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CHAPTER 1. General Introduction

The issues and objectives

Time and space are not constants in ecological systems. Environments vary, but they do
so with varying amplitudes, periodicities, and degrees of stochasticity in time, and the
pattern and extent of these variations change in space as well.

Wiens (1986)

Plant ecologists are challenged by the quest to explain observed patterns in species-rich
and spatially complex vegetation. An understanding of the determinants of pattern and
community boundaries in these vegetation types was for many decades based on the
assumption that natural communities can be described by models with stable equilibria
(Chesson and Case 1986 for review). Under the classical equilibrium conditions,
historical effects, chance factors and environmental disturbances woﬁld be unimportant.
The existence of bounds to the local abundance of each species would result in the
composition and structure of plant assemblages remaining approximately constant over
time. However numerous studies over the last few decades have demonstrated that
many communities do not have predictable structures (Pickett and White 1985, Hubbell
and Foster 1986). Stable equilibrium theories have been questioned on the grounds that
the environments of natural systems are continually changing with pronounced effects

on populations (Chesson and Case 1986).

Many plant communities are subjected to repeated disturbances that have a selective
influence on life history strategies and community structure and functioniné (Sousa
1984, Pickett and Whyte 1985). At the population scale, disturbances may influence
the spatial range, abundance, reproduction and extinction probabilities of species, while
at the community scale, changes may occur in the composition and relative abundance
of species because of their different responses to disturbance. Disturbance itself
introduces stochastic influences on community composition, which in turn reduce the
predictability of the post-disturbance response (White and Pickett 1985). Therefore, a
major challenge for determining contemporary community structure lies in unravelling

the relative contribution to pattern of physical setting; deterministic processes



associated with disturbance; and stochastic processes both extrinsic and intrinsic to the

biota.

To develop an understanding of the role of these factors in ecological time requires the
study of a system that is exposed to frequent disturbances. The species-rich fynbos
shrublands of South Africa provide an excellent opportunity to explore the determinants
of vegetation structure in a fire-prone system. Fires are patchy phenomena that
contribute significantly to temporal and spatial heterogeneity in shrublands (Christensen
1985, Bond and van Wilgen 1996). The fynbos biome covers an area of 71 337 km® in
the southern and south-western corner of South Africa. These shrublands are
characterised by high diversity and endemism, rainfall concentrated in the winter months
and a natural fire interval of between 4 and 40 years. Cowling (1992) and Cowling et
al. (1997) provide recent reviews of fynbos ecology.

A central issue in phytogeographical and ecological studies of the fynbos has been
whether the observed species-based patterns can be explained by environmental
influences or whether stochastic events have an overriding effect (Bond 1981, Campbeli
1983, Cowling 1984, Richards ef al. 1995, McDonald et al. 1996, Cowling et al. 1997).
It has been suggested that much of the compositional variation in this system can be
attributed to stochastic phenomena such as fire and other historical effects (Cowling
1987, Cowling et al. 1997). Most studies on vegetation boundaries in fynbos have
invoked edaphic explanations as the major determinants of floristic pattern (Kruger
1979, Bond 1981, Cowling 1984, Campbell 1986a, van Wilgen and McDonald 1992).
Despite these and many other detailed phytosociological studies in the fynbos biome (see
Cowling 1992 for references), few multivariate vegetation-environmental models have
been produced (Richards ef al. 1995, McDonald ef al. 1996, Simmons 1996). Those
that have been developed were effective at explaining the underlying physical
determinants of the broad plant communities. However, despite incorporating a variety
of site factors, the multivariate models explained less than half of the variation in species
composition. Differences within the broad, environmentally circumscribed communities
were attributed to additional, finer-scale environmental parameters, deterministic
processes associated with disturbance, and stochastic processes. However, none of
these studies has quantified the importance of these potential causes of intra-community

variation,




As in the majority of shrublands, fire is the major disturbance factor in fynbos
ecosystems. Each fire is a unique event that can differentially influence plant
populations and communities (Bond and van Wilgen 1996). Much of the variation in
effects and response to fire results from variation in fire regime (Christensen 1985, Bond
and van Wilgen 1996). In many fynbos communities tall shrubs belonging to the family
Proteaceae dominate the overstorey canopy. Numerous studies have explored how
cbmponents of the fire regime influence populations of the proteoid overstorey in these
communities. They have demonstrated that differences in fire frequency (Bond 1980,
van Wilgen 1981), season (Bond 1984, Bond ef al. 1984, and Le Maitre 1988a&b) and
intensity (Bond ef al. 1990) can all impact densities of the proteoid overstorey.
Increases in the proteoid overstorey have in turn been shown to affect community
composition by increasing o-diversity levels of understorey species through suppression
of the sprouting guild, as well as affecting B-diversity or the patchiness of species in a
community (Vlok 1996). Studies on post-fire succession have shown that diversity is
greatest in the post-fire phase, and that diversity decreases as cover of overstorey shrubs
increases (Kruger 1987, Cowling and Pierce 1988). Comparisons of pre- and post-fire
species composition have revealed average similarities ranging from 30% for a dry
lowland site (Hoffman ef al. 1987) to 86% in mountain fynbos (Le Maitre 1987). All of
these studies have examined the effects of single fire events on species composition and
have consequently provided little information on the stability of populations or

communities to repeated fire events over a number of decades.

Information regarding the probability of species remaining at a site following a few fires,
and the attributes which allow them to persist in vegetation subjected to frequent fire, is
necessary for a better understanding of how management practices influence vegetation.
Recent research has demonstrated that high proportions of fynbos taxa are rare, being
either locally restricted, or occurring at low densities over wider areas (Simmons 1996).
An important issue relating to rarity is the stability of these rare populations over time.
We have little understanding of how constant fynbos species are over time, how resilient
they are to repeated disturbance or what their probabilities of local extinction are over
several fire cycles. The stability of populations over time also has implications for
spatial dynamics at any one time. A high tendency for extinction within fixed
environmental bounds will result in greater temporal turnover and spatial complexity.

The contrast between spatial and temporal landscape patchiness is




.

fundamental to understanding the dynamics of landscapes (White and Pickett 1985). |

Given these gaps in our understanding of fynbos dynamics, the main objectives of this

thesis were:

versus the major physical habitat characteristics in determining vegetation pattern in a

\
1. To quantify the relative contribution of the recent (30-year) disturbance regime
fyﬁbos landscape.

2. To explore the stability of fynbos populations over a period of three decades and

determine the characteristics of species which are prone to local extinction and those

capable of persisting.

|
|
3. To explore the way in which communities have responded to various components of

the disturbance regime, including fire and alien plants, over the last 30 years.

Thesis structure

This study set out to explore the patterns and determinants of contemporary species
distribution in a fynbos landscape based on information on 1) physical habitat
characteristics, 2) past disturbance regime, 3) intrinsic properties of individual species
and 4) temporal change in communities. The body of the thesis is divided into four
parts covering each of these aspects individually. Each chapter has been written up as
an individual paper and thus includes some repetition as well as cross-referencing.

Each chapter includes a detailed rationale for the study in the introduction, as well as

methods, results and a discussion of the findings.

Chapter 2 describes the patterns of vegetation units in the Cape of Good Hope Nature
Reserve and provides a quantitative assessment of the importance of physical site
features as determinants of these units. These results are compared with the vegetation
classifications of the area derived in earlier studies by Taylor (1984b) and Cowling et

al. (1996a).




Chapter 3 is the first study in fynbos to partition the variance in vegetation pattern into
that explained by physical site factors and that explained by the recent disturbance
regime. The study explores the role of 30 years of fire and alien plant infestations in

influencing species distribution at the community and landscape scale.

While a number of studies have explored spatial determinants of diversity and pattern
in fynbos, temporal change within commiunities has been neglected. High levels of
species turnover through time, as a result of colonisation and extinction, could be an
important component of diversity at the landscape scale. Hence Chapters 4 and 5 both

explore aspects of temporal dynamics in fynbos.

The objectives of Chapter 4 are to determine the stability of populations at the
landscape scale over a 30-year period and to éstablish the determinants of local
extinction of species. Information on the stability of species over time and the
attributes which enable species to persist or go extinct are important for understanding
potential impacts of management practices as well as the importance of temporal
dynamics in influencing spatial patterns. This is especially appropriate in the context of
the results of Chapter 3, which suggest that a high proportion of the variance in species
composition is unexplained despite the inclusion of physical factors, and past

disturbance regime.

The fifth chapter provides a descriptive account of the change in vegetation
composition over a 30-year period. It is recommended that those readers not familiar
with the fynbos system read it as it provides an overview of a variety of aspects of
fynbos dynamics. Its objective is to show how the various components of the
disturbance regime, as well as fluctuations in abundance of overstorey Proteaceae and

their resultant competitive effects can influence community composition.

The final chapter is a general discussion that summarises the major findings of the

study.
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Study area

The area encompassed by the Cape of Good Hope Nature Reserve (C.G.H.N.R.) was
used for this study. The reserve has many attributes that make it conducive to this
study: high species diversity and complexity; the existence of permanent monitoring
sites; and detailed management records for the period since their establishment. The
vegetation of the C.G.H.N.R. has been well documented and a comprehensive species
list of 1073 species of vascular plants has been compiled (Taylor 1969, Taylor 1983,
Taylor 1984a and 1984b, Fraser and MacMahon 1995, Fraser in press.). The vegetation
of the reserve was described by Taylor (1984b) who noted the complexity and
variability of vegetation within certain communities and suggested that historical
effects relating to disturbance had influenced their contemporary structure. Hugh
Taylor (Taylor 1969) established permanently marked vegetation sites in 1965/66
(Fig.1.1). His original species lists for each of these 100 sites provided the baseline
dataset against which to compare contemporary vegetation patterns and explore spatial
and temporal dynamics. The management records of the reserve provided detailed
information on both fire history and alien vegetation management since Taylor’s
survey. This provided the opportunity to explore the role of the disturbance factors in

influencing vegetation change.

LOCATION

The C.G.H.N.R. (34°15’ S; 18°25’ E) is situated on the southern tip of the Cape
Peninsula. The reserve occupies an area of 7 750 hectares in the extreme south-western
corner of the African continent (Fig. 1.2). It is roughly triangular in shape, narrowing
from the north, where it has an overland boundary of approximately 13.5 kilometres, to
the Cape of Good Hope in the south. Its western coastal boundary extends for 21.5
kilometres from Schuster’s bay to the Cape of Good Hope and its eastern coastline 18
kilometres from Smitswinkel to Cape Point. The reserve is just 9 km across at its

widest point.
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important, in order to enable easy identification in the field, that they be provided

with a simplified classification of the major vegetation types, their character species
and associated environmental determinants. This information can then be used to
develop an understanding of the potential impacts of management operations on

individual vegetation units and, ultimately, overall management of the reserve.

Taylor (1969) undertook a very thorough vegetation survey of the C.G.H.N.R flora.
An initial reconnaissance survey formed the background for a detailed descriptive
account of the vegetation and its physical setting (Taylor 1984b). This was followed
by an analytical approach, in the form of association-analysis (Williams and Lambert
1959) and the phytosociological Braun-Blanquet method (Werger 1974), to classify
plant communities (Taylor 1984a). While his descriptive account was very thorough,
and the Braun Blanquet analysis distinguished consistent floristic relationships,
Taylor’s quantitative study using association-analysis did not accurately reflect the
ecological patterns of the reserve (Taylor 1984a). Furthermore, no attempt was
made to quantitatively explore the variation in vegetatioﬁ in relation to the major
environmental variables. Since the work of Taylor, much progress has been made in
the field of numerical classification and gradient analysis (Kent and Coker 1992).
The availability and ease of use of these techniques has been greatly aided by the
development of computer programmes such as TWINSPAN (Hill 1979) and
CANOCO (ter Braak 1988a). Using these techniques it is now possible to quickly
and efficiently categorise vegetation into communities, define character species and

determine underlying environmental gradients.

Cowling et al. (1996) categorised the vegetation of the Cape Peninsula into 14 units
based oh Campbell’s (1986a) system of vegetation classification for the mountains of
the fynbos biome. This system was developed in order to provide managers with an
easy-to-use classification of the flora. They derived communities on the basis of
easily identifiable structural features, dominant species and environmental |
characteristics. This approach was found to be effective (80% similarity) when
compared with a more detailed TWINSPAN classification of the communities of the
Cape Peninsula (Simmons 1996). In this chapter I attempt to produce a similar user-
friendly classification based on the system of Cowling e al. (1996a) combined with

Taylor’s descriptive account and a detailed TWINSPAN classification.
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Taylor’s descriptive account and a detailed TWINSPAN classification.

In this chapter I also make use of multivariate methods to determine the importance
of environmental factors in explaining the complex patterns of species distributions

within the reserve. An important issue in fynbos ecological studies is how much of

the observed vegetation patterns can be explained by the underlying environmental

determinants. The few vegetation-environment models produced for fynbos have
shown that there is a predictable structure in the vegetation related to various
environmental factors (Richards et al. 1995, McDonald et aZ. 1996, Simmons 1996).
However, these studies showed that a high proportion of the variation in species
patterns could not be explained by the main environmental factors. For example, the
multivariate analyses of McDonald ez al. (1996) explained only about 50% of the

compositional variation and was unable to explain the finer-scale community

structure.

This chapter forms the background to the rest of the thesis by providing a
classification of the reserve’s vegetation, determining the major environmental
variables associated with these patterns and quantifying their importance.

The aims of this chapter were as follows:

1. To classify the vegetation in the CGHNR into easily recognisable

community units using multivariate techniques.

2. To explore whether the results of the classification correspond with that

derived by Taylor (1984a & b) and Cowling ez al. (1996a).

3. To determine to what extent the environmental factors explain the variance in

the species data.
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A detailed account of the study area appears in Chapter 1.

DATA COLLECTION

One of the major objectives of this survey of the CGHNR was to explore the
temporal change in vegetation over the period (ca. 30 years) during which the reserve
has been actively managed (see later chapters). Thus, I wished to resample
permanent sites established by Taylor (1969 and 1984a) during his earlier (1965)
survey (Fig.1.1). He used rectangular sites of 5 x 10 m” placed systematically at the
intersections of the grids on a 1:18 000 topograbhjcal map, at 1 000-yard (914 m)
intervals. Three summit samples were added, giving 100 sites in total (Taylor

1984a).

Taylor’s sites were relocated by pacing distances from fixed points with the aid of a
prismatic compass and altimeter. The location of sites was greatly aided by black-
and-white photographs taken of each site at the time of the original survey. Thé

_exact positioning of the sites could be ascertained using the permanent marker poles

that demarcate the south-western corner of each site. These poles were erected by
reserve management during the 1970’s to replace the original wooden stakes used by
Taylor. Where the marking pole was missing the site positioning was ascertained
using the black-and-white photographs and in some cases the original rock cairns
which had held the wooden stakes. Each site covered the same area as the original
survey with their long border lying from true south to north. Of the original 100
sites, 84 were relocated accurately enough to be used in this study. I added a further
three sites in under represented vegetation types (Fig. 1.1). Sampling of the

vegetation took place from September 1995 to April 1 996.

Species lists were made for each site using the methods of Taylor (1969). The 50 m?

sites were sub-divided into ten sub-plots in order to improve accuracy. Each sub-plot
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was examined separately and then combined to provide a final species inventory for
the site. To avoid sampling error owing to the seasonality of annuals and many
geophytes, only perennially identifiable species were recorded. Species identification
was carried out in the Guthrie Herbarium, University of Cape Town. The species
lists of Taylor (1985) and Fraser (in press) were used to aid with identification. All
nomenclature follows Arnold and De Wet (1993). |

The number of individuals of each species in a site was counted and later converted
to a five-category system that corfesponds to a simplified form of Acock’s (1975)
system of abundance symbdls (Table 2.1). This was done in order to be compatible
with Taylor’s (1969) study that used Acock’s (1975) symbols for assessing

abundance.

Table 2.1 Abundance categories used in this study.

Category Condensed Acock’s Number of individuals
used category on site

1 occasional 1to4

2 fairly frequent 5t0 10

3 frequent 11to 50

4 common 51 to 100

5 abundant > 100

The following environmental variables were recorded at each site: elevation, aspect,
slope inclination, solar radiation load, land form, soil depth, soil colour, soil moisture,
soil pH and geology. The variables and methods of measurement used are shown in

Table 2.2.
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DATA ANALYSIS

Classification

One of the aims of this chapter was to compare the results of this classification with the
communities defined by Taylor (1984a & b). TWINSPAN is at present the most
widely used technique for polythetic divisive classification (Kent and Coker 1992) and
is frequently used in parallel with ordination techniques. The technique divides
complete data sets into distinct groups on the basis of differences in floristics between
the various samples or groups of samples. TWINSPAN adapts abundance data to a
qualitative equivalent called pseudospecies which are then used in the process of
division. Initial vegetation classification was thus undertaken using Two-Way
Indicator Analysis (TWA) in the TWINSPAN package (Hill 1979). TWINSPAN
produces as output an ordered two-way table that can be displayed as a dendrogram
showing the resultant sample hierarchy, and approximates the results of Braun-
Blanquet tablework (Hill 1979). Interpretation of the output table is subjective. For
example not all groups have to be taken from one level; the decision when to stop
divisions is dependent on a subjective understanding of the vegetation boundaries. I

used all 88 samples with the default options in the TWINSPAN analysis.

