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Abstract 

The Cape Peninsula, (471 km2) with over 2285 vascular plant species, is characterised by 

the combination of a diversity of habitats supporting a mosaic of vegetation types. This 

study attempts describe. and explain some of the determinants of species pattern and 

distribution. The first part of the thesis compares a simple vegetation classification, 

derived from visual examination of dominant species and environmental characteristics, • 

with the results of a multivariate classification derived from the analysis of an extensive 

database (835 plots, 833 species). This rapid system of classification of fynbos showed 

an 81 % similarity with Two-Way Analysis (fWA) classification. Detrended 

Correspondence Analysis (DCA) and Canonical Correspondence Analysis (CCA) were 

used to relate floristic variation to environmental factors. Theses analyses revealed that 

altitude, rainfall and soil fertility were the principle environmental factors explaining 

species distribution. The second part of the thesis examined patterns of local ric~ess and 

turnover (beta and gamma diversity). Similar sized areas in other mediterranean-climate 

region biodiversity hot-spots support between 4. 7 and 2. 7 times fewer species than the 

Cape Peninsula. This high plant regional richness is due to the exceptionally high turnover 

between moderately species-rich sites in along steep environmental gradients .(beta 

diversity) and between sites in similar habitats along geographical gradients (gamma 

diversity). Highest beta diversity, encompassing almost complete turnover, was recorded 

along soil fertility gradients. Although similar patterns for these independent components 

explain the richness of other regions in the Cape Floristic region, it is the very long and 

steep habitat gradients of the Cape Peninsula that makes this region exceptionally rich. 

Furthermore, the flora is characterized by a high degree of rarity, a phenomenon that 

undoubtedly influences the turnover. Thus, the third part of this thesis analyses the 

biological and habitat correlates of plant rarity. Given the Jack of any general theory of 
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' causality, understanding rarity has become a considerable problem for reserve 

management. To date, there have been no studies which compare the attributes of rare and 

' 
common plant species. There were no strong relationships between rarity status and 

biological attributes of species. However, rare species occupy wider resource niches as 

measured in multivariate space. Although some habitats contained a relatively larger 

proportion of rare plants, most were riot restricted to particular vegetation types and 

exhibited ~ wide range of habitat infidelity. However, the distribution of many species, 

particularly those with high fidelity-indices could be successfully modelled regardless of 

rarity status abundance. Therefore, although rarity is difficult to predict at the 

phenomenon level, for management purposes, priority habitats can be identified and the 

distribution of rare species modelled individually. The results of theses studies are 

discussed in terms of management and conservation of the Cape Peninsula's uniquely high 

plant diversity. 
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CHAPTER 1 

General introduction1 

Introduction 

The Cape Peninsula comprises a region of internationally renowned scenic beauty and 

exceptional biodiversity (e.g. Luckhoff, 1951; Moll and Campbell, 1976; UCT, 1994; 

Trinder-Smith, 1996a). It is also girdled by one of South Africa's fastest growing 

metropolises, the greater Cape Town area, resulting in an exponential increase in the 

thq2ts to biodiversity and scenic quality (Richardson et al., 1996). With presently over 

two million people in the greater Cape Town area this is expected to increase to six 

million by 2020 (van Wilgen, 1996). The pressure of increasing development on the 

natural vegetation of the Cape Peninsula is already marked. Some 37% of the region has 

been transformed by agriculture and urbaniution, and 44 9£ of the remaining. area of the 

natural ecosystems is invil(ied by alien plants (Richardson et al., 1996). Fortunately, about 

64 % of the natural (i.e. non-transformed) area is included in the Cape Peninsula Protected 

Natural Environment (Fig. 1.1), which includes the p~t major reserves. Attempts are 

currently underway to apply for status as a National Park and World Heritage Site (van 

Wilgen,,- 0 1996). If the Cape Peninsula is to retain such status, both in terms of its 
, ' 

international conservation ranking,'· as well its local economic potential, then adequate 

management plans have to be implemented. These will entail both the proclamation of 

reserves, in addition to those already existing (I'rinder-Smith et al., 1996b), and active 

· management, to ensure maintenance of diversity (van Wilgen, 1996). This study attempted 

to extract information from which management strategies, applicable to these issues, can 

1 Aspects of this chapter have bee11 published in Biodiver,ity and Conservation 6, 527-SS0 
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Figure 1.1 Location of the Cape Peninsula showing important place names, nature reserves and the location of 

-
the Cape Peninsula Protected Natural Environment (CPPNE). 
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be formulated. This was approached by examining the patterns of plant species distribution 

and their relationships with the environment, using an extensive phytosociological database 

of the area. The main objectives of this study were: 

1. Classification of the vegetation units and correlation of these communities with 

environmental factors 

2. Description and analysis of the patterns of diversity 

3. Description and analysis of species abundance patterns. 

Study Area 

Geology, topography and soils 

The Cape Peninsula, located at the southwestern comer of Africa, forms a mountain­

chain, about 60 km long and 10 km wide, bordered on the east by False Bay and the west 

by the Atlantic Ocean. The topography is largely mountainous, but has several extensive 

level areas both at altitude (e.g. Table Mountain) and lower-lying areas in the Cape of 

Good Hope Nature Reserve, as well as valleys which bisect across or intrude into the 

mountains (Fig. 1.1). It forms part of the Cape-Folded Belt, an L-shaped band at the 

southwestern comer of the Africa, of erosion-resistant, quartzitic sandstone mountains 

underlain by softer shales, and mantled at the coastal margin with young siliceous and 

calcareous sediments (Deacon et al., 1992). Underlying this formation on the Cape 

Peninsula, lie the Malmesbury Shales, which are predominantly deltaic marine shales 

(Theron, 1983), folded and sheared in the late Precambrian and subsequently intruded by 

granite (Cape Granite Suite) in the Cambrian (Du Toit, 1954; Deacon et al., 1992). This 

basal group was consequently eroded to a relatively featureless peneplain (Theron et al. , 

1992). 
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-Subsidence of this basal surface formed localised estuarine deposition of a narrow· (up to 

65 m) bed of medium-grained sandstones, and mudstones (Graafwater Formation) 
' 

followed by sedimentation of deep (up to 1200 m on the Cape Peninsula), almost pure 

quartzite sandstones of the Peninsula Formation from the Late Ordovician onwards 

(Deacon et al., 1992; Theron et al., 1992). These medium to coarse-grained sandstones 

formed in shallow marine environment of an extensive Cape basin, either in a marine 

deltaic environment or a riverine, braid plain system (Turner, 1987; Theron et al., 1992). 

Cape orogeny and uplift during the Permian and Triassic created mountain chains along 

the west and southern coast of South Africa. Geological stability during the Tertiary, and 

dominant erosional processes resulted in very slow denudation of these hard sandstones, 

principally along fault-lines and fractures. This resulted in remnant massifs of hard 

nutrient-poor sandstones (e.g. Table Mountain) surrounded by colluvial deposits on gentler 

slopes, overlying the softer, nutrient-rich, older formations exposed along lower mountain 

slopes (Deacon, 1983; Theron et al., 1992). The Peninsula Formation sandstones are 

subsequently the most prominent unit in the mountain ranges of the Cape Peninsula. 

Apart from recent, superficial Neocene deposits there is little evidence of major Tertiary 

sedimentation on the Cape Peninsula, suggesting largely erosional processes dQring this 

geologically stable period. The deep, coarse, quartz ~ds in the valleys on the southern 

Peninsula have lower bands of Miocene clays in the Noordhoek valley. The Quaternary 

is represented by deposits of mainly sand or clay alluvium along river courses or old 

marine sands (aeolian, tine-medium grained) around the coasts and more extensively 

across the Cape Flats to the east. The resulting landscape of the Cape Peninsula is a 

mountain chain of plateaus, ridges, peaks and valleys, exhibiting the highest topographical 
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diversity of similar-sized ares in southern Africa (Cowling·et al., 1996) (Fig. 1.2). 

Similar to other areas of the Cape Folded Belt, the soils are characterised by mostly 

nutrient-poor, shallow, grey, acidic, leached sands on mountain summits and upper slopes. 

These are normally well-drained, but winter-waterlogged soils occur on plateaus on Table 

Mountain and extensive low-lying flats on the southern Peninsula. The lower mountain 

slopes support marginally richer, sandstone-derived colluvium or, where the soil is 

underlain by granite or shale, heavier, more fertile soils. The Signal Hill-Lion's Head 

ridge, immediately north of Table Mountain, consists entirely of Malmesbury Shale and 

lacks a colluvial overburden. The soils are moderately fertile duplex form, characteristic 

of Renosterveld vegetation immediately to the north and east. Quaternary deposits are 

mainly deep, moderately acid sands that are ~ginally more fertile than those derived 

from sandstone. The younger sands along the coastal margin are poorly consolidated and 

highly alkaline. 

Climate 

The Cape Peninsula exhibits extreme climatic diversity (Fig. 1.3) owing to the influences 

of both east and west coasts and extreme topography. Winter rainfall. from frontal 
\ 

depressJons, originating from circumpolar westerlies, and the prevalence in summer of dry 

subtropical anticyclones dominate the mediterranean-type climate of the area (cool, wet 

winters, hot dry summers) (Tinley and Reydon, 1980; Preston-Whyte and Tyson, 1988). 

Thus, although most of the rain falls during the winter months, up to 25 % of the Cape 

Peninsula's rain falls in summer, mainly associated with post-frontal conditions when the 

riding high pressure cells advect moist air from the south and south-east. Rainfall patterns 

are further modified by the orographic effects precipitation creating steep rainfall 
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Figure 1.2 Tran.sects &el'088 the Cape Peninsula showing the .relatiOlllbip between vegetation-type and geology, 

altitude and slope/aspect combinations. 
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Figure 1.3 Topography and climate of the Cape Penin,ula. Contoura are at 100 m intervals. 
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gradients across the Cape Peninsula. For example, the top of Table Mountain receives 

2270 mm y1 whereas the annual rainfall at Cape Point is only 402 mm. The steep west­

east rainfall gradient, especially across Table Mountain is demonstrated by Camps Bay 

receiving 618 mm y·1 and Kirstenbosch 1413 mm y1. These gradients may be even steeper 

than the rainfall. data suggest, owing to the further contribution of cloud and mist, 

particularly at altitudes above 600 m (Marloth, 1905), both in winter, as a result of frontal 

systems, and in summer due to the predominant persistent south-easterly winds. Under 

such conditions, mist trapping by some fynbos species substantially elevates the effective 

total precipitation by to up to 10% (Marloth, 1903, 1905; Moll and Romoff, 1983; Snow, 

1985). 

Spatial and temporal variations of temperature are not pronounced on the Cape Peninsula, 

owing to the ameliorating influence of the ocean. Mean annual temperature on the summit 

of Table Mountain is about l6°C, rising to 22°C at sea level in the warmer, north-facing 

city area. For all other sites, average maximum temperatures vary between 18°C and 

20°C with maximum and minimum temperature range only varying between 6°C at Cape 

Point and 10°c on Table Mountain. 

A more distinctive feature of the Cape Peninsula's climate is the wind (Table 1.1). In 

winter, the cyclonic conditions produce a predominance of north-westerlies, associated 

with cold fronts, tending toward gale force with means over 30 km h·1 (Cape Point). 

During summer, the pattern is reversed with southerly and south-easterly winds as a result 

of high pressure ridging off the southern South African coast, with means ranging from 

20 km h·1 (Cape Flats) to 40 km hr1 (Cape Point) (Preston-Whyte and Tyson, 1988). 

These generalised patterns are further complicated by the effects of topography, and sea 
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Table 1.1 Frequency and mean speed of predominant winds for two stations on the Cape Peninsula for the year 
1991 (Anon., 1992). 

SB s NW 

freq. mean speed freq. mean speed freq. mean speed 
k:m.h•I km.h·1 km.h·1 

Internatio.nal Airport' 2% 10.8 34% 21.6 10% 18.0 

Cape Point 19% 43.2 24% 21.6 18% 28.8 

1 Airport is located on the Cape Flats approximately 12 km east ofKirst.enbosch (Fig. 1.1). 

and land temperature differences which result in wide variations in both wind speed and 

direction throughout the area. 

Flora 

The Cape Floristic Region is one of the world's "hotspots" of diversity and endemism 

(Goldblatt 1978; Takhtajan, 1986; Myers, 1990; Cowling et al., 1992). The Cape 

Peninsula ranks as the foremost concentration of plant species in this region: 2285 species 

in 471 km2 (Trinder-Smith, 1996a). The vegetation of some parts of the Cape Peninsula 

' 
has previously been described: Cape of Good Hope Nature Reserve (Taylor, 1969 ,); Table 

Mountain; (Adamson, 1927; Glyphis et al., 1978; I.aider et al., 1978); Orange Kloof 

(McKenzie et al., 1977), Table Mountain forests (Campbell and Moll, 1977). However, 

only the Cape of Good Hope Nature Reserve (Taylor, 1969) and Table Mountain (Moll 

and Campbell, 1976), had been mapped prior to the production of a comprehensive map 

of the area produced by Cowling et al. (1996) (Fig. 1.4). In this study the vegetation was 

categorised into 14 units, based on Campbell's (1986a) system of vegetation classification 
I 

for the mountains of the fynbos biome. 

