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ABSTRACT 

Current concerns with reference to global climate change can 

help us to focus on the competitive interaction of grasses with 

different photosynthetic pathways. 
The dominance of eight different common grass species 

occurring on Signal Hill was investigated, and three species 

which occurred in localized dense stands were suitable for 

detailed investigation. 
Distribution patterns of the three selected grass species, 

Hyparrhenia hirta (L.) Stapf (C4 ), Merxmuellera disticha (Nees) 

Conert (C
3

) and Themeda triandra Forsskal (C4 ) were interpreted 

using a dispersion index (R). Regularity in dispersion of 

individual grasses was quite common, whilst aggregated and 

random dispersion was not. 
Potential competitive interactions between those grasses 

(perennial) on the east- and west-facing slopes of Signal Hill 

·were then described. 
Using nearest-neighbour analysis it was possible to show 

that both inter- and intra-specific competition was occurring 

between the grass species investigated. Pattern analysis was 

supported by removal experiments and it was possible to infer 

that the three grass species are competing for water and space. 

The measurements of carbon dioxide fixation rates under 

greenhouse conditions demonstrated that c4 grasses were more 

competitive, relative to c3 grass and responded more strongly 

to changes in soil moisture status. Species with the c4 pathway 

showed substantial incre?se in photosynthetic rate in response 

to an increase in soil moisture content whilst a c 3 grass' 

carbon dioxide as$imilation rate at those moisture content was 

relatively lower. 
Seedling transplant experiments showed that monospecificity 

of patches could chiefly be attributed to familial clumping, 

limited seed dispersal, and vegetative reproduction. 
Phenological aspects like growth, production, and 

reproduction in terms of flowering ~illers of neighboured and 

non-neighboured individuals, and of individuals one year and 
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two years after fire, were studied to assess the importance of 

competitive interactions and fire. 
The results of this study posed the following question: In 

the light of the global warming effect, which grass species 

(representing c3 and c4 pathways) are likely to prevail in 

different parts of the world? 
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CHAPTER 1 

1.0: GENERAL INTRODUCTION 

Studies of the distribution of grasses in South Africa have 

shown that c3 and c4 grass species are separated geographically 

(Vogel et al. 1978). Grass species having the c4 pathway are 

more abundant than c3 grass species over most of the country. 

The only areas where c3 grass species predominate are the 

winter rainfall region of the Western Cape and the summits of 

the Drakensberg and other mountain ranges in the Eastern Cape, 

whilst c4 grass species are abundant in the remaining summer 

rainfall regions (Vogel et al. 1978). 

A number of studies have investigated the factors 

responsible for the distribution of c3 and c4 grasses along 

selected environmental gradients (Chazdon 1978; Tieszen et al. 

1979; Bout ton et al. 1980; Rundel 1980) and within broad 

geographical regions (Teerie and Stowe "T976; -Ellis et al. 

1980). Certain of these studies report that both temperature 

and rainfall are equally reliable as predictors of the relative 

occurrence of c3 and c4 grass species (Chazdon 1978; Tieszen et 

al. 1979; Boutton et al. 1980). A study of the distribution of 
c4 grasses in South Africa (Vogel et al. 1978) indicates that 

the temperature during the growing season is the major factor 

accounting for the distribution and abundance of c3 and c4 

species. Cowling (1983) found that c3 grass cover is 

significantly correlated with increased post-disturbance 

vegetation age, low intensity grazing, high litter cover and 

cool, steep, poleward slopes. 

After a pilot investigation I observed that some essentially 

tropical and subtropical c4 grass species, such as H. hirta and 

T. triandra, prevail locally on both the east- and west-facing 
slopes of Signal Hill, Cape Town. Such a distribution pattern 
is anomalous to general expectations (i.e. c3 grasses should 

dominate throughout the winter rainfall region of the Western 
Cape) and hence intriguing. I therefore undertook this study to 
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investigate what factors account for the observed distribution 

pattern. Motivating this study is also the common experience 

that c4 grasses such as H. hirta and T. triandra are very 

important socio-economically (reported in sections 3. 3. la & c) . 

Hypothetically, some form of disturbances (e.g. fire, grazing, 

vegetation removal) and competition were put forward as major 

factors responsible for the observed grass distribution 

patterns. For more on disturbance on Signal Hill, see Chapter . 
3, sections 3.0 to 3.2. 

I addressed the following questions: 

i) Are c3 plants superior competitors under these condition? 

ii) Is competition responsible for the observed grass 

distribution patterns on Signal Hill, or does anthropogenic 

disturbance (e.g. fire, vegetation removals and grazing) 

contribute to the observed grass distribution patterns? 

iii) What effect does carbon uptake during the hot, dry summer 

season of the Western Cape have on c3 and c4 grass distribution 

patterns? 

. To attempt to answer all the questions referred to above, 

various scientific methods were utilized. 

Spacing patterns of three perennial dominant grass species 

on the east- and west-facing slopes of Signal Hill were studied 

in detail. Specifically what was examined were the dispersion 

patterns (clumped, random and uniform) of individuals on both 

the slopes. The values of R (dispersion indices) were then 

calculated.· From these values it was possible to judge whether 

there was any competitive interaction or not. Hill (1973) gives 

as one reason for the analysis of spacing pattern "suggesting 

or checking theories about competition and establishment of 

plants in the community". Several early workers found apparent 

regularity of plant spacing in deserts, and attributed this to 

competition (Shreve 1942; Went 1955, in Phillips and MacMahon 

1981). Some ecologists vehemently disagree with this 

assumption, whilst others concur about the commonness and even 
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existence of regular patterns (Cottam 1955; Greig-Smith 1961; 

Turner 1962; Anderson 1967, 1970, 1971; Greig-Smith and 

Chadwink 1965; Anderson 1967; Beals 1968; Anderson; Malik and 

Jacobs 1969; Wright 1970; Waisel 1971; Wallace and Romney 1972; 

Barbour and Diaz 1973; King and Woodell 1973; Malik, Anderson 

and Myerscough 1976; Barbour et al. 1977b). 

Nearest-neighbour analysis technique (Pielou 1960) ... was 

employed to investigate the two ·aspects of competition, that 

is, intensity and importance. Many ecologists failed to clarify 

the distinction between competition intensity and competition 

importance, and accordingly have strongly differed about the 

prevalence of competition ~s an agent of community structuring 

(Welden et al. 1988). For a more clear-cut differentiation 

between competition importance and competition intensity, these 

terms were clarified by Welden e~ al. (1988) as follows: 

competition is defined as the induction of physiological 

strain in an organism as a direct result of the use of 

resource items by another organism, whilst the importance 

of competition is the relative degree to which competition . . 

determines the physiological status or fitness of 

individuals, or growth rate of populations or the 

structure of the community, and the intensity of 

competition is the absolute severity of physiological 

strain induced. The intensity of competition and the 

importance of competition were respectively measured by 

the slope of any regression line (graph) and its 

coefficient of determination (r). 

The study of photosynthesis was also of high-priority in this 

study because the competitive abilities of c3 and c4 plants 

could be compared experimentally and in· the field. Existing 

data for fynbos growing in the mediterranean-type region of 

South Africa (fynbos), demonstrates that carbon dioxide 

assimilation rates decline with increasing water stress (Van 

der Heyden and Lewis 1989). There is also a common dogma among 

ecophysiologists that c4 plants are generally 
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photosynthetically more competitive than c3 plants. Under high 

light intensities, high temperature optima, and low 

intercellular co2 concentrations, c4 plants are known to be 

photosynthetically advantaged (Black 1971; Bjorkman 1975). The 

quantum yield is greater for c3 plants at low temperatures, and 

the c4 pathway is disadvantaged under these conditions 

(Ehleringer and Bjorkman 1977). 

I investigated competition mainly for water, because plant 

water availability.may affect the rate of photosynthesis. Under 

optimal water supply the rates of photosynthesis for both c3 

and c4 grass species are relatively high. Ecologists have 

inferentially adduced water, volume of space and other vital 

resources as being responsible for the survivorship of living 

organisms (Yeaton 1978; Simberloff 1979; Nobel 1981; Ehleringer 

1984; and Nobel and Franco 1986). 

Due to the presence of localized monospecif ic grass patches 

on Signal Hill, seedling establishment experiments were also 

conducted to investigate what was responsible for segregated 

distribution. Phillips and MacMahon ( 1981) purported that 

segregated communities may develop due to environmental 

patchiness, limited seed dispersal and vegetative reproduction. 

Thus I was able to test these ideas. 

Fire is one form of disturbance that is known to play an 

important part. in modifying the structure of communities. It 

has also been a factor determining vegetation structure and 

composition on Signal Hill. Thus I studied the effects of fire 

on production and flowering phenologies. 

Grasses qf concern in this experiment were Hyparrhenia hirta 

( c4 ), Merxmuellera dis ti cha ( c3 ) and Themeda triandra ( c4 ). 

Other common grasses which occur on Signal Hill are two 

introduced species, Avena barbata (C3 ) and Briza maxima (C 3 ), 

and three indigenous species, Eragrostis curvula (C4 ), Ehrharta 

calycina (C 3 ) arid Festuca scabra (C 3 ). These grasses occurred 

opportunistically in spaces created by fire, or any form of 

disturbance. They were, 

experimental candidates. 

therefore, not considered suitable 

Some shrubs like Rhus lucida, and 
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other Renosterveld dominating shrubs, are also locally dominant 

on Signal Hill. Most, if not all of those shrubs, are regarded 

as increaser overstorey species which may eventually outcompete 

the grass community unless management-practises to maintain a 

mixed grass/shrub are employed (De Jager 1985-unpublished). 

1.1: STUDY SITES: (SEE CHAPTER 3') 

The study area was Signal Hill, ~ape Town (Altitude: 300-350m, 

latitude: 33°54' and longitude: 18°23'). The study site was 
> 

chosen for the presence . of H. hirta, M. dis ti cha and T. 

triandra associations, the accessibility and proximity of the 

site to a representative weather station (Kloofnek), which, 

however, only keeps limited weatper records. 

All except one of the vegetation patches are known to have 

burned last in 1975. One patch on the west-facing slope had the 

last fire late in February 1988. Most open spaces on the 

February 1988 burned patch were found to be occupied by annual 

"opportunists" about six months after fire. In the following 

year, 1989, the annual "opportunists" were substituted by 

shrubs. Experimental sites were established on both the east­

and west-facing slopes. Both the two areas on the two slopes 

(east- and west-facing slopes) considered for analysis were 

each about 500m x 1500m, and the plots used for the different 

facets of this study were randomly.located in the two areas. 

All sample sites were located on the mid- and upper-elevations 

of the sites. 

The climate of the area is typically medi terranean. For 

temperature, precipitation and relative humidity, data for City 

Hospital station Cape Town was considered suitable to 

represent Signal Hill (see Tables 1.la, band c below). Most of 

the annual total falls in winter and little, falls in spring 

and summer. Local topography clearly plays an important role in 

influencing temperature and precipitation. 
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- Soils at the two sites seemed heterogeneous because of 

discrete monospecific and mixed stands of grasses and shrubs on 
\ 

both the slopes. 
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Table l.la: Relative humidity for Cape Town - City Hospital for 
the period 1951 1966 

Alfl l(Ml'(llAIUllE lUOIE11r[flAIUUR 
I• •C 

AVERACE ~YERAC( 

JIELAllYE 
HUlll D IT 

0 ORT-8ULB V( T • 6Ul 8 % • Tt,,,.EllAIUllE T£111'ERAIUflf < Al• Al• < 
lC 

RELAI I EVE ' 
= CEMI ODlLDE CE111 OOH OE YOOrtCHEID 
• OROE 60l ~A 180l I! TE11PERAIUVR lEttPERAlUUR 

Ot1• Ot1• 
OIHOO 14HOO 20H00 

08H00,14H00120HOO 08H00 II 4HOO 120HOO o I u. I u. o I u. I u. o I u. I u. 

MO 00201744 2 CAPE IOVN - Clll ~SPIT.I.I. 

PERIOO/ITOPERK 1g51 -1966 

p 9 9 9 9 9 

I I g, 4 16.0 69 72 65 
2 19.0 16,5 TT 89 66 
l 11. l I 5.1 ,, ll 12 
I 

15. J 1 l. T Bl 91 ,, 4 
5 1l.6 12.2 84190 79 

6 12.3 10.7 80 83 74 

T ti. 5 10.1 83 89 78 
I 12.2 10.5 19 81 Tl 

9 ll.9 I I. 8 16 10 Tl 

0 15. 4 1 l.1 76 89 6• 
I 11. 9 15.2 ,. 90 61 

2 19.1 15.8 69 TT 65 

A 15. 6 I l. 4 TT 
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CHAPTER 2 

2.0: LITERATURE REVIEW 

2.1: (a) THE BOTANICAL LITERATURB 

The Cape flora is considered extremely old, and distinct from 

other floras, and at the same time complex within itself. Moll 

and Jarman (1984) and De Jager (1985-unpublished) have argued 

that Cape Fynbos is a heathland whose occurrence is a function 

of soils poor in available nitrogen and phosphorus. 

(b) (i) THE ECOLOGICAL CONTEXT 

Soil associated with renostervelq following (Moll et al. 1984) 

is restricted to fine-grained soils which are generally more 

fertile than those on which fynbos grow$. Local soils are 

derived from shales of the Malmesbury and the Bokkeveld Groups, 

and the Klipheuwel formation, as well as Cape Granites. 

(ii) PHYTOGEOGRAPHIC AFFINITIES OF RENOSTERBOS 

Elytroppapus rhinocerotis is reportedly the dominant species in 

this vegetation type, which lacks a consistently present 

ericoid (Boucher 1982) or restioid and proteoid element (Taylor 

1978; cited in Boucher and Moll op. cit: 243). 

(iii) GRASSES IN THE RENOSTERVELD 

Hyparrhenia hirta (C4 ) and Themeda triandra (C 4 ) are reported 

(see De Jager 1985-unpublished) to have been significant 

components of renosterveld. Merxrnuellera dis ti cha ( c3 ) is 

claimed to have been observed occurring on stony hills (De 

Jager 1985-unpublished). 
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(c) HISTORICAL BACKGROUND 

Many authors have postulated that the present state of 

renosterveld is anthropogenic (in De Jager 1985-unpublished). 

Acocks (1953) and Boucher and Moll (1981) note that in the past 

rich swards of both H. hirta and T. triandra predominated in 

the renosterveld. Many other authors (also in De Jager 1985-

unpublished) shared similar opinions with the three quoted 

previously (under this same section). 

2.1.1: INTERACTION 

Despite a long history of research on grasses in South Africa, 

remarkably few studies have been done on competition between 

different grass species. A single unpublished M.Sc. (Mathews 

1984) seem to be the only work available on grass competition 

in South Africa. 

2.l.2(a): SPACING PATTERN 

Spatial patterning has been a subject of major concern to 

ecologists. Three types of distributions or patterns have been 

distinguished; random, aggregated and regular (Pielou 1959; 

1962; Yeaton and Cody 1976; Phillips and MacMahon 1981; Dayong 
I . 

1989). 

random distribution of populations or communities is 

concluded if the position of each individual plant is 

independent of all the others, 

aggregated distribution occurs if there is a tendency for 

individuals of the species of populations or communities to 

occur in clumps, and 

regular distribution is assumed when the individuals are 

more regularly distributed than they would if they were 

distributed according to chance. 

The most common method ecologists employ to detect spatial 

arrangements of populations/communities is nearest-neighbour 
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analysis w~ich was popularized by Clark and Evans ( 1954). 

Simberloff (1979) quoted Clark and Evans' technique, as well as 
\ 

SUbsequent efforts I aS assuming points being infinitesimal I and 
I . . 

since biological entities have finite sizes, one might wish to 
know how to "correct" a nearest-neighbour statistic based on 
points to allow its use in determining whether an observed 

arrangement of circles or other geometric bodies with finite 

area is random. Pielou (1961) is the only one to have examined 

nearest-neighbour relations for finite circles rather than 

·points. Her results were however contentious because they do 

not allow one to know whether one's observed configuration of 

circles may be construed as random (Simberloff 1979). 
. I . . 

To deduce amongst the three types of distributions, Pielou 

first used the variance/mean ratio (Greig-Smith 1957) as test 
statistic and the associated standard normal variate to test 

for its significance. Her findings were that, depending on the 
density and range of permissible circle size, if one 

interpreted the variance/mean ratio as one would have for 
points, one could observe clumped, random and overdispersed 

(regular) arrangements, even though the placement algorithm is 
clearly_ random. Further details of Pielou' s variance/mean ratio 
test are outlined in Simberloff (1979). A chi-square test has 

also been utilized to deduce pattern in 

populations/communities. 

How Clark and Evans (1954) evaluated a dispersion index (R) 
for populations/communities is detailed in Simberloff (1979). 
Dispersion index (R) was used to determine the significance of 

de~arture from randomness towards aggregation or regularity, 

i.e. R = Y-8 /re = ( I:r) ( 2J p) /n, ~here -~a = the mean observed 

nearest-neighbour distance (r/n), r = measured distance to 
nearest-neighbour and n = number of such measurements, and Ye 

= the expected mean nearest-neighbour distance given random 
dispersion ( 1/2 J p), where p = density _and is .expressed as 
number of individuals per unit area. The density estimated is 
obtained from the quadrat results. The advantage of such 
distance-based measures of dispersion is that the scale of the 

pattern examined is not restricted to any particular quadrat 
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size (Phillips and MacMahon 1981). Dayong (1989) cited some 

authors such as Pielou (1977), Greig-Smith (1983) and Kershaw 

and Looney (1985) as having utilized other methods to deduce 

spatial pattern in populations/communities. 

The usual approach employed by plant ecologists when 

attempting to detect and analyse ·the spatial pattern in 

populations/communities is a nested analysis of variance of 

data from transects or grids (Dayong 1989). However, it suffers 

from the drawback of arbitrariness in the choice of quadrat 

size and starting point (Usher 1969; Ripley 1978). Dayong 

(1989) quoted authors such as Ripley (1977, 1981) and Diggle 

(1983) as having developed more sophisticated techniques for 

the analysis of mapped point patterns. Dayong' s method of 

detecting departure from randomness in plant communities is 

based on the theoretical distribution of the le_ngth between 

successive ordered points in unit interval, and he, in the same 

paper, argued that this method is more powerful for at least 

certain patterns. Mathematical details, examples and 

discussions on the method are detailed in his paper (Dayong 

1989). 

There have been controversies however on the use of pattern 

to infer competition, e.g. "distance sampling by taking the 

distance from a random individual to its nearest-neighbour will 

obscure any but very local effects and is not necessarily 

informative about competition" Hill 1973. Meagher and Burdick 

( 1980) have also mentioned that this method may produce 

erroneous results which may lead to assignment of statistical 

significance where none exists. They pointed out that there 

have been violations of chi-square test assumptions in nearest­

neighbour frequency analysis which they believe could cause 

major alterations in interpreting such analyses. 

All in all the methods discussed have, over time, played a 

key role in unlocking the doors to our understanding the 

patterns in which populations/communities of plants could be 

arranged in nature. 
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(b): MECHANISMS: DISTRIBUTION PATTERNS OF SPECIES 

Regular distribution of plants has been reported in desert 

populations/communities (Macnaughton and Wolf 1979; Smith 1980; 

Nobel 1981). One of the mechanisms that is assumed to generate 

this pattern is root competition for water, with consequent 
I 

density-dependent mortality (King and Woodell 1973; Yeaton and 

Cody 1976; Smith 1979). 
Moderately persuasive is the fact that seedlings or 

juveniles show a clumped distribution pattetn. That aggregated 

populations/communities are observed where reproduction is 
vegetative has been reported (Phillips and MacMahon 1981). But 

that type of pattern vanishes as plant~ become medium-sized. 

Medium-sized plants tended towards random arrangement, and 

larger ones tended to regular pattern. Anderson (1970) in a 

number of varied sites in some Australia dryland plant 

communities, asserted that younger plants are clumped and that 

the pattern disappeared as they grow larger and exerted more 

influence on each other. He concluded that whilst the original 

establishment may be subject t.o quite strong environmental 

control, subsequent development of community pattern (in terms 
of density) is influenced to a considerable extent by the 

plants themselves. For an example, as soil water availability 
becomes scarce, plants will tend to extend their roots towards­

unexploited soil volumes in the immediate vicinity. In so 

doing, especially in overcrowded forests, weaker competitors 
will be deprived of moisture in their immediate root zones, and 

thus weakened and eventually be excluded · from 

populations/communities. The processes are of course quite 

gradual, and depending on the sizes of the remainders in 

populations/communities, plant dispersion pattern will trend 
from being aggregated to being random, and eventually to 

uniformity (regularity). Greig-Smith and Chadwink (1965) found 
a diminution of aggregation with increasing shrub sizes, but 
confirm no testimony of uniform pattern. Beals (1968) found 
that desert shrubs in Ethiopia generally exhibited regular 
dispersion especially in areas of high density. He suggested 
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some form of competition in the plant spacing. Many studies, 

some in Phillips and MacMahon (1981), corroborated the 

prevalence of regular distribution as plant sizes increase from 

small to medium, and eventually to larger sizes. 

Which ever kind of distribubion pattern is observed in 

populations/communities, the crux qf the matter is that both 

abiotic and biotic factors are ''causers". The distribution of 

plants in unfavourable environments has been for generations 

ascribed to the influence of physical factors (MacDougal 1908; 

Spalding 1904; Canon 1911; Turnage and Hinckley 1938). Other -

environmental factors such as temperature, nonequilibrium 

phenomena (e.g. fire- referred earlier), etc. are also known to 

play an important role in pattern1ng the world's plant 

communities. 

2.1.3: REMOVAL EXPERIMENTS 

Removal experiments involve isolation of any particular 

individual species by removing its nearest-neighbour(s) to 

confirm the existence of competition. This method depends on 

one's aims and also what one understands as a suitable way of 

isolating individuals: it might be to establish whether the 

species are competing for water, nutrients, volume of space, 

etc. Clipping, or entire removal of the aboveground parts of 

nearest-neighbour individuals, or excavating all the 

neighbouring individual(s), are some of the methods that can be 

utilized. 

This technique (removal experiments) has received wide 

application. Fowler and Antonovics (198l[I]), Fowler 198l[II], 

1982, 1984) applied this technique to assess effects of 

competition on the cover of each species, weight and number of 

flowers per plant. Robberecht et al. ( 1983), Ehleringer ( 1984), 

Baruch et al. 1985 and Eissenstat and Caldwell (1988) utilized 

, this same procedure in their studies on the effects of removals 

on water relations, growth productivity, reproduction and 

photosynthetic responses of grasses and shrubs; enhancement of 
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all the aspects investigated were confirmed. Ball and Hayne 

(1952), Fonte:Yn and Mahall (1981), and Nobel and Franco (1986) 

have reported the success of removal experiments in 

ascertaining some competitive processes. Simberloff (1979), 

Pacala and Silander (1985), Pacala (1986), Penridge and Walker 

(1986), Cox (1987), Firbank and Watkinson (1987) all used this 

technique, presumably because it is more consistent for 

botanical analysis. Yeaton (1988-unpublished) after a series of 

removal experiments at Mniszechi Vlei of the Namib Dune 

grasslands, Namibia, found no significant difference between 

the control and the experimental treatments in the number of 

individual tillers or whole plants dying over the experimental 

period. Significantly more of the experimental s: sabulicola 

were found increasing their leaf number than those of the 

controls. Removal experiments were also conducted in which the 

removal of all neighbouring plant biomass within a 2m radius of 

individual Schizachyrium scoparium bunches resulted in a 3.8 

fold increase in the biomass .o.f S. scoparium bunches (Tilman 

1989). Fowler (1986) in a study to examine the extent to which 

plant population dynamics are affected by density-dependent 

processes in six out of seven quadrat sets, found that plants 

in adult removal quadrats were on average larger than plants on 

the control quadrats; no competition by seedlings against 

adults was observed. 

2.1.4: PHENOLOGY 

Phenology has been defined as the study of recurring biological 

events, which involves both qualitative and quantitative 

measurements (Pierce and Cowling 1984). In their study of 

fyribos, renosterbos and subtropical thicket in the south 

eastern Cape, Pierce and Cowling (1984) concluded that soil 

type had minimal effect on the phenophases of species growing 

on them. 

They found that c3 grasses grew most actively in the cool 

wet seasons, and c4 grass species showed either a summer growth 
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season or.an additional cooler growth season; they found that 

the former species (C 3 grasses) do not occur westwards in the 

winter rainfall region while the latter (C4 grasses) do. They 

explained phenophase pattern in terms of ecophysiological 
I 

factors, but biological and historical factors were also 

considered. The following are the phenophases observed: obvious 

manifestations like shoot el?ngation, leaf initiation, 

development, preflowering (budding), full flowering (open 

flower), and unripe and ripe frui~ing/seeding, leaf yellowing, 

prior to and including abscission. 

Low temperature was found to defer flowering in the grass 

Aristida contorta (which has been reported to germinate in the 

warm season) (Mott and McComb 1975). 

. In their work on phenology of drought-deciduous shrub Lotus 

scoparius, Nilsen and Muller (1~81) found that phenological 

progressions of leaf production, leaf composition, shoot . 
elongation, lateral branch production and flowering on even­

aged stands of this species were correlated with factors such 

as temperature, relative humidity, soil moisture, plant water 

relations, and photoperiod. These correlations, they asserted, 

were determined during both a characteristic and an 

uncharacteristic growing season for this mediterranean-climate 

region. 

2.1.5: SEEDLING ESTABLISHMENT/TRANSPLANT EXPERIMENTS 

Seedling establishment is a situation whereby individual 

organisms (seedlings/adult plants) are removed from their 

original areas, and introduced into new areas, to observe after 

a certain specified time (period) the effects on survivorship, 

fecundity, and reproduction. According to Krebs (1978) these 

kinds of experiments, requir~ to be followed for at least one 

complete generation since some organisms are known to survive 

without reproducing. Krebs (1978) in a chapter, methods for 

analyzing distributions, gives a terse explanation on what the 

transplant experiment is all about. 
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Amongst other things, he mentions how one could answer the 

question of what limits distribution. He argues that it can be 

achieved by first determining whether the limitation of 

distribution comes from the inaccessibility of any particular 

area, plot, etc to individual 
1
organism(s) established or 

transplanted. Transplant experiments, he maintained are 

contributory to determining the source of limitation. His two 

hypothetical outcomes of the transplant experiment that dictate 

where to go next are as follows: 

if the outcome of transplant experiment is 

successful, the interpretation is that distribution 

is limited because either the area is inaccessible 

or because the organism fails to recognize the area 

as suitable living space; and if the outcome of the 

transplant experiment is unsuccessful, the 

interpretation is that distribution is limited either 

by other species or by chemical and physical factors. 

If a transplant is found successful, the assumptions 

are that it indicates the potential range of a 

species is larger than its actual range. 

Pielou (1960, 1961, 1962), Phillips and MacMahon (1981) 

observed clumped patterns of vegetation and ascribed them to 

environmental patchiness, limited seed dispersal and vegetative 

reproduction. Ecologists offer many different reasons for the 

outcome of transplant/seedli~g establishment experiments: 

date of transplant, planting density-~ the species transplanted, 

fine-scale adaptation, light intensity, seed size, shading 

effect, site of transplant, soil moisture, soil type, etc 

(Kramer et al. 1952; Grime and Jeffrey 1965; .Friedman 1971; 

Doust 1981; Burton and Mueller-Dombois 1984; Waser and Price 

1985; Winn 1985; Fowler 1986; De Jong and Klinkhamer 1988; 

Fowler 1988; Klinkhamer and De Jong 1988). 
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2.1.6: FIRE AND OTHER FORMS OF NONEQUILIBRIUM PHENOMENA 

Fire has played a role in shaping the world's grasslands and 

forests. Attempts to eliminate it have introduced problems as 

serious as those created by accidental conflagrations (Cooper 

1961). The fact that fire has been an issue of major concern in 

structuring plant populations/communities is well known. The 

early Portuguese explorers have been cited as stating that the 

interior of South Africa, from the Cape to Natal, was covered 

by a pall of smoke due to veld burning, and called the country 

"Terra dos Furnas". Roux (1969; quoted in Scott 1970) stated "we 

may believe with some assurance that the burning of veld in 

winter was a common occurrence long before the corning of the 

Europeans". Various reasons for veld burning are known. The 

Bushmen used fire to provide green grass for game which they 

could then hunt, Africans burned veld to provide nutritious 

grazing for their livestock, and honey hunters often started 

fires which then spread over large areas. 

