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We shall not cease from our exploration 

And the end of all our exploring 

Will be to arrive where we started 

And know the place for the first time 

from: Four Quartets by T. s. Eliot 
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PRF.AMBIE 

In this preamble I wish to set the scene for this thesis by briefly; 

i) explaining the reasons for my choice of subject matter and materials, 

ii) introducing the Fynbos Bi011l8 as hOll\8 to the studied taxon, 

iii) explaining my methods and justifying my approach, and 

1 

iv) . giving a brief resume of each chapter and the main theses I could 

defend. 

SUbject matter 

'·· · The questions which prorrpted this work are; 

i) what are the ecological and biogeographical distribution patterns of 

species of the Proteaceae, and their associated reproductive traits? 

ii) what is the adaptive significance of SOl1\8 of these reproductive 

traits? 

iii) can a phylogenetic perspective add to our understanding of the 

ecological and biogeographical reasons for various distribution patterns? 

iv) is climate or soil nutrient status, the dominant ecological and 

evolutionary detenninant of the fynbos? 

The fynbos flora 

Floristically the fynbos is characterised by shrubs of the Proteaceae, 

Rutaceae, Ericaceae and Asteraceae and an understorey of Restionaceae and 

cyperaceae, and only few grasses (Bond and Goldblatt 1984). The fynbos 

flora has an enonnous concentration of species (about 8500) in a very small 

area (67000km2 ; Goldblatt 1978). 

Structurally the fynbos is a heathland-shrubland characterised by sclero-
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phyllous to microphyllous shrubs and aphyllous graminoids (Taylor 1978). 

The exact floristic and structural definitions are still being refined 

(campbell 1985). 

Reproductively, the fynbos is dominated by serotinous ("canopy stored 

seeds") (Kruger 1981) and myrrnecochorous ("ant-dispersed") (Bond and 

Slingsby 1983) obligate reseeding perenials (Kru.ger 1981). Geophytes are 

rn.nnerous and abundant, annuals are few and rare (Goldblatt 1978). 

'!he fynbos envirornnent 

The fynbos is restricted to a small, mainly mountainous, area of the 

southern and southwestern Cape. 'lhese folded mountains occur in two 

parallel ranges with an average height between 1 000 and 1 500m, and are 

mainly composed of sandstone and quartsitic rocks of the Table Mountain and 

Witteberg Series (Goldblatt 1978). '!he soils on the mountains are usually 

, coarse, acidic sands low in plant nutrients, particularly phosphate (Bond 

1981). 

'!he climate of the fynbos is as varied as the to:EXJgraphy. Rainfall 

quantity varies from 300 to 2 500mm per anntnn {Taylor 1978). Rainfall 

seasonality ranges from winter in the west to all year in the east (Fuggle 

1981) • Snow is conunon on the high peaks in winter. 

Why study reproductive ecology? 

1) Most other gradient or geographic studies in the fynbos have centred on 

structural characters (Bond 1981; Cowling 1982; cantpbell 1985) • Reproductive 

biology is therefore a frontier of ecological knowledge. I have also 

investigated some vegetative characters (e.g. leaf size), to see whether 
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variation in these characters track various gradients better than do 

reproductive characters. Reproductive ecology is not only a new direction 

in fynbos research; the first general reviews on reproductive ecology have 

only appeared recently (e.g. Willson 1983). 

2) Iynbos and other vegetation types are generally managed in tenns of the 

reproductive biology of the constituent elements. For managers to be able 

to conseJ::Ve conununities adequately, they need an understanding of repro

ductive ecology. 'Ihe mountainous areas of the fynbos landscapes provides 

I•• I 
important water catc.hment areas. Management of the fynbos in these catchment 

areas is aimed at maintaining high quality runoff and species diversity, 

by applying burning at various periodicities and seasonalities. 

An understanding of the ecological effect of fires of different perio

dici ties, seasonalities and intensities, can only be atterrpted with an 

understanding of reproductive ecology. 

As a response to the need for an understanding of reproductive ecology, 

most of the chapters of this thesis concern reproductive attributes 

such as seed size, pollination type, seed storage type, regeneration mode 

and breeding systems. 

Why study the Proteaceae? 

Most of our present understanding of the response of the fynbos flora to 

fire is based on the Proteaceae (Jordaan 1981; Bond, Vlok and Viviers 1984; 

Midgley and Vlok 1986). '!he following are some of the many reasons for 

the concentration of effort on the Proteaceae; 

i) their taxonomy and field identification is easy, 
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ii) there are many (320) species and they are widely distributed throughout 

the biome, 

they exhibit almost the full range of reproductive traits, iii) 

iv) 

v) 

vi) 

they are long lived and the most conspicuous element in mature fynbos, 

they are sensitive to fires of different seasonalities or frequencies, 

identifiable remains survive fires and are present in burned vegetation . . 

for a few years after fire, and 

vii) they can be readily aged. 

For these reasons, I decided to investigate a genus within this family. I 
I 

reasoned that by studying a single taxon I would be able to discern patterns 

at evolutionary, biogeographic and ecological levels. Also I was frustrated 

with having to learn many new names, when wanting to "botanise" in any new 

fynbos area. 'lhe taxon I was looking for was preferably to be composed of 

many species, to be widespread enough to be represented in all the geographic 

regions of the fynbos and, to have representatives of the main reproductive 

strategies present in the fynbos. 

'!he genus Leucadendron, possibly uniquely, satisfies the criteria I had in 

mind. Without initially realising the enonnous ecological diversity of the 

genus, I was inunediately attracted to the genus after reading Williams's 

(1972) excellent revision. 'lhe following are some of the attributes of the 

genus; 

i) it is the genus of the Proteaceae with the most extant fynbos species 

(79), 

ii) the genus is well distributed throughout the fynbos biorne, 

iii) it is the only genus with species which are rnynnecochorous, serotinous, 
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or have passive soil stored seeds. '!his diversity of seed storage mechanisms 

may well be unique in the world, because a genus 'Which has even two of 

these strategies is remarkable. 

iv) some species can resprout after fire, 

v) seed size varies by orders of magnitude within the genus, 

vi) the genus is dioecious and has wind pollinated elements (both rare 

conditions in the family), and 

vii) the genus has extrafloral nectaries. 

surprisingly no ecologist had previously focused on this amazing genus. 

'·· ·· F\lrt:hennore, the taxonomy of the genus is well Jmown thanks to the meticulous 

work of Williams (1972). 

MEIHODS 

'Ihe correlative or comparative methcd 

, Initially, I was concerned with questions like "'Why be serotinous" and 

"what does the ecological distribution pattern of most serotinous species 

indicate about the adaptive significance of serotiny"? 'Ibis type of 

approach, in 'Which mnnbers of species 'Which exhibit various traits (such as 

serotiny) are correlated with ecological factors (e.g. degree of moisture 

stress), has been widely used in biology. Although most of the characters 

I investigated have not been previously considered in the fynbos, some have 

been investigated with the correlative method in other areas; such as 

Baker's (1972) and Rock.wood's (1985) study of seed weight and Fox's (1985) 

study of dioecy, in 'Whole floras. 

Besides the correlative approach I perfonned some field and laboratory 
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experiments (e.g. gennination rates, exclusion trials) where necessary. I 

also collected data from field obsei:vations (e.g. sex ratios). 

I hoped the correlative method would give an evolutionary perspective of 

reproductive traits, to compliment the experimental approach. However, it 

became more and more apparent that the results of the correlative method at 

the interspecific level are difficult to interpret. I was troubled by 

factors such as; because most serotinous species have winged seeds, was 

dispersal a major factor involved in the evolution of serotiny? It became 
I 

'· necessary, therefore, to consider whether winged seeds evolved before or 

after the trait of serotiny. 

Why a phylogenetic approach? 

'!his thesis has a strong phylogenetic bias and since this may be unusual 

for a largely ecological analysis, it needs some explanation. Besides the 

infonnation and conclusions presented in each chapter, the most important 

part of this work is my argument for the need for a phylogenetic approach in 

evolutionary ecology (Olapter 11). 

I started out asking questions which had an emphasis on understanding what 

applied to "most", as being the clue to understand.ing "why" type questions. 

For exarrple, do "most" I.eucadendron species that occur in arid areas have 

large seeds? can this be used to corroborate hypotheses as to "why" seed 

size may vary from habitat to habitat? The problem with this approach is the 

tyranny of giving all species equal weight in respect to some ecological or 

evolutionary problem. The number of species in a sample which exhibit a 

trait is not an indication of how many times the trait has evolved, or 
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whether the trait is derived or not. 

In I.eucadendron, wind pollination has evolved five times, although there 

are only nine wind pollinated species. Whereas, insect pollination is the 

ancestral form and is found in the remaining 70 species. Any argmnent for 

the relative importance of wind pollination (or serotiny or any other 

trai1:,) in the fynbos landscape merely based on numbers of species, may 

therefore be incorrect. 

RESUME 
I 

··· '!his thesis has been written up as a series of stand alone chapters, in the 

form that they have, or are to be, submitted for publication. 'lherefore 

there is a degree of. repetition. Because the scale of my investigation has 

been fairly broad and crude, and because the genus is so large, I have 

mainly used frequency data. I have analysed this data with the G-test, 

which is a suitable statistical technique for such data (Sokal and Rohlf 

1969). 

Any reference to Midgley (1987a-k) in a chapter, applies to the following 

list. 

Cbapter 1. Midgley, J.J. 1987a. '!he derivation, utility and implications 

of a divei:gence index for the genus I.eucadendron (Proteaceae) 

I investigated the relationships ("cladogenesis") between the subsections 

and the divergence ("anagenesis") of all species, of this genus. All 

species were assigned a divei:gence index ( d. i. ) according to the m.nnber of 

derived traits each possesssed. 
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To do this I first investigated a mnnber of characters to detennine which 

state was derived or ancestral. '!he results of this chapter were used in 

most other chapters, especially to detect how many times a trait has 

evolved and whether it is derived or not. '!he results of the character 

analysis also have implications for published concepts of biCXJeography, 

evolution and homology in the Proteaceae. 

Chapter 2. Midgley, J .J. 1987b. The distribution of the species of the 

Proteaceae, and their associated traits, along a fynbos Slnt1lll0r moisture 

'·· stress gradient 

I investigated the correlation between ten ecolCXJical traits (pollination 

type, regeneration mode, seed storage type, seed size and leaf size) and 

habitat type. I divided the fynbos landscape into four classes acco:rding 

to Slnt1lll0r moisture stress. I then allocated all species of the Proteaceae 

to a moisture stress class and analysed the frequency distribution of the 

traits acco:rding to Slnt1lll0r moisture stress. 

Chapter 3. Midgley, J .J. 1987c. A biCXJeographic analysis of the genus 

Ieucadendron 

This study corrplernents my earlier biCXJeographic analysis (Midgley 1985). 

The analysis of distribution patterns of neo- and palaeo-endemics acco:rding 

to biCXJeographic areas and ecolCXJical classes was the main aim of this 

study. I assigned each species, with its divergence index, to; one of ten 

biCXJeographic areas of endemism, one of four altitude classes, and one of 
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four summer moisture stress classes. I analysed these classes according to 

the relative occurence of nee- and palaeo-endemics. 

I also considered whether dispersal or vicariance could explain disjunc

tions. By considering the possible timing of disjunctions, some inference 

was made as to the relative importance of climate or soil type, for delimit-

ing~-

Chapter 4. Midgley, J .J. 1987d. Factors which determine, and correlates 

of, maximum plant height in the Proteaceae 

An aim of this study was to consider factors which limit plant height in 

the fynbos landscape, especially in relation to analagous biomes. 

An additional aim was to determine whether the frequency of occurrence of 

ten ecological traits (in Midgley 1987b above) varied according to the 

maximum plant height the species achieve in the field. In order to study 

this, I assigned all species of the fynbos Proteaceae to one of five height 

classes and analysed the frequency of occurence of the traits accordingly. 

Chapter 5. Midgley, J.J. 1987e. '!he adaptive significance of serotiny, 

with particular reference to the genus Leucadendron (Proteaceae) 

Differences between serotinous and non-serotinous species of Leucadendron 

were investigated in tenns of seed biology (size, numbers, dispersibility, 

nutrient content, palatability to predators and germination rate) and 

distribution patterns. 

Using the results from this analysis I reviewed some hypotheses which have 
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been postulated to explain the adaptive significance of the trait. 

Chapter 6. Midgley, J.J. 1987f. '!he evolution of dioecy, with particular . 
reference to the genus I.eucadendron (Proteaceae) 

'!he primary aim of this chapter was to study the ways that this genus 

differs from hennaphroditic genera. 

I also used this genus, and other dioecious cape genera, to investigate 

published correlations, such as omithocho:ry, growth fonn and pollination 
I 

syndrome, with dioecy. '!he relevance of factors limiting seed set were 

also reviewed because these factors also constrain breeding systems. 

Chapter 7. Midgley, J .J. 1987g. Factors which detem.ine why there are 

more species of seeders than sprouters in the fynbos Proteaceae 

Some of the many factors which may explain why only 20% of the Proteaceae 

can sprout were investigated. To do this I compared sprouters and seeders 

in tenns of distribution patterns and seed biology. I detennined sprouter 

mortality in a moderate and high intensity fire. 

I also compared sprouters and seeders in tenns of regeneration type (sero

tinous versus non-serotinous) and breeding system ( dioecious versus hennaph

roditic), to determine whether these factors may be involved in the evolution 

of sprouting. I reviewed present hypotheses proposed to explain sprouter 

versus seeder ratios in mediterranean ecosystems. 
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Chapter a. Midgley, J .J. 1987h. What is the adaptive significance of 

mynnecochory in the fynbos Proteaceae? 

In the first part of this chapter I investigated differences between 

serotinous and mynnecochorous Proteaceae, because the same factor ( seed 

pr~tors) has been postulated to explain the evolution of these two very 

different traits. 

I also corrpared dispersal spectra in the fynbos, forest and the more arid 

vegetation types, which can all exist on nutrient poor soils derived from 
I 

'·· · the same geological series, to consider the model relating the myrmeco-

chory /ornithochory and nutrient poor/nutrient rich dichotomy. 

Cllapter 9. Midgley, J .J. 1987 i. Extrafloral nectaries and leaf herb ivory 

in the fynbos Proteaceae 

I studied the taxonomic distribution, structure and function (reproductive 

and vegetative) of extrafloral nectaries. To achieve this I inspected the 

anatomy of the nectaries. I excluded ants and noted levels of herbivory on 

individuals of species without nectaries, those with nectaries but which 

had ant visitors excluded and urnnanipulated plants. 

The hypothesis that the evolution of mechanisms for a plants defence 

against herbivores ultimately depends on the nutritional status of the soil 

that the plants inhabit, was also reviewed. 
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Chapter 10. Midgley, J .J. 1987j. The reproductive ecology of the Proteaceae 

and intercontinental convmgence 

The results of some of the previous papers are used to analyse differences 

between the reproductive ecology of the Proteaceae in terrperate Australia 

and ~e cape. 

'!his chapter is mostly a reply to a recently published report on this topic 

and with which I disagree in many respects. 

I 

Chapter 11. Midgley, J .J. 1987k. Should adaptationists consider the 

phylogenies of their study groups? 

In this paper I hope to persuade evolutionary ecologists that arguments 

for the importance of a trait, based merely on proportions of species 

within a sairple group which possess the trait, can be incorrect. 

This chapter is a thesis in the classical sense. A reason for chosing the 

T.S. Eliot verse quoted earlier, was that the more familiar I got with the 

phylogenetic aspects of the genus, the more it undennined my earlier 

knowledge acquired from the correlative or comparative method. 

I suggest that evolutionary ecologists can benefit from the resurgence in 

phylogenetic systematics ("cladistics") in the same way that biogeography 

has, directly and in:lirectly, benefitted. 
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Chapter 12. Midgley, J .J. 1987k. Is climate as important as low nutrient 

soils, as an ecological detenninant of the fynbos, and its characteristics? 

This chapter is a subsidiary thesis in that I present evidence from earlier 

chapters, to support the view held by earlier taxonomists, that climate is 

more. important than soil nutrients in delimiting the fynbos. Most of the 

recent work in the fynbos has emphasised the importance of nutrients, 

rather than climate, as ecological detenninant of the fynbos. 
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THE DERIVATION, Ul'ILITY AND IMPLlCA'rIONS OF A DIVERGENCE INDEX FOR THE 

FYNB)S GENUS I.EUCADENDRON (PROTFACEl\E) 

ABS'l'RACr 

'Ibis· genus is useful for a phylogenetic study because it comprises many 

species (79), is morphologically very diverse and appears to have diverged 

early on in the history of the frunily in Africa. 

Polarity of many characters was detennined by outgroup analysis apd the 

ontogenetic method. Exceptionally high levels of convergence made the 

detennination of the phylogeny of the subsections problematic. An index, 

which is the sum of weight of all derived characters present in a species, 

was detennined. 

'!he genus should be removed from its present subtribe, the Aulacinae, to 

be placed closer to the I..eucospennum "alliance". I suggest an arid 

temperate, shrub-like origin for the African Proteaceae, which is in 

contrast to some published views. Modifications to accepted concepts of 

fruit homolCXJY for the family are presented. Also, further evolutionary 

trends in morpholCXJY, pollination and dispersal are indicated. '!he di

vergence index, if used as a "morphological clock", appears to be useful for 

further biogeographic and ecological analyses. 

INTROOOCTION 

'!he fynbos ( cape heathlands-shrublands) has a flora of exceptional species 

richness (Goldblatt 1978). Leucadendron R. Br., nomenclature follows 

Williams (1972, 1981), comprising 79 extant species, is a very large, 
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widespread and typical fynbos genus. Also, the genus is mo:rphologically 

diverse, uniquely so at least for the African Proteaceae. These factors 

make r.eucadendron an ideal genus to use for a phylogenetic perspective on 

ecological, historical and evolutionary aspects of the fynbos. Examples of 

such questions are, "when, where and why did such prolific speciation occur 

in ~is genus and by extrapolation, the fynbos as a whole" (Midgley 1987c)? 

Also, a phylogenetic perspective can add to our undc!rstanding of various 

ecological traits (Midgley 1987e, f, g) and add to improving the use of the 

comparative method (Midgley 19871). 

APPROAOI 

The approach followed in this phylogenetic study is broadly cladistic. I 

have only used derived characters to indicate relationships and divergence. 

Also, I have used a system of weighting to indicate degrees of divergence 

from the postulated ancestral condition. 

Bias and assumptions for phylogenetic methods are present in many different 

guises. The choice of outgroup, often an a priori decision, can bias 

results (Colless 1985), as can decisions as to the direction of character 

change (Meacham 1984). Felsenstein (1983) has described the problems with 

using a parsimony approach. His criticism is that where evolutionary rates 

are fast and different in different clades, the assumption of parsimony may 

lead to an erroneous phylogeny. I have attempted to circumvent this 

problem by placing importance not only on the relatedness, but also the 

divergence, of taxa. Also, since this study is at the intrageneric level, 

large differences in rates of changes in different subgroups, is less likely. 

A detailed study of the literature on the genus (Williams 1972, 1981), the 
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family (Haber 1966; Venkata Rao 1971; Johnson and Brigc;Js 1975) and of fresh 

and herbaritnn rnaterial of the genus, yielded a list of characters which 

exist in two or ioore (ancestral, intennediate or derived) states. Further 

study led me to conclude that same characters may be more important than 

others, for deter.mining relationships. 

High .. levels of convergence were detected in most derived characters (see 

Appendix 2). An example of convergence in the family is the evolution of 

very similar cone-like infructescences in I.eucadendron and in Australian 

genera (e.g. Petrophile). The ancestors of these genera were probably 
I 

separated at least as long ago as the mid-cretaceous (Johnson & Briggs-

1975). Fhylogenetic methods depend on hypotheses of homology, and high 

levels of convergence make homology hypotheses extrernly tenuous. 

It has been suggested that convergent characters can best be analysed with 

a system of weighting (Hecht and :Edwards 1976) or with preference given to 

the conservative characters (Meacham 1984). Recent cladistic opinion 

considers these convergent characters ( called "homoiologies") , which rnay 

have evolved in parallel and were thus not present in an ilmnediate ancestor, 

to be synaporno:rphies (Churchill, Wiley and Hauser 1985; Farris and Kluge 

1985). This view is entirely supported by the character distribution in 

I.eucadendron, but this means that even fewer unique characters are available 

to demonstrate relationships. 

Fruit characters appear to be the most important single character for 

defining groups in the African Proteaceae ( see later discussion) . Following 

Williams (1972), I have given them the ioost weight for detenuining relation

ships in I.eucadendron. 
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I have proposed a "divergence index" to make use of the many specialised 

characters in this genus, many of which have evolved in parallel. Values 

have been assigned to each derived character and surrnned. for each species. 

The index does not indicate rel a tedncss but degrees of divergence from the 

postulated ancestral condition. For example, two species both with a 

dive~ence index value of 5.5 may not be closely related, but are considered 

to be equally different to the ancestral condition. 

Jeffrey (1983) has postulated that the very different developmental processes 

of plants, as opposed to animals, may make the use of objective phylogenet~~ 
I 

methods more suitable to zoology. There may therefore be justification for 

the use of subjective methods, such as character weighting. I have deter

mined the relatedness of lettgldendron subsections (see later) on "the 

perception of Gestalt i.e. of homology and synapomorphy and not similarity" 

(Jeffrey 1983). 

MEilIOOO 

The basic scheme followed is; i) the justification of monophyly of the 

genus, ii) character analysis to determine which characters are the most 

important for showing relationships, iii) construct genealogy (determine 

polarity and assume parsimony) and iv) include all other characters which 

are considered to indicate divergence, but not necessarily relatedness. 

Justification of monophyly of I.eucadenclron 

Monophyletic groups can be considered as the best historical entities for 

phylogenetic, and thereafter biogeographic, analyses. There is much 

controversy as to what constitutes monophyly (Patterson 1982). Given the 
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great variation within Leucadendron, especially when compared to other 

African Proteaceae genera, the justification of monophyly is a difficult 

issue. 

'!he genus is relatively well known (Williruns 1972), as is the subfamily, 

the Proteoideae, (Rourke 1969, 1972, 1980, 1984a, 1984b; Levyns 1970), and 

the ~arnily (Johnson and Briggs 1963, 1975). In this study Leucadendron can 

only be uniquely delimited by two morphological synapomorphies, the presence 

of dioecy and bracteate heads. '!here are other dioecious Proteoideae and 

others with bracteate heads, but no others have both. 
I 

Chromosome work on the Proteaceae ( Williams 1972; Johnson and Briggs 1975; 

Van der Merwe 1985) has indicated that the haploid chromosome number in 

I..eucadendron of n=l3, is unique for the African Proteaceae. All other 

African Proteaceae have a chromosome number of 12 except for 11 in Aulax 

and 14 for Brabejum. Johnson and Briggs (1975) suggest n=7 is the ancestral 

condition for the family, therefore n=13 is a derived character. 

Hybridisation has been noted within and between even the most different 

I.eucadendron subsections (Williams 1972, 1981), but not between this genus 

and other genera. Van der Merwe ( 1985) reported hybridisation and grafting 

compatibility between many genera of the Proteoideae, but none involved 

Leucadendron. 

Biochemical analysis by van Statlen (1966) also points to the uniqueness and 

coherence of the genus in that it is the only African Proteaceae genus in 

which elements of the citric acid cycle are found. Leucadendron appears to 

be a coherent group in tenns of phenols and in this respect is more homo

geneous than Leucospenm.nn (data from Perold 1984), despite the much less 

variable morphology of the latter. 
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IOIARITY 

'Ihe detennination of polarity is crucial in the estimation of phylogeny 

because the joint possesion of derived homologous characters may indicate 

relatedness. However, the postulated direction of character change may be 

hard to justify, or it may conflict with trends in other characters. Also, 

deri~ed characters may be independently evolved, in which case the joint 

posses ion of these characters may not indicate innnediate relatedness. 'Ihe 

latter is the greatest problem for showing relationships in this genus. I 

have used a dive:rgence index to circumvent this problem. 

Polarity from communality (outgroup analysis) 

Before the outgroup method of detennining polarity can be used, the outgroup 

must be detennined. 'Ibis is often a significant problem (e.g. Weston et 

al. 1984, later discovered that they were using a paraphyletic group which 

thus changed outgroups into ingroups ! ) . 'Ihe methodological problems of 

using outgroup analysis apply in part to this study. 'Ihe fact that this 

method depends on " the initial derivation by some independant means, of 

the true structure of a higher-level classification" (Colless 1985) is a 

general limit to the use of this method. In particular this applies to 

some characters in I.eucadendron because there is the lack of a detailed 

higher level classification (see discussion below, on the position of 

I.eucadendron in the Proteaceae). A pragmatic solution to this problem is 

to proceed with the infonnation at hand and hope that as phylogenetic 

knowledge of a group progresses, this problem will diminish iteratively. 

Even if an outgroup is available, the detennination of polarity may still 

be equivocal. Functional outgroup analysis (Watrous and Wheeler 1981) by 
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itself, has only been used to resolve polarity for a few I.eucadendron 

characters. 

Position of I.eqgadendron in the Proteaceae 

Of all extant African Proteaceae, some I.eucadendron species appear to have 

many . very prirni ti ve characters. For example in some species, the male 

flowers have no pollen presenter and a pseudo-stigmatic surface (Williams 

1972), they produce thick walled fruits (trends Johnson and Briggs 1975) 

and have pedati-flabellate leaf venation (trends from Melville 1975, 1976). 

' 
Recent study of amino acid sequences indicated that Leucadendron, based on 

L. laureolum which is a vecy specialised species in the genus (see Appendix 

2), is only minbnally diverged from the postulated ancestral condition for 

the family. Whereas Protea has diverged considerably (Martin and Dowd 

1984) • In this study they also found this I.eucadendron species was least 

different to an Australian species (Isopogon latifolius) and not to the 

African species ( Protea repens). 

According to the trends in chromosomal change suggested by Johnson and 

Briggs (1975), I.eucadendron can be considered to be more primitive than 

other members of the African Proteoideae. 

In conclusion, the possesion of many primitive characters by some Leucaden

dron species suggests a more ancient "branching-off" and justifies using the 

trends in the whole family where necessary, to detennine polarity. 

Origin of the Proteaceae 

The primitive nature and southern distribution patterr1 of Leucadendron is 

evidence for a southern, temperate and shrub-like origin for African 
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Proteaceae. '!his is in contrast to the generally acc~pted postulate of a 

mesa-tropical tree-like origin as stunmarised in Jolmson and Briggs (1975). 

Much of the evidence for a semi-tropical and tree-like origin is disputable. 

For example; Johnson and Briggs (1975) repeat the argument of Ievyns (1964) 

that · the "unexpected" summer growth of the cape Proteaceae was evidence 

for their postulated tropical origin. But, flowering phenological data 

indicates that these Proteaceae are in tune with the fynbos regenerative 

environment. Winter flowers have mature seeds by the time of th~ late 

summer natural fire season. FU.rth.ennore, Miller et al. (1983) have shown 

that the "expected" summer drought is not severe for adult plants in even 

the most arid of fynbos environments. '!bus surmner is the most favourable 

time for vegetative growth and does not reflect a maladapted syndrome. '!he 

very specific gennination cues of the fynbos Proteaceae also suggest 

that they are in tune with the fynbos environment. 

'!he few I.eucadendron species which grow tall enough to be called trees 

(L. conicurn, L. eucalyptifolium and L. argenteum) are specialised members of 

the genus in tenns of both vegetative and floral characters ( see Appendix 

2). '!his may indicate that the shrub-fonn is the ancestral condition for 

the genus. 

Most of the more general I.eucadendron species ( such as from subsection 

Nucifera and Membranacea; see Appendix 2) are mainly found in arid, not 

mesic environments. I.eucadendron species found in the most mesic sites 

(e.g. species from subsections Trigona and Alata; see Appendix 2) are 

specialised in both floral and vegetative characters. Based on the asst.nnp

tion that the present habitat of relics or nee-endemics is inforrcative as to 

the conditions during the origin of these taxa, then I.eucadendron appears 
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to have evolved from a shrub in arid, temperate conditions to later invade 

more mesic envirornnents as a "tree". 'Ibis parallels the situation in 

Australia, according to Melville (1975) and is further evidence that the 

ancestors of the Proteaceae were not trees nor from tropical habitats. 

Detennination of suitable outgroup 

Johnson and Briggs (1975) place Leucadendron in the subtribe Aulacinae of 

the tribe Proteeae of the subfrunily Proteoideae. On mo:rphological grounds 

there is very little to support placing leucadendron alone with Aulax in 
I 

· · the Aulacinae, despite the fact that they are both dioecious. The female 

heads in Leucadendron and Aulax, despite both being woody cones, are not 

homologous and this . is a further example of functional convergence in the 

family. In Leucadendron the "cone" is formed by lignified floral bracts, 

whereas in Aulax the process of transference of function (Stebbins 1974) 

has reached the ultimate phase in which the cone is formed by branchlets. 

Only a few Leucadendron species have fruits similar to Aulax fruits and 

these are derived species. According to Jordaan (1944) the greatest 

similarity in ovule is between Aulax, Faurea and Protea. All the other 

genera which he investigated he placed in the 111.eucospenm.nn" group. Perold 

(pers. comm. 1984) found that.the phenolic lactones conoca:rpin and leucodrin 

occur in all the African Proteaceae genera except Protea, Aulax and Brab

ejum. 'lherefore I support Venkata Rao's (1969) suggestion of a unigeneric 

Aulaxeae, rather than Johnson and Briggs's (1975) suggestion of raising the 

present subtribal level to triba.l rank. 

Besides embryology, Leucadendron has much more in common with Leucospenm.nn, 

Vexatorella, Diastella, Mimete."?, Serruria and Orothamnus (= Leucospenm.nn 
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alliance). However, I disagree with Rourke's {377:1984b} postulation that 

Vexatorella II is perhaps relictual and may represent a remnant of an ancestral 

fonn from which the dioecious Inucadendron may also be derived". Phenols 

sometimes are similar (data from Perold 1984) as are the inflorescences, 

flowers, toothing of the leaves and the development of the floral bracts. 

However most of these characters appear to be plesiomo:tphies (see character 

analysis) and thus do not show irrnnediate ancestry. 

Reversals cause , further problems within the Leucospennum alliance for 
.;. 

I 

determining polarity and relationships. Rourke (1972) suggested that 

section crassicaudex was tho most primitive for Leucospennum, on the 

grounds that the receptacle was very elongated in this section. Furthennore, 

Rourke (1972) suggested that because species from this section are to be 

found in Central Africa, a tropical northerly origin for the genus had 

occurred. It could be argued that species from Crassicaudex are not 

primitive because the florets are large (often bird pollinated) and Johnson 

and Briggs (1975) suggested that small entomophilous florets are more 

primitive. More recently, Rourke (1984b) has removed some species from 

what he previously considered to be derived sections of Leucospermurn, 

placed them in Vexatorella and suggested that Vexatorella was ancestral to 

Leucospennurn and Leucadendron. This therefore calls into doubt whether 

section Crassicaudex is the most primitive section and whether the group 

had a more northerly tropical origin. 

The troublesome characters appear to be the tr.mninality of the inflorescence, 

toothing of the leaves and actinomorphy of the florets. Vexatorella has 

tenninal inflorescences, actinomotphic florets and leaves which only have a 



26 

single callus. 

Johnson and Briggs (1975) suggest that tenninal inflorescences and actino

mo:rphy are the primitive condition in the Proteaceae. But there is evidence 

that terminal inflorescences and actinomo:rphy may also be achieved by 

reversals, as is demonstrated in J)iastell{\ (Rourke 1976). Also, loss of 

toot.1?-ing is a derived character in Leucadendron and possibly in the Proteoid-

eae. 

I postulate that Vexatorella has a chromosome number of n=l2 and that it 

therefore belongs to the IeucosP@nnum "alliance", which can also be defined 
I 

· · by their derived (synapomo:rphy) fruit structure. 'Iherefore the Ieucospennurn 

alliance is not the sister group arxl for certain characters I have used the 

trends suggested for.the whole family (Johnson and Briggs 1975) to detennine 

polarity. 

It should be clear from the foregoing that many issues of Proteaceae 

phylogeny need further consideration before reliable outgroups can be 

produced. 

Polarity from ontogeny 

Queiroz (1985) has provided a clear description of the application of this 

method. The critical issue is that under the assumption of ancestral 

character retention, the more general (not necessarily the more common) is 

a character, the more primitive is the condition. 'Ibis criterion has been 

used in my study to justify increasing sexual dimorphism being considered 

as a derived character. 

Ieucadendron is well suited for the designation of polarity of most char

acters. Firstly, the revision by Williams (1972), of which considerable 
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use has been made, contains a wealth of systematic and ecolCXJical inform

ation. Secondly, as a result of the extensive work of Johnson and Briggs 

(1963, 1975), trends in the family are relatively well known when corrpared 

to other families. lastly and significantly the plants of this genus are 

dioecious by abortion. 'Ibis means that the following trends (Table 1) 

qual;i.fy as developmental (ontCXJenetic) reasons for the designation of 

polarity, because the ancestral condition must have been hennaphroditic. 

'!he derived condition is considerod as that in which an aspect of the 

morpholCXJY of the two sexes is dissimilar. 

Table 1. Evolutionary trends in the dioecious genus 
leucadendron 

Character change 

1. Increasing sexual 
dimorpism 

2. Reduction 

3. Transfonnation 

Plesiomorphic 
(ancestral) 

(ancestral) 

Similar male and female 
flowers, leaves 

Vestigial starninocles 
in female 

Vestigial stigma in 
male 

Apomorphic 
(derived) 

(derived) 

Dissimilar 
male and 
female 

I.Dss of 
floral parts 

Transfo:rmed 
into pollen 
presenter. 

OIARACI'ERS 'IHAT DEFINE 'Il lE SUBSECTIONS AND FUNCI'IONAL GROUPS. 

--

A first stage in the derivation of a phylCXJeny is the determination of a 

basic cladCXJram from which functional outgroups can be determined (Watrous 

and Wheeler 1981). 'Ibis involves determining which characters may be most 

inportant for defining groups and showing relationships. 

Within the subsections of leucadendron, some of which may be raised to 
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generic rank (Williams and Midgley in prep.), there is variation on many 

themes but not on the three characters 1 isted in Table 2. 'Ihese three 

characters appear to be the most stable ant in any classification the more 

conservative characters generally receive extra weight. 'Ihese characters 

have been used to detennine the basic cladograrn to the subsection level and 

are ~ch assigned the value of 1 (with intennediates from .25 to . 75) 

for the detennination of the divergence index. 

Character 1 concerns fruits, which are the most important single character 

for defining groups in the (African) Proteaceae. Johnson and Briggs (1975) 
.~ 

I 

indicated that other workers have had erroneous concepts of the structure 

and homology of seed and fruit characters of the Proteaceae, but so too 

have they. Certain I..eucadendron species are :mynnecochorous (e.g. L. erici

foliurn) and in my search for the homologue of the thin fleshy outer layer, 

which is the elaiosorne, it has become clear that Johnson and Briggs's 

(1975) concept of the seed and pericarp is mistaken. A further literature 

survey yielded Jordaan's (1944) detailed but unpublished (or translated) 

analysis of the emb:cyology of the African Proteaceae, which predated my 

observations. 

'Ihe major structural part of tho fruit of African Proteoideae is derived 

from the outer integument (pers. obs.; Jordaan 1944). 'Ihe ova:cy wall has a 

minimal contribution to the fruit arx:l structures which Johnson and Briggs 

(1975; and most previous workers) consider to be c:cystalliferous endocarp, 

are actually derived from the outer integument (pers. obs.; Jordaan 1944) and 

are thus part of the seed coat. Jordaan (1944) pointed out that the inner 

layer surrounding the emb:cyo is derived from the inner integument and the 

degenerate nucellus. Venkata Rao (1971) noted a fleshy "exocarp" on 
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Ieucospenm.nn but did not realise that the ovary contributes only minimally 

to what was erroneously called the "pericnrp". 

The postulated ancestral condition for ~ucadendron is a large, smooth, 

thick-walled and unadorned fruit, of which there is no counterpart in 

extant African Proteaceae. Johnson and Briggs (1975) suggest that large 

thick-walled fruits are the plesiomorphic condition for indehiscent Protea

ceae. This is suplX)rted by trends of decreasing thickness of the fruit 

coat in many of the subsections of this genus (e.g. Villosa, Ieucaden

dron). For example L. a:rgenteurn has thick unadorned f1.uits whereas the more 

derived L. rubnnn has thinner and more villous fruits. The letters in 

Table 2 stand for types of transfonnation of the fruit; all represent a 

decrease in the thickness of the seed coat and the evolution of different 

dispersal mechanisms. "A" represents a small nut (. 25) , b represents 

fruits with wings (. 5 to 1) and c represents fruits with long hairs or 

parachutes (. 5) . Subsection Ventricosa has the poorest development of the 

wing (. 5), Trigona and Alata (. 75) are inte:rmediate while Conpressa 

(1) has a well developed wing. 

Character 2 represents fusion of the floral bracts. Johnson and Briggs 

(1975) suggest that connate bracts are the more specialised condition. In 

some subsections the degree of wingedness of the fruit is a function of the 

degree of fusion of these bracts and therefore the numerical value of 

character 2 has been downweighted in these instances. Subsection Compressa 

(. 75) has conplete fusion of the adjacent bracts, Alata (. 5) an inte:rmediate 

degree of fusion and Trigona (.25) only weak fusion. It is postulated that 

fused bracts have evolved at least twice because subsection Cuneata (1), 
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which is not a wing fruited species also has fused bracts. All the other 

subsections have discrete bracts (O). 

Character 3 represents female perianth characteristics. Regular and 

tubular perianths are rare in the Proteoideae and were considered as more 

gen91:al for this genus. Johnson and Briggs (1975) suggested that actino

morphy is the more general condition for the Proteaceae. I present data 

below which suggests that for the other African Proteoideae including Ieuca

dendron, fused tepals are the more general condition and therefore that the 

condition may represent an early reversal for the subfamily. 

Table 2. Subsections, characters and values used for deriving 
the cladogram, Fig. 1. See Appendix 1 for details on the taxa 
and text for discussion of characters 

(O=ancestral, >O represents 
characters degrees of divergence) 

subsections 1 2 3 Total 
1. Nucifera 0 0 0 0 
2. Membranacea 0 0 d(l) 1 
3. Ventricosa b( .5) 0 0 .5 
4. 11singulare11 a( .25) 0 a(.25) .5 
5. euneata a(.25) d(l) 0 1.25 
6. ''sorocephalodes'' a( .25) 0 d(l) 1.25 
7. Ieucadendron a(.25),c 0 d(l) 1.25 
8. Carinata a( .25) 0 d(l) 1.25 
9. Villosa a( .25) ,c 0 d(l) 1.25 
10. Trigona b(. 75) a(.25) a (. 25) 1.25 
11. Alata b(.75) b( .5) c(. 5) 1. 75 
12. Corrpressa b(l) c(. 75) b( .25) 2 

Rourke (1976) considered tubular perianths as the more general condition in 

Diastella. Similarly, in the genus Protea, species with free perianth 

segments (e.g. P. mucronifolia) are clearly more derived than those with 

fused perianths. 
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Tubular perianths which do not surround the developing seed have been 

assigned a value of zero. "A" represents divided perianths, which surround 

the developing seed. "B" atands for weakly divided perianths, c for 

discrete perianths and in thcsn two alternatives the :mature perianth is 

discarded and does not surround the seed. 

The information in Table 2 was used to construct the basic cladogram 

(Fig. 1), which indicates several unresolved polychotomies. 

"s.i.ngulare" and ameata especially, do not fit very comfortably. 

Subsections 

Fig. 1. '!he basic cladogram for the subsections of umcadendron. 
Numbers and letters refer to subsections and characters of 
Table 2 respectively. 

DIVERGENCE CHARACI'ERS AND RFASONS FUR IOS'IUIATED !OIARITIFS 

'!he postulated ancestral condition has been assigned the value of zero and 

derived conditions a value of .5 or occasionally . 75 if there are clear 

intermediates. Within the 12 subsections the same changes tend to be 

repeated (e.g.increasing levels of reduction, fusion, loss and dimorphism) 

and each of these character changes has been assigned a value of .5. The 

reason for this lower weighting is that these more variable characters 
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should not get the same value as the more stable characters which delimit 

the subsections and fonn the basic cladograrn. For all characters at least 

functional outgroup analysis supported the postulated polarity and in most 

cases additional reasons are g.lven. I.Dss characters are of dubious use in 

detennining relationships (Hecht and Edwards 1976) and in this study they 

are 9nly used to irdicate divergence from the ancestral condition. 

Characters 1-3 are from Table 1, characters 4 to 25 are described below. 

4) No pollen presenter and pollC'.n presented by stamens O> cylindrical 

pollen presenter .5 > clavate pollen presenter . 75. The ancestral condition 

must have been hennaphroditic, therefore the more dimorphic species must 

represent the more diverged corxlit.lon. '111e pollen presenter is a modifi

cation of the vestigial female p.uts in the male flower. 

5) large leaves ( >lcm broad) O > rnedh.nn (<lcm) .5 and > terete or thin 

leaves (5rrnn) .75. Johnson and Briggs (1975) suggest the trend of special

isation is from mesophyll to nanophyll. 

6) Conspicuous involucre O > inconspicuous involucre .5. Johnson and 

Briggs (1975) suggest that a conspicuous involucre is more derived. In 

the context of I.eucadendron the reduction of the involucre is usually part 

of a trend to anernophily and has thus been regarded as a derived character. 

7) All 4 staminodes present on fcimale flower o > loss of staminodes .5. 

8) Female flowers with the limb of anterior perianth segment similar to 

other three o > modification (loss, twisted, flattened) .5. This is 

part of a trend of increasing zygomorphy wh.lch represents divergence in the 

family (Johnson and Briggs 1975). 

9) Separate perianth and style O> connation of perianth and style .5. 

'Ibis character may be undervalued, since Johnson and Briggs (1975) do not 
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mention this phenomenon in the Proteaceae. 

10). Hyp::,gynous scales present O > loss of scales .5. Johnson and Briggs 

(1975) suggest tlmt this reduction re-presents advancement. 

11) 11 Ordinary" stigma O > McxHfied stign,a .5 (increase in size). '!his 

modification is part of the trc,11d to anernophily which is a very advanced 

cond,ition for all Proteaceae, entomophily and ornithophily being the more 

general state (Johnson and Briggn 1975). 

12) leaves similar in male and female plants o > leaves dissimilar in male 

and female plants • 5. 

represents degrees of 

Again, the trend of increasing sexual dimorphism 
.;.. 

specialisation. 

13) "Normal" inflorescence O > reduced infloresence . 5. This is a rare 

condition in which the numbers of flowers, bracts etc. is very reduced 

e.g. one floret per inflorescence in L. ericifolium. 

14) No retention of fruits by floral bracts (serotiny) o > serotiny .5.

Serotiny has evolved in certain species of the more derived groups and is 

not present in the Il'Ore general subsections ( Nucifera, Ventricosa, Membran

acea). 

15) Tenninal insertion O> lateral insertion .5. 'Ibis character may also be 

undervalued since Johnson and Briggs (1975) do not mention the occurrence of 

this phenomenon in the family. 

16) Monomorphic leaves on one sex o > .5 Dimorphic leaves on one sex. 

17) Tenninal inflorescence o > .5 Axillary and terminal inflorescence. 

Johnson and Briggs (1975) suggest a variable position of the inflorescence 

is derived. 

18) No resprouting from lignotuber O > resprouting .5. 

19) Shrub habit (1.5m) o > tree (>5rn) or low shrub .5. There are only a 
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few species that can be considered as trees (e.g. L. argentetnn ) . 

20) No elaiosome O > elaiosome present (mynnecochory) (.5.) 

21) Pubescent female ovary O > loss of pubescence (. 5) . Johnson and Briggs 

(1975) suggest that hairy ovarien are more primitive. 

22) Pubescent male floral bract O> loss of pubescence. 

23) t:10 development of apical glands of basal bracts O > development into 

conspicuous glands. 

24) Fruits not retained in cone tu1til gennination o > fruits released after 

gennination • 5. 

25) large florets (1-2cms long) O> small florets .5. 

RF.SUUI'S 

'!he di ve:rgence irx:lex for each species is presented in Appendix 2. However, 

the value of a phylogeny as a hypothesis is if it can be tested independently 

and if it has further utility. 'Ibis divergence index can be corroborated 

biochemically and by noting to what degree new biological infonnation 

coincides with the index. 