Ordination

Detrended correspondence analysis (DCA) was used to group sample sites into
communities according to common floristic characteristics. DCA has the advantage
that it avoids the problems of interpretation due to the axis compression effect and arch
effect phenomena produced by correspondence analysis and reciprocal averaging (Hill
and Gauch 1980). According to Gauch (1982), DCA results are usually superior to
other ordination techniques and it is computationally very efficient. It is an indirect
gradient anafysfs which ordinates only the vegetation data: environmental gradients are
inferred or established by correlation analysis, from the species composition data

(Taggart 1994).
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Canonical correspondence analysis (CCA) was then used to relate the vegetation
gradients to the environmental factors. CCA is a method of direct gradient analysis
that produces an integrated ordination of species together with the associated
environmental data (ter Braak 1987). The use of DCA and CCA together allows one
to judge how much of the variation in species data can be attributed to the
environmental variables under investigation (ter Braak 1986). Initially all
environmental variables were included in the CCA analysis and a Monte Carlo
permutation test was used to test the significance of the eigenvalues of the axes (ter
Braak 1988a, 1990). The intra-set correlations between the first two CCA axes and
the environmental variables were then used to assess the importance of individual
variables (ter Braak 1987, McDonald ef al. 1996). Intra-set correlations are the inter-
set correlations divided by the species-environment correlation of the axis and tend to
be a more stable measure than the inter-set correlations alone (ter Braak 1987). The
significance of each correlation was calculated using the ¢-statistic with a critical value
of 1.96. Forward selection of environmental variables was then used to determine the
minimum set of explanatory variables which best explain the variation in the floristic
data (ter Braak 1990). Only those variables that proved statistically significant in the
forward selection procedure (Monte Carlo; 99 permutations) were included in the
CCA biplot (Fig.2.8). All ordination analyses used quantitative data and were done
‘using CANOCO ver. 3.12 (ter Braak 1988, 1990), while Graphpad Prism ver. 1.03
was used for the graphical representation of scatter diagrams and biplots. For the
biplots a scaling factor of 0.193 was used to convert sample scores to the same scale as

the environmental variables.
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CLASSIFICATION

The TWINSPAN classification produced seven broad community types which
correspond quite well with those of Taylor (1984a & b). The divisive process was

stopped at the sixth division as subsequent divisions caused the splitting of

communities into apparently meaningless groups. The results of the TWINSPAN
analysis are represented as a dendrogram (Fig. 2.1). The communities are described on
the basis of the definitions given for the Cape Peninsula by Cowling et al. (1996a).

The original names used by Taylor (1984b), as well as the floristic and environmental

characteristics of each vegetation type, are included in the description below.

While the most useful classification system would be based on true indicator species
that occur only in a single vegetation typé, the high number of rare and generalist
species in fynbos makes this impossible (Simmons 1996). Instead, for each
community, I listed character species based on a minimum requirement of occurring in
at least 60% of the member sites of a vegetation type, and in less than 10% of the
remaining vegetation sites. The only exception to this definition was for the Mesic
oligotrophic proteoid fynbos community, where all character species occurred in more
than 10% of the non-member sites. In the description below, the character species are
ranked according to their abundance across the entire community (the most abundant
species is listed first, followed by the second most abundant etc.). Those character

species unique to a community are highlighted with an asterisk.
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ORDINATION

Detrended correspondence analysis

The ordination by DCA complemented the TWINSPAN classification. The first two
DCA axes were plotted against each other, allowing for a visual assessment of the
clustering of samples (Fig. 2.7). The first and second eigenvalues of the DCA were
0.79 and 0.53 respectively, accounting for most of the variance in species data. The
first two DCA axes suggested two main compositional gradients in this vegetation.
Along axis 1, the sequence was from the WET and WRF communities, through the
MOP to the coastal communities. This axis was positively correlated with soil pH (r =
0.65) and geology (» = 0.5). The main compositional gradients along axis 2 was from
the driest (CSA and DAF) to the wettest sites (PSS and WET) and corresponded with

a gradient of increasing soil moisture (r = 0.44).

Canonical correspondence analysis

The eigenvalues of the CCA axes were lower than for the DCA axes (axis 1 = 0.6 and
axis 2 = 0.45) suggesting that not all important site variables were included in the
analysis. The complete set of measured environmental variables explained 21% of the
inertia in species data (the sum of all constrained eigenvalues, ter Braak 1990), while
only 8% of the variance in species data and 38% of the variance in the species
environment relation was explained by the first two axes. Despite these low values, an
unrestricted Monte Carlo permutation test (99 permutationé) showed both the F-ratios

for the axis 1 eigenvalue and the trace statistic to be significant (P <0.01).

The highest canonical coefficients were exhibited by soil pH (» = 0.81), geology (r =
0.63) and rock cover (» = 0.23) for axis 1, and soil moisture (» = -0.88) and soil depth
(r = 0.56) for axis 2. There was no collinearity between environmental variables and
they could therefore all Be included in the analysis. The results of the CCA’s forward

selection procedure produced a minimum set of six environmental variables which
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best explain the floristic variation. The significant variables in order of decreasing
importance were soil pH, soil moisture, SE cloud, soil depth, soil colour and rock
cover (Table 2.4). Geology, although being highly correlated with the first axis, was
not significant according to the results of a Monte Carlo test at the 5% level, and was

therefore excluded from the final “minimum set” (ter Braak 1990).

Table 2.4. Eigenvalues and intra-set correlations between CCA axes and the
vegetation of the Cape of Good Hope Nature Reserve (CGHNR). The minimum set of
variables that explains the species data nearly as well as the full set are shown in italics.
The intra-set correlations are shown for all environmental variables under axes 1 and 2.
The forward selection rank gives the rank importance of the significant variables
calculated from its eigenvalue in a CCA, if the variable was the only one in the analysis.
Geology, although being highly correlated with the first axis, was not significant

according to the results of a Monte Carlo test at the 5% level.

Axes Forward Selection
1 2 - Rank
Eigenvalue 0.600 0.446
Environmental variables:
Soil pH 0.806 -0.334 1
Soil moisture -0.116 0.879 2
SE cloud 0.023 -0.08 3
Soil depth 0.068 0.363 ' 4
Geology 0.632 -0.041 NS
Soil colour -0.138 0.244 6
Rock cover 0.231 -0.15 7
Land facet 0.079 0.093 NS
Altitude -0.216 -0.122 "NS
Aspect -0.356 0.170 "~ NS
Slope " 0101 -0.262 NS -
Solar radiation -0.067 0.044 ' NS

Fig. 2.8 is the biplot of the 89 sites and the six best explanatory variables. Axis 1 again
represented a gradient of increasing soil pH, while axis 2 represented a gradient of
increasing soil moisture and depth. The other environmental variables ail had relatively

little value as explanatory variables.

47




a  Wetlands
(WET)

& Wet restioid
(WRF)

6- . : = Mesic olig.

proteoid

(MOP)

Sandplain
a proteoid
" (SPF)

Dune
asteraceous
(DAF)

Sedgetand
(PSS)

Axis 2
F'
[l
'
oI
-
o3

Soil ® ' .
moisture

Coastal scree
. asteraceous

Soil pH (CSA)
—

0 2 4 6 8 10
Axis 1
Figure. 2.7 DCA ordination of the first two axes of the C.G.HN.R. data-set. Arrows indicate direction of
increasing magnitude of primary environmental gradients. The groups of sites associated with each of the

major communities (from the TWINSPAN classification) are colour coded and labelled. For details of
vegetation characteristics see the community description.
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Discussion

VEGETATION CLASSIFICATION

The TWINSPAN analysis initially divided the vegetation of the reserve into two major
groups, the coastal and dune communities (CSA, DAF, SPF and PSS) which are
characterised by alkaline soils, and the inland communities (MOP, WRF and WET) which
all occur on acid sands. The majority of sites surveyed were then grouped into just two
inland communities: Wet restioid fynbos on the poorly drained flats and Mesic
oligotrophic proteoid fynbos on the well drained inland hills. The seven vegetation types
produced by the TWINSPAN analysis are broadly equivalent to the major communities
defined by Taylor (1984b) w%th a few exceptions.

The present analysis did not distinguish a separate restioid community equivalent to the
restionaceous plateau fynbos of Taylor (1984b). Instead member sites of this community
were grouped with either the WRF or MOP communities which merge with each other in

intermediate habitats.

The Protea lepidocarpodendiron tall fynbos on ferricrete soils was represented in the data
set by three sites, yet did not separate from the MOP sites located on sandstone. In the
reserve the major outcrops of ferricrete are easily distinguished by the dominant cover of
P. lepidocarpodendron. However, this species is often absent on the smaller outcrops.
This suggests that on the smaller outcrops the ferricrete specialists may be lacking and as a
result there is insufficient floristic differentiation from the surrounding sandstone matrix to

justify the classification of a separate community.
Where the MOP vegetation type was divided into two sub-groups by TWINSPAN, it

would appear to be rather the result of post-fire age effects than any differences in the

physical environment. A central question in phytogeographical studies of this nature is
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whether the observed floristic patterns can be explained by environmental influences or
whether other factors such as fire-related stochastic events, biotic interactions or the
endogenous properties of key-stone species have an overri&ing effect (Campbell 19864,
Cowling 1987, Richards et al. 1995, Bond et al. 1995, Vlok 1996). The results of the
classification showed that while there is predictable broad-scale structure related to
obvious environmental constraints, some of the finer scale variation within communities
could not be so easily explained. It would appear that the major sub-groups within the
well drained, acidic inland community of the reserve are divided on the basis of post-fire
age. Succession after fire is marked by changes in the relative abundances of life forms
and species as the vegetation ages (Bond 1980). Long fire-free intervals results in the
senescence of many species that die, surviving only as propagules in the soil (Bond
-1980). The older sites therefore tend to be dominated by the longer-lived species that
give them a different floristic character to.the younger sites. It is of interest that the
majority of sites that fell into the old vegetation sub-group of MOP occur either on
summits, or towards the south of the reserve. These localities are likely to have had a
longer average fire interval than the rest of the sites in the reserve. The floristic
differences might therefore be as a result of longer term differences in fire history rather

than the post-fire age alone.

There were certain drawbacks to the grid intersect sampling strategy used in this study.
Firstly, this objective sampling method resulted in some of the smaller communities
being under sampled or not sampled at all. As a result some of the communities
described by Taylor (1984b) did not feature in the final vegetation classification (the
Atlantic coast variant of Coleonema fynbos, Protea nitida woodland and Broad-leaved
thicket). Secondly, the grid sampling approach resulted in the positioning of certain sites
on ecotones so that transitions between communities were also sampled. This reduced
the resolution of the final classification as well as the effectiveness of character species.
It might also have resulted in a reduction of the explanatory power of the environmental

variables in the ordination analyses.
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VEGETATION ENVIRONMENT RELATIONSHIPS

At a broad scale, the ordination analysis provided an indication of the major
environmental determinants of the vegetation. The two main compositional gradients
(community changes across the landscape) were strongly correlated with gradients of soil
factors, namely pH for the first axis and soil moisture for the second axis. The
importance of pH is evidence of the key role of soil chemical characteristics in
influencing fynbos community boundaries and corresponds to the findings of earlier
studies which have provided evidence that fynbos corﬁmunity boundaries are related to
changes in physical and chemical characteristics of the soil (van Wilgen & Kruger 1985,
McDonald 1988, McDonald et al. 1996, Richards et al. 1995). The coastal communities
exhibited considerable floristic differences from the inland fynbos sites which could be
explained largely by changes in soil pH. Within the inland fynbos, where the majority of
sites occurred on acid sands, major floristic differences related to changes in soil moisture
availability. Soil moisture availability is a limiting factor for certain growth forms during
the dry summer months in Mediterranean-climate regions (Miller et al. 1983, Stock ef al.
1992). Shallow-rooted restioids and ericoid shrubs tend to become stresséd, while
deeper-rooted species are more tolerant to summer drought (Stock et al. 1992). In the
reserve the shallow rooted restioids and ericoids dominate the poorly drained central
plateau which provides them with moisture throughout the year. Restionaceae have been
shown to contain anatomical characteristics that enable them to withstand seasonal
waterlogging (Hardcastle and Schutte 1983). The deeper-rooted species, which can
withstand drier conditions but are unable to cope with waterlogging, dominate on the

drier, well-drained hill slopes.

The other physical variables which influenced the vegetation to a lesser degree were the
influence of the clouds during summer south east winds, the soil depth and colour and
rock cover. During the summer months the vegetation on the mountain peaks along the
eastern coastline of the reserve is often covered in moist clouds resulting from strong

south-east winds. These clouds increase the moisture available to the plants that in turn
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may favour certain species. It is equally likely, however, that this factor is merely a

surrogate for the high altitude summit sites that generally contained older vegetation. The
floristic variation might rather be as a result of differences in post-fire age or longer fire
ﬁ'équencies than increased moisture availability. The importance of soil depth relates to
its link to moisture availability and consequently on nutrient availability (McConaughay
& Bazzaz 1991), while soil colour is a composite variable that is a surrogate for drainage,
parent material and fertility. Rock cover increased from zero in coastal deep sands and
inland dunes through low cover in the damp lowlands to high cover on the well-drained

hill slopes.

The above description of vegetation-environment relationships suggests that the existing
environmental variables are sufficient to explain the broad-scale community patterné
observed in the reserve. However the relatively large difference between the eigenvalues
of the first two axes of the DCA and CCA as well as the low percentage variance
explained by these axes (8% of the variance in species data, 38% of the variance of
species-environment relation) suggests that important explanatory variables were not
measured and included in the analysis. The finer scaled differences, especially within the
large WRF and MOP communities, cannot be fully explained by the preserit _

environmental variables and some additional explanations should be considered.

1) Other environmental factors not considered in this study, especially soil
characteristics, could be responsible for some of the variation. The ordination results
indicate that soil characteristics were the most important detenninaﬁts of vegetation
boundaries in the reserve. It was decided not to undertake any more detailed, time
consuming, soil analyses as the existing soil variables, soil pH and soil moisture, were
significantly correlated with the first two eigenvalues of the ordination. Furthermore the
inclusion of detailed soil analysis data in similar species-vegetation models in fynbos did
not result in a substantial increase in the explained variance (Richards et al. 1995). The
existing set of physical site variables is otherwise comprehensive and covers the major

determinants of vegetation pattern in the reserve.
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V2) Biotic interactions such as competition and predation could influence species
distribution and vegetation boundaries (Cody 1986, Bond ef al. 1992). The degree to
which these processes structure species membership in fynbos communities is poorly
understood. However, it has been recently demonstrated that the populations of certain
overstorey Proteaceae may oscillate from internal density-dependent causes resulting in '
huge fluctuations in population sizes (Bond ef al. 1995). These species in turn play a
keystone role in sfructuring communities by affecting the diversity and composition of
understorey species (Cowling and Gxaba 1990, Vlok 1996). Chapter 5 explores temporal
dynamics in the reserve including the role of competitive interactions in the form of post-

fire succession and the influence of overstorey Proteoid species on understorey diversity.

3) Differential fire regimes influence within-community variation in vegetation
composition and structure. Fires are natural phenomena in fynbos where each fireis a -
unique event which, depending on environmental conditions and fire regime, will influence
the vegetation differently. Fires may burn only part of a community favouring certain
species and causing local extinction of others. A few years after the fire a
phytosociological study may reveal differences within the community that are largely the
result of fire and which are less dependent on physical environmental factors. The
TWINSPAN classification revealed the importance of post-fire age in influencing floristic
differences within a community. Chapter 3 explores the role of the past 30 years fire
history in influencing the floristics of the major communities in order to quantify how

much of the observed species-based variance might be explained by past fire regimes.

4) The invasion of natural fynbos by stands of alien trees and shrubs results in reductions
in species richness (Richardson ef al. 1989) and changes in community structure (Holmes
and Cowling 1997). Alien trees have seriously impacted the natural vegetation of the
CGHNR for many years (Taylor and MacDonald 1985, Taylor ef al. 1985). Holmes and
Cowling (1997) demonstrated that reductions in species-richness, cover and frequency
increased with increasing period of invasion by Acacia saligna in similar vegetation

outside of the reserve. A decline in species-richness with an increase in alien plant cover
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has also been noted under stands of Acacia cyclops in the reserve (Turpey 1986). Alien
plants alter the floristic composition of sites by competitive displacement during the
invasion process (Richardson ez al. 1992) and their impact remains eveh after clearing
through their alteration of soil characteristics (Musil and Midgley 1990, Stock and Allsopp
1992). Site 97 is a good example of how invasion by alien trees, in this case 4. cyclops,
can cause changes in floristic composition and ultimately misclassification in studies of this
nature. Chapters 5 explores in more detail the impact of alien plants on the reserve’s
vegetation over the last 30 years, while Chapter 3 examines their importance in influencing

the floristic variation within the major communities of the reserve.

Conclusions

It was possible to discern and explain the broad scale vegetation patterns in the CGHNR
using modern multivariate methods and a sample set of environmental factors. This
information provides a simple classification of the flora that is useful for management
purposes. The results of the classification corresponded well with Taylor’s (1984b)
descriptive account and Cowling ef al.’s (1996a) system. The results of this study were
consistent with others (e.g. Covs}ling 1983, Campbell 1985, Richards et al. 1995) that have
demonstrated predictable broad-scale patterns in fynbos vegetation. However, finer-scale
patterns relating to within-community membership and species-richness were not well
explained by the environmental factors. Despite the relatively comprehensive set of
physical environmental factors used in the multivariate study, a large proportion of the
variance in species data remains unexplained. This unexplained variance is possibly due to
fire-related stochastic phenomena, as well as other factors such as alien plant invasions and
biotic interactions. A further important cbntributing factor to the complexity of fynbos
landscapes is the lack of temporal stability that results from the high probability of
colonisation and extinction, especially amongst the many regionally rare species. The
remainder of this thesis explores the contribution of some of these factors to complexity of

fynbos landscapes.
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CHAPTER 3. -Physical site factors and disturbance regime as
determinants of floristic variation in the Cape of Good Hope

Nature Reserve.