How many fires are caused by lightning and intense heat 

remains unknown. Komarek (1966, in Scott 1970) discovered from 

foresters' reports in the United States that 90% of all 

American woodland fires were set by lightning, and these ran 

into thousands per annum. Many cases concerning veld fires in 

this country have been reported (Scott 1970). Scott (1970) 

quoted farmers as claiming that it is impossible to farm in the 

sour veld without veld burning. Roux (1969, in Scott 1970) has 

been reported as having stated (Sauer 1956) that the origin and 

preservation of grasslands is due, in the main, to burning 

and ... they· are in fact great and, in some cases, ancient 

cultural practices. 

In accounting for fire as a natural factor of the 

environment Scott (1970) referred to grassland areas adjacent 

to savanna areas such as those in the Eastern Cape. He argued 

that fire has played a significant role in keeping those areas 

as grasslands. Scott further argued that it was with the 

insistence of Soil Conservation Committees that veld burning is 

a wrongful practise and should be stopped, that a very marked 
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encroachment of bush into areas which were pure grasslands 

ensued. Fire is also "known" to have kept many mountainous 

areas of the Eastern Province free of fynbos for many years, 

and that it was after the prohibition of veld burning that 
I 

fynbos started encroaching these areas (Scott 1970). In the 

sour veld areas, fire has always been a most important factor 

in the removal of waste material left from the previous season. 

Where there was selective grazing or accumulation of old grass, 

as the result of a rest from grazing, the old grass was burned 

off at the beginning of the next season to give a clean sward 

(Scott 1970). Scott further argues that if the old grass were 

not removed it became moribund, and within a couple of seasons 
\ 

it died out making way for weeds and plants useless for 

grazing. From the above it appears reasonable to view fire as 

one of the important effective~ factors in maintaining and 

establishing productive grasslands. 

Other reports on the role of fire are that in open country 

fire favours grass over shrubs (Cooper 1961). Notwithstanding 

shrubs known to grow vigorously immediately after burning, 

their living tissues stand well above the ground, fully exposed 

to fire, with the result that repeated burning will keep them 

rather small. Woody plants are also known to be more 

susceptible to fire as compared to grasses (Cooper 1961). · 

Perennial grasses, for example produce seeds abundantly one or 

two years after establishment, whilst most woody plants require 

several years to reach seed-bearing age. There are nonetheless 

controversies as to the role of fire in maintaining grasslands. 

Some biologists believe that a substantial portion of North 

American grasslands owe their origin and maintenance to fire 

(Cooper 1961). Others argue that climate is the main deciding 

factor, whilst fire had little influence (Cooper 1961). Some 

areas like the Great Plains of North America have been used to 

invalidate the belief that grasslands owe their origin and 

maintenance to fire. In other places, for example the grass 

covered Palouse Hills of the south-eastern part of the state of 

Washington, the soil is known unsuitable to shrub growth, 

although the climate is favourable (Cooper 1961). An example is 
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the forest of the jack pine that spread in a broad band across 

Michigan, Wisconsin and Minnesota (Cooper 1961). 

Despite the arguments discussed above, the importance of 

frequent/regular burning is ref erred to as very important in 
\ 

maintaining plant populations I communities to the 11 optimal 11 

status (Rethman and Booysen 1968; D6wning 1974; Trollope 1974; 

Robinson et al. 1979; Drewes a~d Tainton 1981; Everson and 

Tainton 1984; Everson and Everson 1985; Trollope and Potgieter 

1985; Barker and Williamson 1988;: Everson and Van Wilgen 1988; 

Yeaton et al. 1988). 

Another means of disturbance that formed part of the current 

research is removal experiments. Experiments at the Estcourt 
·. ' 

and Tabamhlope Research Stations demonstrated conclusively the 

need for removal of the old ungrazed grass before the next 

growing season. They showed that removal by mowing was much 

superior to burning, and that the yields from mown veld in the 

subsequent season were much higher than from any burned area of 

comparable size (Scott 1970). 

Other disturbance phenomena beyond the limits of this study, 

such as cattle grazing (Kydd 1964; Noy-Meir, Gutman and Kaplan 

1989), ant-mounds and animal burrows (Coffin and Lauenroth 

1988), hurricanes and hoofprints (Belsky 1986), are known to 

play significant roles in pat terning plant 

populations/communities. Grazing by large herbivores is 

generally recognized as a paramount ecological factor in 

grasslands, and has been suggested as an important evolutionary 

force (Harper 1969, 1977; Whittak~r 1977; McNaughton 1979, 

1984; Mack and Thompson 1984). Some studies on grasslands 

suggested the importance of within-community patch-producing 

disturbances on spatial pattern, and on the persistence of 

species able to utilize small, relatively short-lived patches, 

e.g. ant-mound and animal burrows (Platt 1975; King 1977; Hobbs 

and Mooney 1985; Loucks et al. 1985). 
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2.2: MECHANISMS OF COMPETITION 

2.2.1: GROWTH, PRODUCTION AND REPRODUCTION 

I 

Growth, production, reproduction, etc. are geared to both 

biotic and abiotic factors. For instance, optimal light 

intensities, 

commodities 

efficiently, 

temperature, 

for plants to 

etc. water are indispensable 

photosynthesize optimally and 

epough food for growth and thus producing 

establishment. Positive relationships between water (soil water 

availability) and growth, production, reproduction, etc. have 

been severally confirmed (Ehleringer, Bjorkman and Mooney 1976; 
. . \ 

Ehleringer and Mooney 1978; Ehleringer 1980; Ehleringer 1984; 

Ehleringer and Cook 1984; Knapp 1984; Eissenstat and Caldwell 

1988). Nonequilibrium phenomena"like veld burning (referred 

earlier), have been found and recommended factors that . 
stimulate growth, production, reproduction, etc. Competition 

has been proved to affect plant life process~s negatively. One 

example is when one plant affects another plant 

allelopathically. Whilst in a no competition situation (e.g. 

where disturbance has occurred, either through removal 

experiments or otherwise), improvement in plant growth, 

production, reproduction, etc is observed. In essence any other 

factor, abiotic or biotic, if improperly induced inhibits 

proper operation in a plant's processes, thus causing negative 

results in the overall operation of the plants' metabolic 

machinery. 

2.2.2: PHOTOSYNTHESIS 

Photosynthesis is a food manufacturing process which involves 

a series of enzymatic reactions. However, in other type of 

plants such as c4 that fix their carbon by reacting with the 

three carbon PEP (phosphoenolpyruvate) to form oxalacetate, 

water loss is quite restricted. Crassulacean acid metabolism 

(CAM) plants fix their carbon in the same way as c4 plants, but 
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the process is restricted to the night. This renders those 

plants better adapted to semi-dry weather condition.s. 

Another problem known to bedevil photosynthesis (in c3 

plants) is photorespiration, i.e. oxygen interferes with the 

initial combination of carbon dioxide and ribulose bisphosphate 

(RUBP), so that instead of combining with the carbon in carbon 

dioxide to form two three-carbon PGA-molecules, the RUBP splits 

to form single molecules of phosphoglyceraldehyde (PGA) and 

phosphoglycollate. 

The three photosynthetic pathways referred to above, i.e. 

C3-, CAM- and c4-fixation pathways, are known to dictate under 

what conditions plants have to grow to establish efficiently 

(Vogel et al. 1978). In other words c3-, CAM- and c4-plants are 
l 

found to be geographically distributed according to their 

·respective carbon fixation mechanisms. Crassulacean acid 

metabolism (CAM) plants occur ·in semi-arid conditions, c3 

plants are found under cool temperate wint~r rainfall regions, 

and c4 plants are dominant under warm tropical and subtropical 

summer rainfall conditions (Vogel et al. 1978; Ellis et al. 

1980; Cowling 1983b). The photosynthetic temperature optima and 

photosynthetic light intensity optima for c3 plants are quite 

low, whilst those for c4 plants are quite high. These, 

therefore, render c4 plants more competitive relative to c3 

under high temperatures, high light intensities, and also under 

low carbon dioxide concentrations, whilst the converse is 

favourable for c3 plants (Black 1971; Bjorkman 1975). In 

essence, C3 plants would be ~isplaced from a community under 

environmental parameters that are favourable to the efficient 

performance of c4 plants and vice versa (Ehleringer and 

Bjorkman 1977). 

2.2.3: WATER RELATIONS 

Under field conditions leaf water deficit develops when water 

loss through evapo-transpiration exceeds leaf water uptake 
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(Hsiao 1973; Roberts and Knoerr 1977). Stomatal behaviour and 

cell wall extension are both turgor phenomena, and may be 

related to leaf turgor potential (Clelland 1971; Penning de 

Vries 1972; Hsiao 1973) while the capacity for leaf tissue to 

gain substrate water is related to the depression of osmotic 

and matric potentials' below the water potential of the 

substrate. 

Both C3 - and c4-plants, as highl..ighted in discussion on 

photosynthesis, differ in their geographical distribution, with 

c3 plants probably competitively:advantaged under cool, moist 

places and c4 plants favoured under warm semi-dry places (Vogel 

et al. 1978; Ellis et al 1980). c4 plants have evolved an 

efficient photosynthetic mechanism of \water conserving under 

dry conditions, whilst c3 plants have not. Carbon gained/water 

lost is greater in c4 plants tha~ in c3 plants, thus resulting 

in c3 plants being readily outcompeted by c4 plants under low 

water conditions. 
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CHAPTER 3 

3.0: STUDY SITES AND SPECIES 

3.1: GENERAL 

With the strong tenet that "vegetation changes according to the 

way it· is treated," I share with Sparrman (quoted ·in Smith 

1966), Marloth' s hypothesis in 1908 that the renosterbos­

dominated plant community termed ,renosterveld is an artificial 

one which results from a harsh disturbance re,gime ( Levyns 

1930). 

3.1.1: OTHER STUDIES 

(a) CAPE TOWN SIDE 

There is a hypothesis that the Elytroppapus renosterbos 

dominated plant community termed renosterbos is an artificial 

one resulting from a harsh disturbance regime (frequent fire, 

overgrazing, wood removal and the elimination of most of the 

indigenous fauna) (Mitchell 1922, in De Jager 1985-unpublished). 

This hypothesis has been further elaborated by Eugene J. Moll 

( pers . comm. ) and Tansley ( 19 8 2) by further adding that 

renosterveld had a much greater grassy component which was 

eliminated, or severely reduced, by human impact during 

historic times·. The hypoth~.sis tested in De Jager ( 1985-

unpublished), is that renosterveld, given a more natural 

disturbance regime, would undergo a succession towards 

something akin to its former grassy state. 

The vegetation on Signal Hill was called ti sclerophyllous 

bush ti (a general term for the vegetation of the western Cape at 

that time it seems) by Mitchell (1922). However, it is now 

called coastal renosterveld (Tansley 1982). 

However, it is interesting to note Theron's (1984) idea that 

"the seeds of renosterbos were probably transported to this 
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region in the Cape Peninsula by man (or were windblown)". He 

bases this assertion on the absence of Renosteria from the 

Peninsula. Be this as it may, since at least 1919, renosterbos 

has been established on Signal Hill (De Jager 1985-

unpublished). Levyns (1952) records that it displays a definite 

preference to stiff clays here, .'which "is blown with almost 

diagrammatic precision as below Lion's head, where granite 

replaces slate, the soil is coarse and the Renoster Bush no 

longer dominates the scene". 

The soil on most of Signal H~ll is fine in texture, being 

derived from Malmesbury Shales. Results of soil samples 

analysed (from De Jager 1985-unpublished) are summarized in 

Tables 3.1.l(i) & (ii): 
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'Table 3.1.l(i): Soil sample analysed by George Thompson 

Signal Hill 

Cape Town Side Seapoint side 

pH 
Resistance in Ohms 
Available phosphates ppm 
Total cations in milli-equivalent 
percentage 
Cation exchange capacity in milli­
equivalent percentage 
Sodium in milli-equivalent 
percentage _ 
Potassium in milli-equivalent 
percentage 
Calcium in milli-equivalent 
percentage 
Magnesium in milli-equivalent 
percentage 
Percentage total Nitrogen 

' 4.6 
1420 
1 

5.82 

8.04 

0.82 

0. 0'7 

3.34 

1. 64 
0.119 

Table 3.1.l(ii): Phosphorus determination 

' 

4.7 
1700 
2 

7.36 

7.65 

1. 83 

0.65 

3.79 

2.09 
0.141 

Phosphorus in microgram/gram dry mass of 

soil 

Available Total 

Signal Hill-Shale 
on Cape Town side 5.93 206.36 

Signal Hill-Shale 
on Cape Town side 4.86 204.54 

Signal Hill-Shale 
on Seapoint side 10.20 133.20 

Lion's Head Granite 
on Seapoint side 2.80 137.57 
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The fauna reported to have occurred in the area by Marshall, 

one of the local residenis living at the foot of the vallei on 

the Cape Town side (De Jager 1985-unpublished), are tortoises, 

small,buqk, guinea fowl, francolin and lynx (reported by three 

different people). During my work on the site I saw mice, 

tortoises and mole-rat mounds. 

"At Signal Hill the vegetation is very depauperate and the 

ground eroded due to frequent fires, trampling, litter and -

large alien infestations" (Tansley 1982:23). However, Tansley 

noted that the site has high edu~ational potential as part of 

the Table Mountain Nature Reserve. 

3.1.2i HUMAN IMPACT ON VEGETATION 

The four sources of impact which pertain to the mid-1900's, 

besides total destruction of the vegetation by building . 
activity around the hill, quarrying, road building and 

afforestation on the hill, are a short-interval fire regime, 

stock grazing, fire wood collection and invasion by alien 

plants. The elimination of much of the fauna in earlier times ~,­

and probably the removal of larger trees for timber has 

affected the present state of the vegetation (De Jager 1985-

unpublished). 

3 .1. 3: FIRE 

Accounts in (De Jager 1985-unpublished) are that on the 

Peninsula, "the lengths of periods between burning the same 

area were perhaps, on the average, three years, but some 

luxuriant types of vegetation, particularly on marshy soils, 

would be burnt again within one year". Mitchell ( 1922) 

emphasised that frequent burning was necessary for the 

provision of grazing for livestock and of fire wood for poor 

people in the area. But these practises were rep9rtedly short­

term, i.e. Levyns (1924) observed that three years after the 
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1919 fire on Signal Hill, the renoster bush had taken 

possession of the hillside, and, in doing so had ousted the 

grasses and other plants suitable for grazing (1924: 247)". 

From information assembled by Liz Ashton (pers. comm.) the 

fire history for Signal Hill is: 

up to 1950' s- general fire regime consisted of regular 

fires, just about every summer big'areas would burn both the 

Cape Town and the Sea Point sides. 

in 1952- Levyns (1952, in De Jager 1985-unpublished) 

described the whole of the Lions' Rump on Signal Hill as being 

clothed with renosterbos. "A closer examination shows that 

other plants grow amongst the Renoster Bush but from a distance 

the renosterbush and its ·1arger associate the Taaibos (Rhus 

lucida) dominate the slopes (1952)". 

from 1960- there was a sudden curtailment of fires due 

probably to stricter law enforcement and quicker response on 

the part of the fire fighting agencies. 

in 1969- last recorded big fire, which was started at the 

military camp, in a southeaster, burned up the slopes and over 

the top towards Sea Point, covering 200 acres. 

in 1972- there was burning of another big fire. 

during 1974 and 1975- lots of small grass fires consumed 

many hectares. 

February 1988- small grass fire on M. disticha-dominated 

stand on ridgetop, Sea Point side - personal communication 

(Clive May of the Kloofnek Nature Reserve Station). 

3 .1. 4: GRAZING 

Mitchell (1922) refers to cattle grazing on Signal Hill, and 

thus an acceleration of soil erosion which resulted from the 

formation of cattle tracks. This was descriptively further 

researched by Liz Ashton who gathered information from Mr 

Watson, an 85 year old ex-council development engineer who 

lives in Claremont, and another informant who lives in 

Springbok Street - below Signal Hill. 
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In the pre-1900's, farmers in Oranjezicht (e.g. the van 

Bredas-dairy farmers) are reported having kept cattle, sheep 

and goats on Signal Hill; and as these disappeared from the 

area, people living in the Malay Quarter of Schotsekloof are 

reported as having kept some stock, mostly goats, intended for 

the Moslem feasts and celebrations. In the late 1950 's and 

1960' s law enforcement, motivated by abattoir regulations 

concerning the health hazards of backyard slaughtering, phased 

this practise out. 

3.1.5: FIREWOOD COLLECTION 

Judging from Mitchell (1922), it is apparent that this was a 

constant impact until ·recent times. She described the loosening 

of soil following activities of wood-gatherers who did so by 

dragging their bundles down the hill. In this regard, it is 

interesting to note that Protea ni tida is listed by Skead 

( 19 8 O_) under its synonym of P. grandi flora among the many 

victims of the Cape's woodcutters, while Smith (1966) notes 

that its wood "gives an excellent charcoal for household and 

smithy work, and there can be little doubt that many thousands 

of trees must have been cut down from earliest days to supply 

the demand". Although he rejects this explanation in favour of 

the more conventional one, Smith does record the belief of 

firewood cutters "that the vernacular name ( "waboom") was 

derived from the use the woodcutters made of the large growths 

for carting loads of wood down the slopes on which the plants 

grew (ibid) . 

3.1.6: AERIAL PHOTOS 

From aerial photographs the following data were extracted by De 

Jager 1985-unpublished: 
19 35- cattle tracks were reported clearly evident. Also some 

signs' of ploughing which may indicate an old farm. 
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1951- sparse vegetation reported which was attributed to 

recent fire. An increasingly dense growth of alien pines (e.g. 

Pinus pinaster) was observed. 

1944- the vegetation cover on the north-facing slopes 

reported to be relatively sparse. 
I 

1953- indication of rather poor management reported. 

1958- the first plantation of the' Eucalyptus was observed at 

the foot of the ridge. 

1968- the vegetation in the study area was mature (richly 

textured and dark), with a good cover. There was also mention 

of a fire break or some similar disturbance running down the 

valley. 

1977- lots of the plantations seemed to have been removed. 

1980- "vegetation mature-loo~ing ahd with a dense cover­

indicative of the long fire interval relative to the period 

covered by most of the other ph~tos. A heavy infestation of 

pines and Eucalyptus remains on the northeast tip of Signal . 
Hill, while Eucalyptus trees line the base". 

3 .1. 7: ALIENS 

Within the study area, Pinus pinaster, Lantana sp., Pennisetum 

cetaceum and Eucalyptus spp. were observed. 

3.2: SIGNAL HILL: SEA POINT SIDE 

Some of the general information about the Cape Town side, such 

as the law enforcement, farming and wood-cutting is also 

applicable here. 

A dense T. triandra sward with a strong component of small 

shrubs was sampled. On the other parts H. hirta was reported 

dominating with odd plants of Themeda and Cymbopoqon occurring. 

Rhus bushes were found evenly dotted throughout this grassland. 

Aliens such as Eucalyptus are there. 
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3.3: OUTLINE OF THE THREE GRASS SPECIES CHOSEN FOR STUDY. 

3.3.1: (a) Hyparrhenia hirta- a perennial c4 grass (Russell et 

al. 1990 

I 

(i) Habitat- often in disturbed places, also an important 

constituent of open grasslands (Chippindall and Cook 

1976) 

(ii) Flowering- from Septeber to June (Russell et al. 1990). 

Inflorescence- from S'eptember to March (Chippindall and 

Cook 1976). 

(iii) Economics- a valuable fodder grass (sweetgrass) when 

young, probably provides fairly good grazing when mature 

(Weinbrenn 1938, 1939; Weinmann and Reinhold 1946; 

Robinson and Potts 1950; Tainton and Booysen 1965b; 

Chippindall and Cook 1976; Wolfson et al. 1982; personal 

experience). Where common it is widely used as a good 

thatching grass (personal experience) and in Lesotho it 

is used for weaving into very large (4 to 6 m high) 

grain storage baskets called (sisiu) (Guillarmod 1971, 

in Chippindall and Cook 1976). 

"The dense tufts are locally (Fauresmith) common and said to be 

the favourite haunts and .breeding place of the bush tick" (Smith 

1966, in Chippindall and Cook 1976). 

( b) Merxmuellera dis ti cha- a perennial c3 grass (Russell et al. 

1990) 

( i) Habitat- characteristically a short grass of montane 

areas (Chippindall and Cook 1976). 

(ii) Flowering- from October to May (Russell et al. 1990). 

Inflorescence- not known (Chippindall and Cook 1976). 

(iii) Economics- none known but in certain karoo mountain veld 
types it 

possibly an 
is sometimes dominant (Acocks 1953); it is 

indicator of mismanagement leading to 
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encroachment by Karoo False Fynbos. Reported as an 

unpalatable grass (Chippindall and Cook 1976). 

( c) Themeda triandra- a perennial c4 grass (Russell ·et al. 

1990) 

{i) Habitat- reported to be a component of climax montane 

grasslands, and also to grow at lower altitudes, 

particularly in the tropics, also observed as common in 

woodland. It is also described as common and ubiquitous 

on all types of soil including shallow and wet ones 

(Chippindall and Cook 1976). 

(ii) Flowering- from September to June (Russell et al. 1990). 

Inflorescence- from October to July (Chippindall and 

Cook 1976). 

(ii) Economics- many ecologists since the early 1900's 

reported it a good veld cover, and a most palatable, and 

desirable pasture grass, and also usable for thatching 

(e.g. Codd 1928; Mes and Aymer-Ainslie 1935; Tainton et 

al. 1977; Clayton and Renvoize 1986 and Danckwerts 1987a 

& b), and is dominant over wide areas of southern 

Africa, mostly under warm/hot summer rainfall regions 

(Chippindall and Cook 1976; personal experience). 
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CHAPTER 4 

4 .1. 0: DISTRIBUTION PATTERNS AND NEAREST-NEIGHBOUR INTERACTIONS 

4.1.1: ABSTRACT 

This chapter describes the competitive interactions between 

three perennial grasses, Hyparrhenia hirta (L) Stapf (C4 )*, 

Merxmuellera disticha (Nees) Concert (C 3 )* and Themeda triandra 

Forsskal ( c4 ) * which coexist on the east- and west-facing 

slopes of Signal Hill, Cape Town. 

Through quadrat sampling it was determined which of those 

species was most dominant relative to the other two species. 

Competitive interactions were inferred from pattern 

analysis. In the first place, the distribution patterns of the 

three grasses were analysed using a dispersion index {R). In 

all five cases, except one, distributions tended towards 

regularity; the exception tended towards aggregation. Secondly, 

nearest-neighbour analysis was used to detect inter- and intra­

specific competition. Ratios of the diameters of the smaller 

individuals to the distances from their neighbours showed that 

for individuals of the same size, both inter- and intra­

.specific nearest-neighbours were located at nearly the same 

distances.' The slopes of regression lines of the combined cover 

versus distance for different nearest-neighbour pairs were also 

compared. Results indicated the relative intensity of 

competition among and within species. M. disticha appeared to 

be growing better than H. hirta, whilst T. triandra, wherever 

it occurred with M. disticha, appeared to be competitively 

stronger. As a resultant regular distribution is anticipated 

·for the species in the long-run. In some cases, intraspecific 

competition was relatively more intense than interspecific, 

whilst in others· interspecific was rather more than 

intraspecific. Accordingly both mixed and segregated 

populations are feasible, as well as the exclusion of weak 

competitors. 

*FOOTNOTE: The C3 and C4 nature of the plants was determined microscopically 
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4.1.2: INTRODUCTION: DOMINANCE, DENSITY AND SPECIES PATTERNING 

The grass flora of the cooler, winter rainfall regions of South 

Africa is dominated by c3 grasses (Vogel et al. 1978). 

Nevertheless c4 grasses,· including such essentially subtropical 

species as T. triandra and H. hirta, do occur in the Cape. Most 

c4 grasses, such as T. triandra and H. hirta would be expected 

to dominate in the warmer, summer rainfall regions. However 

there are reports of c4 grasses occurring in the west- and 

north-facing slopes of the cooler, winter rainfall areas 

(Cowling 1983). Cowling (1983) predicted from an analysis of 

physiological characteristics of c3 and c4 grasses that c3' 

grass species would be most abundant in cool shaded sites. He 

found that c3 grass cover was significantly correlated with 

increased post-disturbance vegetation age, low intensity 

grazing, high litter cover and cool, steep poleward slopes. c3 

grasses were found not to'occur on the west-facing slopes in 

the winter rainfall region, while c4 species did (Pierce and 

Cowling 1984). Pierce and Cowling (1984) found higher relative 

grass cover of c3 grasses on the cooler south slopes, while c4 
grass cover was higher on the north slopes. 

The original history of c4 grass species is not entirely 

known, and yet some ( c4 ) species, such as T. triandra, H. 

hirta, etc are important pastorally. They are also 

indispensable for thatching. To maintain them efficiently, 

their biology (ecology; physiology, etc) should be well 

understood. 

Photosynthetic rates of c4 plants are generally believed to , 

be favoured by relatively high temperatures and light 

intensities~ while the converse is true for c3 plants. It might 

therefore not be naive to argue that c4 plants have originated 

in the deserts. There is evidence that c4 grasses dominate in 

the warm summer rainfall regions because of their 

photosynthetic pathway (Ellis 1971; Teeri and Stowe 1976; 

Winter et al. 1976; Chazdon 1978; Vogel et al. 1978; Tieszen et 
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number of individuals of that species by the number of 

quadrats in which, it occurred); 

ii) density: defined as the number of individuals per quadrat, 

obtained by dividing the total number of individuals of 

that species in all quadrats by the total number of 

quadrats examined; 

iii) dominance: defined as the average basal· area of each 

species per quadrat; 

iv) relative density: defined as the number of one species as 

a percentage of the total number of individuals of all 

species; and 

v) relative dominance: defined as the basal area of one species 

as a percentage of the total basal area of all species. 

The above was carried out to investigate which grass species 

amongst those occurring on Signal Hill were fairly abundant and 

dominant for subsequent analysis. 

Those species which were found to be reasonably abundant in 

this census were considered for pattern analysis,· i.e. 

evaluation of dispersion indices (R) and correlation 

coefficients (r). 

Pielou (1959, 1960, 1961, 1962) and others (Yeaton and Cody 

1976; Bawa and Opler 1977; Phillips and MacMahon 1981; Dayong 

1989) noted that in studying the spatial arrangement of natural 

populations/communities of plants, three types of distributions 

or patterns can be distinguished: random, aggregated and 

regular. The individuals of a species are said to be at random 

if the position of each individual plant is independent of that 

of all the others; aggregated populations/communities are those 

in which there is a tendency for individuals of the species to 

occur in clumps; and in regular populations/communities the 

plants are more evenly spaced than they would be if they were 

distributed according to chance. Feller (1943) has noted the 

commonness of aggregated populations in nature, and gives two 

possible causes for this aggregation. On the one hand seeds may 
fal~ at random over an area, but the habitat may be non­
homogeneous, thus differentially influencing the proportion 

germinating and thriving. The result is that the density 
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becomes high at some sites and low at others. On the other hand 

the habitat may be homogeneous, but the individual plants occur 

in family groups owing to the fact that they reproduce 

vegetatively, or by seeds with a small radius of dispersal. 

According to (Greig-Smith 1957) a regular pattern would be 

expected to occur if the members of a population were· so 

abundant that they competed with each other for the available 

space. 

One approach to the study of pattern is based on nearest-

neighbour distance. 

All in all (Pielou 1959) 
J. 

parameters to measure: 

a ) an estimate of density 

recommended three distinct 
I 

b ) a sample of plant-to-neighbour distances, and 

c ) a sample of point-to-nearest-plant distances 

Hopkins (1954) applied a) and c) to judge whether or not the 

plants are randomly dispersed. Clark and Evans ( 1954) have 

devised a test based on a) and b) and their results give 

density, a test for non-randomness and a measure of non­

randomness 

My general approach for the determination of pattern is 

similar to that of Clark and Evans (1954). 