'!he high degree of convergence present in some botanical groups may appear 

to mitigate against the time spent deriving weakly supported cladograms and 

which have many polychotomies, as has been the product of this study 

(Fig. 1). It has even been argued that the intuitive method is the only 

method .rapid enough to be practicable (Jeffrey 1983) . Part of the problem 

may be that a cladogram does not use all the infonnation that becomes 

available from a phylogenetic study because only synapomorphies are included 

(Mayr 1981). Because a divergence index can use both synapomorphies and 

autapomorphies, it may have greater utility than a weak cladogram. I 
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briefly discuss some of the unes of this divergence index ( see Midgley 

1987c for details) below. 'I.his utility may be some justification for the 

time spent on botanical phylogc>netic studies. 

By assuming that this index can be considered as a "mo:rphological clock" in 

the same way that changes in biochemistry can be interpreted as a "molecular 

cl~" (e.g. Martin and Ibwd 1984): then this index may have novel utility 

in helping to resolve some problc>...rns in Proteaceae biogeography. 

Williams (1972), Johnson and Briggs (1975) and many others authors considered 

low-nutrient soils to be more important than climate, as the factor which 
.;.. 

delimites the fynbos and accounts for much that is unique about the fynbos. 

However, earlier workers considered climate, both present and past, as the 

more important factor (I..evyns 1964). 'Ihe diversity index may be useful for 

arbitrating this conflict by testing inq:>lications of these hypotheses (see 

Midgley 1987c for details). 

If geology and soil type are moro inportant than climate for delimiting the 

fynbos, the distribution disjunctions in fynbos plants should reflect 

changes in erosion surfaces rather than climatic changes. L. spissifolium 

(d.i. =7.5) has a large disjunct (>500 km.) distribution (Williams 1972). 

If this disjunction occured during the fragmentation of low nutrient 

surfaces, then this disjunction dates back to the fragmentation of the 

"African surface". King (1976) suggested that this surface was last con

tinuous in the Oligocene. 

Many I..eucadendron species are restricted to low lying (<lOOm) coastal areas 

and the d. i. of these species ranges from 4. 5 to 7. 5. For example, L. merid

ianum (d.i. = 5.5) is only found close to the sea and on low-lying calcareous 

substrates of the Bredasdorp Formation (Williams 1972). 'Ihis substrate is 
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considered to be about 3 Myr old (Deacon 1983) and this must be the upper 

limit to the age of this species because it was only after this time that 

the sea regressed over the habitat of this species. If one assumes that 

all species with an equal or greater divergence index are younger than 3 

Myr, then L. spissifolium could not have been fragmented as long ago as the 

Oligc;x:::ene. '!his is some evidence that recent climatic fluctuations have 

been important for fragmenting populations and thus possibly for causing 

speciation in this species rich area. 

Furthennore, since more than 40% of the genus has a divergence ind'=:' 

greater than 5. 5, much of the speciation in the genus appears to be more 

recent than 3 Myr in age. If nruch of the speciation is this recent, this 

would coincide with the origin of the mediterranean climate in the cape and 

give further force to the climatic paradigm (e.g. I.evyns 1964). This 

suggests that one reason for the high diversity of the fynbos is due to the 

significant contribution to the total species number of nee-endemics, 

and that climatic fluctuations have been implicated in the evolution of 

these taxa. 

CONCI.IJSIONS AND REOJMMENDATIONS 

'!he following are some results from this analysis which could be incorporated 

in Johnson and Brigg's (1975) scheme of evolutionary trends in the family. 

1) I.eucadendron should be removed from the Aulacinae and placed in its own 

subtribe. Venkato Rao (1971) previously suggested the same, and suggested 

the name I.eucadendrinae. I suggest that for this genus the closest relation

ship amongst African Proteoideae, although distant, would be with the 

I.eucospennum "alliance" and not with Aulax. 
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2) '!he concept of the hornolCXJY of the fruit of the African Proteoideae 

needs revision. stnicturally, the ovary wall does not contribute to the 

fruit coat of the mynnecochores but ecolCXJically this layer is important 

for ensuring dispersal by ants. 

3) Johnson and Briggs (119; 1975) did not include anernophily (character 11) 

in pqllination trends for the family. It is one of the pinnacles of evolution 

in I.eucadendron. 

4) Certain derived conditions present in I.eucadendron, not mentioned in 

trends for the family (lateral insertion, fusion of style base and tepals).! 

need inclusion and further study. 

'!he family may have had a temperate shrub-like origin. Much of the specia

tion in the genus and by analogy the fynbos, may have occurred since 

the end of the Tertiary, IX)Ssibly in res:EX)nse to climatic change. Climate 

appears to be as important as low nutrient soil, in delimiting and explaining 

much that is unique about the fynbos. 
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APPENDIX 1. 

1) TAXA. 'Ihe nomenclature follows Williams (1972, 1981). 

'Ihe natural subsections of Williams (1972) were used with the following 

changes to make the groupings monophylctic. 'Ihese modified groups are 

defined by the three characters of 'rable 1. 

a) ?:1er:vosa was placed with r.eucadendron 

b) Brunneobracteata was placed with Alata 

c) Aliena was separated into constituent species, L. sinqulare and L. 

sorocephalcx:les, because the flowers are different. 

d) Unif lora (L. ericifolium and L. olens) was placed with subsection 

I.eucadendron. Williams (1981) noted L. olens is similar to L. ericifoliurn 

and that where the two are sympatric, extensive hybridisation takes place. 

L. ericifolium was the only member of subsection Uniflora. 'Ihis subsection 

will have to be redefined to include the recently discovered L. olens, a 

species with more than one flower per inflorescence. I am impressed with the 

relatedness and similarity of L, ericifoliurn, L. olens and L. rubrurn (sub

section I.eucadendron) and I suggest that L. olens may be of hybrid origin. 

L.olens, L. ericifolium and k.Jub_nmt should be placed in the same sub

section, I.eucadendron. L. rubrnm and L. ericifolium both have apically 

exerted wind pollinated stigmas and fusion of the perianth and pistil. 

'Ihese are both very restricted characters. L. olens male flowers are 

intennediate between L. rubrurn nnd L. ericifolium. Subsections Uniflora 

and Ieucadendron have similar membranous perianth segments, free floral 

bracts and seeds. L.olens has a very restricted distribution (2 km) in 

comparison to L.rubrum (>500 km) and L. ericifolium (>100 km). 
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APPENDIX. 2 

Species are listed by subsection. 'Ihe divergence index is in after the 

species name and other m.nnbers refer to derived characters present ( see 

text). 

Subsection Nucifera 
barkerae(.75) 12, 22 
burchelli(l.5) 8, 12, 22 
tradouwense(l.O) 12, 22 
orientale(l.25) 7, 12, 22 
pubibracteolatum(. 75) 12, 22 
tinctum(l.O) 12, 22 
cordatum(l.5) 9, 12, 22 
sheilae(2.75) 4, 5, 6, 12, 25 
roodii(2) 4, 6, 12, 25 
loranthifolium(l.O) 4, 6, 25 
meyerianum(3.25) 4, 5, 6, 7, 8, 25 
glaberrimurn(3) 4, 5, 6, 12, 19, 25 
cadens(4.5) 4, 5, 6, 9, 10, 12, 19, 22, 25 
gydoense(2.5) 4, 5, 9, 22, 25 
sessile(l.5) 4, 12, 22 
daphnoides(l.O) 4, 22 
Subsection Mernbranacea 
remotum(3.25) 3, 4, 5, 6, 12 
pubescens(4.25) 3, 4, 5, 7, 8, 12, 25 
bonum(2.25) 3, 4, 12 
arcuatum(2) 3, 4, 18 
Subsection Ventricosa 
globosum(3) 1, 4, 7, 8, 22, 25 
elimense(2) 1, 4, 8, 22 
chamalaea(4) 1, 4, 5, 12, 19, 22, 25 
Subsection "singulare" 
singulare(4.5) 1, 3, 4, 5, 6, 19, 20, 25 
Subsection CUneata 
verticilliatum(4.75) 1, 2, 4, 5, 6, 12, 19, 25 
corymbosum(5.5) 1, 2, 4, 5, 6, 7, 19, 21, 25 
laxurn(5.5) 1, 2, 4, 5, 6, 12, 19, 21, 22, 25 
Subsection Trigona 
floridum(5) 1, 2, 3, 4, 5, 6, 7, 14, 21, 22, 25 
uliginosum(5.5) 1, 2, 3, 4, 5, 6, 7, 14, 21, 22, 25 
loeriense(5.25) 1, 2, 3, 4, 5, 6, 7, 14, 21, 22, 25 
radiatum(4.5) 1, 2, 3, 4, 5, 19, 21, 25 
conicum(5.75) 1, 2, 3, 4, 5, 6, 7, 12, 14, 19, 21, 25 
rourkei(5.25) 1, 2, 3, 4, 5, 6, 7, 12, 14, 21, 22, 25 
salicifolium(6.5) 1, 2, 3, 4, 5, 6, 7, 8, 11, 14, 21 ,22, 25 
macowanii(7.25) 1, 2, 3, 4, 5, 6, 7, a, 10, 11, 12, 14, 21, 22, 25 
Subsection Alata 
microcephalum(4.25) 1, 2, 3, 8, 14, 21, 22, 25 



xanthoconus(5.5) 1, 2, 3, 4, 5, 6, 7, 14, 21, 25 
lanigennn(6.25) 1, 2, 3, 4, 5, 7, 12, 14, 18, 21, 25 
rnodestum(6) 1, 2, 3, 4, 5, 7, a, 12, 14, 21, 25 
stelligennn(6) 1, 2, 3, 4, 5, 7, 8, 12, 14, 21, 25 
diemontianum(6.5) 1, 2, 3, 4, 5, 7, 12, 14, 21, 22, 25 
flexuosum(5.75) 1, 2, 3, 4, 5, 7, 12, 14, 21, 25 
salignum(6.75) 1, 2, 3, 4, 5, 7, 8, 12, 14, 18, 21, 25 
discolor (5.5) 1, 2, 3, 4, 5, 6 1 7, 14, 21, 25 
foedum(6) 1, 2, 3, 4, 5, 7, 12, 14 1 21, 22, 25 
procennn(5) 1, 2, 3, 4, 7, 12, 14, 21, 25 
cryptocephalum(5.75) 1, 2, 3, 4, 7, 8, 11, 14, 21, 22, 25 
eucalyptifolium(6) 1, 2, 3, 4, 5, 7, 8, 14, 21, 22, 25 
meridianum(5.5) 1, 2, 3, 4, 5, 7, 8, 14, 21, 25 
conifennn(7.25) 1, 2, 3, 4, 5, 7, 8, 11, 12, 14, 21, 25 
gandogeri(5.75) 1, 2, 3, 4, 7, 8, 12, 14, 21, 25 
laureolum(5.25) 1, 2, 3, 4, 7, 11, 14, 21, 25 
strobilinum(5.5) 1, 2, 3, 4, 7, 8, 12, 14, 21, 25 
spissifolium(7) 1, 2, 3, 4, 5, 7, 8, 12, 14, 18, 21, 22, 25 
Subsection Compressa 
teretifolium(7.5) 1, 2, 3, 4, 5, 7, 8, 11, 12, 14, 21, 22, 25 
nobile(6.25) 1, 2, 3, 4, 5, 12, 14, 19, 21, 22, 25 
nn.1irii(7.25) 1, 2, 3, 4, 6, 7, 8, 12, 14, 16, 17, 21, 25 
comosum(6.75) 1, 2, 3, 4, 5, 7, 12, 14, 16, 21, 22, 25 
platyspennum(8) 1, 2, 3, 4, 5, 6, 12, 13, 14, 16, 21, 22, 23, 25 
Subsection Ieucade:rrlron 
ne:rvosa(3.5) 1, 3, 4, 12, 14, 25 
dregei(5.75) 1, 3, 4, 5, 6, 12, 14, 21, 25 
album(5.25) 1, 3, 4, 5, 6, 9, 12, 14 
rubnnn(7.5) 1, 3, 4, 5, 6, 7, 8, 9, 11, 12, 14, 21, 22 
argenteum(3.5) 1, 3, 4, 6, 14, 19, 
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ericifolium(9.25) 1, 3, 4, 5, 6, 9, 10, 11, 12, 13, 16, 17, 19, 20, 21, 22, 
25 
olens (7.25) 1, 3, 4, 5, 6, 9, 10, 12, 13, 19, 20, 22, 25 
Subsection Villosa 
coriaceum(5) 1, 3, 4, 5, 6, 7, 18, 25 
bniinoides(4.75) 1, 3, 4, 5, 6, 18, 25 
stellare(5.25) 1, 3, 4, 5, 6, 14, 18, 25 
thymifolium(4.5) 1, 3, 4, 5, 6, 12, 21, 25 
levisanus(5.75) 1, 3, 4, 5, 6, 7, 12, 14, 25 
cinereum(5) 1, 3, 4, 5, 6, 12, 14, 25 
linifolium(5.75) 1, 3, 4, 5, 6, 7, 12, 14, 25 
galpini(5.25) 1, 3, 4, 5, 6, 12, 14, 25 
dubium(7) 1, 3, 4, 5, 6, 7, a, 10, 11, 12, 21, 22, 25 
concavum(5.75) 1, 3, 4, 5, 6, 10, 11, 12, 13, 21, 22 
Subsection carinata 
sericeum(7.75) 1, 3, 4, 5, 6, 9, 10, 12, 15, 17, 19, 20, 24, 25 
nitidum(8) 1, 3, 4, 5, 6, 9, 10, 12, 15, 17, 19, 20, 22, 24, 25 
Subsection "sorocephalcx:l.es" 
sorocephalcx:l.es(6) 1, 3, 4, 5, 6, 12, 19, 20, 22, 25 
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THE DISTRIBUI'ION OF SPECIES OF '!HE PROI'EACF'..AE, AND THEIR ASSOCIATED TRAITS, 

AI.ONG A FYNOOS SUMMER MOIS'IURE S'IRESS GRADIENT 

ABSTRACT 

I divided the fynbos landscape into four classes to represent a gradient of 

increasing smnmer moisture stress. All the fynbos Proteaceae were assigned 

to a class along this gradient. '!he analysis of numbers of species per 

class indicated that in arid areas, species with large, passive soil-stored 

seeds are more numerous. In rnesic areas there are more taxa which are 

vertebrate pollinated, are serotinous and have small seeds. Nt.nnbers of 

species which are sprouters, wind pollinated, insec..t pollinated, or in 

large or small leaf. size classes, are not well correlated with the summer 

moisture stress of an area. 

INI'ROilJCTION 

'lhe Proteaceae are a conspicuous component of the fynbos in terms of cover 

and numbers of species. Within the family there is a great diversity of 

pollination and dispersal syndromes, of leaf and seed sizes, and regenerative 

alternatives. '!here has been no publisherl work aimed at determining the 

distribution of the Proteaceae reproductive biolcxnr along moisture gradients 

except for Bond's (1981) limited spectnnn of characters. Gradient analyses 

in the fynbos have mainly concentrated on structural characters (e.g. Bond 

1981: Campbell 1985). However, vegetation communities are usually not 

managed in tenrlS of their structural characteristics, but their reproductive 

characteristics. It is thus important to consider variations in reproductive 

characters along gradients. 
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This study was carried out to detennine whether numbers of Proteaceae 

species and their associated traits, are equally distributed, along a 

gradient of increasing summer moisture stress. Differences in distribution 

patterns can then be used to interpret the possible function and the 

adaptive significance of traits. Most of the traits I have used are 

reproductive traits (such as seed size, serotiny, mynnecochory and pollin

ation types) but for the sake of comparison I have included leaf size as a 

vegetative character. 

MErr1IOIB 

Distribution data 

'!he distribution patten1S of the Proteaceae are well known and were obtained 

from Bond and Goldblatt ( 1984) • All species were assigned to one of four 

classes, chosen to represent the summer moisture stress gradient in the 

fynbos. In the problematic case of species which appear to survive in a 

range of moisture conditions, such as Protea repens, then the species was 

subjectively allocated to tho class it most commonly inhabits. I am 

familiar with most of the Proteaceae and as a control, my placement of 

species into a moisture stress category was independently checked by J. Vlok, 

a colleague with considerable field knowledge. 

Summer moisture stress gradient 

The data provided in the climatic study of Fuggle (1981) was used to 

subdivide the fynbos into four classes according to the severity of the 

summer moisture stress, as detennined by summer precipitation and evaporation 

(Fig. 1). 



Fig. 1. 

• 

Areas with mean monthly summer rainfall < 10 mm; A 
summer evaporation < 300 mm. AMI <.25 · . . 

fffR Areas with summer rainfall < 20 mm evaporation 1 · ... 

EE83 < 200 mm, AMI < .30 · 

~ Areas with summer rainfall < 30 mm, evaporation 

~ < 200 mm, AMI <.45 

Areas with summer rainfall > 30 mm, evaporation 
< 200 mm, AMI >.45 
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'!he distribution of the four summer moisture stress classes. 'Ihe 
different types of shading indicate the four moisture stress 
categories used in this study and their geographical distribution.
'Ihe four stylised mountains (on the right side) correspond 
geographically with the numbers on the map and indicate the 
distribution of the moisture stress classes according to aspect 
(south slopes on the left) • The most arid areas are to the west 
and on the north slopes. 

There are three basic trends of increasing sununer moisture stress within 

the fynbos biorne; from east to west, from south to north slope and with 

decreasing altitude. The scheme used in this study has made allowance for 

all these factors. 

But, factors which affect summer moisture status that cannot be detenuined 
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cartographically (soil depth, soil rnorphology) reduce the accuracy of this 

system to a degree. However, Cmnpbell (1985) showed that soil depth varies 

in relation to some of the threo nnin trends noted above. 'Ihe shallow 

soils tend to be found on north slopes and deeper soils on the mid south 

slopes of the coastal mountains. Witl1in tl1e desired accuracy of this study 

these levels of error were considered acceptable. 

Geographically the four classes, represented by the ntnnbers 1-4 on Fig.1, 

corresporrl to the following arean. 

1. 'Ihese are the rnost arid sitC's rurl include: nortl1west coastal lowlands 

and the north slopes of northwestern cape rnountains. 

2. 'Ihese semi-arid. sites include the southwest coa:::tal low'lands, north 

slopes of southwestern cape mountains, south slopes of northwestern cape 

mountains and the north slopes of inlarrl southern cape mountains. 

3. These semi-mesic sites include the mid south slopes of the soutll 

western cape Mountains, the crest of north western cape mountains and tile 

mid south slopes of inland southern cape ranges. 

4. 'Ihese are the rnost mesic sites and include the mid south slopes of the 

southern cape mountains and the crest of southwestern Cape mountains. 

'!here have been many attempts to divide the fynbos landscape into discrete 

moisture stress categories. Specht and Moll ( 1983) produced a similar 

categorisation of the fynbos using an II annual moisture index" (AMI). 

Since data needed to calculate tl1eir irrlex are not widely available I have 

used the system as irrlicated in Fig. 1. Bond (1981) derived a useful 

drought irrlex which also is too intensive for the quality and quantity of 
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climatic data available, and tho extensive scale of my analysis. 

I have made allowance for species which exist in special microsites, such 

as along seepages, by placing them in the appropriate category. 

Modelling of plant moisture stress within the fynbos biome and between 

analagous bianes still has far to develop. Firstly, Miller et al. (1983) 

considered the amount of Sl.lil1l1\Cr and spring precipitation in mediterranean 

areas to be a more important factor than total precipitation. This is 

because winter precipitation cannot be utilised because transpiration is 

radiation limited in winter. This factor is fairly well catered for in my 

study because I have concentrated on SUitUOOr moisture stress. 

Secondly, within the biome Miller et al. (1983) consider plant moisture 

stress to be more closely related to leaf area index of a site, than to the 

precipitation at a site. 'Ihis factor is not included in any present 

climatic model arxi presents extreme problems to modelling moisture stress 

when only climatic data is used. '!here is no data or model presently 

available for linking leaf area to precipitation or moisture stress in the 

fynbos, although Specht and Moll (1983) linked foliage projective cover 

to the moisture status of an area. 

Regeneration in the Proteaceae occurs in open post-fire habitats where the 

influence of leaf area on moisture stress will be minimal. Therefore, this 

factor may not influence the distribution of types of regeneration attributes 

(e.g. soil stored or canopy stored seed). However, the influence of the 

leaf area index of a site may bo most marked on leaf size dimensions and 

this interaction is further discussed under the heading of leaf sizes. 
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niologicnl data 

1) Data on fire survival nttributes (seeder/sprouter), seed biology 

(serotinous/myrmecochorous/passive soil stored seed) and pollination 

categories was obtained from monoqrnphs (Rourke 1972, 1976, 1980, 1984a, 

1984b; Williams 1972) and from Bond and Slingsby (1983). 

'!he data on pollination type for certain taxa is vague, since the pollinators 

for sorre species have not been detennined and may not be obvious from the 

gross moq:>hology. For example, the striking Orothamnus zeyheri morphol

ogically appears to be a bird pollinated species (large , red inflore

scences, nectar producer), but van der Merwe (1977; pers. comm.) noted 

pollination by insects and even considered wind pollination as a possibil

ity. 

Wiens et al. (1983) presentod a list of all rodent pollinated Protea 

species. Rourke (1983) considered that some Ieucospemnn species may also 

be rodent pollinated. 

2) Only reucaderpron and ~~{) have reanonably regularly shaped leaves, 

for which a leaf area could be easily detennined. Also species from these 

two genera exhibit a great variation in leaf size. Dimensions for maximum 

leaf sizes were obtained from Rourke (1980) and Williams (1972). Estimated 

areas were checked against field sarrples where possible. '!he upper size 

class limits used for Ieucadend.t:9!) spp., which generally have small leaves, 

were; 225 rran2 500 rran2 1000 mm2 and >1000 rran2 · Protea spp. have larger 
I I 

leaves therefore the size class lim:lts used were; 1000 rran2 2025 rran2 4500 
I 

rran2 and >4500 rran2· 'lhese leaf size categories coincide as much as possible 

with those suggested by Shimwell (1971). 

3) Seed size tends to be constant in the genera of the African Proteaceae. 
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Only r.eucadendron is appropriato for studying variation in seed size along 

moisture gradients, because seed si.ze varies by orders of magnitude within 

this genus. Fruit and seed cont thickness varies enonnously within I.euca

dendron. Some species with large seeds hnve thin seed coats and yet other 

species with large seeds have relatively thick seed coats. Therefore to 

make allowance for differences in seed coat thickness as distinct from seed 

size, I have only used dry weight of embryo. To make allowance for inter

specific variation and because I could not obtain seeds for some species, 

four embryo mass classes were used~ < 10 rrg, < 25 rrg, < 50 rrg and> 50 rrg. 

The size class limits used by workers at even broader taxonomic levels 

(e.g. log scale of Rockwood 19115) would result in a more uneven spread of 

species than the above categories. The embryo mass was detennined by 

removing the seed coat and weighing the embryo from 10 fruits (oven dried for 

2 hrs at 50° C) of at least two species from each but one subsection. 

Fruits are similar within subsections (Williams 1972). Thereafter, using 

the seed dimensions provided by Williams (1972), the e.rnb:ryo mass was 

estimated for the remaining species. 

The moisture stress category and relevant biological data for all species 

is presented as Appendix 1. 

Statistical analysis was restricted to G- test of independence between arid 

and mesic categories. The results of this test are prE!Sented in Table 5. 



RESUUIS AND DISCUSSION 

REX:;ENERATION ATI'RIIUrES AND SUMMER MOIS'IURE S'IRESS 

Table 1. Regeneration attributes nnd surnmc'r moisture stress 

n=nt.nnber of species per class 

Moisture clasnes (l=arid, 4411CSic) 
1 2 3 4 % of the Total 

serotiny 4 
rnynnecochocy 11 
passive soil 10 
stored seeds 
sprouters 1 

32 
44 
19 

18 

50 
84 

7 

28 

25 
29 

2 

6 

35% 
53% 
12% 

17% 

52 

. .'f Serotinous species tend to occur in moist habitats and decrease in .import

ance in arid habitats. This is most clearly seen in the genus leucadendron 

(Midgley 1987e). For the wholo Proteaceae this pattern is obscured by 

weakly serotinous short Protea species (Table 5). 

_.,. Ntnnbers of rnynnecochores are proportionately fairly evenly spread along 

the moisture gradient with a slight increase in mesic sites. Certain 

myrmecochorous genera charactedse me.sic sites (Mimetes, Orothanmus) and 

others the more arid sites (Parru1Q!!l\,ts). 

Passive soil stored species terxl to be strongly concentrated at the arid 

end of the gradient and are virtually absent from mesic areas. 

Within Protea and most of Leuqg_dendron the alternatives for seed storage 

are between serotiny and passive soil storcxl seeds. Serotinous species are 

more numerous in moist sites and species with passive soil stored seed in 

the more arid sites. 

The sprouters are concentratEd in the intermediate categories and less 

important in the extreme sites. 



fOLLINATION TYPE AND IDIS'IURE STRESS ClASSFS 

Table 2. Pollination categories arx:l summer moisture stress 

insect 
bird 
wind 
rodent 

n=number of species per class 

Moisture stress categories 
1 2 3 4 % of Total 

21 74 100 41 75% 
4 11 25 22 19% 
1 4 5 2 12% 
0 8 21 4 10% 
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'Ihe total percentage stnns to more than 1ooi because many species have been 

assigned to more than one pollinator class. Bird pollinated species are 

concentrated in the mesic areas nrx:l are less important in arid areas (Table 

2). '!his is clearly seen in the genera Orotharnnus, Mimetes and I.eucospennurn, 

in which the bird pollinated species tend to be restricted to mesic sites. 

'!his suggests that adequate supplies of moisture for the supply of nectar 

may be a limiting factor in the distribution of bird pollinated species. 

Rodent pollination also is more important in mesic areas with mmlbers of 

species decreasing in arid areas. 'I his is contrary to the suggestion of 

Wiens et al. (1983), that rodent pollinated species are found in the more 

arid sites. 

Insect pollination predominates in the family and is fairly equally spread 

along the moisture gradient. Wind pollinnted species are few and tend to 

occur from arid (and relatively wirx:lless) to mesic (and windy) sites. It 

would be erroneous to suggest tlmt wirx:l pollination has simply evolved as a 

response to windy habitats, ~1UF.e wind pollinated species are found at 

the coast (I.eucadendron macowaoJ.i, .L, conj.ferurn) which are the windiest 

areas, but also in the less windy inland areas (L. rubrurn). 
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IEAF SIZE AND SUMMER OOIS'IURE STRESS 

Species with small leaves and species with large leaves are found in arid 

and mesic sites ('!'able 3). A more clear habitat differentiation between 

small and large leaves was expected. What is more confusing, species with 

very different leaf sizes co-exist. 1.euc:adendron comosum has long thin 

(40 mm long, 5 mm broad) leaves and co-exints with L. tinctum (115 mm long, 

45 mm broad) on the SWartberg. Similarly L. rubrum (34 mm by 4.5 mm) 

and L. barkerae ( 70 mm by 22 mm) also co-exist on the SWartberg. 

Table 3. leaf size classes and nurnmor moisture stress 

Protea 

n= number of species per moisture stress class 

moisture stress classes 

1. (small) 
2. 
3. 
4. (large) 

I.eucadendron 
1. (small) 9 
2. 2 
3. 1 
4. (large) 1 

1 2 3 4 
0 11 7 1 
1 0 7 1 
0 2 9 5 
1 8 10 6 

15 
7 
2 
7 

6 
2 
7 
6 

7 
5 
1 
1 

Small (columns 1 plus 2) versus large leaves (column:;; 3 plus 4) are not 
significantly differently distributed between arid (classes 1 and 2) and 
mesic (3 and 4) habitats for let!<;;adend.t:QD (G=2.06) and Protea (G=3.45). 

'!here are at least three reasons why patterns of leaf size and moisture 

stress are not more definite; 

i) I.eaves could be considered as syndromes involving a play off between 

many factors such as degree of pubescence, sclerophylly and total leaf 

area. As such leaf area need not be well correlated with environmental 
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gradients. 

ii) 'Ihe amount of summer precJpitation arxl radiation at a site are less 

important in detennining plant moisture stress than are competitive inter

actions (Miller et al. 1983 ) . Competitive interactions in dense stands 

(high leaf area) on the moist coantal mountains re.nder small leaves as 

adaptive, as is the case in lens dense stands (low leaf area) but more 

arid regions. 

iii) Small leaf size is adaptive in the generally low nutrient status of 

the fynbos landscape. carrpbell {1985) suggested that the small leaf size 

which characterises the fynbos may be the result of nutrient limited 

physiology, rather than plant moisture stress. 'Iherefore, leaf size should 

be related to nutrient gradients rather than to moisture gradients. 

SEED MASS AND SUMMER M:>1S'IURE S'IRFSS 

Seed mass is a corrplex reproductive trait related to seed numbers, dispersal 

and establishment requirements. L, nruirii has the lightest seeds in the 

genus (2.4 nq) and L. platyspermum, a related ecologically similar species, 

has the largest seeds { 130 nq) • But k!.L.__muirii on average produces 4 7 .1 

seeds per cone {n=40) whereas ti. platyspermum only produces 10. 2 seeds per 

cone. '!here is thus a significant relationship between seed size and seed 

number {t-test, p< • 001) • '--

Patterns of variation in seed size in tropical areas appear to be less 

definitive than in temperate aroas {Rockwocxl 1985). 

In Ieucadendron, rrore species from arid areas tend to have large seeds than 

from rnesic areas. '!his is in agreement with Baker's (1972) observations 

that large seeds are correlated with semi-arid environments in california. 



Table 4. Seed size classes and surraner moisture stress 

n= ntnnber of species per moisture stress class 

Seed size categories 
(small) 1) 

2) 
3) 

(lai:ge) 4) 

Moisture stress clnsses 
1 2 3 4 
4 lG 13 12 
1 3 3 1 
4 5 
3 7 5 1 

56 

Small (classes 1 and 2) vernus large (3 and 4) seeds are distributed 
significantly differently with respect to arid (clasr; 1 and 2) and mesic 
habitats (3 and 4), G=6.02 p<.02) 

SUMMARY 

Hierarchy of traits and the summer moisture stress gradient 

'Ihese results have been summarised in the fonn of a hierarchy (Table 5). 

'!he stronger the correlation of a biological trait with plant moisture 

stress, the more likely such traits can bo considered to be a consequence 

of moisture stress. Table 5 11st..-; the hierarchy of correlation between 

numbers of species with a particular trait and Sllll1lller moisture stress. '!he 

distribution of m.nnbers of species possessing the traits at the top of the 

table are most strongly correlated (postitively or negatively) to the 

plant moisture stress categories. 

To detennine the hierarchy in Table 5 the observed distribution of traits 

was compared with distribution which is expected if there was no relation 

to environmental gradients, using a G-test. For example, the distribution 

of all serotinous Proteaceae species was compared with the distribution of 

all Proteaceae species, along the noisture stress gradient. 'Ibis is a 

more stringent test than merely conparing two characters, such as serotinous 

versus non-serotinous species or numbers of species with snall seeds versus 

those with large seeds, along the gradient. 
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Only two moisture stress categories were used; arid (catego:ry 1 and 2) and 

mesic {3 and 4). Similarly only two leaf size classes; small {land 2) and 

lru:ge {3 and 4), and seed size classes: small (1 and 2) and lru:ge (3 and 

4), were used. 

Table 5. Hierarchy of charactem distributed along moisture 
gradients. A plus sign indicates correlation with mesic sites, a 
negative sign indicates correlation with arid sites 

passive soil stored seed (**) 
bird pollinated {*) 
big seeded Leucadendrons (ns) 
rodent pollinated (ns) 
small leaved Proteas (ns) 
myrmecocho:ry (ns) 
serotiny {ns) 
small seeded Leucadendrons {ns) 
big leaved r.eucadendrons {ns) 
big leaved Proteas (ns) 
small leaved Leucadendrons {ns) 
insect pollinated {ns) 
wind pollinated {ns) 
sprouters {ns) 

(**= p>.001, *=p>.05 G- test.) 

Position 
1 {-) 
2 {+) 
3 {-) 
4 {+) 
5 {-) 
6 (+) 
7 {+) 
8 {-) 
9 {+) 
10 {+) 
11 {-) 
12 {-) 
13 {-) 
14 {-) 

G-value 
{20.6) 
( 4 .1) 
{3. 0) 
(2.5) 
{1. 3) 
{1.3) 
{1.1) 
(LO) 
{. 9) 

{. 4) 
{. 3) 
{. 3) 
{ .06) 
{. 08) 

Table 5 can be considered as a hypothesis to be tested by more intensive 

work concerning the distribution of biological traits along moisture stress 

gradients. It appears that no single suite of characters { seed storage 

types, pollination types, regeneration modes, seed size or leaf size) is 

most strongly correlated with moisture stress. 

There are three major problems with this fonn of analysis where numbers of 

species possesing various traits are correlated with envirornnental attri

butes. Firstly, it is organisms rather th.an traits that are actually 

distributed along such gradients and the trait being studied may or may not 
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be a crucial detcnninant of the distribution pattern of the species being 

considered. Also the traits aro not orthogonal, for example passive soil 

stored species tend to havo largo seeds and are found in dry areas. 

'lherefore to correlate seed size and seed storage type, as independent 

characters, with plant moisturo ntrens can be misleading. 

It is irrp:.)ssible to consider all the ecological aspects of any organism let 

alone their distribution patten1S, '!his study is only a first approxirnation. 

Secondly, correlations do not j ndicate mechanisms and can often be mis

leading. So at best, the pattmns emerging from this study are only 

pointers for further consideration. More detailed work on a subset of 

these characters is to be found in Midgley (1987e, g, h), 

'lhirdly, these patterns are not at a community level (e.g. cover abundance). 

I have merely analysed numbers of species per ecological trait and their 

distribution along the moisture stress gradient. Further, more intensive 

work is needed to verify these patterns. 



59 

REFERENCE'S 

BAKER, H.G. 1972. Seed weight in relation to environmental conditions 

in california. Ecology 53: 997-1010 

OOND, P. & GOIDBIA'IT, P. 1984 • Plants of the cape Flora. Supplementary 

Voltnne 13. J. of S.A. Bot. 

BOND, W.J. 1981. Vegetation gradients in the southern cape Mountains. 

M. Sc 'Ihesis. University of cape Town. 

OOND, W.J., SLINGSBY, P. 1983. Seed dispersal by ants in shrublands of 

the cape Province and its evolutionru:y implications. s. Afr. Jnl. Sci. 

231-233 

CAMPBELL, B.M. 1985. Montane Vegetation Structure jn the Fynbos Biome. 

fh. D. 'Ihesis, Utrecht University 

FUGGIE, R.F. 1981. Macroc:limatic patterns within the fynbos biome. Final 

report, National Programme for environmental sciences, c. S. I. R. Pretoria 

MILLER, P.C., MILI.ER J.M. & MILI.ER P.M. 1983. Seasonal progression of 

plant water relations in fynbos in the western cape Province, South 

Africa. Oecologia 56:392-396 

ROCKWOOD, L. 1985. Seed weight as a function of life fonn, elevation 

and life zone in neotropical forests. Biotropica 17(1):32-39 

ROURKE, J.P. 1969. Taxonomic studies in Soroc:ephalus R. Br. and Spatalla 

Salisb. J.S, Afr. Bot. Suppl. 7:1-124 

ROURKE, J.P. 1972. Taxonomic studies on Leucospermum R.Br. J.S. Afr. Bot.

Suppl. 8 : 1-194 

ROURKE, J.P. 1976. A revision of Diastella (Proteaceae). Jl. s. Afr. B:Jt. 

42(2):185-210 

ROURKE, J.P. 1980. '!he Proteas of Southern Africa. Purnell, cape Town 



ROURKE, J.P. 1983. 

southern cape. 

60 

A remarkable new Leucospennum (Proteaceae) from the 

Jl. s. afr. Bot. 49(3):213-219 

ROURKE, J.P. 1984a. A revision of the genus Mimetes Salish. (Protea

ceae). Jl. s. Afr. Bot. 50(2):171-236 

ROURKE, J.P. 1984b. Vexatorella Rourke, a new genus of the Proteaceae. 

Jl. S. Afr. Bot. 50(3):373-391 

SHIMWELL, D.W. 1971. Description and classification of vegetation. 

Sidgwick and Jackson, I.Dndon 

SPECHI', R.L. & M:JLL, E.J. 1983. Heathlarrls and sclerophyllous shrublands -

an overview. ID: Kruger, F.J., Mitchell, D.T. & Jarvis J.U.M. (eds.). 

Mediterranean 'fype Ecosystems. Springer-Verlag, Berlin 

VAN DER MERWE, P. 1977. Die morfologie en voortplanting van Orotharnnus 

zeyheri (Proteaceae). cape Dept. Nature and Environ. Conserv. Res.Pub. 

WIENS, D., ROURKE, J.P., CASPER, B.B., RICKA.Rr, E.A., LAPINE, T.R. & 

PEI'ERSON, J. 1983. Nonflying mammal pollination of Southern Africa 

Proteas. A non-coeval ved system. Ann. Mo. Bot. Gard. 70: 1-31 

WILLIAMS, I.J .M. 1972. A revision of the genus Leucadendron (Protea

ceae) • Contr. Bel. Herb. No. 3 



61 

Appendix 1. List of all the tmm and biological traits. 
Column 1 is height in m. Column 2 is fire survival traits (l=serotiny, 
2=mynnecochory, 3=passive soil stored seed, 4= serotiny and sprout, 5=rnyr
mecochory and sprout and 6=pasnJve soil stored seed and sprout). Coltmll1 3 
is pollination syndrome (l=insccts, 2=-birds, 3=rodents, 4=insects and 
birds, 5=insects arxi rodents). Col.tmll1 4 is summer moisture stress category 
(l=arid, 4=mesic). Column 5 in leaf size (l=smallest, 4=largest). Coltmll1 
6 is seed size (l""Slllallest, 4=largest). 

Aulax cancellata,2,1,5,2 
A. pallasia,2,4,5,3 
A. urnbellata,2,1,5,4 
Brabejurn stellatifoliurn,5,3,1,4 
Diastella buekii,l,2,1,4 
D. divaricata,.5,2,1,3 
D. fraterna,.7,2,1,3 
D. myrtifolia,1,2,1,4 
D. parilis,.7,2,1,4 
D. proteoides,1.3,2,1,2 
D. thymelaeoides,1.5,2,1,3 
Leucadendron alburn,2,l,1,4,2,1 
L. arcuaturn,1,6,1,2,4,3 
L. argenteurn,10,1,1,3,4,4 
L. barkerae,2,3,l,2,4,4 
L. bonurn,1.6,3,l,2,4,3 
L. brunioides,2,6,1,2,1,1 
L. burchellii,1.6,3,1,3,3,4 
L. cadens,.5,3,1,l,1,3 
L. chamelaea,2.3,3,1,2,2,l 
L. cinereurn,1,1,1,1,2,1 
L. cornosurn,1.7,1,l,3,l,1 
L. concavurn,1.5,3,3,l,1,3 
L. conicurn,6,1,1,4,2,1 
L. coniferurn,4,1,3,3,3,1 
L. cordaturn,l,3,1,2,4,4 
L. coriaceurn,.6,6,1,2,1,1 
L. coryrnbosurn,2,3,1,2,1,1 
L. cryptocephalurn,1,1,1,3,3,1 
L. daphnoides,1.5,3,1,3,3,4 
L. diernontianurn,2,1,1,1,1,1 
L. discolor,3,1,1,3,3,1 
L. dregei,1,1,1,4,1,1 
L. dubiurn,l.3,3,3,2,1,3 
L. elimense,l.5,3,1,2,2,1 
L. ericifoliurn,3,2,3,2,1,3 
L. eucalyptifoliurn,5,1,1,4,3,1 
L. flexuosurn,2.5,1,1,2,1,1 
L. floridurn,2,3,l,3,1,1 
L. foedurn,2.5,1,l,1,1,1 
L. galpinii,3,1,l,3,l,1 
L. garxiogeri,1.6,l,1,4,4,2 
L. glaberrinn.nn,l.3,3,l,2,2,4 



L. globoslDll,2,3,1,3,4,2 
L. olens,1.5,2,5,3,1,2 
L. gydoense,2,3,l,2,2,4 
L. lanigennn,1.5,4,1,2,1,2 
L. laureollDll,2,l,1,3,4,2 
L. laxurn,1.5,3,l,2,1,1 
L. levisanus,2,1,1,2,1,1 
L. linifolilDll,2,l,1,2,1,1 
L. loeriense,2,1,1,4,1,1 
L. loranthifolilDll,2,3,1,1,4,4 
L. macowanii,3,l,3,3,2,1 
L. meridianlDll,2,l,1,3,2,1 
L. meyerianlDll,1,3,1,1,1,3 
L. microcephallDll,1.5,1,1,2,4,1 
L. modestlDll,.6,1,l,2,l,1 
L. muirii,2,1,1,2,2,1 
L. nervoslDll,2,1,l,3,3,1 
L. nitidlDll,2,2,l,2,l,3 
L. nobile,4,1,1,3,1,1 
L. orientale,1.3,J,1,4,4,4 
L. platyspenm.nn,1.3,1,1,2,3,4 
L. procennn,3,1,1,2,2,1 
L. pubescens,2.6,J,1,1,3,4 
L. pubibracteolatlDll,l.3,3,l,2,4,4 
L. radiatlDll,.6,1,1,4,1,1 
L. remotlDll,1.5,3,1,1,2,3 
L. roodii,1.5,3,l,1,1,3 
L. rourkei,5,1,l,4,2,l 
L. l'Ubnnn,2.5,l,3,2,3,2 
L. salicifolilDll,3,1,3,4,2,1 
L. salignlDll,2,4,1,2,2,1 
L. sericelDll,1,2,1,1,l,2 
L. sessile,1.5,3,1,3,4,4 
L. sheilae,1,3,1,l,1,3 
L. singulare,.3,2,1,4,1,1 
L. sorocephalodes,.3,2,1,4,1,1 
L. spissifolilDll,1.3,4,1,4,2,1 
L. stellare,2,6,l,1,1,1 
L. stelligennn,l.3,1,1,3,1,1 
L. strobilinlDll,2.6,1,l,3,4,1 
L. teretifolilDll,l.3,l,3,2,l,1 
L. thymifolilDll,2,l,1,2,1,2 
L. tinctlDll,l.3,3,1,2,4,4 
L. tradouwense,2,3,1,3,4,4 
L. uliginOSlDll,4,1,1,4,1,1 
L. verticillatlDll,2,3,l,2,1,1 
L .xanthoconus,2,l,1,3,2,1 
I.eucospenm.nn arenarilDll,.75,2,1,1 
Is. bolusii,1,2,1,2 
Is. calligennn,2,2,1,2 
Is. catherinae,3,2,2,3 
Is. conocarpodendron,5,5,2,3 
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Is. cordattnn,.5,2,1,3 
Is. cordifolitnn,1.5,2,2,3 
Is. cuneifonne,3,5,2,3 
Is. erubescens,2,2,6,3 
Is. fonnosurn,3,2,2,4 
Is. fulgens,3,2,2,2 
Is. glabrum,2.5,2,2,3 
Is. gracile,.5,2,1,2 
Is. grandiflorum,2.5,2,2,3 
Is. gueinzii,3,2,2,4 
Is. hamattnn,.5,2,2,4 
Is. heterophylltnn,.5,5,1,3 
Is. hypophyllocarpodendron,.3,5,1,2 
Is. lineare,2,2,2,3 
Is. muirii,1.5,2,1,J 
Is. murxlii,1,2,1,J 
Is. oleifolitnn,1,2,1,3 
Is. parile,1.5,2,1,2 
Is. patersonii,4,5,2,3 
Is. pedunculattnn, .3,5,1,3 
Is. pluridens,3,2,2,1 
Is. praecox,3,2,2,2 
Is. praernorsum,5,2,2,1 
Is. profugum,.5,5,1,2 
Is. prostrattnn,.5,5,1,J 
Is. reflexum,J,2,2,2 
Is. rodolenttnn,3,2,1,1 
Is. :royenifolitnn,.5,5,1,2 
Is. saxatile,.5,2,1,1 
Is. secundifolitnn,.5,2,1,3 
Is. spathulattnn,.5,2,1,2 
Is. tomentostnn,.5,5,1,2 
Is. totttnn,1.3,2,2,3 
Is. truncatultnn, 2, 2, 1, 2 
Is. truncattnn,2,2,1,2 
Is. utriculostnn,2,2,1,2 
Is. vestittnn,2.5,2,2,2 
Is. winteri,1.3,2,1,J 
Is. wittebergense, 1. 5, 2, l, 2 
Mimetes arboreus,2,2,6,4 
M. argenteus,1.3,2,6,4 
M. capitulatus,1.3,2,6,4 
M. cucullatus,1.4,5,6,J 
M. fimbriifolius,4,5,6,3 
M. hirtus,2,2,6,4 
M. hottentoticus,J,2,6,4 
M. palustris,1,2,6,4 
M. pauciflorus,J,2,6,4 
M. saxatilis,2.5,2,6,3 
M. splendidus,3,2,6,4 
M. stokoei,1,2,2,4 
Orotharnnus zeyheri,4,2,2,5 
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Pr. lorifolia,3,1,2,l,4 
Pr. magnifica,.5,1,2,2,4 
Pr. montana,.5,1,4,4,3 
Pr. nrucronifolia,1,1,1,2,1 
Pr. mundii,12,1,1,2,3 
Pr. nana,1,3,7,3,l 
Pr. neriifolia,3,1,2,3,3 
Pr. nitida,10,6,6,2,4 
Pr. obtusifolia,4,1,2,2,4 
Pr. odorata,1.2,1,1,2,1 
Pr. pendula,3,1,4,2,1 
Pr. piscina,.5,4,4,3,2 
Pr. pityphylla,1,l,4,3,l 
Pr. pruinosa,.5,4,4,4,4 
Pr. pudens,.5,1,7,2,1 
Pr. punctata,4,1,6,4,3 
Pr. recorxiita,1,l,4,3,4 
Pr. repens,4,1,6,3,2 
Pr. restionifolia,.5,4,4,2,1 
Pr. revoluta,.5,4,4,3,4 
Pr. rupicola,2,1,2,3,1 
Pr. scabra,.5,4,4,3,4 
Pr. scabriuscula,.5,4,4,3,3 
Pr. scolopendiifolia,.5,4,4,4,3 
Pr. scolymocephala,1,1,1,3,1 
Pr. scorzonerifolia,.5,4,1,3,2 
Pr. speciosa,1,4,2,4,4 
Pr. stokoei,2,1,2,4,4 
Pr. subulifolia,.7,1,4,3,1 
Pr. sulphurea,.9,l,4,2,1 
Pr. susannae,3,1,2,3,3 
Pr. tenax,.5,4,4,3,3 
Pr. venusta,.7,1,6,4,1 
Pr. vogtsiae,.5,4,4,3,4 
Pr. witz~iana,.5,1,4,3,1 
Serruria acrocarpa,.5,5,1,3 
s. adscendens,1,2,1,3 
s. aemula,.3,2,1,2 
s. aitonii,1,2,1,2 
s. brownii,.s,2,1,2 
s. carxiicans,.75,2,1,2 
s. collina,2,2,1,3 
s. confragosa,1,2,1,1 
s. cyanoides,.3,5,1,2 
s. cygnea,1,2,1,2 
s. decipiens,1,2,1,2 
s. dectnnbens,.5,2,1,3 
s. dodii,1,2,1,2 
s. elongata,.5,2,1,3 
s. fasciflora,.5,2,1,3 
s. flagellifolia,.5,2,1,3 
s. flava,.5,2,1,2 
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s. florida,1.5,2,1,3 
s. fucifolia,1,2,1,2 
s. furcellata,1,5,1,3 
s. glomerata,.3,2,1,3 
s. heterophylla,1,2,1,3 
s. hirsuta,.5,2,1,3 
s. inconspicua,.3,2,1,3 
s. incrassata,.2,5,1,3 
s. kraussii,.5,2,1,3 
s. leipoldtii,1,5,1,2 
s. linearis,.5,2,1,2 ,, 
s. meisneriana,.5,2,1,3 
s. rnillefolia,1,2,1,2 
s. nervosa,.3,2,1,3 
s. pedunculata,1,2,1,3 
s. pinnata,.5,5,1,2 
s. phylicoides,.3,2,1,3 
s. rosea,.5,2,1,3 -'-

s. rostellaris,.3,2,1,3 
s. roxburghii,1,2,1,2 
s. r.ubricaulis,.2,5,1,3 
s. trilopha,.5,5,1,2 
s. triteniata,1,2,1,2 
s. villosa,.4,2,1,3 
s. williarnsii,1,2,1,3 
s. zeyheri,.4,2,1,4 
s. spl,l,2,1,3 
s. sp2,.5,2,1,3 
s. sp3,.5,2,1,3 
s. sp4,1,2,1,3 
s. sp5,.2,2,1,3 
Sorocephalus alopecurus,1,2,1,4 
So. capitatus,1.s,2,1,3 
So. clavigerus,1,2,l,3 
So. crassifolius,.5,5,1,3 
So. irnbricatus,1,2,1,3 
So. lanatus,.75,2,1,3 
So. palustris,.3,2,1,4 
So. pinifolius,1,2,1,3 
So. scabridus,.75,2,1,3 
So. tenuifolius,1,2,1,3 
So. teretifolius,.7,2,1,3 
Spatalla argentea,1,2,1,2 
Sp. ba:rbigera,1,2,1,3 
Sp. caudata,1,2,1,3 
Sp. colorata,.75,2,1,4 
Sp. confusa,.5,2,1,4 
Sp. curvifolia,.75,2,1,3 
Sp. ericoides,1,2,1,2 
Sp. incurva,1,2,1,3 
Sp. longifolia,1,2,1,4 
Sp. rnollis,1,2,1,3 



Sp. nubicola,1.5,2,l,4 
Sp. parilis,2,2,1,3 
Sp. prolifera,1.5,2,1,4 
Sp. propinqua,.9,2,1,5 
Sp. racemosa,.9,2,1,3 
Sp. salsoloides,.5,2,1,3 
Sp. setacea,1,2,1,4 
Sp. squarnata,.6,2,1,3 
Sp. thyrsiflora,.5,2,1,3 
Sp. tulbaghensis,.5,2,1,3 
Vexatorella amoena,1.5,2,l,1 
V. latibrosa,2,2,1,1 
v. obtusata,2,2,1,1 
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A BICJGEX:GRA!HIC ANALYSIS OF THE FYNIDS GENUS lEUCADENDRON 

ABS'l'RACT 

Historical and ecological information were used to analyse distribution 

pattenis of the species of this genus. A divergence index (measure of 

change from ancestral condition} and the phylogeny were used to detennine 

which areas may be centres of palaeo-endc.J11ism or neo-endemism. '!here are 

many centres of neo-endemism and two centres of palaeo-endemism. 

