
Use of an area-based survey technique to detect vegetation changes in
Sour Bushveld

M.D. PANAGOS AND B.K. REILLY

Panagos, M.D. and B.K. Reilly. 2006. Use of an area-based survey technique to detect
vegetation changes in Sour Bushveld. Koedoe 49(1): 69–78. Pretoria. ISSN 0075-6458.

Most strategies for monitoring vegetation change on reserves and game ranches are
based on point methods. Area-based methods form the basis of initial floristic classifi-
cations from which vegetation maps are constructed. The question arises whether or not
these area-based methods can be used for monitoring or not. This paper compares two
area-based data sets from the same sites with an intervening period of five years. Data
were collected on a Sour Bushveld game farm, in the Limpopo Province of South
Africa. The structure of the woody vegetation, particularly in two communities reflect-
ed a plant successional progression over time. All six re-surveyed sites reflected an
increase in plant species richness and this increase was most substantial in one commu-
nity where the total number of plant species increased from 17 in 1996 to 34 in 2001 at
one sampling site and from 26 in 1996 to 45 in 2001 at the other. This study has shown
that change in species composition can be detected using area-based sampling tech-
niques but that absolute measures, such as density, should be employed rather than esti-
mates, especially with regard to plant cover. 
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Introduction

Monitoring has been defined as “the mainte-
nance of regular surveillance to test the null
hypothesis of no change in predefined prop-
erties of a system which is vulnerable to
impacts, the nature and timing of which are
not necessarily known” (Mentis 1984). Fer-
rar (1983) states that monitoring and evalua-
tion of vegetation is the key to natural
resource management and vegetation moni-
toring involves three fundamental steps: a)
quantification of the vegetation characteris-
tics; b) assessment of any change to these
characteristics over time; and c) projection of
trends in these characteristics in the future.
Despite vegetation monitoring enjoying con-
siderable attention in the 1970s and 1980s,
this vital veld management action has unfor-
tunately not been sustained due to inappro-
priate and time consuming techniques being
used (Short et al. 2003).

Point-based techniques originally proposed
by Levy & Madden (1933) and later Dyk-
sterhuis (1949) have been adopted and vari-
ously modified in South Africa, starting with
the development of the wheel-point tech-
nique (Tidmarsh & Havenga 1955), the near-
est plant method (Foran et al. 1978), the
benchmark method (Tainton et al. 1980) and
the foot-point method (Mentis 1981). More
recently, a so-called key species technique
was developed (Trollope 1990) and imple-
mented in the Kruger National Park. They
have been shown to be efficient in terms of
time when compared to area-based sampling
(Panagos & Zacharias 1995) and lend them-
selves readily to statistical analyses. Howev-
er, since these techniques make use of only
100 or 200 points for data collection, their
ability to show change with high precision
has been questioned in terms of basal cover
(Mentis et al. 1980), less frequently encoun-
tered plants (Everson et al. 1990; O'Connor
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& Roux 1995; Panagos 1995; Short et al.
2003), and statistical power (Reilly & Pana-
gos 2002). Also, all of these techniques are
used primarily for measuring the condition
of the grass sward and seldom include non-
graminoid plants (when these plants are
included they are lumped into two broad cat-
egories termed ‘forbs’ and ‘woodies’). More
recently, techniques such as BECVOL (Smit
1989) and the revised procedure for conduct-
ing veld condition assessments (VCAs) in
the Kruger National Park (Zambatis 2002)
have been included with herbaceous layer
techniques to include some form of woody
stratum evaluation. Furthermore, problems
arise when attempts are made to show
change over time using relative measures of
single species. The increase or decrease in a
particular species’ relative frequency is
masked as an artifact of changes in other
species. This situation is improved by lump-
ing species into indicator guilds but the situ-
ation is not ideal in terms of showing change
over time.