The Cape Peninsula falls within the Cape Floristic Region (Bond and Goldblatt, 1984) 

where summer droughts infertile soils and periodic fire are the predominant ecological 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

■'1 Forest and thick.et 

■ Dune asteraceous tvnbos 

■ Coastal scree asteraceous fynbos 

■ Wet Restioid fynbos 

■ Ericaceous fynbos 

Sandplain proteoid fynbos 

■ Mesic oligotrophic proteoid tvnbos 
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D Renosterveld and grassland 

Upland restioid fynbos 
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Figure 1.4 Major plant communities of the Cape Peninsula showing their areal extent prior to transformation (after 
Cowling et al., 1996). 
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forces (Kruger, 1979; Cowling et al., 1996). It is predominated by Fynbos Shrublands 

(Campbell, 1986a) (92 % of the area), characterized by proteoid (large leaved, overstorey 

shrubs in the Proteaceae), ericoid (small leaves with rolled margins) and restioid 

(aphyllous gramnoids made up ofRestionaceae and Cyperaceae) components. Renosterveld 

and ~sociated grasslands, a fire-prone shrubland dominated by ericoid shrubs in the 

Asteraceae and grasses (Poaceae), covers 5% of the Cape Peninsula, and Forest and 

Thicket (3%), consisting of broad-leaved, evergreen shrubs and trees with strong 

Afromontane and subtropical thicket elements, make up the remainder of the area 

(Cowling and Holmes, 1992a). 

Table 1.2. describes the most common species, structural characteristics and. a summary 

of the environmental correlates for each vegetation type. The distribution of each 

vegetation type on the Cape Peninsula (Fig. 1.4), largely reflects variation in 

environmental factors (e.g. soil fertility and drainage, geology, altitude and the slope­

aspect combination (or energy regime)) (Table 1.2). There now follows a brief overview 

of the major vegetation patterns on the Cape Peninsula. 

The Cape Peninsula is dominated in the north by Table Mountain, a 1000 m plateau steep 

sided on the north, east and west slopes, but sloping more gently to the south. This massif 

provides a spectrum of habitats, ranging from the hot, dry slopes mixed proteoid 

communities of the Front Table and Camps Bay, to seasonally wet, ericaceous (i.e. taxa 

within the Ericaceae) and restioid vegetation on the summit, to the wetter, cooler forested 

slopes of Orange Kloof and Kirstenbosch. Further south, the more rounded mountains 

from Constantiaberg to Swartkopsberg, plunging steeply into the Atlantic Ocean and False 

Bay respectively, support a variety of proteoid fynbos types, directly reflecting the 
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Table 1.1 Charactem.ation of the major vegetation types of the Cape Peninsula. Modified from R.M. Cowling et al. (1996). 

Vegetation type Structural cbaracteristics1 

Fynbos types 

Dune asteraceous Low ericoid lhrubland 
fynbos 

Wet restioid 
fynbos 

Upland restioid 
fynbos 

Sandplain 
proteoid fynbos 

Mesic 
oligotrophic 
proteoid fynbos 

Mesic 
mesotrophic 
proteoid fynbos 

Low restioid herbland 

Low restioid herbland 

Medium-height proteoid 
lhrubland with a law ericoid 
and restioid understorey 

Medium-height proteoid 
shrubland with a low ericoid 
and restioid undentorey 

Medium-height proteoid 
shrubland with an ericoid 
undentorey 

Common species 

Metalasia nuaicata, E,u;Jea racemosa. Rh1IS laevlgata. Rh1IS 
gla,u:a. -Oka uaaperata. Passerina vulgaris, lsclryrokpis 
eleocharis, Phylica ericoida, Ptl88erina paleacea. Kedro.rtis 
nana. 

lschyrolepis cincinnata, Elegid atipularis. Jschyrolepis cape,w. 
Tetraria c,upidata, Stnlthiola ciliata, Erica imbricata, 
Thamnocortlls llu:ens, Pnuuchistis colorata, Leucadendron 
lareol,an, Tetraria mkrostadrys. 

Orondropdal- elnacteat1lm. Ratio bijiall8, 1'halnnochortll8 
lllltan8, PnuamMCTOnata, Erica ldapid,,la, Qijfortia 1'118Cifolia, 
Ursinia nwlicallli8, Orontlropetal11m 1nllC1'0nalll1n, .Altthospemr,an 
addopic,on. 

11uzmnochortll8 ~C1118. Rm,s glaca, Rm,s laevlgata, 
Lncadendron collifo,wn, E-.dea racemoaa, Eriocepl,lllrls 
qfrictJllll8, Oneraria geifolia, Carpobrotus edldis, lschyrolepu 
eleocharis, Metalasla ffllll'icata. 

Lncat.kndron 1""reolwn, 1sdryrolepis cincinnata, Tarchonantlu,s 
camphorabls. Elegid 8dp,llt,,ris, Saltera 8t1Tcocolla, Co,ymbilan 
4/rlcana, Erica corfft,lia, 1'halnnochortll8 IUllanS, Elytropappus 
scaber, Crypladenla grandijlqra. 

Erica pl,lkenetii, Penaea nuu:ronata, Elytropappus scaber, 
Protea lepldocarpotJen, Lncadendron aalig,uon, 
LeJu:adendron xanthoconus, Qijfortia falcata, Clijfortia stricta, 
Phylica 81ipularis, Phylica imbnbis. 

Environment 

Recent, calcareous, coutal dune sands; 
MAR== 678 mm; mean slope == 17.0°; 
mean aspect - S 

Shallow, 8e8IIOD8lly waterlogged sands on 
sandstone at 1aw· altitudes; 
MAR== 634 mm; mean slope= 13°; 
mean aspect = WSW 

Shallow, aeuonally waterlogged sands on 

sandstone; •' 
MAR == 1404 mm; mean slope == 32°; 
mean aspect = SW 

Old marine (deep and well-drained) sands, 
occasionally on calcrete; 
MAR= 804 mm; mean slope== 16°; 
mean aspect == S 

Shallow, leached sands on sandstone; 
MAR = 765 mm; mean slope = 21 °; 
mean aspect == SW 

Mainly deep, aandy loams ~ with 
colluvium or granites on lower mountain slopes; 
MAil == 947 mm; mean slope== 30°; 
mean aspect == SSW 
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Wet oligotrophic 
proteoid fynbos 

Wet mesotrophic 
proteoid fynbos 

Ericaceou 

~ 

Ericaceous 
~ 

Ericaceous 
fynbos'Nla.,_. 

Medium-height proteoid 
shrubland with an ericaceous 
and restioid understorey 

Medium-height proteoid 
shrubland with ericoid 
UDderstorey 

Low ericaceous and restioid 
shrubland 

Low ericaceous and restioid 
shrubland 

Low ericaceous and restioid 
shrubland 

Undifferentiated Variable, mainly low and 
cliff communities sparse ericoid shrubland 

Ekgia racemosa, PentU!a mucrOMta, Leiu:adendron 
xanthocolUIS, .A1tdtospenn,II galioides, Erica hispid,,la, .Aristea 
macrocarpa, HelichrySllln cymos111n, Bobartia gladiata, Protea 
cynaroides, Erica plwlce'Mtii. 

Rhu tomentosa, JlyrslM afrlcana, Pteridi11m aqr,ilin111n, 
Rh"8 ludda, Wi.dtlriKgtonia notlijlora, Stoe1Je cinerea, .Aristea 
macrocarpa, And,ospemuun aetldopiC11111, Ficinia jilifo,mis, 
Maylnll8 oleoidu. 

Thamnochortlls llu:ens, Hypodisc,u aristatus, Selago dregei, 
Sympier.a labialis, Erica corljolia, Stylaptm6 /nltiCllloSlls, 
Elytropappu scaber, W"'1'ollia tabularis, Erica phylicifolia, 
Staberoha distachyos. 

Le,u;adendron xanthocolUIS, 11uunnochort11s obt&nls, Blaerla 
erlcoida, Phylica imberbis, 'l'ha1nnodwrtll /nltiCOSIIS, Erica 
mammosa, Stoebe j,Mca, Re.rtlo perpla,ls, Prol,ea 
lepitlocarpotlen, Erica corljolia. 

Otholobi11m himan, Ekgia vagilllllata, llypodiscllS aristatus, 
Tetroria bwoliu:rata, Bobartla gladiata, Outia polygonoides, 
Tetroria jkx,lola, F.hrlulrta villosa, Psewlopenta,nerls 
macrantha, ~n xanthocoll'IIS. 

Lampranth:Ms foklfomds, Felicia ftvticosa nbsp. fruticosa, 
Helichrys,an cymos111n, <Jijfortia T11Scijolia, Ficinia jUifomds, 
·Stoebe t:inemz, Pelargo,riwn c,,Cldlatllln,·Jsd,yrolepls 
guatlichawliana, Helichrys,an pt11111rifoli, C.Uiania cilillrls. 

Shallow, leached sands on sandstone; 
MAR= 1168 mm; mean slope= 30°; 
mean aspect = SSW 

Mainly deep, andy loams 88IIOCiated with 
colluvium or granites on lower mountain slopes; 
MAR = 1136 mm; mean slope = 30°; 
mean aspect = SSB 

Shallow, leached, organic-rich sands at high 
altitude subject to intetmittent condensation from 
. orographic cloud in summer; 
MAlt2 = 1910 mm; mean slope2 = 19°; 
mean upect2 = NNW 

Shallow, leached, organic-rich sands at high 
altitude subject to intermittent condemation from 
o.rographic cloud in eummer; 
MAR.2• - 9820 mm; mean alope2 = 19°; 
mean aspect2 = SW 

Shallow, leached, organic-rich sands at high 
altitude subject to intermittent condemation from 
orographic cloud in summer; 
MAR2 = 1400 mm; mean slope2 = 36°; 
mean upect2 = S 

Steep to vertical sandstone cliffs; 
MAk = 1168; mean slope • 47°; 
mean aspect = SSW 
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Non fynbos 
types 

Forest 

Dune thicket 

Renosterveld and 
grassland 

Low-medium (thicket), or 
medium to tall (forests) 
clOled-canopy, broad-leaved 
formation with a sparse 
understorey 

Medium-height broadleaf 
sbrubland with ericoid 
understorey 

Low grassland/low-medium 
ericoid and broad-leaved 
sbrubland 

1 Low= <1 m, medium= 1-3 m, tall= >3 m; 

Rapanea melanophloeos, Diospyros whyteana, Cassine peragua, 
Knowltonia capensis, Myrsiphyllllm scandens, Kiggelaria 
ajricana, Olea capensis, Secamone alpini, Olinia ventosa, Scutia 
my,tbuL 

Eiu:lea racemosa, RhllS glm,ca, Olea aasperata, lschyrolepis 
eleocharis, Rhus laevigata, PhyUca ericoides, Passerina 
paleacea, Kedrostls • nana, Oneraria geifolia. 

Ouysocoma coma-a,uea, RhllS rosmarinifolia, Helicluyswn 
patlll,on. Anthospemuan spatludat,an, Helicluyswn cymosum, 
Salvia ajricana-l'IMa, llyparrhenia hirta, Mohria cajfronan, 
Oleilandlu hastata, Merxm,,ellera stricta. 

Colluvium. or granite-derived soils on wet slopes 
or fire protected Jdoofs (ravines) and coastal 
margins; 
MAR= 992 mm; mean slope= 30°; 
mean aspect = SSW 

Recent, calcareous, coastal dune sands; 
MAR== 703 mm; mean slope= 9.4°; 
mean aspect = SW 

Sandy loama on clay subsoil, shale or granite­
derived; 
MAR = 826 mm; mean slope = 24 °; 
mean aspect = SW 

Broad-leaved = nanophyllous and larger dorsiventral leaves, typical of subtropical taxa (Olea, Cassine, Maytemu, etc.) on the Cape Peninsula; 

Ericoid = shrubs with leptophyllous smaller leaves with revolute margins; 
Ericaceous = same as above except all members of the Bricaceae; 
Proteoicl = shrubs with large (nanophyllous or larger) isobilateral leaves (all members of the Proteaceae); 
Restioid = wiry, aphyllous and evergreen gramnoids belonging largely to the Restionaceae. 

2 Data taken as mean values from interpolated plot values for MAR and actual values of slope and aspect. 
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nutrient status of the underlying soil (Adamson, 1927; Taylor, 1969). South of Table 

Mountain, only in fire-protected kloofs and on the western colluvial slopes of 

Constantia~g do the forest species replace fynbos (Campbell and Moll, 1977). Forest 

elements also persist immediately adjacent to sea where the combination of more alkaline 

soils and reduced fire frequency, allow establishment of a narrow, broken belt of wind­

pruned thickets. Where this coastal band widens at valley mouths (e.g. Fish Hoek­

Noordhoek), or on more extensive level sites, particularly in the Cape of Good Hope 

Reserve, then the thickets form a mosaic with dune asteraceous fynbos species (Taylor, 

1969). Where the landscape forms level plateau then seasonally fluctuating water table 

allows extensive· restioid and ericoid elements to dominate either at altitude (Table 

Mountain, Vlaakenberg) (Glyphis et al., 1978), or low lying areas in the reserve at Cape 

Point (Taylor, 1969). Seepage sites and the boundaries of more permanent wetlands 

harbour their own selection of restionaceae, sedges and a few structurally-prominent tall 

fynbos shrubs (Campbell, 1986a; Taylor, 1969). 

