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ABSTRACT

The coexistence of species is fundaméntally important in maintaining high species diversity
in a defined area, and is partly responsible for the remarkable diversity of the Cape Floristic Region.
The ecological attributes that determine the community assembly processes of competitive
interactions and ecological sorting are subject to phylogenetic constraint and niche conservatism,
suggesting that patterns of coexistence should be phylogenetically structured. This study compares
patterns of coexistence against phylogenetic and ecological divergence in the genus Tetraria
(Cyperaceae), and related sedges in the tribe Schoeneae, at different spatial and phylogenetic scales
in multiple communities across the Cape Fynbos Biome. The investigation is based on coexistence
 data inferred from plot data from 13 phytosociological studies, ecological distances based on plant
functional traits, and phylogenetic distances based on a molecular phylogeny of the species in
Question. Species coexisting in plots are significantly less related than expected on the basis of
chance, and plots of phylogenetic distance against coexistence show triangtila.r felatior‘i'éhips,
implying coexistence between closely related species is restricted, but that coexistence levels
between more distantly related species may vary greatly. Quantification of these triangular
relationships was problematic due to the small sample sizes and the low power of the nonparametric:
tests used. The pattern is more pronounced when a closely related subset of the species was used in
a separate analysis, suggesting that phylogenetic scale is important. Coexisting species are |
significantly more closely related at the study than at the plot scale, implying relaxation of the
effects of competitive interactions at coarser spatial scales. Significant positive correlation between.
ecological and phylogenetic divergence implies that phylogenetic constraint and niche conservatism
has a strong effect on the ecological attributes of the study species. These results provide support '
for the hypothesis that the patterns of coexistence among species’ in the genus Tetraria, and ";élated
sedges in the tribe Schoeneae, are influenced by phylogenetic constraint and niche conservatism on

ecological attributes.




INTRODUCTION

The Cape Floristic Region (CFR) of South Africa contains roughly 9000 species of vascular
plants, of which approximately 69% are endemic (Goldblatt and Manning 2000). The region makes
up less than 0.5% of Africa’s land area, but contains almost 20% of all the vascular plant species
found on the continent (Goldblatt and Manning 2000). This amazing diversity is comparable to that
of the most diverse equatorial regions (Linder 2003). The high degree of endemism on the other
hand, and the large contribution of a few plant families to the overall species richness, is

reminiscent of island floras (Linder 2003).

Many studies have identified possible reasons for these patterns of diversity, but it is
generally agreed that there is much that remains to be explained (Cowling et al. 1992, Linder 2003).
The high level of endemism in the region is thought to be the result of the isolation of the Cape
flora from other vegetation types by oceans on three sides, and a sharp change in geology and
seasonal rainfall patterns to the North East (Linder 2003). The massive species richness on the other
hand is far more difficult to explain. The species richness of an area is a function of the rates of
immigration, speciation and extinction (MacArthur and Wilson 1967). Linder (2003) divided the
factors that may have promoted speciation and facilitated the radiation of the Cape Flora into two
categories, those that limit gene flow and those that drive disruptive selection. Geographic isolation,
inter-specific sterility barriers, and reproductive isolation through pollinator specificity (Johnson et
al. 1998), or temporal separation of flowering times (Linder 2001), have been identified as
important factors limiting gene flow between populations and species. Edaphic specialization,
climatic specialization (Verboom et al. 2003), adaptation to fire (e Maitre and Midgley 1992, Bond
and Midgley 1995, Linder 2001) and microhabitat specialization (Richards et al. 1995) are all
believed to be factors driving disruptive selection in the CFR. These studies also go some way
towards describing axes of niche differentiation that allow species coexistence. A more explicit
review of coexistence and competition in the CFR is given in Bond et al. (1992). The ability for
species’ to coexist reduces rates of extinction as it allows species to occur over greater geographical
ranges, thus reducing their vulnerability to unpredictable detrimental environmental conditions.
Species coexistence is thus vital in maintaining levels of diversity. Coexistence is thought to be a
function of niche size and abundance (MacArthur and Levins 1967) and/or differences in life-

history traits and strategies, and trade offs between them (Tilman 1994, Kneitel and Chase 2004).