Perhaps the most noticeable component missing from the data set is that of fire history.
Both the nature of last fire and vegeiation age would greatly enhance the descriptive
power of species-environment models in fynbos. 2

Simmons (1996)

Abstract

The relative importance of physical site factors and certain deterministic components of
the disturbance regime in influencing végetation pattern were explored in fire-prone fynbos
vegetation. Multivariate methods were utilised to rank variables according to their
importance as determinants of pattern, as well as to partition the variance in community
patterns according to physical site factors and the disturbance regime. At the landscape
scale physical site variables, in particular edaphic characteristics, ranked highest as
determinants of species pattern. However, the recent disturbance regime explained nearly
as much of the variance in species data as the physical site factors. At the community
scale, disturbance factors ranked higher as determinants of pattern, and explained more of
the variance, than physical site factors. In all analyses fire frequency proved more
important than season in influencing pattern. Post-fire age significantly influenced
vegetation composition at the landscape scale in 1966 but not in 1996 as a result of a
better distribution of vegetation ages. Despite the inclusion of disturbance regime, the
landscape scale species-environment model was unable to explain 60% of the variance in
the species data set. Thus much of the pattern observed in fire-prone landscapes could be
ascribed to random plant population dynamics, climatic effects on post-fire recruitment

and other stochastic processes.
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Introduction

Disturbance plays an important role in influencing pattérn in vegetation systems
throughout the world (Pickett and White 1985). Early twentieth century theory proposed
that disturbance was merely a mechanism which reset the vegetation on its path towards a
stable equilibrium (Clements 1916). Under this assumption the species composition of
natural communities would be determined solely by constraints imposed on them by the
physical environment. Historical effects, chance factors and disturbance would play a
small role in influencing vegetation composition (Chesson and Case 1986). However,
while long-term stability has been noted for some systems (e.g. the Park Grass
Experiment, Rothamsted, England (Silvertown 1987, Dodd ef al. 1995)), it has been
repeatedly demonstrated that history and chance are important contributors to spatial
pattern in a variety of the world’s vegetation systems (Picket and White 1985, Hubbell and
Foster 1986, O’Connor and Roux 1995, Bond and van Wilgen 1996). The challenge of
modern community ecology is therefore not merely in determining the patterns of natural
assemblages, but also in explaining these patterns in terms of controlling processes (Wiens
1986). This chapter concerns the determinants of vegetation composition in the
floristically complex'fynbos shrublands of South Africa. This system is suited to a study of
this nature as it is characterised by exceptionally high beta and gamma diversity (Cowling
et al. 1992), high variability in species composition within communities (see Chapter 2,

Campbell 1986b) and a regular fire driven disturbance regime (Cowling 1987).

A central question in ecological studies of Cape fynbos vegetation has been how much of

the observed vegetation patterns may be explained by underlying environmental

determinants, and how much relates to stochastic phenomena and deterministic processes
associated with disturbance (Bond 1981, Campbell 1983, 1986a, Cowling and Campbell
1983, Cowling 1984, Taylor 1984b Richards ef a/ 1995, Bond et al. 1995, McDonald e?
al. 1996, Cowling et al. 1997). The few multivariate vegetation-environment models that
have explored the role of physical site factors have highlighted the importance of the

physical and chemical soil characteristics in determining community boundaries. These
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models have, however, explained less than 50% of the compositional variation in species
data with their environmental data sets (Richards ef al. 1995, McDonald et al. 1996). The
high percentage of unexplained floristic variation at both the landscape and community
scales could be ascribed to deterministic processes associated with disturbance such as
post-fire succession (Kruger 1987), high or low fire frequencies (van Wilgen 1981,
Manders et al. 1996), seasonal fire effects (Bond 1984), or the impacts of alien plants
(Holmes and Cowling 1997). Furthermore, stochastic processes associated with chaotic
plant population dynamics (Bond et al. 1995) could also play an important role in
influencing community composition. The importance of climatic effects on post-fire
recruitment should also not be underestimated. Climatic conditions after fire influence
recruitment. Patterns of recruitment of certain keystone species, such as overstorey
proteas, can in turn influence community composition (Cowling and Gxaba 1990, Vlok
1996). This chapter explores the relative importance of the deterministic component of
the disturbance regime in structuring the fynbos vegetation of the Cape of Good Hope

Nature Reserve (CGHNR).

A study on the effects of the recent (< 30 years) fire history on the species composition of
sandstone (heathland) communities in the Sydney region of Australia suggested that fire
frequency may account for as much as 60% of the floristic variation and that both the time
since the most recent fire and the length of intervals between fires produce significant
effects on the species composition (Morrison ef al. 1995, Cary and Morrison 1995). No
similar study quantifying the importance of fire as a determinant of species composition
has been undertaken in the fynbos. There is, however, much evidence to suggest that
predictable (deterministic) changes in vegetation result from changes in fire regime and
that recent fire history does play an important role in determining floristic patterns.
Studies investigating the effect of fire on dominant Proteaceae in fynbos have shown that
fire differentially influences species abundance patterns by causing local extinction and
population explosions (Bond ef al. 1984, van Wilgen and Viviers 1985, Cowling 1987).
Fires result in different levels of recruitment as determined by a range of interacting

density-independent and -dependent factors operating on different demographic
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parameters. Fire regimes have three interrelated components which can affect plant

community composition: fire frequency, season of occurrence and intensity of burn.

Fire frequency is the number of fires experienced by a particular community within a given
time period. Frequency studies have shown that fires at short intervals (< 6 years)
eliminate longer-lived seed regenerating shrubs and hence reduce plant biomass (van
Wilgen 1981). A recent study on the effects of proteoid overstories on species
composition indicates that short interval fires not only eradicate the overstorey but also
result in an increase in the basal coverage of understorey sprouters (Vlok 1996). This, in
turn, results in a reduction in the number of non-sprouting species and an overall reduction
in diversity of up to 50% (Vlok 1996). Autecological studies on rare, obligate seed-
regenerating fynbos shrubs have indicated that repeated short intervals between fires
would eliminate these slow maturing species (Boucher 1981, Moll and Gubb 1981, de
Lange and Boucher 1993). Very long intervals (> 30 years) between fires may likewise
eliminate the large seed regenerating shrubs due to high mortality and a lack of inter-fire
recruitment (Bond 1980, van Wilgen 1981). Intermediate fire frequencies allow for the
completion of all species life cycles and the post-fire regeneration of nearly all previously
occurring species (van Wilgen 1981). Fire frequencies in fynbos are thought to have
varied from anything between one in six, to one in 40 years under natural fire regimes in
the past (Kruger 1979). Natural fires on the Cape Peninsula occur predominantly in
summer and are fanned by strong SE winds. The study site is situated in the southern tip
of the Cape Peninsula and is surrounded by sea except along its northern boundary. Only
those fires started in the extreme south would have impacted this area and it is therefore
likely that fire frequencies were always longer than the average for inland areas. At times
during the last 30 years, fire management programmes aimed at maintaining species-
richness have been artificially short (Appendix 1) and have probably resulted in changes in

species composition in some parts of the reserve.

Related to fire frequency, and also of importance in determining community composition,

is the role of time since the most recent fire. Fires drive succession in fynbos which is
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notable for a rapid initial recovery characterised by the dominance of fire ephemerals,
perennial graminoid herbs and sprouting shrubs (Cowling and Pierce 1988, van Wilgen
and Forsyth 1992). This is followed by a sequence of changes in dominance and the
gradual loss of species with time. Immigration is not an important process until late in the
succession when certain thicket species may be introduced by birds (Manders 1990). The
stage in the succession at which a site is surveyed will therefore influence the composition

of the vegetation and its position in a classification, or in ordination space.

The occurrence of fire in the fynbos of the winter-rainfall south-western Cape is most
common during the dry summer months between November and February (Horne 1981).
The flowering and seed set of the majority of species in this region is synchronised
according to the probability of fires in this period, thereby ensuring maximum
regeneration. Studies on the effects of season of burn on populations of fynbos
Proteaceae with canopy-stored seed have shown that regeneration is most successful after
autumn and summer fires, while many of the Proteaceae could be eliminated by successive
winter or spring burns, owing to the cumulative effect of their decline in population size
(Bond 1984, Bond et al. 1984, van Wilgen and Viviers 1985, Le Maitre 1987). Season of
burn has also been shown to influence the regeneration success of woody sprouting
species (Le Maitre et al. 1992), and non-sprouting Proteaceae with soil stored seeds (Le

Maitre 1988a).

Very little is known about the response of fynbos plants to various fire intensities.
However, it has been shown that regeneration of certain myrmecochorous species is
strongly, positively related to local fire intensity and that managed fires under cool, moist,
windless weather conditions have a detrimental effect on their regeneration (Bond ez al.
1990). A high percentage of the fires recorded in the reserve’s fire history were
controlled burns undertaken outside of the natural fire season to reduce the threat of run-
away fires. These unseasonal burns would also have been lower intensity fires and may

have altered the natural composition of the vegetation in certain areas of the reserve.
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Invasive alien trees have also impacted the natural vegetation of the reserve for many
decades (Taylor et al. 1985, Taylor and Macdonald 1985). In 1966, alien trees were
present in the Vicinity. of 92%, and occurred within 13%, of Taylor’s original sample sites
(Taylor et al. 1985). The density increased further and reached its peak in the late 1970’s
when an effective eradication programme was finally implemented (Macdonald ez al.
1989). The major effect of these invasions on the natural flora is a reduction in species-
richness by competitive exclusion and the disruption of nutrient cycling processes
(Richardson ef al. 1992, Musil and Midgley 1990, Musil 1993, Holmes and Cowling

" 1997). Different life forms have varying degrees of resistance to invasion. For example
slow maturing, seed regenerating serotinous Proteaceae are particularly susceptible, while
many sprouting species are better equipped to survive invasions. Recent research into the
regeneration capabilities of fynbos shrublands following invasion by acacias showed that
70% of the flora disappeared following invasion for two or more fire cycles. However,
even in these long invaded sites, persistent seed banks enabled many species to re-establish
after clearing (Holmes and Cowling 1997). Aspects of this chapter explore the effects of
long-term invasion by alien plants by quantifying the role of this disturbance phenomenon

in contributing to contemporary vegetation pattern in the reserve.

The very thorough management records pertaining to fires and alien plant disturbance in
the CGHNR provided an excellent opportunity for examining the role of recent
disturbance effects in influencing the floristic composition of fynbos. In this chapter I use
multivariate methods to explore the importance of the last 30-year history of fires and
alien plant invasions in shaping the present composition of the vegetation in the reserve.
In particular I wished to determine the importance of these disturbance factors as

explanatory variables in comparison with the set of physical site factors used in Chapter 2.
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The aims of this chapter were as follows:

1. To determine to what extent the disturbance regime (fire frequency, post-fire
succession, fire season and alien disturbance), as against physical site factors (see Chapter

2) influence community pattern.

2. To achieve this by partitioning the variance in community patterns according to a) the

physical site factors and b) the disturbance regime.

Methods

STUDY AREA AND SAMPLING METHODS

A detailed description of the study area, method of sampling and allocation of abundance
values to species is given in Chapters 1 and 2. Only the 84 sites of Taylor (1969) which

were accurately relocated were utilised in this study (Fig. 1.1).

SAMPLING DESIGN

This study was based on non-manipulative methods and relied entirely on the grid intersect
sampling approach of Taylor (1969) (Fig. 1.1). Sites were not specifically chosen to
represent the range of past fire frequencies and seasons, nor the various classes of alien
plant impact in the reserve. Better results may have been obtained had sufficient replicate
sites been placed within the different classes of past fire and alieh plant impact. However,
the sampling design did provide a selection of sites with various fire and alien plant
histories adequate for quantifying the relative importance of the physical, fire and alien

components as determinants of vegetation pattern.
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The sampling design assumed that the fire history prior to 1966 was randomised across all
sites. Prior to the proclamation of the reserve, fires started by farmers and the earlier
indigenous people were probably randomly distributed across the landscape. An active
policy of prescribed burning was only implemented in 1975 (Anon. 1974, Macdonald et al.
1989).

EXPLANATORY VARIABLES

An environmental data set including physical site variables, fire history and alien

disturbance was compiled for the Cape of Good Hope Nature Reserve.

Physical variables

Environmental data were collected at each site and are described in full in Chapter 2
(Table 2.1). They covered topographical features (altitude, aspect, land facet, slope, solar
load and influence of south east winds), soil characteristics relating to moisture-holding
capacity (soil moisture, soil depth and rock cover) and soil characteristics relating to
nutrient availability (underlying geology, soil colour and pH). For the sake of clarity in

this study, these environmental variables will be defined as the physical site factors.

Fire variables

The fire history for the CGHNR was obtained from a Map Info (version 4.0) GIS database
developed by reserve management and housed at the administrative offices. This database -
contains a comprehensive record of the date and extent of all fires larger than 5 hectares
that have occurred within the reserve since 1975. Taylor’s original site record sheets
included information on the age of the vegetation in 1966, as well as records of fires which
- impacted sites during the subsequent five years. Using this informatioﬁ, I was able to
reconstruct the fire history for all sites from the time of the fire prior to Taylor’s (1969)

original survey. This information is recorded in Appendix 1. The fire history for each site
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was then characterised in terms of frequency and season of burn. To summarise the fire
frequency data the following were calculated for each site: time since the most recent fire,
the shortest inter-fire interval, the mean inter-fire interval, the longest inter-fire interval

and the standard deviation of the inter-fire interval. For analysing the role of season of

burn, each fire was categorised into one of four seasons according to the month in which it

burnt. The categories used were summer fires (November to February), autumn fires
(March to May), winter fires (June to August) and spring fires (September to October).
The sequenée of seasons in which fire occurred was then documented for each site. The
84 sites could then be divided into eleven different sequences of season of burn (Table
3.1). These were entered into the analysis as nominal environmental variables and

transformed to dummy variables for the CCA analysis (ter Braak 1987).

Alien vegetation

During both survéys, a record was made of the density of alien invasive trees occurring at
each site. In 1996 a record was also made of the invasion history for the period between
surveys. From this information it was possible to construct a simplified history of alien.
invasion for each site, including both present levels of invasion as well as the impact of

past invasions (Table 3.1).
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DATA ANALYSIS

Initial analysis was undertaken on all 84 sites to determine the importance of the
various components of the environmental data set at explaining the floristic variation at
the landscape scale. The vegetation was then divided into three broad community
types, the acidic proteoid group, the acidic restioid group, and the alkaline coastal

communities (Table 3.2).

Table 3.2 The simplified communities of the C.G.H.N.R. separated on the basis of pH

and soil moisture (see Chaptér 2 for details).

Simplified Member vegetation types Soil characteristics
community ' (from Chapter 2)

Restioid (28 sites) Wet restioid fynbos, Wetlands poorly-drained, sandstone-
derived soils with low pH

(<4)
Proteoid (51 sites) Mesic oligotrophic proteoid well-drained, leached
fynbos, sedgeland sandstone-derived soils with
low pH
Coastal (9 sites) Sandplain proteoid, Dune Sands of marine origin with
asteraceous, Coastal scree higher pH (>6)

asteraceous fynbos.

The results of Chapter 2 indicated that soil pH and soil moisture were the major
determinants of vegetation pattern in the C.G.H.N.R. The groupings in Table 3.2 were
created to neutralise the importance of theses two variables, and to explore the effects
of fire and aliens on vegetation pattern within each major community type. It was not
possible to undertake the analysis on the coastal communities owing to its small
sample size. The following analyses were therefore undertaken on the complete data

set as well as on the restioid and proteoid communities separately.
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Canonical correspondence analysis (CCA)

CCA was used to select the linear combination of environmental variables that explains most
of the variation in the species score on each axis. Initially all the variables in Table 3.1 were
included in the CCA analysis. Variables which showed high inflation factors (I.F. > 20) were
later removed from the analyses owing to their collinearity with other variables (ter Braak
1988a). A Monte Carlo permutation test was used to test the significance of the eigenvalues
of the axes (unrestricted, 99 permutations; ter Braak 1988a, 1990). A significant result
indicates that the included environmental variables are sufficient to explain differences in
vegetation. I used intra-set correlation to assess the importance of the individual
environmental variables (see Chapter 2, ter Braak 1987, McDonald ef al. 1996). The
significance of each correlation was calculated using the z-statistic with a critical value of

1.96.

Forward selection of environmental variables was then used to derive the minimum set of
variables that explain the species data almost as well as the full set (ter Braak 1990). This
method enables one to sequentially select the variable that adds most to the explained
variance of the species data. At each step, a Monte Carlo Permutation test was used to
determine whether the variable selected was statistically significant in influencing the species
data (ter Braak 1990). In this way it was possible to rank the environmental variables
according to their importance in determining the species composition. Forward selection
was also used to calculate the percentage variance in the species data explained by each
significant environmental variable. I used CCA to derive a biplot of the sites and selected
species together with the environmental factors. On the biplot, points represent individual
species or sites, while arrows represent environmental variables. The length of the arrow is
proportional to the magnitude of influence that the environmental variable has on community
variation (ter Braak 1987). Only those variables that proved statistically significant in the
forward selection procedure (Monte Carlo; 99 permutations) were projected onto the CCA
biplot. All ordination analyses was done using CANOCO ver. 3.12 (ter Braak 1988a, 1990),
while Graphpad Prism ver.1.03 was used for the graphical representation of biplots. A

scaling factor was used to convert the sample scores to the same scale as the environmental
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variables. These factors differ for each analysis and are given in the individual figure

captions.

Partial canonical correspondence analysis (PCCA)

PCCA enables one to display the unimodal relationship between the species composition and
the variables-of-interest (fire variables), after the effects of the covariables (physical site
variables) are partialled out of the analysis (ter Braak 1988b). Iused this method to
determine whether the vegetation composition could be fully accounted for by the fire
variables alone or whether the variation that remains after fitting the fire data is |
systematically related to the physical site variables. A Monte Carlo permutation test (99
uhrestricted permutations) was used to test the significance of the variables of interest after
the covariables had been partialled out. The PCCA was also used to determine what
percentage of the total variance in vegetation data could be attributed to the physical site
variables and what percentage of the remaining variation could be attributed to fire and alien

disturbance.

