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. ABSTRACT 

A comparison was made of the ability of drought deciduous, 

evergreen, and succulents to survive a drought. The plants 

were all subject to drought conditions and their relative 

photosynthetic rates were measured. The relative water 

content of each species and the percentage soil moisture was 

also measured. The deciduous species, Acacia nigrescens, 

shed its leaves after 6 weeks of drought. It did not recover 

after 17,5 weeks of drought. The evergreen species' photo­

synthetic rates declined with increasing drought. They all 

survived a drought of 9,5 weeks but were not alive after 17,5 

weeks. When watered after 9,5 weeks an Erica sp. increased 

its photosynthetic rate. The photosynthetic rates of the 

succulents also decreased with the drought. However, they 

all showed an increase in dark CO
2 

fixation with the drought. 

After 9,5 weeks of drought the three winter growing species 

viz. Carpobrotus meZZei, CrassuZa fasicuZaris, and Euphorbia 

mauritanica were all dead. The other two species, AZoe 

ZittoraZis and Cotyledon orbicuZata which are summer growing 

species survived 17,5 weeks of drought. The ability of the 

succulents to survive drought when compared to the evergreen 

and deciduous species was used in suggesting a preliminary 

hypothesis to explain the distribution of succulents in South 

Africa. 
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· l. INTRODUCTION 

Plants in arid or semi-arid regions are subjected to irregular 

periods of drought between short intermittent wet periods. 

Mechanisms to withstand drought have evolved in two basic ways. 

The first is complete drought avoidance, i.e. the ephemerals, 

exemplified by annuals. These appear in active form during 

wet conditions and survive during the dry periods as inactive 

seeds. The second mechanism is drought tolerance and perennial 

plants have evolved a variety of specialised adaptations to enable 

them to survive drought conditions. Many of these are morpho-

logical adaptations e.g. reduction in surface area (Shields, 

1950; Parker, 1968), succulence, 'rain roots' of succulents 

(Levitt, 1972) and deep roots of non-succulents (Cloudsley­

Thompson, 1977). However, physiological adaptations are also 

important. One of the main physiological adaptations is in 

the development of an alternate photosynthetic pathway. For 

example, the _C
4 

photosynthetic pathway appears to be especially 

adapted for plants where water resources are not only scarce 

but limiting in time. Crassulacean Acid Metabolism (CAM) is 

also a mechanism which enables plants to survive in arid or 

semi-arid regions, but . it has not received as much attention 

because it is not economically important. The majority of 

plants possessing CAM are succulents, although not all succu­

lents are CAM plants (Kluge & Ting, 1978). 
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In this study an attempt was made to see if there was any 

significant difference in the ability of various perennial 

plants to survive drought. The plants used were drought 

deciduous, evergreen, and succulent species. 

These plants were subjected to rigorous droughting and the 

photosynthetic rates of each species was studied. Although 

the study was artificial, as potted plants were used and the 

evergreen and drought deciduous species were without their 

deep roots, it was aimed at investigating each species ability 

to survive drought. This information gives the plant ecolo-

gist a better insight into being able to understand species 

distributions in relation to climatic patterns. 

In areas of South Africa such as the Little Karoo succulents 

dominate (Acocks, 1953). They are also present in significant 

numbers along the west coast (succulent Karoo) and in parts of 

the Southern Cape (e.g. Spekboomveld and Noorsveld) and comprise 

an important part of the vegetation in other parts of South 

Africa (see Fig.land Acocks, 1953). The northern and eastern 

succulents are mainly Euphorbia spp. and Aloe spp., whereas in 

the Karoo mesembryanthaceae are the most important. What is 

significant is that succulents are virtually absent from the 

Great Karoo and the Kalahari area. By studying the ability 

of succulents to survive drought, a preliminary hypothesis has 

been suggested to explain this unusual distribution. 
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Distribution of succulents in South Africa (van Jaarsveld pers Conun,). 
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· 2. MATERIAL AND METHODS 

2.1. Plant Material and Growth Conditions 

All the plants used were obtained from Kirstenbosch, and were 

in pots of varying size. (See Table 1 for a list of species 

and the volume of soil in the pots}. 