The presence of derived (=recent) species in isolated fynbos fragments 

suggests that fragmentation has been recent. 'Ihere has probably been the 

migration of taxa onto inter-montane sites in recent time because the 

disjunctions are unlikely to be due to long distance dispersal. 

'!he species with the most primitive vegetative and reproductive characters 

are found in arid areas which suggests that the genus originated in an arid 

habitat. Species found in the most mesic areas or the mountain tops are 

not the most primitive, which SU<Jgcsts that the mountains have not acted as 

mesic refugia, but may have acted as refugia from marine transgressions. 

The most derived species are concentrated in the intennediate-arid and 

lowland classes, which suggests that a degree of aridity and migration onto 

younger surfaces has been impetus for recent speciation. 

A pattern of peripheral apomorphy from the s. w. cape to the E. cape, may 

indicate dispersal from southern source areas. '!he species richness per 

quarter degree grid square is not as well correlated with the maximum 

altitude of such a square as is the altitude range. 
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lN'l'ROlJJCTION 

'!he fynoos is renowned for its high species richness and degree of endemism 

(Bond and Goldblatt 1984) , so much so that the flora contains one of the 

world's great concentration of species. 'I.he fynbos is therefore an area of 

extreme biogeographic interest. 

However, most biogeographic nnalyses of the fynbos have tended to be 

cartographic in approach; the plotting of distribution patterns for the 

detennination of centres (e.g. Wcin."trck 1941; Oliver, Linder and Rourke 

1983) and phytochoria (Cowling 1982). Previously, No:rdenstam (1969) noted 

that the product of ecologically based cartographic approaches, is the 

proliferation of centres and phytochoria. Nordenstam (1969) suggested that 

more attention should be given to historical (phylogenetic) biogeography. 

'!he authors of the most comprehensive and recent analysis of distribution 

patterns of the dominant fynbos taxa, concluded that from their study "not 

much light is shed on the history of the Flora" (Oliver et al. 1983). '!his 

is not surprising because no historical input was made with which to 

interpret distribution patterns, in that study. Furthennore, these authors 

have interpreted areas of endernism as ecological entities, which led them 

to conclude that II much of the overall pattern ..... can be accounted for 

by ecological factors" (Oliver fil_fil,. 439:1983). 

'!he primacy aim of my study was to fill the need for a phylogenetic analysis 

of distribution patterns in the fynbos. 'I.he second aim was to reconsider 

ecological explanations for present day distribution patterns. I have 

approached the study of the historical biogeography of the fynbos by 

investigating various aspects, including the phylogenetic and ecological, 
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of a typical fynbos genus, I.eucadendron R. Br. It is a large (79 species) 

genus and like many other fynbos taxa it has a fragmented distribution 

pattern, is centered in the S.W. cape and has disjunct outliers to the 

north-west (calvinia), north-east (Laingsburg) and the east (Natal) (see 

Map 1 ) • 

Key questions considered in this study are; 

1) What evidence is there to support reasons for, and the possible timing 

of, disjunctions within the genus? Did the disjunctions occur by vicariance 

or dispersal? 

2) Do climatic or edaphic factors control distribution ranges? 

3) What are the inplications of distribution patterns of neo- and palaeo-

endemisrn at various taxonomic levels? 

4) What is the relationship between areas of endemisrn? 

5) What is the correlation between species number per quarter degree and 

gross ecological factors (altitude range, maxinn.nn altitude)? 

Historical biogeography 

The primary dattnn for a historical analysis is a phylogeny. The approach 

of vicariance biogeography (sensu Nelson and Platnick 1981) is to attempt 

to explain a cladograrn of areas. Unfortunately the cladograrn of I.eucadendron 

is relatively unresolved due to widespread coIWergence in the genus (Fig. 2). 

However for analyses of endemic taxa like I.eucadendron, which have not been 

fragmented tectonically, there is the need not only for an indication of 

relationships between taxa (cladogenesis) and thus of areas, but also for a 

measure of biological distance from a hypothetical ancestral condition 

(anagenesis). This would make it possible to be able to distinguish 
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between relicts or specialised taxa. 

For this purpose I have derivc<l a dive:rgcnce index. It is the sum of 

weight assigned to the derived characters, which a species possesses. 'Ihe 

concept of primitive and derived is a relative one; the divergence index is 

an attenpt to express this relative concept numerically and at the species 

level (see Midgley 1987a for further details). 
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Map 1. 'Ihe distribution of the fynbos. 'Ihe shaded areas indicates 
the distribution range of I.eucadendron species. Note; the 
fragmented "island" nature even visible at this scale and 
the large disjunction to 30° E (map modified from Kruger 1979). 
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The geographic and ecological distribution of species differing in this 

respect may be of considerable biogeographical significance. For example, 

in the fynbos, "are the species with primitive characters to be found on 

the mountain tops"? If this is the case then maybe one reason for the 

high diversity of the fynbos maybe due to historically low extinction rates. 
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MEmIOOO 

Poynton (1985) enphasised the need for awareness of the ecological and 

historical perspective, in biogeographical analysis. I have provided data 

for both categories. Naturally, there is overlap and data from one category 

can be useful for the other. 'Ihcse two types of data are discussed below. 

Data for the historical perspective 

Three forms of historical evidence were used; the phylogeny at the subsection 

level, a divergence index value at the species level and a subdivision of 

the distribution range into historical areas of endemism. 

A character analysis of I.eucadendron (Midgley 1987a) indicated which is the 

more ancestral or derived state for all available morphological characters. 

care was taken not to be biased by the geographical distribution of species 

for the detennination of polarity. 

The phylogeny (Fig. 2) was determined by using the cladist procedure that 

innnediate relatedness is demonstrated by shared derived characters. Much 

convergence was noted in the distribution of derived characters. I asst.nned 

that a more derived species, i.e. one with a high divergence index, has 

evolved more recently than a less derived species. Thjs assumption is 

similar to the "molecular clock" hypothesis, in which a greater number of 

changes in some aspect of phytochernistry is assumed to be the product of 

more recent mutations than are lesser changes. For example Martin and DJwd 

(1984) used the degree of change in amino acids to infer the timing of 

disjunctions. These methods depend on assumptions such as that chemical or 

morphological changes are monotypic with respect to time and that theses 

changes are constant within subgroups. Therefore the results of these 
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methods need to be tested by addltional data or other methods. Most 

methods in bi(XJeography are themnelves only hypot.heses based on the assump

tions of different paradigms. '1.he use of a divergence index in this 

study is in many ways a novel approach to historical biCXJeeXJraphy. 

Oliver et al. (1983) used numerical procedures and distribution data for 

thousands of species, including those of Leucadendron, to subdivide the 

fynbos into 6 centres of enderniSin. I have accepted their basic subdivisions 

but have further subdivided two of their areas. Reasons for these further 

subdivisions, bearing in mind the warning of Nordenstam (1969) mentioned 

earlier, are listed below. 

Firstly, the low percentage endernism of the swartberg, Outeniqua, Iangeberg 

and the Eastern districts (Table 2, coltnnn 3) might justify sinking these 

areas into one, because these areas share many species (see Fig. 3 and 4). 

But the species errlemic to the Iangeberg appear to be more primitive 

than those of the other three areas (Table 2, coltnnn 5) • 'Iherefore I have 

kept the Iange.bel:g as a separate area. '!he same applies for the distinction 

between the Cedarberg and the North area; the CedarbeJ:g has many, very 

derived errlemic taxa whereas the North area does not (Table 2, coltnnn 5). 

I have maintained the Swartberg as a separate district because the distri

bution patterns for this area are interesting. 'Ihe swartberg shares some 

species with the Cedarberg and the outeniqua mountains, and has a sw:pris

ingly low richness considering its large size and ecolCXJical diversity (see 

later discussions). 

In the same way that taxa may be further sub-divided at finer levels of 

character distribution, so also mny these biCXJeCXJraphic areas be further 
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sub-divided according to distribution patterns, but these 10 were considered 

adequate to test the hypotheses of my study. 

- Repreaents mountainous areas over 300 m 

----· • Repreaents boundary of fynbos 

3 5 

Fig. 1. Map of the fynbos showing the 10 districts used (see 
Table 1) in this study. 

Table 1. Details of 10 districts, 4 ecological (moisture) and 3 altitude 
categories 

10 District categories 4 Moisture (ecological)c.ategories 
1) North 1) Arid (inland north slopes) 
2) Cedarberg, Koo and Witteberg 2) Lowlands, Coastal north slopes 
3) Central mountains 3) Inland south slopes 
4) West Coast lowlands 4) Mesic (Coastal south slopes) 
5) Bredasdorp lowlands 
6) Peninsula 
7) swartberg mountains 
8) Iangeberg mountains 
9) outeniqua mountains 
10) Eastern mountains 

3 Altitude categories 
1) 0-35011 (100m) 
2) 500-250011 (825m) 
3) > 250011 (>825rn) 
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Oliver et al. (1983) claimed tlmt the six areas of endemism which they 

detennined, corresponded to the main ecological areas of the fynbos. This 

irrplies that species which have coincident distribution ranges (e.g. to one 

motmtain chain), have similar ecological tolerances. This is too extreme; 

ecological variation is enonnous within an area according to slope, aspect 

and soil depth to name a few factors which are not considered when plotting 

the distribution range of a species on a map. 

A compromise is to consider species belonging to areas of endemism as 

entities which share a history, as well as an ecology. Species endemic to 

a particular area may be the result of similar historical patterns of 

isolation and speciation, rather than as a response to similar ecological 

conditions. This confers an historical dimension to these areas of endernisrn. 

All I.eucadendron species have been assigned to one or more of the 10 

biogeographical areas indicated on Map 2. To detennine the similarity 

between the 10 areas a Bray-curtis ordination and a classification using 

presence/absence data and Sorensen similarity coefficient (methods Shimwell 

1971) was perfonned. 

The mountains of the fynbos landscape may have acted as mesic refugia 

during climatic oscillations and relicts may exist in these sites. To 

evaluate this possibility, all species have also been allocated to one or 

more altitude classes (see Table 1). 
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subsections rnnnber of species areas ecological 
present range 

1) Nucifera 16 1-10 1-3 
2) Membranacea 4 1,2 1,2 
3) Ventricosa 3 3,5 2-4 
4) ''singulare'' .1 10 3 
5) CUneata 3 4,5 2 
6) ''sorocephalodes" 1 10 3 
7) Ieucadendron 7 not 4,5 2,3 
8) carinata 2 2 2 
9) Villosa 10 4,5,2 2,3 
10) Trigona 8 not 1,2,4,5,7 4 
11) Alata 18 1-10 1-3 
12) Compressa 5 5, 7-10 2 

Fig. 2. Basic phylogeny of the subsections with distribution and ecological 
infonnation (see text for details). 

Data for an ecological perspective 

'Ihe fynbos as a vegetation type is restricted to fairly mesic areas, with a 

rainfall minimum of about 450 mm p.a. (Kruger 1979). Therefore the inter

pretation of distribution patterns of derived and ancestral species along 

moisture gradients was considered to be important for answering the following 

question. Are the primitive species found in the mesic areas? 

To study this I divided the fynbos landscape into four classes according to 

the intensity of surmner moisture stress. All Ieucadendron species were 
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assigned to one of four classes (see Midgl~y 1987b). 

Finally I investigated the cor.re Lation between numbers of I.eucadendron 

species per quarter degree grid square and the altitude of the mountains of 

the square. 'Ihe mountains of the fynbos lnndscape may have acted as mesic 

refugia. If this were the case then the grid squares with high peaks may 

be expected to have more specien (less extinction), than the squares with 

low mountains. 

'Ihe number of species per square was obtained from Williams (1972) and was 

updated. A regression analysis (oxford regression package) was performed 

between numbers of species per h."llf degree squares and the maximum altitude 

and altitude range of the squares, which were obtained from 1: 50000 maps 

(Government printer). 

RESUillS AND DISOJSSION 

'Ihe divergence index (d. i.) 

'Ihe d. i. is only intended to give a relative numerical impression of the 

degree of divergence within tho genus. An irrportant point is that the 

index is explicitly derived. 'lharefore the index is a hypothesis which is 

broadly testable by corroboration with further analyses e.g. biochemically, 

with amino-acid analysis, elcctrophoretically and with further morpho

logical analyses. 

Disjunct fynbos islands surround<:rl by a sea of succulent vegetation; jl.Illlp 

dispersal or vicariance? 

Disjunct fynbos islands to the north exist in more mesic and cooler areas. 

'Ihese outliers irxlicate historic;illy more moist or more moist and cooler 
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times (Werger 1983) , in other wor.d':3 a retr£.'ating "rear". Or these outliers 

may represent exanples of jump d1opomal of an ndvancing "front" (Brenan 

1983). 

I argue (see below) that dispersal is unlikely to explain these disjun

ctions. 'Iherefore the fynbos must have been more extensive in historic 

times. 'Ibis is in line with the suggestion of Axelrod and Raven (1978), 

that sclerophyll vegetation nny have evolved in an area further north. 

'!heir hypothesis would also suggnst that sclerophyllous vegetation was more 

extensively distributed on substrates of moderate nutrient status in historic 

times (see discussion of nutricmts versus climate as detenninant of fynbos 

boundaries). 

'!he timing of the fragmentation of the fynbos is an important issue. If 

the fynbos is effectively an II island" that has been restricted edaphically 

(Williams 1972; Cowling 1983; Campbell 1985) or climatically (I.evyns 1950), 

then fragmentation would have occ.,--ured at different timo scales depending on 

which was the main factor. '!he dating of the fragmentation would provide 

evidence for the choice between the "climate" or the "edaphic" hypotheses. 

Williams (Le.), who supported the edaphic hypothesis, looked to Cretaceous 

events to explain disjunctions in l,eucadendron. I argue that more recent 

(Pleistocene) climatic events can be invoked to explain distribution 

patterns. 

'!here are many species level disjunctions throughout the fynbos landscape. 

Despite the fact that many taxonomists are biased by disjunctions in favour 

of describing new vicariant species, which then obscures this pattern, many 
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species level disjunctions ocx...."llr in Leuc.-:tdendron and other Proteaceae. 

Distribution maps of many .£t:Qif;'a spccJes (Hourke 1980) depict this phenom

enon. '!his can be construed to indicate that isolation is so recent that 

speciation has not occurred desplte I'C'productive isolation and considerable 

geographical and ecological diff~rcmccs between fragmented populations. 

some of the isolated population., contain very derived ("recent") species, 

such as L. rubrum, L. salign_t.mJ and L. spissifolium (see Appendix 2). If 

the tirnirg of disjtmction was n11eiP..nt then it is tmlikely that widespread 

derived species would be present 1n these islands of fynbos, because this 

would imply that most of the anngenesis and cladogenesis in the genus had 

occured before the Miocene. For exarrq;:,le, L. spissifoiium has an enormous 

disjunction between ·the easten1 cape and Natal (Map. 1.). Williams (Le.) 

noted that this species is restricted to low nutrient substrates in Natal 

and suggested that this disjwK,tion was last continous in the Cretaceous. 

I argue that this disjtmction is more recent, because L. spissifolium is a 

derived species (d.i. =7) and thus probably evolved relatively late in the 

histo:ry of the genus. Also, this species is found in moist, even swampy, 

habitats (Williams Le.; pers. obs.) and would thus be relatively sensitive 

to historical changes in moisture regime. The derived species L. :rubrum 

(d. i. =8) and L. salignum (d. i. c:6. 75) are also found in many isolated areas. 

Many species which are erxiemic to the coastal lowlands (Bredasdorp and West 

coast) have a mean divergence indox value of about 6 (Table 2). Deacon 

(1983) indicated that these low lying areas are of Mio-Pliocene origin. 

For exarrq;:,le, L. meridianum only occurs on limestone, close to the sea and 

on low-lyirg areas (Williams 1972). 'Iherefore any species which is re-
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stricted to these areas must be less than this in age. '!his is some evidence 

to indicate that L. spissifoli\JID, L• aaligntnn and L. rubrum, which all have 

a divergence index greater than 6, are more recent than this in age. If 

this is correct then the age of these disjunctions is probably less than 

Pliocene in origin. '!his hypothesis can be tested by detennining whether 

Raspal ia trigyna (Bruniaceae) , also an outlier of the fynbos flora in 

Natal (Pillans 1947), is more or less derived than :members of its clade 

that are restricted to the more recent geological surfaces. 

'!he nt.nnbers of endemics is very low in the isolated areas. Greater levels 

of endemism and greater numbers of errlemic species in the outliers would be 

evidence for a more ancient tinting of aridification. Fourthly, the high 

species to genus ratio which c.haracterisC's the fynbos is evidence that 

recent historical events have resulted in this pattern. 

I suggest that until recently, probably Pleistocene times, the fynbos 

had a wider more continuous distribution range. '!his would have entailed a 

significant migration of fynbos taxa onto non-Table Mountain group sub

strates. 'Ibis hypothesis could be tested by a palynological study of a 

suitable site in the Little Karoo that is presently colonised by non-fynbos. 

I predict that fynbos pollen would be presC'nt in the recent (post Miocene) 

past. 

Campbell ( 1985) suggested that the only way that the "climate versus 

nutrient controversy" of contra l of vegetation boundaries could be dis

entangled, is experimentally. Ix-spite this reasoning, and without any such 

experimental evidence, he still supported the nutrient hypothesis (198: 

1985). 
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Recent horticultural research hns shown that some Proteaceae can tolerate 

moderately high levels of nutrients (Prasad and Dennis 1985; Heinsohn 

1985). I interpret these results to indicate that the mcxlerate fertility 

of the present non-fynbos soi ls would not be toxic to fynbos taxa and 

therefore that urrler different cliniate regimes, migration could occur onto 

these substrates. 

'!he hypothesis that low soil-nutrient soils of the fynbos landscape explains 

any unique aspects of the fynbos, such as the high species richness or 

distribution pattezns, needs critiec'll review. 

For example, Tilman (1983) argued that the low nutrient status of fynbos 

soils facilitates the high species richness. Yet, the evergreen forests, 

which also exists on low nutrient soils (Ibillips 1931; I.ambrechts 1986), 

has low species richness. Midgley (1983) noted that whereas the fynbos 

tends to have a high species to genus ratio and a high genus to family 

ratio, the indigenous forest has a low genus to family ratio and a low 

species to genus ratio. 'Ibis may point to speciation events at different 

time scales, i.e. history, as ooing important for understanding patterns of 

diversity in these two vegetation types which in the cape occur on nutrient 

poor soils. 

There are many examples of qNJgraphic flpeciation in I..eucadendron ( see 

Williams 1972) , and the fynbos in general. '!he areas of endemism give the 

appearance of an archipelago of distinct islands (Fig. 2). 'Ibis applies to 

other taxa, for example Bremer (1976) emphasised the importance of vicariance 

in Relhania (Asteraceae) • Allopatric speciation implies that vicariance, 

rather than ecological differentiation in sympatry, contributes to the high 

species richness of the fynbos. 
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The relative absence of natural hybrids in I.eucadendron (Williams 1972) may 

only be because closely relatod species are geographically isolated. In 

horticulture, species from very d lfferc-nt subsections can hybridise (Williams 

1972). F.cological factors such as tho soil nutrient status, can be relative

ly unimportant for understand lr~ allopatric speciation. I suggest that 

alternating cycles of population exp:,nsion (leading to anagenesis) and then 

fragmentation (leading to cladogenesis), in concert with climatic change 

and sea-level changes, may have accounted for the high allopa.tric speciation 

in I.eucadendron. 

I.Dng distance dispersal in I.eucadendron 

The magnitude of many disjunctions in this genus is tens of kilometres 

although a few are hundreds of kilometres. These disjunctions would then 

reflect fairly long distance dispersal events. Listed below are three 

points which are circumstantial evidence that lonCJ distance dispersal 

events are extremly unlikely to have causoo disjunctions in I.eucadendron. 

1) Many disjunct species have large round nuts which have no dispersal 

mechanisms (e.g. seed mass of k._~ =0.15 g). Most of the Proteaceae 

have large seeds with no long distance dis~rsal capabilities. 

2) 'Ihe species which do have dispersal rrechanisrns are serotinous. This 

means that most seeds are only released after fire. For effective long 

distance wirrl dispersal to occur, these seeds nn.ist be transported from a 

recently bulned site to a distant site that has also been recently burned. 

This is because serotinous seeds have thin coats which will not persist in 

the soil for long. 3) The genus is dioccious and mainly insect pollinated, 
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so that a single long distance dispersal event would be insufficient to 

lead to establishment. 

Climatic boundaries of the fynbos 

I agree with I.evyns (1950) and Nordenstam (1969) who argued that climate is 

more important than soil type in detennining the boundary of the fynbos and 

the adjacent vegetation types. In fairly rnesic areas J_eucadendron species 

cx:::cur on soils derived from Witteberg quartsite and Bokkeveld shales, such 

as L. teretifoliurn and L. cadQJ1S ( Williruns 1972; pers. obs.). In more 

arid areas Karoo vegetation replaces fynbos on Wittebe!:g substrates (Conpton 

1931; I.evyns 1950 ) • In the swartberg Pass area it fr; possible to observe 

the gradual change of fynbos to renosterbos to Karoo vegetation, without a 

change in substrate, as one moves down the arid north slopes. Bond (1981) 

did not detect any substantial differences in the nutrient status of fynbos 

and non-fynbos soils in this area. 

Cl irnatic control on vegetation patterns is also imposed by subsidiary 

factors such as "fireproneness". 1U1e intennediate fire frequency regime is 

also an important boundary of the fynoos. 

Historic climatic fluctuations in the fynbos, which is a marginal vegetation 

type squeezed between forest, gr-asslan:ls and arid vegetation types, can be 

considered to have had important effects on population size, differentiation 

and recombination. 

Generally, distribution patterns in the fynbos tend to be explained by 

ecological correlations. For exarrple, the massing of species in the 

Caledon centre is explained as being due to a diversity of ecological 

niches being present in that a:t'C'a (Williams 1972; Deacon 1983; Oliver et al 
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1983). 

However, if climatic fluctuations have significantly influenced the extinct

ion and migration of taxa, thnn hlstorical factors are also important for 

explaining distribution pattorns. I shall argue later that the high 

diversity of the Central area in due to historically low extinction rates, 

rather than high speciation rates. 'Ihis is demonstrated by the low frequency 

of occurrence of derived species and a low percentage endemism in this area. 

. 'Ihe fynbos; musetun or theatre of evolution? 

I assumed that a mean divergence value for endemic species of an area that 

is greater than 4 (Table 2, column 5) tCXJether with a minimum level of 

endernism of 40% (column 3) indic..'ltes the area is a centre of neo-endernism. 

Table 2. Mean divergence index for species per district and 
altitude class (see Fig. 1). 

Districts 1. 2. 3. 4. 
1. North 9 44 4 2.8 
2. Cedarbe:rg 26 46 12 5.0 
3. Central 17 29 5 2.2 
4. West coast 19 42 8 5.3 
5. Bredasdorp 23 43 10 5.0 
6. Peninsula 11 18 2 6.3 
7. swart.berg 11 9 1 5.8 
8. Iangebe:rg 13 15 2 2.8 
9. OUtenikwa Mt 13 7 1 7.3 
10. F..astern Mt 15 40 6 4.8 

Altitude classes 
1. 0-lOOrn 37 38 14 6.0 
2. 100-825m 35 43 15 3.9 
3. >825m 32 63 20 4.1 

Key to columns 
1. Total number of species per district or altitude class 
2. Percentage endernism 
3. Total number of species endemic to the class 
4. Mean divergence of species endemic to each class 
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Using these arbitrary limits, from Table 2 it can be seen that there are 

many centers of neo-endemism. '!he Bredasdorp centre of neo-endemism is 

well known (Oliver et al. 1983) but not the West Coast, Cedarberg, and the 

Eastern districts. 'Ihe swart.berg, Peninsula and outenikwa areas have 

relatively fewer endems but all such species have relatively derived 

characters. There has been rccont speciation in many areas in the fynbos 

but apparently less in the North, L1.nge.berg and Central districts which ma.y 

be considered as centres of palaeo-endemism. The fynoos has a high 

richness due to the high proport.lonal contribution by derived species. 

Patterns of endemism at the subsection level (Fig. 2). 

The evolution of the genus into ver:y clear and ver:y different subsections 

suggests that the genus has had a lengthy presence in the cape landscape. 

The subsections of LeucadendroD are distinct enough to be considered as 

genera (Williams arrl Midgley in prep.). 'I.he area cladogram of subsections 

indicates some interesting patterns (Fig. 2). 

i) Nee-generic endemism (subsection carinata) in the Cedarberg and the 

Bredasdorp-West coastal lowlands (subsection CUneata). 

ii) Many subsections are not widespread but are only found in a few 

areas. This is not easily explained by using present ecological factors. 

For exanple, subsection Trigona which is restricted to fairly moist habitats, 

is absent from the Cedarberg am swartberg despite the presence of suitable 

moist habitats in these areas. on the outeniqua mountains L. uliginosum 

(subsection Trigona) occupies more arid sites than L. eucalyptifolium (sub

section Ala ta) • But only species of Ala ta are found on the more arid 

swartberg range. I am not convinced tliat tl1e absence of subsection Trigona 
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in the swart.berg can be explained ecologically. 

Subsection Compressa which is usually found in intennediate habitats, is 

also absent from the Cedarberg despite an availability of suitable habitats 

and the fact that seeds from species from this subsect.ion have wings. 

iii) Species which occur in tho most mesic sites, such as forest fringes, 

are not the more primitive of the genus. '!here is a decreasing proportion 

of primitive species in mesic rather than arid areas (Table 3). By assuming 

that the present habitat of relicts reflects the conditions under which 

they arose, suggests that I.euec.19.gng!:QD did not originate in a moist phase. 

It will be interesting to see whether the same applies to other fynbos 

taxa. Possibly there are two distinct groups within the fynbos; those that 

originated in an arid habitat or phnse and those that originated in a mesic 

habitat. I argue that I.eucaderp._tQD has originated in an arid phase but it 

is possible that other fynbos elements, especially the endemic families, 

may have more mesic origins. J\n origin in more arid and open habitats is 

corrpatible with the views of Axelrod and Raven (1978) and Stebbins (1974) 

for the evolution of sclerophyllous vegetation and the angiospenns respect

ively. 

Patterns of endemism at the species level (Table 1) 

i) 'lhe Cedarberg area has the greatest number of endemics and percentage 

endemism. 'Ibis irrlicates that taxa in this area have undergone recent 

evolution and divergence from tl1e ancestral condition. 'Ihis area is the 

most seasonal of the biome and therefore tl1e development of the summer dry 

climate may be irrplicated in recent speciation. 

ii) The anomalously low diversity of the swart.berg (see Table 2 and 

Fig. 2) area does not match its large size and altitude range (i.e. the 
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ecological potential). Certain subsections are absent from this area 

despite suitable habitats (ecology) being present. '!he swart.berg is at 

least 150 km long and reaches a maximum altitude of nearly 2500 rn. '!his is 

nearly double the altitude of the Peninsula and five ti.mes the length. 

Yet, there are rnore species of reucaderrlron endemic to the Peninsula than the 

swartberg (Table 2, column 4). 

iii) 'Ihe low erx:lernisrn, yet high richness, of the Central area (Table 2, 

column 3) suggests that patterns of extinctions rather than recent speciation 

account for the high species richness of the Central area. '!he well known 

massing of species in this area is usually attributed to ecological factors 

(e.g. Oliver et al. 1983). A greater degree of neo-endernisrn, than is 

actually the case (column 5, Table 2), would be support for an ecological 

rather than an historical explanation. 'lhe absence of specialised members 

of each subsection in the Central area suggests that recent speciation has 

not contributed to the high species mnnber of this district. 

iv) 'Ihe altitude categocy 1 (sea-level to lOOrn) is clearly the altitude 

categocy with the greatest degree of recent speciation (Table 2, column 

5). '!he low lying areas terxi to consist of more recent (Mio-Pliocene) 

surfaces (Deacon 1983). '!he lack of palaeo-endernisrn ("relicts") to the 

highest altitude categocy suggests that the the genus did not have an 

exceptionally rnesic origin or that the mountain tops (>825rn) have acted as 

rnesic refugia to any large extent. A degree of recent speciation appears 

to have taken place in the higher areas (Table 2, column v). However, 

the mountains may have acted as source areas for colonisation after marine 

transgressions. 

vi) Ecologically the nost derived species (divergence index > 7) most 
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often tend to be fourxl in semi-arid corrlitions (Table 3). This suggests 

that a degree of aridification has been an important factor causing recent 

speciation and divergence. 

Table 3. F.cological distributJon of Ptllaeo and neo-endemics. A mean 
divergence index of less than or equal to 4 was considered 
ancestral, and 7 or more, as derived. 

F.cological class %Ancestral %Derived %Intennediate 

1. (Arid) 43 7 50 
2. 44 36 20 
3. 23 18 59 
4. (Mesic) 7 7 85 

vii) The presence of more derived species in the more westerly (4), 

southerly (5,6) and easterly areas (7,8,9,10) suggests a pattern of "peri

pheral apomo:rphy", that is a higher mean divergence for endemic species 

(Table 1, column 5) in districts radiating from the Central ( 3) and Northern 

(1) districts. Brundin (1981) suggested that this sort of pattern indicates 

dispersal of peripheral populations from a source area. In the fynbos this 

could be interpreted to indicate dispersal from the south to the east and 

to the lowlands. This means that the well known pattern of decreasing 

species number going eastwards, which is usually correlated with ecological 

variables, may also have a further historical component. Species decline 

may also be due to increasing distance from southerly source areas. 

Relationships between areas using similarity at the sp_:.cies level 

From the classification and ordination (Fig. 3,4) it is iltlportant to note 

that; 

i) 'Ihe swart.berg area is very similar to the outeniqua and the Ce1arberg 

area, despite large disjunctions and fundamental differences in ecolCXJY. 
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The present large disjunction between the swart.berg and both the Outeniqua 

and Cedarberg mountain ranges, yet the sharing of many species, implies 

that the fynbos must have been more continuous in fairly recent times. 

Fig. 3. 
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North 
Cedarberg 
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Bredasdorp 
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Swartberg 
Langeberg 
Outeniqua 
Eastern 

An ordination of the 10 geographic areas and species presence/
absence data. 

ii) The Bredasdo:rp and West areas are fairly dissimilar at the species 

level, despite basic similarities in ecology (substrate and precipitation). 

This suggests that the vicariance event (marine transgression) which 

separated the West Coast and Bredasdo:rp areas is more ancient than the 

vicariance event (aridification) which separated the Cedarberg and swart.berg. 
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'!he relationship between specien mnnber and altitude range and maximum, of 
quarter degree squares 

'!he maximum altitude of the quarter degree squares is only poorly correlated 

to the mnnber of species per square ('!'able 4) . 'l'his is surprising because 

the maximum height of an area correlates wlth many ecological factors, such 

as rainfall. Also, if the moun~"lin.'3 acted as mesic refugia, then areas 

with higher mountains could be expected to have greater species richness. 

Although the altitude range of a quarter degree square is better correlated 

with the m.nnber of species, tho r2 is low. 

Table 4. Regression analysis botwE:'en mnnl::>C'r of species per 
quarter degree square and cmvionmental variables 

Variable Model Significance 

1) Maximum altitude a) Linear (r2::.194) n-s 
b) Polynomial (r2=.198) n-s 

2) Altitude range a) Lin,....ar (r2=.416) * (p<. 01) 
b) Polynomial (r2=.416) * (p<.01) 

Summary of factors which may expla.i.n the djstribution patterns of Leucaden

dron species 

i) 'Ibe differentiation of Ig_ucade11dron into clear subsections suggests a 

lengthy in situ period in the landscape. 

ii) '!here is considerable evidence of geographic speciation. '!his impli

cates barriers to dispersal nnd waves of isolation in the speciation 

process. 'lhere is very little r,ympc"ltry at the subsection level. 

iii) The existence of many neo nnd palaeo-endemics contributes to the high 

species richness. Nee-endemics are probably a response to recent historical 
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events; the large number in l.eld_cadendron suggest that recent events have 

been significant in this genus. '!he presence of palaeo-endemics suggests 

that extinction rates in some areas have not been excessive. 

10 
I 

ii 50 
C 
..J -2 -U) 

~ 

90 

2 8 9 7 10 4 6 1 3 5 

Fig. 4. A classification of the 10 geographic areas using species presence 
absence data and Sorensen similarity co-efficient. 

iv) 'Ihe broken nature of the fynbos landscape may have helped to increase 

reproductive isolation. 'Ihe high degree of endemicity of fynbos taxa 

suggests niche specialisation. But, many localised species have wide 

tolerances within their restricted range. Many unlikely species sui:vive 

cultivation at Kirstenbosch, which is a most atypical fynbos habitat. 
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iv) 'lhe genus appears to hnve originated in an arid phase. '!he most 

primitive species are found in the nrid nreas. '!he species found in the 

most mesic areas are fairly spP.Cialised. 
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FACTORS WIIIOI DEI'ERMINE, AND mmmLNI'FS OF, MAXIMUM PLANT HEIGH!' OF FYNOOS 

PRCJI'F.ACFJ\E SPECIES 

J\13.'n1~Cl' 

All species of the fynbos Protl'ac0.ao wcro assigned to one of five classes 

according to their maximum height ns well an to various ecolCXJical categories 

and to four rnointure stress cl am:ien. Numbers of species per ecological 

trait and per height class wero analysed. The tallest species occur mainly 

in the mesic areas but a few cx::cur in the most arid sites. Most serotinous 

species are tall (>2,5m). Rod0nt pollirnted and mynnecochores both tend 

to be short ( <1. l.rn) • Leaf sb:f'.' and seed size are not correlated to plant 

height. '!he low maximum height of tl1e fynbos is hard to explain ecologic

ally, because invading specicn achicwe f;,r greater size. I explain the 

short stature of the fynbos in tern\S of th~ historic fire cycle. 

lNI'ROllJCTION 

'Ihe cape shrubland-heathlands, 11 fy:nbos" hns the short.E•st veqetation of any 

medi terranean shrub land (Milewski 1979, 1 'l83; campbell 1985) • This short 

stature has both direct and indirtX:t connequcnces for the vegetation and 

may explain differences in tlio abundanco of ecological attributes when 

COJtt)clred to similar ecosystem..q elsewhere in the world. The presence or 

absence of tall trees in any ecosystem will affect fuel dynamics and 

understorey structure, which wUl in turn affect the types of reproductive 

traits in the understorey. For exarrple, the presence of tall trees and a 

suppressed understorey will mean that fires can be low intensity understorey 

fires, or high intensity canopy fire.CJ. Wl10.reas, the lack of tall trees in 
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the fynbos means that all firc,n w.lll be high int0nsity canopy fires, which 

in tum could affect the seeder. to riproutcr. ratio. 

'Iherefore it is relevant to cotmiclcr tl1e relationships between plant height 

and various ecological attrlhutes, for a broad appreciation of fynbos 

dynrunics. Milewnki (1983) arqued that V('(Jet.:1.tion height, in southwestern 

cape and Australia, is rainfall controlled. In contrast, campbell (1985) 

suggested that tl1e short staturo of tlm fynbos is nutrient controlled. 

Neither of these explanations is satisfact:ory; even moist fynbos sites on 

deep soil do not support ta l.l vegetation. Australian shrublands are 

taller yet appear to grow on more nutrient poor soils than are fynbos soils 

(Milewski 1983). Also exotic plant:A are nble to invade natural areas and 

some of tilese species grow to tl1r.ee or mom times tile height of tile fynbos. 

Some other factors must detennine the max.inrum height of tile vegetation 

on tile continents. In tile firnt part of this article I address tile problem 

of controls on vegetation height. '!he Proteaceae are the most conspicuous 

component of the fynbos and ustm Uy dominate tile tallest stratum. 

In tile second part of the article I co11S.i der tile variation in numbers of 

species exhibiting certain traits and how tilese numbers vary between 

maxinn.nn size classes. 

'!he absence of tall plants in the fynbos is somewhat controversial (Moll, 

McKenzie and Mclachlan 1980). Even in habitats in tile Southern cape which 

are soutilfacing, with very dr.C'p (>4rn), relatively nutrient rich Hutton 

soils (Bond 1981), with all year rainfall of 1000 mm, the tallest strattnn 

(Protea aurea, P. mundii) does not reach much over 5m. Yet exotic species 

(P. pinaster) which have invadnd these sites grow to 20m and more (pers.-
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obs.). I discuns the following four. gt·oups of re;:1~;ons which may limit 

plant height in the fynbos; 

i) soil nutrients (law soil nut:r.lents-= short stature), 

ii) soil moisture (low soil mo.lsture-= short stature), 

iii) fire frequrn,cy and intcnsJty (intermediate frequency= high intensity= 

low plant height), 

iv) phylogenetic restrictiom1 (why no t.:,ll Myrtaceae in the s.w. cape ?) • 

Plant height ar1< 1 soil nutrient status 

can;>bell ( 1985) suggested that the short stature of the fynbos is due to 

the generally low nutrient st.,tus of tho noils. 'I'his does not explain how 

exotic species, such as P. pin~st;Qr, aro capable of invading fynbos and 

grow to tall troos. Also, 1\ttntralian soils are considered to be poorer 

than those of the fynbos {Milewski 1983), yet support taller vegetation. 

Milewski { 1979, 1983) sugg<'sted that Australian vegetation is taller 

than the fynbos, because of differences in rainfall quality. This suggest

ion is also unsatisfactory, in the light of the above exarrples where even 

in moist fynbos sites the vegntation is short. Also the fact that exotic 

plants can grow to tall trees in the fynbos landscape suggests that some 

other factor is restricting rnax:.imum plnnt nize. 

Specht arrl Moll (1983) combinl'.'d climate and nutrients in an effort to 

explain vegetation structure in the fynbos. They suggested that the fynbos 

is more drought stressed than thn Auntralfon equivalent and that this is in 

part due to tho greater fr0q11ency and lntensity of wind in the cape. 

Specht arrl Moll's {1983) scheme ts also unable to explain the lack of taller 

proteoids in wet fynbos and th!'.' obr:ervation that invader SJ?E~cies from other 



continents are able to grow into t,,.11 trcc:J in the fynbos landscape. 

Plant height and sununer moisture stress. 