Post-fire succession

The 1996 species data set wés not suitable for exploring the importance of successional
effects as it included no sites in vegetation of <4 years post-fire (Fig. 3.2). Hoffman e?
al.(1987) found no significant difference in terms of species-richness in similar lowland
vegetation of 5 to 19 years post-fire age. Taylor’s original (1966) species data set included a
broader range of post-fire ages (Fig. 3.2). Tused his data set to run a CCA, with forward |
selection, using the physical site variables and vegetation age as environmental variables. I
then ran a partial CCA with the physical site variables as partial variables and the age in 1966
as the only variable of interest. A Monte Carlo permutation test (99 unrestricted |
permutations) was-ﬁsed to test the significance of post-fire ége after the physical site
variables were partialled out. In this way it was possible to ascertain how much of the
variation in fynbos communities of various ages could be ascribed to post-fire successional

effects alone.
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Results
COMPLETE DATA SET OF 1996

Canonical correspondence analysis

The complete data set, incorporating all environmental variables, pfoduced eigenvalues of
0.64 and 0.48 for the first and second CCA axes respectively. The addition of the fire and
alien disturbance variables had ifery little effect on the eigenvalues when compared with the
results of the CbA analysis in Chapter 2 (axis 1, 0.6 and axis 2, 0.45). Similarly the

percentage variance explained by the first two axes increased only very slightly. However,

the total variance explained increased from 20.4 % when only the physical site variables were
included to 38.8 % when fire and alien disturbance were included. The Monte Carlo
permutation test of the F-ratios of the axis 1 eigenvalue and the trace statistic were both
significant (p < 0.05) indicating that the complete set of environmental variables adequately
explains the variation in species data. ‘The highest coefficients, indicating the main |
determinants of the CCA axes, were, as in the previous analysis (Chapter 2), soil pH {axis I,F

r = 0.75) and soil moisture (axis 2, ¥ = 0.76). Other strongly correlated physical site

variables were geological substrate (¥ = 0.60) on the first axis, and soil colour (# = 0.34) and
depth (r = 0.33) on the second axis. The “minimum set” of environmental variables was |
dominated by physical site variables (Tabie 3.3). The only fire related variables of
significance (both correlated with the first axis) were the mean interval between fires (» =
0.59) and the nominal variable, no fires (» = 0.57). The minimum set included the impact of
alien disturbance which was significantly correlated with the first axis (r = 0.49); however,

none of the fire season variables nor post-fire age was significant.

The first two axes of the species-enﬁfironment biplot of the 84 sites and 10 significant
environmental factors are shown in Fig. 3.1. The similarities among the samples are
indicated by the spatial relationship of the coloured symbols, each of which represents a

different community. The influence of the environmental variables is indicated by the
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length and direction of the arrows, the longer arrows indicating the more influential

variables. The two significant fire frequency variables (no fire in record and the mean
fire interval) both had a similar relationship with the floristic composition that was
approximately equal in magnitude. They both relate to a gradient of increased fire-free
periods and favour a group of species which include typical coastal species such as
Kedrostis nana, Cynanchum obtusifolium and Passerina paleacea as well as thicket
species such as Sideroxylon inerme, Tarchonanthus camphoratus and Rhus glauca

(F 1g 3.1). These species were also correlated with an increased impact of alien plants.
The species associated with short mean fire intervals include a number of sprouting
graminoids such as Mastersiella digitata, Restio filiformis and Willdenowia teres, as

well as short lived species of the genera Roella, Thesium, Aspalathus and Selago.
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Table 3.3 Eigenvalues and intra-set correlation’s between the CCA axes and the 1996
vegetation data set of the Cape of Good Hope Nature Reserve (C.G.H.N.R.). The fire
variables, shortest and longest interval between fire, were removed owing to
multicollinearity with other variables. The minimum set of variables that explains the
species data nearly as well as the full set are shown in italics. The variables are shown
in order of extra fit, which is equivalent to the eigenvalue of a CCA, if the

corresponding variable was the only one in a CCA analysis (ter Braak 1990).

Axes Forward selection Percentage of
1 2 procedure rank explained variance
Eigenvalue 0.64 0.48
Cumulative percentage variance
of:
i) species data 4.9 8.6
ii) species-environment relation 12.6 22.1
Environmental variables: v
Soil pH 075 -0.21 1 9.2
Soil moisture -0.07 0.76 2 7.9
No fires 0.57 0.13 3 7.1
Soil depth . 0.04 0.33 4 4.7
Alien disturbance . 0.49 0.07 5 4.5
Influence of SE cloud 0.02  -0.05 NS -
Angle of slope 0.14  -0.07 6 3.9
Mean interval between fires 0.59 0.15 7 3.7
Geological substrate 0.60 0.14 8 5.1
Soil colour -0.08 0.34 9 4.1
Number of fires -0.42 0.08 NS -
All fires in autumn -0.10 0.33 NS -
Rock cover 0.26 -0.32 NS -
Solar radiation -0.07 0.05 NS -
Summer followed by autumn fires -0.01 0.19 NS -
Land facet 0.08 0.09 NS -
Altitude -0.21  -0.05 NS -
Winter followed by summer fires -0.01 -0.06 NS -
Post-fire age -0.43 0.12 NS -
All fires in summer 0.04 -0.26 NS -
Aspect -0.38 0.3 NS -
Autumn, summer then winter fires 0.07 0.02 NS -
Autumn followed by winter fires -0.09 0.15 NS -
Spring followed by winter fires -0.06  -0.06 NS ' -
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Figure 3.1 CCA ordination of the first two axes of the complete 1996 data set. Arrows indicate direction and relative magnitude
of the significant environmental gradients. Figure 3.1a is the sites - environmental variables biplot which shows the floristic
similarities among the sites and their relationship to the significant environmental variables. Figure 3.1b is the species -
environmental variable biplot (not all significant variables are displayed). Abbreviated species for reference in the text are as
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Partial canonical correspondence analysis

Table 3.4 Eigenvalues and percentage variance explained by the effects of fire and
alien disturbance on the 1996 vegetation dataset of the Cape of Good Hope Nature
Reserve (C.G.H.N.R.) after the role of the physical site variables have been partialled

out of the analysis.

Axis % variance in
1 2 species data

Eigenvalues when:

1) all environmental variables are included 0.64 0.48

. 11) physical site variables are partialled out 0.36 0.28

Percentage of total inertia explained by:

i) all environmental variables 38.8

ii) covariables (physical site variables) . 21.0

iii) fire variables 15.9

1v) alien disturbance 1.8

The fire variables, shortest and longest interval between fire were removed owing to
their collinearity with other variables. The complete set of environmental variables
explained 38.8% of the variance in the species composition across the whole reserve.
Twenty one percent of this variance could be attributed to the physical site variables,
15.9% to the effects of recent fire and only 1.8% to the impact of alien infestations.
Both the Monte Carlo permutation tests (99 unrestricted permutations) on the first
eigenvalue and trace statistic were non-significant (P>0.05) indicating that the variation
in species composition that remains after fitting the physical site variables is not

significantly related to the fire variables and/or alien disturbance.

POST-FIRE SUCCESSION IN 1966

It is clear from the above results that the post-fire age was not an important factor in
influencing the vegetation patterns at the landscape scale in the 1996 data set. This
could possibly be attributed to the lack of sites in young vegetation in the 1996 sui'vey
(Fig. 3.2). I'therefore used the 1966 data set which included a better range of post-fire

ages to explore the importance of this factor in influencing fynbos plant communities.
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Figure 3.2 The frequency of sites in the various post-fire age categories in the 1966

and 1996 data set (n=84 sites).

Canonical correspondence analysis

The eigenvalues of 0.69 and 0.47 for the first two axes of the CCA on the 1966 data set
were higher than for the 1996 data set indicating that the same physical site variables
better explained the species data in 1966 than in 1996. A Monte Carlo permutation test
of the F-ratios of the axis 1 eigenvalue and the trace statistic showed both to be
significant (P<0.05). The forward selection analysis of the 1966 data set revealed that
post-fire age was the variable that added most to the explained variance of the species
data and was most significantly correlated with the primary CCA axis (r=0.79) (Table
3.5). In this data set, differences in post-fire ages were a more important variable than
‘either soil pH or soil moisture in influencing species patterns in the vegetation of the
reserve. The ranking and correlation coefficients for the physical site variables tended
to be quite similar to that observed for the 1996 data set. The group of species
associated with long post-fire intervals include a number of thicket species such as
Sideroxylon rinerme, T archonantims camphoratus, Cassine maritima, Olea capensis,

Rhus laevigata and R. glauca, typiéal coastal species such as Passerina paleacea,
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Geranium incanum and Eriocephalus africanus and members of the
Mesembryanthemaceae such as Lampranthus stenus and Drosanthemum candens. The
species that show a notable relationship with the early post-fire stages include post-fire
ephemerals such as Selago serrata, Syncarpha gnaphaloides, Osteospermum
polygaloides, Scabiosa africana and Roella recurvata; relatively short lived shrubs
such as Aspalathus callosa, A. chenopoda, A. divaricata, A. ericifolia, A.laricifolia, A
retroflexa, Oedera imbricata, Thesium strictum, T. carinatum and T. acuminatum and
certain sprouting species such as Erica cerinthoides, Cryptadenia grandiflora and

Knowltonia capensis.
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Table 3.5 Eigenvalues and intra-set correlation’s between the CCA axes and the 1966
vegetation data set of the Cape of Good Hope Nature Reserve (C.G.H.N.R.). All
physical site variables as well as the post-fire age at the time of the survey were
included as environmental variables. - The minimum set of variables that explains the
species data nearly as well as the full set are shown in italics. The variables are shown
in order of extra fit, which is equivalent to the eigenvalue of a CCA, if the

corresponding variable was the only one in a CCA analysis (ter Braak 1990).

Axes Percentage of
1 2 explained
variance

Eigenvalue 0.69 0.47
Cumulative percentage variance of:
i) species data 5.4 9.2
ii) species-environment relation 21.7 - 36.7
Environmental variables: '
Post-fire age 0.79 0.38 20.9
Soil moisture 0.22 0.63 10.4
Soil pH 0.45 -0.36 10.1
Altitude -0.26 -0.05 10.1
Solar radiation -0.05 -0.11 8.9
Influence of SE cloud -0.04 -0.12 7.3
Soil colour 0.28 0.09 6.3
Soil depth 0.20 -0.01 7.0
Angle of slope -0.03 -0.07 -
Geological substrate 0.36 -0.14 -
Rock cover 0.03 -0.07 -
Land facet 0.18 0.13 -
Aspect -0.14 0.23 -
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Figure 3.3 CCA ordination of the first tWo axes of the complete 1966 data set. Arrows
indicate direction and relative magnitude of the significant environmental gradients.
Abbreviations for some of the species most common during the late stages of post-fire
succession are Rl, Rhus laevigata; Rg, Rhus glauca; Si, Sideroxylon inerme; Cm,
Cassine maritima; Gi, Geranium incanum; Ea, Eriocephalus africanus; Dc,
Drosanthemum candens and Ls, Lampranthus stenus. A scaling factor of 0.153 was

used to convert the sites to the same scale as the environmental variables.
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Partial canonical correspondence analysis

Table 3.6 Eigenvalues and percentage variance explained by the effects of post-fire
age on the vegetation of the Cape of Good Hope Nature Reserve (C.G.H.N.R.) in 1966,

after the role of physical site variables have been partialled out of the analysis.

Axis Percentage of

1 2 explained variance
Eigenvalues when: :
i) all environmental variables are included  0.69 0.47
ii) physical site variables are partialled out  0.37 0.61
Percentage of total inertia explained by: .
i) all environmental variables . 25.0
i) covariables (physical site variables) 22.1
iii) post-fire age ' 3.0

The post-fire age in 1966 comprised 18% of the explained and 3% of the total variance
in the species data. This was considerably higher than its value as an explanatory
variable in the 1996 data set where it only explained 4.8% of the explained variance and
1.0% of the total variance. A Monte Carlo permutation test revealed that post-fire age

was significant in explaining the variance in the species data (p=0.01).

COMMUNITY ANALYSES OF 1996 DATASET

RESTIOID FYNBOS

Canonical correspondence analysis

In the restioid community, the complete set of environmental variables produced
eigenvalues of 0.50 and 0.44 for the first two axes of the CCA. The only two
significant variables in the forward selection procedure both related to the frequency of
fire (Table 3.7). The shortest interval between fires added most to the explained
variance of the species data and was the main determinant of the first CCA axes
(r=0.64). The second most important variable was the number of fires recorded during
the 30 year study period and was negatively correlated with the second axis

(r=-0.32). A Monte Carlo test indicated that the complete set of environmental ' -

77



variables were insufficient (p>0.5) to significantly explain the variation in vegetation

composition within the restioid community.

The biplot of the restioid data set revealed that the majority of sites are clustered
together indicating the expected floristic similarity. The outliers in this community,
sites 14, 47, 58 and 93 have all experienced an unusual sequence of recent fires. The
vegetation of site 93 experienced a fire-free interval of 45 years before being burnt in an
intense summer fire in 1991. Site 14 fell within a fire break tracer that was burnt every
three years between 1970 and 1988, while sites 47 and 58 have been burnt twice in
prescribed winter burns. The group of species favoured by longer fire intervals
included Calopsis membranacea, Ehrharta villosa, Leucospermum conocarpodendron
and Oftia africana. Species which were favoured in sites exposed to many fires
include fast maturing grasses and sedges such as Ehrharta ramosa, Ficinia indica and
Tetraria sylvatica; sprouting shrubs such as Diosma hirsuta, Diospyros glabra, Erica
cerinthoides, Leucadendron salignum and Protasparagus rubicundus; and fast .
maturing shrublets such as Osteospermum polygaloides and Senécio pubigerus. The
two most important physical site variables were geological substratum and soil colour.

However, the additional effects of these variables were not significant on the species

data. Although also non-significant, season of burn variables seem to have played a

more influential role in structuring the restionaceous fynbos community than was the

case for the full 1996 data set.
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Table 3.7 Eigenvalues and intra-set correlations of the first two axes for the restioid fynbos
data set (1996). The physical site variables: solér radiation load, angle of slope, altitude and
aspect, as well as the fire variables: all fires in summer, post-fire age and longest intervals
between fires were excluded from the analysis owing to their collinearity with other
variables. The variables are shown in order of extra fit, which is equivalent to the eigenvalue
of a CCA, if the corresponding variable was the only one in a CCA analysis (ter Braak |
1990). Only the first eight variables are displayed. The statistically significant variables are

shown in italics.

Axes Percentage of
1 2 explained variance
Eigenvalue 0.50 044
Cumulative percentage variance of:
i) species data 94 177
i) species-environment relation 12.7 239
Environmental variables:
Shortest interval between fires 064 0.13 8.7
Number of fires -0.02 -0.32 89
Geological substratum 021 -0.17 - 6.4
Soil colour -035 0.47 5.9
Summer followed by autumn fire -0.02 0.18 6.4
Spring followed by autumn fire : -0.07 -0.06 59
All autumn fires -0.02 0.13 5.6
Soil depth -0.1 044 55
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Figure 3.4 CCA ordination of the first two axes of the restioid fynbos data set (1996).

Arrows indicate direction and relative magnitude of the significant environmental

gradients. Sites outside of the major cluster are numbered for reference in the text. The

species favoured by not having experienced any very short inter-fire intervals are

abbreviated for reference in the text as follows; Cm, Calopsis membranacea; Oa, Oftia

africana; Ev, Ehrharta villosa; Lc, Leucospermum conocarpodendron and Fs, Ficinia

secunda. Those species favoured by having been exposed to high fire frequencies

include; Ec, Erica cerinthoides; Ls, Leucadendron salignum; Op, Osteospermum

polygaloides; Dg, Diospyros glabra; Jk, Juncus krausii; Ts, Tetraria sylvatica; Pr,

Protasparagus rubicundus; Fi, Ficinia indica; Sp, Senecio pubigerus, Dh, Diosma

hirsuta; Ea, Euryops abrotanifolius; Er, Ehrharta ramosa. A scaling factor of 0.165

was used to convert the species and site scores to the same scale as the environmental

variables.
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Partial canonical correspondence analysis.

Table 3.8 Eigenvalues and percentage variance explained by the effects of fire and
alien disturbance on the vegetation of the restioid fynbos data set (1996), after the role
of the physical site variables have been partialled out of the analysis. The physical site
variables: solar radiation load, angle of the slope, altitude and aspect, as well as the fire
variables: all fires in summer, post-fire age and longest intervals between fires were

excluded from the analysis owing to their collinearity with other variables.

