% 4.2% 5.5% 3.4% 12.8%

* Several of the same species occurring in the main plant communities also occur in the variants and thus the species totals of the variants will not equate to the sum of the species 
in the main plant communities

Growth 
form

Communities and Variants
1 1a 1b 2 2a 2b 3

No % No % No % No % No % No % No %
Trees 42 13.0 30 12.5 30 11.9 35 12.2 21 12.0 32 12.8 17 13.1

Shrubs 39 12.0 22 9.1 33 13.0 42 14.6 18 10.3 37 14.8 23 17.7

Dwarf 
shrubs

45 13.9 35 14.5 34 13.4 46 16.0 27 15.4 38 15.2 9 6.9

Grass 51 15.7 36 14.9 45 17.8 50 17.4 34 19.4 45 18.0 23 17.7

Forbs 147 45.4 118 49.0 111 43.9 114 39.7 75 42.9 98 39.2 58 44.6

TABLE 2
Community and variant statistics for the Andover Game Reserve

TABLE 3
Species richness within the communities and their associated variants according to 

each growth form

* It is possible for more than one species to occurr in one or more growth forms in 
the woody plant categories
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Cyperus denudatus and Cyperus sphaerospermus occurring as 
normal competitors in this hydromorphic vegetation unit 
(Table 8). Species growth relations within this variant are 
presented in Table 8. Hyperthelia dissoluta remains a strong 
grass competitor (Table 8), primarily occurring towards the 
upper regions of this lower mid-slope vegetation unit. Epaltes 
gariepina is a strong forb competitor indicative of wet or 
seepline areas (Table 8). Dichrostachys cinerea remains a strong 
competitor within the woody component of this vegetation 
unit (Table 8). The total percentage cover for the variant is 
71.1%, with proportions within the woody, herbaceous and forb 
components being 15%, 39.6% and 15.7% (Fig. 2), respectively, 
clearly demonstrating the hydromorphic characteristic of the 

Species
Growth 
Form*

Comp. 
Status**

Canopy 
Cover 
(%)

Crown 
Diameter  
(m)

Ind./
Ha***

Canopy/ 
Canopy 
Gap (m)

Terminalia sericea T Strong 11.3 3.3 135 6.4

Dichrostachys 
cinerea

T Strong 7.6 3.8 67 9.9

Strychnos 
madagascariensis

T Weak 0.1 2.2 3 62.2

Hyperthelia 
dissoluta

G Strong 7.1 0.3 14 960 0.7

Panicum 
maximum 

G Strong 6.8 0.2 25 241 0.5

Digitaria eriantha G Normal 2.1 0.1 51 377 0.4

Perotis patens G Normal 2.9 0.2 17 282 0.7

Agathisanthemum 
bojeri subsp. 
bojeri 

F Strong 1.3 0.3 179 2.5

Chamaecrista 
absus 

F Strong 2.2 0.2 9 145 1.0

Vernonia 
steetziana

F Strong 4.5 0.2 22 850 0.6

Indigofera 
inhambanensis

F Normal 0.2 0.3 334 5.8

Tagetes minuta F Strong 1.3 0.1 9 229 1.0

* T = Tree; G = Grass; F = Forb
** Competitor status
*** Individuals per hectre

TABLE 5
Species and growth form relations in Variant 1a

Species
Growth 

Form*
Comp. 
Status**

Canopy 
Cover  

(%)

Crown 
Diameter   

(m)
Ind./

Ha***

Canopy/ 
Canopy 
Gap (m)

Terminalia sericea T Strong 13.5 3.0 178 5.3

Dichrostachys 
cinerea

T Strong 8.8 2.9 128 7.0

Strychnos 
madagascariensis

T Weak 0.1 1.6 3 60.0

Euclea divinorum S Strong 1.0 1.9 36 16.7

Phyllanthus 
reticulatus

DS Strong 0.02 0.4 19 25.0

Perotis patens G Weak 1.4 0.1 12 108 0.9

Hyperthelia 
dissoluta

G Strong 10.0 0.3 16 578 0.6

Panicum 
maximum

G Strong 10.2 0.2 32 380 0.4

Cynodon dactylon G Normal 1.9 0.1 115 
500

0.3

Fuirena 
pachyrrhiza var. 
pachyrrhiza

G Normal 1.9 0.2 7 614 1.1

Bidens bipinnata F Strong 1.1 0.1 7 114 1.2

Wahlenbergia 
banksiana

F Strong 1.9 0.1 20129 0.7

Agathisanthemum 
bojeri subsp. 
bojeri

F Strong 1.4 0.3 2 228 2.1

* T = Tree; DS = Dwarf shrub; G = Grass; F = Forb
** Competitor status
*** Individuals per hectre