The following questions were asked: 

i) What are ·the distribution patterns of both c3 and c4 grasses 

on Signal Hill?; and 

ii) What allows c4 grasses to occur in relatively large numbers 

in some places of the Western Cape (e.g. east-, west­

and north- facing slopes of Signal Hill)? 
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4.1.3: MATERIALS AND METHODS 

Fig 4.1.3: Schematic representation of Signal Hill (Study Area) 
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The two slopes (i.e. east- and west-facing) considered for this 

study were dominated by grasses, herbs and shrubs. Sampling was 

by quadrat method on both the slopes. This method has been 

found to be more consistent for botanical analysis (Everson and 

Clarke 1987). The quadrats on both the slopes were placed from 

about ridgebottom (some lOOm from the firebreak) up to the 

ridgetop (about lOm from Signal Hill road). The overall area 
sampled was about 500m x 1500m. Quadrats were-randomly located 

by throwing a stone high up in the air and using the point it 

landed as the center-mark. Twenty five 1.Sm x 1.Sm quadrats 

were sampled in this manner. 

The diameter of each individual of the following grass 

species included in the quadrat was measured: H. hirta, M. 
disticha and T. triandra. This was done to investigate which 

grass species amongst the three was dominant both in number of 

individuals, and area cover (i.e. in each case individual 

species were identified, measured and then counted). Counting 

was per quadrat. Each individual which had more than half its 

canopy cover in the quadrat was included and measured. Other 

grasses mentioned in the general introduction only occurred 
occasionally and hence were not considered for analysis. 

Nearest-neighbour analysis (i.e. aboveground canopy 

diameters of any individual species of any pair versus distance 

between them) was employed for the detection of competition 

between pairs of individual grasses after verifying which 

species were re la ti ve dominants and co-dominants, both in 
canopy cover and number of individuals. 

Counting of individuals was done for the determination of 

dispersion index (R). Clark and Evans (1954) used the 

dispersion index to determine the significance of departure 
from randomness towards both regularity and aggregation of 
populations or communities. 

R = r 8 / re = (Er)(2Jp)/n, where r 8 is the mean observed 

nearest-neighbour distance (r/n), r =measured distance to the 
nearest-neighbour, n =number of such measurements and re = the 

expected mean nearest-neighbour distance given random 
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I i dispersion ( 1/2V p), .· where p = density and is expressed as 

number of individuals per unit area. For example, if there are 
. ' \ ' 

30 individuals occupying a 10m2 plot, their deAsity per unit 
I . 

area is 30 individuals/10m2 , which equals 3 individuals per 

unit area. The density estimate was obtained from the quadrat 
results. Phillips and MacMahon (1981) reported· that the 

advantage of such distance based measures of dispersion is that 
the- scale of the pattern examined is not restricted to any 
particular quadrat size. 

( 
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Table 4.1.1: 

Example on how the dispersion indices (R) were calculated: 

Md versus Md: 

R = ra /re= (Er)(2Vp)/n 

= (35.08)(2 V8.65)/lll 

= 1.8590 

Md= Merxmuellera disticha 

where ra = the mean observed nearest-neighbour distance (r/n), 

r = measured distance to the nearest-neighbour, n = number of 

such measurements and re= the expected mean nearest-neighbour 

distance given random dispersion (l/2Vp), where p = density and 

is expressed as number of individuals per unit area. Units for 

nearest-neighbour distances are cm or rn. 
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4.1.4: RESULTS 

H. hirta, M. disticha and T. triandra each tend to occur in 

monocultures on both the east- and west-facing slopes. H. hirta 

tends to be dominant in terms of number of individuals per 

quadrat, and M. disticha dominates in terms of area cover per· 

quadrat, whilst T. triandra· has become moribund on both the 

slopes surveyed. 

The results of the dispersion index (R), abundances, densities 

and dominance of the three species, are as tabulated in 4.1.2, 

4.1.3, 4.1.4 & 4.1.5 

The tabulated dispersion indices (R) revealed that five out of 

six pairs tested departed from randomness towards regularity, 

i.e. R > 1, whilst only one pair tended towards aggregation, 

R < 1. H. hirta dominated in both abundance and density, 

whilst M. disticha was most important only in relative 

dominance, in the 1975 burn (both of which occurred in the 

east- and west-facing sections of the gradient). In the 1988 

burn M. disticha proved most dominant for both the standard 

measures of the three different grass species analysed; H. 

hirta was second and T. triandra was the least dominant of the 

three. 
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Graphically the species are associated as follows: 

1975 burn (east-facing slope} 
H. hirta: x-axis vs M. disticha: y-axis 
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1988 burn (west-facing slope) 
H. hirta,x-axis vs M. disticha,y-axis 
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1975 ~urn (west-facing slope) 
H. h1rta,x:ax1s vs M. disticha,y:axis 

• 

• 
• • 

• 
• 

••• 
• 

• • 
• 

• • 
r = 0.29, n = 17, p < 0.25, y = -0.25x+1846.26 

500 1000 1500 2000 
Dominance (an~)/quadrat 

2500 

• 

3000 

Flg.4.1.4b: Dominance-dominance regression for grass spodes named above. 

1988 burn (west-facing slope) 
H. hirta: x-axis vs T. triandra: y-axis 
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Table 4.1.2: Dispersion index (R) for species pairs on Signal 
Hill's east- and west- facing slopes, (1975 burn), R < 1 = 
aggregated, R = 1 = random, and R > 1 = regular (i.e. specific 
value for regularity is, R = 2.1491, Clark & Evans 1954). 
Key to species nomenclature: Hh = Hyparrhenia hirta, Md / = 
Merxmuellera disticha and Tt = Themeda triandra; and n = number 
of pairs sampled. 

--Pair of species n site (slope) dispersion index, R 

Md vs Md 113 east-facing 1.2431 
Md vs Hh 111 east-facing 1.8590 
Hh vs Hh 113 east-facing 0.9734 
Md vs Hh 107 west-facing 1.8903 
Md vs Md 64 west-facing 1.6906 
Hh vs Hh 66 west-facing 2.2630 

Table 4.1.3: Distribution of grasses on the east-facing slope 
of Signal Hill (1975 burn). (number of quadrats, n = 34). 
Dominance is in m2 • 

H. hirta M. dis ti cha 

Abundance 5.765 2.882 
Dominance 0.080 0.156 
Density 5.765 .2.882 
Relative density 66.7% 33.3% 
Relative dominance 34.0% 66.0% 
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Table 4.1.4: Distribution of grasses on the west-facing slope 
of Signal Hill (1975 burn). The number of quadrats, n = 20 in 
this case, and dominance is in m2 . 

Abundance 
Dominance 
Density 
Relative density 
Relative dominance 

H. hirta 

7.65 
0.128 
7.65 
72.9% 
42.2% 

M. disticha 

2.85 
0.156 
2.85 
27.1% 
54.8% 

Table 4.1.5: Distribution of grasses on the west-facing slope 
of Signal Hill (1988 burn), number of quadrats, n = 38, and 
dominance is in m2 • 

Abundance 
Dominance 
Density 
Relative density 
Relative dominance 

H. hirta 

4.281 
0.032 
3.605 
36.9% 
29.3% 
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M. disticha 

·4. 588 
0.065 
4.105 
42.0% 
59.2% 

T. triandra 

3.120 
0.013 
2.053 
21. 0% 
11. 6% 



4.1.5: DISCUSSION 

The quadrat analysis indicates that H. hirta had the highest 

relative density both on the east- and west-facing slopes, 

whilst M. disticha was also common on both slopes but to a 

lesser degree than H. hirta on the east-facing slope (1975 fire 

burns), an antithesis to Ellis (1971), Teerie and Stowe (1976); 

and others referred under introduction:..4 .1. 2 who expected great 

differences in mix between C3/c4 in cool temperate rainfall 

regions. The fact that both H. hirta and T. triandra occurred 

on both the slopes investigated, might suggest that they are 

generalists, or exceptions that occur both in tropical hot 

regions and cool temperate rainfall regions. Their conspicuous 

presence on parts of the cooler winter rainfall regions (e.g. 

Signal Hill) calls for extensive investigation, but a modest 

investigation of their biological behaviour might shed some 

light as to their distribution in a winter rainfall region. 

Positions of the ridges are as referred under sections 

4.1.3. (Materials and Methods). Nonetheless T. triandra 

occurred sporadically on both the slopes. This is attributed to 

unmanaged burning of the area. The fact that H. hirta was 

predominant in density, made it possible for it to peak in 

relative density whilst M. disticha's relatively profuse canopy 

cover allowed it to have the highest relative dominance. 

On the west-facing slope on the veld which had burned in 

February 1988, M. disticha had the highest relative density and 

relative dominance, followed by H. hirta and lastly T. 

triandra. Sampling by quadrat method in conjunction with 

nearest-neighbour analysis indicated a significant departure of 

the sampled grasses from randomness towards regularity; only 

one of the six pairs tended in the direction of aggregation. 

Why 83.3% of the pairs sampled tended towards uniformity, and 

only 16.7% towards an aggregated pattern can be explained in 

terms o{ the increase in grass sizes. Several authors (Shreve 

1942; Went 1955; Cooper 1961; Laessle 1965; Anderson; Malik and 

Jacobs 1969; Malik, Anderson and Myerscough 1976; Christensen 

1977; Schlesinger and Gill 1978; Nakagosi et al. 1983; Herrera 
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1988; Chapin III et al. 1989) have found patterns tending 

towards regularity when plant size increases. In other words 

competition becomes more intense and more important as 

individuals grow larger. Small plants are eliminated from the 

high density phases of a mosaic, especially in homogeneous 

environments subject to intense stress (King and Woodell 1973). 

Thirteen to 14 y~ars without disturbance is probably long 

enough to allow self-thinning and hence regularity of 

distribution. Regular pattern had been reported by several 

ecologists at different sites of varying environmental 

conditions of the world (Cottam 1955; Beals 1968; Wright 1970; 

Waisel 1971; Barbour et al. 1977b). 

McDonough (1965) reported that mortality in an initially 

aggregated population of desert plants reduced the differences 

between high and low density patches, and resulted in a trend 

towards random dispersion of survivors; and that continuation 

of this process might be expected to produce a regular pattern 

as plants which occur closer than a critical distance to their 

neighbours thinned out. Analogous processes probably lead to 

regular patterns of grasses on Signal Hill. At a series of 

desert sites Walter (1962), and Woodell, Mooney and Hill (1969) 

asserted. that regular dispersion in low rainfall areas and 

aggregation in higher rainfall areas were obs.ervable, 

suggesting that regular spacing may have been· a result of 

competition for water. Yeaton and Cody (1976) and Smith (1979) 

have regarded larger distances between plants as evidence for 

competition for water. Other authors ( Anderson 19 6 7, 19 71; 

Barbour 197 3; Ebert and MacMaster 1981) have rebutted this 

belief. Ebert and MacMaster suggested that a sampling artifact 

might be responsible for such findings, i.e. the result of an 

inability to recognize individuals that are close together, 

whilst Anderson (1967, 1971) and Barbour (1973) argue that 

there is little support for regular pattern. They argued that 

only one most detailed and unequivocal piece of evidence of 

Woodell, Mooney and Hill (1969) for regular pattern is not 

convincing enough. Anderson ( 1970) suggested that regular 

pattern is rarely reached because of the ef feet of 
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microtopography. Regular spacing on Signal·Hill in the current 

study is inferred to have resulted from competition for 

moisture. Moreover Cape Town receives little or no rain in 

summer; the mean annual rainfall of Signal Hill is 

approximately 500rnrn. Also the regularly spaced bigger 

individuals of the grasses observed on Signal Hill are 

possibly, robust competitors who may have, presumably under 

drought conditions, suppressed their neighbours. No 

conclusive determinant as to what is responsible for the 

statuses of the c4 grasses of Signal Hill was obtained. 
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4. 2. 1: COMPETITION· AMONG SIGNAL HILL GRASSES: CANOPY COVER 

VERSUS PLANT-TO-PLANT DISTANCE 

Competition, though a widely discussed ecological topic (Braun­

Blaunquet 1932; Weaver and Clements 1938; Friedman 1971; Harper 

1977; Antonovics and Levin 1980; Fowler 1981, 1982, 1984, 1986; 

Fowler and Antonovics 1981; Tilman 1982; Nobel and Franco 19"86; 

Underwood 1986; Law and Watkinson 1988; Tilman 1989) is still 

perhaps the most elusive and controversial subject in the field 

of ecology. Different ecologists have strongly disagreed on the 

prevalence and importance of competition between and within 

species (Connell 1975, 1980; Wiens 1977, 1984; Connor and 

Simberloff 1979, 1984a & b; Strong, Syzsk, and Simberloff 1979; 

Ebert and MacMaster 1981; Hendrickson 1981; Strong and 

Simberloff 1981; Roughgarden 1983; Strong 1983; Gilpin and 

Diamond 1984a & b). A variety of methodologies have been 

employed in trying to solve this riddle. Amongst the techniques 

employed is nearest-neighbour analysis where the sizes of the 

two members of a pair versus the distance between them is 

measured. It is this technique which is the subject of this 

chapter. Competition is defined as any direct or indirect 

negative impact of one plant on another (Harper 1977). Its role 

in nature remains controversial and thus far no consensus has 

been achieved. Welden and Slauson (1986) showed that 

disagreements arise from failure to separate the two aspects of 

competition, i.e. intensity and importance. They defined 

intensity of competition as the degree of strain (damage) 

competition induces in an organism's well~being; and the 

importance of competition to the relative degree to which 

competition contributes to the overall decrease in growth rate, 

metabolism, ·fecundity, survival or fitness of an organism below 

its optimal condition. In the present study the two aspects 

have been reviewed to effect a more clear-cut insight of the 

role of competition on populations/communities of the current 

study site. Intensity is estimated by the slope of the 

regression of sum of sizes versus nearest-neighbour distance, 

whilst importance is measured (deduced) from the correlation 
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coefficient (r) of the graph. Sum of sizes in the present study 

is a dependent variable whilst nearest-neighbour distance is 

independent. 

According to Pielou (1960, 1962) competition between plants 

may manifest itself in two ways: 

(i) the distance between any plant and its nearest-neighbour 

will be positively correlated with the sum of their sizes; and 

(ii) there may be a ·lower limit to the distance between any 

plant and its nearest-neighbour, or in other words, each 

successful plant may have around it its own "territory" within 

which no new colonizers can establish themselves. Generally 

speaking, it is believed that similar species compete more 

strongly than dissimilar species. Accordingly, less negative 

interaction should occur between species than wit~in species. 

But among ecologists who have applied Pielou's (1960) nearest­

neighbour analysis technique to prove the existence of 

competition between plants and other sessile animals, a polemic 

arose as to whether inter- or intra-specific competition is 

more powerful. Yeaton and Cody (1976), Yeaton et al (1977), 

Yeaton ( 1988-unpublished) argue that nearest-neighbour analysis 

techniques show predominantly that interspecific competition is 

weaker than intraspecific competition, whilst Fonteyn and 

Mahall (1978, 1981) found evidence for the converse. 

Phillips and MacMahon (1981) have practically proved that 

the intenseness and importance of competition is both species­

specific and also environmentally-orchestrated. They argue that 

if one of the regression lines were to lie completely above the 

other, then on average, plants of any given size could occur 

closer together when it is that combination of species, than 

when it is either of the other combination. Welden and Slauson 

(1986) and Welden et al. (1988) came up with a similar 

conclusion to that of Phillips and MacMahon ( 1981). But in 

their examples sum of sizes is on the independent axis (x) and 

distances between the members of the pair on the y-axis, whilst 

the inverse was the case with (Phillips and MacMahon 1981). 

Also (Welden and Slauson 1986 and Welden et al 1988) have in 
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general found no significant differences in the intensity of 

competition within and between species combinations. 

Notwithstanding the above highlighted pros and cons about 

the strength and importance of competition in nature, Pielou's 

(1960) nearest-neighbour analysis technique in arid, semi-arid 

and mesic areas, remains an invaluable tool for investigating 

competition. Woodell, Mooney and Hill (1969), Anderson (1971) 

and others have applied this technique to examine spatial 

relations of the aboveground part of vegetation, where a 

positive correlation between interplant distance and plant size 

has been considered as evidence for competition. The 

suitability of this technique to measure competition has 

nevertheless been criticized by others, specifically in the way 

Pielou used it, e.g. " distance sampling-by taking the distance 

from a random individual to its nearest-neighbour will obscure 

any but very local effects and is not necessarily informative ' 

about competition" (Hill 1973). Meagher and Burdick (1980) have 

also mentioned that this method may produce erroneous results 

which may lead to assignment of statistical significance where 

none exists. They pointed out that there have been violations 

of chi-square test assumptions in nearest-neighbour frequency 

analysis, which they believe could cause major alterations 
1
in 

interpreting such analyses. In spite of the anxieties about 

this technique, it is still widely used in measurement of 

competitive interactions between living sessile organisms. 

More recent studies have combined statistical analyses of 

pattern with experimental studies of negative interference 

between neighbouring individuals, including resources for which 

the individuals compete .. Yeaton (1978), Simberloff (1979), 

Smith (1979), Nobel (1981), Phillips and MacMahon (1981), Nobel 

and ·Franco (1986) employed this technique in disclosing 

competition for water and mineral nutrients necessary for 

survivorship, fecundity, etc of living organisms. Most studies 

of this · nature have been centered around desert ecosystems 

because of. their simple physiognomic structure. 

In this. chapter nearest-neighbour analysis was used to 

detect competitive interactions between Hyparrhenia hirta, 
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Merxmuellera disticha and Themeda triandra in a grassland on 

Signal Hill. 

It is predicted that if competitive intensity and importance 

of c3 versus c4 reflect grass di~tribution in the country, c3 

grasses should be competitively superior to c4 grasses on cool 

moist protected sites. 

The following questions were addressed in this section: 

i) Does an analysis of nearest-neighbour show that there is 

competition between c3 and c4 grasses on both the slopes? 

ii) For any given plant ~ize, is the nearest-neighbour smaller 

for two plants of the same species, or for two of different 

species? 

iii) Is intenseness and importance of competition more 

conspicuous within species than between species? 

iv) Are species competitively equivalent, or do they behave 

differently across sites? 

4.2.2: STUDY SITES 

Detailed under section 1.3 

4.2.3: MATERIALS AND METHODS 

After verifying which species were relatively dominant and co­

dominant, both in cover and number of individuals, nearest­

neighbour analysi~ for comparing sum of sizes and plant-to­

plant distances was employed to detect potential competitive 

interaction between pairs of individual grass species. Pairs of 

neighbouring species were randomly selected by throwing a stone 

in the air and choosing the nearest pair of individuals to 

where it landed. There was, therefore, neither qualitative nor 

quantitative preference of the grass canopy size in these 

measurements. The study areas are known to have been exposed to 

the same potential grazing and fire regime (1975 burn). This 
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minimized the effects of these disturbances on my 

Only data from live individuals were obtained 
\ 

i l" samp ing. 
for this 

analysis. Sampling continued until at least 40 pairs had been 

sampled for each analysis. This was done on both
1 
the slopes. 

Measurements of canopy covers and nearest-neighbour distances 
were done using a one meter ruler. 

---Fig.4-.2.3 (a): Diagrammatical representation: canopy covers and 

nearest-neighbour distances measurements: 

~Canopy Cover ~ 

~ Nearest 

Hyparrhenia hirta 

~elghbour\ I Distance 

Soll 

( 

Merxmuellera disticha 

Similar methods were utilized on both the east- and west-facing 

slopes. The sum of·· the diameter·s of the· individuals of· ·arty 

particular nearest-neighbour pair were regressed against plant­

to-plant distances. Competition (or specifically negative 

interference) is considered to be occurring tf a positive and 

statistically significant linear correlation is obtained 

(Pie'lou 1960, 1962). If the relationship is such that when the 

individual species are nearest-neighbours, their sizes are 

larger and when they are further apart their sizes became 

smaller, one would conclude that there is mutualistic 

interaction within and between living organisms. 

The tolerance of one species for another was studied using 

a method in which the larger of the two individuals in a 

nearest-neighbour pair is regarded as determining the size of 

the other (Yeaton and Cody 1976). Thus the ratios of the 
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I 
aver,age of the sizes of the smaller individuals to the average 

,pf the distances from their neighbours were calculated for each 
; I 

pair of species. Each intraspecific pair was compared with the 

interspecif ic pair of which that species is the larger 

individual (Tables 4.2.4 and 4.2.5 on page 61). 

A diagrammatical representation for species tolerance of one 

species for· another is shown in fig.4.2.3 (b). Nearest­

neighbour distances for diagrams on this page are --distances 

after dividing standardized sizes (lm) of smaller individuals 

by the ratios of their (smaller individuals) sizes to the 

distances from their neighbours. The calculation of the ratios 

( is defined on page 56. 

Fig. 4. 2. 3 (b): Diagrammatical representation: species tolerance 

of· one species for another: 

Competition More Intense 

/ 

/ ~"1istlcha H. hlrta 
Nearest 

Same Size Same Size 
Competition Lesa 

Intense Neighbour 

·/ · .. - ....... \·· . . 

·01stance 

H. hirts 

Smaller Distance 

H. hlrts 

-A larger distance between individual species implies less 

chance of coexistence, whilst a smaller distance between 

individual species implies high chance of coexistence. 
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Table 4.2.1: Calculation of ratios of the sizes of the smaller 
individuals to the distances from their neighbours . 

Example: H. hirta versus H. hirta: 

