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BOLUS LIBRARY 

ABSTRACT 

C24 0005 0087 

IIUIUIIUIIII 
Sexual dimorphism, characteristic of a number of dioecious genera 
has inspired workers to generate hypotheses as regards 
intersexual and intrasexual competition. The Proteaceae genus 
Leucadendron is an example. 
In the Highlands State forest near Grabouw <Cape Province, South 
Africa> a number of Leucadendron xanthoconus populations exist. 
Here, an investigation for the detection of competition between 
and within the sexes was carried out, following the methods of 
Pielou <1960). The importance and the intensity of competition 
was estimated adopting the criteria pointed out by Welden and 
Slauson <1986). 
Based on the hypothesis that maternal investment is far greater 
than paternal investment at reproduction, female resource 
requirements were presumed to be larger than males. Consequently, 
females are the stronger competitors. · 
Evidence for intersexual and intrasexual competition was found, 
the intensity of each type varied however with stand age. Intense 
negative interference by females on males was evidenced, 
supporting the idea that females were the stronger competitors. 
It was apparent that this caused male reproductive fitness to 
decline. Except for the 15 year old plants there was no evidence 
to suggest niche partitioning between the sexes. 
Though competition was detected, it-s importance in relation to 
other factors in the community appeared to be low. Further 
studies are required to determine the processes operative in such 
dioecious populations. Depending on the degree of sexual 
dimorphi.sm , does the importance and intensity of intraspecific 
competi~n . vary ? Does the pollination biology of dioceous, 
sexualfy dimorphic species influence niche parti~ning ? 
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INTRODUCTION 

Leucadendron species are sexually dimorphic in leaf morphology 

to varying degrees. Female Leucadendron plants have higher leaf 

areas than males. Bond and Midgley <1988) in their studv on 

sexual dimorphism in Leucadendron found that Leucadendro~ 

xanthoconus females had greater stem diameters , greater leaf 

areas and greater numbers and masses of inflorescences than did 

the males. Sexual dimorphism may be explained by considering 

maternal and paternal investment at reproduction. Maternal 

investment in the form of energy and nutrients exceeds paternal 

investment per mature offspring because the maternal sporophyte 

not only supports the larger gametophyte but also the resources 

necessary to fill the seeds and develop the fruit <Stephenson and 

Bertin 1983). Female plants are therefore more dependant on 

resources and for longer periods than males. The study species is 

also serotinous <Williams 1972) thus cones have to be maintained 

for the few years that they remain in the canopy. This 

require further allocation of resources. 

The hypothesis that female plants have greater demands than males 

has inspired a number of workers to study intersexual and 

intrasexual competition. Cox (1981) claimed that two 

antagonistic selective forces operated on plant populations. One 

selected for proximity of males and females in time and space to 

facilitate reproduction, the second selected against proximity 

due to the de~eterious effects of intersexual competition. Cox 

<1981) also suggested that intrasexual competition would be more 
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deleterious than intersexual competition since in his study he 

found that female plant performance declined in the proximity of 

other females but not near males. 

Cody <1986) <at Elandskloof) observed that Leucadendron rubrum 

females tended to avoid their own company but were more often 

observed with males as nearest neighbours. The spatial 

patterning of shrubs at the site deviated from random in the 

direction of specific neighbour preferences. 

Lovett Doust et al. <1987) studied competition between the 

by manipulating plant densities. They found that the sex 

sexes 

ratio 

was female - biased in all but the lowest density. The suggestion 

therefore was that females were more tolerant than males of 

intraspecific competition. 

This study therefore concentrates on intrasexual and intersexual 

competition in Leucadendron xanthoconus. A number of populations 

of this species occur in Highlands State Forest near Grabouw and 

this is where the study was conducted. 