Axis Percentage of
: 1 2 explained variance
Eigenvalues when:
i) all environmental variables are included 0.50 0.44

i1) physical site variables are partialled out 0.43 0.32

Percentage of total inertia explained by: -

i) all environmental variables 74.2
ii) covariables (physical site variables) 31.7
i11) fire variables 37.2
iv) alien disturbance 5.3

Within the restioid fynbos data set, the fire variables explai'nla higher percentage of the
total variance in species data than the physical site variables. Together, the fire
variables and impact of alien plants explain over 42 % of the variation, while the
physical site variables explain only 32 %. The axis 1 eigenvalue and sum of all
eigenvalues were however not significant (p>0.05) indicating that the fire variables

alone are insufficient to statistically explain the variance in species data in the restioid

fynbos.
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PROTEOID FYNBOS

Canonical correspondence analysis

The complete set of environmental variables produced eigenvalues of 0.51 and 0.43 for
the first and second axes of the CCA. Soil depth was the most important determinant of
floristic variation in the proteoid community, while soil pH and soil rhoisture were of
less importance, only being ranked fourth and fifth amongst all environmental
variables. The most important fire variable was the occurrence of no fires at a site,
while the impact of alien plants was also important in structuring the species
composition within this data set. The major determinants of the CCA axis 1 were
geological substratum (r=0.60) and soil depth (r=0.59), while soil pH (r=0.47) and the
impact of alien disturbance (r=0.45) also had high correlation coefficients. On axis 2,
sites were dispersed along a gradient relating to a decrease in the number of recorded |
fires (r=-0.52), and an increase in the occurrence of sites not burnt since fire records
were made (r=0.64). The physical site variables: soil depth (r=0.58), altitude (r=0.57)
and rock cover (r=0.51) were also significantly correlated with axis 2. The fire
variables, shortest, longest and mean interval between fires as well as the seasonal
variable, all fires in summer, were removed owing to their collinearity with other
variables. A Monte Carlo test indicated that the trace statistic (sum of all eigenvalues)

was significant (P=0.01), but the first eigenvalue was not significant on its own.

The biplot of the proteoid data set consisted of 48 sites, the majority of which were
grouped closely together on the central, left-hand side of the ordination space. This
group corresponds well with the mesic oligotrophic community described as group A in
Chapter 2 (Fig. 2.1). The rest of the sites, which are scattered to the right, across the
ordination space, correspond with the anomalous mix of sites defined by the
TWINSPAN analysis in Chapter 2 (Fig. 2.1; mesic oligotrophic proteoid group B).
This group includes sites 74, 81, 89, 95, 99 and 100, which have not burnt for more
than 30 years. All of these sites are situated towards the south of the reserve in areas
that are likely to have had a long average fire cycle in the past. The group of species
associated with these sites inclﬁded the thicket species such as Tarchonanthus

camphorams, Cassine peragua, Myrsine africana, Rhus glauca; R. lucida, Olea

82



capensis and Pterocelastrus tricuspidatus. Other species typical in this group iﬁcluded
the shrubs Polygala myrtifolia, Coleonema album, Erica coccinea, E. tristis, Crassula
coccinea, Berkheya barbata, Phylica ericoides, Cineraria geifolia, Glia prolifera,
Alciope tabularis, Phylica buxifolia and Diosma hirsuta as well as the graminoids
Ficinia nigrescens, F. ramosissima, Pseudopentameris macrantha, Ehrharta calycina
and Pentaschistis macrocalycina. The floristic differences between sites 4, 86 and 92
and the main cluster of mesic oligotrophic proteoid sites was mainly the result of
physical site determinants relating to their coastal affinity (high soil pH and soil depth)
while the past impact of alien plants may also have been important. The last of the
anomalous group was site 70 which was situated on an ecotone between acidic
sandstone derived soils and calcareous, well drained deolian dunes. It was therefore
grouped into the mesic oligotrophic proteoid community on the basis of a few typical |
mesic oligotrophic proteoid species despite including a number of species with coastal

affinities.
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Table 3.9 Eigenvalues and intra-set correlations of the first two axes for the proteoid
fynbos data set (1996). The fire frequency variables: shortest, longest and mean interval
between fires as well as the seasonal variable: all fires in summer, were removed owing to

their multicollinearity with other variables. Only the minimum set of variables that explains

the species data nearly as well as the full set is shown. The variables are shown in order of

extra fit, which is equivalent to the eigenvalue of a CCA, if the corresponding variable was

the only one in a CCA analysis (ter Braak 1990).

Axes Percentage of
1 2 explained variance

Eigenvalue 051 043
Cumulative percentage variance of:
i) species data 8.1 14.8
ii) species-environment relation 126 232
Environmental variables:
Soil depth 0.59 -0.58 9.2
No fires 037 0.64 9.0
Alien disturbance 045 -033 6.0
Soil pH 047 -0.18 52
Soil moisture 0.04 -0.16 7.5
Influence of SE cloud 0.16 0.57 5.5
Number of fires -0.3  -0.52 4.0
Geological substrate 0.60 -0.14 4.5
Post-fire age -035 -0.26 4.5

- Altitude -0.09 0.57 4.0
Rock cover 0.18 0.51 3.7
Angle of slope 0.04 008 3.7
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Figure 3.5 CCA ordination of the first two axes of the proteoid fynbos data set (1996).

Arrows indicate direction and relative magnitude of the significant environmental

gradients. Sites outside of the major cluster are numbered for reference in the text.

Species favoured by the variable no fires are abbreviated for reference in the text as

follows; Tc, Tarchonanthus camphoratus; Pm, Polygala myrtifolia; Ca, Coleonema

album; Fr, Ficinia ramosissima;, Rg, Rhus glauca; Cg, Cineraria geifolia; Ma, Myrsine -

africana; Et, Erica tristis; Pb, Phylica buxifolia; Pt, Pterocelastrus tricuspidatus; Rl, |
Rhus lucida; Er, Euclea racemosa;, Ec, Ehrharta calycina; Cp, Cassine peragua and
Dh, Diosma hirsuta. A scaling factor of 0.181 was used to convert the species and site

scores to the same scale as the environmental variables.
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Partial canonical correspondence analysis

Table 3.10 Eigenvalues and percentage variance explained by the effects of fire and
alien disturbance on proteoid fynbos (1996), after the role of the physical site variables
'have been partialled out of the analysis. The fire variables, shortest and longest interval

and all fires in summer were removed owing to their collinearity with other variables

Axis Percentage of
1 2 explained variance

Eigenvalues when:
1) all environmental variables are included  0.52 0.43
ii) physical site variables are partialled out ~ 0.31 0.27

Percentage of total inertia explained by:

i) all environmental variables 65.5
i) covariables (physical site variables) ' 38.4
ii1) fire variables ) 23.4
iv) alien disturbance 3.8

The complete set of environmental variables explained 65.5% of the species variation
in the proteoid fynbos data set. Of this 38.4% could be attributed to the physical site
variables, 23.4% to the effects of recent fire and 3.8% to alien disturbance. While the
Monte Carlo permutation test (99 unrestricted permutations) on the first eigenvalue
proved non-significant (P>0.05), the trace statistic test was significant, suggesting that
the variation in species composition that remains after fitting the physical site variables

can be related to the fire variables and impact of alien disturbance.
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Discussion

The complex nature of the vegetation of the CGHNR is typical of fynbos landscapes with
their high species diversity, and a large proportion of rare and localised species (Simmons
1996, see Chapter 4). The reserve’s complexity was noted by Taylor (1984b) who
suggested that, in addition to the variable physical environment, other factors such as past
fires could be responsible for variation in vegetation structure. Recent multivariate
vegetation-environment models in the fynbos have explained less than 50% of the variation
in species data using physical site factors alone (Richards et al. 1995, McDonald et al.
1996). The unexplained variance has been attributed to stochastic processes such as
endogenous population dynamics (Bond e al. 1995), local extinction (Chapter 4) and more
predictable deterministic processes relating to post-fire successional patterns (Kruger 1987),
fire season (Bond 1984) and frequency effects (Bond 1980), as well as the impact of past
alien plant disturbance. This study provides a first attempt to quantify the importance of

these deterministic disturbance related phenomena in explaining floristic variation in fynbos.

The inclusion of the deterministic parameters relatihg to the last 30 years disturbance regime
approximately doubled the explanatory power of the multivariate model. At the landscape
scale, the physical site factors accounted for about 55% of the explained floristic variation
among all sites. The soil variables, pH and moisture, remained the major determinants of
community boundaries despite the addition of the disturbance variables. This supports the
findings of previous community-environment studies in fynbos which have invoked edaphic
explanations for the major community divisions (Bond 1981, Taylor 1984b, Campbell
1986a, Cowling 1990). However, even at the landscape scale, about 45% of the explained
variation in species data can be directly attributed to the effects of the recent (last 30 years)
disturbance regime. At the community scale components of the disturbance regime became
even more significant and were ranked as more important than most physical site variables.
This supports the hypothesis that the recent fire history does affect floristic composition in
fynbos vegetation (Cowling 1987). In the context of this thesis these results provide
evidence of how species composition can differ considerably within environmentally similar

sites and despite being constrained by well-defined physical site gradients.
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Components of fire frequency proved more important than fire season as determinants of
community structure at both the landscape and community scales in the 1996 dataset. The
floristic changes brought about by fire suppression were greater than those caused by any of
the other fire variables in the landscape-wide and proteoid community analyses. At the
landscape scale much of this floristic differentiation could be attributed to the coastal sites,
with their unique physical site characteristics (alkaline, well drained soils), also having lower
fire frequencies. It could therefore be argued that the species in the coastal sites are
constrained by the physical, in particular edaphic, characteristics of the site and their
presence is not linked to fire frequencies. However, the multivariate analysis suggests that
the presence of certain ‘coastal’ species is more a function of fire suppression than physical
site constraints. Species generally associated with coastal communities, such as Kedrostis
nana, Cynanchum obtusifolium and Sideroxylon inerme, showed a more notable positive
relationship with long fire-free intervals than with any physical site variables. Further
evidence for the overriding importance of long fire-free periods over physical site constraints
came from the proteoid community. There, many of the thicket species associated with
coastal communities in fynbos, such as Euclea racemosa, Pterocelastrus tricuspidatus,
Cassine peragua and Rhus species, were common in fire suppressed sites where they were
positively related to long fire-free intervals. For these species to colonise fynbos they
require long fire-free intervals which allow for the development of perch sites and adequate
time thereafter to reach a fire resistant size (Manders and Richardson 1992, Cowling ez al. in
press). The physical characteristics of a site would appear to be of less importance than the
process of fire suppression in the establishment of thicket species in the reserve. It can be
predicted from this that the long term absence of fire will result in colonisation of coastal
and proteoid fynbos sites by thicket species. However, despite at least a 30 year (in some
instances > 50 year) interval since the last fire, none of the sites in the proteoid fynbos
community have formed fire resistant forest-nuclei (see Chapter 5 for more details). The
colonisation of fynbos by thicket and forest species has a significant impact on species
composition. Masson and Moll (1987) found that colonisation by forest and thicket species
results in a reduction in fynbos species and may eventually lead to changes in the nature of
the community from fynbos into forest. In this study, even the oldest proteoid fynbos sites

still include characteristic fynbos species, some of which are not found elsewhere in the
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study area. Some of these species are able to persist owing to their longevity, such as
Phylica buxifolia, Erica coccinea and E. tristis, while others are not dependent on fire for
recruitment and instead recruit in the gaps formed by the mortality of other species between
fires (e.g. Polygala myrtifolia and Cineraria geifolia). From the results of this study it is
evident that the process of succession of fynbos into thicket in the reserve requires fire-free
intervals in the order of centuries rather than decades. However, long fire-free intervals do
result in a reduction in species diversity and the dominance of a different guild of species.
Some of these species such as Erica tristis and Tarchonanthus camphoratus are not merely
a function of post-fire age, but are only found in the sites which because of their physical
setting at the southern tip of a peninsula have experienced a longer fire-free interval in the

past.

A study into the post-fire succession of fynbos at Pella, a lowland site environmentally
similar to the lowlands of the CGHNR, demonstrated little change in species composition in
vegetation of 5 to 19 years post-fire age (Hoffman ef al. 1987). They suggested that growth
in dry lowland sites is slow and that suppression of understorey species probably only starts

* after about 30 years. This is supported by the multivariate analysis of the 1996 species data
of the reserve in which, with the exception of the very old (> 30 year) sites, post-fire age
was not an important cause of floristic variation. None of the sample sites in the 1996
survey had a post-fire age of less than four years. Large fires in 1986 and 1989 burnt the
majority of the reserve and as a result most of the vegetation is of a similar age (Fig. 3.2).
The 1966 data set provided a better spread of post-fire ages, including a number of young (<
4 years) sites, and demonstrated that succession can explain more variance in species data
than any other environmental variables. This has important implications for vegetation-
environment models in fynbos as much of the floristic differences within communities could
be the result of successional affects. The selection of sites for vegetation surveys of this
kind should therefore aim to use sites of equal age as well as uniform physical site

conditions.

The proteoid community is characterised by a high number of species and its variability in
physical habitat (Taylor 1984b). This community includes many rare and localised species

which are habitat specialists (de Lange and Boucher 1993, Moll and Gubb 1981, Taylor
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1984b). Despite reducing the importance of soil pH and moisture as environmental
determinants, the physical site variables explained more of the variation in species data than
recent fire history in the 1996 data set. This community occurs in the mountainous and most
environmentally heterogeneous areas of the reserve. Subtle changes in the physical site
parameters are responsible for much of the floristic changes. With the exception of the
variation resulting from fire suppression, the recent fire history appears to have had little
impact on the present composition of this community. This could be because there were no
sites burnt on a short rotation and the majority of sites were burnt in summer fires.
Consequently both fire season and frequency were not as important as they might have been
had their been a better spread of fire histories. Analysis of the 1966 proteoid fynbos data
set indicated that much of the variation in this community was a result of floristic differences
brought about by stages in the post-fire succession. This result again demonstrates how the

importance of individual components of the recent fire history can change with time.

The physical habitat of restioid fynbos is more uniform being characteriséd by level, poorly
drained sites at low to moderate altitudes. This community has been exposed to the majority
of prescribed burns in the reserve because of easier control and ease of access. These fires
burnt out of the normal fire season, as well as at an abnormally short interval. It is therefore
not surprising that 50% of the explained variance in this community could be attributed to
the recent fire history. The frequency of fires, as well as the length of the shortest interval
between fires, proved important determinants of vegetation pattern in this community.
Graminoids, sprouting shrubs and annuals were favoured by frequent fires, while fire
sensitive non-sprouters were lost from sites which experienced at least one short interval fire
event in the last 30 years. Although not statistically significant, the season of burn also
appears to have played more of a role in structuring the composition of some restioid sites.
Those combinations of fire seasons which ended with an autumn burn appear to have had

the most impact on the vegetation.

These results support the present policy of ‘adaptive interference’ fire control used in the
CGHNR This system uses no formal prescribed burning and relies instead on the occurrence
of wild fires to maintain species diversity and a variety of vegetation ages (Erntzen pers.

comm.). Fires are only fought if they threaten infrastructure or burn in very young
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vegetation. Management should be aware of the fact that by its location the reserve’s
vegetation must be adapted to longer fire frequencies than for inland fynbos areas. The
earlier formal fire management programme which was based on a ten year interval and used
prescribed autumn or winter burns was undoubtedly detrimental to this vegetation. Every
effort should be made to maintain these longer intervals, especially in the southern part of

the reserve.

When compared with the role of recent fires, invasive alien trees have played a minor role in
influencing vegetation composition in the reserve. Although they have significantly altered
species composition both within the protecid community and at the landscape scale, they
have accounted for less than 2% of the variance in the vegetation in 1996. None of the
original one hundred sites were located in densely infested areas as the only site situated in
an A. cyclops thicket was discarded by Taylor at the time of his initial survey (Taylor
1984a). Since that survey a number of sites became infested and most of these were
subsequently cleared. It would appear that few, if any, of these sites were densely infested
and as a result the indigenous flora was able to recover after clearing. Recent research by
Holmes and Cowling (1997) has shown that persistent seedbanks enable many fynbos
species to recruit after clearing of Acacia stands. However, they also showed that the ability
of fynbos to recover diminishes with the length of invasion time. Acacia cyclops does
appear to have been associated with larger floristic changes in the coastal community and in
the long unburned southern, proteoid sites. Much of the coastal vegetation was densely
infested by alien plants in the last 30 years and certain areas have not yet fully recovered
following clearing. This study could not quantify the impact of aliens on the coastal
community owing to a shortage of samples (but see Chapter 5). In the southern areas of
the reserve the sites have never been cleared and as a result some are quite densely invaded
by A. cyclops. This species has similar life history attributes to indigenous thicket species.

It is favoured by long fire-free intervals which allow for the development of perch sites as its
seeds are also bird dispersed. Once established, A. cyclops is competitively superior to the
indigenous species and its recruitment is favoured by fire. It has become a major threat to
the unique indigenous flora of the southern reserve. However, with the exception of this
southern area which has not yet been cleared, the results of this study indicate that the

reserve’s flora has not been seriously impacted by alien disturbance. Thisis a direct
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consequence of effective clearing operations which have prevented the development of

dense stands and minimised lengths of invasion time.

Despite the addition of the disturbance parameters, the multivariate model still explained less
than 50% of the compositional variation in species data. Further explanations therefore need
to be sought to explain the high percentage of unexplained variance in species pattern in this

study.

The 30 year history of disturbance does not explain underlying differences in vegetation
composition caused by longer term patterns of disturbance. As an example, there is a
pattern of increasing fire-free intervals with increasing latitude in the reserve (see Chapter 5,
Fig. 5.8). Over a long period of time this would have resulted in the selection of suites of
species favoured by longer intervals in the south and shorter intervals in the north. Similarly,
topography influences the movement of fires resulting in certain areas being more fire-prone
than others. The last 30 years fire record therefore does not explain the full impact of past

fire patterns on vegetation structure.

The high percentage of unexplained variance can also be partly attributed to the sampling
design, which was not specifically set up for exploring vegetation-environment relationships
(e.g. Richards et al. 1995). A number of the sites were situated on ecotones between

- community types and consequently the physical variables often varied across individual sites.
Ideally sites should have been situated in homogenous stands of vegetation with
corresponding uniform environmental characteristics. Similarly, problems associated with
sampling design were responsible for the low variance accounted for by the fire data.
Morrison ef al. (1995) accounted for 60% of the floristic variation in fire-prone, Australian
communities with fire frequency alone, by specifically choosing samples with differing recent
fire histories. In this study the variance explained by the recent fire history would have been
higher had a reasonable sample of replicate sites been located within each variation of fire
history and vegetation type. Instead the sampling design, based on the intersections of a grid
across the reserve, resulted in a random assemblage of sites not suited to providing a true
indication of the variance explained by physical site and disturbance variables. Nevertheless

this study does provide useful information on the relative importance of the physical site and
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disturbance components in explaining variation in vegetation based on a random sample of

sites distributed evenly over a fynbos landscape.