ratio = 
mean of sum of diameters of smaller individuals of pairs 
~~~~~~~~~~~~~~~~~~~~~~~~~-

mean of plant-to-plant distances of those pairs 

= 15.lcm/22.9cm 

= 0.66 

The ratio is standardized by calcul~ting it relative to a 

standard diameter of lm for a smaller individual. Thus for the 
above example, 

lm/0. 66 = 1. 52m. 

Other distances were similarly calculated. 

Statistical testing of these ratios was accomplished by 

applying a student's t-test to a logarithmic transformation of 

these values (Yeaton and Cody 1976, and Yeaton 1988-

unpublished). 

The slopes (gradients) and the correlation coefficients (r) 

of the pair of interacting species for both the east- and west­

f acing sites, on Signal Hill were respectively used to 

investigate the intenseness and importance of competition. 

4.2.4: RESULTS 

Among the three grass species analysed, all intra- and inter­

specific nearest-neighbour pair were statistically significant, 

and positive linear correlation was found between the sum of 

nearest-neighbour canopy covers and their plant-to-plant 

distances (Tables 4.2.2 and 4.2.3): 
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Table 4. 2. 2: Regression ( r) between nearest-neighbour distances 
and sum of their sizes on Signal Hill's east-facing slopes ·in 
vegetation last burned in 1975. 
n = number of pairs of any partiqular species sampled, 
y/x = slope of graph. 

Pair of species n r p y/x y-intercept 

Md vs Hh 111 0.8659 <.0.001 1. 26 4.94 
Md vs Md 113 0.8283 <"0.001 1.47 10.14 
Hh vs Hh 113 0.8300 < 0.001 1. 06 9.57 
Tt vs Tt 113 0.8360 < 0.001 1.31 10.67 

Table 4.2.3: Correlations (r) between nearest-neighbour 
distances and sum of their sizes on Signal Hill's west-facing 
slope in vegetation last burned in 1975. n = number of pairs 
of any particular species sampled, y/x = slope of graph. 

Pair of species n r p y/x y-intercept 

Md vs Hh 107 0.8927 < 0.001 0.92 15.46 
Md vs Md 64 0.9279 < 0.001 i. 36. 1.73 
Hh vs Hh 66 0.8492 < 0.001 1. 02 7.73 
Tt vs Tt 66 0.8194 < 0.001 1.12 12.37 
Md vs Tt 71 0.7104 < 0.001 1. 01 20.96 
Hh vs Tt 41 0.6959 ·- < 0.001 0.86 20.28 

Key to species nomenclature for tables 4.2.2. and 4.2.3: 

Hh = HYQarrhenia hirta 
Md = Merxmuellera disticha 
Tt = Themeda triandra 
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Results are also graphed (Figures 4.2.3a-j)·. Using distance 

measures, on both aspects there were in some cases significant 

differences in the tolerance of an individual for a member of 

its own species, or for a member of a second species that co­

occurs with it. M. disticha (C3 ) ~as a stronger competitor than 

H. hirta (C4) on the east-facing slope (Table 4.2.4), whilst on 

the west-facing slope T. triandra was a stronger competitor. 
, 

than M. disticha (Table 4.2.5) .. 
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1975 burn (east-facing slope) 
H.hirta vs M. disticha 
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Fig.4.2.3a: Distance-size regression for grass species named above. 

1975 burn (east-facing slope) 
H. hirta vs H. hirta 

r = o.830, n = 113, p < 0.001, y = 1.06x+9.57 
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Fig.4.2.3c: Dlstanc8-slze regression for grass species named above. 
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1975 burn (east-facing slope} 
M. disticha vs M. disticha 

r = 0.828, n = 113, p < 0.001, y = 1.47x+10.14 
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1975 burn (east-facing slope) 
T. triandra vs T. triandra 
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Fig.4.2.3d: Distance-size regression for grass species named above. 



1975 burn (west-facing slope) 
H. hirta vs M. disticha 
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Fig.4.2.3e: Distance-size regression for grass species named above. 

1975 burn (west-facing slope) 
H. hirta vs H. hirta 
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Flg.4.2.3g: Distance-size regression for grass species named above. 

1975 burn (west-facing slope) 
M. disticha vs T. triandra 
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Flg.4.2.31: Distance-size regression for grass species named above. 
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1975 burn (west-facing slope) 
M. disticha vs M. disticha 
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Fig.4.2.3f: Distance-size regression for grass species named above. 

1975 burn (west-facing slope) 
T. triandra vs T. triandra 
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Fig.4.2.3h: Distance-size regression for grass species named above. 

1975 burn (west-facing slope) 
H. hirta vs T. triandra 
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Fig.4.2.3j: Distance-size regression for grass species named above. 



Tables 4.2.4 and 4.2.5: The average distance between nearest­
neighbour pairs when the diameter of the smaller individual is 
fixed at lm. * Larger individual is listed first, n.s.= non-· 
significant, d.f .= degrees of freedom, inter = interspecific 
and intra = intraspecific, distances in the two tables are in 
meters· (m), 'and ** = p < 0. 05. 

Key to species nomenclature: 

Hh - Hyparrhenia hirta; Md = Merxmuellera disticha; 
Tt = Themeda triandra. 

Table 4.2.4: East-facing slope: 1975 burn. 

Mean 
*Intra distance *Inter 

Md vs Md 1.41 
Hh vs Hh 1.52 

Hh vs Md 
Md vs Hh 

Mean 
distance 

1.63 
2.13 

t 

0.853 
6.143 

Table 4.2.5: West-facing slope: 1975·burn. 

Mean Mean 
*Intra distance *Inter distance t .. 

Md vs Md 1.61 Hh vs Md 1.57 0.070 
Md vs Md 1. 61 Tt vs Md 1.98 0.030 
Hh vs Hh· 1. 70 Md vs Hh 1. 76 1.553 
Tt vs Tt 1.67 Md vs Tt 1.47 2.351 

61 

d.f. 

119 
201 

--
d.f. 

--
76 
97 
151 
91 

p 

n. s. 
0.05** 

p 

n. s. 
n. s. 
.n.s. 

0.05** 



In.graphing of size-distance regressions, sum of canopy covers 

was a dependant variable (y-axis), and <;iistance an ~ndependent 

one (x-axis), similar to Phillips and MacMahon ( 1981). The 

inverse was the case with Welden and Slaus.on ( 1986) and Welden 

et al. ( 1988). For furthe.r clarity see the two figures below: 
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The two figures below, from left to right, are from Phiilips 

·and MacMahon (1981), and Welden and Slauson (1986); they used 

the slopes of the figures below (graphs) to clarify intensity 

of competition between and within species. 
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4.2.5: DISCUSSION 

The results of nearest-neighbour analysis on Cape Town's Signal 

Hill have disclosed that strong competitive interactions are 

occurring between all contiguous individuals both within and 

between species. The marked correlation between nearest­

neighbour distance separating two grass plants, and the sum of 

their sizes, shows that the grasses in the community ... 

investigated are competing with 'each other for the available 

space. The marked disagreement . between the results of the 

dispersion index (R = 0.9734, impiies aggregation and a failure 

to reveal competition) and that of the correlation 

coefficients, (r = 0.830.0, which indicated importance of 

competition), those for H. hirta versus H. hirta in the east­

facing slope, suggest that some quadrats analysed for number of 

individuals were dominated by <;lumped seedlings or smaller 

individuals rather than by bigger adults. But the overall 

nearest-neighbour sampling on the east~f acing slope was 

probably dominated by medium-, bigger-, and biggest-sized 

adults. Spatial heterogeneity in the environments, and 

restricted seed dispersal, have been reported to override the 

tendency for competition to produce regular distributions of. 

plants, and positive correlations between plant sizes and 

distance apart (Phillips and MacMahon 1981). It has also been 

reported that measures of pattern are scale-dependent, and 

hence depend upon the choice of quadrat size and other sampling 

decisions (see Fowler 1986). It is, therefore, suggested that 

in the current experiment quadrat sizes have contributed to 

discrepancies in the results. 

Though it is an inferential technique (Yeaton 1988-

unpublished), nearest-neighbour analysis has been invoked by 

several ecologists as evidence for competition (Smith and Grant 

1986; Herrera 1988). It was experimentally demonstrated that 

competition for soil ·moisture occurs within and between species 

(Fonteyn and Mahall 1978; Robberecht, Mahall .and Nobel 1983; 

Ehleringer 1984 and Nobel and Franco 1986). The results of 
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nearest-neighbour analysis on Signal Hill were tested by 

experimental removals of n~ighbours, as detailed in chapter 5. 

Though findings in this research might have been affected by 

other factors beyond the scope of this project, like 

anthropogenic disturbances, predators, diseases, herbivory, 
I 

allelopathy, etc, significant positive correlations between 

cover and distance effectively showed that competition is 

playing a major role in structuring the grass community of 

Signal Hill. 

The tolerance of an individl.lal for a member of its own 

species, or for an individual of a second species, is rather 

complicated. In some cases individuals of different species are 

further apart than members of the same species, whilst in 
', \ 

others similar species are further apart than members of 

different species. An example is one intra-inter-specific 

pairing (i.e. H. hirta versus H."hirta and M. disticha versus 

H. hirta, mean distances within and between members of pairs 

are 1. 52m and 2 .13m respectively- Table 4. 2. 4) in which 

interspecif ic distance is significantly larger than 

intraspecific distance. This suggests that M. disticha and H. 

hirta are less likely to coexist than M. disticha and M. 

disticha. Some intraspecific distances were, however, found to 

be significantly larger than interspecific distances (T. 

triandra versus itself and M. disticha against T. triandra­

Table 4.2.5). This supports the observed distribution patterns 

of populations/communities on Signal Hill. It also appears 

reasonable to argue that both conspecif ics and contraspecif ics 

behave differently per patch·-in an __ area. For more on species 

tolerance see tables 4.2.4 and 4.2.5. In contrast, Yeaton and 

Cody (1976) and Yeaton et al. (1985) found that intraspecific 

competition is stronger than interspecific competition. However 

they argued that individuals of different species are 

equivalent ecologically if they maintain larger nearest­

neighbour distances than similar-sized individuals of the same 

species. But Fonteyn and Mahall (1978, 1981), after a series of 

plant removal experiments, concluded that interspecific 

competition was usually stronger than intraspecific 
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competition. Findings at Signal Hill, Cape Town, where methods 

similar to those of Yeaton and Cody (1976), Fonteyn and Mahall 

(1978, 1981) & Yeaton et al. (1985) were employed, did not 

firmly establish which one is strongest. 

On Signal Hill both inter- and intra-specific competition 
I 

were in some instances statistically significant, whilst in 

others not. Nonetheless variations could be explained in terms 

of environmental differences such as changes in the soil 

texture, daily temperatures, etc. Statistically significant 

differences observed for Hh versus Hh ( 1. 52m) compared to Md 

versus Hh (2.13m) - east (Table 4.2.4) and Tt vs Tt (l.67m) 

matched to Md vs Tt (l.47m) - west (Table 4.2.5), indicate 

that M. disticha is a threat to the long-term existence of H. 

hirta on the east-facing slope, wh1lst T. triandra is a 

stronger competitor relative to M. disticha on the west-facing 

slope. Regression slopes also· indicate that on average 

competition is more intense between M. disticha versus H . . 
hirta. The uncertainty about the conspicuous appearance of c4 
grasses in this region renders it risky to conclude that c3 

grasses are the long-term dominants in this current 

investigation. Nevertheless, considering the fact that there 

have been disturbances such as fire, grazing, etc in the past 

years, it might be reasonable to predict that c3 grasses are in 

the long-term going to predominate if disturbances could be 

excluded. M. disticha is more likely to dominate on cooler 

east-facing slope than on the west-facing slope. 

For other pairs of species there are also differences, 

though not in all. The smaller· the r~gression slope, the larger 

is the distance between the members of a pair of that species 

(Tables 4.2.2 & 4.2.3). Significant differences for the slopes 

were unfortunately untested. 

The intensity of competition between and within species was 

found to be relatively significant, and was both species­

specific and site-dependent. This is because there had been 

some differences in slopes of the graphs between and within 

species on the two slopes sampled (Tables 4. 2. 2 & 4. 2. 3) • 

However, intenseness and importance of competition were 
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conspicuous between species than within species (Table 4.2.2 & 

4.2.3). This was attributed to the fact that the species are 

interacting with one another as if they are conspecifics rather 

than contraspecif.i!cs. Also it, will be realized that the 

importance of competition on the east-facing slope was slightly 
\ 

more important in M. disticha versus H. hirta than between both 

M. dis ti cha versus M. dis ti cha, H. hirta versus H. hirta and T. 

triandra against T. triandra, whereas on the west-facing slope 

importance of competition between M. disticha versus M. 

disticha was found to be stronger: than for the other five pairs 

(See Tables 4.2.2. and 4.2.3.). But since importance of 

competition is a long-term factor, it might be erroneous to 

conclude that M. disticha ·is the strongest competitor on both 
. , 

the slopes sampled. This is because reference to Table 4.2.5 

reveals larger distances between T. triandra against M. 

disticha, than between M. disticha versus M. disticha, implying 

that T. triandra is more aggressive than ,M. disticha on the 

west-facing slope. This explanation does not ignore the fact 

that both intenseness and importance of competition are 

sometimes, if not always, site-controlled and species-specific. 

The difference in correlations between and within species on 

the two different slopes, is ascribed to the fact that root 

system characteristics of the species are not always constant 

from one location to another. Singh ( 1964), Chew and Chew 

(1965), Barbour (1967), Garcia-Moya and Mckell (1970), Wallace 

and Romney (1972), Wallace, Bamberg and Cha (1974), Barbour et 

al. (1977a), Ludwig (1977) in Phillips and MacMahon (1981) 

reported different values of the roo:t:-/shoot quotients depending 

on the locations. Spalding (1904), Cannon (1911), Barbour et 

al. (1977b), Yeaton, Travis and Gilinsky (1977) reported 

considerable variations in the vertical and lateral extent of 

roots in shrubs such as Larrea from place to place. Variations 

such as that are suggested on Signal Hill's east- and west­

facing sections because of the differences between intra- and 

inter-specific competition. This is most likely when the 

limiting resource are extracted by the roots. Site of growth of 

any particular species and type of species itself should be 
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matters of crucial concern in ecological experimentation. This 

is because living organisms at any particular study area are 

most likely to develop lifestyles suitable for the areas of , 

growth and development, or else they would be excluded. So 

differences in inter- and intra-specific competition in the 

east- and west~facing slopes are 1not very queer. 

All in all intensity and importan?e of competition have been 

found significant on Signal Hill, and suggestions are that M. 

disticha will in the long-run outgrow the c4 grass species on 

the east-facing slope, whilst T. triandra might dominate on the 

west-facing slope. M. disticha is·not dominating because Signal 

Hill might have not yet reached competitive equilibrium. c4 
grasses are maintained, probably because of past disturbance 

regimes (see Chapter 3). 
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CHAPTER 5 

5.0: USE OF REMOVAL EXPERIMENTS TO TEST FOR COMPETITION AMONG 

MATURE PLANTS 

5.1: INTRODUCTION 

Water is an indispensable resource throughout the organism's 
I 

lifetime. Soil water potential is an all-important factor for 

plant germination, growth, survivorship, reproduction, etc. 

Competition for water has long been suspected between desert 

plants (Walter 1968; Cohen 1970). In mesic and arid 

environments, the effects of low soil water content can 
\ 

manifest themselves within a relatively short range of 'time. 

This can be displayed by members of the 

populations/communities, especially by weaker competitors 

losing their growth vigour, and ultimate~y dyinq out. Soil 

water availability was found to be a limiting factor for desert 

plants, e.g. in a bunchgrass, Hilaria rigida (Nobel 1980, 

1981). However, other factors, such as diseases, could be 

limiting by causing death and infirmity in plants and animals. 

Amongst the various techniques used to disclose 

competition for water and space amongst plant species, random 

removal of neighbouring individuals (one, or more than one 

species per individual) has been utilized (Sagar and Harper 

1961; Putwain and Harper 1970; Fonteyn and Mahall 1981; Fowler 

1981). The Scholander bomb (Scholander et al. 1965) proved to 

give good estimates of the ··xylem .. water potential of plant 

tissues (Boyer 1969; Wiebe et al. 1970), and hence it is now 

widely used to disclosing competition for water between plants. 

Several removal experiments have revealed that when soil 

water availability is low, plant water status (leaf water 

potential) is affected by the presence of neighbours (Fonteyn 

and Mahall 1978, 1981). Removal experiments have demonstrated 

an increase in water potential around monitored plants on 

altered plots (Fonteyn and Mahall 1978, 1981; Robberecht, 

Mahall and Nobel 1983; Ehleringer 1984). 
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Improvement in 'plant growth, production, reproduction, 

longevity, etc following removals (Kincaid et al. 1959; Cable 

and Tschirley 1961; Cable 1969; Friedman and Orshan 1974, 1975; 

Parker 1985; Parker and Salzman 1985; Gurevitch 1986) have 

effectively demonstrated the occurrence of inter- and intra­

plant competition for water. Leaf 1blades on moni tared plants of 

altered plots remained green longer than those on monitored 

plants on unaltered plots (Nobel, Mahall and Robberecht 1983), 

and production was also greater 'on altered plots. The strong 

positive relationship between plant primary productivity and 

precipitation in warm deserts is. clear evidence that water is 

a vital factor limiting production of both annuals and 

perennial shrubs (Walter- 1968; MacMahon and Schimpf 1980; 

Ehleringer and Mooney 1983). Ehleringer' ( 1984), through removal 

experiments, found that plants with neighbours excluded, had 

higher leaf water potentials, higher leaf conductances, and a 

greater leaf area than control plants. Growth rates and 

productivity output were found to improve dramatically for non­

neighboured plants. Sharifi et al. (1983) found phenological 

patterns showing rapid growth rates in the spring and slower 

growth rates in the hot dry summer desert. They also_ found a 

positive association between low water potentials and reduced 

leaf sizes in summer. 

It is the major goal of this current experiment to appraise 

the effect of removal of neighbouring plants on leaf (xylem) 

water potentials, longevities of both production and 

reproduction of the target individuals. An association of these 

results with competition mig~t be unravelled. Prospects are 

that once individuals are secluded of neighbours, there might, 

or might not be an improvement in processes such as production 

and reproduction. In other words, roots of the remaining 

individuals might explore larger volumes of soil for water and 

nutrients. 
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5.2: STUDY SITE 

Description of site of study is as in section 1.3 

5.3: MATERIALS AND METHODS 

(a) PLOTS SELECTION 

Only plots which were virtually dominated by the two grasses, 

Hyparrhenia hirta (C4 ) and Merxmuellera disticha (C3 ) were used 

for this experiment. · Themeda triandra ( c4 ) , like the other 

grass species introduced in the general introduction, occurred 
' \ 

marginally and was too rare for experimentation. Plot selection 

in the east-facing slope was limited to areas where nearest­

neighbour analysis was carried out (on the 1975 burn), whilst 

on the west-facing slope, only a M. disticha monospecific patch 

(at the topmost point of the slope of the 1988 burn) was 

included in the two experimental design. 

(b) APPARATUS AND SPECIES ANALYSED 

Xylem/leaf water potentials were measured using a Scholander­

type pressure chamber. There was an initial and final 

determination of an individual's leaf water potential. Initial 

leaf water potentials were measured before neighbouring 

individuals of some of the moni tore.st species were removed. At 

least three weeks after removals, final measurements were 

determined. This was to ensure species adjustment and 

adaptability to the new, artificially induced environment. 

At least twenty pairs (altered and unaltered individuals) of 

each species were monitored. 
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(c) REMOVALS AND MEASUREMENTS 

Removal experiments were in two phases: The first one was pre­

removal pressure bombing (measuring the xylem water potentials 

of all the individual species still neighboured): for H. hirta 

versus. itself on the east-facing slope it was on the 

21/02/1989, for H. hirta versus M. disticha on the east-faci~g 

slope it was on the 08/03/1989, for M. disticha versus itself 

on the west-facing slope it was on the 09/03/1989, for M. 

disticha versus H. hirta on the e~st-facing slope it was on the 

27 /09/1989, and for M. dis.;ticha· versus itself on the east­

facing slope it was on the 28/09/1989. Random removals of only 

one neighbour of some of the pressure bombed individuals were 

executed minutes after pre-removal pressure bombing in each 

case. Post-removal pressure bombings were conducted at least 

three weeks •after initial pr~ssure bombing. Post-removal 

pressure bombing dates are as follows: (species pairing 

sequence is as on pre-removal pressure bombings)- 15/03/1990, 

13/09/1989, 23/03/1989, 13/03/1990, and 16/03/1990. This (post­

removal pressure bombing) was carried out at least thrice over 

a period ranging from three weeks to six months, and it wa9 

found that the measured water potentials constantly varied. An 

average measure was therefore considered for statistical 

analysis. 

The second phase was a removal of more than one neighbour 

around monitored plants. The experimental plants were in each 

case left with cleared circular plots of at least lm around 

them, while control plants were not cleared of their 

neighbours. This second part of the experiment was done to 

assess growth, production, reproduction and leaf greening life 

span (see below for definitions). Six patches were chosen for 

this part: H. hirta, M. disticha, T. triandra monospecifics, 

and two mixed stands, one of H. hirta versus M. disticha and 

another one of H. hirta, M. disticha and T. triandra all on the 

east-facing section of the Hill. As with the first phase one M. 

disticha monospecific patch was monitored in the west-facing 

slope. 
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Dates of removals (in the east-facing sl6pe) are for H. 

hirta versus itself - 15/02/1989, M. disticha versus itself -

15/02/1989, T. triandra versus itself - 14/02/1989, H. hirta 
I 

versus M. disticha - 14/02/1989, H. hirta, M. disticha and T. 

triandra together - 09/02/1989; whilst M. disticha against 

itself on the west-facing slope was on the 08/02/1989. 

All patches in the first phase measured about lOm x lOm, 

whilst in the second stage measured about 7m x 7m. 

Counting of post-flowering tillers was done at least four 

months later, where necessary _leaf greening longevity was 

monitored. Where possible counting of flowering tillers 

continued until early February 1990. Sizes of both neighboured 

and non-neighboured individuals were measured in other 

instances. 

Growth as defined here simply refers to increase in the size 

of individual plants, whilst production refers to new leaves or 

culms produced by any particular plant, and reproduction 
' 

implies post-removal flowering tillers produced by any 

individual plant, and leaf greening longevity refers to how 

long leaves of any particular plant persisted in their green 

colour before yellowing or desiccating. 

(d) STATISTICAL ANALYSIS 

Whether any significant difference in xylem water potential 

existed within and between species pre- and post-removal was 

tested using a Student t-test. 

5.4: RESULTS 

(a) XYLEM WATER POTENTIAL 

Removal of putative competitors 

water potentials, in some cases 

potentials. In other instances 
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mildly affected soil water 

removal of neighbours had 



substantially influenced xylem water potentials (see Table 

5.l(a)). In other words less negative measurements were 

obtained where neighbour had been removed than in controls. A 

release from competition has in some instances resulted in a 

moderate soil water regime (inferred from xylem water 

potentials), whilst in other cases a most favourable soil water 

environment was created (also inferred from xylem water 

potentials). 

(b) XYLEM WATER POTENTIAL: STATISTICAL ANALYSIS 

See Table 5.lb: 

(c) GROWTH, PRODUCTION, REPRODUCTION AND OUT-OF-SEASON LEAF 

GREENING 

Remarkable changes in sizes of monitored plants of H. hirta and 

M. disticha on cleared plots were observed by the end of the 

growing period whilst such changes were not noticed for plants 

on uncleared controls. Generally, there was a positive. 

relationship between plant size and number of their flowering 

tillers (see Figure 5 on page 77). 

Production of new leaves and culms for H. hirta, M. disticha 

and T. triandra was substantial in the removed treatments 

whilst little or no change was observed for unaltered controls 

(data on this not shown). Out-of-season leaf greening was also 

observed in removal treatments but not for monitored ones on 

unaltered plots in all the three species studied. Significant 

differences in terms of number of flowering tillers between 

removal treatments and control plants of one batch of H. hirta 

was found (Wilcoxon test by ranks: Z = 2.815, p < 0.005, total 

observations = 22). The monitored individuals did not have 

flowering tillers at the start of the experiment. 

Multiple range test for batches of H. hirta pairs revealed 

some differences in terms of competition. For example, 

individual species on some altered plots responded in the same 

way as those on unaltered plots (Tables 5.2 (a) and (b)). 

74 



Table 5.1 (a): Comparative results of field measured pre- and 
post-treatment xylem water potentials (in MPa) for H. hirta and 
M. disticha. Post-treatment xylem water potential was measured 
at least three weeks after initial readings. 

Pre-treatment Post-treatment 

AVGS STDS AVGS STDS 
Species 

Plot pairs Ab Bb Ab Bb Aa Ba Aa Ba 
Rmvl Cntl Rmvl Cntl 

--
A Md vs Md -2.9 -2.9 0.48 0.41 -3.0 -3.6 0.31 0.26 
B Md vs Md -2.7 -2.9 0.39 0.43' -3.0 -3.4 0.33 0.26 
c Hh vs Hh -2.3 -1.3 0.21 0.15 -2.2 -2.6 0.36 0.33 
D Hh vs Hh -1.6 -1. 7 0.38 0.32 -1.1 -1.6 0.24 0.27 
E Md vs Md -2.5 -2.6 0.34 0.25 -1.2 -2.4 0.20 0.35 

n = 30 for both controls and removals 1n plot A, in plot B, n 

= 18 for both controls and removals, in plot C, n = 20 for both 

controls and removals, in plot D1 n = 22 for both controls and 

removals and in plot E, n = 31 for both removals and controls. 

Key: Md = Merxrnuellera disticha, Hh = Hyparrhenia hirta, 

species removed per individual (i.e. for group A only, group B 

individuals were not isolated of neighbours throughout the 

experimental period) are from plot A to E: Hh, Md, Hh, Md, Md. 

b = · group of indi victual species pre-removal, a = group of 

individual species post-removal, Rrnvl = removal, Cntl = 
control, AVGS = average measured xylem water potentials, STDS 

= standard deviations 
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Table 5.1 ( b) : Statistical analysis (a t-test) for the results of Table 
5.l(a). @ = not significant, * = p < 0.05, ** = p << 0.05, d.f. = degrees 
of freedom. 

Test statistic d.f. 
Paired Removed 

Plot species species Ab vs Bb Aa VS Ba 
I 

Pre-treatment p Post-treatment p d.f. 

A Md vs Md (Hh) 0.004 @ 7.79 ** 58 
B Md vs Md (Md) 2.08 * 3.56 ** 34 
c Hh vs Hh (Hh) 0.44 '@ 3.68 ** 38 
D Hh vs Hh (Md) 1.38 @ 6.42 ** 42 
E (Md vs Md)c (Md) 1.34 .@ 16.30 ** 60 

NB: All pairs (Tables 5.la.and b) but one, were sampled on the 

east-facing slope, the other (the very1last pair in the table) 

was sampled on the west-facing slope. c = measurements were 

log-transformed (both pre- and post-treatments). Paired 

species, like for example, in Plot A (Md vs Md), means that two 

individuals of M. disticha were pressure oombed, and removed 

species, i.e. (Hh), in Plot A, means that one H. hirta next to 

o~e of the pressure bombed M. disticha was removed whilst the 

other M. disticha was left intact (i.e. still neighboured ... by H. 

hirta). 

76 



--~o 

80 
(iJ 
::s 70 "O ·s: 

60 :a c: 