Database 

Data for all the analyses in this thesis were compiled from 835 phytosociological plots 

sampled throughout the Cape Peninsula (Fig. 1.5). Sources included published studies 

(Campbell and Moll, 1977; McKenzie et al., 1m; Glyphis et al., 1978; Laicier et al., 

1978; Joubert and Moll, 1992) as well as unpublished phytosociological data of H.C. 

Taylor, D.J. Jeffery and N. Wilson, and R.M. Cowling and M.T. Simmons. With the 

exception of the Cape of Good Hope Nature Reserve, where plot location was based on 

. a uniform grid, plots were neither uniformly nor randomly sampled. Instead, sample areas 

were located somewhat haphazardly, as determined by previous studies, across the Cape 

Peninsula. Within each sample area efforts were made to sample the full range of habitats 
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and communities (e.g. ~cKenzie et al., 1977; Glyphis et al., 1978). The strategy for 

additional sampling of a further 328 plots, was designed to fill in gaps in the coverage. 

Nonetheless, the distribution of the sites was markedly clumped (Fig. 1.5). 

The size of the plots varied from 25 m2 to 100 m2 which largely reflected the structural 

criteria (e.g. height and density of vegetation). In order to include all plot data in 

analyses, it was assumed that the scale of plot size employed in each case was 

representative of both community structure and local richness. This approach was justified 

by considering a vegetation community to be a group of interacting species (Magurran, 

1988). Consequently, an increased plot size was necessary to accommodate the larger 

structural nature of each community. Thus, 177 of the forest and thicket (FOR) plots were 

100 m2; the remainder were 50 m2• 518 of the fynbos plots were 50 m2
, and 86 plots, 

which were 25 m2, consisted entirely of low-stature ericaceous fynbos and upland restioid 

fynbos. Most of the renonsterveld plots were 100 m2 (n = 54) and this artificially inflated 

species diversity of this vegetation type (see Chapter 3). 

To avoid sampling errors due to deciduous habit of many plant species, only perennially 

identifiable species were recorded. Thus, many seasonally active geophytes and all annuals 

were excluded. However, annuals form a small component of Cape Peninsula's flora 

(Bond and Goldblatt, 1984). The resulting data base included 833 species which represents 

36.5% of the Cape Peninsula's flora. 

Following standard techniques, species abundance data were for the most part, were 

recorded following the Braun-Blanquet scale (Mueller-Dombois and Ellenberg, 1974; 

Werger, 1974). For the analyses in this study, a single representative numerical value (the 
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mid point of the c~s range)· for each cover-abundance class w~ calculated as follows: 

5 = 88%; 4 = 63%; 3 = 38%; 2 = 15%; 1 = 3%; + = 0.1 %. Explanatory variables 

used in this analysis include measures of site favourableness and productivity such as 

elevati~n (a surrogate for mean annual temperature), annual rainfall, solar radiation, soil 

fertility and soil drainage. The measures used and data sources are shown in Table 1.3. 

Table 1.3 Explanatory variables used in analyaes. 

Variable Measure and IIO\U'Ce 

Elevation (ALT) Meters above aea level read from 1:50 000 topographical map (3318CD, 
3418AB and 3418AD). 

Average annual rainfall Millimetres. Interpolated from iaohyets from 1:250 000 average annual 

(RAl) rainfall map (3318). 

Solar load (RAD) 1oules cm·1 day-1• Annual IIOlar energy reaching the ground corrected for 
latitude, slope and aspect of sample site. Calculated using algorithm derived 
by Swift (1976). 

Soil fertility index (FER) A crude index of decreuing fertility· from 1 to 4 where 1 == &nmitic 
colluvium or shale derived IOils; 2 == Plio-Pleistocene coastal sands; 3 == 
recent dune sands or sandstone derived colluvium soils; 4 == leached sands 
derived from sandstone .. 

Rock Cover (ROC) Proportional cover of rock in each plot, expressed as a percentage. 

Soil moisture index (DRA) 1 == poorly drained; 2 = moderately drained; 3 = well drained. 

Thesis layout 

This study set out to discuss patterns of plant species distribution, in such a way that 

would aid management and conservation of the Cape Peninsula. Therefore, this thesis is 

divided into three parts. For each chapter, a detailed rationale is given in the introduction, 

and specific implications for management are reviewed in the discussion. 

Chapter 2 describes the patterns of vegetation units on the Cape Peninsula and their 

environmental correlates using multivariate analysis derived from the analysis of the 
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database. A comparison is made between the classification produced by Two-Way 

Analysis (fWA) and a much faster, simpler, descriptive system produced by mapping 

vegetation boundaries from orthophotos, and describing basic structural features and 

dominant species from field examination. 

Why are there so many plant species on the Cape Peninsula? Chapter 3 examines this 

question by examining the patterns and determinants of species diversity. This is addressed 

by analyzing correlates of the separating diversity components: alpha diversity (number 

of species in a defined area or point); beta diversity (turnover of species across an 

environment gradient); gamma diversity (turnover of species in similar environmental 

conditions but different geographic locations). The patterns and environmental 

relationships of the exceptionally high plant biodiversity are discussed in terms of 

implications for management. 

Most species are not common, it is the rarer species that contribute most to the diversity 

on the cape Peninsula. However, rarity is a phenomenon poorly understood, and if the 

biodiversity of the region is to be preserved, then examination of patterns of distribution 

of rarer plants is essential. Consequently, the biological and habitat correlates of rare 

species are analy7.ed in Chapter 4. To investigate whether management strategies need to 

be adjusted specifically to incorporate rare species, comparisons are made between 

attributes and environmental determinants of rare and common plants. 

Finally, an overview of the major findings of the thesis, as well criticisms of the methods 

used are provided in Chapter 5. 
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CBAPTER2 

Plant community classification and plant-environment 

relationships on the Cape Peninsula. 

Introductlon 

An important implication of the high species richness of the Cape Floristic Region (Goldblatt, 

1978; Cowling et al., 1992) is the difficulty in resolving plant associations into mearnngful, 

readily identifiable tloristic groups (Campbell, 1986b). This is especially problematic in 

species-rich areas like the Cape Penimula. Given the need for a user-friendly, classification of 

the regions vegetation for management purposes (Taylor, 1978; Kruger and Taylor, 1979; van 

Wilgen et al., 1992), this _study attempted to test and describe a simple method of 

categorization of the vegetation on the Cape Peninsula into simple, readily identifiable units 

based on both tloristic composition and environmental variables. Ideally, the most useful 

classification syst.em would be based on indicator species which only occur in that plant 

community, However, while this approach may work for the non-fynbos groups (i.e. forest 

and thicket and renosterveld), the high number of generalist and rare species in fynbos made 

this problematic. The tloristic complexity of fynbos renders a system based on species 

composition alone, somewhat impractical due to a high degree of species 'noise', that is, a 

large proportion of rare species which obscures phytosociological boundaries (Bond, 1981; 

Campbell, 1986a, 1986b and elsewhere). Previously, Cape fynbos bas been successfully 

classified using dominant species characteristics, ignoring the distribution of rare species, 

thereby avoiding problems posed by the phytosociological approach (Campbell, 1986b; 

Cowling et al., 1988; Cowling and Holmes, 1992a). However, tloristic classification of 
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fynbos on a similar scale to this study were successfully carried by McDonald (1993a, b, c, 

1995), and Taylor (1996), and on a smaller scale by Richards et al.. (1995). McDonald et al.. 

(1996) compared the two techniques and concluded that the structural approach, applicable for 

landscape management, works successfully at a broader scale of sampling, whereas smaller­

scale floristic sampling, which obscures structural evaluation due to the high number of rare 

species, provides data for diversity analysis and studies of endernism- Taylor (1996) argues 

that although floristic and structural survey results coincide at the highest hierarchical level, it 

can be just as time consuming when lower (i.e. more detailed) orders of species data are 

collected. Nonetheless, Taylor (1996) views the two methods as complimentary, and suggests 

a simpler structural method may be easier to implement and interpret. Furthermore, detailed 

floristic description within fynbos can take several years (e.g. Taylor 1996; MacDonald 

1993a,b,c) and although this method delivers important data which can be further analyzed, 

for example, as used in this thesis, it does not necessarily produce a simple, field vegetation 

classification or vegetation map. Therefore, in this study, classification and initial simple, 

rapid qualitative biodiversity assessment of plant cnDJ1DUDities based on both dominant species 

composition and habitat (Cowling et al.., 1996) was tested against conventional 

phytosociological analyses. 

Although there have been several phytosociological surveys of a variety of areas scattered 

throughout the Cape Peninsula (Campbell and Moll, 1m; McKensie et al., tm; Glyphis et 

al., 1978; I.aider et al., 1978; Joubert and Moll, 1992), there has been no previous attempt at 

an analysis of the region as a whole. The nature of fynbos has been a complex subject for 

traditional phytosociological analyses, DOt only due to floristic complexity, but also species 

physiognomy. Both may be a result of fire history rather than UDderlying environmental 

patterns (Bond, 1981; Cowling, 1987; Cowling et al., 1988), although there have been studies 

within fynbos which have shown that certain edaphic factors can be directly related to plant 
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community strµcture (Cowling and Holmes, 1992a) and species composition (Campbell, 

1986a; McDonald, 1987; McDonald et al., 1996; Richards, 1993; Richards et al., 1995). 

However, while suites of plant species may appear to fall into certain groups, it has been 

previously difficult to floristically assemble these into predictable units which are aligned with 

environmental factors over Jarge areas. This chapter attempted to answer the following 

questions: 

1. What are the majot•floristically characterized vegetation units on the Cape Peninsula? 

2. What is the relationship between this cJassification and that derived from a classification 

based on dominant species and broad enviroornentaJ features (i.e. a rapid biodiversity 

assessment)? 

3. What are the major environment gradients which determine the distribution of plant 

communities on the Cape PeninsuJa? 
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Methom 

the study area includes embodies the Cape Peninsula delimited on its eastern edge by the 

urban areas arranged north-south along the lower eastern slopes of the northern 

half of the mountains (Fig. 1.1). The area lies entirely within the Cape Floristic Region 

(Goldblatt, 1978) and the vegetation is mainly mountain fynbos (faylor, 1978; Campbell, 

1986a), but also includes limited areas of renosterveld and isolated regions of afromontane 

forest and coastal thicket (Campbell, 1986a). 

The allocation of sites of the database (Chapter 1) was unevenly and non-randomly distnbuted 

throughout the Cape Peninsula but covered a variety of habitats. For reasons of ease of 

manipulation of a database of such dimemions, and to reduce phytosociological 'noise' 

produced by rarer species, those species which occurred seven times or less were excluded 

from the analyses, reducing the number of species to 473. Environmental variables comprised 

elevation (a surrogate for mean arnmal temperature), 3DJJ11al rainfall, solar radiation, soil 

fertility and soil drainage, as descnbed in Chapter 1. Initial vegetation classification was 

produced using Two-Way Indicator Analysis (NIA) using TWINSPAN (Hill, 1979). Due to 

the dimemion limits of the data array imposed by this computer programme, the three 

communities~ forest and thicket (FOR), renosterveld (REN) and dune asteraceous fynbos 

(DUN), samples were processed separately. These vegetation classes were assessed to be the 

most significantly floristically different from the main body of the data as indicated by 

discriminant analysis. Even with these data removed there were significant restrictions placed 

on possible choices made during the sorting by the programme on account of the size of the 

database. This reduced the number of cover classes to two (0-10%, 10-100%). To avoid the 

\problmns of intelpretation due to axis 'compression effect' and 'arch effect' phenomena 

produced by correspondence analysis 
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and reciprocal averaging (Hill and Gauch, 1980; Gauch, 1982), Detrended Correspondence 

Analysis (DCA) (Hill, 1979) and Canonical Correspondence Analysis (CCA) (ter Braalc, 

1991) were used to derive community floral and environmental relationships between sites. 

Cowling et al. (1996), categorised the vegetation of the Cape Peninsula into 14 units, suitable 

as management units, based on Campbell's (1986a) system of vegetation classification for the 

moum:ains of the fynbos biome. Community descriptions were derived from basic structural 

features and dominant species (Table 2.1). The community boundaries were mapped in the 

field from 1: 10 000 orthophotos and the vegetation boundary data were captured in a 

Geographical Information System (ARC/INFO version 6.1.1). Initial vegetation classification 

of the data points (plots) was taken directly from this GIS database. 

While fynbos is the most widespread (92 % of the area) vegetation type on the Cape Peninsula, 

renosterveld shrublands (5%) and forest/thicket patches (3%), both commonly encountered in 

the Cape Floristic Region (Cowling and Holmes, 1992a), are also represented in the area 

(Cowling et al., 1996). Description of each vegetation unit within fynbos type (Table 2.1) 

reflected both the dominant species and soil cbaracteristics as determined by rainfall, aspect, 

drainage and soil nutrient status. Thus wet (WOP) and mesic (MOP) oligotrophic proteoid 

fynbos found on the nutrient poor sandstone-derived soils, are largely differentiated by a 

increase in rainfall or the north-south rainfall gradient across the Cape Peninsula. Wet (WMP) 

and ·mesic (MMP) mesotrophic fynbos occur on the more nutrient-rich cJay soils or colluvial 

soils on the lower slopes of mountains. Similarly, level sites with high annual rainfall 

combined with sandy t leached. poorly 
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Taltle 2.1 Chatacterizatio of the major vegetation type& of the Cape PeninsuJa after Cowling et al. (1996). 