Table 1. Tallest species in g(\.J1ern wlth JTV'.Jnbers tallE~r than 3m 

Species Max. Ht. 
Leucadendron (>5m) 
L. argenteum lOm 
L. conictnn 6m+ 
L. eucalyptifolium 5m+ 
Prate~ (>5m) 
P. nitida 10m 
P. glabra 5m 
P. aurea 5m 
P. coronata 5m 
P. lacticolor 6m 
P. laurifolia Bm 
P. lorifolia 5m 
P. murrlii 12m 

Leucospennum (>3m) 
L. catherine 3m 
L. conocarpodendron 5m 
L. patersonii 4m 
L. pluridens 3m 
L. praemorsum 5m 
L. reflexum 3m 
Paranomus 
P. bracteolaris 
P. longicaulis 
P. tomentosus 

3m 
3m 
5m 

Moisture cc"l.tcgory ( l=arid, 4=mesic) 

4 
4 
4 

2 
1 
4 
4 
4 
1 
2 
4 

2 
3 
2 
1 
l 
2 

l 
2 
1 
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'Ihe taller species of many gen~ra aro found in both the extreme habitats, 

the most arid as well as the vc>r:y IYV'sic habitats (see Table 1). 'Ihere is 

therefore no sint>le relationr1h Ip botwecn the degree of summer moisture 

stress (in terms of precipitation artl evaporation) and maximum height of 

the tallest plants in an area. 

'Ihis also applies to the fynbon gynuiospenns: Widdringtonia cederbergensis 

and W. schwarzii are found in arid areas and grow into large trees (>20m) , 
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whereas w. ncx:liflora which grows Jn mcslc areas is a short tree (<6m; 

distribution arrl size data from Bor'rl ru'rl Goldblatt 1984) • 

Plant height arxl firo frequency 

Eucalyptus and ,rinus species qrowi r-q in the f-ynbos envirorunent achieve 

maximum heights far greater tllnn tl1e indigenous fynbos species are capable 

of, before they senesce. 'lhin mny be }:~:~cause these species have evolved 

under different fire regimes ( LoncJ0r frequency) where! the early senescence 

characteristic of the fynbos, hnn not been sele!cted for. 

Senescence in fire-prone systell\9 may be tho prcx:luct of two factors; nutrient 

driven limitations to growth ru'rl reproduction or as a consequence of the 

natural fire regime •. 

There are problems with the hypothesis of nutrient driven senescence. 

Australian shrublands are cons lctercrl to oo more nutrient poor than is the 

fynbos (Milewski 1983), yet s1:-n<'sc<'..nce is achieved earlier in the fynbos. 

Senescence in the fynbos sets in after nbout 30 years (e.g. Bond 1980) 

whereas Hopkins (pers. comm. in Milewski 1983) and McMahon (1984) consider 

senescence to occur after 50 or 40 years in Australian shrublands. Fynbos 

Proteaceae still senesce in ganfons (pers. obs.) where there is no nutrient 

shortage, al though this does not mc,m that senescence did not evolve as the 

result of nutrient limitations to growth in mature vegetation. 

If fires, intense enough to kill most plants have a high probability of 

regularly occurring within a 15 year pericx:l, then plants will gain no benefit 

from being long-lived and senencence at 15 years of age may evolve. Bell 

(1984) suggested that senescence has evolved "as a consequence of natural 

selection acting on age-specific rates of reproduction". 
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'Ihus the maxinu.nn lifespan and hoight of plnnts :in any area will be adjusted 

to the historical fire regime of tho area. I suggest that differences in 

historic fire cycles may explnin why tlm vegetation of different areas 

achieves different maxinu.nn heiqht. 

Plant height and phylogenetic restraints 

Tall trees, which are often H'riproutcrs, from the genus Eucalyptus (and 

other related genera from thn Myrtacean) are a conspicuous difference 

between the rnediterranean areas of the cape and Australia. In the s. cape, 

individual trees in plantations of exotic Eucalyptus species grow to 

enonnous heights (>50m). 

'Ihe question is, "is the absence of tall trees in the fynbos due to present 

ecology, such precipitation ljmltntions (Milewski 1983), or due to phylo

genetic constraints"? 'Ihe fact that exotic species i.Jwade fynbos and grow 

tall suggests that present ecology can not explain the absence of tall 

trees. However, Metrosideros(=Mearnsii; Bond and Goldblatt 1984) is an 

indigenous genus of the Myrtaceao in the cape and is from the same subfamily 

as Eucalyptus (Johnson and Brigqs 1981). I have no answer as to why this 

genus does not grow into tall trees in mountain fynbos. 

Ml?l1IODS 

All species of the fynbos Proteacc.>ne hnvo been assigned to the following 

categories: 

1) pollination type (insect, binl, wind, rodent, bird-insect and wind-

insect) , ( 2) seed storage strategy ( serotiny, mynnecochory and passive 

soilstored seed),(3) ability to Bprout, (4) maximtnn height class (0-.5 m, 

1.1 m, 2.5 m, 5 m, >5 m). 'Ihese five height class limits were chosen 
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because they facilitated an even spread of the family per height class. 

(5) Only species from the g011era Ipucad,mdron and Protea have regularly 

shaped leaves, the areas of whlch can rcanonably be detennined from dimen

sions given in thoir respectivo monographs (Rourke 1980; Williams 1972). 

Species were allocated to four lenf size classes. For Protea, "Which has 

large leaves, the upper limits of tho size classes are; 1000 mm2 2025 nun2 
I I 

4500 mm2 and >4500 nnn2 leucad.Qrxl:t'QIJ has mnaller leaves and the size class 

limits chosen are; 225 mm2 500 nun2 1000 mm2 and > 1000 mm2 • As far as 
I I 

possible, these class limits coincide with those of Raunkiaer and Webb (see 

ShinMell 1971). 

6) only the genus leucad~lron hns a great range in embryo mass. I 

obtained the mean dry mass of tho anbryon of 10 seedB from at least two 

species from each subsection ( PXccpt one subsection "Which has only four 

species). Fnlits are similar within each subsection and by using the seed 

dimensions given by Williams (1972) nnd the embryo weights I measured, I 

estimated an embryo mass for all spocies. 'l'o ITI,.;"lke allowance for inter

specific variation and errors in estimation, four seed size classes were 

used (<10 nq, <25 nq, <50 nq arrl >50 nq)· 

Data for the allocation of sp<'C Les to thPse categories was obtained from 

monographs (Rourke 1969, 1972, 1900, 198'1a, 1984b; Williams 1972), from 

works on pollination (Wiens ~t _g.l_.!. 1983) , dispersal (Bond and Slingsby 

1983) and from more general works (Bond and Goldblatt 1984). In certain 

cases incomplete data has necesnitated a subjective rissessment, "Which has 

been made based on morphologiec"ll considerations and porsonal observations. 

'Ihe reliable assigrnnent of species to pollination classes will only be 
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possible after further intens L ve study. For example, Coetzee ( 1984) has 

shown that excluding birds makes very little difference to levels of seed 

set in Protea rev.ens, a species whjch is frequently visited by birds. 

Also, all species were assigned to ono of four classes depending on moisture 

stress of the habitat of the species. 'Ihe moisture categories are based on 

summer rainfall ru'Xi evaporation (extrapolated from from Fuggle (1981) and 

are analagous to the annual moisture index (AMI) of Specht and Moll (1983), 

or the drought index of Bond (19Bl). Further details of the sununer moisture 

stress gradient are to be found in Midgley (1987c). 

All the biolCXJical data for this study are presented in Appendix 1 of 

Midgley (1987b). 

RESUfJIS AND bISClJSSION 

PI.AN!' HEIGHT J\ND RmENERNrION ATI'RIBUTES 

TABLE 2. Number of species per category of ecolCXJical traits and 
plant height classes 

1a-11un100r of r:pecies 
1(<.5m) 2(>1.lm) 3 (<2.5m) 4 (<!5m) 5(>5m) 

serotiny 9 14 27 29 5 
mynnecochory 36 53 37 21 
passive soil stored 1 4 22 4 
sprouters 29 8 11 5 1 

In the fynbos the Proteaceae never grow taller than 15 m. Most species 

greater than 5 m that are not sprouters are serotinous (Table 2). 

f All tall Protea or I.eucadendrql} species from moist areas are serotinous. 

Most of the shortest fynbos proteoids (<1 m) are not :;erotinous (Table 2). 
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There are only nine serotinouA non-sprouting Proteaceae species with a 

maximum height of less than or eq,.ml to 50 cm, and most of these are 

prostrate Prot~ species which are only weakly serotinous. Serotiny in 

the Proteaceae is therefore most: strongly con~elated with the intennediate 

plant height (2-10 rn) class. 

Most mynnecochorous species arc short (<2.5 rn), the only species taller than 

this are usually resprouters of some type (Table 1). 

However, sprouting is a secondary character (Midqley 1987a) . It is 

interesting to note that in most fynbos taxa which have rnynnecochorous and 

non-rnynnecochorous elements, tho "wce<lil'.'st" (small, rapidly mature and 

rapidly senescent) species tc,ni to be mynnecochorou.s. 'Ibis raises the 

interesting question "why are there so few tall woody rnynnecochorous 

Proteaceae"? 

'Ihere are only five species with the ability to sprout from aerial shoots. 

'Ibis could be due to the inten!\i ty of fires in the fynbos. '!be mean height 

of the vegetation is low ard the cover of hernicryptophytes is high. 'Ibis 

suggests that fires will be intense in the fynbos. Epiconnic sprouters are 

more sensitive to fire intenslty thnn aro those from lignotubers (Rourke 

1972: pers. obs.). 

'Ihe low percentage of sprouters ln tl10 fynbos (17%) needs explanation. 'Ihe 

subterranean sprouters are concentrated in the smallest height class. 'Ibis 

may be because the mul ti-stemnlC'd habit is at the cost of the size of a 

single stem. Short shrubs are at a competitive disadvantage in tall 

closed vegetation. 'Ihe short stature of the vegetation means that soil 

temperatures during fires will be intense which will affect mortality 
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patterns, but finn data is lacking. 

'!here ara very few species w1U1 pannive-noil stored in the fynbos (12 %) ; 

mostly in the intennediate and tall nize classes. 

PIANT HEIGirr AND roLLlNATION TYPES 

Table 3. Numbers of species ~r size and pollination class. 

insect 
bird 
wirrl 
rcx:lent 

n= number of s~ies per hei.ght class 
1 (<.5m) 2 (<1.lm) 3 (<2.5m) 4 (<5m) 

53 70 84 28 
3 5 16 34 

7 5 
21 8 3 2 

5 (>5m) 
4 
3 

The bird pollinated Proteacenn in the fynbos tend to be tall. It is 

possible that tho short stature and congested architecture of the fynbos 

restricts the m.nnber of bird :rx>l linated species. 

'Ihe high percentage of insect pollinated plants may be because the low 

congested structure of the vegetation favour.s insect movelt\el1t and foraging. 

'!his is a high value because wind polli:n.,tion is v01.-y rare in the family 

(Johnson and Briggs 1975). All the wind pollinated species are dioecious 

and tall enough to project above, or to occupy, the canopy . Wind :rx>llin

ation is more a consequence of dioccy and congested inflorescences than of 

the wirrliness of the envirornnent. 

Pollination by non-flying manm1a ls iA a fnirly rnre phenomenon (Wiens et 

al. 1983). A relatively large number of fynbos Proteaceae species are 

:rx>llinated by non-flying manunals. Wiens et al. (1983) note that rcx:lent 

pollination is a derived trait arrl they propose a "restricted population 

hypothesis" to explain the trend towards rcx:lent :rx>llination. Accordingly, 
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they propose "that differences in population structure" of the plants may be 

the single most important factor rcgulatit¥J the evolution of pollination by 

non-flying mammals in Protea. 

There are problems with this hypothesis. Firstly, rodent pollination must 

have evolved before populations of rodent pollinated species became restrict

ed and fragmented. Secorxlly, somo rodent pollinated species have ver:y 

extensive local populations such as p, humiflora on Jonaskop. Wiens et al. 

( 1983) do not produce data to shc:J'.4 that rodent pollinated species have 

"highly specialised ecological requirements" (which would explain their 

small population size) anymore more so than do non-rodent pollinated 

species. In data from the vegetation survey of Bond (1981) , it appears 

that there are no rodent pollinated species in stands of tall fynbos on the 

Swartberg (e.g. p, punctata) or in tl1e outenikwa mountains (e.g. P. aurea, 

Leucadendron eua,lyptifolium). Rcx:lc11t pollinated species are often found 

where the vegetation is short, such as windy or fire-prone mountain tops 

and rocky crevices. It is l iKely tl1at the short stature and congested 

nature of the fynbos has favoured pollination by rodents. 

PLANT J IEIGJrr AND IF.AF SIZE 

There is no statistically significant relationship between numbers of 

species per leaf size class and plant height class (Table 4). 



Table 4. 

a) Prot~a 
1. (small) 
2. 
3. 
4. (large) 

Leaf size classes vnrsun height classes. 

n=-mnnber of species J?C't' plant height class 

1 (<.5m) 2 (<l.lrn) 3 (2.5m) 4 (<5rn) 5 (>5m) 

5 
4 
5 
9 

7 
0 
1 
5 

6 
1 
4 
3 

1 
4 
4 
5 

2 
2 

b) I.eucadendron 
1. (small) 3 
2. 
3. 
4. (large) 

8 
2 
1 
2 

18 
9 
5 

11 

8 
4 
5 
1 

1 

1 
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a-ii-squared test for differenccn i.n d istr i.bution of species between small 
(column 1 and 2) versus large l caves (colU11U1 3 and 4) and short (class 1 to 
3) versus tall (class 4 ancl 5) is non-significant, for either Protea 
(G=. 06) or I.eucaqendron (G=.15). 

PI.l\NT IHUGlrl' AND SEED SIZE 

Strauss and I.edig (1985) detected a significant relationship between seed 

size and naximum plant height amongst pines. No statistically significant 

relationship between plant size and seed size holds for I.eucadendron. 

Table 5. Plant height and seed size in I.eucadendron. 

seed size classes 
1. (small) 
2. 
3. 
4. (large) 

n= number of sped es per clas:; 

plant height classes 
1 2 3 4 5 
2 6 25 11 1 
0 1 7 0 0 
1 3 6 1 0 
0 1 13 1 0 

G- test for differences in numbers of species in short ( class 1 to 3) 
versus tall (4 and 5) and small (class 1 and 2) versus large seeds (class 2 
and 3) is not significant (G=.012). 
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In I.eucadendron the best correlate with seed. size is whether the species is 

serotinous or not (Midgley 1987e). Possibly, because all the pine species, 

which strass and I.edig (1985) analysed, are relatively similar in respect 

of seed storage categories, thoy obtained meaningful correlations between 

plant size and seed size. 

SUMMARY 

Hierarchy of traits 

'!he stronger any trait is correlated with plant size the more likely that 

the adaptive significance of the trait is related to plant height. Table 6 

is a hierarchy of characters and plant hoight, the traits at the top of the 

table are those rrost strongly correlated to plant height. 

For the sake of comparisons only two height classes have been used; (short)< 

2.5 m and> (tall) > 2.5 m. sjmilarly only two leaf size classes were used; 

for Leucadendron (small) <500 mm2 (big) >500 mm2 and Protea (small) <1000 , 

mrn2 (big) >1000 mrn2 '!he two seed size clnsses used are small (<25 ~) and , . 
large (>25 ~)· 

To detennine the hierarchy, the obse:rved distribution of traits was compared 

with the distribution which is expected if there was no relationship in any 

group between the distribution of spocics according to plant height. For 

example, the distribution of sorotinous Protec'l.coae species according to 

height categories was corrpared with the distribution of all Proteaceae 

according to plant height. 'lhis is a rrore stringent test than merely 

comparing the distribution between two alteniatives, such as serotinous 

versus non-serotinous species, along the gradient. 
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Table 6. Hierarchy of traits according to strength of correlation with 
plant size. 

wind pollinated (-H-+) 
bird pollinated (-H-+) 
rodent pollinated (---) 
passive soil stored seeds 
serotiny (-H-+) 
sprouters (--) 
mynnecochory (-) 

(---) 

(ns) 

insect pollination (ns) 
small Protea leaves (ns) 
large I.eucadendron leaves 
big Protea leaves (ns) 
small I.eucadendrqn leaves 
large I.eucadendron seeds 
small I.eucadenron seeds 

(ns) 
(ns) 

(ns) 

Position 
1 (inf.) 
2 (29.8) 
3 (18.2) 
4 (13.3) 
5 (10.9) 
6 (7 .4) 
7 (5.6) 
8 (3, 7) 
9 ( .009) 

10 (.007) 
11 (, 003) 
12 (, 002) 
13 (.002) 
14 (.0004) 

(G-test with Yates correction ***=.001, **==.01, *=,02) 

Many traits are strongly associnted with plant height, especially pollination 

and seed storage syndromes (Table 6), Leaf and seed size classes are not 

related to maximum plant height. This is considerable evidence that 

differences in conununity structure (Il\:."lXi.Jnum height, foliage profiles) has a 

marked affect on the abundance of ecological traits. 
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THE EVOI.l.JTION OF SEROI'INY IN THE FYNOOS, WI'IH PARl'ICUIAR REFERENCE TO THE 

GENUS IEUCADENDRON (PROI'EACEAE) 

ABSTRACT 

Three different seed storage mechanisms are present in species of I.eucaden

dron; serotiny ( canopy storage) , mynnecochory ( ant dispersai) and passive 
---r 

soil-stored (pss) seed bank. Pss is considered the ancestral condition. 

For the Proteaceae, serotinous s~ies only comprise 35% of the total 

number of species, with mynnecochores comprising 53% and pss 12%. In 

contrast, serotinous species are at least twice as frequent as mynnecochores 

and four times as abundant. Species from the three categories co-exist to 

a degree, thus the· alternatives are not mutually_ exclustv~. Serotinous 

species domincit:e moist: ~itats in terns of cover abundance and m.nnbers of 

species. Species with passive soil stored seed are more numerous and 

abundant in arid habitats. The association of serotinous species with the 

more mesic habitats appears to be consistent in other taxa. 

Serotinous species often have ~grate gennination requirements in labor

atory experilnents, when compared to non-serotinous congeners. In the field 

however, serotinous species often emeJ.:ge last. Serotinous species tend to 

be the _tallest (>2.5 m) of the three strategies. Seeds from species of all 

three seed storage types are consumed by rodents. No clear differences in 

concentrations of phosphorus per seed are detectable between the three 

strategies. There does not appear to be nutrient cycling between seeds 

from cones of different ages. Serotinous species tend to produce seeds 

which are ~ller and which have dispersal mechanisms (wings, parachutes) 

than do non-serotinous species. '!here is a phylogenetic trend away from 
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serotiny to myrrnecochory. Hypotheses explaining the evolution of serotiny 

are reviewed in relation to this genus. 'Ihe "predator satiation" hypothesis 

is not supported, but the" site alteration" and "fire parameter" hypotheses 

are. The relative absence of serotiny in the chaparral is harder to 

explain ecologically, than historically. 

INI'ROI:UCI'ION 

Serotiny is a conspicuous trait of many species in many families in the 

Cape shrubland-heathlands ("fynbos") and is found in other vegetation~ 

around the world (Bond 1985). 'Ihe ~g~t of the fynbos at present is 

partly detennined by the response of serotinous Proteaceae to fires of 

different rotations and seasonalities (Bond, Vlok and Viviers 1984). A 

consideration of reasons for, and consequences of, the evolution of serotiny, 

besides having heuristic value, is thus crucial for the appropriate manage

ment of the fynbos. 

serotinous ~ are conspicuous in the nutrient poor southern medite.ITa!lean 

ecosystems, like the fynbos (Bond 1985), but the reason for this correlation 

is not clear. 'Ihe Cape forests and arid Karoo are vegetation types adjacent 

to the fynbos, and can also be found on nutrient poor substrates, yet do not 

have serotinous elements. 

Serotiny is found in some fire-prone ecosystems; the savannas and the 

chaparral are examples of fire-prone ecosystems without a conspicuous 

serotinous component. Since seed release in serotinous plants is mainly 

a~ter the death of the parent, serotinous species can be expected to exist 

in~ biomes where the natural fire frequency is long enough to produce high 

fire intensities. 'Ihese fires will kill adult plants. 'Ihe Proteaceae from 
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the grasslands are not serotinous, but are mainly sprouters, JX)ssibly because 

fire intensity is low in these areas (Booysen and Tainton 1984). 

serotinous fynbos taxa may have small (almost microscopic) seeds (Ericaceae 

and Bruniaceae) or large (upto .2 g) seeds (Proteaceae, Widdringtonia). 

'Ih~ the presence or absence of the trait in any biome does not appear to 

depend on differences in seed size in each biome, although serotiny in the 

fynbos appears more conunon in species with large seeds and long seed 

maturation ti.mes. 'Ihe Australian eucalypts are examples of serotinous taxa 
.·-

I 

with small seeds and pines are examples of serotinous taxa with large seeds. 

'Ihree hypotheses relating to the a~Etive significance of serotiny prevail. 

O'Dowd and Gill (1984) suggested that ~tiny is primarily a predator 

satiation mechanism J"predator satiation hypothesis") and secondly that it 

is a means for the precise release of seeds onto the JX>st-fire seed bed 

("site alteration hypothesis"). Bond (1985) considered post-fire satiation 

of rodents as the main function of serotiny in cape Proteaceae. 

Perry and I.otan (1979) consider that highly variable fire patterns have 

selected for serotiny in lodgeJX>le pine. At a more proximate level, 

Givnish (1981) inferred a relationship between fire frequency and the 

occurrence of serotihy. Aspects of fire, such as intensity and frequency, 

which may be inplicated in the evolution of serotiny will be considered as 

the third hypothesis, the" fire parameter hypoth~is". 

Muir and I.otan (1985) studied life-history correlates of serotiny, but 

their study taxon, a single pine subspecies, is very homogeneous. Whereas 

in Leucadendron there are enonnous differences between serotinous and 
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non-serotinous taxa and these differences may help highlight the selective 

forces on serotiny. 

serotiny is considered a derived character in Ieucadendron (Williams 1972) 

and in the Australian P.roteaceae genus Banksia (Geo:rge 1981). Therefore 

the problem is to imagine under which conditions (e.g. where along climate 

or predation intensity gradients) a serotinous mutant would have been 

favoured in a population which released its seed annually (the ancestral 

condition), spread, eventually resulting in the trait becoming fixed. The 

"benefits" of serotiny must be considered in the light of the often sub-
. ----- --~- - ...... 

I 

stantial costs of serotiny (protective structures and vascular connections 

to these structures). However, the actual cost of serotiny is difficult to 

quantify because some non-serotinous taxa also fonn substantial cones (see 

later discussion on predispersal predation). 

Ieucadendron R. Br. (79 species, nomenclature throughout follows Williams 

1.c.) is a widespread fynbos genus encompassing a diversity of mechanisms 

for ensuring post-fire establishment. These strategies are serotiny, 

myrmecochory, sprouting and the development of a passively soil-stored 

(pss) seed bank. This diversity nakes the genus uniquely suitable for 

considering the hypotheses as to the adaptive significance of serotiny. For 

example, if seed predation_ is the main selective force for serotiny, then 

the non-serotinous species should also have seed predation avoidance 

mechanisms. 

Correlations with the presence or absence of serotiny have been further 

explored by considering the whole family in the fynbos (12 genera, al:x:>ut 

320 species) . 'Ihe only other serotinous fynbos Proteaceae gen~ are 

Aulax (all 3 species serotinous) and Protea (71 spp, about 90% serotinous, 
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10% passive soil stored. seeds) . All other fynbos genera are mynnecochorous 

except Brabejurn which releases seeds annually. 

In the serotinous African Proteaceae, effective seed release mainly takes 

place after death of the parent. If death precedes a fire then seed 
----- --- - ·- - -- - - - ---·-

release will be ineffective because seeds will not be released into the 

pos"t:-f ire envirornne.nt. 

'!here are two components to the degree of serotiny; the control the _p_~~t 

exerts over seed release and seed protection, and the influence of externat 

fa_cto~_such as seed release caused by the damage, and subsequent death _of 
I 

capitula, due to seed pr¢a.tC>rs. Also the cones of some pine species open 

s129n~eously in dry wann conditions (pers. obs.) . 

Predation is the main limit: to the degree of serot:yiy in Protea species. 

In the field (Waboomskraal-33° sci s 22° 2c/ E) cones older than 4 years of 

P. neriifolia from a sample of 100 individuals, never contained viable 

seeds and this is due to the impact of pred.ation. But in domestication 

(Saasveld-33° ss/ s 22° 35" E) viable seeds have been found in 8 year old 

cones (pers. obs. ) • Pre"".:r;elease __ p~tion results in the destruction of 

most seeds more than one year old. McCann (1974) obtained only 70 grams of 

seed from 4 large hessian bags of Protea neriifolia heads. 

'!he degree of serotiny is the relative contribution to the total viable 

seed store by each years seed cohort. A weakly serotinous species would 

have a relatively low percentage of seeds in old cones and relatively many 

in young cones. Most African Proteaceae are only weakly serotinoll.f; because 

the latest years crop dominates (>50%) the seed store (Bond 1985) and seeds 

older than two years are relatively insignificant. But, this weak serotiny 

is mostly a ftmction of post-release predation and not internal control by 
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the plant. Coetzee (1984) noted that almost 80% predation of P. repens 

seeds takes place within two years. 

cowling and I.am::mt (1985) demonstrated that viable seeds are stored in 

cones older than 10 years for certain Banksia species. This situation is 

unlikely to be found in any fynbos Proteaceae taxon, mainly due to the 

rav~ges of :p~-:g_j..,13persal preda!:J:.~n but also due to architectural constraints. 

If, in tenn.s of degree of serotiny, Australian Proteaceae are better 

developed than are the African then this may be due to different pre-release 

predation pressures rather than being due to the genetic control exerted_~ 

the taxa themselves. 

Ieucadendron is di visible into 12 subsections many of which may be raised 

to generic rank (Williams and Midgley in prep.) • Subsection Villosa has 

members which are either serotinous (L. galpinii) or have passive soil-

stored seed (L. dubium) • Subsection Ieucadendron has both mynnecochorous 

(L. ericifolium) and serotinous (L. argenteum, L. rubrum) elements. 'Ibese 

two subsections are particularly useful for an analysis of correlations 

between the presence or absence of serotiny and other factors. 

Key questions concerning the evolution and adaptive significance of serotiny 

that have been considered in this study are listed below. 

1) What are the differences in frequency, abundance and mnnbers of 

serotinous versus non-serotinous species? 

2) Are all strategi~ equally distributed in tenns of numbers of species 

and cover abundance, along a gradient of increasing sunnner moisture-stress? 

How does this relate to the site alteration hypothesis? 
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3) Are there differences in degree of donnancy of seeds with the different 

strategies? How does this relate to the site alteration hypothesis or the 

predator satiation hypothesis? 

4) Are seeds of all the different strategies const.nned by rodents? Are 

passively soil stored seeds less attra.c::tive to rcx:lents? What are the 

imp~ications for the predator-satiation hypothesis? 

5) '!he seeds of some of the species of the Proteaceae are well known to 

have high levels of phosphorus (KUo, Hocking and Pate 1982) • Are these 

differences in seed quality (nutrient status) correlated with the different 
.~ 

I 

strategies? Are seeds from serotinous species generally smaller than those 

from non-serotinous species? Do the species with the more nutritous seeds 

devote more resources to protection (with cones or by mynnecochory)? 

How does this relate to the site alteration hypothesis? 

6) Are there differences in seed coat thickness of species from the different 

strategies? Do serotinous species tend to have better developed dispersal 

mechanisms? 

7) What is the phylogenetic perspective of the trait? 

8) What is the correlation between serotinous species and biomes which 

typically have different fire regimes; (frequency, intensity) and how does 

this relate to the fire parameter hypothesis? 

MEilIODS 

1) Comparisons of frequency, cover abundance and m.nnbers of species 

between serotinous and mynnecochorous species was detennined from raw data 

presented in the vegetation survey of Bond (1981). All the Proteaceae 

species that were listed in his survey were divided into three seed storage 
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categories and the frequency, abundance and numbers of species were deter

mined for the three categories. 

2) Four classes of increasing sununer moisture stress were selected to 

represent the fynbos spectnnn. From the detailed distribution data in 

Williams (l.c.), all 79 I.eucadendron species were subjectively assigned to 

one ,of the moisture stress classes (see Midgley 1987c for details). 'Ibis 

analysis was extended to the whole family by using the distribution data in 

Bond and Goldblatt (1984). 

'!he climate study of Fuggle (1981) was used to place specific areas ~~o 

one of the moisture categories. '!he moisture gradient chosen is analagous 

to the annual moisture index ( a. m. i. ) of Specht and Moll ( 1983) • Published 

conununity descriptions (Kruger 1979) have been used to indicate the relative 

cover abundance of serotinous Proteaceae in various habitats. 

3) A gennination experiment was perfonned to investigate germination rates 

of seeds of species from the three seed storage alternatives. Seeds were 

genninated on acid washed sieved (2mm) sand kept constantly moist by the 

addition of sterile distilled water in a controlled envirorunent set at 8hr 

at 4o C and 16 hr at 11° c. 'Ihe numbers of seed that genninated from a 

sample of 50 plunp seeds (=viable) were noted over a period of 70 days. 

Ungerminated seeds were checked to see whether an emb:ryo was present, which 

was confinned in all cases. 

4) To detennine rodent seed preferences and possible rates of predation, 

seeds from species representing the different seed storage mechanisms were 

fed to five caged individuals of Rhabdomys pumilio. '!his species was 

chosen because it is an abundant and ubiquitous fynbos grani vore (Brey

tenbach 1982; pers. conun.) . L. eucalyptifolitnn (serotinous) , L. ericifolium 
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(mynnecochorous) and L. pubescens (pss) were used as representatives of each 

catego:ry. For the first two days of the experiment lCM levels of seeds of 

all three storage alternatives were mixed together and supplied to the 

rodents so that they were forced to try seeds from all three types. At 

this stage it was already apparent that seeds from all three types were 

preda;ted by this rodent and the lack of predation of pss seeds was not 

going to explain the dominance of species with pss in certain habitats. 

'!hereafter seeds from all three alternatives were fed in groups of approxi

mately equal mass (100 serotinous, 50 mynnecochorous, 20 pss) to dete~: 
I 

preferences. Seeds were mixed and placed in the same tray and presented to 

the rodents over 10 days. In all cases all seeds were consumed. Small 

groups of seeds from other species from the various seed storage groups 

were also fed to other caged Rhabdomys individuals. To detennine maximum 

predation rates of serotinous seeds, superabundant levels of L. eucalypti

foliurn and Protea punctata seeds were supplied to three of the rodents 

after the preference trials were completed. 'Ihus the maximum numbers of 

seed consumed may be an underestimate since these animals had not been 

denied food prior to being fed massive amounts of seed. 

5) The levels of seed phosphorus of species representing the various 

strategies was analysed using the ANSA colorimetric method (Jackson 1958) 

on a sulphuric acid digest. Where stated whole fruits (including wings) 

were used for all species except L. :rub:rum and L. argenteum from which the 

parachute was removed. Each sarrple consisted of about 10 grams of seeds of 

each species. 

6) To detennine whether there is any difference in seed size between 

serotinous or non-serotinous, species were allocated to four emb:ryo size 
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classes. Fnlits in the genus vary according to the thickness of the seed 

coat as well as the size of the ernb:tyo. I used embryo mass rather than 

f:ruit mass, to make allowance for this factor and to make allowance for 

interspecific variation. 

Ten seeds of many species were dissected and the mean embryo mass was 

deterµtined. At least two species from each subsection were used ( except 

for one subsection) and the appropriate class for the other species in the 

subsection was detennined from the seed size dimensions given by Williams 

(1972) for the whole genus. '!he embryo size limits that were used are, <10 

rrg, <25 rrg, <50 rrg and >50 rrg. 

7) '!he historical perspective was derived from a character analysis and 

phylogeny of the genus (Midgley 1987a). 

8) Species in each seed regeneration class were assigned to four height 

categories by using the maxinrurn plant height for all fynbos Proteaceae as 

given by Bond and Goldblatt (1984) (see Midgley 1987d for details). 

RFStJI.Jl'S AND DISCUSSION 

Abundance and frequency of serotinous Proteaceae 

Serotinous species are at least twice as frequent as rnynnecochores (twice 

as many plots have serotinous species as have rnynnecochorous species) 

(Table 1). In plots where serotinous species occur, on average they 

contribute a mean of 40% of the cover (Table 1). Whereas, rnynnecochores on 

average only contribute about 10% of the cover in the plots in which they 

occur (Table 1). 

Considering frequency and abundance together, serotinous proteoids appear 

to be about 8 (2*4) times as abundant as are rnymecochores, yet there are 
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J._(56~ as many myrmecochorous species as serotinous Proteaceae species. Dense 

stands of mynnecochores are a rare sight in the fynbos, although fairly 

dense stands of species with passive soil stored seed are to be fow1d in 

very arid areas (e.g. L. pubescens and L. loranthifolium). 'Ihis raises the 

question "why are there so many more mynnecochorous species than serotinous 

speci.es, when the mynnecochores are far more inconspicuous in the vegetation? 

Table 1. Caver and frequency of serotinous species versus mynnecochores. 
Caver abundance classes are; l=0-2%, 2=2.1-5%, 3=5.l-10%,4=10.1-
-20% and 5=20.1+% which has been taken as 30%. 

a) Ruitersbos 

Serotinous 
Mynnecochorous 

Number 
of species 
10 

4 

b) SWartberg 
Serotinous 8 
Mynnecochorous o 

Number 
of plots 
51 
22 

Cover abundance 
classes 

1 2 3 4 5 
41 26 1115 27 
10 9 6 1 2 

Serotiny and summer moisture stress 

Mean Cover 
Abundance 
40.4% 
10.1% 

.·~ 

'Ihe serotinous species terrl to be fourrl in mesic habitats and the most of 

the non-serotinous species are found in arid areas. 'Ibis is most clear 

in I.eucadendron (Table 2). 

Published vegetation descriptions provide data to demonstrate this trend in 

tenns of relative caver abundance of species with the trait, along moisture 

gradients. Knlger's (1979) arid fynbos site is dominated by L. pubescens 

and L. loranthifolium which are both non-serotinous. serotinous species 

d~te the more mesic sites in Knlger's (1979) survey. Further support 

for this pattern is fourrl by considering other taxa. Aul ax is absent from 

arid habitats (data from Bond and Goldblatt 1984; pers. obs.). '!he only 
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ncm-sero1:;Jnous (or weakly serotinous) non-respouting :fynbos Protea species, 

such as P. aristata, P. sulphurea, P. glabra, P. nipicola and P. nana are 

from the more ~!d _habitats (data from Rourke 1980; pers. obs.). Erica 

sessiliflora, the only serotinous species in a 663 member large genus, is 

fourrl in moist habitats (dist. data Bond and Goldblatt 1984, pers.obs.). 

'Ihe ~tinous Bruniaceae are also restricted to moist habitats (dist. data 

Bond and Goldblatt 1984. ) • 'Ihe strongly serotinous Widdringtonia nodiflora 

(CUppressaceae) is found in moist habitats whereas weakly serotinous congener 

W. cedarbergensis is found in more arid areas ( dist data from Bond and 

Boldblatt 1984). 

Table 2. Numbers of ·species per mmuner moisture stress class. 

1) I.eucadendron (sprouters excluded) 

a) 
b) 
c) 

Trait 
serotinous ( *) 
Passive soil stored 
Mynnecocho:ry 

Numbers of species per 
moisture category (l=Arid;4=Mesic) 

1 2 3 4 
2 7 14 14 

(**) 10 12 6 1 
1 2 1 2 

2) Fynbos Proteaceae 

a) 
b) 
c) 

Moisture 
2 3 4 1 

serotinous (n. s. ) 
Mynnecochorous (n. s. ) 
Passive soil stored** 

4 26 
11 36 

9 13 

categories (Arid-Mesic) 

35 19 
71 29 
7 2 

Chi-squared test of observed versus expected; **= P<.005. Corrparison 
between serotiny and pss p=.005 in both cases. 

-\. 'Ihis correlation between serotiny and low smnmer moisture stress suggests 

that some environmental factors, besides biotic pressures such as predation, 

are involved in the selection for serotiny. I have no explanation why 

serotinous species tend to occur in the mesic sites, except that it may be 

more difficult to develop a soil stored seed bank (maybe due to greater 
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fungal attack) in these sites and also to qevelop germination cues to 

restrict gennination to only the moist season after fire. 

Serotiny, gennination and donnancy 

Serotinous species by virtue of storing seeds in the canopy, prevent mature 

seeds. from germinating until release. 'Iherefore, serotiny is a fonn of 

donnancy in itself and thus the phenomenon of serotiny could be expected in 

biomes where donnancy of seeds is corcq;,etitive. Even in non-fire prone 

ewfrornnents serotinous species exist, such as the Mesernb:ryanthernaceae f~ 
I 

··· the arid regions of South Africa (Herre 1971). However, seed release 

mainly by the death of the parent is probably unique to fire-prone systems. 

In Ieucadendron, serotinous species have seeds with both strongly developed 

donnancy, such as L. argenteum and L. album, and less well developed 

donnancy such as L. uliginost.nn and L. meridianurn (Table 3) . Most serotinous 

species only have weak donnancy (Table 3) • L. rubrum and L. galpinii 

genninate more rapidly than do L. ericifoliurn and L. dubiurn which are 

related non-serotinous species from the same respective subsections (Table 

3). 

These results coincide with other laboratory experi.mmts on gennination 

patterns in the Proteaceae (Brits 1983), but lead to incorrect expectations 

for gennination patterns in the field. Serotinous species may be expected 

to genninate and emerge more rapidly than non-serotinous species because 

laboratory experiments suggest that serotinous taxa have ___ j::he weakest 

donnancy. But I have observed the opposite to be the case. For exarrple, 

at a fire on 4 March 1986 at Tierkop (33° ss/ s 22° 3sf E), many seedlings 

of the mynnecochorous species Mirnetes pauciflorus and I.eucospenm.nn glabrurn 
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had emerged by 1 April 1986. The serotinous species from the same erwiron

ment, Ieucadend.ron conia.nn and L. uliginosum, had not emerged en masse by 1 

July 1986 and only a few seedlings were observed by 15 May 1986. It is 

possible that a crucial missing factor in laborato:ry experiments is the 

ef feet of fire and seed ageiJ:9, on the gennination of soil stored seed 

{Midg).ey in prep.). 

Table 3. Gennination patterns. 

n= number genninated within 70 days 
from sample of 50 plurrp seeds 

Serotinous 
L.galpinii 20 
L.meridiantnn 48 
L.argentetnn 2 
L.cornoStnn 41 
L.coniferurn. 50 
L. uliginostnn 42 
L.album 4 
L. n.tbrtnn 31 
L. nobile 40 
L. eucalyptifolium 20 
Protea neriifolia 40 
P.punctata 19 

Non-serotinous 
L.barkerae 39 
L.dubiurn 9 

Myrmecochorous 
L.ericifoliurn 1 

Differential seedling survival is considered to be a function of three main 

factors; emergence timing, seed rnnnbers and seed size (e.g. Stanton 1985). 

Serotinous species tend to emergence last, but possibly their emergence is 

more precisely cued to moist cool conditions. 
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Serotiny and seed predation 

Seeds from all three strategies are consumed by Rhabd__QIT!y§ pumilio (Table 

4) . The most preferred seeds appeared to be the soft--coated seeds and the 

least preferred are the hairy seeds (e.g. Protea spp.). Rodents could 

COnsuJ.1!0_ !_~e _lluml::>ep.; of seed from all three of the seed storage alter

nati'{es of the fynbos Proteaceae and this might be interpreted to support 

the (rodent) predator satiation hypothesis. 

Pss _ s_pecies release their seeds annually into mature vegetation, these 

seeds are not actively dispersed __ (Midgley in prep.) and rod~~---~~iti~ 
J /-

,.. I 

are highest in mature unburned rather than burned vegetat,tgn (Breytenbach 

1982) • Also pss species produce seeds which tend to be larger than serotin

ous species (Table 8) • It is not as though pss species are saturating 

predators with low quality seeds. 

Considering that pss _seeds are taken by rodents, suggests that rodent 

p~~t!_()Jl ~s _ n()t the dominant force for the evolution of serotiny, because 

these species should not be able to reproduce in the fynbos landscape if 

the intensity of rodent predation is strong. 

O' lxMd and Gill ( 1984) postulated that s;erotiny is a predator satiation 

device. However, storing seeds in the canopy away from post release 

predato:J:!:1 may merely facilitate a change in predator guilds from ants and 

small mammals to arthropods, baboons and birds. For example, insect 

pre-release predation on P. repens ( serotinous) results in the destru~.ton 

of more than 80% of seeds by the tbne they are two years old (Coetzee 

1984). 



Table 4. The extent of rodent predation on seeds from different 
storage categories. 

Serotinous species 
L. eucalyptifolitnn 
L. platyspennum 
L. rubrtnn 
L. ru:gentetnn 
L. cornosum 
Prat~ punctata 
Hakea sericea 

Non serotinous species 

Maxinrum numbers of seed consumed per day 

400/400* 
10/10 
20/20 
10/10 
20/20 
193/200 

100/100 

L. pubescens 20/20* 
L. barkerae 10/10 

Mymecochorous species 
L. ericifolitnn 
Mi.metes pauciflorus 

50/50* 
50/50 
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Seeds from species from the different categories were fed in batches of 
approximately equal mass. Species whose seeds were fed to the rodents over 
the 10 day period are indicated with an asterisk. 

In I.eucadendron, 37 species are serotinous and of the 42 nonserotinous 

species, only 6 are mynnecochores. Therefore, a substantial proportion of 

species ( 42%) have passively soil stored seeds. Similarly some Protea 

species are neither serotinous nor mynnecochorous. If rodent predation 

was the najor factor selecting for serotiny, then the existence .. of_ pss 

species is hard to explain. Secondly, the fact that serotinous species 

tend to be restricted to mesic enviromneri.t:,s suggests that some other 

factor, besides predation, is selecting for serotiny. 

O'I:lc:Md arrl Gill (1984) detected less relative seed predation after fire 

than before fire. '!hey suggested that predators nay have been satiated by 

nassive post-fire seed release. But, their results also show that seed 

predation was not complete even in the inter-fire period, during which time 

only a small fraction of the annual seed crop is released. Their data 



129 

shows that there was nearly a 100 fold increase in numbers of seed released 

per week per metre2 before and after the fire (2. 7 versus 259; Table 

2; 1057) • However, the differences in proportion of seeds which made the 

transition to seedling phase in unburned and bun1ed vegetation was an order 

of m.ignitude lower (2. 7% versus 14. 7%). Serotiny s~ems astr~e alt~tiy_e 

to a soil stored seeci __ bank_ in the eucalypts becausG the s~ predc:1tors 

acttlcllly increase by 500% from before, to af~er, the fire (Table 2; 1057). 

, . At least in the fynbos, the seed predators (rcxlents) decrease in lilurnbers 

after fire (Midgley in prep.). 

If eucalypt seeds had well developed donnancy then sufficient numbers of 

seeds appear to escape predation for adequate post-fire establishment from 

a seed bank. Yet, there is no development in this eucalypt, of a seed bank 

(such as in many I.eucadendron species) or successful inter-fire recruibnent 

and stands of the species they studied are typically singled aged. 'Illus it 

is not clear ~y_ canopy storage, rather than soil storage, is selected 

for in this case. Ashton and Willis (1982) indicated that Eucalyptus 

regnans cannot regenerate between fire due to many biotic (e.g. micro- and 

macroflora ) and abiotic ("allelopathic") antagonistic reactions, despite 

:;\ the availabilty of seed. If reg~eratioi:i ~c:>!: ~ p:l_ctce between fire§, ·, 

the11_ t:llis suggests that the main function of s~rc:>"tirly is to act as _ a form 

of donnancy to ensure seeds only germinate in the post-fire envirornnent. 

Ashton (1979) concluded that post release predation was of no evolutionacy 

consequence to the evolution of serotiny. o' [):)wd. and Gill ( 1984) have 

suggested that it is. My data appears to support Ashton (1979) • 

Australian sh:rublands appears to have lower densities of rcxlents (Fox, 
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Quinn and Breytenbach 1985) than South.__~:r-~c:an shrublands, yet serotiny is 

well developed in large seeded Australian Proteaceae. Californian shrublands 

have intennediate rodent populations (Fox et al. 1985), yet very little 

serotiny. This suggests that different levels of post release predation 

have.not been reflected in the levels of the development of serotiny on the 

various continents. 

