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The population consisted of four subpopulations that were 
subjectively called A, B, C and D. The field data were collected 
from the population over a four-year period (2004–2007) and 
during the same season annually (March–April for habitat 
features and August–September for population data).

Population size and structure
A total count was conducted. A number of transects, 2.5 m 
wide, were placed across the width of the subpopulations. 
Each transect was traversed by one person who systematically 
searched for H. koelmaniorum var. mcmurtryi plants. Each 
plant found was recorded and marked to prevent individual 
plants from being counted more than once. This method 
was adapted from Pfab and Witkowski (1999). The transects 
were laid out systematically to cover each subpopulation 
completely (Figure 3) and only one transect was counted at 
a time. The size of randomly selected individual plants was 
also measured in each subpopulation. In Subpopulations A, 
B, C and D, respectively, 78, 81, 81 and 82 individual plants 
were selected. The size was quantified as the average of 
the widest diameter of area covered by the plant (D1) and 
the diameter perpendicular to this (D2). This, together with 

the number of leaves, was used to classify the plants into 
age classes. Subjective classes based on observations were 
defined to classify every plant encountered as follows:

•	 Seedlings: Plants having one or two leaves, or having 
three leaves and an average diameter less than 20 mm.

•	 Juvenile plants: Plants showing either primary or 
secondary growth characteristics, but with no evidence of 
flower formation. More precisely, these were plants with 
three leaves and an average diameter larger than or equal 
to 20 mm, or plants having four or five leaves, no evidence 
of flower production, and a diameter less than or equal to 
30 mm.

•	 Sexually mature plants: Plants showing true flower 
formation or positively identifiable signs of flower 
formation. These were plants with five leaves or more and 
with a diameter larger than 30 mm, or with evident signs 
of flower formation.

•	 Senescent plants: Post-reproductive plants. It was 
impossible to use this category with the Haworthia plants 
as it is very difficult to identify the post-reproductive size 
and/or age for these plants.
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FIGURE 2: Location of the study site in Mpumalanga Province, South Africa.
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Habitat features
Species composition of associated vegetation, aspect, 
slope and altitude: The nested quadrate method was 
used to determine the species composition of the plant 
community associated with the H. koelmaniorum var. 
mcmurtryi population. The method, which is explained in 
Bonham (1989), is normally used to determine the minimum 
sample area. In this case it was used to determine the species 
composition of the site of occurrence of H. koelmaniorum var. 
mcmurtryi. The aspect and altitude of the area of occurrence 
of the subpopulations were determined according to existing 
topo-cadastral maps and by using the global positioning 
system (GPS) in the field. The slope was visually estimated 
and classified into five broad categories: none (0° – 3°), gentle 
(3° – 8°), moderate (8° – 16°), steep (16° – 26°) and very steep 
(> 26°).

Basal grass cover and fire: The basal grass cover in an area of 
50 cm × 50 cm around randomly selected plants was estimated 
as the percentage of ground covered by the grass-rooted 
parts. The 50 cm × 50 cm square was subdivided into 10 cm 
× 10 cm squares, giving a total of 25 of these smaller squares 
(Figure 4). Each small square represented 4% of the total area. 
A detailed historical investigation of the occurrence (i.e. the 
frequency and extent) of fire in the subpopulations situated 
in the LDNR was completed using the reserve’s records. 
Such investigation was more difficult for the subpopulations 
outside the reserve because there was no viable source of 
information. The effect of fire on the randomly selected plants 
was investigated and the percentage of the plant damaged by 
fire was estimated subjectively as the proportion of damaged 
leaves compared to the total number of leaves.

Soil, geology and rock cover: The soil types and geology 
of the population were identified using the geographical 
information system data provided by the Mpumalanga 
Tourism and Parks Agency. The soil forms were confirmed on 

the ground by digging soil profiles. The rock cover data were 
collected separately in both the 50 cm × 50 cm square used 
for basal grass cover and a 30 cm × 30 cm square. The same 
device used for the basal grass cover was used to determine 
the rock cover and it was expressed as the percentage above 
ground rock cover. 

Data analysis
Analysis of variance (ANOVA) tests were performed on 
the data to check for significant differences between the 
subpopulations in terms of subpopulation structure, basal 
grass cover, fire damage and percentage rock cover. Where the 
subpopulations were found to have a significant difference, 
pairwise multiple comparison (Tukey-Kramer) tests were 
used to identify which of them differed significantly and to 
what extent. The tests were performed using the SigmaStat 
version 2.03 statistical package (SigmaStat 1997). 
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FIGURE 3: Illustration of the transects layout in the different subpopulations of Haworthia koelmaniorum var. mcmurtryi.