Veptalioa type 

~tJpll 

Dune uteraceoua fynbol (DUN) 

Coaltal ICree utenceoui fynbol 
(CSA) 

Wet rellioid f)'nboa (WRF) 

Upland .... fyabol (URP) 

Sandplaia proteoicl f)'nboa (SND) 

MNic~proteoicl·fyabol 
(MOP) 

MMic IWOtroplaic pnteoW fyal,oa 
(MMP) 

\Va oipaophic f,roteoid fynbol 
(WOPJ 

Wet meaotmphic proteoicl fynbol 
(WMP) • 

!ricaceoua,,.. (BRI) 

Uamft'erentiated cliff communitiN 
(CLP) 

Na,,...,.&,,. 

Foreat and _thicket (FOi.) 

Structural~• 

Low ericoid ahrubland 

Low-medium ericoid and broad-leaved ahrubland 

Low readoW and ericoid berbland 

LowreadoWherblaad 

Medhua-heipt proteoid llhrubland with a low ericoicl 
... ~ undentorey 

~-laeipt proteoid ahrultlud with a low ericoid 
aad Nldaicl uadentorey 

~-lleipt ,,.._ lbrublud with an ericoid 
uaderltaley 

Medium-heipt pl'OIIOid lbrubland with an erieaceous 
and IWllioid lUMlentoay 

Medium-Wglat p....,W ahrubland with ericoid 
uadentoley 

Low ericaceoua and natioid lhrubland 

Variable, mainly low and ipU'le ericoid llhrubland 

Low-medium (thicket). or medium to tall (foreltl) 
clONd-canopy, broad-leaved formatioa with a aparae • 
undentorey 

Environment 

Recent. calcareoua, coastal dune llada 

Saadatooe scree coutal slope,. ~t to ltrong. mt-laden omhore 
winds 

Shallow. NUODBlly waterlogged laadl on aaoclstooe at low altitudes 

Shallow, leUOltally waterlogecl llada ea l8Ddltone 

Old marine (deep aocl well-draiaecl) aaadl, occasionally on calcrete 

·Shallow. leached ... OP MadstoDe 

Mainly deep. sandy Joam1 IIIIOCiafe4 \M. ~vium. OI' gnmitea OD 

lower lllOIIDtain liopel 

Shallow, leached saadl on IIUdatom 

Mainly deep. saady loam• aaoci#Od with colkavium or graaites on 
lower mountain llopea 

Shallow. leached. orpnic-rich llada at bip altilpde aubject to 
intermittent oondeaaatioa. from orop-aphic cloud in auwr 

Steep to vertical saadlk>De cliffa 

Colluvbun or granite-derived IOill on wet llapea or fire protected 
kloofa (ravines) and coastal mars-
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lteaoltervelcladgraulud(REN) 

Wetluda (WBT) 

Vleia(YLB) 

Low ......,..,..medium. ericoid and broad-leaved 
lhrubJand 

Medium-heipt ericoid ahrublaad with a ericoid and 
l'lltioicl IID1lerlemey 

No data 

Sandy loama Oil clay mbsoil, shale OI' panite-clerived 

SeMonal -,age aitet with lballow-medium depth lalldy IOil1 with 
hip organic matter over aanclatone bedrock 

Prellbwater lab ancl 'Vleil (amall, lhalow water bodiea) 

I Low - <1 m, medium - 1-3 m, tall• >3 m; 
Broad-leaved • nanophylloul mi larger clonl~ leavea, tJpical of mbtropical taxa (Olea. Ca.r.dM. Jlaytew. etc.) on the Cape Peaio1PJla; 
Ericoid • lbrube widl leptophylloua ..U. leaves MIil nvolute margins; 
Bricmt • ... u .,,._ ucept all memhen of the llricaceae; 
Preteoid • lbruba with tar&• (nuophyllolll or larp,) ilobilateNI leaves (all members of tbe Proteaceae); 
ltNtioid = wiry, aphyllc,ul wl eveipeell gramnoida be1oaginc largely to the Reationaceae. 
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drained soils, especially during winter, are characterised by a large ~oid component 

at both high and low altitude, i.e. upland restioid fynbos (URF), ericaceous fynbos and 
,, 

wet restioid fynbos (WRF). Vegetation immediately adjacent to t,lse coast tends to be on 

slightly richer, calcareous.soils on recent (dune asteraccous fynbos-(DUN)) or sand plain 

proteoid fynbos (SND) on older, weakly acidic, better developed sands. 

Results 

'.lwo--way indi.cator species analysis 

TWA identified ~ total of twelve • units which corresponded well to those described by 

Cowling et al. (1996). However, two vegetation types did not emerge from the 

ciassifietion, namely, scree asteraceous fynbos which was under-1epnsented in the 

database (only one plot), and wetland (seepage) sites which were also under-represented 

(seven plots) and incorporated in adjacent communities. Conversely; the Ql,ysis justified 

the subdivision of two vegetation type.I into five further groups (Appendix I) (Table 2.2). 

' 
Overall, the comparison indicated a 72 9' similarity between the two classification methods 

(Table 2. 3). The main diffenmces which accowiled for this discrepancy were twofold. • . ' 

Firstly, nearly half (54 plots) of the TWA dune asteraceous fynbos plots were previously 

classified as forest and thicket (FOR) due to the presence of broad-leaved thicket species 
r, 

(e.g. Eucltta racenwsa, Side~lon inerme, Ptuocelastru8 ~pidatus). Secondly, few 

of undiffereQ.tiated cliff communities (CLF) resolved into a separate 1fOUP (12 plots), the 

remainder were incorporated as sub-communities of adjacent vegetation, especially in wet 

• 
oligotrophic proteoid fynbos. With these two groups .of plots removed, the total ~tage 

convergence in classification for all groups rose from 729' to 819' (Table 2.3). Wet 

restioid fynbos (WRF) exhibited the Jaraest error with 789' of the incorrectly labelled 

plots previously classified as mesic oligotrophic proteoid tynbos (MOP). This can be 
' 

,,, 
~,.~' • SJ 
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Uadifferudated DOM 

cliff CODUDunitiN 

Noa,,..,_tn­
Fonlt 

Dune thicket 

.... rveld ... 
paalQd 

none 

none 

none 

Ofta,do rudjolla. 
Fidltlajillformia. 

none 

Hellchry111111 ey,nMOn, Lampra,,thu 
falqfon,u, Fekda jnlliCOM nlMp. 
jnltiCOM, C.Ullfflia dlitlru, SloeN 
cilwrM, Helichrys,,,,. JHllfllTflbli, 
Pelllrgo,d,_ fflCllllanon, Jschyrolqis 
padichtMldlana. 

Ri,pa,,et, melanophloeo.r, DitJapy,w 
wl,yNtuta, Cas.dM perag,,a, Knowlto,eia 
t:apeltlll, liy,.,,,,U,,,,. 8C411MIU, 

• KlaeJa,ia qf,u:a,u,, Olea cape,uu, 
SeCIIIIIOlle alpini, Ollnia ventosa, Sclllia 
,nyrtlna. 

Elldea raeentl180, lt1ul8 gla,u:a, Olea 
aa.rperota. bcltyrolq,u eleot:lltlru. IUu,s 
IMJigata. Playlica erlcoula. p_,,_ 

~- LtJrostl6 """°· Onawria ,.,,...._ 
~ COllfll-tlllna, RJ,w 
~-. llclkl,rylllffl palllblm. 
~,pad, .... ~ 
e.)YlltM-. Salvia ojri"1111H1da, 
llyporrlw,u hirta. lloltria ~. 
Oaellantllu hastala, llfl:a111uUera 
dricta. 

Ehrharta n:imo.ra .,,,,.. oplqlli,. Psoraka 
apltylla. Ficbda trichodu, Fdlda.ft',llit:oM 
-.. jnltit:tl80, ~ cy,mnan. Stoebe 
cl,,.,-,, Ficniafilflon,u, bclsyrolqtl.r 
galilllchawliana, Clffortia otlorata. Ficlnia 
~ •. Ficlnia ni,uceu . . 

Ctu,i114 pm,g,,a, Olilda venta.ra, ~a 

~-Outollia cape,IIU. ~ 
wlrytM,,a. Aspaladt• argyrda. Olea capew. 
Olea elll'Opll«J nlMp. fl/fokaM, °"""""'1ul 
/oYMt#IU. Xiggdona ojriCtllfa. 

E11cka racemo.ra, Sl4ert»qlo11 ,,..,.,., Olea 
e,uupera14, IM:hyrolql.r •kocltaru. Ptl.fff1'lu 
pala,uo. MdalMla """""'°• ~ 
oboonlota,. IUu,s gltu,cG •.. 1an1.-. ea.in. """""""- . •• 

--~- llp,Jw,,u, """'· ' Hdldtrp,on ,,_,,,,,, .,_, lanigata, Rh,# 
glt,wo • • 0,., eJUll/#TIIIO, a,,y.--. 
cc. .. IIIIIU, Hdu:lwy111111 C)'lll(Ullffl, "°"'"' 
ctfifro"'!", Owlltmtl,a ctlJIMIU· 

1 Very CCNDIIM • of tea IDOlt frequently apeciel oceuniq ill dull vegetalion type which occun in at 1eut 20'5 of 111 fynlN>I plots 
2 Common • of ten lllOlt frequully apeciea occurriDa in dud veptation type wbich occurs in at 1wt 10'5 of all fynbot plots 
3 UDCCIIDlllOB • ·o1 ten ·IDOlt frequtat1y lplciea occurtjlta. in that veptalion t,ype wlaicll occun in 1w than 10'5 of all lynbol plots 

SM Silvermila (cearal.Naimula) 
SK Swarttopebera (IOUdl ..__.la) 
TM Table Maaatain (aorth Peainlala) 
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Taltle 2.3 Compariaon of TWA vegetation classification with Cowlinaa « aL 's (1996) original structural 
elassificatiotuystem. 

Number TWA plots "c6rrect Adjusted F-1 '5 
plots incorrectly incornotly ooriect 

labelled· laltelle42 

DUDe asterJCeOU 108 56 48 2 98 
fynbos 

Wet restioicl fynbos 60 38 37 38 37 

Upland restioid fynbos 57 21 63 20 65 

Sand plain proteoicl 21 3 86 3 86 
fynbos 

Mesic oli1otrophic 30 4 87 1 87 
proteoid fynbos 

Mesic me,otrophic 112 54 52 51 54 
proteoid t:,Dboe 

Wet oli&otroPhic 39 26 33 15 62 
proteoid fynbos 

Wet meaotropbic 35 14 60 13 63 
proteoicl fynbos 

Ericaceoua fynbos 90 14 84 14 84 

Unditfereatiated cliff 12 1 92 1 92 
communitiN 

Forest and thicket 215 0 100 0 100 

Renosterveld and 53 0 100 0 100 
arauJand 
Total 832 253 72 161 81 

1 Plots clallified by TWA wbich were claaified in a clitm.Dt~ type by Cowlin& et al. (1996)'• 
medlod. 

2 Adjustecl ~ber of incometly labelled ploli doea aot.iaolude UDdifferentilte cliff c~ties 
(CLP) and dune asteraceoua ploli reclassified as 41me 1bicket 

expected as these two fynbos types, which dominate the southern Peninsula- (Fig. 1.4; 

Chapter 1), form a mosaic, where MOP is replaced. by WRF on flatter slopes where 

drainap ia impeded. Wet and mesic maotrophic proteoid fynbos (WMP, MMP) and wet 

oligot:rophic .proteoid fynbos (WOP) bad the ~t largest errors, picluding a large number 

of sites from other upland proteoid groups (i.e. MOP• WOP, MMP, WMP). It appears 

that the community boundaries of these four proteoid groups are the most difficult to 

separate, given tbe large suite of species conunoa to a,11 four groups (Table 2.1; Appendix 
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I). Ericaceous fynbos (ERi) matched the mapped classification well (84%), but due to the high 

gamma turnover within this vegetation type (Chapter 3), the TWA split this group further into 
I 

three separate divisions corresponding to the three geographic areas where those plots were 

sampled (i.e. Silvermine, Swartkopsberg and Table Mountain). Upland restioid fynbos (URF) 

resolved reasonably well (65%) and was more floristically aligned with proteoid co1111mmities 

than to the other predominaDtly restioid group (WRF), similar to sand plain proteoid fynbos 

(SND). 