Many workers <Yeaton and Cody <1976), Yeaton, Yeaton, Waggoner and 

Horenstein <1985) and Wright and Howe <1987)) have used the 

nearest neighbour methods of Pielou <1960) for the detection of 

competition. Plants are randomly chosen and the distance between 

each individual and it~s nearest neighbour and their sizes 

are measured. If competition is occurring, there should be a 

positive and linear relationship between the sums of sizes for 

nearest neighbour individuals and their distances apart <Yeaton 

et al 1985). A significant regression means that larger plants 
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tend to be farther apart and this can be interpreted as evidence 

for competition or interference. The coefficient of 

determination <r2 ) estimates how much variation in the distances 

between plants is accounted for by their combined sizes. 

Unexplained variance may include the effects of other 

competitors, measurement error, genetic differences, 

environmental heterogeneity, predation, herbivory, disturbance 

and chance <Welden and Slauson 1986). Thus the coefficient of 

determination measures the importance of competition between the 

studied plants relative to all other factors affecting the 

spacing of plants. The intensity of competition is measured by 

the slope of the regression line. The intercept gives an 

indication of the maximum possible sizes the plants can reach as 

the distance between them approaches zero. 

Wearest neighbour gender and plant performance 

The performance of a plant may depend on the gender of it-s nearest 

conspecific. Once the plants have reached reproductive maturity 

intraspecific competition between females should be intense since 

their demands are great. I predict that males will be the poorer 

competitors and that their performance will be hindered largely 

by female near neighbours. Consequently males will have a 

negligible effect on females. I predict intrasexual competition to 

be occurring between males, since they too share similar resource 

requirements and they should be competing for reproductive 

success. However I predict the intensity 

for female intrasexual competition because male requirements 

less than those for females. 
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Finally I predict that since dimorphism in Leucadendron ~· 

only occurs after the first flowering period <Bond and Midgley 

1988), all plants should be competing with each other since their 

similarity in architecture at this young stage should reflect 

similar resource requirements. As the plants mature Ci.e. in the 

8, year old stand>, intrasexual competition should be intense. 

Intersexual competition may still occur at the age of 8 years but 

if some trade off has been reached between intersexual 

competition and the proximity of males and females for 

reproductive facilitation <Cox 1981>, then selection against 

intersexual competition should be evident in the 13 and 15 year 

old plants. Since dimorphism increases with ontogenetic age <Bond 

and Midgley 1988), I believe some form of niche separation 

<between the sexes) to have occurred among the 13 and 15 year old 

plants. 
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IIETHODS 

1> Study site description: 

The study area is in Highlands State Forest near Grabouw <Cape 

Province, South Africa, 34°15- 38 "Sand 19°6-38"E). The site is 

within a range where quartzite, sandstone and thin b~nds of shale 

and conglomerate of the Upper Table Mountain group occur <Davis 

1988). The vegetation at the study site is mesic mountain fynbos. 

Three of the four stands lie on one side of a ravine <3, 13 and 

15 year old stands) the 8 year old stand on the other. All four 

stands are characterised by the fynbos species Leucadendron 

xanthoconus <the dominant shrub>, Chondropetalum hookerianum and 

Erica cristata, representing the main proteoid, restioid and 

ericoid elements respectively. The ages of the four sites were 

determined by nodal counts of the dominant shrub and forestry 

records, where possible. Protea longifolia and Aulax umbellata 

were two other shrubs present in the 8 and 13 year old stands 

respectively. 
.,· 

The 3 year old stand was burnt for experimental purposes in 1985 

<Davis 1988). The height of the vegetation is between 0.25m and 

0.5m <Plate I>. 

The 8 year old vegetation height was between 0.5m and 1.0m. The 

herbaceous cover in the understorey consisted primarily of the 

restio Chondropetalum <Plate II>. 

Vegetation height in the 13 year old stand was between 1.0m to 

2.0m tall. Unlike the other stands which occurred on gentle North 

- facing slopes, this stand was on a gentle South - facing slope. 

<Plate III>. 
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Plate I: 

Plate I I: 

3 year old stand with 15 year old stand in the 
background 

8 year old 
hookerianum 
The ravine 

stand. Protea longifolia,Chondropetalum 
and Leucadendron xanthoconus present. 

is seen in the background. 



Plate III: 13 year old stand. Large L.xanthoconus males shown. 

