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ABSTRACT mﬁ 'III'I'II

Patterns of segregation among Protea species were investigated. Interspecific
competition was studied as a cause of these patterns. Two different methods were
used for measuring competition in a mixed stand of P. lepidocarpodendron and P.
coronata growing on the Cape Peninsula. These were the plot-based averaging
method, which considers stand density, and the nearest neighbour approach, which
considers competitive impacts as a function of the immediate neighbouring plant. Both
methods demonstrated negligible interspecific, and strong intraspecific competitive
effects on fecundity. However strong interspecific competition appears to be
occurring at earlier stages of the life cycle and may account for habitat segregation of
P. coronata and P. lepidocarpodendron. P. lepidocarpodendron juveniles appear to
outgrow and suppress P. coronata plants. Survivors of this interaction grow to full
maturity, giving an apparent lack of species interactions when measured in terms of
fecundity.  The same results were demonstrated in a mixed stand of P.
lepidocarpodendron and H. suaveolens, where H. suaveolens suppresses P.
lepidocarpodendron. The study indicates the importance of shrub architecture in
reducing species interactions, and juvenile phase properties in determining competitive
displacement. Soil preferences and variable fire responses between the species were
studied in an attempt to explain the restricted distribution of the stronger competitor,
P. lepidocarpodendron at the study site. No conclusions were reached, but the

restriction of this species from certain sites appears to be a fire response.



INTRODUCTION

One of the dominating themes in plant ecology has been the question of what
determines species richness in plant communities (Shmida & Ellner 1984). Much time
has been devoted to increasing our understanding of what determines plant community
composition, and yet this question still poses one of the greatest challenges to

biologists (Auerbach & Shmida 1987).

Gondwanan shrublands are renowned for their diversity, and the fynbos biome is no
exception, having an immense diversity of species over a small geographical area
(Bond ef al. 1992). Even more startling in these communities is the coexistence of
many morphologically similar, or trophically equivalent species (Cowling 1987; Shmida
& Ellner 1984). These high levels of species diversity, combined with an apparent
paucity of functional diversity have stimulated a great deal of interest in the rules which

govern community composition and pattern (Bond & van Wilgen 1996).

Studies in the past have focused largely on abiotic and exogenous determinants of
community composition, where species’ physiologies and abiotic environmental factors
were used to explain species locations (Bond ef al. 1992). While these elements are all
important, and still form a component of any distributional study, they fail to fully
explain the high alpha diversity found on a local scale in fynbos (Cowling et al. 1994).
Plant interactions and competitive dynamics have, until recently, been largely
overlooked. This is particularly true of many fire-prone environments, where
previously these communities were believed to be shaped predominantly by disturbance
(Bond & van Wilgen 1996). Cody (1986) was the first to challenge these ideas, and
suggested that distribution patterns among the Proteaceae were a function of the

relative abundance of the various species, rather than abiotic factors.

Several authors have considered the dynamics of single-species plant populations, and
this is equally true of the Proteaceae, where many of the demographic studies in the
past have considered only single species (Esler & Cowling 1990; Mustart & Cowling
1993; Maze & Bond 1996). This is not reflective of the community structure of the

fynbos biome, where many proteas exist in mixed stands. The aim of this study is to



explore the implications for the fecundity and demography of Protea species growing

in mixed populations.

Besides being of ecological interest, there are applied aspects to competition studies in
mixed species stands in fynbos. They have relevance to Profea flower harvesting,
where the implications of harvesting only one species in a mixed stand are unknown,
studies in the past having focused on the interactions of single species (Maze & Bond
1996). Studies taking into account the effects of other functionally similar species will
allow for the development of appropriate management principles. Another area of
application is alien plant invasion. Models developed to predict the invasibility of
introduced species (Tucker & Richardson 1995; Richardson ef al. 1992), have focused
largely on the reproductive attributes of invasive species, relying on lottery models to
predict invasive success. What competition studies in fynbos can contribute, is an
understanding of the vegetative and growth attributes of this flora, which would
provide a more effective tool for predicting which communities are sensitive to
invasion, allowing for more focused control programmes. Effective competition
studies have both an applied aspect, and would serve to provide a better understanding
of the dynamics of coexistence behind the high diversity, and apparently low functional

diversity, of fynbos (Cowling et al. 1994).