TABLE 6
Species and growth form relations in Variant 1b

The Acacia gerrardii - Fuirena pachyrrhiza var. pachyrrhiza 
variant 2a

This variant (Fig. 1 Table 1, Species Group E) is indicative of the 
seeplines and the transition areas between the broad- and fine-
leaved savanna. Soils occurring in this vegetation unit have 
a characteristic G-Horizon, namely Katspruit and Kroonstad 
(MacVicar et al. 1991). As a result of the G-Horizon, seasonal 
water emerges to the surface forming wet-spots or seeplines, 
with characteristic hydromorphic species (i.e. within the grass 
and forb growth forms) dominating these areas. The floristic 
richness consists of 147 individual species (Table 2) with the 
grass and forb layers contributing 19.4% and 42.9% (Table 3), 
respectively, to the species richness of this variant. Diagnostic 
species are Fuirena pachyrrhiza var. pachyrrhiza and Vahlia 
capensis subsp. vulgaris var. vulgaris (Table 1, Species Group E), 
with Eragrostis inamoena, Eragrostis gummiflua, Eragrostis curvula, 

Species
Growth 

Form*
Comp. 
Status**

Canopy 
Cover  

(%)

Crown 
Diameter   

(m)
Ind./

Ha***

Canopy/ 
Canopy 
Gap (m)

Acacia gerrardii T Normal 2.9 3.50 29 17.3

Acacia nilotica T Normal 2.7 4.60 27.9 23.3

Acacia swazica T Normal 1.2 1.40 76 11.5

Combretum 
hereroense

T Strong 3.9 2.70 67 11.0

Dichrostachys 
cinerea

T Strong 6.5 3.30 76 9.6

Euclea divinorum S Strong 1.5 2.00 36 16.7

Panicum 
maximum

G Strong 8.2 0.20 29 199 0.5

Hyperthelia 
dissoluta

G Strong 3.9 0.30 7629 1.0

Bulbostylis 
contexta

G Strong 3.5 0.10 179 
581

0.2

Setaria 
sphacelata var. 
sphacelata

G Strong 3.1 0.24 7 207 1.1

Eragrostis 
gummiflua

G Normal 1.8 0.30 3703 1.6

Eragrostis curvula G Normal 1.9 0.10 15871 0.8

Digitaria eriantha G Normal 1.4 0.10 20113 0.7

Chaetacanthus 
setiger

F Strong 1.3 0.10 2 289 2.1

Epaltes gariepina F Strong 5.5 0.30 55 418 0.4

TABLE 7
Species and growth form relations in Community 2

Species
Growth 

Form*
Comp. 
Status**

Canopy 
Cover 

(%)

Crown 
Diameter   

(m)
Ind./

Ha***

Canopy/ 
Canopy 
Gap (m)

Terminalia sericea T Strong 12.2 3.2 150 6.0

Dichrostachys 
cinerea

T Strong 8.2 3.5 85 8.7

Strychnos 
madagascariensis

T Weak 0.1 1.9 3 60.3

Hyperthelia 
dissoluta

G Strong 8.2 0.3 15 525 0.7

Panicum 
maximum

G Strong 8.1 0.2 28 278 0.5

Digitaria eriantha G Weak 1.7 0.1 39 612 0.8

Perotis patens G Weak 2.3 0.1 15 872 0.8

Aristida stipitata 
subsp. graciliflora

G Normal 0.1 0.1 4 334 1.7

Agathisanthemum 
bojeri subsp. 
bojeri

F Strong 1.3 0.3 1 807 2.4

Chamaecrista 
absus

F Strong 1.6 0.2 7 834 1.1

Vernonia 
steetziana

F Strong 3.0 0.2 17 146 0.7

Tagetes minuta F Strong 1.0 0.1 7 441 1.2

Wahlanbergia 
banksiana

F Strong 0.7 0.1 9 345 1.1

Hibiscus sp. F Strong 1.0 0.1 6 715 1.2

* T = Tree; G = Grass; F = Forb
** Competitor status
*** Individuals per hectre

TABLE 4
Species and growth form relations in Community 1
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seepline with a clear reduction in the occurrence of the woody 
components in these areas.