Because of the 'noise' produced by a large number of moderately rare species in such a large 

data set, TWA revealed few, if any, differential species at the level of the defined vegetation 

units. With the absence of true indicators for each vegetation type, therefore, the ten most 

frequently occurring species within each type were divided into three groups. These compared 

species frequency with that of other fynbos plots i.e. very common (occurring in at least 20% 

of all fynbos plots), common (at least 10% of all fynbos plots) and uncommon (less than 10% 

of the plots) (Table 2.2). The suite of species may be unique, but for practical purposes it is 

the dominants that provide best visual description of the plant comomnity in conjunction with 

habitat description (Table 2.4). Therefore, the structural dQfflmants, those with the greatest 

cover abundana, values were included as cbaracteristic species. 
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Tattle 2.4 Mean valuea and standard errors for environmental variablea for each vegetation type. Group• with the same aupencriptl are not lignifi.cantly different at the 0.OS level 
(Tukey multiple ranae teat). 

n Altitude (m) Radiation load Fertility' Mean annual Drainage' Rock cover (~) Slope{°) 
(Joulea cm•l day"1) rainfall (DUil) 

F==135.01 F=12.1l F=89.16 F-12.32 F=39.83 
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 

DuMllteraeeOUfyabol 22 92.5± 13.c,I' 2852.,2±53.6._ 3 660± 1 OC)II' 3 11.5±3.0""- 14.2±2.6""" 
Wet nmoicl fyabol 62 99.0±6,,.. 3015.l±i9.0' 4 670±100"- 3 13.5±2,,.., 3.3 0.7"" . 
Upland rNtioid fyabol S6 900.4±36.9' 2821.4±4.a-' 4 1420±40()\ 2 22.5±3.2......,. 7.4±1.1 ... 

Sandplain proteoid fyabol 10 6.0±0,.,. 3030.l±lS.2._ 2 600±0- 2 0.0±0,0- 1.0±0.0-
Mule oliaouophic proteoW fyabol 29 288.1±9,r' 301S.9±3S.a-' 4 110± 1()()111- 3 17.6±4-~ 6,S±o . .-

Meaic me,otropJlic prOIIOW fyabol 124 318.0± 13. ,._, 2782.9±53.7"° 4 960±200' 3 12.5±1,S....., 21.6±1.6 .. 

Wet oligotroplaic proteoid fyabol 49 635.6±32.3 .. 2792.9±82,4 ... 4 1220±100I 3 31.8±3,S"l 30.7::J:2.81 

Wet muotrophic proteoid fyabol 34 458. l ±45.0- 2933.6±48 . ..,... 3 12S0±SQOI 3 25.4:t:4.1..._ 22.6±3.3.., 
Bricaoeoua ,,._.. 14 300,0±0.0- 3053.2±2.3 ... 4 900±0"'-' 2 11,1±1.~ 1.4±1.1· 

.Bricaceoul~ 27 556.3±21.6" 2973.8±88 . ..,... 4 990±200' 3 S.1±1.6"" 25,8±2,..,., 

Ericaceoul fyabolTM 46 725.6±12.~ 2884.7±11.8 ... 4 1360 ± 200P 2 14.8±3,06.., 5.0±0.41 

Undifferentiat.ecl cliff communitiel 5 303.0±41.3 .. 935.4±349.1•. 4 1020± 1()0ldtfl 3 99.0±0.~ 90±1.4d 

Foreat 216 322.3±10.~ 2764.4±29.8" 2 1320±200P 3 27.8±32.1 .. 19.9±0.8d 

Dune thicket 88 117.S± 12.3"" 3013.5 ±53.6d 3 700±1~ 3 8,6±1.9""" 9.4±1.1• 

bnolterveld and~ S3 222,8±6.00 2976.6±69.1 .. 1 900±oa' 3 20.3±1,4....,. 27.0±0.7"' 

1 Mode tabn for fertility and drainap categoriel 
SM • Silvenniae (celdral Penimula); SK - SW811koplber& (IOllth PeninluJa); TM == Table Mountain (north Peninmla) 

t 
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Ordination 

DCA showed consistency high eigenvalues across the first three axes, with the first axes 

accounting for most of the variance (Table 2.5). Clustering across the first three· axes 

conformed to those plant communities as classified by TWA, but with a considerable 

degree of overlap (Fig. 2.1). Axis 1 is essentially ·a gradient of both fertility and rainfall, 

Table 2.5 Eigenvalues and percentage variance explained by the first three axes for DCA and CCA for the 
complete and divided data •t. 

DCA CCA 

Axil 1 Axis 2 Axis 3 Axis 1 Axis 2 Axil 3 

Complete Eigenvalue 0.95 0.82 0.79 o:n 0.59 0.32 
data 

~ variance 2S 24 0 28 23 13 

Fynbol (excluding Eigenvalue 0.81 0.77· 0.70 0.68 0.53 0.37 
dune fyobos) 

~ variance 18 12 0 2S 19 14 

Forest/renosterveld Eigenvalue 0.95 0.83 0.76 0.67 0.35 0.26 
/dune fynbos 

~ variance 31 3 0 33 17 13 

from restioid (URF, WRF) through proteoid (MMP, MOP, WMP, WOP) to non-fynbos 

communities on relatively nutrient-rich soils (FOR, RBN). Axis 2 re~ an altitude 

gradient from low lying and coastal communities (DUN, WRF), to mountain-slope (WOP) 

and high plateau communities (URF, BRI). This pattern is largely repeated in.the DCA 

plot of fynbos plots alone (Fig. 2.2) but with clearer sepalation of proteoid from non- . 

proteoid components. The forest, renostaveld and dune DCA (Fig. 2.3) clusters forest 

(FOR) and renosterveld (REN) independ~tly, but the dune asteraceous fynbos (DUN) 
( . 

demonstrates its affinity to the forest 1111d thicket commumties, owing to the strong 

incidence of thicket species. 

Canonical correspondence analysis 

There were several. strong correlations betweea floristic variation and the environmen1al 
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Figure 2.1 DCA ordination for the first three axes ofthe comlete data set. Arrows indicate direction of increasing 
magnitude of primary envronmental gradients. ALT = altitude; RAI = mean annual rainfall; RAD = solar load; FER 
= soil fertility; ROC = rock cover; DRA = soil drainage. For details see Table 1.3 . Vegetation abbreviations Table 2.1 . 
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Figure 2.2 DCA ordination for the firest three axes offynbos communities. Arrows indicate direction 
of increasing magnitude of primary environmental gradients. ALT = altitude; RAI = mean annual 
rainfall; RAD = solar load; FER= soil fertility; ROC = rock cover; DRA = soil drainage. For details see 
Table 1.3. Vegetation abbreviations Table 2.1. 
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Figure 2.3 DCA ordination of the first three axes of forest/thicket, renosterveld and dune asteraceous 
communities. Arrows indicate direction of increasing magnitude of primary environmental gradients. 
ALT = altitude; RAI = mean annual rainfall ; RAD = solar load; FER= soil fertility; ROC = rock cover; 
DRA = soil drainage, For details see Table 1.3 . Vegetation abbreviations Table 2.1 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

37 

variables for the first three axes of the CCA (Table 2.6). Axis 1 and axis 2 for the 

complete data set explained 28 % and 23 % of the variance respectively. The axis 1 

eigenvalues (Table 2.5) and sum of all eigenvalues were significant (p < 0.01), calculated 

with Monte Carlo permutation tests for the CCAs of the complete data set, fynbos and 

non-fynbos sites. The highest canonical coefficients for the complete data set were 

Table 2.6 Eigenvalues and canonical coefficients of first three CCA axes for complete and divided data sets. 

(ASP = aspect; ALT = altitude; RAD = radiation load; FER = fertility index; RAI = mean annual rainfall; 

DRA = drainage index; ROC = % rock cover; SLO = slope). 

Complete data set Fynbos (excluding dune Forest/renosterveld/dune 
fynbos) fynbos 

Axis Axis Axis Axis Axis Axis Axis Axis Axis 
1 2 3 1 2 3 1 2 3 

ASP -0 .09 0.00 -0.40 -0 .03 -0.19 -0.32 -0.05 -0.31 0.52 

ALT -0.27 0.93 -0.73 0.66 -1.18 0.61 0.22 -0.77 0.27 

RAD -0 .12 -0. 03 -0.01 -0.01 -0.03 0.02 -0.20 -0.23 -0.38 

FER -0.72 -0.04 0.61 -0.04 -0.26 0.11 -0.45 0.42 0.63 

RAI 0.44 0.07 0.99 0.37 1.14 -0.85 0.33 1.19 0.06 

DRA -0.07 -0.22 0.64 -0. 11 0.31 0.56 -0.4 1 0.51 -0.17 

ROC 0.19 -0.07 -0.05 0.03 0.26 0.46 0.10 -0.03 0.32 

SLO 0.01 0.06 0.07 0.02 0.05 0.00 0.05 0.06 0.32 

exhibited by soil fertility (r=-0. 72), rainfall (r=0.44) and rock cover (r=0.19) for axis 

1, and altitude (r=0.93) and soil drainage (r=0.22) for axis two (Table 2.6) (Fig. 2.4) . 

With the non-fynbos on soils with higher nutrient status and dune sites removed from the 

data set, altitude (r=0.66) and rainfall (r=0.37) , both strongly correlated with each other, 

become the principle environmental components on axis 1 (Fig. 2.5). Despite the 

collinearity of these two variables, it is not the case that altitude is consistently a surrogate 

measure of mean annual rainfall. The steep rainfall gradient from north to south along the 

Cape Peninsula (Chapter 1) is somewhat independent of topography, especially in the 

southern region of the study area. These patterns largely concurred with those produced 
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Figure 2.4 CCA ordination of the first three axes of the complete data set. Arrows indicate direction and relative 
magnitude of primary environmental gradients. ALT = altitude; RAI = mean annual rainfall; RAD = solar load; 
FER = soi l fertility; ROC = rock cover; DRA = soil drainage. For details see Table 1.3 . Vegetation abbreviations 
Table 2.1 
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Figure 2.5 CCA ordination for the first three axes offynbos communities. Arrows indicate direction 
and relative magnitude of primary environmental gradients. ALT= altitude; RAI = mean annual 
rainfall; RAD= solar load; FER= soil fertility; ROC = rock cover; ORA= soil drainage. For details 
see Table 1.3 . Vegetation abbreviations Table 2.1. 
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Figure 2.6 CCA ordination of the first three axes of forest/thicket, renosterveld and dune asteraceous 
communities. Arrows indicate direction and relative magnitude of environmental gradients. ALT = 
altitude; RAI = mean annual rainfall; RAD = solar load; FER = soil ferti lity; ROC = rock cover; DRA 
= soil drainage. For details see Table 1.3. Vegetation abbreviations Table 2. 1. 
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Tahle 2. 7 Correlation coefticienta between all environmental variables. 

ALT RAD FER RAI DRA ROC SLO I 

SLO 0.28 -0.06 0.26 0.17 0.14 0.02 1.00 

ROC 0.21 -0.10 o.os 0.22 0.08 i.oo . 
DRA1 -0.01 -0.08 0.02 -0.25 1.00 

RAI 0.62 -0.07 0.0, 1.00 

FER' -0.28 -0.01 1.00 

RAD -0.16 1.00 

ALT 1.00 

1 Spearman rank coefficient 

by the DCA. Across fynbos sites, the analysis produces a cluster of low altitude, low 

rainfall communities (WRF, SND) at one end of axis 1, with higher altitude communities 

• (URF, ERi) at the other extreme. Other less significant environmental factors, such as 

rock cover (ROC) are indicated by lower canonical coefficients. However, the significance 

of these is difficult to discern due to the correlation with these and the other principle 

gradients (Table 2. 7). For example, rock cover (ROC) and angle of slope (SLO) 

correlated positively with altitude. 

Discussion 

Vegeta,ion classiftcation 

Mountain fynbos comprises a very complex mixture of species and habitats to the 

ecologist and description is inherently problematic (Campbell, 1986a). The traditional 

phytosociological approach to .fynbos is both very time consuming and may not offer 

general explanation of pattern (Cowling et al., 1988). Floristic classification produced 

from small (a few km2) local studies on the Cape Peninsula (Campbell and Moll, tm; 

McKensie et al., 1m; Glyphis et al., 1978; I.aider et al., 1978; Joubert and Moll, 1992) 
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may have little predictive value for the rest of the area. This study has shown that description 

of one vegetation type may differ tloristically from similar habitat within the same geographic 

area due to the high beta and gamma diversity (Chapter 3). 

The classification method employed by Cowling et al. (1996), combining local knowledge of 

the relationships between flora and environment with vegetation unit boundaries as indicated 

from small-scaled (1:10000) aerial photographs, appears to be well-suited to describing the 

vegetation and has significant potential, both as a management tool and as a descriptive 

method. The classification conforms to Campbell's (1986b) system with a few refinements for 

this study area. Those species most common to each plot are by definition, not good 

phytosociological indicators. However, the suite of species combined with habitat description 

provides a reliable classification of fynbos (Table 1.2). 

Vegetation environment relationships 

This analysis demonstrated that despite the use of relativelr simple measures of environmental 

variables, a considerable proportion of the variation in the communities can be explained. The . 
distinction between fynbos and non-fynbos types bas been explained by the contrast between 

the low soil nutrient status of sandy soils derived from quart.Zite sandstones (Cowling and 

Holmes, 1992a). As expected, both forest and renosterveld communities exhibited clear 

distinction from fynbos as indicated by both DCA and CCA, Apart from the significant 

tloristic dissimilarity, this division is largely accounted by the underlyina geological patterns 
! 

with renosterv~ld on moderately nutrient-rich shale and granite soils, and forest on both 

granite soils and deeper, moister, fire protected sites in ravines (Manders, 1990; Cowling and 

Holmes, 1992a). 
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Coastal communities also exhibited large tloristic differences from fynbos on higher altitude 

sites (Taylor, 1978). The tlrln coastal dune band is a mosaic: of asteraceous and ericoid shrubs 

with dense, sometimes continuous patches of fire-resilient thicket. These thickets tend to 

establish due to the reduction of the probability of fire on the coutal margin. 