The challenge to biologists is to show whether competition in plant communities does
indeed exist, and if so, how it is acting to shape populations and communities. Some
of the difficulties in addressing these questions, are how to effectively measure
competition, and its degree of impact. One approach is to quantify the outcomes of
immediate neighbour competition, such as relative growth rates, and reproductive
output (Law & Watkinson 1989). The demographic effects have been explored by
Silander and Pacala (1985) where competition is the result of the immediate
neighbouring plant. The proximity of the neighbour will determine the degree of
competitive impact, which can affect survival, and, given the plasticity of the plant,
general fecundity. In using this method an assumption has to be made as to which

neighbours fall within the competitive arena.



In their review on past competition studies among plant communities, Law and
Watkinson (1989) concluded that there is no firm foundation on which to quantifiably
measure interaction strengths, and develop a basis on which to build an analysis to
make predictions about subsequent community structure.' The controversies
surrounding the importance of competition as a factor determining community
structure are symptomatic of this lack of a secure empirical foundation in competition

studies (Law & Watkinson 1989).

An alternative approach, is to average the competitive effects of neighbours by looking
at mean performance at different population densities (Rees ef al. 1996). The effects
of a competing species are modelled by an extension of the single species population
growth model, but where a competitive coefficient, alpha, incorporates the impact of
the contraspecific species into the population growth rate, lambda. Rees ef al. (1996)
used this approach on annual plants, but it is also appropriate for serotinous Protea
shrubs, which have been shown to be density-dependent in terms of reproductive
output (Bond ef al. 1995). Among these species this method should serve to model
the reproductive output of densely packed plants, and demonstrate how the density of
one species affects the other. Plot-based methods take no account of the spatial

structure of the stand, but looks only at the relative densities of each species.

The two central questions this project sets out to answer are;
1) Does competition between Protea species occur?

2) What is the best way to measure for competition?

In order to answer these two questions, several subsidiary questions, which form the

logic of the study are asked. These are as follows:

e Is there evidence of macro- and micro-scale segregation among fynbos proteas,
and does competition account for these patterns?

e How exactly does competition manifest itself on a local scale, is it a function of
stand density, or the immediate neighbour of each individual?

e At what stage in the life history of a stand are competitive interactions evident?



e Are Protea species "competitive equivalents", or is there some degree of niche
separation among coexisting Protea species?

o Inlight of these findings, how is competition best tested for?

These questions are addressed by looking at the dynamics of two Protea shrubs, P.

lepidocarpodendron and P. coronata, growing in a mixed stand in fynbos.



METHODS

Study Area

The Cape Peninsula formed the general study area of this project. Most of the project
was based on a site below Constantiaberg Peak (34° 03°S,18° 23°E), which forms part
of the Table Mountain series. The Cape Peninsula, situated at the south-western edge
of southern Africa, experiences a Mediterranean-type climate, with typically hot dry
summers, and cool wet winters (Richardson et al. 1995). These climatic conditions
apply to the Constantiaberg site. The aspect of the slope on which the populations
were growing was north-easterly, and was at an altitude of approximately 400 - 450m.
The species were growing on Table Mountain Sand Stone of the Peninsula Formation,

immediately above a shale band of the Graafwater Formation (see fig 1).



Hout Bay

Miller's Point

Fig 1 A map of the Cape Peninsula showing the Constantiaberg site where the population of
Protea lepidocarpodendron and Protea coronata were studied (indicated by box). Insetis a
geological map of the immediate study area indicated by the box. Peninsula formation soil is
indicated by light blue, and the Graafwater formation by dark blue. On the eastern side of the
Peninsula is Millers Point , where a study on P. lepidocarpodendron and Hakea suaveolens
was carried out.






Material Studied

This project was based in the mountain fynbos flora of the Cape Peninsula. A
preliminary aspect of this study looked at patterns of species segregation of the
proteoid elements of the fynbos of the Peninsula at large. Two serotinous
Leucadendron species, L. xanthoconus and L. laureolum, were studied, as well as the
two Protea species, Protea lepidocarpodendron and Protea coronata, studied

subsequently at the Constantiaberg site.