The role of coexistence in determining species richness and diversity of biotas has received

(MacArthur and Levins 1967, Tilman 1994) and continues to receive (Silvertown et al. 1999,
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Mouquet and Loreau 2002, Ackerly 2003, Mouquet ef al. 2003, Gilbert and Lechowicz 2004,
Kneitel and Chase 2004) much attention in studies of niche theory and community dynamics. Only
recently have scientists begun to incorporate phylogenetic information in questions of niche theory
(Losos 1996, Prinzing et al. 2001, Silvertown et al. 2001, Webb et al. 2002), and approached the
question of coexistence directly from a phylogenetic perspective (Webb 2000, Webb er al. 2002,
Losos et al. 2003, Cavender-Bares ef al. 2004).

Patterns of coexistence among closely related species may be a function of their
phylogenetic relationships (Webb ef al. 2002). Closely related species may be ecologically similar
due to phylogenetic constraints and phylogenetic niche conservatism (Lord er al. 1995, Prinzing et
al. 2001). This creates opposing predictions for patterns of coexistence among closely related
species based on the community assembly processes of competition and ecological sorting.
Competitive interactions are stronger between species with similar ecological requirements and
eventually result either in competitive exclusion of one of the species, or character displacement
(MacArthur and Levins 1967, Schluter 1994). Thus closely related species are either ekpected to
display strong ecological divergence, or to not co-occur. Ecological sorting (or ‘habitat filtering”),
on the other hand, is the process whereby species that are adapted to tolerate similar abiotic
conditions are ‘sorted’ or ‘filtered’ into similar habitats (Webb er al. 2002, Ackerley 2003), thereby
promoting coexistence of closely related species. Thus, if ecological attributes of species are
affected by their phylogenetic relationships, we expect phylogeny to influence patterns of

coexistence among related species.

The influence of phylogeny on patterns of coexistence should become weaker with
increased time since divergence between species, or increased evolutionary lability of ecological
attributes, as this will reduce the effects of phylogenetic constraint and hiché conservatism (Losos ef
al. 2003). This results in the prediction that the influence of phylogeny on patterns of coexistence
should be more obscure at coarser phylogenetic scales. Similarly, the effects of phylogenetic
relationships on patterns of coexistence should vary with spatial scale, as this will influence the
relative effects of competitive interactions and ecological sorting. Competitive interactions are
stronger at finer scales (i.e. over a few metres), whereas ecological sorting may be a strong
influence even at a much coarser scale (Kneitel and Chase 2004), as most abiotic variables do not
change drastically over just a few metres. This results in the prediction that species coexisting at
fine Scales should be more distantly related than expected by chance, but that species coexisting at

slightly coarser spatial scales (but within the same abiotic environment) should be more closely
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related than expected by chance. Once again as the scale becomes too large, the effects of

phylogenetic relationships on patterns of coexistence should become less distinct.

In this study I investigate the patterns of coexistence among species’ in the genus 7etraria
(Cyperaceae) and related sedges in the tribe Schoeneae, in relation to their phylogenetic and
ecological relationships, at various phylogenetic and spatial scales. I do this by comparing indices
of coexistence, ecological distance and phylogenetic distance, calculated on the basis of plot data
from existing phytosociological studies, measurements of physical attributes considered important
in defining the ecological niches of the species, and a molecular phylogeny of the species in
question. Analysis of coexistence at the plot and study level allow comparison of phylogenetic
patterns at two distinct spatial scales, representing different effects of community assembly
processes. Similarly, separate analyses of coexistence between all species, and between the species
of one of the major clades, allows comparison of the pattern at different phylogenetic scales. I ask
the questions: (1) Is there a relationship between coexistence and phylogenetic relatedness, with
closely related species showing lower coexistence than expected on the basis of chance? (2) Is this
effect stronger at finer phylogenetic scales? (3) Is this effect more pronounced at the plot than at the

study scale? and (4) Can these patterns be attributed to patterns of ecological divergence? W
METHODS