The mass flowering of geophytes and subsequent seed set, after fire has 

, .. also been considered as a predator satiation mechanism (le Maitre ,1984). 

But these weakly woody plants are poor competitors in closed tall inter-fire 

vegetation; thus their only "choice" is massive flowering in the inunediate 

post-fire period. Is this really because of predator satiation? 

It is possible that pre-release predatiq_n may have been implicated in the 

l.l}j.tial evolution of the• protective cones_ which may have led finally to 

serotiny. Firstly, the .i.npact of pre-release predation has been shown 

above to be considerable. Taxa which take a long time to mature seeds_ and 

which have large seeds, frequently exhibit serotiny. The Proteaceae and 

gyrnnospenns (pines, cedars) are good examples of such taxa and even the 

non-serotinous members of such taxa often produce large protective cones. 

serotiny and seed quality 

There are no clear differences in seed phosphate _quar1tity between serotinous 

or non-serotinous species (Table 5). Also there does not seem to be 

recycling of phosphate from old to young seeds. 



Table 5. Fhosphate concentration of seeds of species of the 
different seed storage mechanisms. 

1 2 3 
a) Mynnecochorous 
L. ericifoliurn (n=5) .64 .46 1.21 
Mimetes splendidus .25 .2 

b) Serotinous 
L. argenteurn (n=3) .69 1. 7 .92 
L. platyspennurn (n=5) .96 1.18 1.21 
L. meridianurn (n=J) 1.15 .08 
L. rubnnn (n=4) 1.39 .27 1.80 
L. galpinii 1.46 
Protea neriifolia 1.04 
P. punctata 1.10 
Aulax tnnbellata 1.26 
Hakea sericea (n=2) 1.10 .40 

c) Non-serotinous 
L. barkerae (n=J) .30 .32 .74 
L. pubescens .38 
L. dubiurn .50 

d) serotinous sprouter 
L. salignurn (n=J) .90 .08 
L. spissifoliurn .70 .05 

e) Different age cones 
L. uliginosurn 
1 year old .78 
2 year .78 
3 year .79 
4 year .79 
L. eucalyptifoliurn 
1 year old .85 
2 year .89 
L. platyspennurn 
1 year old 1.18 
2 year 1.12 
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Column 1, 2, 3 represent; means of %P dry weight, rrgP per seed, %P per d!y 
weight of embryo only, respectively. L = Leucadendron. 

Serotiny and seed coat thickness 

Serotinous species tend to have seeds 't>lith.a thinner seed coat than do the 

non-serotinous species (Table 6) • Non-serotinous species (L. dubiurn, 

L. ericifoliurn) are larger and have thicker seed coats than the serotinous 
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species (L. galpinii, L. rubrum) of the same subsection. 

L. ai;genteum releases a considerable proportion of seed each autumn (Williams 

1972) and. it is the least serotinous species in the subsection Ieucadendron. 

It has the largest embryo mass and. thickest seed coat of the subsection. 

'Ihe above evidence leads to the generalisation that, within subsections, 

the relative thickness of the seed-coat is usually inversely proportional to 

degree of serotiny. '!his is to be expected because seeds lying on the soil 

n_§~. p~tection .~rom summer temperatures and. the thick seed coat en,forces 

interfire dormancy. 

Table 6. Seed coat .thickness for species of various strategies 
(n=lO). 

Serotinous Non-serotinous 

Subsection Villosa 
1) L. galpinii 

Subsection Conpressa 

.35nun 

1) L. comosum .lnnn 

Subsection Nucifera 
1) 

Subsection Ieucadendron 
1) L. argenteum . 95nun 
2) L. rubrum .25nun 

L. dubium . 7mm 

L. barkerae .85mm 

L. ericifolium .35mm 

Ihylogenetic perspective 

Based on the phylogenetic study of the genus (Midgley 1987a) a historical 

view of the trait is possible. 

i) serotiny is a coIWergent trait in the genus, having arisen.independa11tly 

at least three times. '!he least derived serotinous species (e.g. subsection 

Trigona) are found in mesic area,i;_. ii) There is a trend away from serotiny 

in subsection I.eucadendron; the more primitive members are serotinous 
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(e.g. L. argenteum) and the more derived species are mynnecochorous (L.

olens, L. ericifoliurn). This trend is repeated in the genus Protea, 

P. aristata, which is nonserotinous, is a derived species possibly sharing 

an ancestor with the serotinous P. re:pens (Rourke pers. comm. 1985). 'Ihe 

trend. away from serotiny to soil stored seed is difficult to explain in 

tenns of the predation hypothesis. 

iii) '!he I.eucadendron species with the longest juvenile period, such as 

L. cornosurn (Williams 1972), are serotinous. Although, some serotinotis 

I.eucadendron species reach reproductive maturity within 2 years, the 

seeders with the longest juvenile peri~ _!~- !-_<:> pa serotJnous. '!he 

non-serotinous re-seeding Proteaceae, like Mi.metes ~ (Rourke 1984), 

generally reach maturity early and senesce early. 

Serotiny and maximum plant height 

size is an inportant factor in the evolution of life-history strategies 

(Steams 1980). Most of the tall fynbos Proteaceae spec!es ~- ~~tif!~_ 

(Table 7). 

Plant size is correlated to lifespan in part as well as to growth rate. In 

I.eucadendron all 13 species which achieve 3m or more, are serotinous. 'Ibis 

is understandable because serotinous species lose all advantage if they are 

sh~;:t-:_lived and die before fire occurs or are suppressed by mature vege

tation. 

Givnish (1981) suggested that serotiny is selected for by intennediate 

fi::r::e-cycl~. Givnish (1981) was working in a system where the climax 

vegetation is a non-fire adapted hardwood and the serotinous species tend 

to occupy a rnid-seral stage. Gi vnish used "intermediate" in tenns of the 
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lifespan of the longest lived species which could occupy the site (the 

hardwoods). But, in the fynbos the longest lived seeding species are the 

serotinous species and these species will be disadvantaged by fires _ <:>f 

:iJ:i_~ate f:r:e.qt1ency. Most serotinous Proteaceae species are obligate 

seE!ders_and a single fire event that differs from the mean in a substantial 

way will lead to local decline, even extennination, of the serotinous 

species. This is because the serotinous species will not have had· time to 

builci up large enough seed stores. In sites in South Africa, wher;e fire 

qy__ql._~--~ very_. long (forests) or short (grasslands) serotinous species are 

absent and most Proteaceae are resprouters in these enviromnents (e.g. -

Protea spp. (Rourke 1980)). 

Table 7. Numbers of species in height classes. 

n= ntrrnber of species per height class 
1(.5m) 2(1.lm) 3(2.5m) 4(5m) 5(>5m) 

Proteaceae 
a) serotinous (**) 9 
b) mynnecochorous (**) 36 
c) soil stored (pss) (**) 1 
d) sprouters (**) 29 

14 
53 

4 
8 

27 
37 
22 
11 

29 
21 

4 
5 

5 

1 

Chi-squared test of observed versus expected;*=.01, **=.005 

A fynbc:>s eph~ would not evolve serotiny because the prefire death of 

the irrlividual plant would not facilitate the release of seeds into the 

postfire environment. Thus, amongst reseeders, serotiny is part of a 

syndrome which is linked to the size and life-span of the plants irlv(?lv.§d. 

There is evidence that in the extreme cases, serotinous and mynnecochorous 

fynbos Proteaceae separate out al~nc;J _a !!fe 11.iste>ry .. ~adient. The lo!Best 

juvenile period, life-span and size of any reseeding fynbos Proteaceae taxa 
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are to be found in serotinous species. The resseeding species which senesce 

first tend to be the myntlE:?COChores (see later discussion). 

Possibly the best way of studying the adaptive significance of serotiny is 

at the interspecific level. But, Muir and Iotan (1985) could not detect 

any aifferences as regards the position of serotinous and non-serotinous 

taxa of Pinus contorta along a r and K gradient. Since both fonns of 

P. contorta prcxiuce large protective cones it ma.y be expected that differ

ences in reproductive effort would not be great. Differences in life qistory 

parameters are often more conspicuous at higher taxonomic levels (Steams 

1983). This appears to be the case in I.eucadendron. There is no species 

which is polymorphic for serotiny, but there are clear differences between 

serotinous and non-serotinous species at the interspecific level. 

Serotiny and seed size 

Serotinous species tend to have small seeds whereas non-serotinous species 

have larger seeds (Table 8) • 'Ihe pattern of serotinous species having 

smaller seeds, often with dispersal mechanisms, is also clearly seen in 

Widdringtonia. W. nodiflora (serotinous) has large (mean length=12.5 

rnrn,n=70) yet, low mass, seeds (mean ma.ss=.013 g, n=70). Whereas the 

non-serotinous or sometimes weakly serotinous (P. Manders pers. conun.; 

pers. obs. ) W. cedarbergensis has heavier (mean ma.ss=. 068g, n=90) but more 

rounded (mean length=8.5nun, n=90; t test corrprrison p=.005) seeds. Also, 

W. nodiflora produces on average (n=40) more than twice as ma.ny seeds per 

cone (26.2) as w. cedarbergensis (11.5; p=.005). 

This pattern is repeated in I.eucadendron, but only in corrprrisons between 

serotinous and non-serotinous species of the same subsections. L. dubitnn 
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produces upto 6 seeds per cone whereas, L. galpinii produces between 8 and 

24. L. ericifolil.nn produces only 1 seed per inflorescence whereas, L. :rubnnn 

produces between 10 and 35. There is thus a relationship between seed 

m.nnber, size and dispersibility and the presence of serotiny. Possibly in 

the niesic areas seed quantity is IYK)re .i.np:>rtant than seed quality. Thus a 

serotinous mutant, in which savings in seed size, were channeled into seed 

numbers, may have experienced disproportionate success. 

Table 8. Seed size of I.eucadendron species per seed storage 
category. 

n= number of species per 
(l=small, 4= large) 

1 2 
serotinous 
non-serotinous 

36 3 
11 3 

3 
1 

10 

4 
2 

13 

seed size categories 

G-test of independence between serotinoous and non-serotinous and 
big (column 3+4) and small (1+2) is significant at .001 level. 

The serotinous s)?E:lCies tend to occur in the IYK)re mesic sites and tend to 

J2!"_29Uce many, small, winged and thin walled seeds. The non-serotinous 

species tend to occur in arid sites and have bigger fruits. 

Serotiny in the chaparral 

Serotinous Proteaceae contribute about 40% of the total c.over of the 

fynbos. Yet, in the fire-prone chaparral, serotiny is absent in the 

angiospenns and is restricted to some relict gymnospenns (VOCJl et al. 1977). 

Although the chaparral may be IYK)re m1trient rich __ system (Specht and Moll 

1983), it is not clear how this aspect may control the occurrence of serotiny 

because both big and small seeded fynbos species are serotinous. The 
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problem is "why is soil stored seed the preferred alternative in that 

system"? 

several possibilities exist to explain why the chaparral, although it is a 

fire prone system, is devoid of serotinous species. The fire cycle may be 

too· long, for example Keeley and Zedler (1978) worked in 90 year old 

stands. The mean natural fire-period in the fynbos is probably between 10 

and 30 years. However, it is not clear why a long mean fire period should 

not select for serotiny, because many long lived pines and eucalypts are 

serotinous. 

serotiny is a trait which is strongly correlated with certain taxonomic 

groups (notably the Coniferales, Proteacea<a and Myrtaceae). It could be 

argued that the absence (/presence) of the trait in the chaparral, or any 

other biome, is phylogenetically constrained. However, there is also 

support for the independent evolution C?f se_ro~iny, because in the fynbos 

the trait is found in some families which are globally distributed (Aster

aceae, Ericaceae) and even in endemic families (Bruniaceae). 

a:>NCI1JSIONS 

A single explanation for the evolution of serotiny appears to be dis

appointingly evasive. The canopy appears to be merely an alternative 

site for storing seeds in some biomes. Nevertheless certain relative 

trends are discernible. 

Serotiny may have originally evolved in tall, moist yet fire-prone sites as 

a strategy to maximise establishment after fires. In fire prone systems, 

plants must be able to II detect" a fire and also the the best season for 

gennination. Serotiny is a mechanism for detecting the occurrence of fire. 
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In moist environments large seeds are not strongly selected and thus the 

proouction of many SI!1'lller seeds is favoured. Serotiny in the Mesembry

anthemaceae is also a mechanism for restricting seed release and gennination 

to the most suitable period (Herre 1971). '!his is support for the "precise 

release" hypothesis for the adaptive significance of serotiny. 

Non-serotinous seeds need a fonn of donnancy to restrict gennination to 

winter in the post-fire period. Non-serotinous species dominate the arid 

habitats and are capable of a limited degree of inter-fire regeneration 

which has not:. ~. observed by serotinous species in undisturbed mesic 

fynbos areas. Serotinous fynbos species usually have the :L_o:rigest: juvenile 

pe.;Jod and life-spcl!l. 

Table 10. Traits associated with serotiny 

1) Time to naturity 
2) size 
3) Seed nass 
4) D::>nnancy 
5) Dispersal 
6) Habitat 
7) Number of seeds 

per inflorescence 

Serotiny 
intennediate 
tall 
small 
weak or strong 
wind 
mesic 
many seeds 

non-serotiny 
shorter or longer 
shorter or taller 
larger 
strong 
none or animal 
arid (pss) 
fewer seeds 

'!he predator satiation hypothesis is not supported in this study for the 

following reasons; 

i) Many species of I.eucadendron are neither serotinous nor mynnecochorous, 

they tend to produce seeds which are larger than the serotinous species 

and these seeds are eaten by rcxients. '!he regeneration of these species is 

difficult to explain if rcxient predation is a crucial factor limiting 

regeneration strategies. 
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ii) 'Ihe serotinous species terrl to occur in the ~ic envirornnents, which 

~ggests an abiotic control on the distribution of serot.yiy. 

iii) Serotiny is relatively absent in the chaparral, despite the presence 

of rodent predators in this fire-prone system. 

'!he 'absence of serotinous species in biomes which are burned on a rotation 

of lei:;s; than f~ye years, is probably because serotiny is linked to the 

death of the parent and in these biomes fires are not intense enough to 

ki.l_l the adult plants. Serotiny tends to be associated with biomes which 

have a fire retum. period of about five to fifty years, which is support for 

the intennediate fire frequency hypothesis. In biomes in southern Africa 

which have longer or shorter fire cycles, serotiny is relatively absent. 

In Ieucadendron, serotiny is a derived trait. '!he absence of serotiny in 

the chaparral may be linked to the length of time that system has been fire 

prone. 
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THE EVOI..IJTION OF DIOECY, WI'IH PAR!'ICUI.AR REFERENCE TO IBUCADENDRON (PROI'EA

CE'AE) 

ABSTRACT 

A comparison of pollination, dispersal, growth fonn and fecundity of 

dioecious versus hennaphroditic African Proteaceae was undertaken. '!he 

pollination syndrome of the dioecious taxa confonns to models suggested for 

other zoophilous dioecious taxa (dull coloured, congested and generalist

insect pollinated, inflorescences). Models predicting the association of 
I 

··· · dioecy and omithocho:ry, are not supported by this taxon or any other 

dioecious fynbos taxa. 

Dioecious females have higher fecundity and seed set than related bisex 

taxa. Dioecy appears to be a preadaptation for anemophily. Sex ratios tend 

to be skewed toward males. Males flower for a longer period than do 

females and usually produce more flowers per inflorescence and per plant. 

Dioecy appears to have evolved as an outbreeding mechanism in a self

compatible entomophilous ancestral taxon. 

:rnmooocrroN 

More than 25 percent of the fynbos Proteaceae species are dioecious (82 

species out of about 317; data from Bond and Goldblatt 1984). '!his is an 

exceptionally high proportion, if the following points are borne in mind. 

Firstly, dioecy is generally a rare condition amongst plants; more than 90 

percent of plant species are cosexual (Lloyd 1982). Secondly, dioecy is 

strongly correlated with certain ecological attributes, none of which are 

present in the Proteaceae. Many dioecious taxa are bird dispersed or wind 
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pollinated and the frequency of dioecy increases with the size and longevity 

of the plants (Bawa 1980). Fox (1985) pointed out that these factors 

are not independent, for example the frequency of bird dispersal also 

increases with the size of plants. Nevertheless, none of the dioecious 

fynbos Proteaceae species is bird dispersed, only a few are wind pollinated, 

long lived (>50 years) or tall (>15rn). 

Thirdly, dioecy is very rare in the Proteaceae, being present in only four 

genera out of some 75 (data from Johnson and Briggs 1975) . Fourthly, this 

high proportion of dioecious species is even more surprising when the cost 
I 

'·· · of reproduction to dioecious females, is considered. Female plants of the 

dioecious taxa must produce about twice as niany seedlings as a hennaphrodite 

corrpeting taxon (e.g. Protea spp.), for the dioecious elements to maintain 

their relative position in the vegetation. However, the fynbos Proteaceae 

are known to have large nutrient rich seeds (Kuo et al. 1984; Midgley 1987e 

for I.eucadendron), which must present an enonnous cost because the fynbos 

soils are extremely nutrient poor. Concentrations of phosphate in the seeds 

are orders of magnitude greater than mean soil phosphorus concentrations· 

This means that I.eucadendron females must devote twice the resources 

for seed production as a co-occurring hennaphrodite would. 

I have concentrated on the genus I.eucadendron R. Br. (79 extant spp.). rt 

is widespread throughout the fire-prone vegetation type of the cape (Williams 

1972), often being the dominant species from arid (e.g. L. pubescens, 

L. loranthifolium) to rnesic (L. eucalyptifolium, L. uliginosum) sites. 



145 

Present hypotheses for the evolution of dioecy 

'Ihe traditional explanation that the outbreeding mechanism of dioecy has 

been the major force for the evolution of dioecy, has been contested (Bawa 

1980, 1984; Willson 1983). More recently Charlesworth (1984) has argued 

that although dioecy cannot evolve purely as an outbreeding mechanism, that 

this mechanism is the most bnportant single force for the evolution of 

dioecy. 

Present views on the evolution of dioecy also vary as to the significance 

of the reallocation of reproductive resources, aspect of dioecy (Charleswort:h 

'·· 1984; Willson 1983) • 'Ihe basis of sexual selection is that female reproduct

ive effort is mainly resource limited (Charnov 1982). 'Any support for the 

implication of sexual selection in the evolution of dioecy, depends strongly 

on evidence that resources saved from the male function are strictly 

allocated to the female function and that this increased reproductive 

effort results in disproportionate increase in the fitness of the female. 

Baker (1984) has ru:gued that there is no compelling evidence to ignore the 

outbreeding mechanism or to accept only the resource allocation argument. 

Even at this stage of knowledge of sexual systems it appears that each case 

of dioecy must still be dealt with separately (Baker 1984; Anderson and 

Stebbins 1984). 

The problem is to consider under which conditions, be they ecological, 

morphological or cytological, the benefits of the reallocation of resources 

and the avoidance of inbreeding depression can force a system to the 

extreme of dioecy. 
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My study has followed two lines; description and analysis. Comparisons 

with non-dioecious but related co-occuring Proteaceae have been made to 

consider any unique ecological and morphological correlates of dioecy. Of 

the African Proteaceae genera, only Aulax (3 spp.) is also dioecious, which 

makes two out of fourteen genera ( 15%) • 

Ecological correlates with dioecy 

The trait is often found in taxa which are; 

i) wirrl pollinated or if in , 
I 

'·· · ii) zoophilous taxa which tend to have congested inflorescences conp:>sed 

of many, small and dull coloured florets (Bawa and Opler 1975) which are 

pollinated by generalist insects (Beach 1981), 

iii) bird dispersed (Bawa 1980; Givnish 1980}, 

iv) self-compatible (Thompson and Barrett 1981), 

v) tall woody (long-lived) plants as opposed to short lived herbs (Bawa 

1980). 

In point (i) above, the adaptive significance of dioecy has been argued 

from both the outbreeding and the resource reallocation points of view 

(Bawa and Beach 1981) • Point ( ii) appears to be an example of a strong 

correlation (especially between dioecy and omithochory in gymnospenns) yet 

with no universally accepted explanation (Herrera 1982; Willson 1983). 

Recent evidence has served to weaken the resource allocation explanation 

for the correlation between frugivory and dioecy. Fox (1985) has shown 

that the correlation with frugivory is less significant than was previously 

assumed. Davidar and Morton (1986) showed that female fitness in frugivores 

(number of fruit dispersed) does not increase with increasing effort 
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(larger crop size). 

Point (iv) is equally problematic; arguing that the strong correlation of 

self-compatibility and dioecy is spurious are Willson (1982) and Givnish 

(1982). Whereas, 'lhompson and Barrett (1981) and Baker (1984) argue that 

the correlation of dioecy and self-compatibility is real and furthermore is 

evidence to support the outbreeding hypothesis. 

A summary of the relevant factors considered to be associated with or 

responsible for the evolution of dioecy in Ieucadendron, are listed below~ 
I 

1) Does the general morphology of Ieucadendron fit other models of dioecy? 

Fram a phylogenetic perspective is it possible to say which traits evolved 

as a consequence of dioecy? 

2) What is the extent of the outbreeding advantage? How does seed set 

compare in Ieucadendron and the hennaphroditic genera? Is there evidence 

of inbreeding depression in Ieucospennurn? Are there generally twice as 

many seedlings per parent in dioecious serotinous species as from her

maphrodite serotinous species? 

3) What are the putative pollinators of some species of the genus? D'.:>es 

the flowering and pollination syndrome of IeucadendroIJ confonn to that of 

other dioecious taxa? How does the pollination syndrome of Ieucadendron 

(and Aulax) compare with cosexual Proteaceae ? can any aspect of the 

pollination process explain the evolution of dioecy? 

4) How does the dispersal syndrome of Ieucadendron (and Aulax) compare with 

non-dioecious Proteaceae? Is there evidence that certain dispersal syndromes 

may lead to dioecy? 

5) What can be deduced from a general discussion of dioecy in the fynbos? 
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MEIHOI:S 

1) '!he general description of the morphology was determined from Williams 

(1972) and extensive personal obseJ:Vations. '!he phylcx:Jenetic perspective 

is from Midgley (1987a), who in turn made extensive use of Williams (1972). 

2) Seed set was estimated by counting the number of plump (=viable) seed 

from. a random selection of cones from natural populations of L. platyspermum 

(Bot River-34° 1sf s 19° 1i/ E) and L. uliginosum (Tier Kop-33° 5sf S 22° 

3sf E) . Seed set in these two species was asstnned to reflect levels for 

species with large and small seeds respectively. In Ieucadendron, t:11.e 

bract which subtends each flower expands into a conspicuous swollen structure 

which collectively fonn a protective cone. A count of the mnnbers of 

bracts per cone was used to estimate the mnnbers of flowers. '!he reliability 

of this method of estimation was corroborated by checking numbers of 

flowers during the flower season. Also, by checking m.nners of bracts in 

cones of an isolated and thus unpollinated female L. eucalptifolium it was 

noticed that although no seeds were set, all the floral bracts became 

swollen and fo:rmed the cones. Data for comparison of seed set in non-

dioecious taxa was obtained from Hom (1962), Brits (1983), Jordaan (1944) 

and Wiens et al (1983). 

3) Sex ratios of various species was detennined by noting the gender of 

all individuals intercepted along a random transect through the population. 

At Waboomskraal (33° 5c/ S 22° 3sf E) L. ericifolium, L. olens and L. eu

calyptifolium were sampled. '!he other species were sampled in the swartberg 

(33° 1afs 22° 03/E). 

4) Post-fire seedling to parent ratios of dioecious and nondioecious 

serotinous Proteaceae was obtained from raw data collected for the studies 
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by Bond, Vlok and Viviers (1984) and van Wilgen and Viviers (1985). In 

these studies the numbers of seedlings per parent were detennined in 

post-fire environments for various serotinous Proteaceae. '!he dioecious 

species were slightly troublesome because only female parents tended to be 

counted. '!his resulted in seedling to parent ratios being biased by about 

a factor of two for the dioecious species. I have used the raw data from 

these studies to detennine whether dioecious females produce on average 

twice as many seedlings as cosexual taxa. Vlok and Viviers have indicated 

(pers. conun.) that occasionally male parents may also have been counted. 
I 

'·· · Nevertheless, this is useful data for the understanding of the evolution of 

dioecy because it gives an idea of the fecundity of dioecious versus 

cosexual taxa. 

5) Flowering phenology was noted by observing male and female flowering at 

Tierk.op (33° ssfs 22° 3sf'E). At various intervals the whole population of 

L. conictnn was inspected to detennine if any male or female plants were 

flowering. Flower visitors of this species were also collected at this site. 

5) All the genera of cape Proteaceae were assigned to various classes 

according to the best infonnation available regarding pollination, dispersal, 

the occurence of nectar, size and colour. 

6) 'lhe incidence of dioecy in the cape flora was detennined from Bond and 

Goldbatt (1984) and Dyer (1975). 

RESUl['S AND DISCUSSION 

General description of I.eucadendron 

Individual florets are grouped into congested strobilifonn inflorescences 

and both sexes retain vestiges ( often substantial) of the opposite sex 
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(staminodes and pistil). In some of the ma.les the remains of the pistil is 

functional, having been modified into a pollen presenter. '!he staminodes 

have no visual function and in some cases are very reduced or absent. 

Usually ma.le inflorescences are more visually attractive and female florets 

produce more nectar (pers. obs.). Both pollen and nectar are floral 

rewards from most I.eucadendron species. Female florets are the more 

specialised and usually smaller. None of the Proteaceae can be considered 

clonal, as is COlmllOn in certain dioecious taxa (Anderson and Stebbins 1984) 

and only about 20% have evolved the ability to reproduce vegetatively. 
I 

··· I have not observed any sexual !ability in I.eucadendron although it occurs 

in other dioecious taxa (Freeman, McArthur and Harper 1984). Many I.euca

dendron species are. serotinous and thus any changes in sexuality during 

their lifetime would be noticed during the flowering period. Most popula

tions appear to be ma.le dominated and this does not appear to be environ

mentally controlled with ma.les more dominant in the more stressful sites, 

such as found by Freeman et al. 1984) • 

'!he types of dimorphism which evolve subsequent to dioecy are types of 

circumstantial evidence which can indicate different selective pressures 

acting on the two sexes. '!here is pronounced floret, inflorescence and 

vegetative dimorphism in some species from all of the subsections (Williams 

1972). Some species have not achieved any vegetative dimorphism and only 

minima.! floral dimorphism with both sexes ma.intaining substantial non-

functional vestiges of the other sex. 'Ihis indicates that strict resource 

reallocation has not been crucial for the evolution of dioecy, as has 

previously been suggested by Charlesworth (1984). 

In species where foliage is dimorphic, the ma.le leaves tend to be smaller 
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than those of the females. Wallace and Rundel (1978) noted the same 

phenomenon in jojoba and suggested that this is due to the greater costs of 

reprcx:luction of the females. 

Some species which have male leaves smaller than those of the female are 

found in mesic habitats and other species with virtually no leaf dimorphism 

occur in arid habitats. It seems that vegetative and sexual specialisation 

is only a consequence of dioecy but not a prerequisite and can occur in any 

habitat. 

In most species male inflorescences contain more florets than do female 
I 

'·· inflorescences. '!his is clearly shown in L. ericifolium which has one 

female floret per inflorescence and twelve florets per male inflorescence 

(data from Williams. 1972). Numbers of inflorescences per plant are in 

the order of tens for females but hundreds for males (per. obs. ) . '!he 

general architecture of the bushes of the different sexes can be very 

different. Fertile branches are thinner and more m.nnerous in the male than 

the female (Williams 1972). 

'!he reason for males prcx:lucing more florets than females, which is well 

known for dioecious plants (Ll.oyd and Webb 1977), may be that male fitness 

increases with increasing pollinator visitation. Females may rapidly be 

pollen satiated and thus do not benefit from increased numbers of visits. 

'!his is the concept of sexual selection (Cllarnov 1982; Queller 1985). 

'!here are at least five possible pathways to subdioecy (Ross 1982), although 

only three from an hennaphrcx:lite ancestor was probably the case for I.euca

dendron. The various pathways to dioecy are evidence for implicating 

different evolutionary pressures in the origin of dioecy. 
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The rarity of androdioecy is considered to suggest that dioecy in general 

has evolved in part due to some outbreeding advantage because males accrue 

no outbreeding advantage in androdioecious populations (Charlesworth 

1984) • Only females can benefit from outcrossing according to Lloyd 

(1982), who further suggested that "enforced outcrossing of females is the 

singJ.e most irrportant selective force responsible for separate sexes". 

Males (female sterile mutants) can only invade a hennaphrodite population 

(androdioecy) according to the resource allocation argmnent. Whereas 

females can invade a hermaphrodite population for both the reallocation and .-
outbreeding alternatives (LI.Dyd 1982; Charlesworth 1984). 

Repeated searches for evidence of andro- or gynodioecy in I.eucadendron have 

failed. It seems likely in this case dioecy evolved directly from hennaph

roditism. 

Ihylogenetic perspective in I.eucadendron 

There has been no published study of the detailed use of a phylogenetic 

perspective in the evolution of dioecy. Yet this perspective is vital for 

three reasons; (i) to consider the ancestral condition from which dioecy 

has evolved, (ii) to consider which attributes have evolved subsequent to 

dioecy and ( iii) to obtain an estimate of the number of times dioecy has 

evolved. 

The strong correlation between dioecy and bird dispersed propagules in the 

gymnospenns noted by Givnish (1980) is a case in point. From his study it 

is not possible to detennine whether dioecy is a pre-adaptation to omitho

chory or vice versa (point ii above). 

In the fynbos Proteaceae all wind pollinated species are dioecious, which 
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suggests that dioecy is a response to anernophily. But the converse is the 

situation for I.eucadendron (Williams 1972), dioecy preceded anemophily 

(point ii above). 

Based on a detailed study of the family, Johnson and Briggs (1975) have 

postulated ancestral conditions for the Proteaceae. They suggested that 

the .ancestral condition was; pale or yellow cosexual florets of about 

1-2cms length which together formed many flowered, uncondensed conflore

scences which were insect pollinated. These suggestions are plausible for 

r.eucadendron (Midgley 1987a) and fit the suggestions of Bawa and Opler 

(1975) as to the condition from which dioecy can evolve. 

Sex ratios 

I have observed occasional plants exhibiting both sexes (L. eucalyptifoliurn, 

L. rubnnn). Near the base of the plant the trunk divides into two, each 

half becoming a different sex. 'Ibis could be derived from the fusion of 

two seedlings of different sex. Males are more nmnerous than females 

(Table 1) , as is the case in many dioecious species (Bawa 1980) . Casual 

observations of the sex ratios of I.eucadendron spp. in cultivation (e.g.= 

L. stelligennn at Kirstenbosch) indicate a male domination at two years of 

age in this very mild envirornnent. 'Ihis suggests that the male biased sex 

ratios are genetically, not envirornnentally (e.g. Freeman et al. 1984) 

determined. This is supported by the obsei:vation that even in mesic 

envirornnents the sex ratio is male biased. 



Table 1. Sex ratios in several Ieucadendron species. 

male 
female 

n=nurnber of in:lividuals 
spissifolimn ericifolimn olens eucalyptifolimn 
90 40 15 69 
80 28 6 37 
rub:nnn salignmn 
38 101 
40 61 

Chi-squared p< • 001 

Dioecy and seed set 
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Much incidental evidence in:licates that some members of the Proteaceae are 

self compatible and suffer from inbreeding depression. '!he strongly pro

tandrous habit, with characteristic pollen presenter, of the family may be 

interpreted as an outbreeding mechanism and may be one reason to explain 

the low occurence of dioecy in the family. Various researchers have noted 

seed set after controlled self-pollination ( carpenter and Recher 1978, 

Brits 1983; Wiens et al. 1983; I.amont 1985) • '!his gives some support for 

the postulate of 'Ihompson and Barrett (1981) that dioecy is found in taxa 

which show a measure of self conpatibility. Ieucadendron has exceptionally 

high levels of seed set when conpared to other hemaphrodite fynbos Proteace

ae (Table 5). L. platyspennum although having lower seed set than L. ulig

inosmn, still has high levels of seed set considering that it has seeds 

which are amongst the largest of the African Proteoideae. Also, L. platy

spennum allocates considerable resources to producing the thickest cones in 

the fynbos Proteaceae. 



Table 2. Levels of seed set in dioecious and hermaphroditic 
Proteaceae (* from Jordaan 1944,** Brits 1983; *** from 
Horn 1962,**** from Wiens et al 1983) 

seed set cones flowers percentage seed set 
Dioecious taxa 
( I..eucadendron) 
L. platyspennum 202 20 
L. uliginosum 423 22 
L. argentetnn* 
L. rubnnn* 
L. lanigennn* 
Hennaphroditic taxa 
I..eucospenm..nn conocarpodendron* 
Protea repens* 
I..eucospenm..nn cordifolitnn** 
r..eucospennum and Protea*** 
Protea**** 

781 
880 

26% 
48% 
70-90% 
40% 
20-70% 

0-16% 
10-20% 
8.6% 
<10% 

From 1.3-30% Ave6-15% 
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Based mainly on analyses of hennaphroditic taxa, seed set per floret number 

is considered to be low in the Proteaceae (Horn 1962, carpenter and Recher 

1978, Pyke 1982). 'Ibis renders many of the Proteaceae functionally andro

monoecious. 

Dioecy and factors which limit seed set 

It is relevant to consider factors affecting seed set in the Proteaceae 

because these factors may constrain breeding systems. '!here are five niain 

possibilities to explain low seed set and all these factors might apply to 

the fynbos Proteaceae. '!he limiting factors are; resources, pollen quality, 

pollen quantity, genetic factors and the male function. 

Seed set and resource limitation 

'!he low available phosphorus levels in the fynbos soils, could be assumed 

to limit seed set for large seeded taxa. 'Ibis has not been carefully 

investigated for the Proteaceae, although Pyke (1982) presented some 

incidental data which indicated greater seed set in certain habitats. 
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Willson (1983) has suggested that resources rather than pollen are the most 

connnon limiting factor to seed set. If this is tnle then resource limitation 

to seed set will be severe for plants growing on the impoverished soils 

of the fynbos larrlscape and which produce "expensive" fruits. The fact 

that I.eucadendron has high seed set and produce more seedlings per parent 

may c;Usprove the resource argument if the cost of the male function is less 

than that of the female function. 

Percentage seed set may not be the best measure of resource allocation to 

reproduction since inflorescences composed of relatively few florets may 

appear to have greater seed set but actually such taxa may produce fewer 

seeds per shrub. Also, some species may allocate more resources to struct

ures which protect seeds rather than producing more seeds. Possibly the 

best test of the allocation of resources to reproduction is to consider 

seedling to adult ratios in post-fire environments. Such a test will 

indicate whether dioecious females are producing more seedlings than 

competing hennaphrodites do. Dioecious taxa produce about twice as many 

seedlings as non-dioecious taxa (Table 5) • About half of these seedlings 

are males, therefore the parent to seedling ratio of dioecious and non-

dioecious taxa are approximately equal. '!he point is that the dioecious 

females are about twice as fecund as the hennaphrodites are. Since all 

these taxa are fol.U'ld on nutrient poor soils but only the dioecious taxa 

have high seed set, suggests that low soil nutrients may be a factor 

limiting seed set. 
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Table 3. Ratio of seedlings to adults in dioecious and hennaphroditic 
parents ( data from Borrl et al 1984, van Wilgen and Vi viers 1985) 

Adults Seedlings Ratio 
Dioecious 
s. cape 4566 17824 3.90 
s. w. cape 3719 22716 6.11 

Mean 4.89 
Hennaphroditic 
s. cape 6858 15890 2.32 
s. w, cape 4815 18047 3.75 

Mean 2.91 

However, the higher seed set in the dioecious elements could be due to the 

, .. reallocation of savings from the male function which are channeled into 

seed production or protection. The higher levels of seed set of I..eucadendron 

females may be due to the reallocation of saved male resources. There is 

no evidence that the male function is far "cheaper" than the female function 

in I..eucadendron because males and females in a population do not differ in 

size (pers. obs. Williams 1972; but see Putwain and Harper 1972). 

However, seed development in the Proteaceae is spread out over several 

months (Jordaan 1944) subsequent to pollination and during this time there 

would be no allocation of resources to the male function. Also, it has 

been argued above that the total reallocation of male resources to the female 

function has not been crucial in the evolution of dioecy. Finally, Wiens 

(1984) has argued that flowers are less expensive than are seeds. Further 

work is therefore needed to detennine whether the higher seed set in 

dioecious females is solely due to the reallocation of resources saved from 

the male function. 
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Seed set and pollen limitation 

Inadequate pollen q..iality and quantity could be a limitation to seed set. 

For example seed set may be i.nproved by xenogamy rather than geitnogamy. 

Brits (1983) demonstrated that seed set decreases by 45% in self-pollinated 

I.eucospermum cordifoliurn, indicating considerable inbreeding depression. 

'Ibis.is some evidence that seed set in the cosexual Proteaceae could be 

pollen limited. High seed set in dioecious elements may be because inbreed

ing is excluded. 

Seed set and genetic control 

Jordaan (1944) and van der Merwe (1977) demonstrated that embryo abortion 

accounts in part for the low seed set in the Proteaceae. Since this occurs 

subsequent to pollination and fertilisation, it suggests that pollen 

quantity is not the problem. 

'!he high seed set in I.eucadendron may be due to greater levels of out-

crossing. Recent studies in other biomes have shown that in certain 

species, i.nproved seed set results from pollen from distant plants(> 1km 

away) than from closer plants ( <. 5 km) (Koptur 1984) • Recent work on the 

pollination limitation versus the resource limitation controversy has 

yielded evidence for both sides and shown the importance of weather con

ditions during pollination (Garwood and Horvitz 1985). 

Wiens (1984) has suggested that resources may control the numbers of 

flowers per plant but not the levels of seed set. Wiens ( 1. c. ) hypothesised 

that seed to ovule ratios in polycarpic plants are controlled by genetic 

factors. '!here is considerable support for this hypothesis in the Protea

ceae; greater seed set with xenogamy and dioecy, and considerable levels of 
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embi:yo abortion. 

Seed set and the male function 

'!he final p:,ssibility is that the low seed set of the henna.phrodites is 

because many of the florets only act as males (the male function hypothesis; 

Sutherland 1986). '!he large showy vertebrate pollinated Proteaceae inflore

scen~, although they have low seed set, may actually be adaptive conpro

mises and are not functioning at some sub-optimal level as is .inplied 

in the literature. 'Ibis is because the functional andromonoecy that 

exists can be considered as an economical means for male specialisation 

whilst enhancing outcrossing (Willson 79; 1983). I.ow seed set in many 

plants may be because many of the flowers are only for pollen donation 

(male function hypothesis) (Sutherland and Delph 1984; Sutherland 1986). 

'Ibis hypothesis remains to be tested for the Proteaceae. 

Dioecy and pollination 

Work in progress is aimed at detennining the actual pollinators of I.euca

dendron species. I have collected flower visitors of L. conicum. 'Ihese 

include; at least 5 Dipteran species (large blue, green and grey flies), 

Blattidae, Cerambycidae (Galerucinae), Chrysomelidae, Hymenopterans (small 

bees), Scraptidae and Nitidulidae (Pria and other genera). Marloth (1913) 

noted flies and bees as floral visitors for this genus. Williams (1972) 

considered Pria to be an brportant pollinator. certainly, many inflo

rescences yield tens of Nitidulid individuals (unpubl. data). 

'!he dioecious species of the Proteaceae tend to have flowers that are 

mainly coloured yellow and occasionally white. 'Ibey also tend to have 

small florets and pollination is by small generalist insects. '!here are 

other genera with small, dull coloured inflorescences (especially Diastella, 
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senuria but also most other genera) which are not dioecious, although in 

these cases inflorescences tend not to be composed of as many florets. other 

Proteaceae with inflorescences composed of many florets (e.g. 

tend to be larger and more colourful. 

Protea) 

Table 4. Putative pollination agents, flower colour and size. 

Inflorescence Pollination Colour 
description agent 

Dioecious (82 8PP• I 26%) 
Aulax small, no nectar Insects-wind Yellow 
I.eucadendron small, nectar Insects-wind Yellow, 

no nectar white 

Hermaphrodite ( 234 spp., 74%) 
Brabejmn small, nectar Insects White 
Diastella small,,no nectar Insects Pink-

cream 
Faurea small, nectar Insects White 
I.eucospennum small-large Insects-Verte Red 

nectar -brates yellow,orange 
cream, pink, green 

Mi.metes large, nectar Vertebrates Yellow, 
orange,red 

Orotharnnus large, nectar Vertebrates Red 
Paranomus small-large Insects-Verte Pw:ple, 

nectar -brates white,cream 
cream 

Protea small-large Insects-Verte Pink, red 
nectar -brates green, white, 

brown, yellow 
serruria small, nectar Insects Pink 

white,cream 
silver 

Sorocephalus small, nectar Insects Cream 
Spatalla small, nectar Insects Pink, 

mauve, white 
Vexatorella small, nectar Insects White,red 

Brabejmn is andrornonoecious (Johnson and Briggs 1975). Small means that 
the pollen presenter is less than 15 nun long. 

'lhe only vertebrate pollinated Proteaceae (birds and rodents in Protea, 

Mi.metes, I.eucospennurn) are hermaphroditic. Bawa (1980) suggested that the 



161 

costs of vertebrate pollination appear to be best shared between the 

sexes. Thus vertebrate pollination is rare for dioecious plants (Cox 

1982). 

Much further research on pollination of the Proteaceae is needed to clear 

up certain issues especially in detennining pollinators, floral rewards and 

seed set. Although there are some exceptions, it seems that small (pollen 

presenter < 15 nun), yellOW' florets which are congested into many flCMered 

(>30) entomophilous heads are unique to dioecious taxa. It will be relevant 

to detennine the pollination syndrome and nonnal levels of seed set of 
I 

Diastella, since it is composed of many, small, often dull coloured florets 

which do not have "nectaries" and are congested into heads, yet it is 

hennaphroditic. 

The only wind-pollinated Proteaceae are dioecious but it is clear in 

Leucadendron, that dioecy evolved first, that is that dioecy is a pre--

adaptation to anemophily. '!he supports the contention of Bawa and Opler 

(1975) that selective forces for anemophily have not been involved in the 

evolution of dioecy. The interesting question is "why are dioecious 

species pre-adapted to anemophily"? Possibly dioecy facilitates the floral 

dimorphism needed for wind dispersal and that the possibility of selfing 

does not occur in dioecious wind pollinated species. 

'!he dioecious Proteaceae genera are neither more nor less woody than 

are the hennaphroditic genera, thus there is no correlation with plant size 

and dioecy, as has been noted in other studies (Bawa 1980). 



Oioecy and flowering phenolCXJY 

Table 5. Flowering times of Ieucadendron coniCl.Dll. 

Male flowers 
Female flowers 

opened 27-10-1984 
opened 10-11-1984 

finished 5-12-1984 
finished 25-11-1984 
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In a population of Ieucadendron species, the males flower for a longer 

period than do females (Table 5) • '!his conforms to the pattern for dioecious 

plants noted by Bawa and Opler (1975) 

Dioecy and dispersal 

Bird dispersal is often correlated with dioecy (Givnish 1980; Bawa. 1980) 

but there is no bird dispersal in the African Proteaceae and it is very 

rare in the whole family. '!here is no bird dispersal in the other irrportant 

dioecious fynbos genera. Persoonia, an Australian Proteaceae genus, has 

fleshy fruits, but is not dioecious. 

Table 6. Dispersal syndromes and breeding systems 

Dioecious taxa 
Ieucadendron: 

Aulax 

Non dioecious 
Protea 
Brabejum 
Faurea 
other genera: 

serotiny, mynnecochory, passive soil stored seed; 
hairs, wings, parachutes. 
serotiny; hairs 

serotiny, passive soil stored seed; hairs 
passive soil stored seeds; hairy" drupe" 
passive soil stored seed; hairs 
mynnecochory 

'!here is no aspect of dispersal biolCXJY unique to the dioecious species. 

Nor is there any combination of dispersal or pollination which is unique to 

the dioecious element. 
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Dioecy in the cape Asteraceae 

'!here are only two dioecious genera (Tarchonanthus, Brachylaena) out of 107 

genera that occur in the cape ( from Bond and Goldblatt 1984) • '!he only 

biro. dispersed composite (Orrysanthernoides) is not dioecious. Only four 

genera can be considered as trees (over three metres tall; the above three 

and Oldenburgia ) • n.ill creamy-yellow flowers are found in the two 

dioecious genera and many other genera (Stoebe, Elytropappus). '!he best 

correlates with dioecy in this case are pollination type and growth fonn and 

not with dispersal type. '!he cape Restionaceae (about 320 species) are the 
·" 

I 

'· most i.np:>rtant single family of dioecious taxa in the fynbos. '!hey are 

wind pollinated graminoids which have dry fruits and in this case dioecy is 

best correlated with pollination type. 