Finally, the low variance explained by the physical site factors and disturbance regime
suggest that stochastic factors do play an important role in structuring fynbos communities.
Stochastic factors which may contribute to the unexplained variance include the endogenous
properties of species which have been shown to cause extreme population oscillations (Bond
ef al. 1995). These oscillations can in turn effect species composition, especially when
overstorey Proteaceae are involved (Viok 1996). Other stochastic events such as climatic
conditions following fire or chance introductions by bird or wind dispersal result ‘in local

colonisation and extinction and thereby influence community composition.

Conclusions

This study has demonstrated that at the landscape scale the disturbance regime is nearly as
important as physical site factors in determining vegetation pattern in fynbos. Of the
explained variance in species composition, nearly half could be attributed to recent
disturbance effects, especially the impact of fires. Fire frequency, rather than season, proved
the most important component of the fire regime. Long fire-free intervals in proteoid fynbos
in the southern part of the reserve are important for the conservation of localised species.
The development of thicket and forest from fynbos is a very slow process in this study area
and takes longer than has been suggested for inland mountain fynbos. Stages in the post-fire
succession play a very important role in determining species composition in fynbos. This
study has demonstrated that in cases where vegetation of varying ages is sampled (especially
where young vegetation is included), successional effects can play a more important role
than any other variable in determining composition. Aspects of the disturbance regime have
different influences on the various vegetation types, with short frequencies being most
influential in restioid fynbos and long fire-free intervals being most important in proteoid
fynbos. Despite having covered large areas of the reserve in the past, alien plants have only

played a minor role in influencing vegetation composition.

93



. Despite the inclusion of the disturbance regime into the multivariate model, more than half
of the variance in species data at the landscape scale could not be accounted for. This
emphasises the complexity of fynbos landscapes. A variety of stochastic phenomena could
not be included in the model. These include the immediate post-fire climatic conditions
which play an important role in stmctuﬁng communities, as do biotic interactions and
endogenous density dependent phenomena. Furthermore, many fynbos species appear to be
unconstrained by physical site determinants. A high proportion of these are widely
distributed but occur at low abundances. The next chapter explores the temporal sfability of

species and the characteristics of species prone to local extinction and colonisation.
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CHAPTER 4. Thirty years of change in the vegetation of the
Cape of Good Hope Nature Reserve: a closer look at species

resilience and local extinction.

Abstract

The biological attributes, growth form, regeneration mode, dispersal mode, as well as
flbundance and geographic range of species, were determined for the flora of the Cape
of Good Hope Nature Reserve. The temporal stability of fynbos species was explored
by comparing changes in the geographic range and abundance of species surveyed 30
years apart in 1966 and 1996. The attributes of the species were then modelled against
the probability of local extinction for each species calculated over the 30 year period
using logistic regression analysis. The model tested for the relationship between the
independent species attributes and the probability of local extinction as well as
interactions between the species attributes. The model was used to determine a
numerical estimate of the probability of a species with a specific set of attributes going
locally extinct over a 30 year period. No significant change occurred in either the
abundance or geographic range of dominant species during this period However, rare
and range-restricted species proved prone to local extinction. The probability of
extinction by 1996 of species which were rare in 1966 was 1.5 times greater than for
those species which were common in 1966. The growth form of the species also
significantly influenced its probability of extinction over the thirty-year period.
I—Ierbacéous species proved the most prone, while graminoids proved the least prone to
extinction. The logistic model provides a first attempt in fynbos to predict the

probability of extinction based on a species biological and demographic characteristics.
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Introduction

Fynbos-dominated landscapes in the Cape Floristic VRegion have exceptionally high
plant diversity (Cowling et al. 1992). Resource managers are faced with the task of
ensuring the maintenance of this high biodiversity. In the Cape of Good Hope Nature
Reserve (C.G.H.N.R.) alone, 1073 species of vascular plants have been recorded
(Fraser in press). Many of these species are extremely rare, occurring in small localised
populations (Moll and Gubb 1981, de Lange and Boucher 1993), or widely dispersed
but occurring at low densities (Simmons and Cowling 1996). Other species which are
seemingly widely dispersed may be under greater threat than those that are obviously
rare, owing to their temporal variability and higher probability of local extinction
(Gaston 1994). Species which are common now may not always have been so, while
previously common species may have become rarer. We have little understanding of
how constant fynbos species are over time, how resilient they are to repeated
disturbance, or what their probabilities of local extinction are over relatively short time

periods (ca. 30 years).

Fire is the most important natural disturbance factor in fynbos and the major cause of
changes in community composition (Bond ez al. 1984). Each fireis a unique event that
can differentially favour suites of species (Cowling 1987). The dynamics of fynbos
ecosystems in relation to fire is currently best understood in the case of single fire
events on members of dominant overstorey shrubs belonging to the family Proteaceae
(Bond 1980, Bond ef al. 1984). Research has shown that their post-burn densities can
differ considerably from the pre-burn population size (Le Maitre 1988a). Fires at an
interval shorter than required by a species to reach maturity (ca. 3-5 years) can result in
local extinction (van Wilgen 1981), while excessively long fire-free intervals (>40
years) can result in senescence and post-fire population crashes (Bond 1980).
Proteaceae populations have also been found to be sensitive to fire season (Bond 1984,
Bond e al. 1984, Le Maitre 1988a&b). Winter and spring burns result in population
declines, while autumn burns can cause substantial population increases (Bond 1984,
van Wilgen and Viviers 1985). In addition to these exogenous causes of population
oscillations, post-burn seedling densities have been found to be negatively correlated
with pre-burn adult densities suggesting some form of endogenous control on post-fire

recruitment levels (Le Maitre 1988b, Bond et al. 1995).
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With the exception of a few autecological studies on high profile, often endangered species
(Moll and Gubb 1981, Boucher 1981, Pierce and Cowling 1991, Musil 1991, Killian and

Cowling 1992, de Lange and Boucher 1993), very little is known about the dynamics and
resilience in relation to fire of non-proteoid fynbos species. Cowling and Gxaba (1990) as well
as Vlok (1996) have shown that the composition and density of overstorey proteoid cover
affects the understorey composition through the creation of spatially and temporally dynamic
habitats which favour different species. Studies on secondary succession in fynbos have
generally supported the initial floristic composition model (Egler 1954), with percentage
similarity between pre-and post-fire vegetation ranging from 62% in coastal dune fynbos
(Cowling‘ and Pierce 1988), to 86% for mountain fynbos (Le Maitre 1987). However,
considerably lower values ranging from 29% to 41% led Hoffman ez al. (1987) and Musil and de
Witt (1990) to suggest that a greater degree of sequential species replacement occurs in

sandplain lowland fynbos.

While all of these studies have given insight into the temporal dynamics of fynbos following a
single fire event, no long-term research has been carried out to explore the stability of
communities and resilience to local extinction of species over a time span covering more than
one fire. Information on the probability of species remaining at a site following a few fires, and
the attributes which allow them to persist in vegetation subjected to frequent fire (e.g. Noble and
Slayter 1980), is necessary for a better understanding of how management practices influence
vegetation over time. Furthermore, the ability to predict the probability of a particular species
becoming locally extinct would have great value to conservation, as it could provide a basis for

identifying those species most in need of conservation interventions (Gaston 1994).
The aims of this chapter were as follows:

1. To determine the stability in composition of fynbos at the landscape scale over an interval

incorporating a few fires.
2. To determine how constant species remain over time.
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3. To determine the characteristics of the species that have a high tendency for local

extinction.
I approached these objectives by comparing the species composition in the CGHNR in

1996 with that of 1966. In this way I explored whether 30 years of active management

have significantly altered the composition of the reserve’s vegetation.

Methods

STUDY AREA AND SAMPLING METHODS

A detailed description of the study area, method of sampling and allocation of

abundance values to species appears in Chapter 1 and 2.

COMPARING SPECIES DOMINANCE AT THE TWO SAMPLING TIMES

I tested the null hypothesis that there has been no change in the composition of the
dominant species in the CGHNR over the last 30 years of active management. A
complete species list for both the 1966 and 1996 surveys was compiled for the eighty-
one most accurately relocated sites (see Fig. 1.1; sites 7, 77 and 95 were not used in
this chapter). Only perennially identifiable species were used and nomenclature follows
Arnold and De Wet (1993). Much attention was péid to ensuring accurate
identification and correct nomenclature in both the 1966 and 1996 datasets. I explored
changes in both the frequency and abundance of all species at the two sampling times.
The frequency of a species was defined as the number of sites it occupied at a
particular sampling time, while its abundance was calculated as the sum of the
individual abundance values of all sites that the species occupied (for definition of

abundance, see Chapter 2).

A. Frequency

The frequency of all species was ranked for each sampling time. To investigate shifts
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in dominance the ten most common species at each sampling time were ranked and
compared using a Spearman’s rank correlation test. To assess for overall stability in

species composition, the relationship between species frequency in the 1966 survey,

and frequency in the 1996 survey, was determined using correlation analysis (Pearson’s

coefficient for normally distributed data).

B. Abundance

For each sampling time, I ranked species according to their abundance across all 81
sites. The ten most abundant species at each sampling time were ranked and compared

using a Spearman’s rank correlation test. )

MODELLING THE BIOLOGICAL ATTRIBUTES OF LOCAL EXTINCTION

There are three potential pathways that a species could have followed in the 30 years
between the two surveys. Firstly, a species presént within a site in 1966 may have
remained there until present; in this case I defined the species as a stayer (1,1).
Secondly, the species may have been lost from a site (local extinction); these species I
defined as loser (1,0)’s. The third possibility is that a species might have colonised a

site in which it was not present in 1966; in this case I defined it as a coloniser (0,1).

From a management perspective the most important pathway is that of local extinction
(1,0). Iattempted to characterise those species that have shown a high tendency for

local extinction in the 30 years between studies. To do this I calculated the probability

~ of local extinction p(1,0) for each species present in 1966 using the equation:

b;
p(,0) =

g6

where b; is the number of sites in which the species 7 occurred in 1966 but was no

longer observed in 1996, and nss; is the number of sites in which species i occurred in
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1966 (Appendix 2).

All the species were characterised according to their growth form, regeneration mode |

and dispersal mode. The placement of species into biological categories was based on
data from Bond and Slingsby (1983), van Wilgen and Forsyth (1992), McDonald ef al.
(1995), Trinder-Smith (1995) and personal observations (Appendix 2). The growth
forms, post-fire regeneration strategies and dispersal modes included in the modelling

procedure are listed below.

- Growth form (G)

1. Low shrub (< 1m)
2 Mid shrub (= 1m but < 2m)
3 Tall shrub (= 2m)

4. Graminoid

5 Herb (excludes annuals)

6

Geophyte

Regeneration mode (R)

1. non-sprouter

2, sprouter

Dispersal (D)

1. short distance (passive and ant)

2. | long distance (wind and bird)

The relationship between abﬁndan_ce, range size and the probability of local extinction
was explored. I defined the species according to their abundance as well as their range
size using the quartile method of Gaston (1994). This is a discontinuous definition of

rarity based on a cut-off of 25% of the recorded species in the 1966 data set.

Mean abundance (A)
Defined as the mean abundance of the species across all occupied sites.

L. Locally rare (25% with the lowest mean abundance)
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2. Locally common (75% with the largest mean abundahce).

The species defined as locally rare all had a mean abundance of approximately one. (<

5 individuals per 50 m% n =103, 24.4% of the species).

Geographic range (GR)
Defined as the number of sites occupied by the species.
1. restricted (occurring only once in the dataset)

2. widespread (occurring more than once in the dataset)

This categorisation does not strictly follow the quartile method as 29% of the species
occurred only once in the data set and were therefore defined as the restricted group.

(n =126, 29% of the species).

The list of all species, their biological attributes, abundances, geographic ranges and

probability of local extinction is given in Appendix 2.

Chi-squared analysis

I used two-way contingency tables to carry out a preliminary analysis of the
relationship between the biological attributes of a species and its probability of local
extinction. I divided the species into two groups, those with a probability of local
extinction (p(1,0)) of greater than 50%, and those with a p(1,0) of less than or equal to
50%. Chi-squared analysis was used to test for significant differences in the frequency
of each biological trait within the two categories of local extinction. The statistical

package Graphpad Instat was used for the analysis.

Generalised Linear Modelling

Generalised linear modelling (GLIM) (McCullagh & Nelder 1983) was used for a
logistic analysis in order to explore the relationship between the biological attributes of
a species and its probability of local extinction. The statistical package GENSTAT
(Payne 1987) was used for the modelling.
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A statistical modelling approach as used in this study is considered superior to other
methods such as two-way contingency tables, as it tests for interactions between the
biological attributes as well as testing the effect of each attribute independently, in the
presence of the others. This enhances the predictive power of the model (Trexler and

Travis 1993, McDonald et al. 1995)

Model Selection

A hierarchy of models was fitted using a forward selection procedure. Starting with a
base model containing only the constant, the biological attributes were added
sequentially to the model. ~ Attributes which did not significantly alter the models
deviance were omitted (Crawley 1993), until the most parsimonious model was
achieved (Trexler and Travis 1993). Initially the significance of the main effects of G,
D, R, A and Ra was assessed. The model was then further revised to explore the role

of interactions between the significant main effects.

Results

COMPARING SPECIES DOMINANCE AT THE TWO SAMPLING TIMES

A comparison of the species composition at the two sampling times revealed that there
had been no significant change in the frequency (Table 5.1, r;= 0.816, P = 0.002) or
the abundance (Table 5.2, r;= 0.927, P = 0.0003) of the dominant species over the 30
year interval between surveys. All species present in both surveys have remained
relatively constant with regards their geographic range in the reserve (Fig. 5.1, r =
0.868, P <0.0001). The dominant species had a high constancy and have tended to
remain dominant over the 30 year interval covered by this study. The species which
were locally restricted in the 1966 data set have tended to either remain rare, or were
completely absent from the 1996 data set. Of the 429 recorded species in 1966, eighty
nine (20%) were not recorded again in 1996. However, 59 of these were only found
once, and eighty-two occurred in three or less sites in 1966. Sixty-seven (16.4%3 of
the 408 species recorded in the 1996 survey, were not present at the time of the initial
survey. The majority of these were range-restricted species (only 4 were recorded in

more than 3 sites).
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Table 5.1. A ranked comparison of the 10 most frequently observed species in the
1966 and 1996 surveys.

11

Species Frequency Rank Species Frequency
1966 1996 1996
Ischyrolepis cincinnata 59 1 Ischyrolepis cincinnata 55
Thamnochortus lucens 59 2 Thamnochortus lucens 54
Elegia stipularis 46 3 Ischyrolepis capensis 50
Ischyrolepis capensis 46 4 Erica corifolia 47
Tetraria cuspidata 46 4 Erica imbricata 47
Struthiola ciliata - 43 6 Struthiola ciliata 44
Phylica imberbis 42 7 Elegia stipularis 43
Erica imbricata 40 8  Tetraria cuspidata 42
Metalasia muricata 40 9 Metalasia muricata 39
Pentaschistis colorata 38 10  Leucadendron 37
laureolum
Tetraria microstachys 37 10 Phylica imberbis 37

Table 5.2. A ranked comparison of the 10 most abundant species in the 1966 and 1996

surveys.

Species Rank Rank
1966 1996
Ischyrolepis cincinnata \ 1 1
Thamnochortus lucens 2 2
Flegia stipularis 3 3
Erica imbricata 4 4
Struthiola ciliata 5 7
Ischyrolepis capensis 6 5
Tetraria cuspidata 7 9
Salaxis axillaris 8 6
Phylica imberbis 9 23
Aristea africana 10 19
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Figure 5.1 The relationship between the geographic range (frequency) of all species

recorded in both surveys.

MODELLING THE BIOLOGICAL ATTRIBUTES OF LOCAL EXTINCTION

Chi-squared analysis

The preliminary results obtained from xz analysis suggest that local extinction is a hon-
random process with respecf to the biological attributes of a species (Fig.5.2). Growth
form, regeneration mode, mean abundance and geographic range of a species all
influence its probability of local extinction. Woody species and graminoids tended to
have a low probability of extinction, while the herbaceous guild (herbs, geophytes and
low shrubs) showed a higher tendency for extinction. Those species which are able to
persist through fire by resprouting had a lower probability of local extinction than those
which rely entirely on recruitment from seedlings. Abundant and widespread species

also proved less susceptible to local extinction than rare and restricted species.
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Figure 5.2 The relationship between the biological attributes of species and their

probability of local extinction (P). The percentage species was used for graphical

representation, while count data were used for the contingency analysis.
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Generalised Linear Modelling

Model selection.
Initially the significance of the main effects of G, R, D, A and Ra on the probability of
local extinction p(1,0) were assessed by examining the change in deviance when the

- main effects were added sequentially.

Table 5.3 Analysis of deviance table for logistic regression with all the main effects

included in the model. .

Models Constan Growth Regeneration Dispersal Abundance Range Deviance

form mode mode
1. V v 151.85*
2. V y v 3.531
3. | V \l V 2.49
4, V V V V V 49.867*
s, V Y \ ¥ N 14.022%
’ 22 <001

The deviance is the change from the model immediately proceeding it. The deviance
therefore represents the effect of the new factor, adjusted for all factors above it in the
table. From these results it is evident that neither dispersal nor regeneration mode
significantly influence a species probability of local extinction. Furthermore, it was not
possible to include mean abundance and geographic range together in the model as this
led to numerical instability. Mean abundance proved more significant than geographic
range in influencing local extinction. This suggests a model using only growth form and

abundance.