FIGURE 4: Illustration of the device used for determining the rock and basal 
grass covers within the study area.
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Results 

Population size and structure
The population consisted of four subpopulations, called A, 
B, C, and D respectively, occurring in an area with a radius 
of approximately 3 km. Two of the subpopulations (B and 
C) are protected within the reserve, whilst the other two (A 
and D) occur outside. The population comprised a total of 
1284 plants. The sizes of Subpopulations A, B, C, and D were 
368, 312, 276 and 328, respectively. The population structure 
showed that the population comprised of 4% seedlings, 
12% juveniles and 84% mature plants (Figure 5). There was 
no significant difference in the structure of the different 
subpopulations (F3,8 < 1, p > 0.05). 

Associated species composition, aspect, slope 
and altitude
H. koelmaniorum var. mcmurtryi was found to be associated 
with grassland. The most dominant grass in the area was 
Tristachya biseriata, followed by Themeda triandra, Loudetia 
simplex, Melinis repens and Diheteropogon amplectens, which 
was true for all subpopulations. It was found that H. 
koelmaniorum var. mcmurtryi was generally associated with 
the northern aspect. The population was associated with high 
altitudes (between 1380 m and 1415 m above sea level) and the 
slope varied across the different subpopulations. The slope in 
Subpopulation A was gentle (3° – 8°), whilst Subpopulation B 
had steep slope (16° – 26°), and Subpopulations C and D had 
a very steep slope (26° – 45°).

Basal grass cover
The average basal grass cover was 17% for the population. 
The percentage basal grass cover per subpopulation is shown 
in Figure 6. Pairwise multiple comparison procedures (Tukey 
test) revealed that only Subpopulation D differed significantly 
from all the other subpopulations regarding basal grass 
cover (Table 1). This means that despite apparently similar 
grass cover throughout the whole population, site-specific 
grass covers (around individual plants) in Subpopulation D 
differ significantly from those of the other subpopulations.

Fire
Existing data from the reserve reveal that the area burns at 
least once every two to three years, mostly by accidental fires. 
In addition, one of the subpopulations inside the reserve 
(Subpopulation B) is partly situated on a firebreak area and 
is therefore partly burned every year between April and 
May. As shown in Figure 7, approximately 71% of all plants 
in the entire population were affected by fire (76%, 70%, 56% 
and 83% for Subpopulations A, B, C and D, respectively). 
The average percentage fire damage per affected plant was 
approximately 42% (Figure 6). A Tukey-Kramer multiple 
comparisons test revealed that the difference in the percentage 
fire damage was significant only between Subpopulations A 
and C and Subpopulations C and D (Table 1). 

Soil and geology
H. koelmaniorum var. mcmurtryi was found only on red 
rhyolite of the Selons River Formation (Walraven 1978), 
occurring mainly on hilly rocky outcrops. These results were 
in accordance with those of Bosch (2004), who describes 
rhyolite as a felsic volcanic rock with a porphyritic texture. 
The soil types were the same for all the subpopulations 
and were positively identified as Glenrosa (Orthic A and 
Lithocutanic B) and Mispah (Orthic A and Hard rock) soil 
forms. All the subpopulations were found on both soil types. 
These are shallow soils with a clayey Orthic A layer. A more 
detailed account of the geology and pedology associated 
with this species is provided by Bosch (2004).
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FIGURE 5: Population structure of Haworthia koelmaniorum var. Mcmurtryi 
across the four subpopulations and the total population indentified within this 
study.
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FIGURE 6: Percentage basal grass cover, fire damage and rock cover per 
subpopulation and total population of Haworthia koelmaniorum var. Mcmurtryi 
within the study area.
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FIGURE 7: Percentage of Haworthia koelmaniorum var. Mcmurtryi affected or 
unaffected by fire per subpopulation and total population within the study area.
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Rock cover and rock size
There was a significant difference in rock cover between the 
subpopulations, both in the 30 cm × 30 cm and the 50 cm × 
50 cm squares (F3,318 = 6.652, p < 0.001 and F3,318 = 25.787, 
p < 0.001, respectively). The percentage rock cover per 
subpopulation is shown in Figure 6. In the 30 cm × 30 cm 
square, only the differences between Subpopulations A and 
D, B and D, and C and D were significant (Table 1). In the 50 cm 
× 50 cm square, only the difference between Subpopulations 
B and C was not significant (Table 1). These results are 
probably because of the fact that the rock size varied greatly 
between the different subpopulations, with Subpopulation 
A having predominantly small stones (20 mm – 75 mm in 
diameter), Subpopulations B and C having predominantly 
stones (76 mm – 250 mm in diameter), and Subpopulation 
D having mostly rocks (> 250 mm in diameter). This result 
was expected because of the fact that the plants seemed to be 
selecting specific conditions that changed drastically over a 
very short distance around them. 