.:::::::. 50 'it) ........ 
'- 40 <I> 

+:J 30 O>· c: ·c: 20 

~ 10 u:: 
0 

0 

1975 burn (east-facing slope) 
H. hirta 

r = 0.534, n = 24, p < 0.005 (non-neighboured) 

r' = 0.556, n = 24, p < 0.0025 (neighboured) 

I 

10 20 30 40 50 
Diameters of lndMduals (cm) 

60 

Flg.5: Size-number of flowering tillers regression for graqs spades named above. 

* non-neighboured o neighbo1ured 

77 



Table 5. 2 (a): One-way analysis of 'Variance of flowering 
tillers for H. hirta. 

F-ratio = 18.224, degrees of freedom = 191, p < 0.0001 

Table 5.2 (b): Multiple range 
1
test analysis of flowering 

tillers for H. hirta. 

Treatment Group 
A B 

1. Hh nonone * 
2. Hh nei * 
3. Hh nonmore 
4. Hh nei * 
5. Hh ' nonmore ' ' * * 
6. Hh' nei * 

c 

* 

* 

Count 
( n) 

24 
24 
50 

·. 50 
22 
22 

slope 

east-facing 
II 

II 

II 

II 

II 

Key: Hh' = Hyparrhenia hirta- mixed stands •(i.e. H. hirta with 

M. disticha). 

Hh = Hyparrhenia hirta- monospecific. 

nonone = non-neighboured individual with only one individual 

removed. 

nei = neighboured individual 

nonmore = non-neighboured· individual with more than one 

individuals (sometimes two M. disticha and H. hirta, or three 

M. disticha and one or two H. hirta, and vice versa) removed. 

nonmore'' = non-neighboured individual with two to four 

individuals of H. hirta removed. 

* = under the same column implies non-significant difference 

between or among group of., monitored indi victual species . 
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5.5: DISCUSSION 

Removal of plants from pure stands of H. hirta and M. dis ti cha, 

and mixed stands of H; hirta together with M. disticha, led to 

less negative soil water potentials as was observed by an 

increase in xylem water potentials of plants on altered plots. 

By inference there is therefore an increase, in soil moisture 

content and prolongation in the period of soil moisture 

availability for non-neighboured plant individuals. Removals 

also lead to changes in plant growth and reproduction. Both H. 

hirta, M. disticha and T. triandra responded to removals by an 

out-of-season leaf greening and· new flowering tiller 

production. Neighboured controls of all the th:ree species 

indicated no enhancement in these growth parameters, probably 

due to their unmodified water status. One pure stand of M. 

dis ti cha showed significant pre-treatment difference in the 

xylem water potentials but these differences increased after 

removal treatments (Table 5.1 (b) - Plot B). This might 

indicate that individual neighbours removed were not strong 

competitors (if ever they were competitors), or the pairs might 

have been separated by optimal distances which effected no 

competition at all. Also soil moisture may have been at a 

critical stage so that both monitored non-neighboured and 

neighboured plants were not actively transpiring. 

Large numbers of new leaves and culms produced by non­

neighboured plants reflect a release from competition. The data 

showing the turnover of new leaves and culms were not analysed. 

There was nevertheless proportionality between new leaves 

produced and the sizes of the plants. Smaller plants also 

produced quite a large number of new culms. This might suggest 

that individuals have gained more from the exclusion of the 

potential neighbouring competitors. Soil nutrients such as 

nitrogen, phosphorus, potassium, etc that might have been left 

behind by removed plants might also have contributed to the 

observed improvement in leaf or culm production for non­

neighboured individuals (both smaller and larger individuals). 

Nye and Tinker (1977) have reported on the importance of soil 

nutrients in the overall mechanism of competition. 
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Roots of five to six plants of each species on both cleared 

and uncleared plots were excavated. Some root extensions into 

new soil volumes were observed. This proves that water and 

space are some of the resources important for a plant's· 

wellbeing. 

The absence of predictable pattern between plant size and 

number of flowering tillers for control and removal treatments 

suggests that neighbouring competitors removed for the 

different individuals varied in their competitive effects. Thus 

a treatment plant which had a weak competitor neighbouring it 

benefited less from the removal of the neighbour or neighbours, 

than one which had a str~nger competitor adjoining it. Inter­

plant distances might be of importance in explaining variation 

in response to removal experiments. Similar-sized individuals 

separated from each other by bigger distances might compete 

less whilst individuals of their sizes separated by smaller 

distances might compete strongly. Sizes of neighbour(s) were 

positively related to their separation distances. This 

therefore calls for the need to consider both sizes and 

distances of neighbours before removing any potential 

competitor(s). Environmental parameters such as microhabitat 

heterogeneity (e.g. edaphic) might further confound any 

relationship between plant sizes and reproduction. 

Multiple range test showed no significant difference in 

removal treatments (Table 5.2 (b)) (only one neighbour removed 

versus more than one neighbour removed). This suggests that 

competition by one and more than one of the removed individual 

species did not differ significantly before removals. 

Alternatively it might imply that soil moisture content was 

insufficient (not measured during that period) to encourage 

significant flowering on monitored altered plots. Insignificant 

improvement in flowering tillers or other reproduction 

parameters for monitored plants on unaltered plots were 

expected though .. The fact that flowering tillers of H. hirta 

(on a stand of H. hirta with M. disticha) with one and more 

than one neighbour ·removed were statistically insignificantly 

different to those on unaltered plots, appear to prove that 
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sizes if not larger inter-plant distances· of the removed 
' 

individuals, or the combination thereof (sizes and inter-plant 

distances) were competitively ineffective. 

The results of this study thus indicate'intens~ competition 

since removal of neighbours lead to substantial increase in 
I 

r 

flowering' growth' productivity and changes in moisture status. 

Both inter- and intra-specific competition for water and space 

existed. There was, nevertheless,, no significant difference in 

competition intenseness in terms of moisture status between and 

within species (Table 5 .1 ( b)):. But for larger distances 

between plants, higher xylem water potentials were measured, 

whilst the converse was the case when distances were shorter 

between plants (Table S.l(a)). 
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CHAPTER 6 

6 . 0 : EFFECT OF XYLEM WATER POTENTIAL ON CARBON UPTAKE AND 

PHOTOSYNTHETIC WATER USE EFFICIENCY 

6.1: INTRODUCTION 

The photosynthetic gas exchange characteristics of three grass 

species (outlined below) in the mediterranean climate region of 

South Africa (fynbos biome) were analysed. The objective was to 

investigate the ef feet of soil moisture content on carbon 

dioxide fixation rates of the two C4 ·grass species, and one c 3 

grass species occurring on Signal Hill, Cape 'l'own. Removal 

experiments demonstrated an increase in xylem water potentials 

for individual grasses which were isolated of neighbours. Thus 

this experiment was aimed at disclosing whether an increase in 

xylem water potential implies an increase in carbon uptake. 

Reports are that c 4 plants exhibit higher light-saturated 

photosynthetic rates, higher photosynthetic temperature optima, 

and higher photosynthetic water use efficiencies (WUE) than c 3 

plants (Ehleringer and Bjorkman 1977; Ehleringer 1978; Vogel et 

al. 1978; Berry and Bjorkman 1980; Ellis et al. 1980; Pearcy et 

al. 1981; Pearcy and Ehleringer 1984; Robichaux and Pearcy 

1984). Hilaria rigida, a c 4 desert grass, has the highest 

photosynthetic rate so far reported (Nobel 1980a). 

This theory is applicable under certain specific 

environmental conditions. For example, c 3 plants perform well 

at temperatures of 15-2S0c whilst c 4 plants are favoured in the 

25-38°c temperature range. In a typical results, a c 4 grass, 

Bouteloua gracilis was found to have its net photosynthesis 

increasing at temperatures of 20, 30 and 40°c, whilst the net 

photosynthesis of Agropyron smithii, a c 3 decreased (Kemp and 

Williams III 1980). A plant Tidestromia oblonqifolia has been 
reported to optimally photosynthesize at temperatures of 46 and 
SOOC (Bjorkman et al. 1972b). The optimum temperature for leaf 

photosynthesis was found to be 
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350c for a native c 4 grass, Trachypogon plumosus and an 

introduced African grass Melinis minutiflora (C4 ), whilst for 

the other introduced African grass, Hyparrhenia rufa (C4 ), it 

was 4o 0c (Baruch et al. 1985). Ludlow and Wilson (1971) 

reported a mean of 38°c for ten tropical grasses. Anomalies 
I 

have nonetheless been reported where c4 species can 

successfully compete in cool or shaded habitats (Pearcy and 

Troughton 1975; Caldwell et al. i977). 

A general belief amongst plant ecophysiologists is that the 

higher the xylem water potentiai, the greater is the rate of 

carbon dioxide fixation, and vice versa (Van der Heyden and 

Lewis 1989). Bazzaz and Carlson ( 1984), Zangerl and Bazzaz 

(1984) believed that carbon dioxide interacted with the 

availability of light and water. However, Van der Heyden and 

Lewis ( 1989) highlighted the scantiness of knowledge about 

photosynthetic carbon-gaining strategies of fynbos growth 

forms. It has also been shown that the rate.s of photosynthetic 

gas exchange of the evergreen sclerophyllous shrubs of the 

mediterranean climatic regions decline in most cases during the 

summer drought period (Mooney and Dunn 1970; Odening et al. 

1974; Gigon 1979; Beyschlag et al. 1986). 

A relationship between photosynthetic WUE and carbon dioxide 

fixation rate or photosynthesis (A) for the three grass species 

was investigated in the current chapter. Previous studies have 

shown a positive relationship between photosynthetic WUE and 

the surrounding carbon dioxide concentration (Strain 1987). 

Findings by other studies are for c4 plant species possessing 

photosynthetic WUE of about·- 2-3. 5_ times that of c3 plant 

species when compared under similar environmental conditions 

(Robichaux and Pearcy 1984; Slayter 1970; Ludlow and Wilson 

1972; Bjorkman, Mooney and Ehleringer 1975; Ludlow 1976; 

Rawson, Begg and Woodward 1977; Brown and Simmons 1979; Osmond 

et al. 1980). 

The experiments were done to test the 

changes in xylem water potential recorded 

experiments also influence photosynthetic 
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experiments have indicated an increase in xylem water 

potentials for non-neighbour~d plants and not for neighboured 

plants. The three grass species growing in the cool, winter 

rainfall region of South Africa, on the east- and west-facing 

slopes of Cape Town's Signal H~ll: Hyparrhenia hirta ( c4 ), 

Merxmuellera disticha (C 3 ) and Them~da triandra (C4 ) were used 

for this experiment. 

The following questions were asked: 

(i) Is there any relationship between xylem water content and 

carbon dioxide fixation ra~es of c3 and c4 plants? 

(ii) What is the rate of carbon dioxide fixation of a c3 plant 

relative to that of a c4 plant in the winter rainfall climates 

of Signal Hill? 

(iii) Are there differences in photosynthetic WUE between and 

within species? 

6.2: STUDY SITE 

Detailed under section 1.3 

6.3: MATERIALS AND METHODS 

The three grass species (plantlets) utilized in this facet of 

the experiment are H. hirta .. (C4 ), M. disticha (C 3 ) and T. 

triandra (C4 ). At least nineteen juveniles of each of the three 

species were removed from Signal Hill (natural locations) and 

planted in pots. The soil into which seedlings were planted, 

was pre-watered. The plastic pots were some 170mm deep and 

200mm in diameter. 

Plants were excavated on a drizzly day to lessen adverse 

effects on plantlets parts through exposure. Each juvenile 

plant was dug with a large volume of protective soil complet.ely 

covering all its roots. The planted individual species were 

then transferred to a greenhouse at the University of Cape 
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Town's Botany Department. They were kept there from February 07 

to October 10, 19 8 9. This was done to condition them to a 

greenhouse ef feet before their rates of photosynthesis were 

assessed. Plants. were kept well-watered (up to three times 

weekly). 

The first measurements of carbon dioxide fixation rates were 

carried out on October 03, 1989. The plants were under water 

stressed ( droughted) treatments during that period. The two .. 

days chosen for experimentation were entirely clear, sunny and 

warm. Carbon dioxide fixation rate measurements were then 

performed in staggered fashion, i·.e. if the first individual to 

be measured was Hyparrhenia hirta, the second would be M. 

dis ti cha or T. triandra and thirdly T. triandra if not M. 

disticha. Before the second photosynthetic rate measurements 

were carried out on October 10, 1989, all individual potted 

plantlets were well watered. This was in the morning of the 

same day at about 07h00. Measurements of photosynthetic rates 

were then carried out between llh30 and 13h30. During 

measurements (by enclosing a section of an attached leaf in a 

cuvette) each leaf utilized had its area estimated. On the 

second day of measurements (October 10, 1989) the same leaves 

used in the first day of measurements were utilized. In case a 

leaf utilized in the first day was damaged, a leaf positioned 

opposite it was considered a suitable surrogate. Area 

estimation was done by measuring the length and the width of 

any particular leaf portion enclosed by the cuvette. A field­

transportable infra-red gas analyzer (IRGA) (LCA-2, Analytical 

Development Company Ltd., Hoddesdon, England) was used for the 

measurement of co2-assimilation rates (A), transpiration (E), 

stomatal conductance (Ge), stomatal resistance to water loss 

(Gr), water use efficiency (WUE), air and leaf temperc3_tures. 

All data measured for these seven ecophysiological parameters 

were entered into a computer. Light intensity levels were 

maintained between 800 micromoles/m2 /s and 900 micromoles/m2 /s. 

Only 10 individuals of each species were considered for this 

part. 
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Xylem water potentials were measured using a pressure bomb 

(Scholander et al. 1965). This device has been shown to give 

good estimates of the xylem water potential of plant tissues 

(Boyer 1969, Wiebe et al. 1970). Measurements (xylem water 

potential) were carried out about ten to fifteen minutes after 

IRGA work. This time lag might' influence the relationship 

between photosynthesis and tissue water potential recorded in 

this experiment. Air and leaf temperatures were quite high, and 

according to Kemp and Williams (i980), in favour of c4 plants' 

photosynthetic optima during experimentation (See Table 6.1). 

Photosynthetic water use efficiency was considered to assess 

the efficiency of water usage during photosynthesis between c3 

and c4 plants and is ·expressed as net photosynthetic 
\ 

rate/transpiration rate (i.e. micromoles of carbon dioxide 

gained/mmoles of water transpired) at a particular xylem water 

potential. 

Whether any significant difference in A and WUE existed 

within and between water stressed (dry) and water saturated 

(wet) species was tested using a two way analysis of variance 

(two way ANOVA). 

6.4: RESULTS 

(a) Gas exchange in relation to soil moisture content (soil 

moisture content was inferred from xylem water potentials). 

The pattern of A for H. hirta, M._ disticha and T. triandra 

under dry and wet conditions exhibited some differences (Table 

5.1). Relatively lower photosynthetic rate values, were 

recorded for all species during the initial day of 

experimentation. The first day and second day average net 

assimilation rates (A) for both the three species are in table 

6 .1. 

It was also found that in most cases photosynthesis was 

positively associated with xylem water potential (Table 6.1). 
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With some exceptions, a positive relationship between 

photosynthetic WUE and A for the ten individuals of each 

specie's existed both between and within species (Table 6. !­

reflects averages thereof). In other words the relationship 

between photosynthetic WUE and A was not entirely conclusive 
i 

because it· was positive for some individuals but not for 

others. With few exceptions, WUE for c4 grass individuals was 

almost twice that of c3 • 

It was also interesting in some instances to notice quite 

strong correlation between stomatal conductance (Ge) and A in 

nearly all the three individual species analysed (Table 6.1-

averages thereof). This was more pronounced in H. hirta where 

relatively higher values of A were obtained for relatively 
. 1 

higher Ge values and vice versa (Table 6 .1). A relatively 

smaller increase in A was attained for quite a bigger gap 

between initial and final Ge for"a c3 , M. disticha compared to 

that of H. hirta (C4 ) and T. triandra (C4). 

A two way ANOVA revealed statistically significant 
I 

differences between initial and final photosynthetic rates and 

WUE between and within species (Table 6.2a & b). T. triandra 

(C4) had both the highest assimilation rates and WUE and M. 

disticha (C3 ) the lowest at both moisture levels (Table 6.1). 

There was no evidence that the c3 , M. disticha, responded 

differently from c4 under different light intensities, 

temperature and moisture conditions. 
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Table 6.1: Results of comparison of averages of co2 -
assimilation rates (A), WUE, etc for the three grass species: 
H. hirta-c4 (Hh), M. disticha-c3 (Md) and T. triandra-c4 (Tt) 
under droughted (dry) and undroughted (wet) conditions, 10 
pairs of individuals were used for each species. 

PRMT 

PFDdry 
PFDdry 

ATdry 
ATwet 

LTdry 
LTwet 

XWPdry 
XWPwet 

Adry 
Awet 

Edry 
Ewet 

WUEdry 
WUEwet 

Ge dry 
Gcdry 

Key: 

AVG 

841 
863 

34.2 
32.3 

33.0 
33.8 

-3.41 
-1.03 

STDS 

0.010 
0.013 

0.019 
0.044 

0.020 
0.017 

0.070 
0.144 

AVG 

855 
862 

33.9 
35.0 

32-.5 
31. 9 

-3.23 
-1.15 

STDS 

0.013 
0.014 

0.022 
0.023 

0.022 
0.026 ' 

0.172 
0.239 

AVG 

861 
867 

34.2 
34.6 

31.8 
29.5 

-3.41 
-1.49 

STDS 

0.012 
0.011 

0.022 
0.036 

0.026 
0.051 

0.129 
0.147 

7.97 1.227 
12.61 1.429 

13.69 
23.85 

4.487 
3.433 

6.48 
'9.21 

2.551 
3.176 

7.42 0.106 
9.66 0.067 

1.19 0.242 
1.34 0.171 

9.76 
16.79 

1.20 
1.57 

0.125 
0.050 

0.310 
0.317 

14.07 
22.07 

o. 71 
. 0. 99 

0.255 
0.198 

0.302 
0.437 

170.6 0.123 245.0 
471.4 

0.156 
0.075 

472.2 
893.1 

0.364 
0.311 238.0 0.056 

PRMT 
PFD 

AT 
LT 
XWP 
A 
E 
WUE 

Ge 
AVG 

= 

Parameter 
Photon flux density, or amount of light available 
for the plant and is measured in micromoles/m2 /s 
Air temperature, measured in degree celsius (°C) 
Leaf temperature, ~easured in degree celsius c0c) 
Xylem water potential in MPa (i.e. bars/10) 
Photosynthetic rate (A) in micromoles/m2/s 
Transpiration rate, measured in mrnoles/m2/s 
Water use efficiency (micromoles of carbon 
gained/mrnoles of water transpired 
Stomatal conductance, measured in moles/m2/s 
Average 

STDS Standard deviations 
dry and wet, attached to each parameter refers to a condition under 
which a measurement was taken · 
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Table 6.2a: Statistical analysis of photosynthetic rates (A) 
(log-transformed) and WUE of the three grass species, H. hirta 
(Hh), M. disticha (Md) and T. triandra (Tt) under saturated and 
stressed water conditions, 10 pairs of indiv.iduals were used 
for each species. 1 

A WUE 

Source of variation d.f. F-ratio p < F-ratio p < 

Wet/Dry 1 41. 038 0.0000 11.502 0.0013 
spp 2 47.233 0.0000 16.797 0.0000 
Interactions 2 1.031 0.3636 0.624 0.5396 
Residual 54 

KEY: Wet = well-watered, Dry = water stressed•, Interactions 
species (spp). 

Wet/Dry by 

Table 6.2b: Table of means of two-way ANOVA for A (log-transformed) 
for the three species of Table 6.2a. 

PHOTOSYNTHESIS (A) WATER USE EFFICIENCY (WUE) 

AVG STND.ERROR AVG STND.ERROR 

Wet Dry Wet ·Dry Wet Dry Wet Dry 

-- -- --
SP 
Hh 2.53 2.06 0.035 0.048 1. 34 1.19 0~054 0.077 
Tt 3.16 2.55 0.047 0.127 1.57 1.20 0.100 0.098 
Md 2.16 1.80 0.121 0.112 0.99 o. 71 0.138 0.095 

KEY: Wet =well-watered, Dry =water stressed, AVG = average, 
SP = species, Hh = Hyparrhenia hirta, Tt = Themeda triandra, 
Md = Merxmuellera disticha 
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6.5: DISCUSSION 

The results generally uphold the conventional wisdom that c 4 

plants are photosynthetically advantaged under high 

temperatures (about 25 to 35°c, sometimes up to 40°c - Williams 

III 1974: and 46 to 500C in Tidestromia oblongifolia-Bjorkman 

et al. (1972b). However, without a cool te~perature comparison 

it is difficult to confirm this. For all species analysed 

rather more negative xylem water ~otential (xwp) readings were 

recorded when the species were mildly depleted of moisture 

(dry), whilst higher (closer to zero) xwp values were found 

when species were well watered (wet). The results support ·a 
\ ' 

general notion amongst plant ecophysiologists that the higher 

the xwp, the greater is A. Since there was an increase in A 

following watering of the species, this suggests a positive 

relationship between soil water content, xylem water potential 

and photosynthesis. 

Water potential of the three species were marginally 

different when water stressed. After hydration H. hirta showed 

a substantial change in its xylem water potential relative to 

the other two species. T. triandra also showed more marked 

change than M. disticha. 

On average c4 grasses had a relatively larger A than M. 

disticha (C 3 ). This is attributable to the relatively high air 

and leaf temperatures at the time of measurements which favour 

c4 plant species (see Table 6.1). Factors other than 

temperature may be of · signiJicance 

photosynthetic capacity. Accordingly, when 

physical environment and life forms 

in influencing 

differences in the 

are taken into 

consideration; the photosynthetic capacities of c3 and c4 

plants could be much more similar (Pearcy and Ehleringer 1984). 

The c4 plants have been 'reported to assimilate carbon dioxide 

at higher rates than c3 plants in hot climates (Berry and 

Bjorkman 1980; Pearcy et al. 1981; Pearcy and Ehleringer 1984), 

while at lower temperatures c3 plants possess photosynthetic 
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rates as high or higher than those of c4 plants (Pearcy et al. 

1981; Dunn et al. 1987). 

For all species a clear positive influence of soil water 

content, inferred from xwp, on photosynthetic rates was found 

(see Table 6.1). A greater increase in A for both H. hirta and 

T. triandra compared to that of M. dis ti cha pre- and post­

watering is ascribed to the fact that M. disticha generally 

indicated greater transpiration rate and lower photosynthetic 

water use efficiency (WUE). Consequently M. disticha lost quite 

a large amount of water, presumably in a short period of time. 

The result would be that it could not maintain its A for long 

if there were only a short-term water supply. Reinforcing this 

are observations both in the field and in the glasshouse~ M. 

disticha had entirely closed their leaves to form closed 

cylinders once water· supply was. in deficit. This apparently 

resulted in its A being very low. On the other hand a closure 

mechanism might be of significance in keeping them alive 

perennially. It could therefore be concluded that M. disticha 

is more responsive to both hydration and dehydratio~ relative 

to H. hirta and T. triandra. Nonetheless the two c4 grass 

species have been observed to desiccate once there is a long­

term stoppage of water supply. Generally c4 grasses have shown 

a higher rate of photosynthesis following watering. T. triandra 

was found rather more favoured at both higher and lower water 

levels. 

As reported under results, statistical analyses, nave shown 

a significant difference between first day (droughted) and last 

day (watered) photosynthetic rates between and within species. 

The differences between initial and final photosynthetic rates 

within species indicate that A is possibly positively 

correlated with xwp, irrespective of whether a plant is c3 or 

- -C4. 

The results of photosynthetic water use efficiency have 

indicated that c4 grasses possess higher photosynthetic water 

use efficiencies than c3 (M. disticha). Both c4 grasses, H. 

hirta and T. triandra were shown to · be statistically not 

different in their photosynthetic WUE. The difference that 
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existed between c3 and c4 plant species before and after 

watering was twofold. Differences in photosynthetic WUE have 

been reported for a wide variety of other c3 and c4 species. c4 
plants have been found to show photosynthetic WUE that are 2-

3. 5 time$ as high as those of c3' species when compared under 

similar environmental conditions .. (Brown and Simmons 1979; 

Osmond et al. 1980; Pearcy an~ Ehleringer 1984). Current 

results, but on grasses under similar glasshouse conditions, 

have also indicated a similar 2-~.5 fold difference between c3 

and c4 plant species, with c4 plants showing higher 

photosynthetic WUE than c3 species. Anomalies were encountered 

amongst individuals. Also inconsisten,cies in photosynthetic 

rates were observed. Such deviations within and between species 

might be assigned to artefact and experimental error, amongst 

other things. In the current study transplanting and planting 

of seedlings might account for some deviations from the normal 

trend. Other factors, such as age disparity, could also have 

contributed to discrepancies for both A and photosynthetic WUE. 

The difference in photosynthetic WUE suggests a direct 

consequence of the diffe+ence in photosynthetic pathway between 

the two c4 and a c3 grass species. Robichaux and Pearcy (1984) 

have found c4 Euphorbia species to exhibit high efficiencies of 

co2 utilization at low intercellular p(C02 ), whilst c3 Scaevola 

species exhibited relatively low efficiencies of co2 

utilization at low intercellular p(C02 ). Their argument was 

that c4 Euphorbia species ar.e able to keep higher rates of 

photosynthesis with lower leaf conductances (Gl) to co2 than 

the corresponding c3 Scaevola species. A similar argument is 

suggested relevant to both c4 species, H. hirta and T. 

triandra, and c3 species M. disticha from Signal Hill. The fact 

that M. disticha was seen opening its leaves only when there 

was an increased water supply might be responsible for the low 

photosynthetic rate values and hence low WUE. M. disticha could 

possibly lose more water during the process of carbon dioxide 

intake, thus negatively affecting values of 

photosynthesis/transpiration (see Table 6 .1- averages) . 
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Pressure bombing has revealed that once their (M. disticha) 

leaves are closed, their xylem water potentials are very low, 

whilst at the same time c4 grasses were still showing 

relatively high values. 

It was presumed that there exists a positive interaction 
.· 

between soil water potential, xylem water potential, carbon 

dioxide fixation rate and WUE in.all the species experimented 

under glasshouse conditions. It has been stated that under 

natural conditions (in the f iel.d) the ef feet of this large 

inherent difference between c3 and c4 species in their A and 

photosynthetic WUE may be modified significantly (Robichaux and 

Pearcy 1984) such that the differences ,usually present between 

c3 and c4 plants are greatly reduced. 

There is a common assumption.that plant species with high 

carbon fixation rates have the advantage of more available 

carbon for use in various ways (e.g. reproductive growth) and 

can compete favourably during the successional stages after a 

disturbance (Mooney et al. 1975; Solbrig and Orians 1977; 

Oechel and Mustapa 1979). Oechel and Mustapa ( 1979) found a 

strong correlation between plant cover and photosynthetic 

capacity across a geographical gradient of mediterranean scrub 

vegetation in southern California. This might imply that c4 

grass species analysed could cover larger area of Signal Hill 

than c3 grass species during conditions that favour them (C4 
plants). This follows from their high carbon fixation rates 

than M. disticha (C 3 ) in the 9lasshouse. 

Increases in xylem water potentials for plants in the 

glasshouse were higher (Table 6.1) than for plants on altered 

plots (non-neighboured plants) in the field~ Soil moisture 

contents for both glasshouse and field plants were not 

measured. So it could not be confirmed whether a lesser 

increase in xylem water potentials for non-neighboured plants 

in the field relative to those plants in the greenhouse was due 

to low soil moisture content during experimentation (pressure 

bombing) days. It is thus suggested that removal of neighbours 

might cause an increase in xylem water potentials that is 

important photosynthetically. 
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CHAPTER 7 