The Acacia gerrardii - Themeda triandra variant 2b

This variant (Fig. 1; Table 1, Species Group F) is restricted to 
the footslopes of the study area and follows the drainage lines 
originating in the south and flowing in a northerly direction. 
The variant is also located along the drainage lines in the 
eastern parts of the reserve. Soil forms in this vegetation unit 
are predominantly Sterkspruit, Sepane and Valsrivier, which are 
duplex soils (MacVicar et al. 1991). Duplex soils are characterised 
by an abrupt textural or structural transition between the 
surface horizon and the subsoil (Matthee 1996). The Glenrosa 
soil form (MacVicar et al. 1991) also occurs where the parent 
granite rock lies shallow below the surface. The species richness 
in this variant amounts to 193 individual species (Table 2), with 
the forbs contributing the most (39.2%) to this vegetation unit 
(Table 3). Dominant species (in terms of cover) include the 
trees Dichrostachys cinerea, Combretum hereroense, Acacia nilotica, 
Acacia gerrardii, the shrub Euclea divinorum, the grasses Panicum 

maximum, Setaria sphacelata var. sphacelata, Digitaria eriantha, and 
the forbs Chaetacanthus setiger and Epaltes gariepina (Table 9). The 
total canopy cover for this variant is 62.1% (Fig. 2).

The Gymnosporia senegalensis - Phragmites mauritianus 
riparian low thicket (Community 3)

This plant community (Fig. 1; Table 1, Species Group J) is 
found along the seasonal rivers occurring in the northern 
and north-western corner of the reserve. Alluvial soils are the 
predominant soils in the community. This community has the 
lowest species richness with a total of 118 species (Table 2), with 
the shrub (17.7%), grass (17.7%) and forb (44.6%) growth forms 
contributing the most to the species richness of this vegetation 
unit (Table 3). Combretum imberbe and Gymnosporia senegalensis 
are strong woody competitors (Table 10). Dominant herbaceous 
species (in terms of cover) include Eriochloa meyeriana subsp. 
meyeriana, Eustachys paspaloides, Phragmites mauritianus and 
Panicum maximum, of which Phragmites mauritianus is a strong 
competitor (Table 10). Hypoestes forskaolii ‘form B’ is a strong 
forb competitor (Table 10). The community structure expressed 
as a percentage actual cover contributed by each growth form 
is illustrated in Figure 2. The total class cover is 99.4% and is 
indicative of dense river vegetation, particularly within the 
grass (48.9%) and forb (21%) growth forms (Fig. 2). The woody 
proportion constitutes 18.4% of the total class cover (Fig. 2) 

Species
Growth 

Form*
Comp. 
Status**

Canopy 
Cover  

(%)

Crown 
Diameter  

(m)
Ind./

Ha***

Canopy/ 
Canopy 
Gap (m)

Dichrostachys 
cinerea

T Strong 9.5 3.4 105 7.6

Bulbostylis 
contexta

G Strong 7.9 0.1 232 603 0.2

Hyperthelia 
dissoluta

G Strong 10.0 0.3 19 710 0.6

Panicum 
maximum

G Strong 6.2 0.2 19 737 0.6

Fuirena 
pachyrrhiza var. 
pachyrrhiza

G Normal 0.5 0.3 593 4.6

Eragrostis 
inamoena

G Normal 1.1 0.2 2539 2.0

Cyperus 
denudatus

G Normal 1.1 0.1 10 141 1.0

Cyperus 
sphaerospermus

G Normal 1.7 0.1 27 508 0.6

Eragrostis 
gummiflua

G Normal 2.0 0.2 5 021 1.4

Eragrostis 
curvula

G Normal 2.0 0.1 18 321 0.7

Vahlia capensis 
subsp. vulgaris 
var.  vulgaris

F Normal 0.5 0.2 8 654 1.1

Epaltes gariepina F Strong 7.3 0.1 61 276 0.3

* T = Tree; G = Grass; F = Forb
** Competitor status
*** Individuals per hectre

TABLE 8
Species and growth form relations in Variant 2a

Species Growth 
Form*

Comp. 
Status**

Canopy 
Cover  

(%)