Area-based field sampling techniques, on the
other hand, have historically been employed
in the mapping and classification of vegeta-
tion and this is well documented. These sur-
vey techniques have involved recording all
rooted plants present within a square or rec-
tangular unit of varying sizes (termed a
quadrat) and then assigning some estimation
of percentage canopy cover to each species
recorded in the quadrat using a cover class
value. Density, biomass, and frequency were
not recorded in these units when the end
product was a vegetation classification and
map. What is not well documented is the use
of this technique for the detection of vegeta-
tion change although the authors are aware
of a number of ecologists who advocate and
use this technique to monitor vegetation as
part of a managerial action on game reserves
and game ranches. The lack of the large-
scale use of an area-based sampling tech-
nique to detect vegetation change is because
it is time consuming since all species (woody
plants, forbs and grasses) within a demarcat-
ed sampling unit have to be identified,
recorded and quantified. Thus, fewer sites
are completed for a study than would be the

case using a point-based technique. Also,
historically, many of these sampling sites
were chosen subjectively, not geo-referenced
and the measure of cover-abundance used to
quantify the species present in the sampling
plot was, at best, a subjective estimate. Area-
based sampling has been historically diffi-
cult to repeat and does not readily lend itself
to statistical analyses. Data collected follow-
ing the Braun-Blanquet approach, has been
shown to be of use in assessing veld condi-
tion (Westfall et al. 1983; Eckhardt et al.
1993) and, more recently, a concerted effort
has been made to make area-based sampling
techniques more objective and thus of possi-
ble use in vegetation monitoring (Westfall et
al. 1996, Westfall et al. 1997, Panagos et al.
1998). 

This paper explores the ability (or lack there-
of) of an area-based vegetation survey tech-
nique to detect change in the structure, com-
position and cover of the vegetation at the
same sites with a five-year intervening period.

Study area

The study area comprises the farm Weltevre-
den 135 KR situated in the Limpopo
Province, approximately 30 km east of Vaal-
water at 24º18'S–24º23'S, 28º08'E–28º13'E,
and is approximately 700 ha in extent. The
vegetation of the farm forms part of the
Savanna Biome (Rutherford & Westfall
1986) and occurs in Veld Type 20 or Sour
Bushveld (Acocks 1988). The main physio-
graphic features of the study area are: the
southern edge of the Sandriviersberge
(2041 m a.s.l.) in the south; the Groot
Wolwefontein River on the eastern boundary
draining the farm in a northerly direction;
and an undulating plateau (1080–1190 m
a.s.l.) in the west and north. The geology of
the farm forms part of the Kransberg sub
group of the Waterberg Group (2428 Nyl-
stroom 1:250 000 geological map). No
detailed soil survey exists for the study area.
However, the farm is included on the
1:250 000 Nylstroom (2428) Land Type map 
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and consists of two land types namely the Bb
and Fa land types described by the Land
Type Survey Staff (1988). The Bb land type
consists mainly of Hutton and Clovelly soil
forms (deep sandy soils), while the Fa land
type consists mainly of Mispah and Glenrosa
soil forms (shallow soils) (MacVicar et al.
1977). Climatic data for Weltevreden,
obtained from the AGROMET (1996) data-
base, based on data recorded at the Vaalwa-
ter weather station for 18 years, show that
the area has a mean annual rainfall of 606
mm and a mean monthly maximum temper-
ature of 29.7 ºC and a mean monthly mini-
mum temperature of 3.6 ºC.

Methods
The quantification of the vegetation characteristics
commenced in 1996 when a base-line survey of the
farm Weltevreden 135KR was completed. Three
plant communities were identified using floristic
data recorded in 12 quadrats (10 m x 20 m) that were
placed in stratified units delineated using aerial pho-
tographs at a scale of 1:12 000.

In February 2001, a monitoring programme, as
defined above, was implemented with the re-survey
of six of the original twelve sampling sites. The same
fieldworker (1st author) solely collected field data
during both time periods. These six sites were ran-
domly chosen (two in each plant community) and
located using previously recorded GPS readings.
Site orientation was replicated with the use of a per-
manent marker and a compass bearing of the long
side of the quadrat. Floristic parameters recorded
during the baseline survey were recorded again at
each of the six sample sites, viz., the presence or
absence of plant species within the quadrats, the
assignment of growth forms to each species record-
ed (tree, shrub, dwarf-shrub, grass & forb) following
Westfall et al. (1996) and an estimate of canopy
cover for each species recorded, in variably sized
transects, based on the average crown to gap ratio
(Westfall & Panagos 1988). Plant taxa recorded in a
sample site were identified using existing knowledge
and field guides such as Van Oudtshoorn (1992), Van
Wyk & Malan (1988) and Coates-Palgrave (1988).
Plant species names or nomenclature is that used by
the National Herbarium, Pretoria as described in
Germishuizen & Meyer (2003). Where a positive
field identification was not possible, plants were
assigned a field ‘nickname’, collected and later iden-
tified by a credible plant taxonomist. Vegetation
structure was classified according to Edwards (1983)

and is based on the cover and the height of the plants
present in each community. 