SUMMARY AND CONCI.USIONS 

'!his study gives some support for or against many of the hypotheses so far 

presented to explain the low seed set of hennaphrcxlites or the evolution of 

dioecy (Table 8). It is clear that many factors are involved. 
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Table 8. Hypotheses relating to seed set and dioecy. 

Hypothesis Support Reasons 

1) OUtbreeding nechanism Yes Higher seed set in 
(Lloyd 1982; Charlesworth 1984) obligate outcrossers 

2) Self-compatibility Yes In breeding depression 
('Ihorrpson and Barret 1981) in hennaphrcx:litic 

Proteaceae 
3) Genetic load Yes Embryo abortion in 
(Wiens 1984) the Proteaceae 

4) Resource limitation Yes Seed set less than 
(Willson 1983) 100% in dioecious taxa 

Yes Srna.ller leaves in 
females than males 

No Substantial non .:-

-functional male 
parts in female florets 

No Greater seed and 
seedling production 
in dioecious taxa 

5) Insect pollination Yes Yellow entomophilous 
(Bawa 1980) florets 

6) Dispersal No No ornithochory 
(Bawa 1980; Givnish 1981) 

7) Male function Yes Higher seed set 
(SUtherland 1986) in dioecious taxa 

Yes Many more male than 
female florets 

8) Growth form/Life span No Dioecious taxa not 
(Bawa 1980) long lived or large 
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FACTORS WHIClI DEI'ERMINE WHY THERE ARE IDRE SPECIES OF SEEDERS ~ SPROUTERS 

m THE F'YNOOS PROI'EACFAE 

ABSTRACT 

Less.than 20% of fynbos Proteaceae species can sprout, despite the success 

of sprouters in tolerating almost any fire regime and the fact that sprouters 

also produce viable seeds. Sprouters are between 50 to 90 percent as 

frequent as seeders and contribute about 25 percent as much of the a;,ver as 

do seeders. In many taxa the sprouters are the most widely distributed 

element. Sprouters tend to be less rnnnerous in the extremely mesic or arid 

habitats. Sprouting is a derived attribute in the Proteaceae. '!here is a 

significant difference in proportions of serotinous sprouters versus 

non-serotinous sprouters, and between dioecious and non-dioecious sprouters. 

Sprouters tend to be shorter in stature than are seeders. Sprouters 

experience low mortality (<5%) even in exceptionally intense fires. 

Sprouters produce fewer seeds and seedlings after fires, than do co-occurring 

closely related seeders. Sprouters do not differ in seed quality or 

gennination rate as compared to seeders. It is concluded that the structure 

of the fynbos and the way this interacts with reproductive effort, is 

presently the main control on the seeder versus sprouter ratio. The 

historical fire regime may have favoured seeders. 
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INl'RO[lJCrION 

Bond (1981) suggested that the failure of sprouters to dominate the fynoos 

11 remains an unsolved mystery". Kruger ( 1984) concluded in a recent 

review on fire survival attributes of fynbos taxa, that seeding versus 

sprouting patterns in the fynbos were "not readily apparent". My study is 

aimed at contributing to this topic in two ways. Firstly, by describing 

various patterns regarding seeders versus sprouters. Secorxlly, by analysing 

these patterns, particularly in the light of published hypotheses. 
I 

··· Only about 54 species out of a total of 316 fynbos Proteaceae can sprout 

after fire (data from Bond and Goldblatt 1984). This is a very low percen

tage considering that sprouting species are at least 50 percent as frequent 

as seeding species (Table 1,2) and the habit is remarkably successful for 

sw:viving most fires. Also, sprouters produce seed which is of similar 

quality to that of seeders. By contrast, obligate seeders are very sensitive 

to buming practices and can be virtually eliminated by fires which are too 

mild, or frequent or aseasonal (Bond, Vlok and Vi viers 1984; per. obs. ) . 

Many fire-prone mediterranean systems, such as in califo:rnia and Australia, 

are dominated by sprouting woody plants. The problem is "why is the 

fynbos dominated by seeding shrubs"? 

Kruger (1983) noted that two explanations have been proposed to explain 

patterns of seeders versus sprouters in fire-prone ecosystems. Firstly, 

Keeley ( 1981) argued that the relative availability of post-fire gaps 

detennines the seeder versus sprouter ratio. He argued that long fire 

cycl_~ cause progressive thinning of shrubs and also intense fires, which 
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together create many gaps and this favours seeders ( "post-fire gaps hypo

thesis"). Keeley (Le.) argued that this is because sprouters were expected 

to experience greater mortality after intense fires, thus resulting in more 

gaps for seeders. Keeley and Zedler (1978) suggested that the co-existence 

of sprouters and seeders is facilitated by temporally variable fire regimes 

whicJ:l would also var.yin intensity and thus in the availability of gaps. 

Secondly, Specht (1981) suggested that the domination of mesic habitats by 

sprouters, noted in fire-prone areas of Australia, was because fewer gaps 

would be available for seeders in mesic areas, than would be available in 
I 

··· arid, because the foliage projective cover is more dense in mesic areas. 

Both of these explanations are incomplete; Keeley (1981) did not indicate 

the effect short rotations have on the relative seed production of seeders 

and sprouters. Keeley (Le.) only considered the number of gaps available 

for seedlings, but this presumes that there is no shortage of seeds to take 

advantage of such gaps. This is not the case for the fynbos because seed 

stores are small and seedling density regulation is low especially in 

the first few years after fire (see later discussion). 

Specht (1981) did not suggest why sprouters, rather than seeders, dominate 

mesic habitats in Australia in the first place. Mesic fynbos sites (see 

later discussion), contrary to the pattern observed by Specht, are not 

dominated by sprouting shrubs. F\lrthennore, in contrast to Specht (1981), 

Gill (1981) has suggested that in Australia "the most stressful sites have 

the greatest frequency and prominence of lignotuberous plants". 

In this study I have concentrated on the endemic fynbos Proteaceae genus 

I.eucadendron R. Br. (nomenclature Williams, 1972) and the family as a 

whole, although these results appear consistant with other fynbos shrub 
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taxa (e.g. Rutaceae, Ericaceae). Herniccyptophytes, such as the Restion

aceae appear to have a far greater proportions of sprouters, but these are 

not lignotuberous resprouters. 

Key questions considered in this study are; 

1) .What is the pattern of distribution of numbers of sprouting species 

with respect to a fynbos summer moisture stress gradient? Are the sprouters 

concentrated in the moist habitats as is suggested by Specht (1981) for 

Australian woody plants? 
I 

2) What is the phylogenetic perspective? Wells (1969) has suggested that 

sprouting is the primitive condition from which seeding has evolved. Is 

this appropriate for the fynbos Proteaceae? James (1984) argued that the 

possesion of a lignotuber "may" not be the ancestral condition, because 

some lignotuberous chaparral species are polyploids and polyploidy is a 

derived condition. 

3) What is the distribution of sprouters as regards plant height classes? 

D.J sprouters tend to be short or tall? 

4) What is the cost of the sprouting habit, besides being a nutrient 

sink? Why is seed regeneration so poor by sprouters? Are there differences 

as regards the post fire parent to seedling ratio between sprouting and 

seeding serotinous species? 

5) What is the incidence of sprouting Proteaceae in other biomes? 

6) What is the sprouter sw:vival after fires of low and high intensity? 

7) Is the seeder versus sprouter ratio biased in favour of the fonner 

because of the greater intensity of selection on seeders, as is suggested 

by Wells (1969)? 
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a) Is there evidence that the low nutrient status of the fynbos soils 

balances the ratio in favour of seeders? 

g) What are the proportions of sprouting species amongst taxa that have 

serotinous, mynnecochorous and passive soil stored 

seeds? What are the patterns of sprouting amongst dioecious and hennaphro

diti9 taxa? 

10) Are there differences in aspects of seed biology (nutrient quantity, 

size, rate of gennination) between closely related seeders and sprouters? 

MEIHODS 

1) '!he frequency and aburx:Iance of sprouters versus seeders was detennined 

from data provided in the gradient study by Bond (1981). His study had as 

an aim the characterisation of vegetation categories across two major 

mountain chains. He laid out several plots per selected vegetation class 

and noted the cover of all species occuring in more than one plot per 

class. From this data I have calculated the mean frequency ( as a propor

tion of all plots with Proteaceae present) and abundance (using the median 

of the abundance classes) of sprouting and seeding Proteaceae (Table 

1,2). 

2) 'lbe phylogenetic perspective was obtained from a character analysis of 

the genus I.eucadendron (Midgley 1987a) and by considering opinions expressed 

on other related Proteaceae genera. 

3) '!he habitat range of all species from three Proteaceae genera, namely 

Mimetes, Leucospermum and Leucadendron, which occur on the outenikwa 

mountains is presented (Table 3) • 'Ibis is to give a detailed indication 

of the numbers and range of moisture tolerances of sprouters versus seeders, 
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from a given area. Bond (1981) detennined a drought index for the outenikwa 

mountains which is a function of aspect and altitude of a site. Using 

this index, the ecological distribution pattenis of seeders and sprouters 

from these genera could be dete:rmined and compared, because the distribution 

patterns of these genera are well known (Rourke 1984, 1972; Williams 1972; 

pers. obs.). 

4) To detennine the ecological distribution of sprouters, all species of 

Ieucadendron and the Proteaceae as a whole, were assigned to a class along 

a gradient of increasing sununer moisture stress (see Midgley 1987b). '!he 
I 

distribution data of Bond and Goldblatt ( 1984) was used in this study to 

place species in a moisture stress class. 

5) To dete:rmine the height distribution of sprouters, all Proteaceae 

species were allocated to five height classes (see Midgley 1987d). 

6) '!he differences in seed store size of the sprouter Ieucadendron salignum 

in vegetation of different ages was dete:rmined by counting all cones from 

two groups of ten randomly chosen individuals. One group was in vegetation, 

aged by node counts, to be 16 years of age and the other was similar 

vegetation but 5 years post-fire age. '!his enumeration was conducted at 

Waboomskraal (33° sols 22° 2ol E) • 

7) Similarly, differences in vegetative condition (number of stems per 

plant) and m.moors (frequency) of plants was determined in two equal length 

transects in vegetation of different ages. All individuals of the sprouter 

Ieucadendron salignurn, interscepted along a transect through a fire break 

and an adjacent mature stand were counted. Also the number of stems per 

individual was detennined for every fifth individual sampled. This enumer

ation was perfonned in the Swart.berg (33° 18/S 22° 03/E). 
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8) As well as being a sprouter, such species must also belong to a group 

depending on seed regeneration type (serotiny, myrmecochory, passive 

soil-stored seed) and breeding system ( dioecious or hennaphroditic) . 

Numbers of sprouters per seed dispersal category and breeding system type 

were detennined by using the infonnation available in Bond and Goldblatt 

(198~). 

9) Numbers of seedlings per parent for I.eucadendron sprouters versus 

seeders was obtained from the raw data of van Wilgen and Vi viers ( 1985) . 

10) Differences in gennination rate between L. salignum and L. spissifolium 
I 

( sprouters) arxi L. eucalyptifolium and L. conifen.nn (both seeders) were 

obtained from results of a large gennination experiment (Midgley 1987e). 

Similarly, differences in concentration of phosphate in seeds of L. salignum 

and L. spissifolium, and L. eucalyptifolium and L. meridianum was also 

obtained from Midgley (1987e). Differences in seed size between closely 

related seeders and sprouters was obtained from seed dimensions provided 

by Williams (1972). 

11) 'lhe survival of three sprouting species was monitored after a fire in 

18 year old, s. cape fynbos (Tierk.op; 33° ssfs 22° 3o/E) on 4 March 1986. 

'!he vegetation was about 3m tall an1 dominated by I.eucadendron spp. (L.

conicum, L. uliginosum), Berzelia intennedia and Grubbia tomentosa. Protea 

cynaroides and Widdringtonia nodiflora (CUppresaceae) were chosen because 

they are two species which form large woody lignotubers. Berzelia inte:nnedia 

was chosen as the third species because it can sprout but does not fonn a 

thick woody lignotuber like the first two species. 

Sprouting survival was monitored on the 8 July by inspecting sprouters for 

shoots, or in a few cases inspecting the subterranean lignotuber for signs 
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of living buds. The high intensity sites were areas where the vegetation 

had been cut down to about o. 5m and left to dry for a year before being 

burned. rue to this unnatural amount of dry material, the resulting fire 

was exceptionally intense ( flame lengths of up to 4m, minimum diameter of 

remaining plant material was three times greater than in the normally 

burned area). Also, because the vegetation had been cut down, the heat of 

the fire was closer to the subterranean lignotuber, than would normally 

occur. These exceptionally intense conditions will virtually never be 

experienced by lignotuberous plants under natural conditions. 

RFSULTS AND DISCUSSION 

What is the contribution by stem sprouts? 

'Ihe difference between those species which can sprout from aerial organs, 

as opposed to those which sprout from buds close to the ground, has not 

been sufficiently emphasised in the literature. 'Ihere are ecological 

differences between these two groups. 

There are only five fynbos Proteaceae species that can be considered to be 

able to sprout from epiconnic buds. 'Ihese are Protea nitida (widespread 

distribution, rainfall >500rnm), Mimetes firnbriifolius (very restricted 

distribution, >800rnm), leucospenm.nn conocarpodendron (restricted distribu

tion, >800mm), Leucospermum patersonii (very restricted distribution, 

>800mm) and L. cuneifonne (widespread, >600mm). Of the.se only P. nitida is 

a vigorous sprouter. In fire-prone areas of Australia there are many more 

epicormic sprouters and they dominate the vegetation in certain areas 

(e.g. Eucalyptus spp.). For example, Banksia (data from George 1981), 42 

out of 85 taxa can sprout and 11 sprouters are epiconnic sprouters which 
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A significant difference in ecological 

convergence in mediteranean ecosystems is the relative lack of stem sprouts 

in the fynbos. 

'IWo possibilities for explaining this lack of stem sprouts are; lack of 

sui~le sites and an incompatible natural fire regime. 

Bond (1981) noted that the stem sp:r;:9t1ts; in his study area (P. nitida) 

tended to occur on the more nutrien:t::-rich (talus) .. soils. In Kruger's 

(1979) survey P. nitida is also found on more nutrient-rich (granitic) 
I 

··· soils. However, P. nitida is also found on poorer soils but in these sites 

it tends to remain as a root sprouter (pers. obs.). It would seem that 

stem sprouters are . favoured on the better soils as far as nutrients are 

concemed, but this does not seem to be the case as far as moisture cond

itions are concemed. '!he fynbos reaches its maximum height in the mesic 

fynbos of the southern cape and there are no stem sprouts in this mesic 

fynbos. 

A secorrl factor which may limit the distribution of stem sprouts is fire 

intensity. Stem sprouters are more sensitive to high fire intensity than 

root sprouts (Rourke 1972). Most non-fynbos Proteaceae are sprouters 

(Williams 1972; Rourke 1972, 1980) and most of these are stem sprouts in 

grassland areas. These areas experience a fire regime which is more 

frequent and less intense than that of the fynbos (Booysen and Tainton 

1984). 

Patterns concerning root sprouts 

'!he ability to sprout from underground roots (strictly stems, e.g. woody 
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rhizomes, lignotuber etc. ) is resticted in the fynbos Proteaceae to less 

than 20% of the species (Table 9). Often the most widespread species in 

any genus is a resprouter. In leucadendron this is clearly demonstrated by 

L. salignurn and L. spissifoliurn, two sprouters with exceptionally wide 

geographic distributions (distribution data from Williams 1972). 'Ibis is 

also true for leucospennum (L. cuneifonne), Mimetes (M. cucullatus) and 

Protea (P. nitida and P. cynaroides) (distribution data from Rourke 1972, 

1980, 1984a) • Sprouters also tend to be morphologically fairly variable 

e.g. P. cynaroides (Vogts 1984). 

'· · 'Ihere is no clear reason based on breeding system (e.g. Lamont 1985) as to 

why the Ieucadendron sprouters should also have such wide distribution 

patterns and ecological tolerance when conpared to the seeders, because the 

genus is dioecious and thus all species are obligate outbreeders. 

'Ihe phylogenetic perspective of sprouting 

Wells (1969) clahred that sprouting is the ancestral condition for woody 

plants in california and that loss of sprouting is the derived condition. 

'Ibis important point has been picked up by other authors on the subject of 

sprouting versus seeding (e.g. Keeley 1981). 'Ihe acceptance that seeding 

is the derived condition has focussed attention on conditions that are 

unsuitable for rsprouters, as being those favoured by seeders. 

However, the opposite may be the case for fynbos shrubs; sites or fire 

regimes which disfavour seeders, favour sprouters. In Ieucadendron, 

sprouting is a derived character (Midgley 1987a). In some groups there is 

even evidence that sprouting has evolved after the trait of serotiny had 

evolved. This suggests that sprouting in the Proteaceae has evolved 
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specifically in response to fire and is not a primitive character which may 

have functioned as a response to recurrent frost or grazing. At the 

subsection level, sprouting has evolved at least three times in I.euca

dendron and there is evidence that even within the clades with sprouters, 

such as subsection Villosa (Williams 1972), that there has been speciation. 

There is no evidence of an evolutionary trend away from sprouting to 

seeding within the genus. 

This situation appears to be paralleled in other fynbos Proteaceae. 
I 

··· Mi.metes cucullatus, a sprouter, is a derived member of its genus (Rourke 

1984a) • This means that seeding was the ancestral condition. Also, 

because all the species from this genus are mynnecochorous, sprouting has 

evolved after mynnecochory. Sprouting is the derived condition in other 

families e.g. Relhania (Asteraceae; Bremer 1976). 

'Ihus the contention that sprouting is ancestral for woody taxa in fire-prone 

systems (Wells 1969; Keeley 1981) is rejected. It is possible that the 

advent of conditions which favour sprouters is fairly recent in the fynbos 

landscape and this would explain in part, the low numbers of sprouters. 

Wells (1969) further suggested that the greater proportion of seeders than 

sprouters is evidence of "the intensity of natural selection is greater 

with the non-sprouting, obligately seeding strategy in fire-swept vegeta

tion". 'Ihe proportion of sprouters in Australian Proteaceae from fire 

prone systems tend to disprove this postulate, because in this case there 

are more sprouters than seeders. Iamont, Collins and Cowling (1985) noted 

the following proportions of sprouters; Banksia (49%), Adenanthos (56%) and 

Hakea (52%). These figures contradict the second statement of Wells 
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above. Secondly, as was noted by Keeley and Zedler (1978)," sprouters and 

seeders co-exist, so we cannot explain one group at the expense of the 

other". 

'lhirdly, there is no evidence that the intensity of selection is greater on 

sexually, rather than asexually, regenerating organisms. Williams (1975; 

in wplson 1983) contends that "sex in many organisms is just a maladaptive 

trait that became fixed in many populations, which survive despite, rather 

than because of their reproductive mode". 'lherefore, there must be some 

other factors which influence the ratio of seeders to sprouters. 

'!he frequency and abundance of sprouters 

In fynbos, sprouters contribute about a quarter to a fifth of the cover of 

seeders (Table 1,2). '!his is roughly in proportion to the numbers of 

species. 

Table 1. Frequency and abundance of sprouters versus seeders on 
the swartberg Range. 

a) Frequency 
Sprouters rn.nnbers of plots present 
I.eucadendron spissifolium 12 
L. salignum 7 
Protea nitida 2 

Seeders 
P. montana 
P. punctata 
P. eximia 
P. lorifolia 
P. repens 
L. album 

b) Abundance 

seeders 
sprouters 

Total number of plots with sprouters = 17 

7 
11 

7 
25 
13 

7 
Total number of plots with seeders= 34 

Cover abundance classes(%) 
0-2 2.1-5 5.1-10 10.1-20 
48 7 15 Mean 5.8% 
21 Mean 1.2% 



Table 2. Frequency and abundance of sprouters versus seeders on 
the outenikwa Range. 

a) Frequency 
Sprouters Number of plots present 
Mimetes cuculatus 19 
Protea nitida 7 
I.eucadendron salignum 17 
I.eucadendron spissifolium 11 
I.eucospenm.nn cuneifonne 15 

Total number of plots with sprouters= 42 
Seeders 
Mimetes pauciflorus 
I.eucospenm.nn calligerum 
I.eucadendron uliginosum 
L. eucalyptifolium 
L. ericifolium 
P. neriifolia 
P. aurea 
P. repens 
P. coronata 
P. lorifolia 

4 
3 

12 
21 

3 
22 

7 
4 
3 
4 

, Total number of plots with seeders= 45 

Table 2 continued 

b) Abundance 

seeders 
sprouters 

Cover abundance classes 
0-2 2.1-5 5.1-10 10-20 2o+ 
26 13 5 15 24 Mean 39.3% 
26 23 12 2 4 Mean 9.7% 
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3) Frequency (m.nnber of plots with sprouters as percentage of number of 
plots with seeders) 
SWartberg 53%; outenikwa 93% 
4) Abundance (mean c.over of sprouters as percentage of the c.over due to 
seeders) 
SWartberg 20%; Ruitersbos 25% 

Sprouting and moisture conditions 

Specht (1981) noted that mesic sites in Australia are dominated by sprout

ers. Specht (l.c.) suggested that increasing aridity in the last 1 to 5 

million years may have facilitated a more open vegetation which will have 

favoured seeders. I have argued above that sprouting is a derived condition 

and seeding the ancestral state. 'Ibis suggests that actually increasing 



aridity has favoured the evolution of sprouting. 

Table 3. Ecological distribution of sprouters versus seeders in 
the outenikwas, according to Bond's drought index. 

1) Sprouters 
Mimetes cucullatus 
I..eucospennum cuneifonne 
I..eucadendron sal igm.nn 
L. spissifoliurn 

2) Seeders 
Mi.metes pauciflorus 
M. splendidus 
I..eucospennum glabn.nn 
L. fonnosurn 
L. hamaturn 
L. pluridens 
L. wittebel:gense 
I..eucadendron ericifoliurn 
L. olens 
L. eucalyptifoliurn 
L. uliginosurn 
L. pubibracteolab.nn 
L. conicurn 
Ratio (4/17; 24%) 

Table 3 continued 
a) Mean range; Sprouters • 32 

Seeders .11 

Drought index range 
.025-.225 (.2) 
.025-.6 (.58) 
.085-.55 (.47) 
.05-.25 (.2) 

.015-.065 (.05) 

.01-.05 (.04) 

.02-.08 (.06) 

.04-.15 (.11) 

.15-.25 (.1) 

.5-.65 (.15) 

.15-.4 (.25) 

.15- • 3 5 ( • 2) 

.15 (.01) 

.02-.2 (.18) 

.02-.13 (.11) 
• 25 (. 01) 
.02 (.01) 

b) Drought Index categories 
1 (<.02) 2 (<.15) 3 (.3) 4(>.3) 

numbers of species sprouters 
seeders 

0 
6 

Mesic Arid 

4 
5 

3 
6 

2 
3 
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Bond's (l.c.) drought index ranges from O (no drought) to 1 (annual
drought). 

Sprouters have a greater range and also that they are more nt.nnerous in arid 

sites (Table 3). Unlike fire-prone Australian or califomian rnediterranean 

ecosystems, which are dominated by sprouters in the more mesic sites 

(Specht 1981; Miller et al. 1983), moist fynbos is not dominated by sprouters 

(Table 3) • The tallest and most dense fynbos stands are dominated by 

seeders such as Protea mundii, P. aurea and I..eucadendron eucalyptifolium. 

Sprouters are most m.nnerous in the intermediate moisture stress class. 



Table 4. Ecological distribution of seeders versus sprouters. 

a} I.eucadendron 
spr~,uters 
non-sprouters 
b} Proteaceae 
sprouters 
seeders 

n= numbers of species per ecological class 
arid mesic 
1 2 3 4 

1 4 1 1 
18 21 23 17 

1 20 27 6 
24 75 113 50 
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··· · In the more arid fynbos sites, greater surrnner seedling mortality could be 

expected to favour bet-hedging by sprouting, rather than dependence on 

seeding. There is some evidence that sprouters are found in the more arid 

areas (Table 3,4). 

In most Proteaceae genera the sprouters tend to occur in the more arid 

sites. For example Aulax pallasia and Mimetes cucullatus, the only 

sprouters in their respective genera, occur in fairly arid habitats for 

their genera. However, sprouters tend to be absent from the extremly arid 

sites. 

Keeley (1981) partly used the intensity arguement to explain the situation 

in the chaparral; arid areas have more intense fires which disfavours 

sprouters and thus favours seeders. Keeley (1981) also considered that 

lignotuberous plants struggle to handle the delay between surrnner fires and 

winter moisture in very arid areas. 

Fire intensity at a site is dependant on fuel loads as well as weather 

conditions and fuel moisture. In the moist southern cape fynbos, natural 

fires only take place when the vegetation is dry (pers. obs. ) . The asstnrp

tion that natural fires have greater intensity in arid areas than in mesic 
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areas needs empirical support, othei:wise it is possible to argue the 

opposite; mesic areas have denser vegetation (biomass) and litter which will 

support more intense fires which will result in high sprouter mortality. 

It is unlikely that fire intensity contributes in any major way to deter

mining the seeder versus sprouter balance in the fynbos because sprouters 

are .exceptionally resistant to even very intense fynbos fires (see later 

discussion). Nevertheless, the differences in fuel loads and architecture 

between continents and the inpact this has had on historic fire intensities, 

may explain inter-continental differences in sprouter versus seeder ratios. 
-~ 

J 

At the moment there is little infonnation on this aspect of the topic. 

Seed demography of sprouters versus seeders 

rrhe arguments of Keeley {1981) and Specht (1981) depend on competitive 

interactions for gaps, as being the dominant factor detennining seeder 

versus sprouter ratios. I argue below that regeneration levels of seeders 

in the fynbos does not mainly depend on competitive interactions for gaps 

but on seed numbers in the post fire envirornnent ("seed demography hypo

thesis"). 

There is evidence that post-fire seedling establishment levels in the 

fynbos are not resource bound (moisture, nutrients, light) but depend on 

levels of seed availability for regeneration. 

Firstly, in the outenikwa mountains, dense stands of I.eucadendron uligino

sum, Protea neriifolia and Hakea sericea seedlings of more than 100 individ

uals per square metre and even up to 250 per m2 (unpubl. data) are a 

common feature after auttnnn fires and persist for several years after 

fire. rrhese stands show little sign of self-thinning (unpubl. data) . 
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Where dense regeneration of seedlings takes place, dense stands of adults 

ensue. For example, dense stands of Hakea sericea of between five and 12 

ooo sterns per hectare of reproductively mature adults, cover and have 

covered, thousarxls of hectares of the fynbos landscape. If establishment 

of these seedlings was gap limited, then earlier signs of density regulation 

woul~ be expected. 

I (Midgley in press) studied drought mortality of seedlings and found no 

evidence of density depen::lant mortality. In the same study it was noted 

that mmnner seedling mortality is generally low in the fynbos (about 8_~) 

with a maximum of 25% in the most arid sites. 'Ihe above are evidence which 

suggests that regeneration in the fynbos Proteaceae is not competitive, at 

least for the first ·five years after fires have occured. Kruger (in prep.) 

also noted very little thinning in the first few years after fire. 

An important factor determining post-fire regeneration levels is the 

magnitude of pre-fire seed stores (Midgley in prep.) . 'Iherefore, compet

itive interactions between sprouting and seeding shrubs for gaps cannot 

explain the seeder versus sprouter phenomenon in the fynbos. 

Keeley's (1981) hypothesis originated after work on the chaparral, which 

appears to be a very different ecosystem to the fynbos and this may explain 

why the "post-fire gaps hypothesis" is not appropriate for the fynlx>s. 

Firstly, Keeley and Zedler ( 1978) considered 25 years to be a short cycle 

in the chaparral whereas this would be considered as a long cycle in the 

fynbos. A 25 year cycle gives all plants a chance to reach reproductive 

maturity. A short cycle in the fynbos, of less than 6 years for example, 

does not give many seeding shrubs a chance to build up seed stores. 'Ihus, 

short cycles balance in favour of sprouters not because such fires are less 
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intense, but because such fires restrict the size of seed stores of seeders 

( see later discussion) • I argue that differences in seed pool sizes between 

seeders and sprouters, is the uli.mate detenninant of the sprouter versus 

seeder ratio. In the fynbos, multi-stemmed plants are at a competitive 

disadvantage in tall closed stands of vegetation and this is reflected in 

low~ seed output per life-span of sprouters versus seeders. 

Sprouting and maximum plant height 

Most of the sprouters are in the smallest size class (Table 5) • · If the 

, .. epiconnic sprouters are removed from this table then the pattern becomes 

even more definitive. Sprouters are at a disadvantage in dense closed 

fynbos that is over 2m in height. 

'Ihis is because most sprouters are multi-stemmed and thus cannot achieve the 

same height as single stemmed seeders. I suggest that the reason why 

sprouting Proteaceae are virtually absent from mesic tall fynbos and are 

more important in open fynbos because is because sprouters will less 

suppressed in these mesic environments. 

Table 5. Height distribution of Proteaceae sprouters versus 
seeders. 

n= m.unber of species per height classes 
1 2 3 4 5 

sprouters 29 8 11 5 1 
seeders 46 71 86 59 5 

Chi-squared test p<.001 

'Ihe occurence of higher rn.nnbers of sprouters in Australian Proteaceae fits 

into this concept of vegetation structure control of sprouters. '!he more 

open canopy will mean that sprouters may be less suppressed by surrounding 

vegetation. 



Sprouting and seed production 

Table 6. Parent to seedling ratios for sprouters versus seeders. 
(P=Protea, I.;=I.eucadendron). 

Site: Kortenhofen 
Parent: seedling 

seeder 
P. repens 1: 20 
P. neriifolia 10: 35 
L. laureoltnn 2: 45 
L. xanthoconus 2: 33 
sprouter 
L. saligntnn 5: 6 

Site: Perdek.op 
Parent:seedling 

P. repens 84: 941 

L. saligntnn 4:6 
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'·· Sprouters are notoriously poor at seed regeneration (Specht, Rayson and 

Jaclonan 1958). 'Ibis suggests that the sprouting habit is a direct or 

indirect cost to seed production. carpenter and Recher (1978) drew attention 

to the correlation between sprouting and lower seed output in the Protea

ceae. 'Ibis is supported by the observation that seeders produce more seeds 

and seedlings than do sprouters from the same area, and in response to the 

same fire (Table 6, 7). 

'However, Lamont (1985) has argued that m.nnbers of seed produced by sprouting 

Proteaceae may be no different to that of seeders. I suggest that the 

reason for the conflict between carpenter and Recher's (1978) model and 

Lamont's (1985) observations, is because the forrner's model should be more 

restrictive. carpenter and Recher (1978) should have indicated the temporal 

aspect to rates and quantities of seed production. Comparisons of reprod

uctive effort of sprouters versus seeders may be more meaningful if restrict

ed to phylogenetically closely related species (e.g. compare seeder and 

sprouter from the same subsection of a genus) • The species of I.eucospermum 

which Lamont (1985) used for comparisons, are not closely related. 
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Table 7. Affect of vegetation age on seed store sizes 

Waboomskraal Nlllllbers of cones per year cohort 
1984 1983 1982 1981 1980 

L. salignum (sprouter) 
5 years old (n=lO) 123 70 33 18 8 
16 years old (n=lO) 42 8 5 

L. eucalyptifolium (seeder) 
16 years old (n=lO) 208 261 60 6 6 

An individual that sprouts from a lignotuber after a fire will reach 

maturity more rapidly than will a seeder. '!bus at short post-fire intervals 

, . sprouters will produce more seeds per year than will a related seeder. 

'Ibis is an obvious case of when sprouters will produce more seeds than will 

a seeder arrl this is seemingly in contradiction of carpenter arrl Recher's 

(1978) scheme. As the starrl ages the sprouters appear to suffer a decline 

in seed output (Table 7). '!he total seed output during the life-time is 

greater for seeders than it is for sprouters (carpenter arrl Recher 1978). 

'Iherefore any comparison between seed output between sprouters arrl seeders 

must be placed within a tenp:,ral framework. 'Ibis is especially so for 

non-serotinous species such as Leucospenmnn, which Iamont (1985) based his 

work on. I.am::>nt (1985) did not corrpare total seed output per life-span, as 

is possible to do with some serotinous species. Iamont ( 1985) did not 

compare seed output between sprouters arrl seeders in the same starrl of mature 

vegetation. '!his is important because I argue that a sprouter is suppressed 

in mature tall vegetation (Table 7) • 'Ibis will result in senescence of 

some of the stems arrl a generally lower seed production (Table 8). '!he 

reasons given above suggest that I.am::>nt's (1985) refutation of a refined 

version of carpenter arrl Recher's (1978) model, would be invalid. 
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A better comparison of the reproductive output of related sprouters and 

seeders would be to detennine post-fire seedling to parent ratios, because 

these ratios may reflect the total output of seeds per interfire period 

more accurately. Based on data indicated in Table 6 and 7 and from carpenter 

and Recher (1978), I suggest a model which describes the rates and quantities 

of~ production of sprouters versus seeders (Fig. 1) 

Naturally, there are many other factors besides sprouting or seeding which 

detennine seed output and must be taken into accmmt when detennining 

reproductive effort. A lai:ge leucospermurn shrub (e.g. L. conocarpodendron) 

is likely to produce more seeds than a small shrub (e.g. L. hamatum) given 

that seed size is roughly equal. 

The relative rates of seed production of sprouters and seeders, with 

increasing post-fire vegetation age is important for detem.ining regeneration 

levels after fire at any time. '!here is no evidence that in the fynbos, 

short fire frequency selects against seeders because more sprouters sm:vive 

these fires thus reducing the numbers of gaps available to seeders. 

I.eucadendron sprouters mature rapidly after fire. Within five years 

L. salignum (sprouter) plants nay have about 30 cones per bush (Table 7). 

Whereas L. eucalyptifolium (seeder) in the same stand often had no cones 

and on average only had 3 cones per plant (unpubl. data). 

Keeley (1981) suggested that sprouters are more important in sites with an 

intennediate or short fire regime because frequent fires are less intense 

resulting in low mortality of resprouts, which creates a more competitive 

environment (less favourable) for seeders. Also, that there will be less 

thinning in short fire cycles than in long cycles. 

This argument cannot be extrapolated to the fynbos because, long fire 
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cycles also disfavour the fynbos seeders. Keeley (1981) was discussing a 

system in which regeneration is mainly from long lived. plants with soil 

stored. seed.. Whereas in the fynbos, canopy stored. seed. is the most cover 

abundant strategy in the Proteaceae. Seed. regeneration is low in post-mature 

or senescent (i.e. long fire cycles) serotinous fynbos (Bond 1980). 

Also, there is very little self thinning of shrubs in the interfire period 

in the fynbos, until senescence sets in. 
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Fig. 1. Hypothesised. rates and numbers of seed. produced by 
sprouters and seeders in the post-fire period. 

Sprouting and fire frequency 

Table 8. Affect of fire frequency on L. saligmnn (m=rnale) • 
'!he vegetation at the fire-break was three years old and 
in the natural area the vegetation was 15 years old. 

Ntnnbers of irrlividuals 
Mean numbers of shoots 
of shoots per plant (n=20) 

Fire-break Natural vegetation 
96 (57rn,39f) 61 (44rn,22f) 
16.5 6.8 
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My data suggest that sprouters decline with age, in tenns of number of 

stems (Table 8). Noble (1984) has shown that resprouting success depends 

on the health of the lignotuber before the burn. Thus weak lignotubers 

with few stems are subject to greater mortality than are vigorous ligno

tubers. Also, Noble (1984) has shown that mortality of sprouters is higher 

in l_ocal patches of litter aCCLnllUlation, which in the fynbos will occur in 

senescent patches, because of greater fire intensity in these patches. 

Thus in the fynbos long fire cycles will disfavour both sprouters (more 

litter will yield hotter fires and tall vegetation will suppress sprouters) 

and the seeders (senescence or reproductive decline of serotinous taxa 

results in population decline). In senescent vegetation at Iangrivier 

(for site description see van Wilgen 1981) there is a measure of inter-fire 

regeneration of seeding species such as P. neriifolia and the recovery of 

suppressed sprouters such as Mimetes cucullatus and I.eucadendron saligm.nn 

(per. obs. ) • It appears that both classes are equally disfavoured or 

favoured by long fire cycles. 

Keeley (1981) suggested that the co-existence of the sprouters and seeders 

is facilitated by variable fire cycles. However, both long and short 

cycles will disadvantage the seeders in the fynbos and the co-existence of 

the two cannot be explained in this manner. A single short fire cycle in 

the fynbos may result in the local extinction of many seeders. 

Kruger (459;1984) suggested that long fire cycles may favour sprouters but 

this is contradicted by my data (Table 8) which shows the deterioration of 

sprouters with time. Kruger (1984) provided a model to describe the ratio 

of biomass of seeders versus sprouters and fire frequency (Fig. 2). This 

model may be appropriate at a local (ecological) time scale, for example 
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after one or two fires of a chosen frequency applied to a patch of fynbos, 

but may be erroneous at an evolutionary scale. 

It is not possible to test theories on the evolution of sprouter and seeder 

ratios in relation to fire frequency, by applying various abnonnal fire 

regimes in ecolCXJical time. 'Ihus whilst it is obvious that sprouting 

Proteaceae dominate frequently burned fire-breaks (burned on average every 

six years or less), this is not evidence that seeders would not evolve to 

tolerate this situation if the fire regime gradually got more frequent over 
evolutionary time. 

'!he Proteaceae have evolved certain suites of ecolCXJical traits in response 

to an historical fire-frequency. Deductions from the manipulation of 

present fire regimes will be spurious as to what the seeding to sprouter 

ratio would be in evolutionary time. Many reseeding Proteaceae are rapidly 

mature and this is reason to suggest that if the fire frequecy increases 

over evolutionary time, the seeding Proteaceae may be able to keep up with 

this by becoming increasingly more ephemeral. '!his is especially evident 

in the mynnecochores, which tend to mature rapidly and senescence early 

(Midgley 1987h). 

'!he increasing cover abundance of sprouters in frequently burned sites is 

not only because fires may be less intense under such regimes, but also 

because seed regeneration for these species, is better under these conditi

ons. '!his is clearly seen in the number of individuals of a sprouter in a 

fire-break and the adjacent mature vegetation (Table 8). 'Ihus short fire 

cycles favour seedling regeneration by sprouters because seed stores for 

sprouters peak shortly after a fire. Pyke (1983) noted that for two 

resprouting Australian Proteaceae species, flower production declined 3 
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years after a fire. 

Fig. 2. The relationship between fire frequency and seeder versus sprouter 
ratios (from Kruger 1984). 

Effect of nutrient conditions on sprouting/seeder ratio 

carr, carr, Jahnke (1982) noted that lignotuber fonna.tion is inhibited by 

low nutrient conditions. later work by Jahnke, carr and carr (1983) has 

produced a more corrplex picture of the influence of nutrients on lignotuber 

fonna.tion. It is unlikely that the relatively small number of lignotuberous 

species in the fynbos is a product of soil nutrient conditions since 

Australian soils are also low in N and P, yet the proportion of sprouters is 

greater in the latter. 
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years after a fire. 
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Fig. 2. The relationship between fire frequency and seeder versus sprouter 
ratios (from Kruger 1984). 

Effect of nutrient conditions on sprouting/seeder ratio 

carr, carr, Jahnke (1982) noted that lignotuber fonnation is inhibited by 

low nutrient conditions. rater work by Jalmke, carr and carr (1983) has 

produced a more complex picture of the influence of nutrients on lignotuber 

fonnation. It is unlikely that the relatively small number of lignotuberous 

species in the fynbos is a product of soil nutrient conditions since 

Australian soils are also low in N and P, yet the proportion of sprouters is 

greater in the latter. 
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Sprouting, breeding systems and seed storage traits 

If sprouting is a form of bet-hedging then one can make the asslllilption that 

the lower the incidence of sprouting in any regeneration category, the more 

effective is that category for ensuring seed regeneration. Serotiny 

appears to be the weakest strategy for ensuring seed regeneration (Table 9; 

G=6.12 P<.02)). 

I suggest that the higher incidence of sprouting in serotinous species is 

because serotinous species tend to taJce longer to reach their reproductive 

optimum and are thus more vulnerable to short or variable fire cycles,~ 
I 

are species with soil stored seed. I suggest that species with soil stored 

seed will respond best to a shortening of the fire-cycle. 

Carpenter and Recher ( 1978) link breeding systems to the sprouter and 

seeder dichotomy by suggesting that sprouters tend to be self-corrpatible 

and allogamous. The dioecious ( and therefore obligate out-breeding) 

Proteaceae taxa tend to have proportions of sprouters that are only slightly 

different to the hennaphroditic taxa (G=4.0 P<.05). 

Sprouting and seed biology 

The sprouters do not produce seeds which are outside of the range of size, 

nutrient status or germination rate, of closely related seeders (Table 10, 

11) • It is unlikely that differences in these aspects of seed biology 

will explain differences in the ratios of seeders to sprouters or account 

for the poor seedling regeneration of sprouters after fire. 
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Table 9. % Sprouters in the different seed storage categ-ories and breeding 
systems. 

% of 

serotinous 
myrrnecochorous 

species with different seed storage categ-ories and 
which are also sprouters 

24.3 

passive soil-stored 
seeds 

12.5 
16.2 

% of species with different breeding systems and 
which are also sprouters 

dioecious 
hennaphrodite 

10 
20 

Zammit (1984) noted different rates of seed release and gennination in a 

pair of seeders and sprouters of Banksia species. In my gennination 

experiment (Midgley 1987e) readings were taken less frequently than did 

Zammit (1984), but the rate of gennination of sprouters is within the range 

of the seeders. 

Table 10. Sprouting and seed biology 

Seeder 
1) Size 
Subsection Villosa 
L. dubium 7 nnn by 7 nnn 
L. galpinii 5 nnn by 3.7 nnn 
L. levisanus 3. 5 nnn by 2. 8 nnn 
subsection Membranacea 
L. pubescens 7 nnn by 9.5 by 6 nnn 
L. bonum 5 nnn by 5 nnn by 4 nnn 
sub-section Alata 
L. diemontianum 6 nnn by 7 nnn 
L. laureolum 10 nnn by 10 nnn 
2) rrgP per seed 
sub-section Alata 
L. eucalyptifolium .87 
L. meridianum 1.15 

Sprouter 

L. coriaceum 4. 3 nnn by 3 nnn 

L. arcuatum 8 nnn by 8 • 5 nnn by 5 nun 

L. saligmnn 7. 5 nun by 9 nun 

L. salignum • 90 
L. spissifolitnn • 70 



197 

Table 11. Gennination rate of seeds from sprouters versus seeders kept in 
growth chamber at 4° c for 16h and 17° C for 8h. 

n =number of seeds genninated from sample of 50 plump seeds. 
Days elapsed 
21 28 35 42 49 70 

seeders 
L. conife:rum 2 39 43 47 47 47 
L. eucalyptifolium 0 10 15 16 20 20 
sprouter 
L. spissifolium 0 35 37 44 44 44 
L. salignum 0 3 28 31 36 36 

In tall mature fynbos the quantity, not quality, of seeds of sprouters is 

far less than that of seeders. The contribution by sprouters is kept low 
I 

··· because; seed input by sprouters is low, as is mortality of the adults. 

Presently, there is no data on the relative mortality of seedlings of 

sprouters or seeders. Williams (1972) noted that seedlings of sprouters 

take longer to first flowering, than seedlings of seeders. 

Even in horticulture, where suppression would be limited, some sprouters 

senesce after a few years (Vogts 1984 for Protea cynaroides) and respond 

well to being trimned. In a sense sprouters are like geophytes, they are 

rapidly mature after fire and also senesce earlier than the seeders. 