Crown 
Diameter   

(m)

Ind./
Ha***

Canopy/ 
Canopy 
Gap (m)

Dichrostachys 
cinerea

T Strong 4.6 3.2 57 11.80

Combretum 
hereroense

T Strong 4.9 2.7 88 9.30

Acacia nilotica T Strong 4.2 4.7 24 18.20

Acacia gerrardii T Strong 4.4 3.6 42 13.70

Euclea divinorum S Strong 2.4 2.0 53 13.50

Panicum 
maximum

G Strong 9.6 0.2 35 989 0.41

Setaria sphacelata 
var. sphacelata

G Strong 4.3 0.2 9 094 0.90

Digitaria eriantha G Normal 2.0 0.1 25 719 0.60

Epaltes gariepina F Strong 4.3 0.1 48 453 0.40

Chaetacanthus 
setiger 

F Strong 2.1 0.3 3 434 1.70

TABLE 9
Species and growth form relations in Variant 2b

Species
Growth 

Form*
Comp. 
Status**

Canopy 
Cover  

(%)

Crown 
Diameter   

(m)
Ind./

Ha***

Canopy/ 
Canopy 
Gap (m)

Combretum 
imberbe

T Strong 13.5 4.1 101 7.1

Spirostachys 
africana

T Normal 1.3 5.1 6 40.6

Gymnosporia 
senegalensis

S Strong 10.3 3.1 133 6.6

Flueggea virosa DS Strong 0.9 2.2 22 21.8

Phragmites 
mauritianus

G Strong 22.2 0.5 11 640 0.6

Eriochloa 
meyeriana subsp. 
meyeriana

G Normal 5.3 0.2 13 199 0.8

Eustachys 
paspaloides

G Normal 10.3 0.3 20 282 0.5

Hypoestes 
forskaolii ‘form B’

F Strong 14.3 0.2 349 798 0.4

TABLE 10
Species and growth form relations in Community 3

Axes                               1 2 3 4  Total 
inertia

Eigenvalues  0.86 0.59 0.43 0.29 9.72

Lengths of gradient  (SD’s)     4.77* 4.38* 3.95 3.23
Cumulative percentage variance of 
species  data    

8.90 15.00 19.4 22.4

* Significant gradients

TABLE 11
Statistical significance of a Detrended Correspondence Analysis presenting 

gradient lengths on four axes. Gradient lengths with standard deviations (SDs) of 
four or greater have statistical significance (ter Braak & Šmilauer 1998)

Environmental 
Variables

Variable 
No.

Lambda-A P-value F-value

Soil    3 0.57 0.001 5.38

Slope   2 0.54 0.001 5.29

Physiographical 
units

1 0.20 0.001 2.05

Seeplines 4 0.21 0.001 2.07

TABLE 12
Influence of environmental variables on the community variation on the AGR 

computed by a Canonical Correspondence Analysis Monte Carlo Test. (full model. 
P-values ≤ 0.05 are significant (ter Braak & Šmilauer 1998))
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* T = Tree; DS = Dwarf shrub; G = Grass; F = Forb
** Competitor status
*** Individuals per hectre

* T = Tree; DS = Dwarf shrub; G = Grass; F = Forb
** Competitor status
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Figure 3
Detrended Correspondence Analysis (ter Braak & Šmilauer 1998) ordination of the complete data set of the Andover Game Reserve with a standard deviation (SD) of 4.77. 

Relevés highlighted in red represent Communities 1 and 2 and relevés highlighted in blue represent Community 3

Figure 4
Detrended Correspondence Analysis (ter Braak & Šmilauer 1998) ordination of the data set of the Andover Game Reserve with a SD of 4.75 depicting the terrestrial communities 
(i.e. relevés representing Community 3 removed). Relevés highlighted in blue and red represent Communities 1 and 2. Relevés highlighted in black and green represent Variant 2a 

and outliers, respectively
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and the high percentage grass cover found in this riparian 
community is due to the inclusion of the reed Phragmites 
mauritianus in the grass growth form, contributing 22.2% cover 
on its own (Table 10).