TABLE 1: SPECIES USED, THEIR ,, CATEGORY OF ADAPTATION' 
AND VOLUME OF POTS 

Species Family 'Category of No.of 
adaptation' Pots 

Acaaia nigrescens Mimosoideae drought 2 deciduous 

Erica sp Ericaceae evergreen 4 

Euclea undulata Ebenaceae evergreen 4 

Euryops cond.olei Compositae evergreen 2 

Rhus Zucida Anacardiaceae evergreen 2 

Aloe Zittm>alis Liliaceae succulent 3 

Cazpobrotus meZZei Aizoaceae succulent 2 

Cotyledon opbiculata Crassulaceae succulent 3 

Crassula fasicularis Crassulaceae succulent 4 

Euphorbia mauri tanica Euphorbiaceae succulent 3 

Volume of 
soil (cm 3 ) 

1377 ,3 

477 ,6 

431,8 

415,5 

934,9 

. 517 ,4 

16742,3 

2154,8 

494,7 

632,8 

On the 12th April (Day 1) all the plants were placed in a growth 

room with a light intensity of 15 000 lux and a temperature range 

of 20 - 25° c. The plants were given an on-off light regime of 

16 hours light and 8 hours dark. All the plants were watered 

every second day for two weeks (Day 12) after which they were no 

longer watered. 
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On the 5th June (Day 55) the plants were moved to a growth 

chamber with an on-off light regime of 14 hours light and 

10 hours dark. 
0 The day temperature was 30 C and the 

night temperature 20° C. Light intensity was 30 000 lux 

and the relative humidity± 50%. The plants were returned 

to the growth room on the 29 June and were watered on the 

24 August. 

2.2. Measurement of Photosynthetic Rates 

The method used to measure the photosynthetic rates was 

modified from Vosnesenstii, Zalenstii, and Austin (1971). 

The relative rates were measured using 14 C0 2 • During 

each measurement part of the plant was enclosed in a plastic 

bag which was sealed. Each plastic bag held a glass vial 

containing 1 ml of 50 µCi Na 2 
14 C0 3 • 1 ml of 10% lactic 

acid was then injected into the vial to release 14 C0
2 

and 

the hole sealed and photosynthesis was allowed to continue 

for exactly 30 minutes. Release of 14 C0 2 was stopped by 

the addition of excess (± 2 ml) 4N KOH. Discs with 

diameters of 0,6 cm were then taken from the leaves of all 

species except for Euphorbia mauritaniaa where a 0,6 cm 

section of stem was taken, and for Erica sp, Euryops 

aondoZei, and CrassuZa fasiauZaris where two leaves were 

taken. Three or four replicates were taken for each 

species. These samples were placed in separate scintilla­

tion vials and 0,2 ml 60% perchloric acid and 0,4 ml 30% 

The vials were then placed in an oven 
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at 75° C for two hours to allow the substrate to dissolve. 

s ml of scintillation cocktail (Dimilume (R) - 30} was added 

to each sample. The samples were then placed in the 

Beckman Liquid Scintillation Counter and left to stand 

overnight. Each sample was then counted for 20 minutes. 

Four "blanks", i.e. vials with reagents and a leaf disc 

not exposed to 1 ~C0 2 were, prepared and counted for each 

species. The results obtained for each species were then 

corrected using equation 1. 

fixin effi · = sample oounts - blank oounts 100 
C g ci.ency (fuy 'Weight) (30 minutes) x % COllllting effi · 

(1) 

units = dpm (disintegrations per minute) • 

milligram· 1 • minute of exposure- 1 • 

The photosynthetic rates were measured at various intervals 

during the drought. The succulents were all shown to be 

CAM species and their dark CO 2 uptake was therefore also 

measured. 

2.3. Relative Water Content (R.W.C.) 

After each photosynthetic measurement the R.W.C. for each 

plant was measured. 

possible were used. 