Sprouting and fire intensity 

Table 12 • Sprouter mortality and fire intensity 

High intensity 
1/51 Protea cynaroides 

Widdringtonia nodiflora 
Berzelia intennedia 

0/26 
97/133 

Medium intensity 
4/150 (55 seedlings) 
1/100 
0/56 

Species with lignotubers experience very low mortality during fires but 
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also produce very few seedlings (Table 12 ) . Protea cynaroides in total 

only experienced 2.5% mortality, but only produced about one seedling for 

every three parent plants. co-cx:curing non-sprouting Proteaceae (Mimetes 

pauciflorus and Leucadendron conicum) produced more than five seedlings per 

parent (unpubl. data). Thus for sprouters the net change in population 

size after each fire is very low. Also, these data show that once a 

sprouter achieves a certain size there is no thinning during the interfire 

period. Progressive interfire thinning of sprouters would be detectable 

because identifiable remains of the dead shrubs would be noted after fire. 

··· The extreme fire tolerance of lignotuberous sprouters is also apparent 

after the intense fires that result after fires in felled stands of Hakea 

sericea. In these instances dry plant material can be a metre thick and 

the resulting fires are abnonnally intense. There are no figures on 

percentage survival of sprouters, but many indi victuals of Leucadendron 

salignum and Mimetes cucullatus survived these exceptionally intense fires 

at Waboomskraal (33° scls 22° 2clE) and many other places in the bioine. 

Therefore, the m.unber of gaps that will be vacated by sprouters in fires of 

differing intensity will not vary sufficiently to explain the sprouter/seed

ling ratio. 

Summary of factors explaining the high seeder to sprouter ratio in the 

fynbos shrubs 

i) Historically, the fire frequency appears to have been slowly increasing. 

Serotinous seeders are favoured under intennediate to long cycles in tall 

moist fynbos. Sprouting is a derived, thus recent character, which has 

evolved repeatedly and also subsequent to other adaptations such serotiny 
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or mynrecochocy. 

In the fynbos Proteaceae, sprouting appears to have evolved in response to 

fire. I suggest that sprouting has been favoured by climatic deterioration 

which has resulted in a shorter, more open, and more fire-prone vegetation. 

ii) Ecologically, regeneration opportunities are good for seeders in the 

fYJlb?s. Summer drought mortality of seedlings is low, even in arid areas 

(Midgley in press) • 

iii) rue to the closed structure and low height of the fynbos multi-stemmed 

sprouters are disfavoured when the vegetation ages and canopy closure 
-~ 

I 

occurs. '!his is most evident in tall moist fynbos in which sprouting 

Proteaceae are relatively insignificant. '!he seed output of sprouters in 

mature vegetation. is relatively low, which results in poor post-fire 

seedling establishment. 

iv) '!he co-existence of sprouters and seeders is due to the vegetation 

structure and the impact of variation in fire frequency on the seed product

ion of seeders and sprouters. 

Finally, there is no evidence in the Proteaceae that sprouting is a 

syndrome of related traits. Sprouters are not consistently different in 

their seed storage mechanisms, breeding system, seed biology or pollination 

syndrome. Sprouters are rapidly mature after fire and have wide ecological 

tolerance. Because sprouters achieve their reproductive optimum more 

rapidly than seeders they are thus terrporally separated from seeders. 
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WHAT IS THE SEIECI'IVE ADVANTAGE OF MYRMECOCHORY IN THE FYNOOS PROI'EACEAE ? 

ABS'l'RACI' 

More than half the species of African Proteaceae and a sixth of the fynbos 

flora are mynnecochorous. Previous models predicting the occurrence of 

mynnecochory and the absence of ornithochory on low nutrient substrates are 

not supp:,rted in this study. 'lbere is an absence of mynnecochorous species 

in the cape forest and arid Karoo floras, which also exist on low nutrient 

substrates. For these different floras, the proportions of mynnecochores 
I 

versus ornithochores, probably reflects their different disturbance and 

regeneration scenarios, as well as the soil nutrients. The notable 

absence of ornithochory in the fynbos does not seem to have a phylog-enetic 

explanation. 

In the Proteaceae the main two seed storage alternatives are myrmecochory 

and serotiny, yet both are supp:,sed to confer the same predation avoidance 

advantage. I investigated differences in the biolCXJY of mynnecochorous 

species and serotinous species, which may elucidate why mynnecochory 

in particular, has evolved. 'lbe mynnecochorous species are found almost 

equally distributed from arid to mesic habitats and most are shorter than 

1.2 m. In I.eucadendron, mynnecochory is a derived convergent attribute, in 

one case possibly having arisen from a serotinous ancestor. I suggest that 

myrmecochory may be more strongly selected in envirornnents where the 

frequency of disturbance is increasing over evolutionary time. 
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INTROOOCI'ION 

Mynnecochory is a conunon trait in the fire-prone cape fynbos; many species 

from many families and more than half the Proteaceae have ant-dispersed 

seeds (Slingsby and Bond 1983). '!he trait is considered to have evolved as 

a vertebrate predator avoidance mechanism (Bond and Slingsby 1985 and 

refs: therein) as well as a mechanism for the placement of seeds in a more 

nutrient rich envirornnent (e.g. D:lvidson and Morton 1981). However, Westoby 

et al. (1982) drew attention to the fact that there are relatively low 

numbers of small mammal seed predators in Australia, but a high occurence 

'·· of mynnecochorous plants. Similarly, moderate numbers of rcxients 
1

in the 

chaparral (Fox, Quinn and Breytenbach 1985) is not paralleled by high 

numbers of mynnecochorous plants. 

Milewski and Bond (1982) consider the occurrence of myrrnecochory and the 

absence of ornithcx:hory, in southwestern Australia and the cape fynbos as 

convergence due to similarly low nutrients conditions (especially phosphate) 

being found on both continents. Westoby et al. (1982) also used the 

apparently strong correlation of low P soils with the high cover of mynneco

chorous species, to explain the lack of widespread mynnecochory in other 

fire prone mediterranean systems. 

In South Africa many scleroP'}yllous vegetation types are found on the 

nutrient poor Table Mountain Group substrates, such as the arid Karoo 

(Ievyns 1950) and Knysna Forest (Fhillips 1931, Iarnbrechts 1986). The 

relative abundance of the different dispersal syndromes in the different 

vegetation types can be used to test the nutrient hypotheses. 

Proteaceae species that are mynnecochorous, or serotinous or have passive 

soil stored (pss) seeds co-exist, therefore the alternatives are not 
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mutually exclusive. Serotiny, like mynnecocho:ry, is also considered to 

have evolved as a response to predation (O'Davrl and Gill 1984). If they 

are both traits that have evolved as response to predation, the question 

is "what other factors may explain why a species stores seeds either in 

the soil or in the canopy"? 

'Ihe ~its of mynnecocho:ry or serotiny cannot be seen in exclusion, since 

they are traits which may be associated with other traits. For example, 

serotinous taxa are not ve:ry short lived, because this will result in 

massive seed release into the pre-fire erwironment. Also serotinous 
I 

species tend to be taller than mynnecochores, because they can not "afford" 

to be suppressed in mature vegetation. But lifespan and size are life--

histo:ry properties, ,which are linked to age at first maturity and repro

ductive output. 'lherefore the linkage between seed storage mechanisms, 

plant size and life-span suggests that life-histo:ry evolution may be 

involved. 

Leucadendron is a useful genus for a study on myrmecocho:ry because it is 

the only Proteaceae genus which has elements which are serotinous, or 

myrmecochorous or have passive soil stored seeds. All other African 

proteoid genera which have mynnecochorous species, only have species with 

this seed storage mechanism. 

In this study the following key questions concernincJ the evolution and 

adaptive significance of mynnecocho:ry are considered. 

1) What is the structure of the elaiosome in the fynbos Proteaceae? What 

is the phylogenetic perspective? Is mynnecocho:ry a derived character? 

2) Are mynnecochores equally distributed with respect to a fynbos stnnmer 
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moisture stress gradient? 

3) Are the myrmecochores equally distributed as regards five height 

classes chosen to :represent the fynbos Proteaceae spectrum? 

4) What other characters are associated with mynnecocl.1ory? 

5) What is the occurrence of rnynnecochory and ornithochory in other 

nutrtent poor biornes? What explanations are there for these patterns? 

MEIHOOO 

1) '!he structure of the elaiosorne of I,eucadendron species was investigat~ 
I 

by inspecting developing seeds of L. ericifolitnn of different ages. A 

literature survey :revealed that the embryology of the fynbos Proteaceae was 

already well known in 1944 in a study by Jordaan. The phylogenetic pers

pective of mynnecochory in I.eucadendron was obtained from a study of the 

phylogeny of the genus (Midgley 1987a). 

2) To detennine the :relative height distribution of mynnecochorous versus 

non-mynnecochorous species, all the species of the Proteaceae have been 

assigned to one of five height classes (for details see Midgley 1987c). 

3) To detennine the habitat preference of mynnecochorous versus non-mynne

cochorous species, all the species of the Proteaceae were allocated to one 

class along a gradient of increasing summer moisture stress ( for details 

see Midgley 1987d). 

4) Vegetation descriptions were obtained from Fhillips (forest/fynbos; 

1931), I.evyns (fynbos/renosterveld/succulent veld; 1950) and Bond (fynbos/

succulent veld; 1981). Details of seed biology were obtained from Fhillips 

(1931), Bond and Slingsby (1983), Goldblatt and Bond (1984), Dyer (1975) 

and Hobson et al (1975). 
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5) Soil chemical data is from I..arnbrechts (forest-fynbos; 1986), Bond 

(fynbos-succulentveld; 1981), carnpbell (fynbos-nonfynbos; 1985) and Witkow

ski, Mitchell and Brown (fynbos-renosterveld; 1984). 

RESULTS 

Embryology of Myrrnecochorous Proteaceae 

In rnynnecochores like Mirnetes, Ieucospenm.nn and Orothamus the ovary does 

not contribute at all to the seed coat but forms a fleshy outer layer 

(Jordaan 1944, van der Mei:we 1977) . 'Ihe same applies for the rnynnecochorous 
.:.. 

I 

Ieucadendron species (pers. obs. ) . This fleshy outer layer is the ~l~i<:?$CJme. 

Jordaan ( 1. c. ) demonstrated that the development period of fruits .. of 

species ( 1. 5-3 mths) , now known to be rnynnecochorous, is nruch shorter 

than those of non-rnynnecochores (4 -12 rnths). The size and nutrient quality 

of rnyrrnecochorous seeds is no different to that of non-rnynnecochores 

(Midgley 1987e). 'Iherefore this rapid development rate cannot be explained 

as being due to the cheaper quality of the seeds. It is possible that 

rapid development and release of seeds may minimise pre-release predation. 

The major differences in the structure and development of myrrnecochous and 

non-myrrnecochorous seeds, is that the ovary wall fails to harden and thus 

form part of the seed coat in myrrnecochorous seeds. Myrrnecochory could 

have arisen in a nrutant, which for some reason, released. its seed.s pre

maturely and the unlignified. ovary wall served. as the fleshy elaiosorne. 

This premature release could be a neotenic feature (sensu Stebbins 1974). 
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'!he phylogenetic perspective of mynnecocho:ry 

To understarrl the adaptive significance of a trait it is appropriate to 

consider the morphological conditions from which the trait evolved. 

Whether mynnecocho:ry is a ve:ry recently evolved, or a primitive trait, is 

unknown for the Proteaceae. 

In I.eucadendron, the mynnecochores are all found in the subsections which 

have relatively thick seed coats (Midgley 1987a) • Also mynnecocho:ry is a 

highly derived and convex:gent trait (Midgley 1987a). The mynnecochores 

tend to be the most specialised members of the genus (L. ericifolium, L. -
I 

nitidum). F\lrthennore, there is evidence of a trend away from serotiny to 

myrmecocho:ry in subsection I.eucadendron. L. ericifolium (mynnecochore) 

appears to have shared an ancestor with L. rubnnn (serotinous) (Midgley 

1987a). 

Myrmecocho:ry and moisture status 

Table 1. Ecological distribution of mynnecochorous Proteaceae. 

Number of species per 
moisture class (l=arid, 4=mesic) 

1 2 3 4 
Myrmecochores 11 36 71 29 
serotinous 4 26 35 19 
Passive soil stored 9 13 7 2 

Proportionately the mynnecochores are fairly evenly distributed but with 

peaks .in. the more mesic areas (Table 1) • Some mynnecochorous genera tend 

to occur in arid areas only (e.g. Paranomus) and others only in mesic areas 

(e.g. Mimetes). The only unique habitat preference of mynnecochores 

appears to be pennanently moist sites (some Mimetes spp. and Orothamnus). 

'Ihe mynnecochores are not differently distributed to the serotinous species 
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(using arid versus mesic categories G=.33), but are differently distri

buted to the species with passive soil stored seeds (G=l2.2; P<.001). It 

\ does not seem that habitat separation between serotinous or mynnecochorous 

species, will explain the" choice" of either trait. 

Mynnecochory and maximlnn plant height 

Table 2. Number of species per category of ecological traits and 
plant height classes of the fynbos Proteaceae. 

1( .5m) 
serotiny 9 
mynnecoch.ory 36 

2 (1. lm) 
14 
53 

3 (2 .5rn) 
27 
37 

4 (5m) 
29 
21 

5(>5m) 
5 

Most mynnecochorous species tend to be short (<2.5 m) in corrparison to the 

serotinous species (Table 2; G=24.2 P<.001). 

Is mynnecochory a life-history trait? 

Stearns (1976, 1980) defined a life-history tactic as "a set of coadapted 

traits designed by natural selection, to solve particular ecological 

problems". In this section I consider whether rnynnecochory, serotiny or 

passive soil stored seeds can be considered to be life-history tactics. 

In Ieucadendron, the species with the longest juvenile period, such as six 

years for L. comosurn, are serotinous. However, not all serotinous species 

take long to achieve reproductive maturity, for example L. stelligerurn is 

reproductively mature from seed, within two years. In the Proteaceae, the 

species which reach senescence earliest, are from the mynnecochorous genera 

like Serruria, Mimetes and Orotharnnus. Rourke ( 1984) noted that Mimetes 

tend to senesce within ten years. 'Ihe Ieucadendron mynnecochores are all 
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spindly ephemeral plants compared to the large and more woody serotinous 

taxa. The mynnecochores often flower for four or five months of the year 

(e.g. L. ericifolitnn, L. sericetnn) , whereas the serotinous species only 

flower for three or four weeks (data from Williams 410;1.c.). 

I suggest that in their extremes, mynnecochory and serotiny represent two 

diff~t life-history adaptations to the fynbos envirornnent. Serotinous 

species are long lived, tall and better adapted to long fire cycles. 

Mynnecochores are more "weedy" (Table 3) and thus well adapted to short or 

variable fire cycles. The persistence of ha:td coated seeds with innate 

donnancy facititates a measure of persistence during long cycles. 

Table 3. Contrasting traits associated with serotiny and mynnecochory. 

Mynnecochory 
1) quick to reproductive maximum 
2) quick to senescence 
3) short, weakly woody 
4) long flowering period 
5) short seed maturation period 
6) few resources for protection 

of seed 

Serotiny 
longer to reproductive rnaximum 
longer lived 
tall, woody 
short flowering period 
long maturation period 
thick woody cones 

Mynnecochory and predator avoidance 

There is evidence of evolution away from serotiny to ntynneee>Chory in 

I..eucadendron. L. ericifolitnn (mynnecoch.orous) probably shared an ancestor 

with L. rubrum (serotinous). Serotiny is the ancestral trait in this 

subsection (Midgley 1987a) • This trerrl away from serotiny to my.rmecochory, 

cannot easily be explained in terms of the predation hypothesis, since the 

impact of predation is before fire to mynnecochores and after the fire to 

serotinous species. 
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DISPERSAL AGENTS IN DIFFERENT VEGEI'ATION TYPF.s 

Renosterveld 

A high m.nnber of taxa with small wind dispersed and soil stored seeds and a 

degree of bi:rd dispersal (see Appendix 1) but with low numbers of mynneco

chores and no serotinous plants, characterises renosterveld. Levyns (1956) 

and ~obson (1975) noted that renosterbos and many other Karoo species have 

an after ripening requirement. 

Succulent veld 
I 

Most of the species in the succulentveld have small wind dispersed seeds 

(see Appen:iix 2). 'Ibis is probably because intense drought reduces the 

period of t.ilne available for seed maturation (Stebbins 1974). Also, in 

these envirornnents the production of large quantities of wind dispersed 

propagules improves the chances of seeds finding a "safe site" (Stebbins 

197 4) • '!here are more bi:rd dispersed plants in these more arid systems 

than in the fynbos. 

Forest 

Forest plants are mainly vertebrate dispersed, although some trees regenerate 

from small wind dispersed seeds (CUnonia, Platylophus, Gonioma and Nuxia) 

(Appen:iix 3) • 

'Ihere is the occasional weedy mynnecochore (Clutia alaternoides, Polygala 

_mm.) in the forest and these species regenerate in abundance in disturbed 

sites. 
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Fynbos 

'Ihe fynbos is characterised by a high abundance of serotiny and myrmecochory 

(Milewski 1983) and low abundance of frugivo:ry (Milewski and Bond 1982) 

amongst the large seeded taxa. 'Ihere are many emiall seeded, wind dispersed 

taxa in the fynbos (such as the Ericaceae). 

Why are there so few bird dispersed plants in the fynbos? 

Firstly, there are no phylogenetic restrictions. Many fynbos families are 

known to have bird dispersed propagules in other areas. For example, no~e 
I 

of the fynbos Ericaceae have fleshy fruits, yet fleshy fruits occur in the 

family (Snow 1981) • In the cape the only bird dispersed composite (~ 

santhemoides), is a ·forest fringe species. 

Secondly, Milewski and Bond (1982) suggested that the absence of ornithocho:ry 

in the fynbos is due to low levels of nutrients particularly phosphorus and 

potassium. '!his would not explain how the fynbos (ornithochore poor) and 

forest (ornithochore rich) can exist on soils derived from the same substrate 

and which are very similar in tentS of pH and phosphorus (Iambrechts 1986, 

van Daalen 1981). Also, given the right moisture conditions and absence of 

fire, fynbos and forest can be successional (Phillips 1931). Therefore, a 

nutrient hypothesis, which does not invoke climatic controls, cannot 

explain the relative distribution of ornithocho:ry and mynnecochory. 

Milewski and Bond (1982) suggest that where total Pis greater than 150 ppm 

and 0.15 milli-equivalents per 100 g exchangeable potassium is found in the 

soil, ornithochory will predominate over mynnecocho:ry. In contradiction, 

Witkowski, Mitchell and Brown ( 1984) found levels of total P of more 

than 150 ppm in more than half the fynbos soils (no ornithocho:ry) they 
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cation exchange capacity 

of soils derived from Table Mountain group base material is strongly 

dependant on plant remains and soil texture (carnpbell 1985). The high 

potassium levels found in forest soils are more a product of the forest, 

which has a humus layer and effective cycling, than of the soil the forest 

is en-owing on. 'Ihus the relationship between fertility (high P and K) and 

omithochory noted by Bond and Milewski (1982), only lndicates correlation 

not causation. Schafer's (in prep.) analysis of the soil chemistry 

of fynbos soils of the Moordkuils catchment also showed that s value is 

related to the ocx::ure.nce of organic matter. The fynbos/forest and rnyrmeco

chory /ornithochory dichotomy can possibly be better explained by dynamical 

factors (climate and· fire) than by soil nutrient data (see later discussion). 

Howe and Smallwood (1982) noted the higher abundance of ornithochory in 

rnesic rather than arid envirornnents. This is true for the fynbos-forest 

dichotomy but not for the fynbos/succulentveld dichotomy. 

I suggest that the low degree of orni thochory in the fynbos is ultimately 

due to fire (dynamics). Regeneration in the fynbos mainly occurs after 

fire. 'Ihere is no fine scale and continuous disturbance regime creating 

gaps, as is the case in the forest. '!here is thus no need for "directed 

dispersal" (Howe and Smallwood 208; 1982) because gaps only occur after 

fire. At this time they are widespread. Also, fires kill most adults in 

the fynbos, thus seed does not benefit from" escaping" the parental shadow 

(Howe and Smallwood 204; 1982). 

Bird dispersal appears to be most common in systems where regeneration is 

continuous (at most seasonal) rather than episodic. In the fynbos where 
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inter-fire establishment generally cannot occur, bird dispersal will not 

result in seeds falling into a vacant regenerative arena. 

Bird dispersed propagules are usually fairly large. Salisbury (in Stebbins 

1974) noted that species which regenerate in shady habitats, like a forest 

understorey, tend to have large seeds. In a closed system like the forest, 

eff~ive dispersal of large seeds is not possible by wind, therefore bird 

dispersal increases in frequency. 

A bird dispersed plant in the fynbos would require the bird to disperse the 

seed from a source in unburned fynbos to a burned site. '!here would be no 
I 

· · force to motivate birds to move from a fruit source in unbunled vegetation, 

to a burned site, because the burned site would have no focxi source and 

thus attracting power, for frugivorous birds. 

Regeneration in the arid succulentveld is seasonally controlled according 

to climatic factors such as moisture availability and the absence of frost 

(Hobson et al 1975) • Most of the bird dispersed plants in the Karoo are 

trees (Diospyros, Euclea, Maytenus and Rhus). I suggest that bird dispersal 

is selected for in this case because seeds will benefit from escaping the 

parental shadow and deep roots facilitate the maturation of large fruits. 

Why is mynnecochory so abundant in the fynbos? 

~-requisi~ for mynnecoch.ory are fairly large and thick walled seeds 

(seed size of between 3mm x 3mm x 3mm and lOnnn x 5mm x 5mm). Such fairly 

large seeds are adaptive in habitats where seasonal drought affects seedling 

establishment (Baker 1972). Also, seeds which by virtue of having a thick 

coat to confer a degree of donnancy, will also escape predation of the 

embryo by ants. Mynnecochorous taxa of the Proteaceae do not germinate if 
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supplied only with moisture (Brits 1984; Midgley 1987e). '!hey are thus 

capable of avoiding germination in winter in mature vegetation. 'Iherefore, 

in any environment or for any establishment stategy, where ¢ended donnancy 

is adaptive, mynnecochory should be expected. 

In the fynbos all of these factors are satisfied; a fairlymesic environment 

allows the maturation of large seeds over several weeks or months, large 

seeds facilitate seedling sw:vival during sununer dry periods, regeneration 

is only possible after fires so well developed donnancy is adaptive and 

parental death during fire does not rule against short distance dispersal. 

'!he only myrmecochores in the cape forests are weedy pioneers. A possible 

reason for this is that tall tree species regenerate from seedling banks 

rather than seed banks. Mynnecochory will only occur in plants whose 

reproductive strategy involves a period of extended dormancy. Forest 

pioneers can only establish in large gaps, thus they require a germination 

cue which restricts their germination to such episodic events. 

The relative absence of myrmecochory and serotiny in the chaparral, 

compared to the south westem cape or Australia, is difficult to explain 

(Westoby et al. 1982), especially because mynnecochory is a spectacular 

exanple of ecological convergence by many diferent fynbos plant families. 

+n Ieucadendron, serotiny and mynnecochory have evolved from ancestors 

which had soil stored seed (Midgley 1987a) • 'Iherefore, some factor i_~-

selecting against passive soil stored seeds. '!his factor is unlikely to be 

rodent predation, because the chaparral has greater rodent densities than 

Australia (Fox et al. 1985). Possibly fires are not intense at the soil 

surface in the chaparral and thus seed mortality is not low. '!here are 
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very few species in the fynbos that have large seeds, that are not serotinous 

or mynnecochorous. The general absence of a passive soil stored seed bank 

may be because fires are intense on the soil surface. 
, 
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Appendix 1. 
Dispersal mechanisms of important Renosterveld taxa. 

Wind 
Elytropappus r.hinocerotis 
Passerina obtusifolia 
Aloe ferox 
Dodonea viscosa 
Chysocoma tenuifolia 
Eriocephalus africanus 
Pt.eronia incana 
'Ihemeda triandra 
Relhania genistifolia 

Appendix 2. 

Birds and ants 
Phylica floccosma-ants 
Aspalathus hystrix-ants 
Rhus glauca-bird 
Maytenus heterophylla-bird 

Dispersal mechanisms of important Succulent Karoo taxa. 

Wind 
Portulacaria afra 
Mesembryanthemaceae 
Crassulaceae 
Nymania capensis 
Monechrna 
Pachypoditnn 
Dicoma 
Blepharus 

Appendix 3. 

Birds and ants 
Pappea capensis-bird? 
Euclea undul.ata-bird 
Maytenus heterophylla-bird 
Diospyros austro africana-bird 
Euphorbia mauritanica-ants 

Dispersal mechanisms of Forest species. 

Wind 

Gonioma kamassi (18%) 
CUnonia capensis (1.4%) 
Platylophus trifoliatus (12%) 
Nuxia floribunda (5%) 
Faurea macnaughtonii ( 1%) 

Birds (and bats) 

Podocarpus fulcatus (1%) 
P. latifolius (12%) 
Olea capensis macrocarpa (19%) 
Olinia cymosa (1%) 
Ekebe:tgia capensis 
Olea capensis capensis (11%) 
curtissia dentata (8%) 
cassine crocea (5%) 
Ocotea bullata {5%) 
Scolopia mundii {4%) 
Rhus lucida (5%) 
Halleria lucida {10%) 
Ilex mitis (2%) 
Ochna arborea (4%) 
Pt.eracelastris {20%) 
Rapanea melanophloes (3%) 

Abundance percentages were detennined by Ihillips (1931). 
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EXTRAFIDRAL NECTARIES AND lFAF HERBIVORY IN THE AFRIC'AH PRCYI'EACF.AE 

.ABSTRACT 

Extrafloral nectaries are present in many genera and are frequently visited 

by ants. Phylogenetic evidence suggests that the nectaries were not 

orig.i,nally evolved as a part of reprcxluctive biology (pollination, disper

sal), but evolved as an anti-herbivore strategy. 

Species without nectaries experience greater leaf herbivm.y than those with 

nectaries. Exclusion experiments suggest only a minimal deterrant role by 

ant visitors to the nectaries, to the leaf herbivores. Fhylogenetic 

evidence suggests a reduction (degeneration) in nectru::y number and size. 

About 10% of the leaf surface of the Proteaceae is lost to herbivores, 

which is surprisingly high for plants growing in low nutrient soils. 

INl'ROilJCTION 

There has been no published work on the extrafloral nectaries in the 

African Proteaceae. Nectaries are present in some African Proteaceae 

genera and are swellings at the apex or apices of the leaves and floral 

bracts. 'Ihese structures are often conspicuous by their bright red colour-

ing. 

Extrafloral nectaries are widespread in the Angiospenns (Bentley and Elias 

1983) and are generally considered to be involved in a mutualistic relation

ship with ants (Bentley 1977). '!he ants are provided with a nutritious 

exudate and in return they ward off phytophagous parasites and herbivores 

from flowers and leaves. 'Ihis postulated function is questioned as a 

generalisation for all plants (O'Dowd and catchpole 1983). Negative 
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interactions, in the form of decreased growth and seed set, have even been 

noted for some species with extrafloral nectaries (Buckley 1983) . It has 

long been suggested that loss of nectaries is a derived condition (Corner 

1964). 

The adaptive significance of these structures is not easily apparent. 

Iawt~n arrl Heads ( 1984) adopt the extreme point of view that the presence 

of nectaries in bracken, but the apparent lack of function of the ant 

visitors, to be due to the "ghost of predation past". In this sense 

phytophagous insects avoid the species with nectaries (arrl ants) and thus 
I 

'·· the exclusion of ants does not precipitate greatly increased levels of 

herbivory. 

other functions for nectaries have been suggested. Iamont and Grey ( 1984) 

considered nectaries in the Australian Proteaceae genus Adenanthos to 

function in the process of dispersal of seeds by ants (mynnecochory). The 

nectaries attract ants to plants where seeds are located arrl this minimises 

the opportunity for consumption by granivorous vertebrates. 

Williams (1972) noted that bagged leaves of Ieucadendron spp. sometimes 

produce exudate, although this may merely have been due to guttation. 

Previous works have merely noted the presence of toothing of the leaves 

(Rourke, 1972, 1976, 1984) or of an apical callus (Williams, 1972; van der 

Me:r:we 1977) or apiculum (Ievyns 1970) without attributing a function to 

these organs. 

This study had the following aims; 

i) to investigate the structure of the nectaries, 

ii) to collect insect visitors to these organs, 
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iii) to detennine levels of leaf herbivor.y on co-occuring Proteaceae 

species which do and do not have these structures, 

iv) to detennine the relative effect on levels of herbivor.y by excluding 

visits by ants, 

v) to consider the taxonomic extent and phylogenetic perspective of these 

struqtures, 

vi) postulate the adaptive significance of the nectaries. 

MEillOOO 

Morphology 

'!he species with the most visibly active nectaries which were noted in the 

field and cultivation (Kirstenbosch) of the Proteaceae was Leucadendron 

platyspenm.nn. Harrl sections made through the nectary were inspected under 

a light microscope. 

Insect visitors 

Visitors to Leucadendron conietnn, L. uliginosum and Mimetes pauciflorus 

were collected during the first week in November 1984. Five marked plants 

of each species were inspected daily for five consecutive days (a total of 

75 observational periods) for 10 minute periods and numbers of observed 

visitors to the nectaries were noted and collected with a net. 

Leaf herbi vor.y 

1) Levels of herbivo:ry on co-occurring seedlings of Leucadendron eucalypti

folium (extrafloral nectaries present) and Protea aurea (extrafloral 

nectaries degenerate) was determined in the field at Waboomskraal (33° 5c/ s 
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22° lg! E) . The top 10 leaves of all seedlings intercepted along a random 

transect were inspected and levels of herbivocy were subjectively estimated. 

2) A mesic fynbos site on Tierkop (33° 5sfs 22° 33/E) was selected for the 

experimental approach. Leucospenm.nn glabrum and l.eucadendron conicum are 

two species from genera with extrafloral nectaries. Protea cynaroides, 

which does not have extrafloral nectaries and co-occurs was used for 

corrparison. 

Five individuals of L. glabrum had the base of their stem coated with 

Fonnex, a sticky grease which excludes ants. A further five individuals 

'·· · acted as controls. • I Coating was repeated at three monthly mte:rvals for a 

year, after which all leaves from two randomly selected branches were 

sampled from each plant. A similar procedure was followed for L. conicum 

except the sample size was 10 in this case. The 10 youngest leaves were 

removed from 10 randomly selected irrlividuals of P. cynaroides, which 

co-exists with L. conicum. These were collected and used for the determin

ation of levels of herbivocy of a species without nectaries. 

Detennination of the extent of herbivocy 

The leaves of P. cynaroides are sufficiently large and regular for their 

area to be determined by digitisation. Tracings were made of the actual 

leaves and an estimate was made of the probable outline of sections removed 

by herbivores. In most cases it was easy to approxilllate the original 

outline but in severely grazed leaves greater error may be expected. All 

leaves were digitised and the percentage of the surface which was eaten was 

determined. As a control the extent of predation on 40 randomly chosen 

tracings were gravimetrically determined. 
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L. glabrum has multiple teeth which irake digitisation extremly unreliable. 

Some of the he:rbi vo:ry is due to leaf miners which do not diminish the 

surface area of the leaf. 'Ihis would not be detected by machines which 

measure surface area optically and thus it was decided to subjectively 

assign leaves by a trained obc"...,erver, to four classes according to the 

~t of herbivo:ry. 'Ihe same procedure was followed for L. conicum. 

RESUUIS AND DISCUSSION 

General 
I 

'·· Nectar secretion in most species was minimal and impossible to detect even 

on leaves from bagged saJti)les, when viewed under a dissecting microscope. 

'Ibis was especially true of Ieucospennurn (L. glabrum) and Mimetes (M. pauci

florus, M. splendidus) species. In some species of Protea vestigial 

nectaries are present on young unlignified leaves (P. compacta, P. aurea). 

On other species nectaries are never apparent ( P. gynaroides) . No ant 

visitation to leaf tips was observed to leaves of Protea species. 

Similar observations have been made for Acacia species by Boughton (1981, 

1985) who concluded that these structures may be non-functional and vestig

ial. 

However, ant visitation to the Proteaceae species appears to be much more 

frequent than to Acacia species. Possibly the most active nectaries are 

found in Ieucadendron platyspennum and even in the field exudate can be 

detected with the naked eye. 'Ihe upper surface of many L. platyspennurn 

leaves {collected in the field at Bot River), when inspected microscopically, 

showed fungal mycelial strands. Black sooty signs of fungal infection have 

also been noted in Acacia {Boughton 1981). Heavy visitation of the leaves 
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of L. platyspenm.nn by bees (Apis mellifera) was p:,inted out to me by 

L. Nicklin at Kirstenbosch. 

Preliminary investigations to detennine the primary ftmction of extrafloral 

nectaries in the fynbos Proteaceae suggested the anti-herbivo:ry ftmction as 

the only constant possibility. A primacy role for the nectaries in mynneco

chory was ruled out because many non-mynnecochorous species of I.eucadendron 

p:,ssess nectaries (e.g. L. platyspenm.nn). '!he p:,ssible role of ants in 

improving seed set was also ruled out. Initial observations indicated 

'·· that ants neglected the nectaries in L. coniClllll when it flowers and they 

visit the flowers for nectar and pollen. Also, many bird p:>llinated species 

(e.g. Mimetes, I.eucospenm.nn .§PP•) have conspicuous leaf nectaries. It is 

unlikely that ants are involved in improving seed set in ornithophilous 

species. 

Taxonomic extent of extrafloral nectaries in the African Proteaceae 

All species of all the genera listed in Bond and Goldblatt ( 1984) except 

Faurea and Brabejum have these structures. Some species of Protea and 

Aulax appear to have reduced nectaries at the leaf apex, often in the fonn 

of a mucro, but no ant visitors have been noted on Protea leaves. It is 

interesting to note that all myrmecochores ("ant-dispersed") genera have 

these structures. In taxa with very reduced leaves, such as the fine 

terete leaves in Serruria, Spatalla and I.eucadendron spp., the nectaries 

are also very reduced. '!he nectaries are most conspicuous on large flattened 

leaves e.g. Paranomus adaiantifolius, Leucospennum glabnnn, Mi.metes splend

idus and Leucadendron barkerae. '!he nectaries appear most conspicuous 
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on young unlignified leaves and are often brown and decayed on older leaves. 

Fhylogenetic perspective 

i) Although leaf-toothing is a derived character in the family (Johnson 

and Briggs 1975), there is a trend of reduction in rn.nnber and size of 

"teeth" to a single inconspicuous apical "tooth". 'Ibere is also a trend of 

decreasing leaf size in the family (Johnson and Briggs 1975), which may be 

:ilnplicated to a degree in the reduction in "teeth". Comer (1964) suggested 

that there is a trend of loss of nectaries in many families. 
I 

··· strangely, the nectaries are often coloured red (e.g. Leucospennum, 

Mimetes but not always in Leucadendron), which suggests an aposeroatic role 

since vertebrates, not insects, respom best to the red end of the spectn.nn. 

ii) The toothing of leaves is an unstable character for species with 

multiple toothing. Monographs (Williarns 1972; Rourke 1972) mention that 

for some species there is variability in this character. A possible 

explanation for the cases of phylogenetic degeneration is that as leaves 

are becoming smaller, terete and more sclerophyllous in response to recent 

aridification, so the need for a general defence mechanism is becoming 

reduced. 

iii) In I.eucadendron two species (L. sericeum, L. nitidum) have extrafloral 

nectaries on the floral bracts (Williams 1972). 'Ibese two species are 

myrmecochorous and amongst the most specialised in the genus (Williams 

1972; Midgley 1987a) • It is clear, however, that this specialisation of 

nectaries and correlation with the dispersal process, is secondary. In 

this sense the presence of extrafloral nectaries is a preadaptation to 

mynnecochory. other mynnecochores in the genus, such as L. ericifolium, 
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have exceptionally reduced leaf nectaries, no floral bract nectaries and 

ants have not been obsel:ved to cany seeds off the plant as has been noted 

for Adenanthos (Lamont and Grey 1984). Also, in Adenanthos only the adults 

have nectaries (I.amont and Grey 1984), whereas in most of the fynbos 

Proteaceae nectaries are present from the first few leaves onwards. 

Anatomy 

'Ihe leaves of L. platyspenmnn are !so-bilateral with both palisade layers 

comprised of double layers. Inspections of cross-sections through the 

'·· nectary indicate that in this region the adaxial palisade layer los~s its 

chloroplasts and often acquire red cellular contents. Occasionally this 

applies to the abaxial palisade. 'Ihe red layer appears to be on the 

surface of the leaves but is actually below the cuticle and epidennis. No 

pores were observed. It appears that the exudate merely diffuses upwards 

between the cell walls. Many vascular traces terminate in the region of 

the nectaries. 

Visitors 

Ant visitation deper¥is on weather conditions. 'Ibey are largely absent on 

cool moist days but whether this is because of low levels of nectary 

secretion, or animal activity, is not clear. 

The most abundant visitor is carnponotus niveosetosus. An unidentified 

Tetramorium film• and a Coleopteran were also collected (Table 1) • Mclain 

(1983) detected carnponotus as nectary visitors in a study in America. 

'!he presence of more than one species of ant visitor suggests that the 

syndrome is not co-evolved. Further work is needed to detennine the 
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contribution of nectar to the requirements of the visitors. It has been 

concluded in other studies that ant visitation is not obligatory for the 

ants but faculative, because there is evidence of aggresive interactions 

amongst the ants (Mclain 1983). 

Table 1. Nlllllbers of individuals observed visiting nectaries in 75 obser
vation periods, each of 10 minute duration 

Species 

camponotus niveosetosus 
Tetramorium spp. a 
Coleopteran spp. a 

Numbers 

137 
9 

11 

Leaf herbi very 

Species with nectaries suffer less he:tbivory than those without nectaries 

(Table 2). This difference may be due to defence by ants or it may be 

due to differences in leaf chemistcy. 

Table 2. levels of leaf herbi vory on Protea aurea and Ieucadendron 
eucalyptifolium. (n= number of seedlings per herbivory class) 

0 
P. aurea 21 
L. eucalyptifolium 75 

% surface area of leaf removed 

1-10 
74 
99 

11-20 >30 
40 9 
18 3 

Mean% Area lost 
8.3 
4.0 
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Exclusion of ants 

Exclusion of ants affects levels of leaf herbivocy minimally (Table 3,4). 

I.eucadendron conicum showed an overall increase of only about 0.5%. 

I.eucospennum glabrum showed a IOCJre marked difference in herbi vory levels 

(Table 2) • It is clear from both species that the presence of ants does 

not :prevent herbivocy and only minimises the extent of area of lost tissue. 

Table 3. Effect of ant exclusion on I.eucospennum g.labrum (n= number of 
leaves) 

No Fonnex 
Fonnex 

% surface area of leaf removed 
0 1-10 11-20 21- Mean% 
71 76 12 5 4.2 
66 89 36 13 6.4 

G-test (columns 1+2, 3+4) =12.04 (p<.001) 

Table 4. Effect of ant exclusion on I.eucadendron conicum (n= number of 
leaves) 

No-Fonnex 
Fonnex 

% surface area of leaf removed 
0 1-10 11-20 21- Mean% 
594 373 129 80 4.5 
555 472 121 74 4.9 

G-test (columns 1+2, 3+4) =1.4 (ns) 

Table 5. Levels of leaf herbi vocy on Protea cynaroides. 

gravimetrically 
digitised 

% predation 
14.6 
15.2 Mean 14.9% 
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Protea cynaroides leaves less than 1 year old appear to suffer the loss of 

about 15% of the total leaf area (Table 4). 'lhis loss is considerably more 

than species with extrafloral nectaries sustain. campbell (1985) suggested 

that leaf herbivory has not been a significant force in the fynbos because 

the nutritious quality of leaves has always been poor, because the fynbos 

soil:=3 are poor. '!his argument is a retort to Janzen' s ( 197 4 in campbell 

1985) suggestion that plants in nutrient poor systems have evolved mechanisms 

for detering herbivory because such plants can least afford to replace lost 

tissue. campbell (1985) based his point of view on agricultural infonnation 
I 

' · which was aimed at detennining the suitability of fynbos foliage for fairly 

large mammals. Possibly herbivory by mammals has been low in the fynbos. 

But for smaller herbivores (:mammals, arthropods) his argmnent appears 

erroneous. 

My study ir.dicates that leaf herbivory has been a significant evolutionary 

force in the fynbos. P. cynaroides suffers from approximately 15% loss in 

leaf area and P. aurea about 8%. Coetzee (1984) detected 10% herbivory of 

P. repens. 'lhese values are fairly high even when compared to values for 

leaf herbivo:ry from the fairly nutrient rich mediterranean systems such as 

the mattoral (Fuentes and Etchega:ry 1983). 

Morrow (1983) considered herbivory to be a complex yet i.rrportant evolutionary 

pressure on Eucalyptus in nutrient poor systems, which is further evidence 

against the very general proposal of Ccurpbell (1985). It is significant 

that neither Fuentes et al. (1983) nor Morrow (1983) mention the role of 

extrafloral nectaries in the evolution of plant defence against leaf 

herbivory. Extra-floral nectaries may be a relatively cheap method, in tenns 

of nitrogen or carbohydrate currencies, for preventing leaf loss in certain 
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ecosystems. eommunity level comparisons between continents or biomes of 

the importance of nectaries may indicate significant patterns. Certainly 

in the fynbos the cover of many habitats is dominated by Proteaceae species 

with nectaries. 

SUMMARY 

There is evidence in the Proteaceae that nectaries are becoming degenerate 

in some taxa; phylogenetically they are being reduced in size and number 

and the exclusion of ants does not result in even a 5% increase in total 

herbi vocy. This degeneration is evidence to support a greater historical 
I 

'·· role for nectaries, such as has been proposed by lawton and Heads ( 1984) . 

It is possible that the taxa which have abandoned nectaries are using other 

fo:rnis of defence (chemical and structural defence). Keeler (1985} noted 

the presence of endemic plants with extrafloral nectaries in Hawaii, an 

island without indigenous ants. Two possibilities were suggested to 

explain this situation; phylogenetic inertia or mutualism with some other 

organisms. Judging by the fynbos Proteaceae, phylogenetic inertia is a 

likely explanation for the continued presence of the nectaries. 

Measurement of herbivocy levels has been coarse and problematic in this 

study, because the size and architecture of leaves makes digitisation 

unfeasible. Also the measurement of area lost by leaf miners is inp:,ssible 

to calculate with machines which measure leaf area optically, because 

miners do not remove any leaf area. 
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REPROtlJCTIVE BIOI.OGY OF 'IHE PROI'EACEAE AND IN'IER-CONTJNENTAL CONVERGENCE 

ABSTRACT 

Reasons for similarities and differences in reproductive biology of the 

Proteaceae are reviewed and interpreted. The greater degree of serotiny, 

orni_:t:hophily and sprouting in Australia is interpreted as a function of 

differences in vegetation stn.lcture. The greater degree of mynnecochory 

and dioecy in the fynbos is also interpreted within a framework of vegetation 

structure. '!here is a need for further data on the influence of fire on 

· · vegetation structure, on the two continents. 

INIROtlJCTION 

Lamont, Collins and Cowling (1985) discussed the reasons for differences 

and similarities between the reproductive biology of the Proteaceae from 

mediterranean Australian and Africa. In the interests of i.nproving present 

ideas on convergence I present alternative explanations to those Lamont et 

al (1985) have suggested and further patterns which they have not mentioned. 

Reproductive ecology is a relatively new discipline (Willson 1983), therefore 

patterns and hypotheses are still being sought and disagreement should 

abound. An in depth discussion of many of rrry points of view are to be 

found in Midgley ( 1987a-i) . 

The Proteaceae on the two continents may be a useful group to analyse for 

the sake of improving aspects of knowledge on evolution and ecology. 

However, the conclusions from a comparison of two isolated but related taxa 

may be difficult because similarities may be due to relatedness, or due to 

convergence. This is particularly significant since these authors have not 
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restricted their analyses to taxa from the same sub-families. For example 

they claim that the follicle is "primarily a response to the presence of 

strong jawed parrots and secondarily, insulation from fires" (R;J. 219). 

However, since the follicle is phylogenetically restricted to the sub

families (Grevilleoideae) largely absent from the fynbos, I argue that the 

abs~ce of the follicle is due to history. 

Topics are listed in the order and under the same headings as found in 

their paper. 

11 Introduction" 

1) 11 Because of their derivation from connnon ancestors, differences in 

functional attributes of the Proteaceae between both regions (divergence) 

should reflect differences in their current and evolutionary environments 

much more clearly than comparisons between taxonomically unrelated groups" 

(R;J. 213). But, the occurrence in unrelated taxa, rather than in related 

groups, of similar ecological "strategies" can be argued to provide better 

evidence of convergence. The occurrence of serotiny and myrmecochory in 

endemic Australian families, as is the case in fynbos families (Bruniaceae, 

Peneaceae) would be good evidence of convergence. The fact that the 

functional attribute of serotiny has evolved from the following different 

structures; follicles (e.g. Hake.a), floral bracts (e.g. I.eucadendron) and 

branches (e.g. Aulax), is evidence of convergence. However, the absence/

presence of the actual structures may be a phylogenetic character. 