Discussion
For a plant with a highly specialised habitat such as H. 
koelmaniorum var. mcmurtryi, the population size of 1284 
seems to be viable as it surpasses considerably the effective 
population size of 500 individuals classically proposed by 
Franklin and Soulé (1980). However, the viability of the 
population has not been verified via pollination studies and 
the fact that none of the subpopulations is more than 500 
individuals in size is of concern as this constitutes a major 
threat to the viability of the population if the subpopulations 
are isolated in terms of pollinators. The population size of H. 
koelmaniorum var. mcmurtryi thus means that it can survive, 
provided its habitat is available and, more importantly, 
provided the subpopulations are connected by pollination 
vectors. It should be noted that there are factors that can 
further threaten the survival of this population even if the 
subpopulations are connected. These include the occurrence 
of large disturbance events (prolonged droughts and 
disruption of the reproductive system by fire) and human 
impacts (habitat loss and excessive plant collection). 
These factors, especially human-related factors, need to be 
monitored carefully.

The population structure provides a snapshot of the current 
demographic situation, from which some insights can be 
drawn (Baskin & Baskin 1986; Widyatmoko & Norton 

1997). In this study, the population structure suggests at 
least some recruitment by sexual reproduction, although 
the proportion of seedlings is very low. Such a low level 
of recruitment suggests that this population is under stress 
and faces a high risk of extinction if the plants do not have a 
long lifespan. Long lifespans may buffer populations against 
the rapid extinction potentially caused by a series of ‘bad 
years’ for reproduction or germination, if extant individuals 
survive (Watson, Westoby & Holm 1997). Annual seedling 
recruitment becomes less important in this context, as a 
result of the long period that each plant has to replace itself 
(Pierson & Turner 1998). The lifespan of H. koelmaniorum 
var. mcmurtryi should be investigated in order to conclude 
whether this level of recruitment is acceptable or not.

The dominant grasses of the habitat preferred by H. 
koelmaniorum var. mcmurtryi usually form dense tufts with 
shady spots at the base, thus providing sufficient shade and 
stable environmental conditions necessary for the survival 
of this plant in its highly unpredictable and stressful habitat 
(high wind speed, high water runoff speed and exposure to 
direct sunlight). Most of these grasses are also unpalatable 
(except for T. triandra that is considered highly palatable 
on the Highveld) and most of the time they are not grazed, 
providing a secure space against trampling. These densely 
tufted dominant grasses in the preferred habitat of H. 
koelmaniorum var. mcmurtryi may also play an important role 
in breaking the speed of violent surface water flow associated 
with heavy downpours of thunderstorms during the summer 
months when germination occurs. These grasses may 
therefore become critical for seedling establishment as heavy 
downpours have been cited as one of the factors accounting 
for the low rate of seedling establishment (Bosch 2004). It is 
believed that these densely tufted grasses provide refuges for 
seed germination and seedling establishment shielded from 
being washed away by the runoff water.

The significant difference in basal grass cover between 
Subpopulation D and all the other subpopulations may 
be explained by the fact that Subpopulation D is found on 
a communal land that is used as grazing for livestock. The 
significantly lower basal cover in this subpopulation suggests 
that it is more exposed to disturbances such direct exposure 
to sunlight (causing higher fluctuations in temperature), 
higher wind velocity (that may prevent effective pollination) 
and higher runoff water velocity (that may prevent seedling 
establishment) than the other subpopulations. The effects 

TABLE 1: Results of the Tukey-Kramer multiple comparisons test for the percentage basal grass cover, percentage fire damage to individual plants and percentage rock 
cover within the study area.
Variables Subpopulations p-value

A B C D
Basal grass cover (%) 20.15a 16.89a 18.62a 11.46b p < 0.001
Fire damage to individuals (%) 48.91a 40.76a,b 30.51b 47.37a p < 0.01
Rock cover (%) 50 cm × 50 cm 23.67a 18.03b 15.11b 32.19c p < 0.001
Rock cover (%) 30 cm × 30 cm 42.45a 39.06a 40.46a 52.48b p < 0.001
a, b, c, These superscripts denote significant differences. Values with the same superscript do not differ significantly.