Plate IV: 15 year old stand. Large old male <left) and female 
<right) plants, widely spaced. Tall senescing 
tussocks of Ceratocaryum and shorter Chondropetalum 
tussocks shown. 



The 15 year old stand was burnt in 1973 <forestry records>, 

nodal counts were also carried out to determine stand 'age. 

Leucadendron individuals reached 2.0m in height though their 

distribution appeared to be sparser than the 13 year old plants. 

There was a notable presence of senescing tussocks of a 

Ceratocaryum species which reached a height of approximately 

1. Om <Plate IV>. 

1. 1) Density: 

5 quadrats were laid out in each of the stands 

Table 1) to determine total plant density per m~, 

plant density per m2 and male plant density per m~. 

<see 

female 

\ -;- L\ - ~ ,. ~.c._, ~ • 
{\e.e.CA. • ' a.~ "' ---r 

STAND QUADRAT SIZE 

3 year old 2. Om X 2. Om 

8 year old 4.0m X 4.0m 

13 year old 5. Om X 5.0m 

15 year old 5. Om X 5. Om 

2> Xethods to determine whether the performance of a plant is 

influenced by the gender of it-s nearest conspecific: 

60 plants in each site were randomly sampled following the 

Wandering Quarter Method of Caatana <1963>. 

2. 1) Measurements for each plant: 

Each plant was sexed, 2 diameters <one at right angles to 

the other>and the ~~~ height measured for the calculation 

of plant volume, using the formula for the volume of an 
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ellipse 4/3.pi.r2.h. 

' The distance from the main shrub stem to that of it-s 

nearest neighbour was also measured. 

Leaf area estimates were made using the following 

procedure A representative shoot of the plant was 

removed from the plant, and the number of shoots of this 

size occurring on the plant were counted. The 

representative shoot was taken to the laboratory, where 

leaf area was measured using a Licor portable area meter 

13-00 <Lambda instruments Co.>. Leaf area multiplied by 

the number of shoots on the plant resulted in an estimate. 

of total photosynthetic leaf area per plant. 
l 

} 
2.2> Statistical analysis: 

For each site the data were grouped into 4 categories: 

(i) female with female nearest neighbour 

(ii) female with male nearest neighbour 

(iii) male with male nearest neighbour and 

<iv) male with female nearest neighbour 

Regression analyses were performed on each category after log 

transforming the axes (i.e.log Combined volume of a plant and 

it-s nearest neighbour vs log Distance and log Combined Leaf 

Area vs log Di~tance>. 

By anti-logging the intercept value <log combined volume> and 

dividing by two, the average size of a plant and it-s 

neighbour was found. Analysis of Variances <ANOVA> were then 

performed _ on the original volume measurements, for all 

categories in the stands to determine whether this 

8 



average size at a zero distance apart changed significantly 
r A t-~.. 1~ c.. ~ ~ 

a plant-s neighbour. \srJV" · · 1 1 
~~4- ~·~. 

depending on 

3) Xethods to determine the size of the neighbourhood and the 

effect of neighbours on female target cone production: 

This investigation was carried out in the 13 year old stand 

only. The area of influence of neighbours on a target plant 

was estimated by placing concentric circles of radii 1. Om, 

1.5m, 2.0m, 2.5m and 3.0m around 10 target female plants. 

In each circle the volume of the female target and the total 

volume of all the neighbours was calculated. 

I believe this to be a more accurate estimation of ~eighbour· 

influence 

neighbours 

density on 
' 

than past studies which considered numbe;~~ 

and not thei~zes. These studies focus on the mean 

performance on yield in plant populations <Trenbath 

VI;. 
1978 cited Silander, Pacala 1985). Density approaches assume that 

(\ 

average density describes the state of the population, however, 

plants respond to proximity and behaviour of neighbouring plants 

and not densities <Harper 1977 cited by Silander et al. 1985). 