Discs with as large a diameter as 

However, in Eriaa sp, Euryops aondoZei, 

and CrassuZa fasiauZaris individual leaves were used as they 

were too small to be punched. Sections of the stem were 

used for Euphorbia mauritaniaa. These discs were then 

weighed to give fresh weight (Wf). They were then floated 



- 7 -

on water for 24 hours and reweighed to give saturated 

weight (W
5
). The discs were then oven dried for 24 hours 

at so° C and reweighed to give dry weight (Wd) • The 

relative water content, which is the water content in per­

cent at a given time related to the water content at full 

turgor, was then calculated using equation (2) (Catsky,1974). 

R.w.c. 

Relative water content was used rather than just water 

content as it allows a better comparison between species 

(2) 

which have different abilities to store water. There are 

many possible errors in the method used especially the edge 

injection error (Spomer, 1972). However, as only the trends 

were important and not the absolute values this was not 

corrected for. In addition relatively large amounts of 

plant material are required for accurate assessment and 

plant material for this experiment was strictly limited. 

2.4. Percentage Soil Moisture 

The percentage soil moisture was also determined after each 

measurement. Two soil samples were collected betwen 5 to 

10 cm deep. These were then weighed and then oven-dried 
0 overnight at 80 C and then reweighed. 
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2.5. Statistical Tests 

Standard deviations were worked out for the photosynthetic 

results but not for R.W.C. or percentage soil measure as 

only 2 samples were used for these. Students t-tests were 

used to test whether the initial and final photosynthetic 

rates differed significantly for each species. T-tests 

were also used to compare the initial rates of succulents 

(Aloe ZittoraZis and Euphorbia mauritaniaa) with an example 

of an evergreen species (Eriaa sp.) and with Aaaaia nigresaens, 

a deciduous species. More tests were not carried out as 

sample sizes were necessarily small, as most of the plants 

were young and small. Therefore, to enable the experiment 

to run for as long a period of time as possible, only a 

small number of leaves were used at each reading. 
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3. RESULTS 

After 9,5 weeks of drought (day 79) the only species which 

appeared dead were Euphorbia mauritanica, CrassuZa fasicuZaris, 

Carpobrotus meZZei, and one of the Rhus Zucida plants. 

Acacia nigrescens had shed all its leaves. The evergreen 

species, although no longer photosynthesising were still 

green as was AZoe ZittoraZis and CotyZedon orbicuZata. 

One of Erica sp. plant which was watered on day 74 recovered 

and started photosynthesising. The other plants were left 

for another 8 weeks (day 135) and then watered. The only 

plants that survived a total of 17,5 weeks of drought were 

CotyZedon orbicuZata and AZoe ZittoraZis. 

3.1. Photosynthetic Rates 

Acacia nigrescens the only deciduous species showed a rapid 

decrease in its photosynthetic rate and after 6 weeks of 

drought started shedding its leaves (see Fig.2). Its photo­

synthetic rates, when not under drought was significantly 

different from the evergreen species at the 5% level, whereas 

it was significantly different from the photosynthetic rate 

and the dark CO 2 fixation rate of the succulents at the 1% 

level. After 6 weeks of drought when it started dropping 

its leaves, its photosynthetic rate was not significantly 

different from the light rate of the succulents, but was 

significantly different at the 1% level from the dark rate 
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of CO 2 fixation of the succulents and from the evergreen 

species. This species did not recover after 17,5 weeks 

of drought. 

In all the evergreen species the CO 2 uptake can be seen to 

decrease with increasing water stress (see Figs.3 - 6). 

Although the decrease in rates varied in the different 

species, all of them after 6 weeks of drought had relatively 

low photosynthetic rates. Eualea unduZata was the only 

evergreen species -f,o have a significantly (5% level) different 

photosynthetic rate. from the other evergreen species when the 

plants were not under any stress. Its highest rate was 

224,37 dpm mg- 1 m- 1 , whereas the rates of the other three 

species on the same day were in the range 339,55 - 437,94 

dpm mg- 1 m- 1 • 

The succulent species had very low photosynthetic rates even 

when not subjected to any water stress (see Figs.7 - 11). 