Verification of the plant communities

A DCA of the AGR data set using CANOCO (ter Braak & Šmilauer 
1998) provided a significant standard deviation gradient of 4.7 
on the first axis with further significant and modest gradients 
on axes 2, 3, and 4 (Table 11). The cluster diagrams generated by 
CANOCO (Fig. 3 & Fig. 4) reflect similar groupings to the relevé 
groupings generated by the PHYTOTAB-PC (Westfall 1992) 
classification programme (Table 1). A separation is evident 
between Community 3 (relevés highlighted in blue) and the 
terrestrial communities (1 & 2 plus their variants) (relevés 
highlighted in red) (Fig. 3). Excluding the riparian community (3) 
from the data set and performing another secondary ordination 
expands the terrestrial communities with relevés highlighted 
in blue, black and red, representing Community 1, Variant 2a 
and Community 2, respectively (Fig. 4). Outliers in terms of 
seepline (Variant 2a) relevés are highlighted in green. The lack 
of clustering of the seepline relevés (Fig. 4) can be attributed 
to the catenal phenomenon in terms of the variable width 
of the seeplines and their similarities to the adjacent plant 
communities with regard to being transitional between the 
upper and lower plant communities.

Of the environmental factors recorded, the factor most likely to 
have had the greatest influence computed by a CCA (Table 12) 
on the distribution of plant communities within the AGR was 
soil in terms of moisture and clay content.

Discussion

The AGR’s undulating granitic physiography resulted in the 
identification of a catenal sequence similar to that described 
by Scholes (1986, 1997). The plant communities of the AGR are 
thus a function of the catenal sequence in the Granite Lowevld 
Bushveld (Cronje 2004; Driver et al. 2005), reflecting a mosaic 
of units having a ‘tortoise shell’ appearance. Although plant 
species composition is influenced by such soil properties as 
nutrient status, pH, salinity and texture, the overwhelming 
factor determining the spatial distribution and productivity 
of forest, savanna and grassland is soil moisture balance 
(Tinley 1982; Walker 1985). At a scale of hundreds of meters 
to kilometres, the migration of fine soil particles and ions 
from ridge crests to valley floors, under the influence of water 
movement and gravity, establishes a topo-sequence of soils 
and associated vegetation known as a catena (Scholes 1997). 
The availability of this soil moisture to plants is dictated by the 
soil type, in terms of clay content. Fine-textured soils along the 
foot-slopes (high clay) are more xeric and thus water in these 
soils is limiting for much of the year. Under the same climatic 
conditions in sandy soils (i.e. along the crests and upper mid-
slopes), moisture is much less of a limiting factor (Knoop & 
Walker 1985) although it is quickly lost to the bottomlands. 
The sandy soils generally have an acidic pH, with alkaline soils 
on the footslopes (Bredenkamp 1982; Scholes 1986). Therefore 
the differences in soil constituency reflect plant productivity, 
vegetation structure and species composition (O’ Connor 1985). 
Floristic richness is also influenced by climate and management 
factors such as grazing and fire (O’Connor 1991; O’Connor 1995; 
Scholes 1997; Teague & Smit 1992).
 
The vegetation of the AGR relative to the catenal sequence 
described by Scholes (1997) has the broad-leaved savanna 
(Community 1) occurring on the crests and upper mid-slopes 
with sandy soils and the fine-leaved savanna (Community 2) 
on lower mid-slopes and footslopes with clay soils. Another 
characteristic feature of the catenal sequence is the formation 

of seeplines (i.e. an intermittent perched water table) that 
have characteristic hydromorphic or dambo grassland species 
(Scholes 1986; 1997) and is represented on the AGR by the 
community Variant 2a. The formation of this hydromorphic 
grassland is as a result of the interface between the sandy 
upland and the clayey bottomland (Scholes 1997).