· In this study two techniques have been used to examine 

interference of neighbours on plant performance and in neither 

one has the size of the individuals and their immediate neighbours 

been ignored. In other studies <Wiener 1982, 1984), neighbourhood 
..t.c,\ -r: 

influence areas have been largely assump~i~,na~ 1 lhis was avoided 

in this study by undertaking the concentric circle investigation 

at different sized circles. 
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targ,e( 
/ 

volume and Regression analyses between female 

total neighbour volume were performed on these data. 

Having found the size circle which yielded the strongest 

correlation, only this size was used for further 

investigations. 
rrt\ 

3.2) The effect on neighbour~ fecundity was estimated by 

setting up 2.0m radius circles around 20 females and 

counting the number of cones on the target females. All 

the plants that lay within the circle were counted, 

sexed and measured for plant volume calculations. 

3.3) Statistical Analysis: 

A Stepwise Multiple Regression procedure was performed on 

the data to determine which of the independant variables 

<log total male volume or log total female volume) had an 

effect on female target cone production. 

Once the final model was selected, it was then possible to 

plot a simple linear regression between the dependant 

variable <log cone number> against the significant 

independant variable. 

Two further regressions using the independant variables <log 

total plant volume and log female volume) and the dependant 

variable <log cone number) were also performed. 

3.4) The number of cones on 100 female plants were counted in 
lrv-~. 

the 13 year old stand, sa-t-ha:t-a-frequency distribution 

of cone product ion ee't:H..-Ei--be-Gar.r..ied.-eu:t.-. 

10 



RESULTS 

1> Density 

Plant density per m~declined with stand age <Figure 1>. The 

ratios of male to female plants differed significantly in 

all but the 3 year old stand. Males outnumbered females in 

the 8 year old stand <chi-square p < 0.01>, 13 year old stand 

<chi-square p < 0.001> and the 15 year old stand <chi- square 

<p < 0.001). 

2> Competition 

Photosynthetic leaf area estimations were inaccurate. The 

standard errors of the total plant leaf area measurements were 

inexplicably large. Due to this only the volume measurements 

were used in the statistical analyses. 

The regression results are summarized in Table 2. 
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. -/ 
SITE <age> CATEGORY <vs dista// p 

3 cv female & female 

cv female & male 

cv male & male 

cv male & female 

8 cv female & female 

cv female & male 

cv male & male 

cv male & female 

13 cv female & female 

cv female & male 

cv male & male 

cv male & female 

15 cv female & female 

cv female & male 

cv male & male 

cv :male & female 

< cv = combined volume ) 
<int-cpt = intercept, negative) 

12 

B/S 

0.01 

B/S 

0.05 

0.05 

JJ/S 

0.01 

0.01 

0.05 

JJ/S 

0.05 

0.05 

B/S 

JJ/S 

B/S 

I/S 

~ 

J.w:: ""' "' ~ \t· 

r2<~> r n slope 

4.89 .2211 16 . 116 

41.5 .6442 21 .455 

1.83 .1351 22 .151 

24.1 .4909 13 .381 

41.2 .6418 11 .825 

12.2 .3491 16 .'749 

4'7.2 .686'7 16 .'l4'l 

59.3 .'7'703 14 1. 03 

48.0 .6929 12 .699 

15.3 .3914 15 . 379 

20.0 .4436 17 .391 

20.0 .4475 16 . 556 

4.93 .2219 14 .764 

11.9 .3460 14 .662 

0.05 -.023 16 -.02 

19.1 .43'76 14 .608 

y,....lw~-M \Sl~'<t'I"M. 

(.,~ 

It; r,... 

int 
cpt 

1.5 

1.4 

l.'l 

1.4 
t 

O.'l ' 

0.5 

0.2 

0.4 

0.4 

0.3 1 
~· 

0.1 
t 
l 

0.3 

0.4 

0.1 

0.3 

0.2 

~ 
t 
t 

r 
~ 
;. 