The photosynthesis decreased with increasing water stress in 

all 5 species, until a point after 6 - 8 weeks where no 

significant amounts of photosynthesis pccured. All five 

species were shown to be CAM plants. With the possible 

exception of CrassuZa fasiauZaris the succulents all seem to 

be induciable CAM species. When they were not under any 

water stress they appeared to have no measurable amounts of 

CO 2 uptake during the dark period. However, once the plants 

were water-stressed and the light photosynthesis decreased, 

then the dark rate of CO 2 uptake increased. 
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(Last watered on day 12) 
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In CrassuZa fasiauZaris, although there is an increase 

in dark CO 2 fixation and a decrease in light photosynthesis, 

there is always a significant amou~t of dark CO 2 uptake 

occuring. This species is therefore, perhaps a facultative 

CAM species which does show some modification of the CAM 

pattern when subjected to severe water stress. 

The photosynthetic rates of the succulents were much lower 

thfn the evergreen and deciduous species at the beginning 

of the experiment. As the photosynthetic rates of the 

evergreen species decreased they reached the same level 

as the photosynthetic rates of the succulents. The dark CO 2 

fixation of the succulent is higher than the evergreen photo­

synthetic rates of the evergreen species at the peak of the 

CO 2 dark uptake. However, in Carboprobutus meZZei, 

CrassuZa fasiauZaris, and Euphorbia mauritaniaa the dark CO 2 

uptake dropped to the same level as the photosynthetic rates 

of the evergreen species. Atoe ZittoraZis and Cotyledon 

orbiauZata showed a slight decrease in the dark CO 2 fixation 

rate but it did not decrease to the same as all the other 

species. 

3.2. Percentage Soil Moisture 

In all of the species studied there is a decrease in soil 

moisture. The differences in the rapidness of the drying 

of the soil is probably due to the different sizes of pots 

used. All of the soil moistures decreased to between 

1 - 2%. 



In the succulents the rate of dark CO 2 fixation only dropped 

significantly when the soil moisture was between one and two 

percent. The photosynthetic rates in all the species dropped 

gradually as the soil moisture dropped. There was no notice­

able difference between the different types of plants. 

3.3. Relative Water Content 

The relative water content also showed a decrease with an 

increase in time. All the plants that survived 9\ weeks of 

drought viz. Cotyledon orbiculata, Aloe littoris, Erica sp., 

Euryops condolei, Euclea undulata, and Rhus lucida showed a 

levelling off of R.W.C. between 20-25% whereas the other 

species showed no levelling off but continued decreasing. 

The R.W.C. decreases gradually as the soil moisture drops. 
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4. DISCUSSION 

Acacia nigrescens, the deciduous species/started losing its 

leaves after about 6 weeks of drought. If this species had 

been watered after 9,5 weeks of drought it probably would 

have recovered as these trees usually stand bare for several 

months in the year. However, the drought was possible too 

severe especially as its root system was necessarily poorly 

developed due to the smallness of the pot. This is probably 

why it never recovered after 17~ weeks of drought. This 

species is adapted to drought by shedding its leaves as soon 

as it is subject to water stress. When water becomes avail-

able it would then be able to resprout. 

The evergreenfopecies studied did not shed their leaves but 

retained them and appeared to stop photosynthesizing. The 

Erica sp. plant that was watered after 9 weeks of drought 

recovered within a week and started photosynthesizing. Its 

photosynthetic rate had not reached the level of the original 

rate but probably would have. This indicates the ability 

of these plants to remain capable of rapid resumption of 

activity when moisture becomes available. This is possibly 

advantageous in allowing the plant a start over species which 

, have to develop -both new shoots and leaves. The term 'dormancy' 

has been rather loosely applied to any condition in which the 

plant is not actively growing and metabolizing. However, 

'dormancy' is much more useful a term if restricted to that 

inactive condition from which the plant does not emerge unless 
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subjected to a specific environmental stimulus or until 