Within fynbos, anD\131 rainfall, altitude, and soil fertility emerged as the best predictors of 

coommnity pattern. Higher altitude • and annual rainfall separated upland ericaceous and 

restioid communities where the combination of higher winter precipitation and summer 

orographic mists CODttibutes to high total moisture input. Although similar in structure (high­

altitude, low ericaceous-restioid heathland,), geographically disjunct ericaceous communities 

(ERi) differed both tloristically and in relation to edaphic factors. Such high differences in 

species composition between similar, but geographically separate, communities is a distinctive 

feature of the Cape Peninsula and fynbos in general (Chapter 3). 

The crudity of the nature of the soil fertility gradient used in this study may have limited 

explanatory value compared to detailed soil cbaracteristics which have previously been 

invoked to explain patterns in fynbos (Richards et al., 1995; McDonald et al., 1996). 

However, the spread of tloristically allied proteoid communities, between mesic (MMP, 

WMP, SND) on lower colluvial slopes and oligotropbic (MOP, WOP) on nutrient-leached 

soils, illustrates its strength as explanatory variable (Table 1.2). 

The unexplained variance suggests that signi&,aot factors are absent from the model. Other 

environmental variables not recorded here may increase the predictive power of the 
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analysis. Fire perhaps remains the other most signifi~ variable influencing species 

distribution. Structurally dominant species in most habitats are good plant community 

'indicators' at this scale, but the stochastic effects of fire (intensity, season of burn and post­

fire age) can have a significant effect on species composition of fynbos (Cowling, 1987; Le 

Maitre, 1987; Cowling and Gxaba, 1990). Consequently, differential post-fire recruitment, 

while inevitably altering species composition during early successional stag~ (Bond et al. , 

1984; Cowling and Gxaba, 1990) may only cause 'reshuffling' of dominant species 

(McDonald et al., 1996), without eliminating them altogether from that cnmmunity. Overall, 

this implies that the diversity of species relies not only on variations in post-fire recruitment, 

but also on the long environmental gradients on the Cape Peninsula which support the mosaic 

of vegetation types. This feature is examined in the next chapter. 

Conclusions 

A relatively simple, rapid method of classifying the flora of the Cape Peninsula has been 

shown to hold up to comparison with conventional tloristic analysis. If a simple vegetation 

classification system and vegetation map is required (as they often are) by managers then this 

study demonstrates the accuracy of this time- and money-saving method. The vegetation units 

on the Cape Peninsula are best described using dominant species in conjunction with 

environmental variables. Although there are strong environmental components which go some 

way in explaining the patterns of distribution of species, other influences, such as fire 

characteristics may needed to be added to refine the model. Thus, to ensure conservation of 

the species diversity acrommodated by these diffelent vegetation types the full range of 

habitats on the Cape Peninsula must be managed QDder different fire regimes. 
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CHAPTER.3 

Why is the Cape Peninsula so rich in plant species? An 

analysis of the independent diversity components1 

Introduction 

The Cape Floristic region is one of the world's foremost cen~ or "hotspots" of plant 

diversity and endemism (Takhtajan, 1986; Myers, 1990; Cowling et al., 1992). Within 

this region, species are neither uniformly nor randomly distributed, but concentrated in 

smaller nodes (Levyns, 1964; Kruger and Taylor, 1979; Linder et al., 1992; Cowling et 

al., 1992; Cowling et al., in press). For example, regions in the southwest (winter­

rainfall) parts of the Cape Floristic Region have, on average, twice the number of plant 

species as physiographically similar areas of identical me in the non-seasonal rainfall zone 

of the south and southeast. 

Within the southwest region, the cape Peninsula, an area dominated by fire-prone fynbos 

shrublands with occasional patches of fire-proof afromontane forest and subtropical thicket 

(Cowling et al., 1996), is extraordinarily rich with 2285 species of higher plants in 471 

km2 (Trinder-Smith et al., 1996a). This raises the following questions: why is this region 

so species rich, and how are all these species packed into such a small area? The answer 

may lie in one or more of the following hypotheses: 

(i) The Cape Peninsula has· unusual patterns of resource quality and quantity, within 

habitats and landscapes, thereby promoting high local and regional richness (Wright et al. , 

1. Aspects of this chapter have been published in Biodiversity and Conservation 6, SSl-574. 
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1993; Brown, 1988; Tilman and Pacala, 1993). This is shown by the extraordinarily steep and 

long ecological gradients along which species may be packed; i.e. high environmental 

heterogeneity promoting high beta diversity (Shmida and Wilson, 1985; WilUarnsnn, 1988; 

Rosenzweig, 1992). 

(ii) Unusual historical and biological factors, over geological time, have resulted in a high rate 

of diversification of habitat specialists (increasing beta diversity) and ecological equivalent 

species (increasing gamma diversity) (Sbmida and Wilson, 1985; Cody, 1986; Cowling et al., 

1992; Ricklefs and Schluter, 1993). 

(iii) The transitional location of the Cape Peninsula with respect to the winter (western) and 

non-seasonal (eastern) rainfall 7DDe floras of the Cape Floristic Region, has resulted in the 

macro-scale mass effects, whereby species from these distinct floras (Oliver et al., 1983) 

establish or persist outside their normal range in relictual or transitory populations (Shmida 

and Wilson, 1985). 

Very few studies have attempted to. decompose regional richness in terms of the three 

independent diversity components, namely alpha, beta and gamma diversities (but see 

Whittaker, 1m; Cowling, 1990; Cody, 1993). In a topographically and dirnatically uniform 

region of the Cape Floristic Region, about 150 km southeast of the Cape Peninsula, Cowling 

(1990) was able to denionstrate that the high regional plant richness was a function of the 

extremely high turnover of species along habitat and geographic gradients, and moderately 

high local richness. In landscapes of similar enviromnem:al heterogeneity further east, the two­

fold lower richness was mainly due to lower turnover rather than lower local richness 

(Cowling et al., 1992). Cowling ,t al., (1992) invobd differential rates of diversification as 

the reason for these different patterns of turnover and consequently, regional richness. 
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Thi$ study attempted to provide an explanation for the high plant species richness of the 

Cape Peninsula by addressing the following questions: 

(i) Is the Cape Peninsula flora unusually rich when compared with . other regions in 

southern Africa and the world? 

(ii) What are the patterns and determinants of the different diversity components (i.e. 

alpha, beta and gamma diversities)? 

(iii) Which of these components contribute most to explaining the region's high richness? 

(iv) What is the relationship between the diversity components and rarity? 

(v) What are the implications of these patterns and determinants of diversity for the 

conservation of plant biodiversity. 

These issues are addressed by first examining the richness of the Cape Peninsula in a 

subcontinental and global context. Secondly, examining patterns and determinants of 

alpha, beta and gamma diversities using a database derived from 835 phytosociological 

plots located throughout the Cape Peninsula. Finally, the role of turnover and rarity in 

determining regional richness is assessed, and the implications of these diversity patterns 

for plant species conservation are discussed. 

Re&lonal riclmes.1 

Regional plant species richness of the Cape Peninsula is exceptionally high in both a 

subcontinental and global context. High richness at the subcontinental level is clearly 

shown in an analysis of the correlates of ~onal richness (63 samples) throughout 

southern Africa (Cowling et al., in press). In simple bivariate analyses, measures of 
I 

environmental heterogeneity (topographical diversity, annual rainfall range, mean winter 
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temperature range) emerged as the best predictors of richness at this scale (Fig. 3.1). 

Other explanatory variables used in this analysis, included measures . of area, 

environmental favourability, available energy, seasonality and irregularity. Although the 

Cape Peninsula had the richest flora of all sites, it also had the highest values· of two of 

the three measures of heterogeneity, namely, topographical diversity and annual rainfall 

range (Fig. 3. la and 3. lb). Thus, the unusually high richness of the Cape Peninsula flora 

when compared to other southern Africa sites, may be largely a function of the region's 

extraordinarily high environmental .heterogeneity (Cowling et al., 1996). Although not a 

random sample, the 63 sites of Cowling et al. (in press) did include other areas of high 

environmental heterogeneity on the subcontinent such as elsewhere in the Cape Floristic 

Region (11 sites) and along the Great Escarpment (eight sites). 

Global comparisons are best made by comparing patterns in other mediterranean-type 

ecosystems also recogniz.ed as major "hot-spots", namely, south-western Australia, central 

Chile and south-central cismontane California (Myers, 1990). Computation of species-area 

regression (double logarithmic form) data from these areas (Arroyo et al., 1995; Cowling 

et al., in press) demonstrates that for the equivalent area of the Cape Peninsula (471 km2), 

Chile has 4. 7 times fewer species than predicted by the species area curve; California 3.3 

times and southwestern Australia 2. 7 times fewer species. Cowling et al. (in press) discuss 
t 

these differences in terms of contemporary ecological as well as historical factors. 

Alpha divenity 

Approach and methods 

Data for the analysis of alpha diversity, m~ured as number of perennially identifiable 

species, and associated site environmental variables, were compiled from 835 
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Figure 3.1 Relationship between plant species richness of 63 regiODS within Southern Africa and 
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measures of environmental heterogeneity. (a) Topographical diversity index (the ooetlicicmt of variation of 
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phytosociological plots sampled throughout the Cape Peninsula from published and 

unpublished sources (see Chapter 1 for details). For the purposes of this study it was assumed 

that the scale of plot size employed in each case was representative of local richness. This 

approach was justified by considering a vegetation community to be a group of interacting 

species (Magurran, 1988). Therefore, any measure of alpha diversity must allow for the 

physical scale of the community, such as the average height of the dominant species. 

Consequently, an increased plot size was necessary to accommodate the larger structural 

nature of each community. Thus, most of the forest plots were 100 m1
_ whereas the majority of 

the fynbos plots were 50 m1
. However, nearly all of the renosterveld plots were 100 m1

, and 

due to the overall low stature of this vegetation type, the alpha diversity data were considered 

to be moderately inflated. This did not however, affect the beta and gamma indices, because 

the analyses employed were independent of alpha diversity (Wilson and Shmida, 1984) 

Patterns and co"elates 

Alpha diversity on the Cape Peninsula (Table 3.1) is not significantly different from other 

fynbos sites in the Cape Floristic Region. The average species richness on the Cape Peninsula 

of 21.4 in SO m1 can be qualitatively compared with that in the southern Cape mountains with 

an average of 47 .1 species in 100 m1 (Bond, 1983) and the Agulhas Plain with 16.0 species in 

1 m1 (Cowling, 1990) (see also Cowling, 1983a; Cowling et al., 1992). Lowest mean values 

were recorded in high-moisture types such as wetlands, upland rcstioid fynbos, ericaceous 

fynbos, and forest and thicket. High values were recorded in low elevation (wet rcstioid 

fynbos) and drier (mesic oligotrophic fynbos) communities, as well as renoster shrubland on 

relatively fertile, shale.derived soils. However, there was 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

Table 3.1. Mean alpha richness of the different vegetation types (Cowling et al., 1996). Groups with the ume 
superscripts are not significantly different at the 0.OS level (fukey multiple ranae teat). F=23.94 p < 0.0001. 

Vegetation type Mean SD Ranae n 

NON FYNBOS TYPES 

Forest and thicket (FOR)"" 18.1 6.3 1-43 253 

Renost.er abrubland (RBN)1 28.1 7.0 17-46 S6 

FYNBOS TYPES 

Dune aateraceoua fynbos (DUN)""" 16.9 13.0 3-63 ss 
Saodplain proteoid fynboa (SND)..._ 17.2 14.1 4-61 21 

Meaic oligotrophic proteoid fynboa (MOP)' 31.2 16.2 11-78 80 

Wet oligotrophic proteoid fynbos (WOP)• 19.7 8.9 4-39 38 

Meaic mesotrophic proteoid fynbos (MMP)• 19.1 9.0 S-Sl 91 

Wet mesotrophic proteoid fynbos (WMP)• 23.9 7.2 12-41 30 

Wet restioid fynbos (WRF)' 32.4 13.4 14-62 22 

Upland reatioid fynbos (URF)111 12.9 6.6 2-31 44 

Bricaceous fynboa (ERI).i 16.9 6.S 4-32 103 

AZONAL TYPES 

Undifferentiated cliff communitiea (CLF)""" 13.2 6.4 3-27 34 

Wetlands (WET)• 12.7 6.4 S-23 9 

considerable variation within all vegetation types. Some sites were extremely rich with up 

to 78 species in a single plot of mesic oligotrophic proteoid fynbos. The most species-poor 

plots were sampled in forest and thicket (e.g. one species). 

Numerous models have been invoked to explain patterns of local richness in plant 

communities (see Tilman and Pacala (1993) for a review). Below we discuss models and 

explanations of local richness patterns on the Cape Peninsula. 