' • 



Density/ m2 
12r---~------------------------------------------~ 

3 year old 8 year old 13 year old 15 year old 

Stands 

- Total - Mate 1::::::::;:;::1 Female 

Figure 1 Total, Male and Female Plant Density per m2 
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3 year old site: 

There was a significant correlation between the combined volume of 

female plants and their male near neighbours <figure 2> and the 

distance separating them. Similarly, a significant positiv~ 

linear regression was yielded for the male .with female 

nearest neighbour category <figure 3>. 

results were non-signicant. 

Intercept and ANOVA 

There were no significant correlations found between females with 

female nearest neighbours nor males with male neighbours. 

8 year old site: 

Significant correlations were found for females with female 

nearest neighbours (figure 4), males with male nearest neighbours 

(figure 5) and males with female nearest neighbours <figure 6). 

The slope for the regression of combined volumes of males and 

their female nearest neighbours versus distance was steepest 

<Table 2>. The second steepest slope was for the regression of 

combined volume of females with their female nearest neighbours 

versus distance <Table 2). As the distance between a female and 

it-s male neighbour approached zero the average size of the two 

plants was the smallest <0.104m3 >. This size was significantly 

different to the average size of a male plant and it-s male near 

neighbour <0.279~), the largest <ANOVA p<0.05>. 

13 year old site: 

The regressions of combined volume of females with their female 

nearest neighbours, combined volume of males with their male 

nearest neighbours and the combined volume of males with their 

female nearest neighbours against distance were all significant 
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<figures 7,8 and 9>. The steepest slope was yielded for the 

female with female nearest neighbour category. 

15 year old site: 

There were no significant correlations found in the 15 year old 

plants and the distance between them. 

3> Sphere of neighbour influence: 

Significant negative correlations were found for female target 

volume versus total neighbour volume in a 2.0m radius circle 

<p<0.005>, 2.5m radius circle <p<0.05) and the 3.0m radius circle 

<p<0.05) <figures 10,11 and 12 respectively>. The highest 

coefficient of determination was found in the 2.0m radius 

concentric circle <r~=74.5%). Because only a small percentage 

accounted for the negative relationship between total neighbour 

volume and female volume in the 2.5m and 3.0m radius concentric 

circles <34.8% and 38.8% respectively) they were excluded, only 

the 2.0m size wasused for all further investigations. 

Effects on cone production: 

A stepwise variable regression procedure ·was followed to 

determine which of the independant variables <male 
~ ~ -A-lf-w,r 

volume or 
~ 

female volume> had fi" significant relationship ~t-h cone 

production by target females. A forward procedure was used i.e. 

with no variables in the model. The male volume variable was 

selected automatically and the female volume variable excluded. 

This was the final model .selected by the system <Graham - Schmidt 

algorithm>. Manipulation of this model was carried out 

< see Appendix ), 
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The regression of log cone number versus log male volume was 

significant and negative <figure 13>. Examination of the 

regression however reveals a bimodal pattern, which is discussed 

later. 

The relationship between log cone number versus log female volume 

was significant and positive, but the Stepwise procedure 

excluded this variable in favour of log male volume. This result 

is mentioned later <Figure 14A>. 

There was no relationship between the log cone number and log 

total plant volume (figure 14B>. 

The distribution of cones among females is shown in figure 15. 
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DISCUSS lOll 

Competition <size and distance> 

Male densities were significantly higher than female densities in 

all but the 3 year old stand. This result that more 

males are supported by a given area and it~s resources than are 

females. This corresponds to the statement made by Stephenson 

and Bertin (1983) that maternal investment and thus resource 

requirements are much greater than in males. Intercept data also 

support this, since a pair of neighbouring males could reach the 

largest size as the distance between them approached zero. 

The distribution of cones among females was carried out for 

general descriptive purposes, however the evolutionary 

significance of such a distribution should be given further 

attention. One can deduce that the genetic input for future 
~~hMM1 

generations is essentially dona·ted by only a few females. Though 

reproductively fittest for the present, this may prove harmful to 

the population at a later stage. Since genetic variability is 

greatly reduced, if some stochastic.event occurred many members 

of the population would be obliterated beqause of the lack of 

variability and thus plasticity. One further comment concerning 

the cone distribution is that it is interesting to note that the 

two females which produced greater than 140 cones were 

surrounded by females and not males, this is referred to again 

later. 