The basic assumption of logistic regression is that the distribution of b (where b is the
number of sites in which the species occurred) is binomial. This implies that the
variance of b for a given pattern = n x 7 x (1-%), where 7 is the probability of the given
pattern. The data exhibited variation that was greater than this so we estimated the

variation of b as ¥ x n x 7 (1-1) which equalled 2.039. By including this parameter
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over-dispersion parameter are given in Table 5.4

Table 5.4 Parameter estimates for a logistic regression with all growth form parameters

and abundance included in the model.

The parameters for the model including growth form and abundance as well as the

in the model most of the over-dispersion was accounted for, but the model still tended |

to underestimate the probability of extinction for small b and overestimate it for large b.

Model Estimate - S.E. t
Constant -0.483 0.079  -6.09*
medium shrubs -0.169 0194  -0.87 )
tall shrubs -0.492 0.264 -1.86
graminoids -0.339 0.086  -3.96*
herbs 0.362 0.074 4.86*
geophytes -0.093 0.177  -0.52
abundance (common) -0.452 0.075 -6.04*
t <0.05

There is some evidence for tall shrubs being kept in

the model, although not quite

attaining statistical significance at the 5% level. The parameter estimates for medium

shrubs and geophytes are not significantly different from zero. This implies that the

odds on local extinction for these growth forms are not significantly different from the

odds on extinction of low shrubs. On removal of these parameters from the model, the

deviance of the model only changed by 2.4 for 2 d.f., confirming their non-significance.

I then checked for the presence of interactions between the significant main effects

(including tall shrubs), abundance and growth form.
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Table 5.5 Analysis of deviance table for logistic regression with the interactions of the

significant main effects. (standard errors are based on a dispersion paraméter with value

2.04)

Model Change in deviance F
Constant +abund.+ tall shrubs + gram.+ herbs

+ abund. x tall shrubs 3.6 1.74 N.S.
+ abund. x graminoids 14.43 7.67*
+ abund. x herbs 2216 1.09 N.S.

The only significant interaction term was abundance x graminoids. This interaction was
retained in the final model. Tall shrubs, which were not quite significant as a main
effect and non-significant as an interaction effect was therefore also removed from the

model at this stage.
Final Model.

Table 5.6 Analysis of deviance table for the final model. (standard errors are based on

dispersion parameter with value 2.04).

Model Estimate  S.E. (%)

Constant 205675 00787  -721*
graminoids 0442 0145  3.04*
herbs 0.4241 0.072 591*.

abundance (common) -0.3978 0.077 -5.17*
abundance (common) x  -0.787 0.163 -4 83*

graminoids

¥1<0.05

Final model’s fit. v ,
The Pearson x> goodness of fit for the final model equalled 413.1 for 417 degrees of
freedom, P = 0.55, indicating that the model fits the data well.

Below I calculated the probability of a species being absent in 1996 given that it was
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present in 1966 for all combinations of significant biological attributes. Table 5.7 also
provides the odds ratio which is equal to the probability of being absent divided by the
probability of being present in rare versus common species from the significant growth
forms. Thirdly the table provides the odds on extinction of rare versus common species

for the different growth forms.

Table 5.7 The probabilities of extinction, odds on extinction of each growth form and

comparison of odds on extinction of rare and common species in each growth form.

Biological attributes Probability of Odds ratio Comparison of odds on
extinction rare with common
rare (not herb or graminoid) 0.362 0.567 }
common (not herb or graminoid) 0.276 0.381 & 1.5%
rare ~  herb 0.464 0.866 }
3
common herb 0.368 0.582 1.5
rare graminoid 0.267 0.364 }
A
common  graminoid 0.100 0.111 ¥ 3.3

* indicates that there is a 1.5 times greater chance of a rare species which is not a herb or graminoid
becoming extinct when compared with a common species which is neither a herb nor graminoid.

INFERENCES MADE FROM THE MODEL

1. The seed dispersal distance of a species does not influence its probability of local

extinction.

2. The regeneration mode does not significantly influence the probability of local
extinction. However, while not statistically significant, sprouters appeared to have a

lower probability of local extinction when compared with non-sprouters.

3. The growth forms defined in this study show significantly different probabilities of
extinction. The odds on local extinction of herbs was 1.5 times greater than for
shrubs and geophytes.
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4. The mean abundance of the species on the landscape scale in 1966 influenced the

probability of it being present in 1996. The odds on extinction of species from
growth forms other than herbs or graminoids which were rare in 1966 was 1.5 times
greater than for common species. Similarly, the odds on extinction of rare herbs was
1.5 times that of common herbs. The odds on extinction of rare graminoids was 3.3

times higher than for graminoid species which were common in 1966.

s, Species with large geographic ranges in 1966 had a lower probability of local
extinction at the site-level than species which were geographically restricted. The
numerical instability created by the inclusion of both abundance and range meant,

however, that range was left out of the final model.

Discussion

There have been no major shifts in the abundance or geographic range of the common
species across all the sites enumerated in the Cape of Good Hope Nature Reserve
(CGHNR) over the last 30 years. This stability in the rank of the common species
indicates that management policies in the reserve have not resulted in any dramatic
compositional shifts in the flora during this period. These results are in agreement with
other studies which have shown that local assemblages are temporally predictable in
species composition and rank abundance (Obeso 1992, Gaston 1994).  The only other
study of this kind in fynbos, which covered a six year interval, also demonstrated little
change in the frequency and mean cover of the dominant species (van Wilgen and

Kruger 1981).

While there has been substantial change in many of the individual sites (Chapter 5), the
strong correlation between the frequency of species present at both sampling times
suggests that the majority of species have remained relatively constant at the landscape
scale. However, despite this significant temporal concordance, some species have
shown changes: local extinction and colonisation have been common phenomena over
the 30 year interval. Twenty percent of the species present in 1966 were not relocated
in 1996, while fourteen percent of the species were recorded for the first time in 1996.

The majority of these species were rare and had small geographic ranges. A common
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observation in studies of this type is that the changes in vegetation over time tend to be
among the rarer species (Rogers 1983, Gaston 1994). In extremely rich vegetation
types such as fynbos, the majority of species are sparse having low population sizes and
patchy distributions (Rabinowitz 1981, Grubb 1986, Simmons 1996). It is chiefly
within this group that the relatively large number of extinction and colonisation events
were recorded. This high degree of temporal heterogeneity is an important factor
contributing to the small-scale floristic complexity of fynbos communities (Cowling
1987) and contributes towards the high regional species-richness of the region

(Simmons and Cowling 1996).

The process of local extinction shows distinctly non-random patterns with respect to the
biological attributes of species. It could be deduced from the model that the abundance
of a species in 1966 was the major factor determining its probability of local extinction
by 1996. Species which were locally rare in 1966 had a 1.5X greater probability of
local extinction by 1996 than species which were common. In the case of graminoid
species the odds on local extinction of rare graminoids was three (3.3) times that of
common graminoids. This supports the view that rare species tend to have a higher
probability of local extinction than do more common ones (Gaston 1994). Great care
was taken during the sampling phase of this study to ensure that rare species were not
overlooked. This ensured that the observed pattern of greater probability of local
extinction in rare plants was not a result of sampling error, but rather a consequence of

demographic stochasticity.

The model showed that growth form plays a significant subordinate role in influencing
extinction. Herbs have an increased probability and graminoids a lower probability of
extinction when compared with shrubs and geophytes. The majority of herbs are
relatively short lived and many are fire ephemerals which either regenerate from soil
stored or widely dispersed seed after fire. Few species are able to resprout after fire
and in order to remain at a site they require that their propagules germinate close to the
parent plant, or alternatively be dispersed in from outside the site. Given the nature of
the windy climate at the study site, together with the typically small, light and wind
dispersed seed of the herbaceous group, it is not surprising that these species show a
high tendency for local extinction. Their vulnerability to local extinction can also be

explained in part by their position in the post-fire succession in fynbos (Bond et al.
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1988). Studies in fynbos succession ha\}e generally shown that the herbaceous
component is at its peak in the youth phase, one to five years post fire (Kruger and
Bigalke 1984, Cowling and Pierce 1988, van Wilgen and Forsyth 1992). The number
of sites with a post-fire age of less than five years was lower in the second survey than
in the first (Chapter 3, Fig.3.2) and consequently a number of herbs had been lost from
the regional species pool. This study showed that many herbs are sparsely distributed,
short lived and temporally variable, making them a difficult group to monitor for
management purposes. This also makes them unreliable as indicator species in

vegetation classification studies.

The graminoids proved to be the least prone to local extinction. They are a diverse
group which include species that are relatively short lived non-sprouters as well as
persistent sprouters. Short interval disturbance, especially fire, has long been regarded
as beneficial in promoting the graminoid component in fynbos (Trollope 1973, Cowling
1984). In the CGHNR there has been little change in the overall frequency of
graminoids over the last 30 years (frequency 1966 = 1005, 1996 = 966). While
graminoids as a whole proved the least prone to extinction, the model shows that the
interaction between the graminoid growth form and abundance plays a role in
determining the probability of local extinction. Common graminoids, especially the
abundant Restionaceae such as Elegia filacea and E. cuspidata, proved to be highly
stable over time, while species which were infrequent on a site were prone to extinction.
This again emphasises the importance of abundance in influencing the probability of

local extinction in species.

One of the determinants of species extinction is thought to relate to the probability of
dispersal failure (Bond 1994, Gaston 1994). The probability of a species such as
Leucadendron laureolum, which is a non-sprouter and dispersed by wind, remaining at
a site is partly dependent on the strength of prevailing winds following fire (Cowling
and Gxaba 1990). Strong winds can result in the movement of these species across the
landscape and their loss from a particular site over time (see Chapter 5). In this study
the dispersal ability of a species did not influence its probability of local extinction. This
could be a sampling artefact resulting from two potential sources of error. Firstly, the
dispersal mechanism was not well known for all species and some guesswork was

required. Secondly, error could have arisen from the subjective splitting of dispersal
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ability, which is a continuous variable, into long and short dispersed species.

The lack of a clear relationship between regeneration mode and probability of local
extinction is surprising. Bond (1989) developed a stochastic model of recruitment in
serotinous Proteaceae based on the post-fire seedling to pre-fire parent ratios. He
suggested that the probability of population extinction was high unless the mean ratio
exceeded four seedlings per parent. Furthermore, the recruitment of non-sprouting
shrubs is strongly influenced by fire regime, while sprouters are more resilient to
variable fire regimes. Hence the probability of local extinction should be higher for
non-sprouting species (Bond et al. 1984, Cowling and Lamont 1985). The lack of a
clear relationship may have been as a result of the inclusion of facultative sprouters as
sprouters, which might have had the same fate as non-sprouters given two or more fires
over the last 30 years. Alternatively, if fires were rare over the 30 year period, it is
unlikely that either life form would have been adversely affected. The net effect was a
lack of a distinct pattern, with sprouters only showing a slightly lower probability of

local extinction than non-sprouters.

Conclusions

While there has been a stasis in the abundance and frequency of common species over
the last 30 years, the rare and range-restricted species have proven more prone to local
extinction and colonisation. Extinction-prone species proved not to be a random
assemblage of plants. Herbaceous species were the most prone to local extinction, A
while graminoid species proved the least prone to extinction. There was also a
significant interaction between the graminoid growth form and abundance, with rare

graminoids having a far greater probability of extinction than common ones. In the

context of this thesis, these findings demonstrate the temporally variable nature of many
fynbos species. Rare and range-restricted species comprise the bulk of fynbos floras,
and their high tendency for extinction and colonisation plays a major role in creating the
spatially variable patterns which proved so difficult to explain in earlier chapters. Thus
much of the turnover in fynbos systems can be explained by fire-induced demographic
variation and successional processes amongst the rarer species. The next chapter takes

a closer look at the causes of temporal change in species composition in fynbos.
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CHAPTER S. Thirty years of change in the vegetation of
the Cape of Good Hope Nature Reserve: A descriptive

account

“The ecological phenomena that we study often operate on temporal scales longer

than our own existence and certainly longer than the time span of a research grant”

Wiens et al. (1986)

Abstract

This study used permanently marked sites, surveyed at a 30 year interval, to provide a
descriptive account of the temporal change in the fynbos vegetation of the Cape of
Good Hope Nature Reserve. Management records on fire history and alien plant
invasions were used to examine the role of these factors in inﬂuehcing vegetation
change over this period. The study explored the role of post-fire age, fire frequency,
intensity and season, as well as biotic interactions (competition from overstorey
proteoids and alien plants) in influencing vegetation composition. The mean similarity
in species composition between surveys was 62%, indicating an average of nearly 40%
turnover in species over the 30 year period. The main causes of this change included
sampling during different stages in the post-fire succession as well as the impacts of
differential fire regimes (especially frequency effects). Competition from serotinous
Proteaceae, which proved highly mobile after fire, as well as invasive Australian Acacias
also impacted the composition of the vegetation over time. The study demonstrated
that fynbos communities are temporally dynamic and that the changes over time in
species composition are caused by a varlety of processes. The study also provided
evidence for the role of temporal diversity in contributing to the high species d1vers1ty in

fynbos systems.
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Introduction

A major challenge facing vegetation scientists is to determine the resilience of
communities, as well as individual species, to the varying components of the
disturbance regime (Cowling 1987). Fire and invasion by alien plants are the/major
disturbance factors acting on fhe fynbos vegetation of the southern Cape Peninsula. For
practical reasons studies on the effects of these disturbances on fynbos dynamics have
always been temporally restricted. Studies on succession following fire have monitored
recovery after a single fire event. Similarly, the impact of the various components of
the fire regime on recruitment have looked at parent : seedling ratios at the same site
following a single fire event (e.g. Bond 1980, Van Wilgen 1981, Hoffman et al 1987,
Cowling and Gxaba 1990). These studies are limited as they base their results on single
fire events. Most studies on the impact of alien plants on indigenous vegetation have
compared adjacent invaded versus non-invaded sites (e.g. Richardson et al. 1989,
Holmes and Cowling 1997, but see Richardson and Van Wilgen 1985 for an exception).
There is always the problem with this approach that differences in stands may reflect
pre-existing differences in the physical environment and not the effects of fire or alien

plants per se.

While many studies on decade-scale vegetation change have been undertaken
internationally (e;g. Fojt and Harding 1995, Rose ef al. 1995, Minnich et al. 1995,

Dodd et al. 1995) and some local research has éxplored long term changes in the semi-

_arid Karoo (Hoffman and Cowling 1990, O’Connor and Roux 1995), no work on

medium-term temporal dynamics has been carried out in fynbos. Thus, while spatial
patterns in the complex and diverse fynbos vegetation have been extensively researched
over the last few decades (Taylor 1978, Kruger 1984, Campbell 1985, Cowling and
Holmes 1992), no studies have explored the contribution of the temporal component to
this complexity. Consequently little is known about the resilience of fynbos to change
over time or how repeated disturbances influence patterns in vegetation distribution at
the community and landscape scale. Chapter 3 of this thesis demonstrated the
importance of the past disturbance regime as a determinant of contemporary vegetation

pattern in fynbos. Chapter 4 showed that while common species have remained




relatively constant at the landscape scale over the last 30 years, the rarer species have
demonstrated a high probability for colonisation and extinction. This chapter explores
community-scale resilience of fynbos vegetation in the Cape of Good Hope Nature
Reserve (C.G.H.N.R.) to 30 years of variable disturbance, both natural and managed. I
use mostly a descriptive approach to explore changes in the composition of permanent

vegetation sites established in 1966 and attempt to invoke explanations for the observed

change from historical fire and alien plant records.

This chapter provides a broad overview of a variety of aspects of fynbos dynamics by

attempting to answer the following questions.

1. How much change has occurred in the vegetation of the reserve between 1966 and
1996? '

2. How important is post-fire age as a determinant of species composition and
diversity?

3. What effects have long fire-free intervals had on vegetation dynamics in upland and
coastal fynbos?

4. What impact have unusually short and long fire frequencies had on vegetation
composition?

5. What impact has high intensity fire following long fire-free intervals had on
vegetation composition and structure?

6. How important has the seasonal component of the fire regime been in influencing
vegetation cornposition?

7. What has been the dynamics of the common serotinous overstorey species
Leucadendron laureolum, and what impact has it had on understorey species diversity?
8. How has the abundance and range of invasive alien plants changed over the last 30

years, and what effect have these changes had on the indigenous flora of the reserve?
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Methods

STUDY AREA AND SAMPLING METHODS

The study area and method of sampling is fully explained in Chapters 1 and 2 of this
thesis. Fig. 1.1 shows the location and numbers of all sites used in this chapter. Site
numbering corresponds with that used by Taylor (1969 and 1984b). Eighty-one of the
original 100 sites were sufficiently accurately relocated to be used in this study (sites 7,
77 and 85 were excluded). The location of these sites corresponds exactly with

Taylor’s original sites and the quadrats therefore covered the same 50 m”.

All species present in each quadrat were noted with the exception of annuals and
seasonally apparent geophytes, both of which were not perennially identifiable. Much
effort went into ensuring that species were accurately identified, as this was crucial to
achieving the objectives of this study. The nomenclature of all Ispecies was corrected
according to Arnold and De Wet (1993). The original species lists of Taylor (1969)

were used to assist with identification.

MEASUREMENT OF ASSOCIATION BETWEEN SURVEYS

One of the simplest means of analysing floristic differences in vegetation over time is to
look at the levels of similarity between samples. There are a variety of measures that -
can be used to calculate similarity or dissimilarity between sites. Two of the most
widely used similarity indices are the Sorenson coefficient and the Jaccard coefficient.
Generally, Sorenson’s coefficient is preferred to the Jaccard coefficient because it gives
weight to the species that are common to the samples rather than to those that occur in

only one of the samples (Kent and Coker 1992).
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I calculated the Sorenson coefficient of similarity for each site using the following
f

equation:

(2xc)
S =

X 100
(at+b)

where S; is the Sorenson coefficient as a percentage, a is the number of species present
at a site in 1966, b is the number of species present at the same site in 1996 and c is the
number of species present at both sampling times. This coefficient was used throughout

this chapter to quantify temporal changes in species composition.