Resource-based models 

There is a greater chance that species-rich sites will be found in areas of lowest resource 

levels on the Cape Peninsula. The highest values for alpha diversity on the cape Peninsula 
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within fynbos, tended to be recorded at low altitude (Fig. 3.2a), high radiation (Fig. 3.2b), 

low rainfall (Fig. 3.2c) and low fertility (Fig. 3.2d) sites. These patterns may be consistent 

with unimodal curve relating species richness to measures of site productivity and 

"favourableness" (e.g. rainfall, solar load) (Tilman and Pacala, 1993; Roesenzweig and 

Abramsky, 1993), as suggested by the trend of the relationship between species numbers and 

radiation load (Fig. 3.2b). Both Bond (1983) and Kruger (1974) observed a unimodal 

relationship between local richness and surrogate variables for productivity (biomass) in 

fynbos in the south and south-west Cape mountains, respectively. This unimodal curve is 

evident across the radiation gradient only, but it could be that the Cape Peninsula does not 

include the extreme, low productive (e.g. very dry) sites to show this curvilinear relationship 

for other variables. Suppression of high species-richness values in more 'favourable' sites, 

could be accounted for by canopy suppression of understorey species under high resource 

conditions, for example, in forest and thicket and wet mesotrophic proteoid communities 

(Esler and Cowling, 1990; Cowling and Gxaba, 1990). 

fire::ceJatcd whams models 

The high variation in species number within low resource sites may be due to tire-related 

effects. Fire has a profound effect on species composition of fynbos (Cowling, 1987) in terms 

of quality and season of burn, and post-tire age (Le Maitre, 1987). Different fires may 

influence regeneration guilds differentially, thereby rearranging competitive hierarchies 

causing non-equilibrium composition over several tire cycles. Fire season influences the 

density of the overstorey proteoid shrubs (Bond et al., 1984) which, in tum, influences the 

UDderstorey diversity and composition (Cowling and Gxaba, 1990). In some cases the 

overstorey component may migrate across the lapdse-ape as wind-dispersed propagules are 

blown away from dense stands after summer fires, under the 
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influence of strong wind regimes (Bond, 1988; Cowling and Gxaba, 1990). These 

"marauding" populations leave their mark on community composition for decades or 

longer. Similarly, variation in fire intensity results in the differential recruitment of 

species, largely as a ~nction of seed me (Bond et al., 1990; Bond and Van Wilgen, 

1996). On certain sites very hot fires stimulate the regeneration en masse of Aspalathus 

species (Fabaceae), resulting in dense·thickets that suppress other community components, 

especially non-sprouting shrubs (R.M. Cowling, unpublished data). Such a fire would 

therefore reduce the number of species expected at an otherwise species-rich site. 

Rczional phenomena 

I..oca1 richness may be significantly influenced by regional phenomena (Ricklefs, 1987; 

Ricklefs and Schluter, 1993). For example, local richness may be influenced by the me 

of the regional species pool within a particular habitat. Thus, habitats which occupy a 

small area regionally and therefore support a lower number of species (Williamson, 1988; 

Diamond, 1988), may have lower local richness owing to the limited me of the regional 

pool available for colonization of local sites. This is certainly the case for the Cape 

Peninsula, where the low resource habitats (and communities) occupy the largest area artd 

have the highest mean local richness, whereas communities occupying a smaller area were 

consistently species-poor (Fig. 3.3). 

Beta diversity 

Approach and methods 

The usual approach for analyzing beta diversity is to sample along a predetermined 

environmental gradient (usually the dominant one in the landscape) and then compute beta 

diversity using one or more of the several indices available (Whittaker, 1972; Shmida and 
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Wilson, 1985; Magurran, 1988; Cowling, 1990) However, samples in this data set were 

not located in this way but mostly concentrated in sites for detaiJed phytosociological study 

(Chapter 1). 

For this study samples were selected from the pool of 835 plots to cover one gradient in 

resource availability while controlling the value of other n,source variables. For example, 

a series of plots was selected spanning an altitude gradient, while holding constant the 

other variables _of soil fertility and radiation regime. Thus, beta diversity was computed 

along gradients of altitude (surrogate for rainfall and temperature), soil fertility and 
I 

radiation. At ~tervals . along each gradient a station was randomly selected such that a 

sample flora was compiled from three plots, selected from one geographic location within 

the same vegetal:ion type. Turnover was then calculated both between stations and across 

the gradient as a whole (Fig. 3.4, 3.5 and 3.6) using the Biodiv 4.1 (Baev and Penev, 

1993) package. 
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Of the several available methods of calculating beta diversity from a presence-absence data 

set, the Wilson-Sbmida index was selected on account of its ability both to reflect the number 

of community changes along a gradient and its strength in fulfilling the criteria of additivity 

and independence from alpha diversity (Wilson and Shmida, 1984; Magurran, 1988). The 

Wilson-Shmida (1984) index (P) adds the number of species gained (g(H)) to the number of 

species lost (l(H)) along a habitat gradient (H), standardized by the average sample richness a. 

Thus, 

p = [g(H) + l(H)]l2a 

When P=0 there is no species change or "turnover" between stations; when P=l there is 

complete nun.over. Consequently, p + 1 represents the number of distinct communities along 

the transect. 

Patterns 

Overall, there was a consistently high turnover along most gradients, summarised as follows: 

(i) The highest turnover along altitndinal gradients was at low and moderate fertility sites, 

irrespective of radiation load (Fig. 3.4c), and lowest turnover at high fertility sites, especially 

at low altitude (Fig. 3.4a). The former gradient ranges from mesic oligotrophic fynbos 

through wet oligotrophic fynbos, and to ericaceous fynbos (dry, warm sites to wet, cool sites 

on sballow, nutrient-poor sands derived from Table Mountain Group sandstone); the latter 

sites represent forest and thicket, where the flora is small and comprises well-
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Figure 3.4 Turnover of species along attitudinal gradients on soils of (a) high fertility, (b) moderate 
fertility, (c) low fertility, for sites which have low (<2500 Joules cm-2 day-I ), moderate (2500-3000 
Joules cm-2 day-I) and high (>3000 Joules cm-2 day-I) radiation loads. Each bar sysmbolizes turnover 
between two stations where a station denotes a cumulative sample of three plots within the same plant 
community. Total gradient beta value with number of stations (n) is given fo r each transect. 
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dispersed generalist trees and shrubs of tropical affinity (Campbell, 1986b; McKenzie et 

al., 1977; Cowling et al., in press; Midgely et al., in press). 

(ii) The highest turnover for all gradients (complete between some stations) , was observed 

along a gradient of soil fertility within similar rainfall (altitude) and radiation regimes 

(Fig. 3.5). Rainfall and radiation did not appear to have an effect here i.e. turnover was 

more or less similar for all reg imes. This gradient represents turnover from non-fynbos 

types at high soil fertility (forest and thicket, renoster shrubland), through proteoid fynbos 

on mesotrophic soils, to proteoid and ericaceous fynbos on oligotrophic soils. These 

patterns are consistent with high turnover values found along edaphic gradients in other 

fynbos regions (Cowling, 1990; Cowling et al., 1992). 

(iii) The turnover along gradients of radiation load (Fig. 3.6) was lowest on highly fertile 

sites irrespective of altitude, and highest on moderately fertile sites (dune asteraceous 

fynbos) as well as poorly fertile sites (mesic oligotrophic proteoid fynbos), especially 

between sites at the upper extreme of the radiation reg ime. 

Gamma diversity 

Approach and methods 

In computing gamma diversity (compositional change between geographically distan t sites 

of the same habitat) the same approach was adopted as for beta diversity. However, the 

determination of gamma diversity was problematic since the steep ecological gradients of 

the Cape Peninsula meant that it was very difficult to locate geographically distant sites 

within a similar habitat. Thus, there was a beta component to the gamma diversity 

computed here (cf Cody, 1986). The high topographical and climatic variation across the 

Cape Peninsula means that there is a degree of isolation of communities even over small 

(several kilometres) distances. Therefore, to highlight the gamma component to diversity 
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Figure 3.5 Turnover of species along fertility gradients of varying radiation loads (low= <2500) 
Joules cm-2 day- 1- high => 2500 Joules cm-2 day-t) and altitude (a) 0 m - 250 m; (b) 250 m - 500 m; 
(c) 500 m - 750 m. Each bar symbolizes turnover between two stations where a station denotes a 
cumulative sample of three plots within the same plant community. Total gradient beta value with 
number of stations (n) is given for each transect. 
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Figure 3.6 Turnover of species across radiation load gradients of (a) high, (b) moderate and 
(c) low soil fertility, and varying altitudes (low =< 500 m; high=> 500 m). Each bar 
symbolizes turnover between two stations where a station denotes a cumulative sample of 
three plots within the same plant community. Total gradient beta value with number of stations 
(n) is given for each transect. 
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the diversity was calculated between similar, disjunct sites relatively close together (cf 

Cowling, 1990). 

There were sufficient data for two comparisons: dune asteraceous fynbos (dry, moderate! y 

fertile conditions, low altitude) at four sites approximately 10 km apart along the west 

coast of the Cape Peninsula, and ericaceous fynbos (wet, infertile, high altitude) at three 

sites, 10 to 20 km apart. 

Patterns 

Turnover between similar habitats on the Cape Peninsula was exceptionally high with an 

average value of0.803 (Fig. 3.7a) for dune asteraceous fynbos and 0.775 for ericaceous 

fynbos (Fig. 3.7b). Using the same approach as this study, Cowling (1990) recorded 

gamma values of 0.628 for dune asteraceous fynbos and 0.667 for ericaceous fynbos sites 

on the Agulhas Plain, 150 km to the southeast of the Cape Peninsula, and an average 

gamma-value of 0.300 for dune asteraceous fynbos in the southeastern Cape, 550 km east 

of the Cape Peninsula (Cowling et al., 1992). Very high endemism on Cape Peninsula 

(Trinder-Smith et al. , 1996a) suggests that this high gamma diversity may be partly 

associated with in situ diversification of vicariant (ecologically equivalent) species. 

However, owing to subtle differences in environmental conditions between these 

geographically distant sites, there may also be a strong beta component, or habitat 

specialization, associated with turnover at this scale. 

Rarity 

The frequency distribution of species in the 835 plots sampled in the Cape Peninsula was 

plotted to assess the degree of rarity (Fig. 3. 8). A very high proportion (54 % ) of the 
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Fjgurc 3. 7 Gamma diversity of (a ) dune asteraccous fynbos and (b) ericaceous fynbos across 
the Cape Peninsula from noth to south. Each bar symbolizes turnover between two sta tions 
where a station denotes a cumulative sample of three plots within the same plant community 
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Fipre 3.8 The frequency distn'bution of number of species with number of plot oc:curences recorded in the 835 
plots sampled on the cape PenimuJa 

species occurred in 10 plots or fewer, suggestion a high degree of rarity, at least in this 

data set. It appears that the Cape Peninsula flora includes relatively few widespread and 

abundant species and many range-restricted and rare species. Rarity may result as much from 

specialization associated with the wide range of microhabitats on the Cape Peninsula, as from 

the complex mosaic of distribution and abundance patterns resulting from fire related 

differential recruitment (Bond et al., 1984; Cowling, 1987; Cowling and Gxaba, 1990; Bond 

and Van Wilgen, 1996). 

The non-random location of plots on the Cape Peninsula (Chapter 1) is likely to result in the 

under-sampling of range-restricted rare species. This suggests that rarity is likely to be more 

pronounced in the Cape Peninsula flora than is evident in our data set, given the high beta 

turnover of the region. Indeed. Trinder-Smith « al .• (1996a) list 141 gazetted Red Data Book 

taxa, one of the highest concentrations of such taxa in the world. 
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General discussion 

Regional richness and turnover 

The Cape Peninsula is very rich in plant species at both a subcontinental and global scale, 

because of in the exceptionally high turnover within, and especially between, habitats 

which support moderately high numbers of species. Similar explanations have been 

invoked to explain the regional richness of other sites within the Cape Floristic Region 

(Kruger and Taylor, 1979; Cowling, 1990; Cowling et al., 1992; Cowling et al., in 

press). What is exceptional about the Cape Peninsula is the extraordinarily steep and long 

habitat gradients along which species are packed. 

Correlative and experimental studies have suggested that the high beta diversity of fynbos 

results from a high level of habitat speciali7.ation of fynbos species, especially with regard 

to edaphic conditions (Cowling, 1983b; Cowling, 1990; Cowling et al., 1992; Richards 

et al., 1995). Research on the Agulhas Plain, some 150 km southeast of Cape Peninsula, 

has shown that physiological adaptation to different edaphic conditions (moisture and 

nutrients), rather than biological interactions between species, is the principle determinant 

of turnover (Mustart and Cowling, 1993; Richards, 1993; Richards et al.,' 1995). Trinder­

Smith et al. (1996a) have shown that both rare and endemic species on the Cape 

Peninsula, are often associated with one to a few vegetation types, suggesting a high 

degree of habitat speciali7.ation of these taxa. 

Gamma diversity on the Cape Peninsula is very high and contributes substantially to the 

size of the Cape Peninsula's flora. Generally, gamma diversity is controlled by historical 

processes associated with the speciation of ecological equivalents along geographical 

gradients (Kruger and Taylor, 1979; Shmida and Wilson, 1985, Cody, 1986). With some 
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90 species endemic to the Cape Peninsula ·(Trinder-Smith et al., 1996a), there is little doubt 

that the in situ diversification of a taxonomically and holographically non-random assemblage 

of lineages has contributed to the region's high gamma diversity. However, the high number 

of rare species, most of which are not Cape Peninsula endemics (Chapter 4), and the 

stochastic processes responsible for this rarity, is als9 a component of high gamma diversity. 