I believe the techniques followed to determine the detection of 

competition were generally sound. Advantages involve being able 

to estimate the importance of competition in relation to other 
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biotic and abiotic factors and a measure of the intensity of 

competition is achieved. 

There are however, certain problems encountered. It is uncertain 

in such a study which plant <eg. sex), the focal plant or it~s 

nearest neighbour, is more negatively affected since in the 

regression analysis their respective sizes have been combined. 

Though males are considered to be more negatively interfered with 

a male-female pair, this was largely assumptional. Criteria used 

in this assumption are based on the fact that females are 

generally larger than males <in the study species) and also the 

hypothesis that females have gre~ter resource ~rquirements for 
~ WM ~ ~ ~ ~· """} ~~J C:i ~~ '-''"'1 ;J~ 1..Jt, , 

cone production and maintenance. In the design of the experiment,~t~~ 

an attempt to determine the stronger competitor w~s made by ~~· 

forming both a male with female near neighbour category and a 

female with male near neighbour category, however I do not 

believe that this was achieved. Information on the sizes of the 

individuals was still lost in the regression. 

Though not followed in this study, the problem can be overcome by 

adopting a method suggested by Welden and Slauson <1986) for 

interspecific competition. In their analysis the size of plants 

of one species is regressed on the ratio of the size of plants 

of a competing species, divided by the square of the distances 

between them. The form of the regression is thus:-

size sp.l =a+ b <size sp.2/(distance> + e 

a = the intercept, b = the slope and e = residual error. 

The coefficient of determination <r 2 ) will estimate the 

importance of competition with species 2 in relation to other 
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factors operating on species 1, i.e. how important is competition 

with species 2 affecting species 17 The slope estimates the 

intensity of competitive effects of species 2 on species 1. For 

the purposes of intersexual competition studies, species 1 and 

species 2 could each represent the two sexes. Future studies 

should consider this method. 

Competition was detected in all but the 15 year old individuals. 

In the 3 year old stand intersexual competition appeared to be 

operating. Young males apparently affected the performance of 

young females, and young females affected males. There was no 

evidence of intrasexual competition, which is difficult to 

explain as one assumes that males have similar requirements to 

those of other males, likewise with females and females. 

Since the plants had not reached reproductive age <only 

experiencing their first flowering period in September this year) 

one·may argue that the resource requirements for both males and 

females were similar. Competition for resources for 0 mere 

successful establishment <of both sexes) might explain what 

occurred in this stand. There was no evidence of niche 

partitioning on the basis of sex since the stage at which the 

plants were at was too early for detection of spatial patterns 

due to reproductive reasons. Photosynthetic energy was probably 

channelled into new growth, since I presume this phase to be one 

of active growth in the plants life history. There was little 

emphasis therefore on greater resources needed for the females as 

cone production and maintenance thereof are not the main 

activities of these plants at this young stage. 
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Intrasexual and intersexual competition was detected in the 8 

year old plants. The intensity of competition was greatest in 

the male plants with females as nearest neighbours. This 

negative interference by the females supports the idea that 

because females require more, once reproductively active, males 

will be the poorer competitors. There was no apparent 

competition between females and males as their nearest neighbours, 

<Plate V> however only 12% of the variance was accounted for by 

this result. Males not negatively affecting females though, . 

suggests again that they are the poorer competitors. This 

supports the view that paternal investment and therefore male 

demands are less than females. Intrasexual female competition 

was more intense than male intrasexual competition. Competition 

for water and nutrients for cone production and maintenance could 

explain this intensity of competition. 

Similar results were yielded in the 13 year old stand. Negative 

interference was detected in all categories except the female 

with male nearest neighbour group <Plate VI>. Interpretation of 

the low coefficient of determination however would be that only a 

small percentage of the variance ( 15) does not relate _the size of 

the plants to the distance between them, 85% of the variance of 

this non- significant regression is unaccounted for. Could··one 

suggest therefore that the regression is not significant fqr 

reasons other than the dependency of size on distance. 