Data were analysed per community for change over
time by comparing:

- net gain/loss of plant species in each quadrat
within each growth form to detect an
increase/decrease in plant species richness; 

- change in canopy cover within each growth form
in each qaudrat to detect changes in vegetation
structure; and 

- ratios of herbaceous plants (grasses and forbs) to
woody growth forms in each quadrat.

All three of these parameters can be used to deter-
mine the condition of the vegetation.

In terms of statistical analyses for percentage canopy
cover, a chi-square statistic was computed for each
site in each community with the 1996 as the expect-
ed value and 2001 as the observed value (H0: no
change over time). Similarly, chi-square statistics
were computed for all the species in all growth forms
for the six re-surveyed sites from 1996 to 2001.
Although chi-square is idealy suited to use with fre-
quencies it is applied in this case as a test of associ-
ation or homogeneity. All analyses were done using
STATISTICA (StaSoft Inc. 1995).

Results

The results of the follow-up survey are pre-
sented for each of the three plant communi-
ties identified on the farm Weltevreden. 

1. Lannea discolor - Aristida meridionalis
Low Closed Woodland (Community 1)

There was a significant change in this com-
munity in terms of percentage canopy cover
from 1996 to 2001 (χ2 = 15.63; df = 4; p =
0.0035 and χ2 = 89.16; df = 4; p = 0.00 for
sites 1 and 3 respectively) (Table 1). The
number of woody species in Community 1
remained more or less constant over the five-
year period (Table 2). However, the woody
plant structure in terms of growth forms and
canopy cover had changed considerably in
Site 3 from an open woodland with more
shrubs and dwarf shrubs in 1996, to a closed
woodland having fewer shrubs and dwarf
shrubs and more trees in 2001 (Table 1).
Site 1 shows a similar trend with an increase
in the tree growth form and canopy cover.
These observations are borne out by the test
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Table 1
Percentage canopy cover recorded for Community 1 on the farm Weltevreden in 1996 and 2001

Sample site 1 1996 2001 Sample site 3 1996 2001

Trees 6.5 10.1 Trees 12.3 36.4
Shrubs 6.5 6.8 Shrubs 20.5 0.5
Dwarf shrubs 8.8 1.0 Dwarf shrubs 2.9 0.2
Grasses 28.6 15.4 Grasses 7.3 16.6
Forbs 0.4 0.9 Forbs 0.6 2.8

Total 50.2 34.2 Total 43.5 56.5

Table 2 
Change in species numbers per growth form in Community 1 

on the farm Weltevreden between 1996 and 2001

Sample site 1 Sample site 3

Number of woody plant species 1996 2001
Trees 1 2
Shrubs 2 5
Dwarf shrubs 13 7

Total number of woody 16 14
species & species turnover 3 DS 1 DS

missing new

Number of grass species 1996 2001
Annuals 1 1
Perennials 10 11

Total number of grass 11 12
species & species turnover 1 missing 2 new

Total number of  forb 1996 2001
species & species turnover 7 16

1 missing 10 new

Total species for all  34 42
growth forms

Number of woody plant species 1996 2001
Trees 3 11
Shrubs 3 2
Dwarf shrubs 10 2

Total number of woody 16 15
species & species turnover 5 DS 3 T, 1 S,

missing 1 DS new

Number of grass species 1996 2001
Annuals 1 2
Perennials 7 10

Total number of grass 8 12
species & species turnover 0 missing 4 new

Total number of  forb species 1996 2001
& species turnover 10 10

5 missing 5 new

Total species for all 34 37
growth forms

statistics of each growth form in the signifi-
cance test. The number of grass species
remained relatively constant in Site 1 but
increased overall in Site 3 by four grasses
(one annual and three perennials) (Table 2).
Grass cover declined by 13 % in Site 1 but
increased by 7 % in Site 3 (Table 1). Forb
species increased considerably in Site 1 from
seven species in 1996 to 16 species in 2001