The influence of the interface of the sand and clay is not 
necessarily limited to a specific area but can expand from the 
moist seepline areas into the broad-leaved savanna particularly 
with regard to hydromorphic sedges and forbs, which are clearly 
noticeable in the phytosociological table (Table 1), as indicated 
by the bold broken line between Variants 2a and 1b (Species 
Group E). A possible reason for this could be a damming-up 
effect causing moisture to move upwards from the seepline, 
resulting in a higher moisture content in the lower section of 
Variant 1b and thus creating hydromorphic conditions similar 
to that of a seepline. Water moving downslope towards the 
evident interface would then result in a higher soil moisture 
content up to the seepline, where the water emerges, creating 
a hydromorphic grassland. Variant 2a (Acacia gerrardii - Fuirena 
pachyrrhiza var. pachyrrhiza) is clearly recognisable by the 
predominance of sedges and hydromorphic grasses and the 
sparseness of trees, as reflected by the proportional cover values 
of the woody, grass and forb growth forms being 15%, 39.6% 
and 15.7%, respectively (Fig. 2). This hydromorphic community 
is more moist than the areas above and below it and therefore 
remains green and palatable for longer periods of time, thus 
making it a valuable habitat for wildlife, especially during the 
dry winter season (Scholes 1986).

Floristic and habitat correlation

Floristic and habitat correlations not only aid in the verification of 
the vegetation classification but also provide an understanding 
of the causes of community differentiation (Westfall 1992).

Finding a correlation between habitat and plant communities 
does not necessarily validate a classification, because with 
all the habitat factors available it should be possible to find 
some or other correlation with a specific group of plants. 
What is important however is that habitat factors shown to 
correlate with the plant communities should form some sort 
of environmental gradient (Panagos et al. 1998). The initial 
CANOCO DCA (ter Braak & Šmilauer 1998) ordination of all 
relevés provided a significant gradient (> 4 SD, Table 11). Scatter 
diagrams (Fig. 3 & Fig. 4) reflect relevé groupings similar to 
that produced by PHYTOTAB-PC (Westfall 1992). A CCA (ter 
Braak & Šmilauer 1998) conducted on the environmental factors 
(Table 12) recorded in this study indicated soil texture (i.e. sandy, 
sandy loam, loam and clay), and hence soil moisture, to be the 
environmental factor that had the greatest influence on the plant 
community differentiation. The relevé grouping produced both 
by PHYTOTAB-PC (Westfall 1992) and CANOCO (ter Braak & 
Šmilauer 1998) reflects a gradient relating to soil fertility and 
moisture clearly evident on catenas of granitic origin. Thus the 
DCA and the CCA supported and confirmed the vegetation 
classification of the AGR obtained in this study as analysed by 
PHYTOTAB-PC (Westfall 1992). 

Conclusions 

With the exception of the riverine work of Myburgh (1999), 
this is the first non-riverine application of a scale-related 
vegetation technique (Westfall et al. 1996) used in conjunction 
with PHYTOTAB-PC (Westfall 1992) in the Arid or Granitic 
Lowveld (Acocks 1988; Mucina & Rutherford 2006). The 
stratification and classification of the vegetation of the AGR at 
a scale of 1:13 000 has provided a map of the reserve with three 
main plant communities, two of which have two variants. The 
plant communities of the AGR are indicative of vegetation on 
deep sandy soils of the Granite Lowveld Bushveld Veld Type 
(Driver et al. 2005) with affinity to the catenal phenomenon. The 
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use of a multivariate data analysis technique on the AGR data 
set confirmed the phytosociological classification of AGR. The 
use of the scale-related vegetation survey technique (Westfall 
et al. 1996; Westfall & Panagos 1988) has provided quantitative 
data together with a vegetation map of the AGR, which can be 
used to formulate a management plan for the Andover Game 
Reserve.

An integral component of reserve management is the 
implementation of a vegetation monitoring programme for the 
Andover Game Reserve. The data collected in this study was 
objective with regard to the systematic manner (Cronje 2004) 
in which it was collected with the use of the Plant Number 
Scale (Westfall & Panagos 1988). It is recommended that an 
area-based monitoring technique that incorporates the data 
collected in this survey be used so that this baseline data can be 
expanded upon to benefit management decision support of the 
Andover Game Reserve. 
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