Alternatively, can one drastically change the argument and claim 

that because only a small percentage of the variance accounts for 

size to be independant of distance, does the large percentage of 
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Plate V: 8 year old female surrounded by males. 

Plate VI: Tall 13 year old female surrounded by males. 

' 



Plate VII : Female plant in the 15 <?> year old stand bearing old, 
empty cones. 



unaccounted for variance imply that there is infact a dependency 

of size of plants and the distance that separates them ? 

The intensity of competition between females and their female 

near neighbours was greatest. 

Proteaceae shrubs are believed to remain reproductively active 

until the age of about 30 years, bearing in mind Kruger-s post 

fire succession model (1977) where the senescent phase would 

begin some time after 30 years <the mature phase).The lack of 

evidence for competition in the 15 year old shrubs near Grabouw 

was quite unexpected. ~7 
individua~~lant niche partitioning 

~ 
old, thus negligible competition or 

~ 

Perhaps sexual and in general 

had been achieved at 15 years 

none at all is explained. 

The separation or differentiation of niches among the plants is 

expected to reduce the the intensity of competition among them 

<Fowler 1986).-This separation takes the form of separation of 

resource utilization in space and time. Perhaps this has occurred 

in the 15 year old plants. Freeman, Klikhoff and Harper <1976) 

studied 5 dioecious species in arid Northern Utah. They found 

that males were abundant on xeric microsites since they were less 

sensitive to water stress. Females however were always abundant 

on the moister sites. This tended to decrease intraspecific 

competition between the sexes. Though no investigation of 

nutrient availability or soil moisture was undertaken, it is 

possible that such microsite differences existed between the male 

and female plants in the 15 year old stand. Soil moisture during 

the dry Summer months may be important in the distribution of the 
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l sexes. As was found by Freeman et al <1976> the time that the 

sexes are dependant on soil moisture is important. Though male 

Leucadendron species flower for longer periods than females 

<Midgley 1987), the period that females are dependant on soil 

moisture presumably is still longer than males due to 

maintainance of cones held in the canopy. 

Another suggestion as to what occurred in the 15 year old stand 

relates to the numerous old tussocks of the restio Ceratocaryum 

which reached about 1.0m in height. It could be that some form of 

interspecific competition was occurring, masking or overriding 

the effects of any intraspecific competition. 

Though unlikely, I speculate that these plants are for some 

reason less reproductively active and could be senescing. Even 

though forestry records indicate that this. particular site was 

burnt 15 years ago, maybe many of the plants escaped the fire. 

This would mean that the plants are infact much older than 15 

years. The number of dead empty cones <Plate VII> might support 

this. 

A more thorough investigation of this stand might reveal what 

processes are occurring. 

Competition: Effects on Cone Production 

With increased plant neighbour volume, target female volume 

decreased. This was the negative interaction revealed in the 

2.0m 2.5m and 3.0m radius concentric circles. Based on the 

intensity of the interaction, the 2.0m circle size was chosen for 

all investigations. 
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There was evidence for negative interference by neighbouring 

males on female cone production. This result was unexpected, as 

emphasis in this study and others <eg Cox 1981) has been on the 

deleterious effects of intrasexual female competition. In this 

study females do not negatively affect cone production of target 

females. The most probable explanation for this result is that 

all the females sampled occurred in a relatively small area i.e. 

the 13 year old stand. It is possible therefore that these 

females were on favourable microsites, thus did not deleteriously 

affect one another. All females had sufficient resources to 

produce and maintain cones. 

Earlier in the discussion it was mentioned that females competed 

with males and that the males were the poorer competitors. 

Females therefore determine male size i.e. vegetative material, 

presumably the females are more efficient at capturing 

resources. Male performance thus declines when near females, so 

one can suggest that negative interference by females o~ male 

vegetative material will carry over into other male activities, 

for example male reproductive activity. I therefore put forward 

the the argument that females cause a decline in male 

reproductive fitness. How does this then relate to negative 

interference on female cone production by neighbouring males ? 