DESCRIPTIVE ACCOUNT OF CHANGES IN VEGETATION

This chapter uses a descriptive approach to explore some of the interesting floristic
changes and possible causative effects of change in the reserve over the last 30 years. I
used a comparison of the two temporally separated species data sets and matched
photographs to test some established hypotheses relating to determinants of vegetation
dynamics and temporal change. I do not attempt to provide a detailed analysis of any
aspect of fynbos dynamics nor to cover all the paired sites recorded in the reserve.
Instead I use specific examples of sites which have undergone changes relating to
recorded fire or alien plant impacts to emphasise the role of these factors in structuring
the vegetation. At the beginning of each topic I briefly sufnmarise the relevant literature

and then compare the predicted changes with those found in this study.

Results and Discussion

Of the 19 sites not used in this study, three were not resurveyed accurately enough, 12
were not found as a result of lack of permanent markers, two sites now fall outside the
boundaries the reserve and two sites had been bulldozed for parking areas. The

potential for extreme environmental change was graphically illustrated by site 43
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occurring near Olifants Point on the western seaboard of the reserve. This site had to
be excluded from the analyses as it has been inundated by mobile dune sands during the

last 30 years (Fig. 5.1).
MEASUREMENT OF ASSOCIATION BETWEEN SURVEYS

The 81 sites used in this study showed considerable variability in their similarity
between the two surveys (Appendix 3). The mean similarity for all sites was
61.81+8.9%, while the lowest value was 43.8% and the highest 84.3%. The mean
number of perennial species recorded in 1966 was 38.2+17.4 per site, the maximum was
79 and the minimum was six. In 1996 there were on average fewer species per site
(35.6 £ 15.5). The maximum number of species in-a quadrat was 66 and the minimum
was again only six. The lower number of species recorded in 1996 was a result of the
data set not including any sites younger than four years post-fire (Fig. 3.2): local
diversity in fynbos peaks in the immediate post-fire years (Kruger 1983). In 1966
nearly 25% of the sites were in this age group and included many more early

successional species.

DESCRIPTIVE ACCOUNT OF CHANGES IN VEGETATION

Fire effects

Post fire succession.

Post-fire succession in fynbos is noted for a rapid initial recovery resulting from the
appearance of fire ephemerals, perennial graminoids, herbs and sprouting shrubs.
Species diversity is greatést in the immediate post-fire environment and there is a
marked decrease in species diversity as the cover of overstorey shrubs increase (Kruger
1987, Cowling and Pierce 1988, Cowling and Gxaba 1990). The rate of decline in the
successional sequence differs between areas with different environmental conditions.
Growth in dry lowland fynbos sites is generally slower than in moister mountain fynbos
and suppression of understorey species is predicted to start later, probably only after 30
years (Hoffman ez al. 1987).
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Conclusions \

- The vegetation of the CGHNR has undergone considerable change over the last 30
years. On average there has been a temporal turnover in species of 40% across the
entire reserve. There was a negative relationship between post-fire vegetation age and
species diversity in both the 1966 and 1996 data sets. In proteoid fynbos the early post-
fire succession was characterised by a predominance of resprouting graminoids, and
ephemeral species which live for less than five years. After five years the vegetation
composition stabilises and is generally dominated by an overstorey proteoid layer.
While predictions from moister inland localities suggest that fire-free intervals in excess
of 30 years should result in the establishment of thicket patches, fynbos communities
persisted even after 50 years in the reserve. Thicket and forest development is much
slower in the dry and windy southern Cape Peninsula than in the wetter inland mountain
ranges. Coastal thicket communities remain constant in composition and relative cover
in the absence of fire. Short fire frequencies (< 5 years) favoured fast-maturing and
sprouting species, while long fire-free intervals (> 30 years) resulted in high intensity
fires which favoured myfmecochorous Proteaceae and negatively impacted serotinous
Proteaceae. Fire season was less important than frequency in determining the vegetation
composition. However, the least temporal change occurred in those sites only burnt
during the summer months. The common non-sprouting serotinous proteoid shrub,
Leucadendron laureolum showed a high degree of spatial mobility over the sampling
period. However, despite its considerable changes in distribution, the abundance and
number of sites occupied by this species remained constant at the landscape ’scalbe over
the last 30 years. Stands of alien plants have impacted large areas of natural vegetation
in the reserve. However, evidence from this study suggests that the natural flora is
recovering well after clearing of alien stands. The threat posed by alien plants on the

natural vegetation has been considerably reduced over the last 30 years.

Thus, while some of this change can be traced to human interference (prescribed
burning and alien plants), most is a result of natural colonisation and extinction.
Temporal diversity resulting from high levels of colonisation and extinction after patchy

fires contributes to the high species diversity in fynbos systems.
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CHAPTER 6. General Conclusions

Preamble

This thesis set out to explore the determinants of pattern in a species-rich and spatially complex
vegetation system which is subject to recurrent disturbance. The causes of pattern explored were
deterministic phenomena relating to physical environmental constraints and disturbance parameters
(fire regime and alien plant invasions). I also explored the causes of plant extinction and the role of
temporal dynamics in influencing contemporary spatial patterns. While numerous studies have
examined the physical determinants of pattern in fyrbos, this study is the first which attempts to
quantify the role of disturbance in influencing spatial pattern. Furthermore, earlier studies on fynbos
dynamics following fire have all explored patterns after single fire events. This study covered a
longer period incorporating a few fires to explore temporal change. I believe that the approach of
this study provides a successful attempt at invoking a broad range of explanations for the complex
patterns observed in fynbos landscapes. This chapter examines the major findings as well as

limitations of the study and makes suggestions for future research.

The specific aims of the study were to:

i

¢ examine the relative contribution of physical site factors and the disturbance regime as

determinants of spatial pattern in fynbos

» explore the stability of fynbos species over time and the causes of their local extinction over a 30

year period

e explore the causes of temporal change in vegetation composition and its contribution to spatial

pattern

Below I discuss the main findings of my study in the context of each of these major aims.
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Major findings

RELATIVE CONTRIBUTION OF SITE FACTORS VERSUS DISTURBANCE

The physical site factors, in particular edaphic characteristics, explain much of the broad-scale
vegetation patterns in fynbos. Finer scale patterns within vegetation types are not well explained by
the physical site variables. Disturbance factors explained nearly as much of the variance in species
data as the physical site variables. The recent fire history (30 years) explained nearly 20% of the
variation at the landscape scale and even more at the community scale. These findings demonstrated
the impoﬁance of fire as a determinant of pattern in species-rich, fire-prone environments. However,
despite the combined explanatory power of the physical site factors and disturbance regime,
approximately 60% of the variance in vegetation pattern remained unexplained. This indicates that
other stochastic factors, post-fire climatic fluctuations and random colonisation and extinction play

an important role in structuring vegetation pattern in fynbos.

THE STABILITY OF FYNBOS SPECIES OVER TIME AND CAUSES OF LOCAL EXTINCTION

Species with high abundances and large geographic ranges were relatively stable at the landscape
scale over the thirty year interval of this study. However, species with low abundance and/or small
geographic ranges proved unstable and were prone to colonisation and extinction during this period.
Rare and range-restricted species, which make up the bulk of the flora, have a high probability of
local extinction. The process of local extinction showed non-random patterns with respect to the
biological attributes of species. Species abundance proved the most important determinant of
extinction, while growth form played a less important role. Both dispersal mode and regeneration
mode proved non-significant as determinants of extinction. Thus it would appear that the majority of
colonisation and extinction events are random occurrences which are common in fynbos owing to the
high proportion of locally rare and range restricted species. These random events must contribute to
the complexity of fynbos systems and be responsible for much of the unexplained variance in species

pattern.
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TEMPORAL DYNAMICS AND CAUSES OF TEMPORAL CHANGE

Previous studies on the effects of fire on fynbos communities have demonstrated that species
composition changes after fire. I have demonstrated that species composition can alter dramatically
over a few fires and even in the absence of fire. At the scale of the 50m” sites there was on average
nearly 40% change in species over the 30 year period of this study. The least change in
composition over time occurred in upland fynbos sites exposed to regular summer fires (10 to 20
year intervals) and to lowland coastal sites not burnt between surveys. The species composition at
individual sites changed considerably depending on the stage in the post-fire succession and the
characteristics of the last 30 years of fire history, especially past fire frequencies. The majority of
fynbos species only regenerate after fire and as a result, fire resets the succession in fynbos systems.
However much of the change observed over time could not be explained by deterministic processes
relating to the nature of the disturbance. The dynamics of Leucadendron laureolum, a common
overstorey proteoid shrub, provided evidence for the importance of the post-fire climatic conditions
in influencing the dispersal of species after fire. It would appear that the climatic conditions
following fire may be more important than the characteristics of the fire itself in influencing

vegetation pattern. It was clear from this study that fynbos communities can change considerably

over time and that many more species than are observed can potentially occupy a site.

A final word

This thesis has again demonstrated that bounds to the local abundance and distribution of many
plant species are weak. Consequently the composition and structure of plant assemblages varies
over time. Broad-scale community structure in fynbos is largely determined by the physical
characteristics of the site. However the composition of communities can vary considerably within
the constraints of the physical environment. Fig. 6.1 provides a schematic representation of the

results of this study.
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regularly. This would Aprovide information on the influence of each fire-event in a sequence of
individual fires rather than a single view at the end of the fire sequence. Given the importance of
edaphic characteristics in detémining fynbds boundaries, I could have includ'e-d a more detailed soil
analysis in the physical environmental dataset. Similarly, a disturbance record going back longer
than the 30 years used in this study might have increased thé'descript.ive-power of the fire and alien

plant component.

More long-tenh studies using pen*nénent monitoring sites‘sur\'leyed on a regular basis should be
initiated in fire-prone vegetatiori sysfems. Thié study has emphasis'ed the importanée ofa variety of
determinants of pattern (eg. random colonisation and extinction between fires) which can only be
recorded using regularly surveyéd sites. Future research into the determinants of patterh in fynbos
systems shohld explore the effects‘of pbst-ﬁre climatic conditions (raihfall and wihd) on the

\" regeneration of speciéé. Finally, investigations into the role 6f biotic interactions, at all stages of the

succession, are also needed if we are to better understand the remarkable variation in species pattern

within fynbos landscapes.
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Appendix 1. The fire histories of all sites used in this study.

Fires are given by the months in which they occured in the table but were converted to four

categories relating to the four seasons for the analysis.

1996
site number

Taylor’s
site number

Fire history

O 00 ~J N W KA W N =

—
- O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

O 00 3 A wN

12
13
14

15
16
17
18
19
21
22
23
24
25
27
28
29
30
31
34
36
37
38

1958, summer 1975, summer 1986

1958, summer 1975, summer 1986

1958, summer 1975, summer 1986

1948, summer 1975, summer 1986

1961, summer 1975, summer 1986

1963, summer 1975, summer 1986

1963, summer 1975, summer 1986

1963, summer 1975, summer 1986

1963, summer 1975, summer 1986

1963, summer 1975, summer 1986

1963, winter 1970, winter 1973, winter 1976, winter 1979,
winter 1982, winter 1985, winter 1988. '
1963, summer 1986

1963, summer 1986

1963, summer 1975, summer 1986

1963, summer 1975, summer 1986
1949, summer 1986

1951, autumn 1977, summer 1986
1945, summer 1975, summer 1986
1951, summer 1975, summer 1986
1962, summer 1975, summer 1986
1935?, summer 1986, summer 1991
1945, summer 1977, summer 1986
1945, summer 1977, summer 1986
1956, summer 1975, summer 1986
1948, summer 1975, summer 1986
1955, summer 1975, summer 1986
1953, summer 1991

1951, summer 1977, summer 1986
1940, summer 1977, summer 1986, winter 1988
1954, autumn 1975, summer 1986
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

39
40
42
44
45
46
47
48
49
50
54
55
56
57
58
59
60
61
62
63
64

165

66
67
68
70
71
72
73
74
75
76
77
78
79
80
81
82

1945, summer 1975, summer 1986

1955, summer 1975, summer 1986

1965, summer 1975, summer 1986, 19927
1957, summer 1991

1957, summer 1991

1951, autumn 1979, winter 1988

1948, autumn 1977, winter 1988

1956, autumn 1975, autumn 1977, autumn 1989
1948, autumn 1975, autumn 1989

1958, summer 1975, autumn 1989

1952, autumn 1979

1952, autumn 1979, winter 1988

1952, autumn 1977, winter 1988

1947, autumn 1975, autumn 1989

1947, autumn 1975, autumn 1989

1951, autumn 1975, summer 1992

No Fires

1959, summer 1991

1947, autumn 1979, winter 1988

1947, autumn 1979, winter 1988

1951, autumn 1979, winter 1988

1951, autumn 1983, autumn 1989

1951, autumn 1983

1946, autumn 1983

1963, summer 1991

1964, summer 1991

1954, spring 1968, winter 1981, autumn 1989
1941, spring 1968, autumn 1983

1954, spring 1968, autumn 1983

No Fires

1965, autumn 1979, summer 1991

1965, winter 1981, summer 1991

1953, autumn 1974, winter 1981, summer 1991
1961, bushcut 1966, autumn 1983, summer 1992
1946, spring 1968, autumn 1983,

No Fires

No Fires

1965, winter 1981, summer 1991
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&
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

83
84
85
86
87
88
89
90
91
92
93

|94

95
97

98

99
100

1958, winter 1981, summer 1991
1958, winter 1981, summer 1991
No Fires

1965, winter 1981, summer 1991
1965, winter 1981, summer 1991
1955, winter 1981, summer 1991
1951, winter 1966 (tracer ?)

No fire

1946, winter 1981, summer 1991

1 1942, summer 1991

1946, summer 1991

1951, autumn 1992

No Fire

No Fire

1946, Autumn 1975, summer 1992
No Fire i
No Fire
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Appendix 3 A comparison of the species composition in each of the 81 sites at

the two sampling times.

The vegetation types were described in chapter 2 and are abbreviated as follows; WET - wetlands, WRF - wet

restioid fynbos, MOP - mesic oligotrophic proteoid fynbos, SED - sedgeland, SPF - sandplain proteoid fynbos,

DAF - dune asteraceous fynbos, CSA - coastal scree asteraceous fynbos.

Site number | Vegetation | Number of Number of Number of Sorenson’s
type species in 1966 | species in 1996 | species shared | coefficient X
100
1 MOP 51 46 33 68.04
2 MOP 43 30 24 65.75
3 MOP 68 45 35 61.95
4 MOP 28 24 14 53.85
8 MOP 79 50 41 63.57
9 MOP 73 50 41 66.68
10 MOP 50 53 31 60.19
12 MOP 64 47 32 57.66
13 WRF 44 34 26 66.67
14 “WRF 44 32 - 21 55.24
15 WRF 66 27 23 49.46
16 WRF 52 29 23 56.79
17 WRF 30 27 19 66.67
18 WRF 18 14 8 50.00
19 WRF 27 28 15 54.55
21 MOP 37 32 24 69.57
22 WRF 34 34 25 73.53
23 MOP 26 23 16 65.31
24 MOP 46 44 27 60.0
25 DAF 14 18 7 43.75
27 MOP 52 53 40 76.19
28 MOP 38 49 29 66.67
29 WRF 15 17 9 56.25
30 MOP 52 60 39 69.64
31 MOP 51 51 43 84.31
34 MOP 45 61 41 77.36
36 MOP 4] 46 31 71.26
37 WRF 34 43 25 64.96
38 WRF 20 20 13 65.00
39 MOP 51 54 36 68.57
40 MOP 35 46 23 56.79
42 MOP 56 4] 26 53.61
44 MOP 61 60 40 66.12
45 MOP 51 58 38 69.73
46 WRF 28 32 20 66.67
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54
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57
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65
66
67
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70
71
72
73
74
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76
78
79
80
81
82
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84
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92
94
95
97
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99
100

WET
WRF
WRF
WRF
MOP
WRF
WRF
MOP
WET
MOP
CSA
MOP
MOP
MOP
WRF
WRF
MOP
MOP
DAF
MOP

MOP

WRF

MOP

MOP
MOP
MOP
WRF
WRF
CSA
MOP
WRF
WRF
MOP
MOP
MOP
MOP
MOP
DAF
SED
MOP
SPF
MOP
CSA
MOP
MOP
MOP

20
21
22
36
33
17
32
18
42
15
47
25
36
36
12
39
49
25
49
35
36
39
39
75
71
24
58
25
44
74
14
33
51
73
24
24
20
11
39
27
27

46
38
52

15
15
43
41
28
29
27
45
25
61
11
46
47
43
40
22
37
42
26
40
41
27
37
31
61
50

24

41
20
31
48
13
54
41
66
30
21
18
16
42
36
20

56
38
32

19
14
15
19
10
27
11
32

26
22
25
27

29
35
15
23
28
17
23
21
46
39
16
33
16
25
39

29
28

.47

17
13
15

21
22
11

33
24
24

47.62
51.43
59.375
44.44
46.88
61.30
45.46
70.13
51.16
62.14
53.85
55.91
61.11
63.3
71.05
47.06
76.32
76.93
58.82
51.69

- 73.68

53.97
60.53
60.00
67.65
64.46
66.67
66.67
71.11
66.67
63.93
59.26
66.67
60.87
67.63
62.96
57.78

- 78.95

44.44
51.85
69.84
46.81
60.00
64.71
63.16
57.14
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