At the Constantiaberg site, which formed the main focus of the study, two co-
occurring Protea species were studied: P. coronata and P. lepidocarpodendron.
These proteas are both tall, erect shrubs, forming part of the dominant overstorey of
the fynbos community. Both species are killed by fire, having non-overlapping
generations and recruiting in the first rains subsequent to the fire. They both flower in
the Cape winter, from around April to August. According to Rourke (1980), both
species show a preference for clay soils, such as those found on the exposed shale

bands of Table Mountain.

P. coronata occurs from the Cape Peninsula, to as far east as Port Elisabeth. At
maturity it grows to a height of 3.5 m, sometimes more, and is typically sparsely
branched (see plate 1) (Rourke 1980). P. lepidocarpodendron is a coastal species,
found within 20 km of the sea. Its range is less extensive than P. coronata, with an
eastern boundary at Stanford. While P. lepidocarpodendron reaches similar heights to

P. coronata, of approximately 3m at maturity, it has a far denser canopy (see plate 2).
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Fig 4 Density impacts on mean cone production per plant for P. coronata per 7 x Tm
plot in a 10 y stand. Plus sign = observed cones produced, the solid line = predicted
cone production with intraspecific effects, and the open square = predicted cone
production with intraspecific and interspecific effects included (n = 12).
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‘ig 5 Density impacts on mean cone production per plant for P. lepidocarpodendron
rer 7 x 7Tm plot in a 10 y stand. Plus sign = observed cones produced, solid line = the
iredicted cone production with intraspecific effects, and the open square = predicted
one production with intraspecific and interspecific effects included (n = 12).

igure 6 shows the relationship between stand density and cone production of P.
2pidocarpodendron mixed with H. suaveolens. Intraspecific variation in stand density
ccounts for most of the variation in P. /epidocarpodendron cone production. Table 4
hows the predicted competitive impact of H. suaveolens on P. lepidocarpodednron is
vident, but the calculated alpha low, and interspecific competition does not totally

ccount for the observed trend.



Table 4 Non-linear estimation results for both intraspecific and interspecific
interactions between P. lepidocarpodendron and H. suaveolens (see equations a

& b for explanation of symbols).

Species combination A b a r

Intraspecific: 27.56 0.718 - 0.9
P. lepidocarpodendron
Intraspecific and interspecific: 253048 3.07 0.668 0.58

P. lepidocarpodendron with

H. suaveolens
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Fig 6 Density impacts on mean cone production per plant for P. lepidocarpodendron
per 7 x 7m plot. Plus sign = observed concs produced, solid line = the predicted cone
production with intraspecific effects, and the open square = predicted cone production
with intraspecific and the interspecific cffccts of A. suaveolens (n = 15).









1e 15 y old stand, the Kruskal-Wallis analysis of variance test shows all three
est neighbour measures, that of cone production, height and basal trunk diameter,
s highly significantly different (see table 7). Post hoc comparisons (LSD) indicate
standing individuals to be significantly different in both cone production and
1t to those of individuals with neighbours. Basal diameter is smallest in those with
:pidocarpodendron neighbours, this figure differing significantly to both free-
ling plants and those with intraspecific neighbours. In both the 10 y old and 15 y
tands free-standing plants are considerably larger, and have greater reproductive
ut than those with neighbours (see table 7). The greatest impacts are of an
specific nature, particularly on cone production, taken as a measure of fecundity.
e oldest stand, there is evidence for interspecifc impacts, some P. coronata plants
P. lepidocarpodendron neighbours, were smaller than those with intraspecific or
sighbours. Variation in cone production is shown in figure 7, where, as in the 10 y
tand, the majority of those individuals with intraspecific neighbours have less than

ynes. In this age group this pattern is more extreme (see fig 8).

+ T Measures of nearest neighbour interactions in a 15 y old stand. (n = 25,
nean, Md = median)

hbour combinations Height (m) Base diameter Cones / plant
(cm)

M Md | M Md M Md

ipecific: P. coronata 217 2.1 |5.03 4 452 35

ipecific: P. coronata with [ 2.18 2.1 |2.62° 2 445 2

vidocarpodendron
standing P. coronata 27 27 |466 45 260" 20
cal-Wallis ANOVA p=0.0001 |p=0.009 p =0.000

:ates the most significantly different figure from a post hoc (LSD) comparison.
1
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