a specific minimum of time has elapsed. The specific 

stimulus is always different from the conditions normally 

necessary for plant growth (e.g.) low or high temperature, 

or a certain period of darkness). Conditions like that 

of these non-active evergreen species are fundamentally 

different. Here the plants seem to stop activity whenever 

the environment becomes unsuitable and begin activity when­

ever general environmental conditions favourable to growth 

re-occur. For such a condition 'quiescence' seems a more 

suitable term. It appears therefore, that these evergreen 

species have the ability to 'switch off' their photosynthetic 

pathway in a drought. They would then remain in this 

quiescent state until moisture becomes available and they 

once again start photosynthesizing. Thus, the evergreen 

species such as Euclea undulata and Rhus Zucida, which 

appear to have no morphological adaptations to withstand 

drought, could owe their ability to survive drought to this 

physiological adaptation. The other two species viz. Erica 

sp. and Europs condolei which do have a reduction in surface 

area have this added physiological adaptation. 

The succulents, which were all CAM plants, had very low photo­

synthetic rates. The photosynthetic rates dropped with 

increasing drought but the rate of dark carbon dioxide 

increased. They did not appear to 'shut down' completely 

as the evergreen species did but merely switched from light 

CO 2 uptake to dark CO 2 uptake. However, Aloe ZittoraZis and 
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Cotyledon orbicuZata, which survived did show a slight 

decrease in dark CO 2 uptake. The other three species 

only showed a drop in dark CO
2 

uptake near the end of the 

period, they did not however, recover from the drought. 

This drop could therefore, be seen as indicative of their 

dying. 

In all the succulent species, with the exception of CrassuZa 

fasicuZaris the nocturnal CO 2 uptake only became important 

after a length of droughting. When these plants were watered, 

they showed what appeared to be a typical C3 photosynthetic 

pathway with all significant CO 2 uptake being during the day­

light. They were, however, induciable CAM species. When 

the CO 2 uptake began dropping with inpreased water stress a 

minimum level was reached and then dark CO 2 uptake increased. 

This shift from C
3 

photosynthesis to CAM has been reported 

for a number of species. Not all taxonomic groups have 

been tested for shifts, but some species of the Aizoaceae 

and Portulaceae have been studied and shown to have this 

shift (Chaturvedi & Zabka, 1977; Ting & Hanscom, 1977; 

Kluge & Ting, 1978; Ting, 1978). Data seems to indicate 

that the first response to water stress is diurnal stomata! 

closing, and it is perhaps this step which acts as the stimulus 

for further induction (Ting, 1978). In the succulents studied 

there did not appear to be a complete diurnal closure of the 

stomata before nocturnal CO 2 uptake started. However, the 

decrease in photosynthesis indicates some closure of the 

stomata and this could have caused the induction of nocturnal 

CO 2 uptake. 
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In Crassula fasicularis the dark CO2 uptake was always 

significant. However, even this species showed some modi-

fication with increased water stress. The CO 2 uptake during 

the day decreased and the nocturnal CO 2 uptake increased as 

the water stress increased. Thus, this species appears to 

be a fa__g.ul-tative CAM species, although it does show some 

modification of its CO 2 uptake pattern when under stress. 

The photosynthetic rates of the CAM species are considerably 

lower than the evergreen and deciduous species, which are C3 

plants. This· is consistent with the general observation that 

CAM plants have relatively low growth rates (see Table 2). 

TABLE 2: SOME ECOLOGICALLY RELEVANT DATA DISTINGUISHING 
CAM AND C3 PLANTS (FROM BLACK,1973; KLUGE & 
TING,1978} 

CAM Cs 

Transpiration Ratio 18 - 100 (dark) 450 - 900 

(g H20. g -1 dry matter} 150 - 600 (light} 

Max. rate of net }.ilotosynthesis 1 - 4 15 - 40 

(M CO2. -2 dm • h-1) 

Max. growth rate 0,0015 - 0,0018 0,5 - 2 

{g dry wt. -2 dm • d-1 > 

All of the plants were grown under artificial conditions as 

they were grown in pots which restricted the development of 

their rooting systems. All of the evergreen species would 

have extensive deep rooting systems. Cannon (1924) studied 

the same genera and found that these genera had well developed 
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main roots with extensive branching. On the other hand, 

the s~cculents have a poorly developed rooting system 

which is usually superficial (Cannon, 1924). Acacia 

species have also been shown to have extensive deep rooting 

systems (Cloudsley-Thompson, 1977). The evergreen and 

deciduous species therefore were more restricted in the 

growth of their root system than the succulents. If 

grown under natural conditions the deciduous and evergreen 

species would probably have been able to obtain water from 

deep soil long after the surface soil became extremely dry. 