7. 0: WHAT IS AN OPTIMAL SITE FOR SEEDLING 

ESTABLISHMENT? 

7.1: INTRODUCTION 

Reciprocal transplant experiment~ have long been used, amongst 

other techniques, to investigate the nature of limitations on 

the distribution and abundance: of plants. Some areas are 

inaccessible to the organisms, whilst some are unsuitable for 

species of some genera and favourable for others. Species may 

impose limits to the distribution ranges of others by 
I 

competition, predation, parasitism, etc, or alternatively some 

physical or chemical factors may be responsible. A large number 

of tropical plant species are commonly known not to be able to 

withstand low temperatures, with the fro~t line effectively , 

restricting their distribution. Authors report a fine scale 

adaptation of plant species (Bradshaw 1984; Endler 1985, in 

Waser and Price 1985). In their reciprocal transplant 

ex~eriments, Turkington and Harper (1979) found that clover 

genotypes grew best in their site of origin, and when competing 

in the greenhouse with the grass species that dominated the 

site. Transplant experiments have also been used to demonstrate 

local adaptation to abiotic rather than biotic conditions 

(Hickey and MacNeilly 1975; Davies and Snaydon 1976; Schemske 

1984). Fowler and Antonovics (1981) found little evidence of 

local or regional adaptive differen.~iation, a phenomenon also 

reported by Waser and Price (1985) 

On Signal Hill some Hyparrhenia hirta (C4), Merxmuellera 

disticha (C3) and Themeda triandra (C4 ) monospecific and mixed 

stands are. evident. This chapter reports a reciprocal 

transplant investigation as to what could account for the 

observed grass distribution patterns and their proportions on 

Signal Hill. A growing awareness among plant biologists is that 

events occurring during the seedling stage of the life history 

of plants are the main causes of the distribution and abundance 
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of adults (Grubb 1977; Harper 1977; Hamrick 1979; Werner 1979; 

Gross and Werner 1982). Similar ideas have been expressed by 

Marks (1974), Platt (1975), Werner (1977), Rabinowitz (1978), 

Cook (1979). 

To date there have been a number of studies done on 

reciprocal transplant-replant experiments, and seedling 
, 

establishment experiments (Sagar and Harper 1961; Mark 1965; 

Cavers and Harper 1967; Miles 1974; Harper 1977; Turkington and 

Harper 1979; Van Meijden and Van der Waals-Kooi 1979; Gross 

1980; Doust 1981; Goldberg and :Werner 1983; de Hullu 1985; 

Werner 1985; Fowler 1986; Klinkhamer and De Jong 1988). 

Friedman (1971) conducted a study in the Negev Desert. 

Seedlings of the shrub Artemisia herba-alba were transplanted 
\ 

around the codominant shrub Zygophyllum dumosum. He found 

survival and growth of seedlings lower when they (seedlings) 

were planted next to the adult shrubs than when planted away 

from them. 

This study was aimed at investigating the kind of 

relationship between transplanted seedlings of H. hirta and M. 

disticha into monoculture stands of their adults. With the aid 

of results of spatial pattern analysis, an attempt was made to 

identify the cause of grass patterns prevalent on Signal Hill's 

slopes. If species clumping reflects competitive interactions, 

better performance of seedlings should be found next to mature 

plants of conspecif ics, than next to those of other species. On 

the other hand if short dispersal distance is the reason for 

clumping, seedling performance of the different species should 

not differ significantly closer to aqults of different species. 

Also if the make-up of soil supporting the different stands is 

heterogeneous, seedlings of the two different species should 

differ in their performance on different stands. H. hirta 

seedlings should do well on monospecific patches of H. hirta 

when neighboured and non-neighboured, whilst the same should 

apply for M. disticha seedlings on M. disticha monocultures. 
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7.2: STUDY SITE 

Plots of about !Om x 20m on the east- and west-facing slopes of 

Signal Hill were used for this investigation. Three patches on 

the east-facing slope, one monospecific for H. hirta and two 

monos~ecifics for M. disticha, all of the 1975 burn, and one M. 
, 

disticha monospecific of the 1988 burn, were utilized· for this 

purpose. The details of the overall study area are as in 

section 1.3. 

7.3: MATERIALS AND METHODS 

Seedlings were excavated from their prime location, which was 

at most 40m from plots to which seedlings were transplanted. 

Transplanting was carried out o~ a day with light drizzle to 

try to limit as much as possible any pote~tial damage of the 

roots of the seedlings. In addition, seedlings were dug with 

their roots almost entirely protected by soil. 

On transplanting, each seedling of H. hirta was paired with 

that of M. disticha in the following manner: in a monospecific 

stand of H. hirta, each H. hirta seedling was introduced at a 

distance' of about 80mm from a H. hirta adult. Similarly the M. 

disticha seedling was planted in association with a different 

H. hirta indi victual. Non-neighboured seedlings of both H. hi~ta 

and M. disticha were each established at distances of about 

350mm away from adults. A similar procedure was followed in a 

monospecific stand of M. disticha o~ both the east- and west­

facinq slopes. There were at least 12 replicates per plot on 

the east-facing slope, and at least 17 replicates per plot on 

the west-facing slope. 

Seedling transplant dates were 28/02/1989 and 01/03/1989. 

Since driz.zle during the following period was rather light and 

·intermittent, artificial watering was provided. This was 

carried out on three occasions, on the 28/02/1989, 01/03/1989 

and 03/03/1989. 
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Seedling sizes in terms of volumes (canopy diameters by 

heights) were measured a few months after transplanting, and 

again eight months thereafter. Neighboured and non-neighboured 

seedlings of both H. -hirta and M. disticha were recorded for 

size (volume) gain or decrease. Means and standard errors of 

the log-transformed size differences of initial and final 

measurements were evaluated. Treatment effects as log­

transformed size were tested with a two-way analysis of 

variance (Siegel 1956; Zar 1984). Two categories were 

established for group data: dead (missing or dried up); alive 

or producing new leaves. 

7.4: RESULTS 

Several seedlings died over the 13 months experimental period 

(see Table 7.1). There were significant differences between 

non-neighboured and neighboured individual seedlings, 

increasing or decreasing in aboveground volume over the 

experimental period. Non-neighboured grass juveniles grew much 

larger than neighboured ones (Table 7.2). In most cases 

seedling growth was greater closer to adults of their own 

species than that of the other (Table 7.2). M. disticha 

juveniles next to H. hirta adults decreased in sizes, whilst 

non-neighboured ones on monospecif ic stand~ have gained sizes 

(volumes) (Table 7.2). H. hirta next to conspecific adults have 

increased in volumes. Generally when adjacent to adults of M. 

disticha, H. hirta seedlings were disadvantaged (i.e. decreased 

in sizes) as were M. disticha seedlings next to H. hirta plants 

(Table 7. 2). Decreasing in sizes (aboveground volumes) as 

referred here implies dying back of the seedling leaf area. 

Through the use of a two-way ANOVA it was established that 

non-neighboured seedlings of H. hirta differed significantly 

from neighboured ones (Table 7.3a); neighboured individuals 

diminished in sizes whilst non-neighboured increased. There was 

no significant difference between juveniles of M. disticha 

neighboured and non-neighboured on M. disticha stands (Table 
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7. 3a) . For averages and standard errors of log-transformed 

volumes (sizes) of the seedlings see table 7.3b. · 
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Table 7 .1.: The results of an experiment on the east- and west­

facing slopes of Signal Hill for neighboured and non~ 

neighboured seedlings of H. hirta (Hh) and M. disticha (Md) on 

monospecific stands of both H. hirta·(Hh) and M. disticha (Md) 

adults. Data were recorded as dead or alive for both 

neighboured and non-neighboured seedlings. The plots were of 

two populations of M. disticha (n = 16 and 16 for neighboured 

and non-neighboured seedlings respectively) and (n = 12 and 16 

for non-neighboured and neighboured seedlings respectively), 

and one population of H. hirta (n = 19 and 19 for neighboured 

and non-neighboured seedlings respectively) from the east­

facing slope, and one population of M. disticha (n = 17 and 19 

for neighboured and non-neighboured seedlings respectively) 

from the west-facing slope. Dead and alive refer respectively 

to number of seedlings which have died or lived during the 13 

months of experimentation period. 

Seedlings 

Neighboured Nori.neighboured 

--
Hh Md Hh Md Adult population slope 

Dead 0 2 0 0 !:!· disticha east 
Alive 16 14 12 12 !:!· disticha east 

Dead 0 2 0 2 !:!· disticha east 
Alive 12 10 19 17 !:!· disticha east 

Dead 0 0 2 1 !!· hirta east 
Alive 18 19 19 18 !!· hirta east 

Dead 2 7 3 3· tl· disticha west 
Alive 15 10 16 16 tl· disticha west 
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(Table 7.2): Results in terms of size (aboveground volume) 

decrease/increase of groups of H. hirta (Hh) and M. disticha 

(Md) seedlings with one group of each neighboured, and another 

group of each non-neighboured. Tlie neighbouring adults are of 

M. disticha (Md) (three separate plots) and one plot of H. 

hirta (Hh). Average (AVG) volumes like individual volumes are 

measured in cm3 • Numbers 1, 2, 3 and 4 refer to the four 

experimental plots. 

East-facing slope Hh( seedlings) Md(seedlings) 

--.-
AVG LN(AVG.DIFF) STDS AVG;LN(AVG.DIFF) STDS 

1. Md (adults) -10 0.08 1.938 90 0.22 1.917 
Md (no adults) 1011 0.83 0.892 109 0.29 0.584 

'·2. Md (adults) 208 -0.48 1. 722 78 -0.27 0.633 
Md (no adults) 561 0.61 0.677 -179 -0.59 0.981 

3. Hh (adults) 304 0.36 0.996 -47 -0.15 . 0. 732 
Hh (no adults) 717 o. 77 1.024 170 0.03 o. 778 

West-facing slope 

4. Md 
Md 

Key: 

(adults) 
(no adults) 

(adults) 

stand. 

0.35 -0.12 0.898 75 0.88 1.942 
473 0.53 o. 714 75 -0.05 1.263 

seedlings were neighboured by adults in that particular 

(no adults) = seedlings were not neighboured (by adults) in that 

particular stand. 

AVG = average of sizes ··in te~ms of original (unconverted) 

aboveground volumes (sizes) 

LN(AVG.DIFF) = average of differences between natural logarithms 

of measurements at the end and at the start of the experiment 

(aboveground volumes) 

STDS = standard deviations thereof 

East- and West-facing slopes = the two slopes where plots were 

sampled. 
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Table 7.3a: A two-way analysis of variance for differences of 
log transformed sizes (volumes), i.e. log(B)-log(A) of non­
neighboured and neighboured H. hirta (Hh) and M. disticha (Md) 
seedlings of the three different monospecific stands of M. 
disticha (Md) and one monospecific stand of H. hirta (Md) as 
reflected in table 7. 2 above. Letters B and A in brackets 
represent measurements at the end. and the start of the 
experiments respectively. 

Hh (seedlings) Md (seedlings) 
Source of variation d. f. F-ratio p < d.f. F-ratio p < 

Removals 1 12.300 0.0006 1 0.823 0.3761 
Areas (plots) 3 1.020 0.3865 3 2.393 0. 0725 

Interactions 3 0.543 0.6537 3 1.257 0.2929 
Residual .117 108 

KEY: Interactions = Removals (neighboured and nonneighboured species) by 
plots 

Table 7.3b: Table of means for log-transformed (Table 7.3a) 
sizes of aboveground volumes (in cm3 ) of non-neighboured and 
neighboured H. hirta (Hh) and M. disticha (Md) seedlings of 
three different stands of M. disticha and one stand of H. hirta 
(Table 7.2 above). Only live pairs we~e considered for this 
analysis. 

Hh (seedlings) Md (seedlings) 

Counts of 
seedlings: 
Nei & Non AVG STND.ERROR AVG STDN.ERROR 

-p Hh Md Nei Non Nei Non Nei Non Nei Non 

- -- -- --
* ** ** ----
1 16 12 14 12 -0.04 0.36 0.210 0.112 0.09 0.13 0.222 0.073 
2 12 19 10 17 -0.21 0.26 0.216 0.067 -0.11 -0.25 0.086 0.100 
3 18 17 19 18 0.16 0.33 0.105 0.108 -0.06 0.01 0.073 0.080 
4 15 16 10 16 -0.05 0.23 0.102 0.078 0.38 -0.02 0.266 0.173 

KEY: AVG= average(s), STND.ERROR =standard error, Nei =neighboured, Non 
=non-neighboured, P =plots, *=column of plots (areas), __ = columns of 
replicates of neighboured seedlings, ** =columns of replicates of non­
neighboured seedlings. 
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7.5: DISCUSSION 

The experimental results from seedling establishment 

experiments of both H. hirta and M. disticha demonstrated a 

negative interaction through nearest-neighbour analysis 

experiments between adults and seedlings of the different 

species. Non-neighboured seedlings generally increased in 

volume over the experimental period. This therefore suggests 

the necessity for open space and hence enough light, water and 

nutrients for seedling growth and establishment. Naturally 

occurring seedlings had a high death rate and few emerged under 

adult canopies of their own species (Friedman and Orshan 1975). 

Many removal experiment studies (Parker and Martin 1952; 

Glendening and Paulsen 1955; Cable and Tschirley 1961; Parker 

1982, 1985; Parker and Salzman 1985) have reported an 

improvement in survivorship of non-neighboured grass seedlings. 

Soriano and Sala (1986) found that survival rates of 

transplanted seedlings of the grass Bromus setifolius increased 

away from shrubs. Density has also been reported to af feet 

seedling survivorship ( Schellner, Solbrig and Newell 1982). The 

fact that seedlings farthest away from adults improved their 

size status, suggests that soil water, nutrients and light 

might have been limiting closer to the adults. This might also 

indicate that adults of H. hirta and M. disticha·could coexist 

as long as they are separated by larger distances. 

Notwithstanding this observation of seedlings performing 

better when non-neighboured, there were exceptions. Non­

neighboured M. disticha, in pure stands of M. disticha adults, 

generally deteriorated in terms of sizes. This suggests a 

preference for them to establish closer to their own parents 

rather than farther away from them. This interpretation is 

reinforced by observations of M. disticha seedlings having 

improved in sizes adjacent to adults of their own species in 

all stands sampled. Positive association was also found between 

juveniles of H. hirta and their conspecific adults. It appears 

therefore plausible that both H. hirta and M. disticha 

seedlings are positively associated with their own parents. It 
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is possible that once H. hirta and M. disticha are at a certain 

seedling phase, they recognize a "safe site" closer to their 

own parents for growth and development. A "favourable, or safe 

microsi te" is defined as one in which seedling growth and 

establishment can occur (Harper et al. 1961 and Fowler 1988). 

Both the seedlings of t.he two species in pure stands of 

contraspecific adults were generally negatively affected when 

closer to the adults, which might imply that individuals of one 

species (H. hirta seedlings close to M. disticha adults, and 

vice versa) do not prefer to grow closer to individuals of 

another species. 

Seedlings growing nex~ to their parents have been reported 

to enjoy protection from predation; with their rates of 

surviva1 declining when the adults were removed (Parker 1982). 

McAuliffe (1986) found seedlings of the small tree Cercidium 

microphyllum suffering less herbivory-caused mortality under 

other perennials than in the open. 

Through reciprocal transplants, clones of Trifolium repens were 

found to be locally specialized within a single field of 

permanent grassland, and specialization was inferred to be 

associated with the ability of specific clones to grow with 

specific grass species in the field (Turkington and Harper 

1979). The fact that the intensity of suppression experienced 

by H. hirta seedlings from M. disticha stands varied from one 

stand to the other, could be explained in terms of the sizes of 

M. disticha adults that neighboured them. Possibly the bigger 

the adult neighbour, the more intense is suppression imposed 

upon an individual neighboured seedling. Similarly the extent 

of growth ·attained by each of the established neighboured 

seedlings of M. disticha on M. disticha stands could have been 

determined by the sizes of their neighbouring adults. Sizes of 

neighbouring adults were unfortunately not quantified in this 

analysis. However, sizes of neighbouring adults presumably 

played an influential role in determining the sizes of the 

introduced seedlings. 

The fact that some of the established seedlings died, 

suggests that they (dead ones) might have suffered transplant 
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' 
shock. Cavers and Harper (1967) found transplanted ~lants of 

Rumex crispus suffering transplant shock in an· alien 

environment. Another possible factor responsible for 

transplanted seedling mortality could be the sizes of seedlings 

during time of establishment .. 1 The sizes of transplanted 

seedlings were not significantly dl.fferent during establishment 

but might have experienced interactions by adults of varying 

sizes differently. 

An instance where H. hirta s~edlings improved their sizes 

when neighboured by M. disticha.adults (Table 7.2) could be 

explained in terms of the adults neighbouring them. In other 

words, if the adults that neighboured them were relatively 

smaller, the stress of competition they would impose might be 

less or insignificant. However_, the reasons for release from 

competitive inhibition are unknown in this instance. Non­

neighboured M. disticha seedlings which decreased in sizes in 

the M. disticha monospecific stand might have suffered a 

transplant shock. It is possible that for edaphic or other 

microenvironmental reasons, safe sites were closer to their 

parents on that particular patch. 

In conclusion, the results of this experiment suggest that 

familial clumping and competition, amongst other phenomena, 

have played a major part in patterning Signal Hill's grass 

community. 
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CHAPTER 8 

8.0: EFFECT OF FIRE ON FLOWERING 

8.1: INTRODUCTION 

Veld burning has unquestionably been a feature of the African 

landscape since time immemorial. periodic or planned burning of 

the veld is thought to preserve pasture grass communities 

(Scott 1970). The beneficial ef:fect of veld burning may be 

merely the removal of excess cover, since where the veld has 

been grazed short or excess grass had been removed by mowing, 

there was no need to burn (Scott 1951). Many studies in various 
' \ 

parts of southern Africa, such as the eastern Cape, Natal, and 

the north-eastern Transvaal have confirmed the necessity for 

regular/frequent fires for the maintenance of grassland 

communities (Acocks 1966; Rethman and Booypen 1968b; Tainton, 

Booysen and Scott 1970; Downing 1974; Trollope 1974; Trollope 

and Potgieter 1985; Friedel and Blackmore 1988). But there are 

studies who have reported the persistence of grasses on 

unburned treatment (Bowman, Wilson and Hooper. 1988). 

In general, however, fire appears a key factor in 

maintaining S01:1th African grasslands. The role of fire in 

preventing bush encroachment has also been demonstrated 

(Trollope 1974). To date many studies on fire have shown it to 

be the most important agent for improving grassland ecosystems. 

Grass species richness improved when burnt annually, and 

decreased when veld was protected ~!om fire for at least five 

years (Yeaton et al. 1988). Season of veld burning might also 

play an important part in maintaining South African grasslands. 

Rethman and Booysen (1968b) found that production of Themeda 

triandra and its regrowth potential were significantly 

influenced by the season of defoliation. On their study 

(Opperman and Roberts 19 7 8) of Themeda triandra, Elyonurus 

argenteus and Heteropogon contortus suggested an optimum 

disturbance (burning, grazing, cutting, or drought) time to 
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prevent damage to the shoot apices because that may have a 
, 

detrimental effect on leaf, shoot and seed production. 

System processes such as , nutrient recycling and water 

relations have been proved to be fire dependent (Raison 1979; 

Van Wilgen and Le Maitre 1981; S~ock and Lewis 1986). 

It was the aim of this part of the study to compare the 
' 

effect on growth and flowering of Hyparrhenia hirta (C 4 ), 

Merxmuellera disticha (C 3 ) and Themeda triandra (C4 ) 9 months, 

21 months and 15 years after burning on Cape Town's Signal 

Hill. 

8.2: STUDY SITE 

See section 1.3 

8.3: MATERIALS AND METHODS 

A survey of fire effects was carried out after a wildfire which 

burned an area approximately 50m x 150m of the topmost section 

of Signal Hill's west-facing slope. The fire burned in late 

February 1988 (Clive May - Kloofnek station supervisor 

personal communication). Other plots on the east-facing slope 

studied here are all known to have had their last fire in 1975. 

As reported in Chapter 1, the Signal Hill plant communities 

comprise grasses, shrubs and herbs, but only the localized 

patches dominated by grass (H. hirta, M. , disticha and T. 

triandra) were the focus for this study. 

The role of fire in the 1988 burn was assessed by counting 

the number of flowering tillers 11 months (on January 1989) 

after fire, and another count of the same individuals was 

performed on December 1989 and January/February 1990. Two 

plots, a monospecific stand of M. disticha, and a mixed stand 

of H. hirta and T. triandra were used. At least 20 individuals 

were monitored. Wire rods with numbered tags were use9 to mark 

the individuals monitored. It was not possible to compare M. 
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disticha versus itself between the 1988 burn and the 1975 one, 

because M. disticha on the 1975 burn failed to produce any 

flowering tillers. Flowering tillers were also counted on H. 

hirta and T. triandra in the 1988 burn. Growth in terms of 

individual species' sizes and leaf greening were slightly 

observed for both the 1975 and 1988,burn. The data thereof was 

not analysed. 

Xylem water potential measurements of the three grass 

species on two unaltered plots in the 1975 burn (east-facing 

slope) were done on the following two days: 05/10/1988) and 

21/02/1989. The aim was to use the measurements to explain the 

differences in the vigour. of growth and reproduction of the 

three grass species. 

8.4: RESULTS 

Flowering in M. disticha was more strongly stimulated by fire 

in the summer of 1988/1989 than that of 1989/1990 (Wilcoxon 

test by ranks: Z = 3.214, p < 0.005, total pairs = 25). 

Flowering tillers produced between nine and 11 months after 

fire were significantly more abundant than those produced 21 to 

24 months thereafter (see Figures 8.1 & 8.2 on page 109). 

H. hirta and T. triandra species on a 1988 burn showed leaf 

greening and flowering longer than those on the 1975 burn. 

Growth in terms of size of individuals were considered 

insignificant for analysis. 

Neighboured H. hirta on a 19 7 5 ··burn showed, to a certain 

degree, an out-of-season growth, production and reproduction, 

whilst M. disticha and T. triandra on the same plots did not. 

The xylem water potential of H. hirta (-10. 9 ( ±0. 29)), M. 

disticha (-14.6(±0.80)) and T. triandra (-13.8(±0.29)) on one 

stand differed significantly from one another other ( p < 

0.0001), and that of H. hirta (-19.7(±0.81)) and M. disticha 

(-34.5(±1.26)) on the other stand also differed significantly 

from each other (P << 0.0001). One way ANOVA thereof (1975 

burn) produced the following (F-ratio = 13.893; degrees of 
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freedom= 29, p < 0.0001), and for H. hirta versus M. disticha, 

(F-ratio = 97. 605; degrees of freedom = 23, p << · O. 0001). 

· Multiple range analysis test reve~led a significant difference 

between xylem water potentials of H. hirta from that of M. 

disticha and T. triandra but non between M. disticha and T. 
triandra. 

Normal annual flowering for H .. hirta (C4 ), anct' T. triandra 

(C4 ) (to a lesser degree relati've to that of H. hirta) was 

observed in the 1975 burn. Th~re was insignificant or no 

flowering for M~ disticha (C 3 ) in the same aged veld. 

. (' 
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February 1988 burn (westward slope) 
M. disticha 

Flowering tillers one year and two years after fire. 

400 
rndMduals with neighbours not removed. , 

r = 0.482, n = 24, p < 0.01 (one year after fire) * (ij 350 
:J r' = 0.007, n = 24, n.s. (two years after fire) 'O 

300 <~ 
* 'O 

250 c: 

"' * - 200 ** e .... 
* ~ 150 :p 
* * 0 

~ * ~* * 100 
* 0 * ~z 50 . * 

0 
0 5 10 15 20 25 30 35 40 

Diameters of individuals (cm) 

Fig.8.1: Size-number of flowering tillers regression for grass species named above. 

I * Tiiiers 1yr after. o Tillers 2yrs after. 1. 

February 1988 burn(westvvard slope) 
M. disticha 

Flowering tillers one year and two years after fire. 

CB ::s 

Individuals with neighbours removed. 400 
r = 0.575, n = 26, p < 0.0025 (one year after fire) 

350 
~ 300 r' = 0.459, n = 26, p < 0.01 (two years after fire) 

~ 250 

"' -·e 200 .... 
j! 
~ 150 
0 100 
0 z 50 

01+-~1!!-,-ie-~.---se;ei;;~eeiswL--,-1-'----,-~~.-----1 
0 10 15 20 25 30 5 35 40 

Diameters of fndMduals (cm) 

Fig.8.2: Size-number of flowering tillers regression for grass species named abOve. 

/ * Tiiiers 1yr after. o. Tiiiers 2yrs after. j 
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8.5: DISCUSSION 

Flowering was more abundant in a one year burn than in a two 

year burn for all species. An increase in flowering frequency 

following fire has been noted on.the Florida Lake Wales Ridge 

for a numb~r of grass species (Aristida stricta, Panicum 

abscissum and Andropoqon spp.). Late spring and summer fire 

stimulated a vigorous flowering response, whereas winter fires 

encouraged only a vegetative response (Abrahamson 1984). 

Frequent burning has been reported to stimulate flowering 

(Daubenmire 1969; Rowley 1970; Vogl 1973; Dickingson and Dodd 

1976; Christensen 1981; Gill 1981b; Gunderson et al 1983; 

Whelan 1986). Within species, both ~im~ng of flowering (Curtis 

and Partch 1950; Gill and Ingwerson 1976; Abrahamson 1984), and 

number of flowering stems produced (Burton 1944; Stone 1951; 

Kucera and Ehrenreich 1962) change following fire. Though there 

are reports of a number of studies on f lowe,ring phenologies in 

fire-dominated habitats (Parrish and Bazzaz 1979; Anderson and 
I 

Schelfhout 1980; Tepedino and Stanton 1980; Rabinowitz et al. 

1981) the significance of fire upon flowering of coexisting 

species is still not yet fully established. 

-The fact that all the three grass species on the 1988 burn 

produced out-of-season flowering tillers, r~gardless of whether 

neighboured or non-neighboured, suggests a possible post-fire 

improvement in soil nutrients (Christensen and Muller 1975). 

Growth improvement and out-of-season leaf greening observed 
on a one year burn, compared to two and 15 years after fire, 

signifies the importance of fire on .. these aspects. Many c3 and 

c4 plants have been reported to show both an out-of-season 

growth and leaf greening as a consequence of fire (Pierce and 

Cowling 1984). Some studies (White 1983; Bowman et al. 1988) 

have shown that grass cover is dependent upon frequent burning. 

Seasonal variation of fire effects (Gill 1981a; Henderson et 

al. 1983; Lovel et al. 1983; Snyder 1986, in Platt et al. 1988) 
have been reported. Foliage increase on burned plots and 

retrogression on unburned plots was witnessed. The current 

study has demonstrated the role of fire as "space creator", and 

110 



as a stimulant of plants' production and reproduction on Signal 

Hill. 

Elimination of T. triandra from pasture has been linked to 

the absence of fire, and repeated defoliations (Downing 1974); 

thus suggesting periodic burning for maintaining T. triandra 

vigour. On Signal Hill, unburned tussocks of T. triandra have 

become moribund. Downing (1974) found a similar phenomena, and 

suggested such tussocks would die eventually if fire could be 

withheld for long enough. Moribund T. triandra tussocks on 

Signal Hill will eventually die o_ut if no effective management 

(e.g. periodic burning) could be exercised. Other grass 

communities of Signal Hill and elsewhere might be similarly 

affected. 

H. hirta on unaltered plots on a 197S burn continued to grow 

and flower, whilst their M. disticha and T. triandra 

counterparts did not. This might· be linked to H. hirta having 

shown highest xylem water potentials relative to the other two . 
species. However, xylem water potentials in this instance were 

measured once on each of the two plots. Neither. sizes nor 

distances of neighbours of the measured indi victual species were 

considered. The number of neighbouring plants per pressure - ·~ 

bombed individual, were also not recorded. This might have 

affected the xylem water potentials of the monitored plants. 

The fact that the two c4 grass species still flowered in a 

1975 burn, whilst their M. disticha counterparts did not, 