but remained constant in Site 3 (Table 2). The
percentage cover for forbs did not change
much over the five-year period in either of
the sample sites (Table 1). This growth form
(forbs) was mainly responsible for an
increase in species richness in Site 1 from 34
species in 1996 to 42 species in 2001. The
total number of species in Site 3 increased
from 34 to 37. The ratio of forbs to other
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species for these two sites was 38% (16/42)
in Site 1 and 27% (10/37) in Site 3. 
The proportion of grasses to other species
was 29 % and 32 % in Sites 1 and 3 respec-
tively. There was a significant change in this
community in terms of number of plant
species from 1996 to 2001 (χ2 = 19.94; df =
5; p = 0.0013 and χ2 = 30.35; df = 5; p = 0.00
for sites 1 and 3 respectively).

2. The Rhus gracillima - Dichapetalum
cymosusm Low Closed Woodland 
(Community 2)

The woody species richness in Community 2
remained relatively constant with an overall
species decrease in Site 5 and an increase in
species in Site 9 (Table 4). Change from
1996 to 2001 was significant in terms of per-

ISSN 0075-6458 73 Koedoe 49/1 (2006)

Table 3
Percentage canopy cover in Community 2 on the farm Weltevreden in 1996 and 2001

Sample site 5 1996 2001 Sample site 9 1996 2001

Trees 1.0 12.7 Trees 27.9 33.8
Shrubs 11.0 0.0 Shrubs 0.0 0.1
Dwarf shrubs 0.5 1.4 Dwarf shrubs 0.4 1.9
Grasses 9.0 13.7 Grasses 7.6 12.3
Forbs 0.1 0.2 Forbs 0.4 0.8

Total 21.6 28.0 Total 36.3 48.9

Table 4
Change in species numbers per growth form in Community 2 on 

the farm Weltevreden between 1996 and 2001

Sample site 5 Sample site 9
Number of woody 1996 2001

plant species
Trees 3 4
Shrubs 3 0
Dwarf shrubs 6 6

Total number of woody 12 10
species & species turnover 1 T, 1 S, 2 DS

2 DS missing new

Number of grass species 1996 2001
Annuals 2 3
Perennials 7 10

Total number of grass 9 13
species & species turnover 2 missing 6 new

Total number of  forb 1996 2001
species & species turnover 6 5

5 missing 4 new

Total species for all 
growth forms 27 28

Number of woody 1996 2001
plant species

Trees 3 5
Shrubs 1 2
Dwarf shrubs 11 13

Total number of woody 15 20
species & species turnover 2 DS 1 T, 1 S,

missing 5 DS new

Number of grass species 1996 2001
Annuals 1 4
Perennials 7 9

Total number of grass 8 13
species & species turnover 2 missing 7 new

Total number of  forb 1996 2001
species & species turnover 3 12

1 missing 10 new

Total species for 
all growth forms 17 32
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centage canopy cover (χ2 = 152.06; df = 4;
p = 0.00 and χ2 = 10.18; df = 4; p = 0.038 for
sites 5 and 9 respectively) (Table 3). Scruti-
ny of the statistics shows that the change in
the structure is disproportionate in the shrub
layer; in essence the significant change can
be almost entirely attributed to changes in
this layer. Tree cover increased in both sites,
shrub cover declined in Site 5 and remained
constant in Site 9. Dwarf shrub cover
increased in both sites (Table 3). The number
of grass species showed an overall increase
in richness with four new grasses in Site 5
(one annual and three perennials) and five
new grasses in Site 9 (three annuals and two
perennials) (Table 4). Grass cover showed an
overall improvement in both sites (Table 3).
Forb cover increased slightly in both sites
(Table 3) and species richness in this growth
form decreased in Site 5 but increased in Site
9 (Table 4). The increase in grass and forb
species in Site 9 resulted in the total species
richness for this site increasing from 17
species in 1996 to 32 in 2001 (Table 4). The
ratio of forbs to other species in Site 5 was
18 % (5/28) and in Site 9 was 38 % (12/32).
The proportion of grasses to other species
was 46 % and 41 % in Sites 5 and 9 respec-
tively. There was an insignificant change in
this community in terms of number of species
from 1996 to 2001 in site 5 (χ2 = 5.29; df = 5;
p = 0.38) and a significant change in Site 9
(χ2 = 39.27; df = 5; p = 0.00).