Study group

The genus Tetraria is considered one of the Cape floral clades and comprises approximately
40 species of which 38 occur in the Cape, the remaining two occurring in Australia (Linder 2003).
The Cape floral clades are defined as those clades that have most of their evolutionary history and
diversity in the CFR, and which have been in the CFR since the Pliocene (Linder 2003). The Cape
genera Tetraria, Epischoenus, Neesenbeckia, Cyathocoma, Capeobolus and Schoenus are included
in the tribe Schoeneae in the subfamily Caricoideae of the family Cyperaceae (Goetghebeur 1998).
The monophyly of the tribe is uncertain, although it is sﬁpported by recent analyses based on
molecular and morphological data (Muasya et al. 2000). Relationships within the tribe are
uncertain, and it is believed that Tetraria may be polyphyletic with respect to several genera
including Epischoenus, Neesenbeckia and Capeobolus (Goetghebeur 1998). The set bf species

sampled was determined by their presence in the phytosociological studies used.
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Table 1: Phytosociological studies from which patterns of coexistence were acquired (locations shown on Map 1).

Study Authors Journal Year # of Releves # of Species  Study code
Journal of South

Phytosociological studies on Table Mountain, South Africa. 1. The back  Glyphis, J. P., E. J. Moll, African Botany 44:

table and B. M. Campbell 281-289 1978 32 4 Glyphus

Laidler, D., E. J. Moll, Journal of South
Phytosociological studies on Table Mountain, South Africa. 2. The front B. M. Campbell and J. P. African Botany 44:

- table Glyphis 291-295 1978 21 3 Laidler
A phytosociological study of Orange Kloof, Table Mountain, South "~ McKenzie, B, E. J. Moll
Affrica. and B. M. Campbell Vegetatio 34: 41-53 1977 12 4 OrangeKloof
Cape Hangklip area. II. The vegetation Boucher, C. Bothalia 12: 455-497 1978 213 10 Hangklip
- MSc thesis, University
Vegetation gradients in the southern Cape mountains Bond, W. J. of Cape Town 1981 84 9 Outeniqua
The vegetation of the southern Langeberg, Cape Province. 1.The plant Bothalia 23(2): 129-
communities of the Boosmansbos Wilderness area McDonald, D. J. 151 1993 138 15 Langeberg 1
The vegetation of the southern Langeberg, Cape Province. 2.The plant Bothalia 23(2): 153-
communities of Marloth Nature Reserve McDonald, D. J. 174 1993 148 14 Langeberg 2

Vegetation survey of the Cape of Good Hope Nature Reserve. 1. The use .

of association-analysis and the Braun-Blanquet methods N Taylor, H. C. Bothalia 15: 245-258 1984 71 10 ~ Cape Point
Structural and floristic classification of Cape mountain fynbos on Taylor, H. C. and F. Van
Rooiberg, southern Cape. ) Der Meulen Bothalia 13: 557-567 1981 13 4 Rooiberg

Hoare, D.B., J. E.
Vegetation of the coastal fynbos and rocky headlands south of George,  Victor, R. A. Lubke and

South Africa. L. Mucina Bothalia 30(1): 87-6 2000 36 3 Hoare
MSc thesis, University

The physiography and plant communities of Jakkalsriver catchment. Kruger, F. J. of Stellenbosch 43 9 Houwhoek

A phytosociological study of transects through the Western Cape coastal PhD thesis, University

foreland, South Africa. Boucher, C. of Stellenbosch 1987 21 11 Boucher

Silvermine, Cape Peninsula, South Africa (this study) 2004 21 14 Silvermine

















































