appears to suggest a "generalist" strategy by them (C4 ) of 

coping with both warm and cool temperature. 

Whether February was the approp~iate time for burning the 

three grass . species is in doubt because numerous herbs and 

shrubs proliferated, and a year after fire most of the spaces 

formerly occupied by grasses were dominated by herbs and 

shrubs. In this case (Western Cape) the suitable time for 

burning could be winter because it is rainy and hence wet, thus 

fire would not easily exceed predetermined boundaries. Seeds 

and resprouters will have enough moisture for germination and 

establishment. Flowering could also be encouraged under 
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sufficient soil moisture content. However, it could not be 

.verified which season is best for veld burning. 

In conclusion, fire was found to enhance growth, production 

and reproduction of both c3 and c4 plants . The c3_ species 

differ, however, in being completely dependent on fire for 

flowering and seed production. In other words, c3 species does 

net flower at all in old unburnt vela whereas c4 species do. It 

therefore would be interesting to determine whether c4 species 

successfully produce seed in older veld and whether this seed 

is capable of establishment. 

The importance of low versus high fire intensity was not 

investigated in this study. 
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CHAPTER 9 

GENERAL CONCLUSIONS 

The analysis of pattern and the competition experiments 

produced similar results in terms· of competition hierarchies. 

There was general agreement amongst all the tests used to study 

competition, i. e .. removal experiments, effect of xylem water 

potential on carbon uptake, seedling establishment experiments 

and fire effect on flowering. 

Some interspecif ic distances were found to be greater than 

intraspecific distances. This supported the observed 

distribution pattern of populations/communities on Signal Hill, 

i.e. commonness of monocultures as opposed to mixed stands. 

This was also reinforced by other experiments, for instance, in 

the seedling addition experiments, seedlings were found to be 

growing better closer to conspecific adults than to 

contraspecific ones. However, there were some differences in 

the intensity of suppression experienced by seedlings from one 

stand to the other. These could be explained in terms of sizes 

of adults that neighboured the seecrlings. The bigger the adult 

neighbour the more intense is the suppression imposed upon an 

individual neighboured seedling. The preference of seedlings 

next to their conspecific adults suggests that interspecific 

competition is stronger than intraspecific competition. 

The three types of distributions: regular, aggregated and 

random were evaluated through the use of a traditional Clark 

and Evans {1954) method, i.e~ calculating a dispersion index 

{R), or through the use of Simberloff's {1979) modified version 

of Clark and Evans' (1954) distance-to-nearest-neighbour 

technique of pattern analysis. 

Pielou' s { 1960) nearest-neighbour analysis technique was 

used to test for· competition between and within plants, by 

considering a relationship between both inter- and intra-plant 

distances and the aboveground canopy diameters. In all cases a 

positive relationship was found between inter- and intra-plant 
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distances and canopy diameters. In other words, the existence 

and importance of competition has been shown by this study. 

It was also shown that plants compete for water and space, 

both inter- and intra-specifically. Competition was readily 

disclosed when the soil was mildly dehydrated, whilst the 

importance of space for root expansion was demonstrated when 

neighbours of monitored plants were cleared. Under mild soil 
, 

water stress there was a decrease in leaf water potentials of 

neighboured plants. Monitored individuals on altered plots 

significantly improved their xylem water potentials, thus 

suggesting a greater soil volume for root extension and a 

larger available reservoir of soil water. 

The role of higher temperature and irradiation optima for c4 
plants, and vice versa for c3 plants (~ot carried out in this 

study) also suggests the importance of competition among plants 

of differing photosynthetic pathways. 

Both intraspecific positive.interaction,r and interspecific 

negative interaction, was verified by this study, but the study 

could not clearly answer questions such as why inferior 

competitors still coexist with their competitive dominants. One 

answer might be that c4 plants ·(not expected to dominate in the 

cooler, winter rainfall region) might be capitalizing on the 

hot, dry summer seasons of the western Cape region, and hence 

achieving dominance on some other parts there. 

The importance of disturbances like fire was to a certain 

extent, revealed by this study. They (fire and removals) were 

found to positively affect production and reproduction of both 

c3 and c4 grasses. For example Themeda triandra occurred in 

small patches on both the slopes investigated. This was 

attributed to unmanaged 

burning regime supports 

grasses (both c3 and C4) 

burning of the area. The current 

herbs and shrubs, and consequently 

would be decimated. 

was concluded that c3 are superior 

competitors on the east-facing slope of Signal Hill, whilst T. 

triandra (C4 ) is a stronger competitor on the west-facing 

slop·e. The distance between H. hirta versus H. hirta was 

statistically significantly smaller than that between M. 

From this study it 
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disticha versus H. hirta on the east-facing slope, thus 

suggesting that M. disticha is a threat to the long-term 

existence of H. hirta, especially on the east-facing slope. The 

distance between T. triandra versus M. disticha was larger than 

that between M. disticha versus itself on the west-facing 

slope, thus suggesting that T. triandra might outgrow M. 

disticha on the west-facing slope. 

Competition is not the sole. factor responsible for the 

observed grass distribution patterns on Signal Hill because M. 

dis ti cha still coexists with the other species there. Past 

disturbance (see Chapter 3) might be contributing to the 

observed grass distribution patterns. 

Generally it was observed that both ,c3 and c4 grasses, herbs 

and shrubs are advantaged by burning. So a careful study on 

fire ecology of the different plants is imperative if a better 

understanding of the ecology of plant species is to be 

attained. Fire ecology study is necessary ~ecause the role of 

periodic or planned veld burning is thought to preserve pasture 

grass communities (Scott 1970). Also the indispensability of 

grasslands and other palatable plants (e.g. grasses such as T. 

triandra and H. hirta) in stock farming is commonly known. 

The monitoring part of this study was short-term (18 months) 

and many interesting questions remain unanswered. Amongst 

others are the following: 

(i) How often does competition occur? 

(ii) At which stage(s) of the life cycle are plant 

populations/communitiefs affe.~ted by competition? 

(iii) How valid is the role of competition in structuring 

species composition on the Hill? 

A role of both biotic and abiotic factors in patterning 

grassland communities has been corroborated by this study. 

Both competition interaction and disturbance history of Signal 

Hill is necessary to properly understand the grass 

population/community patterns on Signal Hill. 

115 



REFERENCES 

Abrahamson W.G. 1984. Species responses to fire on the Florida 
Lake Wales Ridge. Amer. J. Bot. 71(1):35-43. 

Acocks J.P.H. 1953. Veld types of South Africa. Botanical 
Research Institute. Pretoria. 

Acocks J.P.H. 1966. Non-selective grazing as a means of veld 
reclamation. Proc. Grassland Soc. Sth. Afr. 1:33-39._ 

Anderson D.J. 1967. Studies on Structure in plant communities. 
v. Pattern in Atriplex vesicaria communities in south-eastern 
Australia. Australian Journal of:Botany 15: 451-458. 

Anderson D.J. 1970. Spatial pattern in some Australian dryland 
plant communities. Spatial patterns and Statistical 
distributions, Vol. 1. , Statistical Ecology (Ed. by G. P. 
Patil, E.C. Pielou and W.E. Waters) pp.1 - 23. Pennsylvania 
University Press, University Park. 

Anderson D.J. 1971. Pattern in desert perennials. J. ·Ecol. 
59:555-560. 

Anderson D.J., Malik S.W.L. and Jacobs A.R. 1969. Studies on 
structure in plant communities. VI. The significance of pattern 
evaluation in some Australian dryland vegetation types. 
Australian Journal of Botany 17:315-322. 

Anderson R.C. and Schelhout S. 1980. Phenological pattern among 
tallgras prairie plants and their implications for pollinators 
competition. Am. Midl. Nat. 104:253-263. 

Antonovics J. and Levin D.A. 1980. The ecological and genetical 
consequences of density dependent regulation in plants\ Annual 
Review of Ecology and Systematics 11:411-452. 

Ball R.C. and Hayne D.W. 1952. Effects of the removal of the fish 
population on the fish-food organisms of a lake. Ecology 33 ( 1): 41 
- 48. 

Barbour M.G. 1967. Ecological patterns in the physiological 
ecology of a desert shrub, Larrea divaricata. Ph.D. 
dissertation, Duke University. Durham, North Carolina. 

Barbour M.G. 1973. Desert dogma re-examined: root/shoot 
productivity and plant spacing. Am. Midl. Nat. 89:41-57. 

Barbour M.G. and Diaz D.V. 1973. Larrea plant communities on 
bajada and moisture gradients in the United States and Argentina. 
Vegetatio 28:335-352. 

116 



Barbour M.G., Cunningham G., Oechel W.C. and Bamberg S.A. 1977a. 
Growth and development, form and function. Creosote Bush: Biology 
and Chemistry of Larrea in New World Deserts (Ed. by T.J. Mabry, 
J.H. Hunziker and D.R. Difeo, Jr.) pp.48-91. Dowden, Hutchinson 
·and Ross, Stroudsburg,_ Pennsylvania. 

Barbour M.G., MacMahon J.A., Bamberg S.A. and Ludwig J.A. 1977b. 
The structure and distribution of Larrea communities. Creosote 
Bush: Biology and Chemistry of Larrea in New World Deserts (Ed. 
by T.J. Mabry, J.H. Hunziker and D.R. Difeo,Jr.) pp.227-251. 
Dowden, Hutchinson and Ross, Stroudsburg, Pennsylvania. 

Barker N.G. and Williamson G.B. 1988. Effects of a winter fire on 
Saracenia alata ands. psittacina. Amer. J. Bot. 75(1):138-143. 

Baruch Z., Ludlow M.M. and Davis R. 1985. Photosynthetic response 
of native and introduced c4 grasses . from Venezuelan savannas. 
Oecologia (Berlin) 67:388-393. 

Batanouny K.H., Stichler W. and Ziegler H. 1988. Photosynthetic 
pathways, distribution, and ecological characteristics of grass 
species in Egypt. Oecologia (B.erlin) 75:539-548. 

Bawa K.S. and Opler P.A. 1977. Spatial relationships between 
staminate and pistillate plants of dioecious tropical forest 
trees. Evolution 31:64-68. 

Bazzaz F .A. and Carlson R. W. 1984. The response of plants to 
elevated carbon dioxide. I. Competition among an assemblage of 
annuals at two levels of soil moisture. Oecologia 62:196-198. 

Beals E.W. 1986. Spatial pattern of shrubs on a desert plain in 
Ethiopia. Ecology 49:774 - 746. 

Berry J. and Bjorkman O. 1980. Photosynthetic response and 
adaptation to temperature in higher plants. Ann. Rev. Plant 
Physiol. 31:491-543. 

Beyschlag w., Lange O.L. and Tenhunen J.D. 1986. Photosynthesis 
and water relations of the mediterranean evergreen sclerophyll 
Arbutus unedo L. throughout the year at a site in Portugal. I. 
Diurnal courses of carbon dioxide gas exchange and transpiration 
under natural conditions. Flora 178:409-444. 

Bjorkman O. 1975. Environmental 
'photosynthesis: inaugural address. 
The Hagne, pp.1-16. 

and Biological control of· 
In: Marcelle R (ed.). Junk, 

Bjorkman o., Mooney H.A. and Ehleringer J. 1975. Photosynthetic 
responses of plants from habitats with contrasting thermal 

117 



environments. Comparison of photosynthetic characteristics of 
intact plants. Carnegie Inst. Washington Yearb. 74:743-748. 

Bjorkman O., Pearcy R.W., Harrison A.T., and Mooney H.A. 1972b. 
·Photosynthetic adaptation to high temperatures: A field study in 
Death Valley, California. Science. 172:786-789. 

Black C.C. 1971. Ecological implications of dividing plants into 
groups with distinct photosynthetic capacities. Adv. Ecol. Res. 
7:87-114. 

Boucher C. and Moll E.J. 1981. South African mediterranean type 
shrublands. In: Mediterranean-type shrublands, Ecosystems of the 
world, vol. 11, pp.233-248. (ed. by F. di Castri, D.W. Goodall 
and R.L. Specht) Elsevier Scientific Publishing Company, 
Amsterdam. 

Boucher c. 1982. Floristic and Structural features of the coastal 
fore land\ vegetation south of the Berg River, Western Cape 
Province, S. Africa. Proceedings of a symposium on coastal 
lowlands of the Western Cape. University of the Western Cape. 

Boutton T.W., Harrison A.T. and Smith B.N. 1980. Distribution of 
biomass of species of differing photosynthetic pathway along an 
al ti tudinal transect in south-western Wyoming grassland. 
Oecologia (Berlin) 45:287-298. 

Bowman M.J.S., Wilson B.A. and Hooper R.J. 1988. Responses of 
Eucalyptus forest and woodland to four regimes at Munmarlary, 
northern territory, Australia. J. Ecol. 76:215-232. 

Boyer J.S. 1969. Measurements of the water status of plants. Ann. 
Rev. Plant Physiol. 20:351-364. 

Bradshaw A.D. 1984. Ecological significance of genetic variation 
between populations. In R. Dirzo and J. Sarukhan (eds.), 
Perspectives in plant population biology, pp. 213-228. Sinauer 
Associates, Sunderland, Mass. 

Braun-Blauquet. J. 1932. Plant Sociology: The study of plant 
communities. New York. McGraw-Hill. 

Brown R.H. and Simmons R.E. 1979. Photosynthesis of grass species 
differing in carbon fixation pathways. I. Water use efficiency. 
Crop sci. 19:375-379. 

Burton G.W. 1944. Seed production of several southern grasses as 
influenced by burning and fertilization. Am. Soc ... Agron. J. 
36:523-529. 

Burton P.J. and Mueller-Dombois D. 1984. Response of Metrosideros 
polymorpha seedlings to experimental canopy opening. Ecology 
65(3) :779-791. 

118 



Cable D.R. 1969. Competition in the semidesert gras-shrub type as 
influenced by root systems growth habits, and soil moisture 
extraction. Ecology 50:27-38. 

Cable D.R. and Tschir ley F. H. 19 61. Responses of native and 
introduced grasses following aerial spraying of velvet mesquite 
in southern Arizona. J. Range Manage. 14:155-159. 

Caldwell M.M., White R.S., Moore R.T. and Camp L.B. 1977. Carbon 
balance, productivity and water use·of cold water desert shrub 

. communities dominated by c3 and c4 species. Oecologia (Berlin) 
29:275-300. 

Cannon W .A. 1911. The root habit of desert plants. Carnegie 
Institute of Washington Publication. No. 131. 

Cavers P.B. and Harper J.L.1967. Studies in the dynamics of plant 
populations. I. The fate of seeds and transplants introduced into 
various habitats. Journal of Ecology 55:59-71. 

Chapin F.S. III., McGraw J.B., and Shaver G.R. 1989. Competition 
causes regular spacing of alder in Alaskan shrub tundra. 
Oecologia 79:412-416. 

Chazdon R.L. 1978. Ecological aspects of the distribution of c4 
grasses in selected habitats of Costa Rica: Biotropica 10:265-
269. 

Chew R.M. and Chew A.E. 1965. The primary productivity of desert 
shrub (Larrea tridentata) community. Ecological Monographs. 
35:355-375. 

Chippindall L.K.A. and Cook A.O. 1976. 240 grasses of southern 
Africa. Published by M.Q. Collins (Pvt) Ltd., Salisbury. Printed 
by Irwin Press (1973) (Pvt) Ltd., Salisbury. 

Christensen N.L. (1977). Changes in structure, pattern and 
diversity associated with climax forest maturation in Piedmont, 
North Carolina. American Midl. Nat. 97:176-188. 

Christensen N.L.1981. Fire regimes in southeastern ecosystems. 
In: Mooney H.A., Bonnickson T.M., Christensen N.L., Lotan J.E., 
Reiners W.A.(eds). Fire regimes and ecosystems properties. USDA 
Forest Serv. Gen Tech. Rep Wo-26, pp.112-136. 

Christensen N.L. and Muller C.H. 1975. Effects of fire on factors 
controlling plant growth in Adenostoma chaparral. Ecological 
Monographs 45:29-55. 

·Clark P.J. and Evans F.C. 1954. Distance-to-nearest-neighbour as 
a measure of spatial relationships in populations. Ecology 35:445 

119 

\ 



Clayton W.D. and Renvoize S.A. 1986. Genera graminum. Grasses of 
the world. Royal Botanical Gardens, Kew. London. 389 pp. 

Clelland R. 1971. Cell wall extension. Ann. Rev. Pl. Physiol. 
22:197-222. n 

Codd L. E.W. 19 28. On the reaction of Digi taria eriantha var 
stolonifera Stapf. and Themeda triandra Forsskal. to the winter 
season. MSc. thesis, University of S?uth Africa., 

Coffin D.P. and Lauenroth W.K. 1988. The effects of disturbance 
size and frequency on a shortgrass plant community. Ecology 
69(5):1609-1617. 

Cohen D. 1970. The expected efficiency of water utilization in 
plants under different competition and selection regimes. Israel 
Journal of Botany 19:50-54. 

Conell J .H. 1975. Some mechanisms producing structure in 
plant communities: a model and evidence from field 
experiments. In M.L. Cody and J.M. Diamond (eds.), Ecology 
and evolution of communities, p.460-490. Belknap Press of 
Harvard University Press, Cambridge. 

Conell J.H. 1980. Diversity and the coevolution of competitors, 
or the ghost of competition past. Oikos 35:131-138. 

Connor E.F. and Simberloff D. 1979. The assembly of species 
communities: chance or competition? Ecology 1132-1140. 

Connor E.F. and Simberloff D. 1984a. Neutral models of species' 
co-occurrence patterns. In D.R. Strong, Jr., D. Simberloff, L.G. 
Abele, and A. B. Thistle (eds.), Ecological Communities: 
Conceptual Issues and the evidence, p.316-331. Princeton 
University Press, Princeton. 

Connor E.F. and Simberloff D. 1984b. Rejoinder. In D.R. Strong, 
Jr., D. Simberloff, L. G. Abele, and A.B. Thistle (eds.), 
Ecological Communities: Conceptual Issues and the Evidence, 
p.341-343. Princeton University Press, Princeton. 

Cook R. 1979; The biology of seeds in the soil. Topics in Plant 
Population Biology (Ed. by Q.T. Solbrig, S. Jain, G.B. Johnson, 
and P.H. Raven). pp.207-231. 

Cooper C.F. 1961. Ecology, Evolution and Population Biology: The 
ecology of fire, Readings from Scientific American. With 
introduction by Edward O. Wilson. 315 pp. 

Cottam G. 1955. The measurement of regular plant distributions 
and their occurrence in nature. Technical Report, Office of Naval 
Research, University of Wisconsin. 

120 



Cowling R.M. 1983b. The occurrence of C3 and c4 grasses in fynbos 
and allied shrublands in the south eastern Cape, South Africa. 
Oecologia (Berlin) 58:121-i27. 

Cox G. w. 1987. Nearest-neighbour relationships of overlapping 
circles and the dispersion pattern of desert shrubs. J. Ecol~ 
193-1-99. 

Curtis J.T. and Partch M.L. 1950. Some factors affecting flower 
production in Andropogon gerardii. Ecology 31:488-489. 

Danckwerts J.E. 1978a. The influence of tiller age and time of 
year on the growth of Themeda triandra and Sporobolus f imbriatus 
in semi-arid grassland. J. Grassl~. Soc. Sth. Afr. 4:89-94. 

Danckwerts J.E. 1978b. Growth analysis of Themeda triandra and 
Sporobolus fimbriatus tillers in semi-arid grassland. J. Grassld. 
Soc. Sth. Afr. 4:7-12. . ; 
Daubenmire R. 1968. Ecology of fire in grasslands, Advances in 
Ecological Research 5:209-266. 

Davies W.J., Metcalf J., Lodge T.A. and Costa R.A. da. 1986. 
Plant growth substances and regulation of growth under drought. 
Australian J. Plant. Physiol. 14:105-125. 

Davies M.S. and Snaydon R.W. 1976. 
differentiation in a mosaic environment. 
selection pressures. Heredity 36:69-66. 

Rapid 
III. 

population 
Measures of 

Dayong z. 1989. A method of detecting departure from randomness 
in plant communities. Ecological Modelling 46:261-267. 

De Jager P. 1985- unpublished. What renosterveld looked like in 
the pre-historic past. pp. 1 - 68. Center for African Studies, 
University of Cape Town, P/Bag Rondebosch 7700. 

Dickingson C.E. and Dodd J.L. 1976. Phenological pattern in the 
shortgrass prairie. Am. Midl. Nat. 96:367-378. 

Diggle P. J. 1983. Statistical Analysis of spatial point patterns 
Academic Press, London, 148 pp. -. 

Doust L.L. 1981. Population dynamics and local specialization in 
a. clonal perennial (Ranunculus repens). II. The dynamics of 
leaves, and a reciprocal transplant-replant experiment. Journal 
of Ecology 69:757-768. 

Downing B. H. 1974. Reactions of grass communities to grazing and 
fire in the sub-humid lowlands of Zululand. Proc. Grassld. Soc. 
Sth. Afr. 9:33-37. 

121 



Drewes R.H. and Tainton N.M. 1981. The effect of different winter 
and early spring removal treatments on Themeda triandra in the 
tall grassveld of Natal. Proc. Grassld. Soc. Sth. Afr. 16:139-
143. 

Dunn R., Thomas S.M., Keys A.J. and Long S.P. 1987. A comparison 
of the growth of the c4 grass Spartina anglica with the c3 Lolium 
perenne at different temperatures .. J. Exp. Bot. 38: 433-441. 

Ebert T.A. and McM~ster G.S. 1981. Regular pattern of desert 
shrubs: a sampling artefacts? J. Ecol. 69:559-564. 

Ehleringer J.R. 1978. Implications of quantum yield differences 
on the distributions of c3 and c4 grasses. Oecologia 31:255-267. 

Ehleringer J. 1980. Leaf morphology and reflectance in relation 
to water and temperature stress. In: Adaptations of plants to 
water and high temperature stress. Turner N. Kramer D.J. (eds) 
Wiley-Interscience, New York, pp .. 295-308. 

Ehleringer J.R. 1984. Intraspecific competitive effects on water 
relations, growth and reproduction in Encelia farinosa. Oecologia 
(Berlin) 63:153-158. 

Ehleringer J. and Bjorkman O. 1977. Quantum yields for co2 uptake 
in c3 and c4 plants. Dependence on temperature, co2 and Oz 
concentration. Plant Physiol. 59: 86-90. · 

Ehleringer J., Bjorkman o. and Mooney H.A. 1976. Leaf pubescence 
effects on absorptance and photosynthesis in a desert shrub. 
Science 192:376-377. 

Ehleringer J. and Cook C.S. 1984. Photosynthesis in Encelia 
farinosa Gray in response to decreasing leaf water potential. 
Plant Physiol.75:688-693. 

Ehleringer J. and Mooney H.A. 1978. Leaf hairs: effects on 
physiological activity and adaptive value to a desert shrub. 
Oecologia (Berlin) 57:340-351. 

Ehleringer J. and Mooney H.A. 1983. Photosynthesis and 
productivity of desert and mediterranean climate plants. Ency. 
Plant Physiology. (New Series) Springer, New York, Vol.120:205-
231. 

Eissenstat D.M. and Caldwell M.M. 1988. Competitive ability is 
linked to rates of water extraction. A field study of two 
aridland tussock grasses. Oecologia (Berlin) 75:1 - 7. 

122 



Ellis R.P. 1971. Distribution of the Kranz syndrome in Southern 
Africa. Eragrostoideae and Panicoidea~ according to bundle sheath 
anatomy and cytology. Agroplantae 73-110. · 

Ellis R.P., Vogel J.C.and Fuls A. 1980. Photosynthetic pathways 
and the geographic distribution of grasses in South West 
Africa/Namibia. S. Afr. J. Sci. 76:307-314. . . 

' . 

Endler J .A. 1985. Natural selection in the wild. Princeton 
University Press, Princeton, N.J. 

Everson C.S. and Clarke G.P.V. 1987. A comparison of six methods 
of botanical analysis in the montane grasslands of Natal. 
Vegetatio 73:47-51. 

Everson C.S. and Everson T.M. 1985. The dynamic of Themeda 
triandra tillers in relation to burning in the Natal Drakensberg. 
J._Grassld. Soc. Sth. Afr .. 2,4:18-25. 

Everson C. s. and Tainton N.M. 1984. The effect of thirty years 
of burning on the highland sourveld of Natal. J. Grassld. Soc. 
Sth. Afr. 1,3:15-20. 

Everson T.M., Van Wilgen B.W. and Everson C.S. 1988. Adaptation 
of a model for rating fire danger in the N~tal Drakensberg. s. 
Afr. J. of Sci. Vol. 84. 

Feller w. 1943. On a general class of contagious distributions. 
Ann. Math. Statist. 14:398-400. 

Firbank L.G. and Watkinson A.R. 1987. On the analysis of 
competition at the level of the indi victual plant. Oecologia 
(Berlin) 71:308-317. 

Fladung M. and Hesselback J. 1989. Effect of varying environments 
on photosynthetic parameters of C3, C3-C4 and C4 species of 
Panicum. Oecologia 79:168-173. 

Fonteyn P. J. and Mahall B. E. 19 7 8. Competition among desert 
perennials. Nature 275:544-545. 

Fonteyn P.J. and Mahall B.E. 1981. An experimental analysis of 
structure in a desert plant community. J. Ecol. 69:883-896. 

Fowler N.L. 1981. Competition and coexistence in a North Carolina 
grassland. II. The effects of the experimental removal of 
species. J. Ecol. 69:843-854. 

Fowler N.L. 1982. 
Carolina grassland. 
Ecol. 70:77-92. 

Competition and co-existence in a North 
III. Mixtures of component species. J. of 

123 



Fowler N.L.1984. The role of germination date, spatial 
arrangement, and neighbourhood effects in competitive 
interactions in Linum, J. Ecol.72:307-318. 

Fowler N.L. 1986. Density-dependent population regulation in 
Texas graspland. 67 ( 2): 545-5.54. 

Fowler N.L. 1988. What is a safe site? Neighbour, litter, 
germination date, and patch effects. Ecol.69(4):947-961. 

Fowler N.L. and Antonovics J. 1981. Competition and co-existence 
in a North Carolina grassland. I. Patterns in an undisturbed 
vegetation. J. of Ecol. 69:825-841. 

Fowler N.L. and Antonovics J. 1981. Small scale variability in 
the demography of transplants of two herbaceous species. Ecology 
62:1450-1457. 

Friedel M.H. and Blackmore· A.C. 1988. The development of veld 
assessment in the Northern Transvaal Savanna. I. Red Turfveld. J. 
Grassld. Soc. Sth. Afr. 5,1:20-37. 

Friedman J. 1971. The effects of competition by adult Zygophyllum 
dumosum Boiss. on seedlings of Artemisia herba-alba Asso in the 
Negev desert of Israel. J. Ecol. 59:775-782: 

Friedman J and Orshan G. 1974. Allopatric distribution of two 
varieties of Medicago laciniata (L) Mill in the Negev desert. J. 
Ecol. 62:107-114. 

Friedman J. and Orshan G. 1975. The distribution. emergence and 
survival of seedlings of Artemisia herba-alba Asso in the Negev 
desert of Israel in relation to distance from the adult plants. 
Journal of Ecology 63:627-632. 

Garcia-Moya E. and McKell C.M. 1970. Contribution of shrubs to 
the nitrogen economy of a desert wash-plant community. Ecology 
51:81-88. 

Gigon A. 1979. Carbon dioxide gas exchange, water relations and 
convergence of medi terranean shrub-type from California and 
Chile. Oecol. Plant. 14:129-150. 

Gill A.M. 1981a. Adaptive responses of Australian vascular plant 
species to fires. In: Gill A.M., Groves R.H., Noble I.R. (eds) 
Fire and the Australian Biota. Australian Academy of Science, 
Canberra, pp. 243-271. 

Gill A.M. 1981b. Fire adaptive traits of vascular plants. In: 
Mooney H.A., Bonnickson T.M., Christensen N.L., Lotan J.E., 
Reiners W.A. (eds). Fire regimes and Ecosystem Properties USDA 
Forest Service Gen Tech Rep W0-26, pp. 208-230. 

124 



Gill A.M. and Igwerson F. 1976. Growth of Xanthorrhea australis 
R. Br. in relation to fire. J. Appl. Ecol. 13:195-203. 

Gilpin M.E. and Diamond J.M. 1984a. Are species co-occurrence on 
islands non-random, and are null hypotheses useful in community 
ecology? In D.R. Strong, Jr. , D. Simberloff, L. G. Abele, and A. B. 
Thistle (eds.), Ecological Communities: Conceptual Issues and the 
Evidence, p.297-315. Princeton University Press, Princeton. 

Gilpin M.E. and Diamond J.M. 1984b. Rejoinder. Pages 332-341 in 
D.R. Strong, Jr. ,D. Simberloff, L.G. Abele and A.B. Thistle, 
editors. Ecological communities: conceptual issues and the 
evidence. Princeton University Press. Princeton. New Jersey. 
U.S.A. 

Glendening G.E. and Paulsen H.A. 1955. Reproduction and 
establishment of velvet mesquite as related to invasion of 
semidesert grasslands. USDA Tech. Bull. No. 1127. Washington, 
D.C: USGPO 

Goldberg D.E. and Werner P.A. 1983. The effects of size of 
opening in vegetation and little cover on seedling establishment 
of goldenrods (Solidago spp.) Oecologia (Berlin) 60:149-155. 

Greig-Smith P. 1957. Quantitative Plant Ecology. London. 

Greig-Smith P. 1961. Data on pattern within plant communities. I. 
The analysis of pattern. J. Ecol. 49: 695-702. 

Greig-Smith P. 1983. Quantitative Plant Ecology, 3rd edition. 
Blackwell Scientific Publications, Oxford. 

Greig-Smith P. and Chadwick M.J. 1965. Data on pattern within 
plant communities. 'III. Acacia-Capparis semi-desert scrub in the 
Sudan. J. Ecol. 53:465-474 . 

. Grime J.P. and Jeffrey D.W. 1965. Seedling establishment in 
vertical ~radients of sunlight~ J. Ecol. 53:621-642. 

Gross K.L. 1980. Colonization by Verbascum thapsus of an old­
field in Michigan: experiments on the effects of vegetation. J. 
Ecol. 68:919-927. 

Gross K.L. and Werner P.A. 1982. Colonizing abilities of 
"biennial" plant species in relation to ground cover: 
implications for their distributions in a successional sere. 
Ecology 63(4):921-931. 

Grubb P.J. 1977. The maintenance of species richness in plant 
communities: The importance of the regeneration niche. Biological 
reviews of the Cambridge Philosophical Society. 52:107-145. 

125 



Gunderson L., Taylor D. and Craig J. 1983. Fire effects on 
flowering and fruiting patterns. of understorey plants in 
pinelands of Everglades National Park, National Park Service, 
South Florida Research Center, Report SFRC~83/04, p.36. 

Gurevitch J. 1986. Competition and the local distribution of the 
grass Stipa neomexicana. Ecology 67(1):46-57. 

Hamrick J.L. 1979. Genetic variation and longevity. Pages ~4-107 
in O.T. Solbrig, S. Jain, G.B. Johnson. and P. Raven, editors. 
Topics in plant population biology. Columbia University Press, 
New York, U.S.A. 

Harper J.L. 1969. The role of predation in vegetational 
diversity. In "Diversity and Stapility in Ecological Systems", 
Brookhaven Symposium in Biology 22:48-62. 

Harper J.L. 1977. Population Biology of plants. Academic Press, 
London. 

Harper J .L., Clatworthy J .N., McNaughton I .H. and Sagar G.R. 
1961. The evolution and ecology of closely related species living 