The decreased reproductive fitness of males has evidently 

affected female reproductive fitness, afterall the females are 

dependent on males for fertilization. With the decline in amount 

or genetic quality of pollen due to resource shortages facing the 

males, the incidence of successful fertilization must surely also 
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decline. As a direct consequence of this therefore, cone 

production is impacted. The negative interference of 

neighbouring males on female cone production is thus explained. 

The bimodal pattern of this regression could be due to three of 

the 19 males sampled <see Figure 13> being exceptionally large, 

yet having no apparent negative effect on cone production. One 

explanation for this could be that these three well established 

males were not negatively affected by neighbouring females, thus 

their fitness was not impaired. Instead these males may represent ~· 

1~~ most reproductively fit males in the population. ,. "'" ~~ .. ,. 
(.j'l/'1.( WI 'wt • r , .. . 1\."11,. 

the 

A parallel could be drawn with these males and the females with 

an enormous number of cones, suggesting that only these few 

individuals (both male and female) are the key genetic 

contributors to future generations. 

This study lends support to intersexual and intrasexual competition in 
the 

dimorphic Leucadendron xanthoconus and yields little evidence for 

habitat segregation. Perhaps this hypothesis for the evolution of 

vegetative and ecological dimorphism has been over emphasised in 

this study. Other considerations are in order. Bond and Midgley 

<1988) suggested that dimorphism was due to sexual selection on 

floral display. They claimed that sexual differences in leaf size 

and branching density were allometric _consequences of selection 

to increase male fitness. Thus degrees of dimorphism could be 

explained by differences in their pollination biology. They found 

that anemophilous Leucadendron species to be most dimorphic, 

since an increase in pollen production would increase male 
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fitness. Entomophilous species were the least dimorphic since 

floral attractants and rewards were more important in increasing 

male reproductive fitness than increasing pollen quantity, i.e. 

these plants rather ensure pollinator visitation than merely 

increase pollen quantity which could be wasted if pollinators did 

not visit the plants. 

Leucadendron xanthoconus is pollinated by insects <Williams 

1972>' thus the second strategy is adopted. This species is 

therefore one that exhibits least dimorphism between the sexes. 

By implication then, because of the male - female similarities, 

niche separation need not occur since resource needs are similar. 

Future studies should investigate how the population is 

maintained despite continuous competition between and within the 

sexes. However, the low r values found in this study implied that 

both intersexual and intrasexual competition may not be as 

important as other factors operating on the population and the 

community, despite the intensity sometimes being great. 

On a final note, one could predict that anemophilous greatly 

dimorphic plant populations <Bond and Midgley 1988> should reveal 

evidence for niche separa~ion since their /resoures would be 
~ INj ~iA-~ 1· 

different. This is in accordance with the suggestion made by Cox 

<1981> that in wind pollinated plants selection should favour the 

proximity of males to females to increase reproductive success. 

Fitness would decline in the population if distances between the 

sexes were to.o great. Thus, in anemophilous species, sexual 

dimorphism is great, so niche separation between the sexes would 
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allow them to co-exist, facilitating repro~uction. ()\A. r :."') ~~ ~ 
l'ftft ~~ 1 ~ I) (. 1) ( VWt1l"'' t cf'll. _ VJ}J. t.J.M C,t·L) 

tAL.·""'~ r'l"""""' ~ .l ... tv~ttot.#\ t..tA'':"' T-r"" • ~ ~· fi'<l"'' I I I 
It is inspiring that two different hypotheses on sexual ~· ~~~ 1 

~·rlA ' 
dimorphism < Cox 1981, Bond and Midgley 1988) can be combined to~~ t:4 

,~;t' 
yield a more complete hypothesis as regards the evolution of 

vegetative and ecological dimorphism. 

Further research on intersexual and intrasexual competition on 

anemophilous and entomophilous populations of Leucadendron 

species might prove to be fascinating, let alone valuable to the 

development of the subject on evolution of sexual dimorphism and 

reproductive fitness. 
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