The succulents probably did not have such a severe restriction 

on the growth of their root systems. The drought would 

therefore have been relatively more severe for the evergreen 

and deciduous species when compared to the succulents. 

The age of the plants could also be important. Most of the 

plants used were very young and small especially Erica . sp, 

EucZea unduZata, and Europs condoZei. Cotyledon orbicuZata 

and Carpobrotus meZZei were relatively large, old and well 

established plants. The very young plants could be less 

drought tolerant than they would be when older. Thus, it is 

possible that the evergreen plants would have survived longer 

under natural conditions when their root systems were not 

restricted and the plants were well established and relatively 

mature. 
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4.1. Succulent Distribution in South Africa. 

Among the various individual climatic parameters which 

influence the gross features of the vegetation differences 

on earth van Riper and Walter (in Schul.ze & McGee, 1978) 

consider the most important to be water. The reservoir 

of soil water on which the plants draw is derived mainly 

from rainfall, fog, and snow, of which the first two are 

considered important in South Africa. Most major sub-

divisions of vegetation formations on a subcontinental 

scale reflect the annual and seasonal soil moisture balances 

rather than gross precipitation income. 

A water deficiency, according to Carter (in Schulze & McGee, 

1978), is equivalent to drought - it is the need for moisture 

required by vegetation that soil storage and precipitation 

have failed to meet. The average annual water deficiency 

map (Fig.12) indicates that drought to some degree occurs 

all over South Africa except along the eastern fringe. 

Succulents are found virtually throughout South Africa. 

They are, however, only a dominant part of the vegetation 

in a relatively small area (see Fig.l). 

Of the succulents used in this study CrassuZa fasicuZaris, Carpobrotus 

me.l/tzi, and Euphorbia mauritanica are temperate species. . A Zoe 

littoraZis is a sub~tropical species, and is found mainly in 

northern S.W.A. and Angola. Cotyledon orbicuZata although 

very widespread in South Africa is also a sub-tropical species. 

Thus the two species that survived the drought are sub-tropical 



FIGURE 12: 

Annual Water Deficiency (Schulze & McGee, 1978). 
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spec~es: while the three that died are temperate species. 

The temperate species are winter growing usually in a 
0 temperature range of 10-20 C. The sub-tropical species 

are however, summer growers in a temperate range of 15-25° C • 

The conditions that the plants were subject to were therefore 

more suited to sub-tropical species as they were grown in a 

temperature range of 20-30° C • 

In looking at the distribution map the obvious feature is 

the lack of succulents in the Great Karoo and Kalahari area. 

Although some mesems do occur in this area it is generally 

a region very poor in succulents. This at first would 

appear to be rather unusual especially as succulents are 
s 

usually thought to be associated with dry regionJ The 

Great Karoo receives on an average, less rain then the area 

dominated by succulents. The annual water deficiency is 

also greater in parts of the Great Karoo. 

When looking at the results obtained in the photosynthetic . 

study and the ability of the plants to survive drought, it 

becomes apparent that the winter growing succulent species 

are not able to survive a long drought. Thus the fact that 

this area has a larger annual water deficit than the area 

with succulents as dominant could explain the absence of 

succulents. The succulents would not be able to survive 

as the water deficit would be too great. 

The winter growing succulents appear to be found mainly in 

the winter and all year rainfall regions as mapped by Gillooly 
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and Dyer (1979} (see Fig .13) • From Fig.14 it can be seen 

that most of the area dominated by winter rainfall growing 

succulents receives 60% or less of their rainfall in summer. 