3. Lannea edulis - Eragrostis pallens Low
Closed Woodland (Community 3)

Species composition changed significantly
in this community from 1996 to 2001
(χ2 = 153.3; df = 4; p = 0.00; and χ2 = 83.56;
df = 4; p = 0.00) (Table 6). The canopy cover
measured for all five growth forms in this
community did not change significantly dur-
ing the five-year period (Table 5). Tree cover
decreased slightly in both sites, shrub cover
remained the same, dwarf shrub cover
increased slightly and grass and forb cover
remained relatively constant (Table 5). How-
ever, the change in species richness was con-
siderable in both re-surveyed sites (Table 6).
In Site 11, species richness increased from

13 species in 1996 to 34 species in 2001,
mainly in the grass and forb growth forms.
Grasses increased from three to 13 species
and forbs increased from one to nine species.
Site 12 showed increases in all growth form
categories: woody species increased from
seven to 16 mainly due to eight new dwarf
shrubs; grasses increased from six to nine
species and forbs increased from four to
seven species. The forb component in Site 11
comprised 26 % (9/34) and in Site 12, 16 %
(7/45) of the species present were forbs. The
proportion of grasses to other plant species
was 38 % and 20 % in Sites 11 & 12 respec-
tively. Once again the there was a significant
change in this community in terms of num-
ber of species from 1996 to 2001 (χ2 = 71.13;
df = 5; p = 0.00 and χ2 = 24.63; df = 5; p =
0.00 for sites 11 and 12 respectively).

Discussion

The structure of the woody vegetation, par-
ticularly in Communities 1 & 2 reflected a
plant successional progression. In 1996, the
structure of the vegetation in these two com-
munities was dominated by plants in the
shrub and dwarf shrub strata. These two
communities had become tall closed wood-
lands dominated by more plants in the tree
stratum i.e. the shrubs and dwarf shrubs had
grown into trees. The tree cover in these two
communities increased appreciably, in some
cases more than double its original amount
and the shrub and dwarf shrub strata
decreased or remained constant, i.e. although
these two growth forms were present in these
two communities, their cover had been
reduced. The tree cover in Community 3
decreased slightly, while the cover for shrubs
and dwarf shrubs increased in this communi-
ty. From a management perspective, the
increase in tree cover and decrease in shrub
and dwarf shrub cover tends to ‘open up’ the
woody vegetation. The maintenance of
plants in the shrub or dwarf shrub strata
often leads to an increase in density and ulti-
mately bush thickening. Bush thickening
was not evident at the time of re-surveying,
save for a small area in Community 2 where
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Terminalia sericea occurred at high densi-
ties. With the exception of one site (Site 1,
Community 1) the grass cover increased
throughout the farm, as did forb cover. The
changes in plant cover and structure can
probably be explained by the change in land-
use (from cattle farming to game farming) as

well as the high precipitation occurring dur-
ing the period under review (Edwards pers.
comm.—Edwards, Charles, P.O. Box 26739
Monument Park, Pretoria, 0105). The
increase in grass and forb cover can probably
be attributed to the removal of cattle at high
stocking rates and the introduction of game
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Table 5 
Percentage canopy cover in Community 3 on the farm Weltevreden in 1996 and 2001

Sample site 11 1996 2001 Sample site 12 1996 2001

Trees 31.8 29.6 Trees 19.5 18.3
Shrubs 0 0 Shrubs 0 0.9
Dwarf shrubs 0.1 2.7 Dwarf shrubs 0.1 2.9
Grasses 5.0 6.9 Grasses 6.2 10.4
Forbs 0.1 3.0 Forbs 0.1 0.3