2) Is the growing pericxi in Australia actually shorter than that in South 

African as is suggested by Lamont et al. '!he Proteaceae in tenperate 

areas usually grow in summer (I.evyns 1958). More evidence is needed to 
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demonstrate that the growing period is actually shorter in Australia and 

not the situation is not the opposite. Miller et al. ( 1983) considered 

fynbos Proteaceae to be radiation inhibited in winter. 'Iherefore the 

growing season may be longer in Australia because the wann period is 

longer. '!heir point may be relevant if made in relation to the conditions 

for ~eedling establishment. 

Also, in contrast to I.amont et al, Milewski (1981) and Specht and Moll 

(1983) have suggested that Australian habitats are under less moisture 

stress than are analagous areas in the cape. I.amont et al. provide no da~ 

to dispute these earlier studies. 

Biota 

1) "While strictly frugivorous birds are only common in South Africa" (Pg 

214). Frugivorous birds are corranon in Africa, but are absent from the 

fynbos envirornnent. '!here are very few ornithochorous plants in the fynbos 

and this absence is puzzling because the adjacent forest, which is also on 

nutrient poor soils, has a high degree of ornithocho:ry. 

2) Is Australia more fire-prone, as is suggested by I.amont et al and what 

exactly does this mean in tenns of mean fire size, frequency and intensi

ty? Fire-proneness is a useless if undefined concept, especially since 

frequency and intensity are inversely related. 

Because Australia is so flat it is possible that there are few barriers to 

restrict fires, once started, from burning large areas. '!his suggest that 

fires may have been more frequent and therefore less intense in Australia. 

Dioecy 
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1) Their argument about dioccy is confused. Dioecy is not selected by 

"insufficient pollinators" but at times by "inefficient pollinators" (Bawa 

and Beach 1981) . I..amont et aJ, suggest that "entomophily may be a recent 

development II but in connection with the dioecious taxa, and the family as 

a whole, this is erroneous. Anem:,phily is the derived condition for 

di~ious species and entomophily is the ancestral condition for the family 

(Williams 1972; Johnson and Briggs 1975) • There is no evidence that 

entomophily has been secondarily achieved from an anemophilous ancestor. 

2) I..amont et al. conclude that II the prevalence of dioecy in the cape 

' ' · defies an ecological explanation at present". I suggest that the low 

stature and closed architecture of the fynbos may favour pollination by 

insects, rather than by birds ( see later discussion on bird pollination) . 

Dioecy can be seen as the consequence of pollination by small, generalist 

insects of congested yellow inflorescences (Midgley 1987f). 

Pollinators 

1) I..amont et al. suggest that "the much greater diversity of nectarivorous 

birds visiting Proteaceae in Australia may reflect a greater availability 

and diversity of nectar sources throughout the year, to which other families, 

especially the Myrtaceae contribute". This does not answer the question 

"why are there so many nectarivorous birds and bird pollinated taxa". 

Also, if Australia has relatively more severe summers, as is suggested by 

Iamont et al, how is it that the flora still finds resources to produce 

nectar throughout the year? 

2) Based on the fynbos I suggest a possible reason for the greater diversity 

of avian nectarivores in Australia. 
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a) '!here is a correlation of pollination type with max. plant height for 

hennaphrcxiitic temperate Proteaceae (see Midgley 1987d). 

Table 1. Pollination and plant height in fynbos Proteaceae. 

Talf (> 2, 5m) 
Bird/Insect 
Protea, 
I.eucospennum 
I.eucadendron 

Intennediate (l,5-2,5m) 
Insect/Bird 
Protea, I.eucospenm.nn 
Mimetes, Orothamnus 
I.eucadendron 

Short (<1,5m) 
Insect/Rodent 
I.eucospenm.nn, 
Protea, 
Serruria, 
Diastella 

Exceptions are the short, bird pollinated, sprouters but they are distributed 

differently with respect to time. Tall (>5m) Proteaceae are common in 

Temperate Australia (e.g. George 1981). '!here may be a greater diversity 

of nectarivores in Australia because there is a greater amount of taller 

more open vegetation. 

Iamont et al. reason that the greater apparent incidence of rodents in the 

fynbos is the reason that there are greater numbers of rodent pollinated 

species in the cape. '!he next problem then is to explain why the numbers of 

rodents is higher in the fynbos. I suggest that the greater diversity of 

rodent pollinated taxa in the cape my be due to the lower more closed 

structure of the fynbos. 

Also, in the fynbos there is a strong correlation between bird pollination 

and the more mesic sites (Midgley 1987c). On the evidence of greater 

numbers of ornithochorous species in Australia, and the correlation of 

·ornithochory with the more mesic sites, it is possible to infer that 
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Australia is more mesic as far as plants are concerned. 

Seed set 

Lamont et al. consider that because the growing season is shorter in 

Australia and the soils are less fertile, seeds are of necessity larger and 

therefore that seed set will be lower. Further data are needed to show 

that the growing season is shorter (see earlier discussion). 

'Ihree other factors besides resource allocation may also limit seed set; 

pollen quantity, pollen quality and genetic controls. Greater seed set of 
I 

' · fynbos Proteaceae may reflect the greater demands, not restrictions, of the 

fynbos environment. If seed set is low in Australian plants, "why are 

inflorescences CO!Tp)Sed of many florets"? 

To return to the problem of limits to seed set, examples of embryo abortion 

in the Proteaceae {Jordaan 1944) indicate that pollen quantity may not be 

the only problem and that genetic controls exist which maintain seed 

maturation at some level. Experiments showing inbreeding depression (Brits 

1983) also suggest that pollen quality is an important aspect of seed set. 

The problem is to decide why functional andromonoecy is so prevalent in the 

Proteaceae. I (1987e) noted that dioecious fynbos Proteaceae females are 

twice as fecund as co-existing hennaphrodites. This could suggest that 

resources are not the main control on seed set, if male function can be 

shown to be cheaper than the female function. Wiens (1984) has argued that 

resource limitation shows up in numbers of inflorescences rather than in 

seed to ovule ratios. This is further evidence that seed set is not only 

limited by resources. 
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Fruit size and phosphorus content 

1) Iamont et al. suggest that fruit size and thus phosphate content, is 

inversely related to the nutrient status of the soil. This is not borne 

out by a study of I.eucadendron seed size along moisture gradients (Midgley 

1987c) . The species with tl1e largest seeds tend to be from the arid 

areas. The species which dominate the rnesic coastal mountain slopes, such 

as L. eucalyptifoliurn (embcyo mass= 8.3ng) and L. uliginosurn (4.Sng) have 

vecy small seeds. This area has very leached nutrient poor soils (Bond 

1981), yet the embryo size of these species is amongst the smallest in tile 

genus. 

That increasing seed size along gradients reflects the increasing intensity 

of seedling moisture stress is well mown (Baker 1972), further work is 

needed to clear up the contention of Iamont et al. that seed size is 

related to soil nutrient status. If Australian Proteaceae have larger 

seeds tl1an do fynbos Proteaceae, then I would interpret this to suggest 

more intense drought conditions for seedlings in Australia, tl1an in the 

fynbos. 

2) In contrast to tile claims of Iamont et al. , Kuo, Pate, Rullo and 

Raisins ( 1984) suggested that there is no consistent difference in seed 

quality between the Proteaceae of Australia and South Africa. I (1987e) 

found the phosphate content of Hakea sericea ernbcyos to be less tl1an that 

of many I.eucadendron species. Iamont et al. based tileir hypothesis on data 

on seed nutrient status given in Mitchell and Allsopp (1984). However, 

these authors did not determine phosphate concentrations for embryos 

only, but for whole seeds. Because the seeds from Australian species have 

vecy tilin seed coats corrpared to the fynbos species they investigated, 
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their results may have been misleading. 

Seed storage 

1) Firstly there are foUJ::" t,~i:i~Jt;;!~L of storage-dispersal syndromes not 

three, as was suggested by Iamont et al (Fg 217). Serotiny (syndrome 1), 

ant~ispersal (syndrome 2), bird-dispersal (syndrome 3), but also passive 

soil-stored seeds. Fourty percent of the species of Ieucadendron release 

their seeds annually and these seeds are without a dispersal mechanism. 

Many of these species have thick coated seeds with strong donnancy (van 
I 

Staden and BrcMI1 1977). There may actually be five seed storage syndromes, 

because some species which are not serotinous also only have thin coated 

seeds with limited dormancy (e.g. Protea aristata). Seeds from these 

species may not accumulate in the soil for longer than their first winter. 

More work is needed on this aspect. 

2) In the fynbos, species with passive soil-stored seed are more inp:>rtant 

in the arid areas (Midgley 1987e). '!he absence of a passive soil stored 

seed bank in Australian proteoids is a major difference between continents. 

3) "Only "advanced" Proteaceae are found in South Africa, and these appear 

to have lost the capacity to prcxiuce fleshy fruits" (Rg 217). But, according 

to Jolmson and Briggs (1975) the follicle is the primitive fruit type, not 

the drupe. I.eucadendron can be considered to possess many "primitive 

characters" (Midgley 1987a) for the whole Proteoideae. There is no evidence 

that Australian Proteaceae are more primitive than are fynbos Proteaceae 

from the same sub-family. 

4) I.amont et al suggest that flowering phenology of mynnecochorous species 

is constrained by ant activity so that fruits may benefit by being released 
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in summer. However, because many non-mynnecochorous Proteaceae species 

also mature their seeds by summer, an alternate hypothesis is that all seed 

development of the Proteaceae in fire-prone systems is constrained by the 

late sununer fire season. The non-mynnecochorous non-serotinous Proteaceae 

also release their seeds by late summer (e.g. Williams 1972) despite ants 

,, · havipg no role in their dispersal. Serotinous species also mature their 

seeds by summer. 

Lamont et al. show that the non-mynnecochorous genus Protea, has species in 

flower for many months of the year in contrast to the mynnecochorous gen~ 
I 

'·· Leucospenm.nn, which has the flowering of most species restricted to a few 

months (Fig. 1; R;J. 218). But, this does not show that the phenology is 

constrained by ant activity because the maturation period of Protea species 

is very variable whereas that of Leucospenm.nn is more unifonn. For exairple 

P. aristata takes only three months to mature seeds whereas Protea repens 

takes upto nine months (Vogts 1984). Flowering phenology is both genetic

ally and environmentally controlled in the Proteaceae (Vogts 1984). But, 

why plants flower when they do is still unresolved. 

Serotiny 

1) "Serotiny also buffers the effects of low and seasonally variable seed 

set" (R;J. 217). There is no evidence that only the serotinous ta.xa have 

variable seed set. Even if this were true, it does not answer the question 

as to why, or how, the other seed storage mechanisms also do not buffer 

variable seed set and thus why serotiny specifically is selected. 

2) "The degree of serotiny was negatively correlated with mean annual 

rainfall and length of growing season" (Jg. 218). This correlation is hard 
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to interpret, because the degree of serotiny is affected by external 

factors such pre-release predation and climatic factors. In the fynbos 

pre'."."t:"'E:!J.ease p~tion renders the contribution of seeds older than four 

years as insignificant_ in Protea neriifolia. In horticulture, where seed 

predators are absent, cones retain viable seeds for more than eight years 

(Mi~gley 1987e) • 'lhus the correlation between degree of serotiny and 

climatic conditions must still be shown to have a genetic basis. 

3) South African serotinous species are found in mesic fynbos environments 

and are relatively unimportant in arid fynbos environments (Midgley 1987e). 
I 

'·· 'lherefore higher levels of serotiny in Australia could in fact be reflecting 

more mesic conditions, rather than the more arid conditions suggested by 

I.amont et al. Cowling and I.amont (1':J 218) noted inter-fire establishment 

only in mesic areas. In the fynbos, the most mesic sites seldom if ever have 

interfire establishment, only the more arid areas have inter-fire establish

ment. 'Ibis is a major difference in regeneration patterns between the 

continents. 

4) ''More recently in geological time, woody follicles also have provided 

insulation to hotter and more frequent fires •. " (1':_J. 219). 'Ibis is to a 

degree a contradiction, more frequent fires would be less intense (the 

temperature is always the same) than less frequent fires because of differ

ences in combustible biomass. 

'Ihe problem of why cones vary in" woodiness" has no easy solution. In the 

fynbos many serotinous species have non-woody cones (Erica sessiliflora, 

Bruniaceae) which suggests that fire intensity . is not the factor which 

selects for increased woodiness. Also some non-serotinous Ieucadendron 

species produce woody cones (e.g. L. pubescens ) , which also suggests that 
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fire intensity is not the dominant factor. 

5) An alternate reason for the higher degree of serotiny in Australia is 

that amongst obligate seeders, serotiny is correlated with tall plant 

height and proteoids grow taller in Australia {Midgley 1987e). 

6) I.amont et al. consider that the greater development of serotiny in 

Austr~lia supports the predator satiation hypothesis. Yet, there are far 

fewer rcxients in Australia than in the fynbos {Fox et al 1985). 

Mynnecochory 

1) I.amont et al (Fg 220) contend that the higher_incidence_of myrmecochory 

in the cape is due to a greater incidence of rcxients. 

I suggest that the high incidence of myrmecochory in the fynbos (>50%) is a 

function of the short stature of the fynbos (Midgley 1987h). Mynnecochores 

tend to be relatively smaller, more ephemeral and less wcxx:ly than serotinous 

species. Also, myrmecochores are better adapted to temporally variable 

fire cycles because they achieve maturity earlier, thus tolerating short 

cycles. '!hey can persist as seeds in the soil after senescence, thus 

tolerating long cycles. 

2) "Only in the Australian Grevillea is the elaiosome attached to the seed 

rather than the fruit" (Ig. 220). '!his is not correct. '!he elaiosome in 

South African Proteaceae is derived from swellings of the ovary, i.e. is 

attached to the seed (Midgley 1987a) • An interesting difference in mynneco

chory between A_ustraJ.J~ and African proteoids, is that the elaiosome can be 

~ in the fonner (Westoby et al. 1982), but always degenerates rapidly in 
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the latter. 

Resprouting 

1) "Resprouters are favoured when fires are too frequent or severe for 

non-sprouters to reach reproductive maturity, or produce enough seed for 

ensuring recruibnent" (fg 220). 'Ibis is too exclusive, it explains one at 

the cost of the other and thus cannot explain why there are more sprouters 

than seeders. 

2) "Harsh or erratic conditions during establishment will also favour 

resprouters because of the unreliability of regeneration from seed". ~ 
I 

· · this argument the most arid fynbos sites should be dominated by resprouters 

but this is not the case (Midgley 1987g), sites of intermediate moisture 

stress contain the largest proportion of sprouting proteoids. 

3) Lamont et al. suggest that " In view of the greater combustibility of 

the Australian sclerophyll flora and drier sununer it may be predicted that 

the incidence of resprouters among Australian Proteaceae would be greater 

than in the cape". 

Combustibility is determined by many parameters such as the size of the 

components of the fuel load and the distribution of the fuel load. '!he 

higher hemic:ryptophyte ("restioid") component of the fynbos (Kruger 1979) 

confers high flammability, as does the more concentrated architecture of 

the vegetation. 'Ibis may result in intense fires, especially at ground 

level. 'Ihe point is that biological differences in fire intensity between 

the continents are not yet apparent and warrant further work in view 

of the evolutionary inportance of this aspect. 

4) Epiconnic sprouters are relatively absent in the fynbos when compared 

to Australia (e.g. Banksia spp.and Eucalyptus spp.). 'Ibis is a major 
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difference between continents and needs clarification (Midgley 1987g). 

6) I suggest that there are more sprouters in Australia because the 

vegetation is taller and more open. Multi-stenuned plants will not be 

suppressed as the vegetation matures and fires will not be intense at 

ground level. 

Wirrl pollination 

Only African proteoids are anemophilous (e.g. I.eucadendron rubnnn). Whilst 

it is tenpting to invoke greater windiness, it appears that wind pollinatio~ 
I 

'·· is associated with dioecy rather than with the windiest habitats (Midgley 

1987f). 

Bird dispersal 

Only Australian proteoids (Persoonia ) are omithochorous, although this 

genus is from a sub-family not present in Africa. 'Ihere is very little 

ornithochocy in the fynbos, which is surprising because the cape forests 

have high levels of omithochocy, yet also occur on nutrient poor substrates 

(Midgley 1987h). 'lhe greater degree of omithochocy in Australian proteoids 

can possibly be explained in tenns of differences in vegetation structure 

and dynamics. Inter-fire establishment is very limited in the fynbos due 

to its low and congested structure. 'lhus the dispersal of seeds by birds 

into mature fynbos will not result in establishment. 

Specht (1981) obsei:ved 13 600 seedlings per hectare in mature vegetation in 

Australia. Inter-fire establishment is more feasible in Australia and this 

is refelected in the occurence of dispersal of seeds by birds in the 

Proteaceae. 
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SUMMARY 

There are ma.jor differences between the temperate Proteaceae of the cape 

and Australia. I have suggested that ecological and phylogenetic explan

ations for these patterns exist. Further data on the influence of fire on 

vegetation structure and function is needed. 
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SHOUID ADAPI'ATIONISTS CDNSULT TI IE fHYI.(X;EN!FS OF THEIR S'IUDY GROUPS? 

ABSTRACT 

The usefulness and limitations of a phylogenetic approach for adaptationist 

studies which use interspecific level data are discussed. I suggest that 

the number of times a trait has evolved, and whethe.r it is derived or 

ances~al, are as important as the proportions of species possessing it. A 

phylogenetic perspective may allow for a more meaningful analysis of adaptive 

traits than studies merely based on correlations between numbers of species 

and envirorunental features or other phenotypes. 

INI'ROWCTION 

The study of why organisms possess particular traits is an hnportant aspect 

of both theoretical and applied biology. 'Ibis branch of biology is commonly 

referred to as the adaptationist program1• However, some recent authors 

have expressed strong concern about the logical weaknesses and excesses of 

adaptationism, to the extent of stating that continued facile adaptationism 

is threatening to caricature and destroy Darwinism2. 

Ideally, natural selection and adaptation should be studied at the intra

specific level ( "population genetics") , since we can only infer that the 

same processes operate at the interspecific level as on the intraspecific 

level3. But it is often only practical to study adaptation interspecific

ally, because the trait in question may not vary intraspecifically. The 

leaf size of a single species may not change over an precipitation gradient. 

'Iherefore correlations between numbers of species per leaf size class and 

precipitation, may be the next best level for investigation ("the correlative 
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approach"). However it is at the interspecific level that problems can 

arise, especially if the systematics of the studied taxa are not taken into 

account. 

The aim of this article is to show that a "phylogenetic approach" can 

mproye the correlative approach. My motivation stems from contradictory 

results I obtained while studying evolutionary trends at the interspecific 

(and higher) level in the genus leucadendron4 (Proteaceae), using both the 

correlative and phylogenetic approaches (see exarrples below). 

By the "phylogenetic approach", I mean the use of variables which take 

account of the systematic relationships of the taxa or the trait involved. 

At the silrplest level, this may mean the use of mnnbers of taxa (rather 

than the total cover or biomass) in a larger group, which exhibit a trait 

and which vary across some envirornnental gradient. At higher levels the 

"phylogenetic approach" may mean taking account of the phylogenetic position 

of the studied trait, the number of times the trait may have evolved 

and the relationships between the studied taxa. 

Recent adaptationist work on the cape flora has mostly been at the inter

specific level, used the correlation approach and has seldom included the 

systematics of the traits or the taxa, being studied. This applies to work 

5 6 . 7 8 ph' l , 9,10,11 . t at the genus ' , commun1 ty ' , geogra 1ca region , or in er--

continental leve112 . 
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Is there a place for correlative analyses in evolutionary ecology? 

Some "purist" biologists might argue that the adaptationist program must 

only be perfo:rmed at the level of population genetics ( "bottom up app

roach"). 

'!here are many interesting traits in I.eucadendron, and the family as a 

whol~ in Africa, which unfortunately do not vary interspecifically. 'Ihus, 

under this restricted approach whole groups of organisms ma.y be excluded 

from analysis. A "top down approach" to make use of the above groups of 

organisms, would be to correlate numbers of species which exhibit these 

traits with some envirornnental factors or other phenotypes. Possibly the 

"top down" and "bottom up" approaches are not nn.itually exclusive. For 

exanple, an author may wish to scale up a study which was based on gene

frequencies in a population of a single species, to see whether the same 

trends occur in larger groups. In this article I argue that, with some 

improvements, the correlative approach can be valid at the interspecific 

level. 

Ihylogenetic (evolutionary) versus ecological variables for adapt

ationist studies 

An evolutionary ecologist is often faced with the choice between two types 

of quantitative measures of a trait which is to be correlated with an 

environmental factor or another phenotype. Numbers of morphs, species, 

genera or families (phylogenetic variables) possessing a given trait in a 

larger taxon, community or region can be used. Alternatively the abundance, 

biomass, cover or number of individuals (ecological variables) in the same 

larger groups, which possess the trait, could be used. 
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I am not aware of any published guidelines as to how to make the choice 

between these two groups of variables. 'Ibis is an important issue, because 

conflicting patterns can be suggested in studies which use either phylo

genetic or ecological variables, as a measure of the importance of a 

trait. For example, in fynbos Proteaceae there are 50% more ant-dispersed 

(~orous) species than there are serotinous (canopy seed storage) 

species. I.amont et al. 12 argued that this disproportionately high percentage 

of myrmecochorous species in the Proteaceae, reflects high levels of 

pre-fire granivory. But, serotinous species of the Proteaceae are abo~t 
eight times more cover abundant in the fynbos landscape than are the 

mynnecochorous species13 , and a different adaptationist argument could be 

put forward to explain this dominance by serotiny. Thus, even within one 

family, different patterns emerge, depending on the type of variable that 

is used. 

I.amont et al. 's12 argtnnent that serotiny is more important in the Proteaceae 

of southwest Australia, rather than the cape, is merely based on the 

proportions of taxa exhibiting the trait on the two continents. An alternate 

phylogenetic approach into the relative ilnportance of serotiny in the two 

continents, which avoids deriving ilnportance merely from numbers of taxa, 

is the following. How many different methods ("types of structures") have 

led to serotiny ("the function"), in this set of related taxa? In the 

fynbos Proteoideae, serotiny has evolved from three different structures; 

floral bracts (e.g. I.eucadendron), involucral bracts (Protea) and branches 

(Aulax). Whereas in the Australian equivalents, there has only been one 

"solution"; floral bracts (Petrophile). '!his suggests that serotiny may 

have been more ilnportant in the cape than in Australia. 
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If adaptationist hypotheses are being studied (e.g. haw and why does leaf 

size vary along an envirornnental gradient), then the applicable variables 

to be used should be found at the phylogenetic level (rnnnbers of taxa per 

leaf size class along the gradient). '!his is because this value will most 

closely approximate the number of times the trait has evolved. Clearly if 

ecological patterns (such as resource use) are the focus of study, then 

ecological variables are appropriate. Hawever, there are rnnnerous examples 

in the fynbos "adaptationist" literature in which ecological variables have 

been applied to evolutionary problems. For exarrple, Cawling and campbell_~ 

correlated the proportion of individuals which exhibited the traits they 

were studying, with precipitation. 

Derived traits are as important as the more connnon traits 

Usually the trait that is found in the largest proportion of species, is 

considered to "fit" an envirornnental factor best. For exarrple, Rebelo and 

Siegfried.5 argue for the ilrportance of a certain flawer colours to their 

pollinators, simply based on the proportion of species which possess that 

colour. Similarly, Knight and siegfried.10 argue that birds prefer fniits 

of certain colours because most species have fniits with these colours. 

In I.eucadendron there is no habitat segregation of insect or wind pollinated 

species; but only nine species are wind pollinated, the other 70 are insect 

pollinated. According to the correlative method it could be argued that 

insect pollination is more adaptive in the fynbos envirornnent because wind 

pollinated species are so few. 

Hawever, in I.eucadendron wind pollination has been derived from ancestors 

which were insect pollinated.14 • '!his is evidence of evolution away from 
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the trait which occurs in most of the species. It is therefore inportant 

to detennine whether a trait is derived or not for the taxa concerned, 

before deciding on the evolutionary inportance of the trait. OtheJ:Wise the 

exercise may be equivalent to discussing the adaptiveness of a vestigial 

character, like the human appendix, instead of the uses of a specialised 

charqcterl5. 

A second issue regarding the inportance of detennining whether a trait is 

derived or not, is relevant to studies concerned with correlations between 

traits. The point is that, before mechanisms can be postulated to explaiJ:i 

correlations between phenotypes, based on m.nnbers of species, the polarity 

or order of evolution of the traits is important. For example, it may be 

hypothesised that in the Proteaceae, pollination type (wind, bird or insect) 

depends on breeding systems (dioecious or hemaphroditic). But it is only 

after a phylogenetic analysis that it is possible to discern which of the 

pollination syndromes preceded or was preceded by, dioecy or hemaphrodit

ism. In Leucadendron wind pollination is the derived condition14 . With a 

phylogenetic perspective it is possible to arrive at the question "why are 

derived dioecious elements wind pollinated 11? 

The next example may demonstrate the change in emphasis that a phylogenetic 

approach may cause. Siegfried et al. 6 correlated stem thickness with 

pollination type and concluded the following: "Ornithophilous Erica 

species have significantly thicker stems ••• to support the mass of their 

large perching avian pollinator". However, depending on the phylogeny of 

the genus, it could be postulated that thick stems are an ancestral (prim

itive) character. later in the history of the genus, species with thick 

stems and which were variable in flower colour or size, were differentially 
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visited by birds. In other words, thick stems (or certain flower colours 

or sizes) may not originally have been selected for by bit:d pollinators. 

Siegfried et al. 6 need to show that thick stems are a derived trait, before 

they can argue that the trait evolved expressly to support the mass of the 

avian pollinator. '!he same need for a phylogenetic perspective for explain

ing the adaptive significance of a trait, applies to the occurrence of 

bright colours (red, purple, pink, yellow) in Erica species which Rebelo 

and Siegfried5 suggest are wind pollinated. It is likely that these 

colours were not selected for by wind pollination, but that they are mere~¥ 

characters which the wind pollinated species inherited from zoophilous 

ancestors. 

'!he question which the correlative approach appears to lead to is, "why are 

so many species of X (say bit:d pollinated species) correlated with Y (say a 

certain flower colour, size or habitat)"? 'Ibis is based on the assmnption 

that the strength of the correlation or regression (based on numbers 

species) equals the strength of the adaptive significance of Y to X. I 

have argued that the reason that species exhibit certain traits may also lie 

in the history, rather than the ecology, of the group. Also, the numbers 

of species which possess a certain trait is not necessarily a measure of 

the evolutionary success of the trait. 

With a phylogenetic approach the question would be, 11 why is there a trend 

away from Y (primitive pollination type, colour, size) to Y' (derived type, 

colour or size)"? Also why has Z (colour, size) evolved more times than Z' 

(another colour, size)? 

In both cases the numbers of species possessing the particular trait is 

considered relatively uninformative. 'Ibis leads to the next point. 
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In many adaptationist studies it seems that there is the unwritten assumption 

that the number of species from a sample which possess a particular trait, 

is an indication of how many times that trait has evolved and thus of the 

evol'lJ,tionary importance of the trait. But, the rn.nnber of times a trait has 

evolved can only be obtained (approximated) from a phylCXJenetic study. 

At the subsection level in Leucadendron, anemophily has evolved five times, 

whereas the proportionately far more frequent trait of entomophily, is~~ 

ancestral condition • 'Ihis situation is represented in Fig. 1, from which 

it is clear that numbers of species which exhibit a trait, is almost 

inversely related to·the number of times the trait has evolved. 

'Iherefore it may be biolCXJically unrealistic to treat all species in a 

sample as having equal infonnation in relation to some evolutionary problem. 

Knight and Siegfried10 studied the environmental and geographic distribution 

of arillate species to infer evolutionary patterns. 'Ihe lack of pattern 

they detected may be due to the fact that they treated all arillate species 

with equal weight. '!here are 26 arillate species in the single genus 

Conuniphora, whereas most other genera only contribute three or four species 

to the total of 70 arillate species in the subcontinent. It is reasonable 

to suggest that the aril evolved fewer times in 26 species of Commiphora 

than in an equal number of other arillate species which come from several 

genera or families. 'Iherefore, the conclusions of Knight and Siegfried10 

are debatable because they treated all species as being equally infonnative 

to the problems associated with understanding the evolution of arils. 
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Felsenstein16 pointed out that the assumption of independence between 

samples, which underlies all of the statistical tests that are used for 

analyses of phenotypes across species or higher taxa, is not met. '!his is 

because the samples (the species) all have a unique position within a 

structured phylogeny. Fox17 obtained different patterns using different 

taxonomic levels, in his correlation analysis of the incidence of dioecy in 

a flora. He suggested that one possible way around the enonnous problem of 

interdependence, is to do the correlation analyses at the generic level. 

However, there are many traits in Leucadendron (see Fig. 1), that have 

evolved more than once4 , and thus using genera may not always avoid the 

need for a phylogenetic perspective. 

9 2 1 3 10 11 12 

(p,e,sdl 

Fig. 1. A cladogram of the subsections of Leucadendron. Note the lack of 
positive relationship between numbers of species possessing a 
trait and the number of times the trait has evolved. Letters 
represent the following traits: a =anemophily (evolved 5 times in 
9 species), s=serotiny (evolved 3 times in 37 species), sp=sprout
ing (evolved 3 times in 7 species) , e=entomophily ( ancestral 
condition, still found in 70 species), m=mynnecochory 
(evolved 4 times in 6 species) and p=fniits with no dispersal 

mechanisms (ancestral condition, in 35 species) and sd=obligate 
seeder (ancestral condition, found in 72 species). 
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'!he phylogenetic approach can improve interspecific comparisons 

Adaptationism based on interspecific comparisons can be dubious because 

species may differ in more ways than just the traits being corrpared. For 

example, a study to measure differences in the reprcxiuctive effort between 

a single species of sprouter and seeder may be invalidated if the pair of 

spec~es being investigated, differ in any other way besides the traits 

being corrpared. 'lherefore a further gocxi reason to consider the relation

ships between the studied taxa, is because interspecific comparisons 

may be more meaningful, the closer are the relationships amongst studied 

taxa. 

I.amont18 corrpared the relative seed output between seeders and sprouters of 

the genus I.eucospennum, and concluded that sprouters may have a seed 

prcxiuction which is no different from seeders. '!his is in contradiction to 

earlier models19 which showed seeders to have higher seed output than 

sprouters. 

However, I.amont18 did not study species that were from the same sections. 

A comparison of the seed prcxiuction and seedling to parent ratios of 

sprouters and seeders from the same subsection of I.eucadendron, indicated 

that after fires in mature vegetation,the seeders prcxiuce more seeds and 

seedlings than do sprouters13 • 

Another example of the conflicting results that can be prcxiuced when a 

phylogenetic perspective is used is the following. To investigate 

variation in leaf size, I divided the fynbos landscape into four classes 

along a gradient of increasing sununer moisture stress. I also divided leaf 

size in Leucadendron into four leaf size classes and thereafter allocated 

all the species to a position on the contingency table (Table 1). 
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Table 1. Contingency table showing numbers of species of Ieucadendron 
per leaf size and sununer moisture stress classes. 

sununer moisture stress classes (mean monthly summer precipitation) 
1 (<lOitun) 2 (<20Itun) 3 (<30Itun) 4 (>30rrnn) 

leaf (area~ size classes 
1. 225mm 9 
2. 5oonun2 2 
3 • 1ooonun2 1 
4. >lOOomrn2 1 

15 
7 
2 
7 

6 
2 
7 
6 

7 
5 
1 
1 

A G test of inde:pendence (with Yates' s correction) using two moisture 
I 

stress classes (columns 1+2, 3+4) and two leaf size classes (rows 1+2, 3+4) 

indicated that numbers of species with small or large leaves are not 

differently distributed according to sununer moisture stress (G=2.06; NS). 

'Ihere is thus no evidence that small-leaved proteoids are correlated with 

the more wann and arid habitats. 

'Ihe phylogenetic approach to the problem of leaf size and surrnner moisture 

stress is more restrictive. Firstly, a phylogenetic study is needed to 

detennine whether "small-leavedness" is a primitive or a derived character. 

Only derived traits of species can be expected to fit ("be optimal") an 

envirornnental factor closely15• Small leavedness is a derived character in 

Ieucadendron4• 



Table 2. carparison of leaf size within I.eucadendron subsections. 
leaf size and sununer moisture classes are the same as Table 1 

leaf size 
(l=small, 4=large) 

Subsection I.eucadendron 
L. ericifolium 
L. argenteum 
Subsection Nucifera 
L. cadens 
L. slieilae 
L. meyerianum 
L. burchelli 
L. daphnoides 
L. orientale 
L. tradouwense 
Subsection Alata 
L. diemontianum 
L. flexuosum 
L. foedum 
L. eucalypifolium 
L. strobilinum 
L. gandogeri 
L. laureolum 

1 
4 

1 
1 
1 
3 
3 
4 
3 

1 
1 
1 
3 
4 
4 
4 

Smamer moisture stress 
(l=arid, 4=mesic) 

2 
3 

1 
1 
1 
3 
3 
4 
3 

1 
2 
1 
4 
3 
4 
3 
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'Ihe second step is to compare leaf sizes between closely related species, 

such as species from the same subsections, but which grow in a range of 

habitats. Within any subsection the species from the more arid areas 

(Table 2; column 2) tend to have the smaller leaves (column 1). 'Iherefore, 

when the phylogeny of the studied taxon is taken into account, leaf size is 

correlated with moisture stress. '!his is in contrast to the above correl

ation analysis based on numbers of species. Some of the other applications 

of a phylogenetic perspective are discussed below. 

Intercontinental convergence and phylogenetic constraints 

Some traits are strongly correlated with certain taxonomic groups, such as 

rodent pollination (Proteaceae) and serotiny (Proteaceae, Myrtaceae, 
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Coniferales). 

There is a relative absence of rcxient pollination and serotiny in northern 

mediterranean-type ecosystems, as compared with their southern counterparts. 

'Ibis may be due to the distribution patterns of some of the taxa involved 

being restricted to the latter, rather than the lack of adaptive significance 

of the traits in the fonner. 

Ecological versus evolutionai:y explanations 

sometimes the relative absence or presence of a trait can best be explained 

' · by forces not operating at the present time ( ecological time scale) , but 

may have operated in the past (evolutionai:y scale). A phylogenetic pers

pective may be needed to justify such explanations. 

Extrafloral nectaries (efns) are present on endemic Hawaiian plant species, 

despite the absence of endemic ants and this could be due to phylogenetic 

, ert' 20 m 1a . This could be resolved phylogenetically by showing that the 

presence of nectaries is an ancestral trait, as is the case I.eucadendron21. 

Iamont et al. 12 suggested that the greater incidence of sprouting in the 

Australian Proteaceae rather than the cape fynbos is due to factors operating 

over evolutionai:y tbne. If sprouting were an ancestral trait, then this 

would be a reasonable explanation. But sprouting is a derived trait in the 

African Proteaceae 4 . 'Ibis suggests that present ecology is inportant 

in explaining numbers of sprouters. 

A phylogenetic approach can provide a different perspective to the explan

ations of the adaptive significance of certain traits. For example, 

serotiny is considered to have evolved mainly as a post-fire, predator 



264 

satiation rnechanisrn22 . Mynnecochory is considered to have mainly evolved 

as a pre-fire predator escape mechanisrn23 • 

But, in Ieucadendron there is evidence of evolution from serotiny to mynne

cochory 4 • '!his tren:l remains to be explained in terns of the above predation 

models. 

Limitations of the phylogenetic approach 

First, phylogenies are themselves only hypotheses and there is no one 

infallible method for detennining a phylogeny. Phylogenies are therefore 
I 

· · approximations. Second, as far as adaptation is concerned, a phylogenetic 

perspective is only relevant at the interspecific level. 

To prevent further ridicule of the adaptationist program, workers should 

not only have in mind a phylogenetic perspective, but also non-adaptive 

null hypotheses such as allometry am physical constraints. For example, 

in some Ieucadendron species males have smaller leaves than females. '!his 

phenomenon has been interpreted as being due to selection by moisture 

stress that favours different resource allocation pattems24 . However, 

smaller leaf size in males may only be an allometric consequence of the 

thinner, but more numerous, floral stems found in these males25 . 

a:>NCI.IJSIOW 

Phylogenetic studies are often considered to be luxuries by funding agencies 

am even amongst taxonomists, so that many fynbos taxonomic works do not 

provide an explicit phylogeny. '!his is a pity because phylogenies are 

useful primary data for evolutionary ecologists. I argue here that the 
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correlative methcxi can benefit from a phylCXJenetic perspective. 

Without implying their acceptance of the above views, I thank the following 

for constructive criticism (alphabetically); P. Barnard, w. Bond, J. Brey

tenbach, T. Crowe, P. Frost, C. Geldenhuys, B. Gibbs-Russel, R. Knight, 

E. Moll, R. Sinnnons, A. van Wyk and J. Vlok. This work is funded by the 

Depai::tment of Envirornnental Affairs. 
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IS CLIMA'IE AS IMFORI'ANT AS SOIL NUTRIENTS AS ECOLOGICAL DEI'ERMINANr OF 'lHE 

FYNOOS FIORA AND I'IS OIARACI'ERISTIC3 ? 

ABSTRACT 

I present evidence which indicates that climate is more important than 

nutrients as an ecological detenninant in the fynbos. '!his is not to suggest 

that nutrients are irrelevant, but that it is climate that separates the 

,., fynbos from adjacent vegetation types and thus controls many ecological 

processes in the fynbos. Climate directly (e.g. degree of moisture stress) 

and indirectly (fire frequency), rather than soil nutrients, appears to 

control the relative levels of the following; seed set, seed size, ornitho

chory and distribution patterns. '!he level of herbivory on fynbos plants 

is as high as in nutrient rich mediterranean systems. 'Ibis indicates that 

the evolutionary significance of herbivory can be important in nutrient 

poor systems. 

INTROil.JcrION 

In recent fynbos ecological literature the low nutrients status of the 

fynbos soils has been invoked to explain much that is specific about the 

fynbos (Kruger et al. 1983; Cowling 1982; carnpbell 1985) . But earlier 

authors who commented on the distribution of fynbos taxa (e.g. Weimarck 

1934, Ievyns 1950, Nordenstam 1969), rejected the notion of any specific 

substrate boundaries to the fynbos and considered climate to control 

distribution patterns. 

'!here has been no test or experiment to disprove these earlier observ

ations. On most of the inland mountain ranges there is a gradual change 
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from fynbos on the south slopes, to more arid vegetation types on the north 

slopes, all on soils derived from the same geology. This suggests that 

soil moisture is the dominant factor controlling vegetation boundaries. 

It could be argued that in the more mesic areas the soil is more leached 

and· thus nutrient poor. However, soil phosphate levels in the fynbos can 

be as high, or low, as in adjacent vegetation types (Midgley 1987h). 

Furthennore, there are nany areas around the world which have low soil 

nutrients, yet these areas lack most of the unique features of the,fynb6s. 

For example, Frost et al. (1986) discussed the dystrophic savanna soils of 

Africa and South America, which have nany features in common with fynbos 

soils (low pH, exchangeable bases and available phosphorus), yet the plants 

and vegetation of these savanna areas do not possess the characteristics 

that fynbos species do. 

Many of the unique aspects of the fynbos have since been correlated with 

the low nutrient status of the fynbos soils. The following are some 

examples of fynbos characteristics which have been explained or correlated 

with low soil nutrients 

i) The relative absence of deciduousness. campbell (1985) argued that in 

nutrient poor systems the plants can not " afford" to replace leaves 

annually. Therefore plants keep their leaves during the adverse period and 

leaves are typically long lived. 

ii) The absence of ornithochory and high levels of mynnecochory (Milewski 

and Bond 1982). 

iii) The absence of spinescent plants. canpbell (1985) suggested that the 

low nutritional quality of foliage of fynbos plants, frees them from 
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herbivory. Therefore the absence of spines is ultimately due to the low 

nutrient fynbos soils. 

iv) The predominance of small leaf sizes. campbell (1985) argued that 

leaf size in the fynbos may be constrained by the nutrient poverty of the 

soiis. lJ:Jw availability of nutrients to plants restricts their rates of 

photosynthesis and hence leaf size. 

v) The high species richness (Tilman 1983). 

vi) The high abundance of serotiny (Bond 1985). 

vii) The occurrence of large seed size in the Proteaceae. Iamont, Collins 

and Cowling (1985) argued that increasing seed size should match the 

increasing nutrient poverty of soils, to give seedlings a greater probability 

of establishing. 

viii) 'Ihe low seed set in the Proteaceae. I.amont, Collins and Cowling 

(1985) suggested that for taxa which prcx:luce "expensive" seeds, increasing 

levels of seed set should correlate with higher levels of soil nutrients. 

ix) '!he short stature of the fynbos. campbell (1985) argued that the 

nutrient poverty of the fynbos soils stunts the vegetation. 

DISa.JSSION 

The following is evidence from my study (Midgley 1987a-j) which appear to 

support the climate paradigm. 

1) Disjunctions occur in phylogenetically recent r.sucadendron species. 

These species appear to have evolved more recently than the fragmentation 

of low soil nutrient erosion surfaces (Midgley 1987c). '!his suggests that 

during periods of climatic change, these species may have migrated onto 

relatively nutrient rich soils. 
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2) I.eucadendron species occur on the more rnesic sites on Wittebel::g quarsite 

and Bokkeveld shale and in some instances they can be gradµally replaced by 

the Karoo flora without a change in substrate (Midgley 1987c). 

3) large seed size in I.eucadendron is better correlated with aridity, than 

with low nutrients (Midgley 1987b,i). 

4) A review of soil nutrient data indicates that fynbos soils may be as 

acid and low in nutrients as Ka.roe, renosterveld and forest soils (Midgley 

1987h) 

5) The higher (double) seed set and seedling production of dioecious 

versus hermaphroditic Proteaceae (Midgley 1987f) on the same substrate 

suggests that nutrients may not be the main control on seed set. 

6) The fact that the fynbos Proteaceae grow on low nutrient soils is 

considered to indirectly free them from leaf herbivores. HO'i.lTever, since 

extrafloral nectaries are widespread in the Proteaceae, this indicates that 

the intensity of leaf herbivory has been an important selective pressure 

(Midgley 1987i). 

vii) Levels of leaf herbivory can be greater than 10%, which is conparable 

with that of high nutrient mediterranean systems and indicates that leaf 

herbivory is a significant selective force even on low nutrient substrates 

(Midgley 1987i) • 

viii) Although the fynbos is short, exotic trees can invade the fynbos and 

grow into tall trees (Midgley 1987d) • This suggests that plant height in 

the fynbos is not limited by nutrient availability. 

The following are alternate explanations, based on climatic controls, for 

some of the other characteristics of the fynbos. 
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1) The lack of deciduousness is because the fynbos is not water stressed. 

Miller et al. (1983) detected very little moisture stress even in fynbos 

Proteaceae in arid sites. 

2) The relative lack of omithocho:ry in the fynbos, compared to forest, is 

related to dynamics, because forest soils are derived from similarly lOIN 

nutrient geological formations (Midgley 1987h). 

3) The lack of spinescence in the fynbos and more spinescence in the Karoo 

is not because predation pressure is less in the fynbos but because the 

types of predators differ and the costs of replacing lost tissue are 

greater in the more arid areas (Midgley 1987i). 

4) The notable lack of annuals (Goldblatt 1978) may be because the climate 

is not harsh enough to select against perrenials. Annual and biennial 

species of Relhania (Asteraceae) are the specialised growth fonn and tend 

to be found in the more arid areas (Bremer 1976), rather than in areas of 

different substrate. 

CONCWSION 

I suggest that nutrients are less inportant for separating the fynbos from 

adjacent vegetation type than soil moisture is. Climate also controls 

vegetation patterns indirectly, by modifying natural fire regimes. A whole 

field of interesting research will be neglected under the present "nutrient" 

paradigm. 

Differences in soil nutrients may be :iJrp:>rtant for understanding inter-

continental differences (e.g. between fynbos and chaparral) but soil 

nutrients have received too much emphasis for explaining much that is 

peculiar to fynbos. Adjacent vegetation types (Karoo and forest) and also 

savannas, can exist on lOIN nutrient substrates. 
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