Thus the winter growing succulents probably need to receive 

some winter rainfall. This is probably because they are 

winter growing and thus require some moisture to enable them 

to grow. However, most of these regions do receive some 

precipitation in summer. A small amount of precipitation 

would be available to succulents because they have very 

superficial rooting systems. 

Low temperature is a criterion that could be thought of as 

another possible explanation for the absence of succulents 

in the Great Karoo. However, if one considers that at 

Sutherland there are a large number of succulents present 

in the vegetation (van Jaarsveld, pers comm.), and that 

Sutherland has very low winter temperatures, then this 

exponatation no longer seems to be valid. 

If one looks at precipitation figures for Sutherland it 

receives on an average, some precipitation every month of 

the year . (Thornthwaite & Mather, 1962). Average rainfall 

figures for weather stations in the Great Karoo also show 

that they receive some precipitation in every month of 

the year (Thornthwaite & Mather, 1962). However, if one 

looks at the storage of moisture in the soil which according 

to Lundholm, (1976) is the critical factor for the vegetation 

and not the actual precipitation, the difference between these 

areas seems much clearer. Sutherland always has soil moisture 
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Winter, summer and all year rainfall regions of South Africa 
(Gillooly & Dyer, 1979) . 
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throughout the year, whereas Carnarvon where very few 

succulents occur, never has any moisture stored in the 

soil (Thornthwaite & Mather, 1962). 

It must also be remembered that a large part of the Karoo 
two 

is subject to/different systems, viz. the summer and winter 

rainfall systems. In the former type, thunderstorm activity 

and instability showers are predominant, whereas winter rain­

fall is brought by cyclonic disturbances, which skirt the 

south-western Cape coast. Thus, the Karoo is probably sub­

ject to far more erratic~ainfall behaviour as it receives 

between 40-70% of its rainfall in sununer and the rest in 

winter. It is possible that the area dominated by succulents 

because it receives most of its rain in winter does not have 

as erratic rainfall as does the area where succulents are vir-

tually absent. Further research is needed however, before 

this type of interrelationship, between rainfall anomalies 

and succulent distribution patterns can be elucidated. 

It would appear therefore, that with regard to succulents, 

the most important factor limiting their distribution is 

water - especially soil moisture. They would seem unable 

to survive a prolonged drought when compared to drought 

tolerant evergreen species. Especially as the evergreen 

species which were studied survived longer than the three 

temperate succulent species even though they had severely 

restricted rooting systems as well as . being very young 

plants. The difference in survival ability possibly being 

in the fact that the evergreen species prevent water loss 
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by stomata! closure which is indicated by the decline in 

photosynthesis. The succulents, although they show diurnal 

stomata! closing, water would still be lost at night as they 

still show nocturnal stomata! opening. It is also likely 

that the evergreen species would survive a much longer period 

of quiescence than the succulents could if the succulents 

'shut down' completely. This would be due to the fact that 

the evergreen species would have a much larger build up of 

p~otosyntate than the succulents due to their much higher 

photosynthetic rate. The succulents may thus be unable to 

'close down' for any length of time. The evergreen species 

may therefore be able to withstand a longer drought than the 

succulents. 

In other parts of the world where succulents appear to occur 

in very dry regions, a careful( study of annual moisture and 

soil moisture storage could perhaps show that these areas are 

not as dry as they apparently seem or possibly the soils are 

capable of storing water efficiently for a significant length 

of time. What is needed therefore, is a detailed study of 

climatic records of dry areas where succulents are absent and 

areas where they form a dominant part of the vegetation. 

As such this study can not be regarded as conclusive but rather 

as speculative with the regard to the distribution of succulents. 
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APPENDIX 1. 

Relative photosynthetic rates and dark carbon dioxide fixation 

of ; 

i) 

ii ) 

iii) 

iv) 

v) 

vi) 

vii) 

viii) 

ix) 

x) 

Acacia nigrescens 

Erica sp. 

Euclea undulata 

Euryops condolei 

Rhus lucida 

Aloe littoralis 

Cotyladon orbiculata 

Carpobrotus mellei 

Crassula fasicularis 

Euphorbia mauritanica 
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APPENDIX 2. 
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APPENDIX 3. 
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