Total 37.0 42.2 Total 25.9 32.8

Table 6
Change in species numbers per growth form in Community 3 

on the farm Weltevreden between 1996 and 2001

Sample site 11 Sample site 12

Number of woody 
plant species 1996 2001
Trees 4 4
Shrubs 0 0
Dwarf shrubs 5 8

Total number of woody 9 12
species & species turnover 1 T, 4 DS

1 DS missing new

Number of grass species 1996 2001
Annuals 1 3
Perennials 2 10

Total number of grass 3 13
species & species turnover 1 missing 11 new

Total number of  forb species 
& species turnover 1996 2001

1 9
0 missing 8 new

Total species for all 
growth forms 13 34

Number of woody 
plant species 1996 2001
Trees 4 4
Shrubs 0 1
Dwarf shrubs 3 11

Total number of woody 7 16
species & species turnover 0 DS 1 T, 7 DS

missing new

Number of grass species 1996 2001
Annuals 1 2
Perennials 5 7

Total number of grass 6 9
species & species turnover 0 missing 3 new

Total number of  forb 
species & species turnover 1996 2001

4 7
1 missing 4 new

Total species for all 
growth forms 26 45
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including grazers, browsers and mixed feed-
ers, at relatively low stocking rates.

All six re-surveyed sites reflected an
increase in plant species richness and this
increase was most substantial in Community
3 where the total number of plant species
increased from 17 in 1996 to 34 in 2001 (Site
11) and from 26 in 1996 to 45 in 2001 (Site
12). Species in the grass, forb and to a lesser
extent dwarf shrub growth form categories
were responsible for this large increase. The
species in the trees and shrubs growth form
categories remained constant or increased
slightly. This trend, i.e. grasses, forbs and
dwarf shrubs being responsible for most of
the nett gain in species richness, was reflect-
ed in the other two communities as well but
not as marked as in Community 3. 

The proportion of forb species to other plant
species in a given area is often an indication
of the condition of the veld since most of
these plants are opportunistic by nature. In
other words, they occupy the space left by
more permanent and often desirable plant
species, which have been reduced in cover
and frequency usually due to some environ-
mental impact, either climatic or herbivory.
The mean proportion of forbs to other plants
(in terms of species richness) on Weltevre-
den in 2001 was relatively high at 27 % and
in combination with the low mean grass
cover of 13 % (for the same year), taken in
isolation this would be cause for concern.
However, the mean grass cover for 1996 was
only 10 % and when consideration is given
to the low mean cover for forbs at 1.3 % (for
2001) and that the proportion of grass plants
to the other species is high at 34 %, then it
becomes evident that the veld is recovering
from historical overgrazing. 

Conclusions

This study has shown that traditional area-
based vegetation survey techniques (such as
a Braun Blanquet approach) can be used for
the detection of change in species composi-
tion if great care is taken with sample site re-
location and species identification. These

problems can be alleviated by the use of per-
manent demarcation of sample sites and the
collection of voucher plant specimens. 

The canopy cover estimations using the plant
number scale of Westfall and Panagos (1988)
are an improvement compared to other fre-
quently used cover-abundance scales, such
as the Braun-Blanquet or the Domin Krajina
scales (Mueller-Dombois & Ellenberg 1974).
This is largely due to the use of 33 cover
classes in the plant number scale as well as a
physical count of species in variable-sized
transects based on average crown size and
average gaps between individuals of the
same species. The Braun-Blanquet cover
scale makes use of only six classes and the
Domin Krajina cover scale makes use of ten
classes and observations are visually esti-
mated usually from a sedentary position in
the middle of the quadrat. Nevertheless, the
quantification of canopy cover using the
plant number scale remains an estimation.
This is due to problems associated with the
choice of direction of the variable-sized tran-
sect in which the count of species is con-
ducted and the definition of what constitutes
an individual plant. Future monitoring
efforts using area-based techniques should
make use of absolute abundances (such as a
density count) rather than cover estimations.

Although this application shows some
changes in the vegetation of the area, the
technique’s analysis excludes estimation of
data dispersion, hence precision cannot be
calculated. Much as point methods are sus-
ceptible to shortcomings in terms of ade-
quate sample size (Reilly & Panagos 2001)
area-based methods run the risk of
pseudoreplication (Hulbert 1984) and auto-
correlation (Fortin et al. 1989) and survey
designs need to be scrutinised in this regard
if they are to achieve their potential in terms
of monitoring change over time. 
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