in the same area. Evolution, Lancaster, Pa.15:209-227. 

Hattersley P. W. ,1983. The distribution of c3 and c4 grasses in 
Australia in relation to climate. Oecologia ·(Berlin) 57:113-128. 

Henderson R.A., Lovell D.L. and Howell E.A. 1983. The flowering 
responses of 7 grasses to seasonal timing of prescribed burns in 
remnant Wisconsin prairie. In: Brewer R. (ed) Proc. Bth N. Am. 
Prairie Conf. W. Michigan Univer., pp.7-10. 

Hendrickson J.A.,Jr. 1981. Community-wide character displacement 
re-examined. Evolution 35:794-810. 

Herrera C.M. 1988. Plant size, spacing patterns, and host-plant 
selection in Osyris guadripartita, a hemi-parasitic dioecious 
shrub. Journal of Ecology. 76:995-1006. 

Hickey D.A. and McNeilly T. 1975. Competition between metal 
tolerant and normal plant populations: a field experiment on 
normal soils. Evolution 29:458-464. 

Hill M. D. 1973. The intensity of spatial pattern in plant 
communities. J. of Ecol. 61: 225-236. 

Hobbs R.J. and Mooney H.A. 1985. Community and population 
dynamics of serpentine grassland animals in relation to gopher 
disturbance. Oecologia (Berlin) 67:342-351. 

126 



Hopkins B. 1954. A new method for determining the type of 
distribution of plant individuals. Ann. Bot. Lond. N.S,. 18:213-
227 ~ 

Hsiao T.C. 1973. Plant responses to water stress. Ann. Rev. Pl. 
Physiol. 24:519-570. 

Hullu E de 1985. ·The population dynamics of Rhinanthus 
angustifolius in a succession series. Ph.D. thesis. University of 
Groningen. 

Jong T.J. de and Klinkhamer P.G.L. 1988. Seedling establishment 
of the biennials Cirsium vulgare and Cynoglossum off icinale in 
a sand-dune area: The importance of water for differential 
survival and growth. J. Ecol. 76:393-402. 

Kemp R.P. and Williams III G.J. 1980. A physiological basis for 
niche separation between Agropyron smithii (C 3 ) and Bouteloua 
gracilis (C4 ). Ecology 61(4):846-858. 

Kershaw K. A. and Looney J. H. 1985. Quantitative and Dynamic 
Plant Ecology. (3rd edition). Edw?rd Arnold, Baltimore, MD, 282 
pp. 

Kincaid D.R., Holt G.A., Dalton P.D. and Tixier J.S. 1959. The 
spread of Lehmann lovegrass as ,affected by mesquite and native 
perennial grasses. Ecology 40:738-742. 

King T.J. 1977. The plant ecology of ant-hills in calcareous 
grasslands. I. Patterns of species in relation to ant-hills in 
Southern England. J.Ecol. 65:235-256. 

King T.J. and Woodell S.R.J. 1973. The causes of regular pattern 
in desert perennials. J. Ecol. 61:761-765. · 

Klinkhamer P.G.L. and Jong T.J. de 1988. The importance of small­
scale disturbance for seedling establishment in Cirsium vulgare 
and Cynoglossum officinale. J. Ecol. 76:383-392. 

Knapp A.K. 1984. Water relations and growth of three grasses 
during wet and drought years in a tall grass prairie. Oecologia 
(Berlin) 65:35-43. 

Komarek E.V. 1966. Lightning as a sculptor of life. Saturday 
Review, 4th June. 

Kramer P.J., Costing H.J. and Korstian C.F. 1952. Survival of 
Pine and Hardwood seedlings in forest and open. Notes and 
Comments. Ecology 33(3): 427 - 430. 

127 



Krebs C.J. 1978. Ecology: The experimental analysis of 
distribution and abundance. (2nd Ed.) Institute of animal 
resource ecology. The University of British Colombia. Harper and 
Row Publishers. pp.678. 

-
Kucera C.L. and Ehrenreich J.H. 1962. Some effects of annual 
burning.on central Missouri prairie. ecology 43:334-336. 

Kydd D.D. 1964. The effect of different systems of cattle grazing 
on the botanical composition of permanent downland pasture. J. 
Ecol. 52:139-149. 

Laessle A.M. 1965. Spacing and competition in natural stands of 
sand pine. Ecology 46:65-72. 

Lange O.L., Nobel P.S., Osmond C.B. and 
Physiological plant ecology. I. R~sponses 
environment. Introduction: Perspectives in 

~ Ecology. Springer-Verlag Berlin. pp.1-9. 

Ziegler H. 1981. 
to the Physical 
Ecological Plant 

Law R. and Watkinson A. R. 1989. Competition. In ecological 
concepts. The contribution of Ecology to an understanding of the 
natural world. Edited by J.M. Cherrett with the assistance of 
A.O. Bradshaw, F.B. Goldsmith, P.J. Grubb and J.R. Krebs. 
Blackwell Scientific Publications. Oxford. pp. 243-284. 

Levyns M.R. 1924. Some observations of the effects of bush fires 
on the vegetation of the Cape Peninsula. South African Journal of 
Science. 21:346-347. 

Levyns M.R. 1930. The renoster bush. The Journal of Botanical 
society of South Africa. 16:14-15. 

Levyns M.R. 1952. The flowering plants. The Cape Peninsula, (ed. 
by J.A. Mabutt) Maskew Miller, Cape Town. 

Loucks o. c., Plumb-Meintjies M.L. and Rogers D. 1985. Gap 
Processes and large-scale disturbances in sand prairies. Pages 
71-83 in S.T.A. Pickett and P.S. White, editors. The ecology of 
natural disturbance and patch dynamics. Academic Press, Orlando. 
Florida, U.S.A. 

Lovell D.L., Henderson'R.A. and Howell E.A. 1983. The response of 
f orb species to seasonal timing of prescribed burns in remnant 
Wisconsin prairie. In: Brewer R. (ed) Proc. 8th North American 
Prairie Conf., W. Michigan Univer., pp. 11-15. 

Ludlow M.M. 1976. Ecophysiology of c4 gra~ses. In Lange O.L., 
Kappen L., and Schulze [eds.], Water and plant life: problems and 
modern approaches, pp. 364-386. Springler-Verlag, Berlin. 

128 



Ludlow M.M. and Wilson G.L. 1971. Photosynthesis of tropical 
pasture plants. I. Illuminance, [C02 ], leaf temperature, and 
leaf-air vapour pressure difference. Aust. J. Biol. Sci. 24:449-
470. 

Ludlow M.M. and Wilson G.L. 1972. Photosynthesis of tropical 
pasture plants. IV. Basis and consequences of differences between 
grasses and legumes. Aust. J. Biol. Sci. 25:1133-1145. 

Ludwig J.A. 1977. Distributional adaptations of root in desert 
environments. The Belowground Ecosystem: A synthesis of Plant­
Associated Processes. Proceedings of US/IBP Inter-Biome 
Symposium, Fort Collins, Colorado. 

MacDougal D.T. 1908. Botanical features of North American 
deserts. Publs Carnegie Inst., 99. 

Mack'R.N. and Thompson J.N. 1984. Evolution in Steppe with few 
large, hoofed mammals. American Naturalist 119:757-773. 

MacMahon J.A. and Schimpf D.J. 1980. Water as a factor in the 
biology of North American desert plants. In Water in Desert 
Ecosystems (Evans D., Thames J. eds) Dowden, Hutchinson and Ross, 
Stroudsberg, Pa. pp.114-171. 

Malik A. R., Anderson D. J. and Myerscough P.J. 1976. Studies on 
structure in plant communities. VII. Field and experimental 
analysis of Atriplex vesicaria populations from the Riverine 
Plain of New South Wales. Australian Journal of Botany 24:265-
280. 

Mark A.F. 1965. Ecotype differentiation in Otago populations of 
narrow-leaved snow tussock, Chinochloa rigida. New Zealand 
Journal of Botany 3:277-299. 

Marks P.L. 1974. The role of pin cherry (Prunus pennsylvanica L.) 
in the maintenance of stability in the northern hardwood 
ecosystems. Ecological Monographs 44:73-88. 

Matthews D.A. 1984. Grass dynamics in Southern African grass­
herbivore system. MSc. thesis, University of the Witwatersrand, 
137 pp. 

McAuliffe J .R. 1986. Herbivore-limited establishment of a Sonoran 
desert tree, Cercidium microphyllum. Ecology 67:276-280. 

McDonough W.T. 1965. Pattern changes associated with the decline 
of a species in a desert habitat. Vegetatio 13:97-101. 

129 



McNaughton S.J. 1979. Grazing as an optimisation process: grass­
ungulate relationships in the Serengeti. American Naturalist. 
113:691-703. 

McNaughton S.J. 1984. Grazing lawns: animals in herds, plant 
form, and coevolution. American Naturalist 124:863-886. 

McNaughton S.J. and Wolf L.L. 1979. General Ecology (2nd ed.), 
Holt, Rinehart and Winston, New York. 

Meagher T.R. and Burdick D.S. 1980. The use of nearest-neighbour 
frequency analyses in studies of association. Ecology 61(5):1253-
1255. 

Meijden E. van der and Waals-Kooi R. E. van der 1979. The 
population ecology of Scenecio jacobaea in a sand dune .system. I. 
Reproductive strategy and the biennial habit. J. Ecol. 67:131-
153. 

Mes M.G. and Aymer-Ainslie K.M. 1935. Studies on the water 
relations of grasses. S. Afr. J. Sci. 32:280-304. 

Miles J. 1972. Experimental establishment of seedlings on a 
southern English heath. Journal of Ecology 60:225-234. 

Mitchell M.R. 1922. Some observations on the effect of a bush 
fire on the vegetation of Signal Hill . Transactions of the royal 
society of South Africa. 10:213-232. 

Moll E.J., Campbell B.M., Cowling R.M., Bossi L., Jarman M.L. and 
Boucher c. 1984. A description of major vegetation categories in 
an adjacent to the fynbos biome. Council for Scientific and 
Industria~ Research. Pretoria. 

Moll E.J. and Jarman M.L. 1984. Is fynbos a heathland? S. Afr. J. 
Sci. 80:352-355. 

Mooney H.A. and Dunn E.L. 1970. Photosynthetic systems of 
mediterranean-climate shrubs and trees of California and Chile. 
Am. Nat. 104:447-453. 

Mooney H.A., Harrison A.T. and Morrow P.A. 1975. Environmental 
limitations of photosynthesis on a California evergreen shrub. 
Oecologia (Berlin) 14:295-306. 

Mott J .J. and McComb A.J. 1975. The role of photoperiod and 
temperature in controlling the phenology of the three annual 
species from an arid region of Western Australia. J. of Ecol. 
63:633-641. 

130 



Nakagosi N, Takamatsu S, Nehira K. 1983. Post-fire vegetation at 
21 years old stand in Otake, Southwestern Japan. Bull. Biol. Soc. 
Hiroshima University 49:23-33. 

Nilsen E.T. and Muller W.H. 1981. Phenology of the drought­
deciduous shrub Lotus scoparius: climatic control and adaptive 
significance. Ecological Monographs 51(3):323-341. 

Nobel P. S. 1980. Water vapour conductance and carbon dioxide 
uptake for leaves of a c4 desert grass, Hilaria rigida. Ecol. 
61:252-258. 

Nobel P.S. 1981. Spacing and transpiration of various sized 
clumps of a desert grass, Hilaria rigida. Journal of Ecology 
69:735-745. 

Nobel P.S. and Franco A.C. 1986. Annual root growth and 
intraspecific for a desert bunchgrass. J. Ecol. 74:1119-1126. 

Noy-Meir I., Gutman M. and Kaplan Y. 1989. Responses of 
mediterranean ·grassland plants to grazing and protection. J. 
Ecol. 77:290-310. 

Nye P.H. and Tinker P.B. 1977. Solute movement in the Soil-Root 
System. Blackwell, Oxford. 

Odening W.R., Strain B.R. and Oechel W.C. 1974. The effect of 
decreasing water potential on net carbon dioxide exchange of 
intact desert shrubs. Ecology 55:1086-1095. 

Oechel W.C. and Mustapa J. 1979. Energy utilization and carbon 
metabolism in mediterranean scrub vegetation of Chile and 
California. II. The relationship between photosynthesis and cover 
in chaparral evergreen shrubs. Oecologia (Berlin) 41:305-315. 

Opperman D.P.J. and Roberts B.R. 1978. Die fenologiese 
ontwikkeling van Themeda triandra, Elyorunus argenteus and 
Heteropogon contortus onder veldtoestande in die sentralle 
Oranje-Vrystaat. Proc. Grassld. Soc. Sth. Afr. 13:135-140. 

Osmond L.B., Bjorkman O. and Anderson D.J. 1980. Physiological 
processes in plant: toward a synthesis with Atriplex. Springler­
Verlag, Berlin. 

Pacala S.W. 1986. Neighbourhood models of plant population 
dynamics. 4. Single-species and multi-species models of annuals 
with dormant seeds. The American Naturalist. 128(6):859-878. 

Pacala s.w. and Silander, Jr. J.A. 1985. Neighbourhood models of 
plant population dynamics. 1. Single-species models of annuals. 
The American Naturalist 125(3):385-411. 

131 



Parker M.A. 1982. Association with mature plants protects 
seedlings from predation in an arid grassland shrub, Gutierrezia 
microcephala. Oecologia 53:276-280. 

Parker M.A. 1985. Size-dependent herbivore attack and the 
demography of an arid grassland shrub. Ecology 66:850-860. 

Parker K. W. and 'Martin 
southern Arizona ranges. 
DC:USGPO. 

s.c. 1952. The mesquite 
USDA Circular No. 9 0 8 . 

problem on 
Washington, 

Parker M.A. and Salzman A.G. 1985. Herbivore exclosure and 
competition removal: Effects of juvenile survivorship and growth 
in the shrub Gutierrezia microcephala. J. Ecol. 73:903-913. 

Parrish J.A.D. and Bazzaz F.A. 1979. Difference in pollination 
niche relationships in early and late successional plant 
communities. Ecology 60:597-610. 

Pearcy R.W. and Troughton J.H. 1975. c4 photosynthesis in tree 
form Euphorbia species from Hawaiian sites. Plant Physiol. 
55:1055-1056. 

Pearcy R.W., Tumosa N. and Williams K. 1981. Relationship between 
growth, photosynthesis and competitive interactions for c3 and 
c4 plants. Oecologia 48:371-376. 

Pearcy R.W. and Ehleringer J. 1984. Comparative ecophysiology of 
c3 and c4 plants. Plant cell environment 7:1-13. 

Penning de Vries F.W.T. 1972. A 
transpiration of leaves with special 
functioning. J. appl. Ecol. 9:57-77. 

model for simulating 
attention to stomatal 

Penridge L.K. and Walker L. 1986. Effect of neighbouring trees in 
Eucalypt growth in a semi-arid woodland in Australia. J. Ecol. 
74:925-936. 

Phillips D.L. and MacMahon J.A. 1981. Competition and spacing 
patterns in desert shrubs. J. Ecol. 69:97-115. 

Pielou E.C. 1959. The use of point-to-point distances in the 
study of the pattern of plant populations. J. Ecol. 47:607-613. 

Pielou E.C. 1960. A single mechanism to account for regular, 
random, and aggregated populations. Journal of Ecology 48:575-
584. 

Pielou E.C. 1961. Segregation and symmetry in two species 
populations as studied by nearest-neighbour relationships. J. 
Ecol. 49:255-269. 

132 



Pielou E.C. 1962. The use of plant-to-plant nearest-neighbour 
distances for the detection of competition. J. Ecol. 50:357-367. 

Pielou E.C. 1977. An introduction to mathematical ecology. 
Interscience, New York. (421). 

Pierce S.M. and Cowling R.M. 1984. Phenology of fynbos, 
renosterveld and subtropical thicket in the South Eastern Cape. 
S. Afr. J. Botany 3:1-16. 

Platt W.J., 1975. The colonization and formation of equilibrium 
plant species association on badger disturbances in a tall-grass 
prairie. Ecological Monographs 45:285-305. 

Platt W.J., Evans G.W. and Davis M.M. 1988. Effects of fire 
season on flowering herbs of forbs and shrubs in longleaf pine 
forests. Oecologia 76:353-363. 

Putwain P.D. and Harper J.L. 1970. Studies in the dynamics of 
plant populations. III. The influence of associated species on 
populations of Rumex acetosa L. and R. acetosella L. in 
grassland. J. of Ecol. 58:251-264~ 

Rabinowitz D. 1978. Early growth of mangrove seedlings in Panama 
and an hypothesis concerning the relationship of dispersal and 
zonation Journal of Biogeography 5:113-133. 

Rabinowitz D., Rapp J.K., Sork V.L.,Rathke B.J., Reese G.A. and 
Weaver J.C. 1981. Phenological properties of wind- and insect­
pollinated prairie plants. Ecology 62:49-56. 

Raison R.J. 1979. Modification of the soil environment by 
vegetation fires, with particular reference to nitrogen 
transformations: A review. Planta Soil 51:73-108. 

Rawson H.M., Berg J.E. and Woodward R.G. 1977. The effect of' 
atmospheric humidity on photosynthesis, transpiration, and water 
use efficiency of leaves of several plant species. Planta 134:5-
10. 

Rethman N.F.G. and Booysen P. De V. 1986b. The influence of time 
of defoliation on the vigour of a Tall Grassveld sward in the 
next season. Proc. Grassld. Soc. Sth. Afr. 3:91-94. 

Ripley B.D. 1977. Modelling spatial patterns. J.R. Stat. Soc. B. 
3·9: 172-212. 

Ripley B.D. 1978. Spectral analysis and the analysis of pattern 
in plant communities. J. Ecol. 66:965-981. 

Ripley B.D. 1981. Spatial Statistics. Wiley, New York. 

133 



Robberecht R., Mahall B.E. and Nobel P.S. 1983. Experimental 
removal of intraspecific competitors on water relations and 
productivity of a desert bunchgrass, Hilaria rigida. 
Oecologia (Berlin) 60:21-24. 

Roberts s.w. and Knoerr K.R. 1977. Components of water potential 
estimated from pressure measurements in five tree species. 
Oecologia 28:191-202. 

Robichaux R.H. and Pearcy R.W. 1984. Evolution of c3 and c4 plants 
along an environmental moisture gradient: Patterns of 
photosynthetic differentiation in Hawaiian Scaevola and Euphorbia 
species. Amer. J. Botany 71(1):121-129. 

Robinson E.R., Elizabeth G.R., Trollope w.s.w., and Downing B.H. 
1979. Short-term burning treatments and ecological interactions 
in the herb layer of false thornveld of the eastern province. 
Proc. Grassld. Soc. Sth. Afr. 14:79-83. 

Robinson B.P. and Potts R.C. 1950. Seed setting and germination 
in Hyparrhenia hirta (L) Stapf (South African bluestem) as 
effected by nitrogen, phosphorus and potassium. Agron. J. 42:109-
110. 

Roughgarden J. 1983. Competition and theory in community ecology. 
Am. Nat. 122:583-601 (also in Salt 1984]. 

Roux E. 1969. Grass. Cape Town: Oxford University Press. 

Rowley J. 1970. Effects of burning and clipping on temperature, 
growth and flowering of narrow-leaved snow tussock. New Zealand 
J. Bot. 8:264-282. 

Rundell P. W. 1980. The ecological distribution of c4 and c3 
grasses in the Hawaiian Islands. Oecologia (Berlin) 45:354-359. 

Russell Gibbs G.E., Watson L., Koekemoer M., Smook L., Barker 
N.P., Anderson H.M. and Dallwitz M.J. 1990. Grasses of Southern 
Africa. National Botanical Gardens/ Botanical Research Institute. 

Sagar G.R. and Harper J.L. 1961. Controlled interference with 
natural population of Plantago lanceolata, P. major and P. media. 
Weed Res. 1:163-176. 

Sauer C.P. 1956. The agency of man on earth. Chapter in man's 
role in changing the face of the earth. University of Chicago 
Press. 

Schemske D.W. 1984. Population structure and local selection in 
Impatiens pallida (Balsaminaceae), a selfing annual. Evolution 
38:817-832. 

1°34 



Schlesinger W.H., and Gill D.S., 1978. Demographic studies of the 
Santa Ynez Mountains, California. Ecology 59:1256-1263. 

Schoener T.W. 1983. Field experiments on interspecific 
competition. Am. Nat. 122:240-285. 

Scholander P.F., Hammel H.T., Bradstreet E.D., Hemmingsen E.A. 
1965. Sap pressure in vascular plants. Science 148:339-346. 

Scott J.D. 1951. A contribution to the study of the problems of 
the Drakensberg Conservation Area. S. Afr. Dept. Agric. Sci. 
Bull. No. 324. 

Scott J. D. 1970. Pros and Cons of eliminating veld burning. 
Proc. Grassland Soc. Sth. Afr. 5:23-26. 

Sharifi M.R., Nilsen E.T., 
Phenological patterns of 
glandulosa in the Sonoran 
173:265-277. 

Virginia R.A., and Rundell P.W. 1983. 
current season shoots in Prosoois 

Desert:of southern California. Flora 

Shreve F. 1942. The desert vegetation of North America. Botanical 
review 8:195-246. 

Siegel S. 1956. Non-parametric statistics for the behavioural 
sciences. McGraw-Hill, New York. 

Simberloff D. 1979. Nearest-neighl:lour assessments of spatial 
configurations of circles rather than points. Ecology 60:679-685. 

Singh S.P. 1964. Cover, biomass, and root/shoot habit of Larrea 
di varica ta on a selected site in southern New Mexico. MSc. 
thesis, New Mexico state University, Las Cruces. 

Slayter R.O. 1970. Comparative photosynthesis, growth and 
transpiration of two species of Atriplex. Planta 93:175-189. 

Smith C.A. 1966. Common names of South African plants. Botanical 
Research Institute, Pretoria. 

Smith A.P. 1979. Spacing patterns and crown size variability in 
an Ecuadorian desert shrubs species. Oecologia 40:203-205. 

Smith R.L. 1980. Ecology and Field Biology. 3rd ed., Harper and 
Row. pp. 835. 

Smith T.M., and Grant K. 1986. The role of competition in the 
spacing of trees in Burkea africana - Terminalia sericea savanna. 
Biotropica 18:219-223. 

135 



Smith A.M., Woolhouse H.W. and Jones D.A. 1982. Photosynthetic 
carbon metabolism of the cool-temperature c4 grass Spartina 
anglica Hupp. PLanta 156:441-448. 

Snyder J .R. 1986. The impact of wet season and 
prescribed fires on Miami Rock Ridge Pineland, 
National Park, South Florida Research Center Report 
p.106. 

dry season 
Everglades 

SFRC-86/06, 

Solbrig O.T. and Orians G.H. 1977. The adaptive characteristics 
of desert plants. Arn. Sci. 65:412-421. 

Soriano A. and Sala O. 1986. Emergence and survival of Bromus 
setifolius seedlings in different microsites of a Patagonian arid 
steppe. Isr. J. Bot. 35(2):91-100. 

Spalding V. M. 1904. The creosote bush (Covillea tridentata) in 
its relation to water supply. Botanical Gazette 38:122-138. 

Stock W.D. and Lewis O.A.M. 1986. Soil nitrogen and the role of 
fire as a mineralizing agent in a South African fynbos ecosystem. 
J. Ecol. 74:317-328. 

Stone E.C. 1951. The stimulative effect of fire on the flowering 
of the golden Brodiola ( Brodioea ixiodes Wats. var. lugens 
Jeps.) Ecology 32:534~537. 

Strain B.R. 1987. Direct effects of Increasing Atmospheric carbon 
dioxide on Plants and Ecosystems. TREE. vol.2, no.1:18-21. 

Strong D., Jr., Szyska L. and Sirnberloff D. 1979. Tests of 
community-wide character displacement against null hypotheses. 
Evolution 33:897-913. 

Strong D.R.,Jr, and Sirnberloff D.S. 1981. Straining at gnats and 
swallowing ratios: character displacement. Evolution 35:810-812. 

Strong D.R.,Jr. 1983. Natural variability and manifold mechanisms 
of ecological communities. American Naturalist 122:636-660. 

Tainton N.M. and Booysen P Dev. 1965b. Growth and development of 
perennial veld grasses. II. Hyparrhenia hirta tillers under 
various systems of defoliation. s. Afr. J. Agr. Sci. 8:745-760. 

Tainton N.M., Booysen P. Dev. and Scott J.D. 1970. Response of 
tall grassveld to different intensities, seasons and frequencies 
of clipping. Proc. Grassld. Soc. Sth. Afr. 5:32-41. 

Tainton N.M., Groves R.H. and Nash R.C. 1977. Time of mowing and 
burning veld: short term effects on productio~ and tiller 
development. Proc. Grassld. Soc. Sth. Afr. 12:59-64. 

136 



Tansley S. 1982. Koppie conservation project. Unpublished 
manuscript. 

Teeri J.A. and Stowe L.G. 1976. Climatic patterns and 
-distribution of c4 gra?ses in North America. Oecologia (Berlin) 
23:1-12. 

Tepedino V.J. and Stanton N.L. 1980. Spatiotemporal variation in 
phenology and abundance in resources on shortgrass prairie. Great 
Basin Nat. 40:197-215. 

Theron J.G. 1984. Leafhoppers (hemiptera: cicadellidae) 
associated with the renosterbos, Elytropappus rhinocerotis Less 
1. the genus Renosteria Theron, Journal of the entomology society 
of Southern Africa. 47:83-97. 

Tieszen L.L., Senyimba M.M., Imamba S.K. and Troughton J.H. 1979. 
The distribution of c3 and c4 grasses and carbon isotope 
discrimination along an altitudinal and moisture gradient in 
Kenya. Qecologia (Berlin) 37:337-350. 

Tilman D. 1982. Resource competition and community structure. In 
Community Ecology: Pattern and processes. Princeton University 
Press, Princeton, New Jersey, USA. pp.296. 

Tilman D. 1989. Competition, nutrient 
competitive neighbourhood of a bunchgrass. 
3:215-219. 

reduction and the 
Functional Ecology 

Trollope w.s.w. 1974. Role of fire in preventing bush 
encroachment in the eastern Cape. Proc. Grassld. Soc. Sth. Afr. 
9 . 

Trollope w.s.w. and Potgieter A.L.F. 1985. J. Grassld. Soc. Sth. 
Afr . 2 ( 2 ) : 1 7 - 2 2 . 

Turkington R. and Harper J.L. 1979. The growth, distribution, and 
neighbour relationships of Trifolium repens in a permanent 
pasture. IV. Fine-scale biotic differentiation J.Ecol. 67:245-
254. • 
Turnage w.v. and Hinckley A.L. 1938. Freezing weather in relation 
to plant distribution in the Sonoran desert. Ecology 43:567-571. 

Turner F. B. 1962. Some sampling characteristics of plants and 
arthropods of the Arizona deserts. Ecology 43:567-571. 

Underwood T. 1986. The analysis--of competition by field 
experiments. In: Community Ecology: Pattern and processes, (ed. 
by Kikkawa J. and Anderson D.J.), Blackwell Scientific 
Publishers, Oxford. pp.240-268. 

137 



Usher M.B. 1969. The relation between mean square and block size 
in the analysis of pattern. J. Ecol. 57:505-514. 

Van der Heyden F. and Lewis O.A.M. 1989. Seasonal variation in 
photosynthetic capacity with respect to plant water status of 
five species of the mediterranean climate region of South Africa. 
s. Afr. J. Bot. 55(5):509-515. 

Van Wilgen B.W. and Le Maitre D.C. 1981°. Preliminary estimates of 
nutrient levels in fynbos vegetation and the role of fire in 
nutrient cycling. s. Afr. For. J. 119:24-28. 

Vogel R.J. 1973. Fire in the southeastern grasslands. Proc. Anriu. 
Tall Timbers Fore Ecol. Conf. 12:175-198. 

Vogel J., Fuls A. and Ellis R. 1978. The geographic distribution 
of Kranz grasses in South Africa. s .. Afr. J. Sci. 74:209-215. 

Waisel Y. 1971. Patterns of distribution of some xerophytic 
species in the Negev, Israel. Israel J. Bot. 20:101-110. 

Wallace A and Romney E.M. 1.972. Radioecology and ecophysiology 
of desert plants at the Nevada Test Site. United ·states Atomic 
Energy Commission Report TID-25954. 

Wallace A., Bamberg S.A. and Cha J.W. 1974. Quantitative studies 
of roots of perennial plants in the Mojave desert. Ecology 
55:1160-1162. 

Walter H. 1962. Die Wasserversorging der Wustenpflanzen. 
Scientia, ·Bologna 59:1-7. 

Walter H. 1968. Die Vegetation der Erde. Gustav Fischer, Jena. 

Waser N.M. and Price M.V. 1985. Reciprocal transplant experiments 
with Delphinium nelsonii (-Rununculaceae): evidence for local 
adaptation. Amer. J. Bot. 72(1):1726-1732. 

weaver J.E. and Clements F.E. 1938. Plant ecology, figs.78 and 
79. New York. McGraw Hill. 

Weinbrenn c. 1938. A comparative study of the osmotic values of 
the leaf saps of certain highveld grasses. S. Afr. J. Sci. 
35:317-318. 

Weinbrenn C. 1939. Further investigation on the osmotic values of 
the leaf saps of certain highveld grasses . S. Afr. J. Sci. 
36:131-145. 

Weinmann H. and Rheinhold L. 1946. Reserve carbohydrates in South 
African grasses. J. s. African Bot. 12:57-73. 

138 



Welden C.W. and Slauson W.L. 1986. The intensity of competition 
versus its importance: an overlooked distinction and some 
implications. The Quarterly Review of Biology 61(1):23-44. 

Welden C. W., Slauson W. L. and Ward R. T. 1988. CompetJtion and 
abiotic stress among trees and shrubs in northwest Colorado. 
Ecology 65(5):1566-1577. 

Went F.W. 1955 .. The ecology of desert plants. Scientific America. 
192:68-75. 

Werner P.A. 1977. Colonization success of a "biennial" plant 
species: experimental field studies of species colonization and 
replacement. Ecology 58:840-849. 

Werner P.A. 1979. Competition and coexistence of similar species. 
Pages 287-310 in Q.T. Solbrig, S. Jain, G.B. Johnson, and Raven, 
editors. Topics in plant population biology. Colwnbia University 
Press, New York, U.S.A. 

Werner P.A. 1985. Phenotypic variation and implication for 
reproductive success. Structure and functioning of plant 
populations 2 (Ed by J. Haeck and J·.w. Woldendorp), pp.1-26. 
North Holland Publishing Company, Amsterdam. 

Whelan R.J. 1986. Seed dispersal in relation to fire. In: Murray 
D.R. (ed) Seed dispersal. Academic Press, San Diego, Cal. pp.237-
271. 

White A.S. 1983. The effect of 
prescribed burning on a Quercus 
Minnesota. Ecology 64(5):1081-1085. 

thirteen years of annual 
ellipsoidalis community in 

Whittaker R.H. 1977. Animal effects· on plant species diversity. 
Vegetation and Fauna (Ed by R. Tuxen),pp. 409-~25. J, Cramer, 
Vaduz. 

Wiebe H.H., Brown R.W., Daniel T.W. and Campbell E. 1970. Water 
potential measurements in trees. Bioscience 20:225-~26. 

Wiens J.A. 1977. On competition and variable environments. Am. 
Sci. 65:590-597. 

Wiens 1984. On understanding a non-equilibrium world: myth and 
reality in community patterns and processes. In D.R. Strong, Jr., 
D. Sirilberloff, L.G. Abele and A.B. Thistle (eds.), Ecological 
Communities: Conceptual Issues and the Evidence, p. 439-457. 
Princeton University Press, Princeton. 

139 



Williams III G.J. 1974. Photosynthetic adaptation to temperature 
in c3 and c4 grasses. A possible ecological role in the shortgrass 
prairie. Plant Physiol. 54:709-711. 

Winn A.A. 1985. Effects of seed size and microsite on seedlings 
emergence of Prunella vulgaris in four habitats. J. Ecol. 73:831-
840-. 

Winter K., Troughton J.H., Evenari M., Lauchli A. and Luttge. 
1976. Mineral ion composition and occurrence of CAM-like diurnal 
malate fluctuations in plant of coastal and desert habitats of 
Israel and the Sinai. Oecologia 25:125-143. 

Wolfson M.M., Amory A.M. and Cresswell C.F. 1982. The effect of 
night temperature and leaf inorganic nitrogen status of the c4 
pathway enzymes in selected c4 photosynthetic grasses. Proc. 
Grassld. Soc. Sth. Afr. 17:106-111. 

Woodell S.R.G., Mooney H.A. and Hill A.J. 1969. The behaviour of 
Larrea divaricata (creosote bush) in response to rainfall in 
California. J. Ecol. 57:37-44. 

Wright R.A. 1970. The disturbance of Larrea tridentata (D.C.) 
Coville in the Avra Valley, Arizona. Journal of Arizona Academy 
of Science 6:58-63. 

Yeaton R.I. 1978. A cyclical relationship between Larrea 
tridentata and Opuntia leptocaulis in the northern Chihuahuan 
desert. J. Ecol. 66:651-656. 

Yeaton R.I. 1988- unpublished. The structure and function of the 
Namib dune grasslands: species interactions. Dept. of Botany, 
University of Venda, P/Bag 2220, Sibasa, Venda, South Africa . 

. Yeaton R.I. and Cody M.L. 1976. Competition and spacing in plant 
communities: th~ northern Mohave. desert. J. Ecol. 64:689-696. 

L. 

Yeaton R.I. Frost S. and Frost P.G. H 1988. The structure of a 
grass community in Burkea africana savanna during recovery from 
fire. S.Afr. J. Bot. 54(4):367-371. 

Yeaton R.I., Travis J. and Gilinsky E. 1977. Competition and 
spacing in plant communities: the Arizona upland association. 
J.of Ecol.65:587-595. 

Yeaton R.I., Yeaton R.W.,Waggoner J.P. and Horenstein J.E. 1985. 
The ecology of Yucca (Agavaceae) over an environmental gradient 
in the Mohave desert: distribution and intraspecific 
interactions. Journal of Arid environments 8:33-44. 

140 



Zangerl A.R. and Bazzaz F.A. 
elevated carbon dioxide. II. 
annual plants under varying 
62:412-417. 

1984. The response of plants to 
Competitive interactions between 
light and nutrients. Oecologia 

Zar J.H. 1984. Biostatistical analysis. 2nd ed. Prentice-Hall, 
Inc., Englewood Cliffs, N.J. 07632. 

141 