Finally as previously stated, it was not easy to separate the beta component of these gamma 

processes. 

Implications for conservation of plant biodiversity 

The patterns of diversity discussed here have three implications for biodiversity conservation. 

(i) Because of high beta diversity, reserves should be located in landscapes that maximise 

environmental heterogeneity, especially edaphic heterogeneity. This will maximize species 

richness in the present and facilitate diversification of habitat specialists in response to future 

environmental changes (Graham, 1988). Such an strategy adopts a "coarse-filter" approach by 

conserving those habitats which maximise the plant species gene pool (Hunter et al., 1988). 

(ii) Because of high gamma diversity, geographically disjunct portions of the same habitat 

should be conserved, because a single portion of a habitat will not include all constituent 

species of that vegetation type. This action both maximises the conservation of extant 

biodiversity and allows for future diversification of ecologically equivalent taxa. 

(iii) Since much of the Cape Peninsula's plant diversity is associated with species that are rare 

at both the local and regional scale, biological and ecological understanding of rarity must be 

recognised as a research priority. With several hundred species occurring in small 
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" 
populations, inappropriate fire regimes and the threat of invasive alien species could result 

in their extinction on the Cape Peninsula (Richardson et al., 1996). The biological aspects 

of range-restricted rarity (local endemism), both on the Cape Peninsula (Trinder-Smith et 

al., 1996a) ~d elsewhere (McDonald et al., in press) hold important lessons for 

management aimed at conserving these species. There is an urgent need . to gain an 

understanding of the biological aspects of different forms of rarity (Rabinowitz et al. , 

1986) in the Cape Peninsula flora and to integrate this knowledge into spatially explicit 

management plans for the maintenance of plant biodiversity. The next chapter attempts 

to provide some further insights on biological and environmental correlates of rare (but 

not endemic or threatened) species on the Cape Peninsula. 
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CHAPTER4 
' 

Do rare plants have different biological and habitat 

prortles compared to common ones? An analysis of the 

flora of the Cape Peninsula, South Africa. 

Introduction 

One of the main issues facing reserve managers is ensuring the maintenance of species 

diversity through selection and preservation of specific habitats. This includes the priority 

of the preservation of rare species, particularly if they are species of special appeal and 

considered to be threatened. Thus, prediction of the distribution patterns of individual and 

groups of species is an important part of an intepated approach to reserve management. 

The Cape Peninsula (471 km2) includes some 2285 species, many of which are threatened 

(Trinder-Smith et al., 1996a). Although it is expected that such a highly species-rich area 

should support a large number of both endemic (i.e. range restricted) and threatened (Red­

Data Book) species (Prendergast et al., 1993), the rank abundance relationship of species 

(Magurran, 1988; Gaston, 1994) follows a highly skewed log-normal curve, with 

relatively few 'common' species and a hi&h number of rues (Chapter 3). A significant 

proportion of the species in this region can be ieprded as 'rare', with over 509' of plant 

species occurring in 10 plots or less of the 835 phytosociological plots (Chapter 3), and 

a further. 22 9' of these species occurring only once. This pattern is repeated ~here in 

mediterranean-type ecosystems where high diversity support a 1arge number of rare and 

locally endemic species (Cowling and McDonald, in press). For example, on the Swan 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

Coastal Plain of southwestern Australia, within a total of 10')7 species in 509 plots, 272 

(25 % ) were only found once (Gibson et al., 1994). Thus, rare species must be considered 

in any management strategy for such systems so that overall diversity can be maintained .. 

The phenomenon of rarity is both inconsistently defined and poorly understood, and 

remains a problem for conservation biologists (Rabinowitz et al., 1986; Stacey and Taper, 
:, 

1992; Gaston 1994). Rarity is a continuous variable with two dimensions: abundance 

(number of individuals in a given area) and geographic range, both which may vary over 

time. Therefore, a rare species does not necessarily imply that it is either endemic or 

endangered (Stacey and Taper, 1992), merely that is 'uncommon'. Rabinowitz et al. 

(1986) defined rarity in terms of geographic range, habitat specificity and local population 

size and used these characteristics to derive general conservation strategies for each case. 

Apart from this, the lack of research· on rarity, particularly regarding plants, has resulted 

in a deficiency of knowledge relating to the traits of rare and common plant species 

(Gaston, 1994; Cowling and Samways, 1995). Most previous research has focused on 

range-restricted (i.e. endemic) species (McDonald et al., 1995; Trinder-Smith, 1996a) or • 

geographic distribution of ·rare species (e.g. Prendergast et al., 1993). However, many 

rare species are neither range-restricted or threatened. For example, using Rabinowitz et 

al. 's (1986) categories of rarity traits, a non-habitat-specific species can occur over a wide 

geographic range but have small overall population size (i.e. uncommon everywhere). 

Furthermore, although attempts have been made to invoke mechanisms to describe 

patterns of rarity (Begon et al., 1990), there has been no research which treats plant rarity 

as a continuous variable (Gaston 1994), and examining many species which may have few 

individuals locally but are nevertheless widespread regionally. 
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The relationship that species range is related to habitat is well documented, but directly 

relating species abundance or density with climatic and edaphic resource values is more 

problematic. The assumption that abundance is related to niche breadth (i.e. the range of 

available resources) is fraught with problems of sampling techniques and scale, and there 

is little evidence that rare plants have narrow resource niches (Gaston, 1994). Indeed, 

studies have shown that the relationship between abundance and niche breadth is 

inconsistent, demonstrating both positive (Hanski 1982; Bock and Ricklefs, 1983), 

. negative (McCloskey, 1976; Seagle and MacCracken, 1986) relationships, or no 

significant relationship at all (Carnes and Slade, 1982; Shenbrot et al., 1991). 

Species biology (e.g. dispersal ability), which has been shown to limit range size (Kunin 

and Gaston, 1993; Gaston, 1994), may also be a strong determinant of population size. 

In the Cape Floristic Region it has been suggested that range-restricted and Red Data 

Book taxa are associated with particular lineages and specific biological traits (McDonald 

et al., 1995; Trinder-Smith et al., 1996a, and others, see Cowling and McDonald (in 

press) for review). Most of these species are non-sprouting shrubs with relatively large, 

ant-dispersed seeds, and many others are geophytes. These species are particularly 

vulnerable to certain management regimes. For example, ant dispersed (mynnecochorous) 

species are vulnerable to invasive ant species which displace their dispersers (Bond and 

Slingsby, 1983); low, non-sprouting species are excluded by alien invasive trees and 

shrubs (Richardson and van Wilgen, 1986); pollinator-specific geophyt.es are affected by 

habitat fragmentation which reduces the population of the po1Unaton (1ohnson and Bond, 

1992); and Jarge seeded and slow-maturing species are eliminated by controlled, high 

frequency, low intensity bums (Bond et al. 1990; van Wilgen et al. 1992). 
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It is possible that there is no specific explanation for the low abundance of some species. 

It merely may be a temporarily low number of individuals if the population fluctuates 

stochastically, or a mathematical artifact of the distribution of species as a whole (Preston, 

1948; Hansld and Gilpin, 1991). This mathematical explanation is supported by the lack 

of any general theory predicting rarity and suggats that either rare species are subject to 

the same processes that act on widespread and common species, requiring no specialised 

management strategies, or that the biological attributes and .abiotic requirements of each 

species, require individual examination. 

The Cape Peninsula offers an exceptional site for the study of rarity since the region 

supports an exceptionally high number of rare species available for analysis. However, 

although the Cape Peninsula has a large number of endemics (Trinder-Smith et al., 1996a) 

the majority of rarer species found in this study have a wide geographic distribution 

throughout the Cape Floristic Region, thus making it an ideal site for studying the 

phenomenon of these widespread, but rare species. This study had two main objectives: 

1. To determine the relationship between rarity status and biological traits 

2. To determine whether rare plants have different environmental requirements from 

common ones. 

Methods 

Data selection 

Data were drawn from a phytosociological ·data base and associated environmental factors 

(Chapter 1). This was modified because the non-random, clumped distribution of the plots 

throughout the Cape Peninsula necessitated a stratification of the data to avoid bias of 
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over-represented vegetation types. The number of plots selected for each vegetation type was 

proportional to its area on the Cape Peninsula. Also, because analysis of the phenomenon of 

rarity within fynbos was the objective here, forest plots, which were significantly over­

represented in the data set, were removed. Within each vegetation type, a proportional number 

of plots were selected randomly, with a resulting subsample of 254 plots and 636 species. 

The definition of rarity is somewhat problematic and varies in type (abnndance or range), 

dimension (space and time) and magnitude (Rabinowitz et al., 1986; Begon et al., 1990; 

Gaston, 1994). In an effort to establish a standardized definition of abundance, Gaston (1994) 

proposed using a cut-off point at the first quartile (i.e. lower 25%) of the frequency 

distribution of species abundances, depending on sample design. The highly skewed frequency 

distribution of the species on the Cape Peninsula (Chapter 3) resulted in an unusually high 

number of species with only one or two occurrences. This study approximated Gaston's 

(1994) definition of a "rare" species, using a cut-off of 22 % (139 species), because this 

proportion captured all those species with a single occurrence in the data set. Those species 

occurring two or more times in the data set are referred to as "non-rare" or "common". Where 

the numbers of rare species (single occurrence in the whole data base) within quadrats were 

used needed for analyses, a density value was calculated by correcting for plot size (i.e. 

number of rares per hectare). Alternatively, where it was not possible in the analyses to use 

this binary classification, rarity was treated as a continuous variable, thus "abundance" refers 

to the number of plots within a given habitat or data set, in which a species occurs. For 

example, a species which occurs in only five plots in the data set is less "abundant" than one 

which occurs in ten plots. 
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In these analyses, range was not considered, and a rare species was therefore solely defined as 

having low abundance in the data base. By virtue of its sampling method (Chapter 1), the 

database samples did not include many of the very rare species, only capturing 36 % of all 

Cape Peninsula species. Thus, although this study attempted to deduce general causes of 

rarity, it did not include most of those species considered be extraordinarily rare or even 

'threatened' (i.e. Red Data Book taxa) on the Cape Peninsula (Trinder-Smith et a/,., 1996a). 

Thus rarity should be· examined through demographic research. 

Biotic and abiotic attributes 

To test for any relationship between the biological attributes and rarity each species was 

assigned a categorical value representing growth form, post-fire regeneration strategy and 

dispersal mode (Trinder-Smith, 1995): 

1. Growth form: low shrub (0-1 m); medium shrub (1-2 m); tall shrub (>2 m) 

2. Regeneration strategy: non-sprouter (reseeder); resprouter. 

3. Dispersal mode: passive; wind; ant (myrmecochorous). 

For each classification a two-way contingency table was constructed and x2 statistic calculated 

to test the null hypothesis that rarity and non-rarity are independent of biological attributes. 

In order to determine the effect of environmental factors on the density of rare species, mean 

number of rare species per plots was calculated, and compared to the following environmental 

variables: aspect (ASP), altitude a surrogate of temperature (ALT), drainage (ORA), soil 

fertility (FER), radiation load (RAD), rainfall (RAI), rock cover (ROC) and slope (SLO) (see 
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Chapter 1 for details). The hypothesis that rarity was independent of the level of an 

environmental factor was tested using one-way ANOV A. 

In order to test whether abundance was a function of resource availability, the range of 

values of all measured environmental factors in multivariate space for a particular species 
.. 

was calculated (Green, 1971; Carnes and Slade, 1982; MacNally, 1989). Because of the 

mathematical problems of using the mathematical range of environmental variables for 

abundance alialysis, several studies have used canonical niche estimates as summary values 

(Gaston, 1994). Green (1971) defined •niche breadth" as the standard deviation of 

discriminant scores along axes, or the multidimensional volume bounded by the mean 

square of displacements of all sites occupied by one species (MacNally, 1989). Carnes and 

Slade (1982) verified the use of the standard deviation about the species centroid as a 

preferable measure of niche width, as opposed to the variation of species scores from the 

discriminant space origin, as used by Oueser and Shugart (1978). Root mean squared 

values can be extracted from Canonical Correspondence Analysis (CCA) analysis and a 

summary value for niche breadth can be obtained from the root mean square standard 

deviation across the first four axes (ter Braak, 1990). To over-come the problem of the 

positive relationship between sample size (n) and standard deviation, ter Braak (1990) 

suggests that for- a presence-absence data set, such as was used here, the standard 

deviation should be divided by sqrt(l-1/n). For this analysis, single occurrences were 

removed from the data set and discriminant score_ was produced using CANOCO (ter 

Braak, 1991). 
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Species distribution models 

SELECTION OF A MODEL 

75 

Generalised linear models using presence-absence data, were used to develop predictive 

correlations of species and environmental relationships. Assuming independence of 

observations, it is likely that the data will follow a binomial distribution (Nicholls 1991a, 

Crawley 1993). The procedure for model fitting was according to Nicholls (1991a) and 

Crawley (1993), whereby using forward stepwise regression selection, variables were 

sequentially added using the computer package GLIM (Baker, 1987), to find the most 

parsimonious model. Where variables were continuous (e.g. altitude), both linear and 

quadratic functions were tested to account for possible curvature of the response variable. 

Those variables which accounted for the most significant change in the deviance were 

retained in the model to which each further variable was added. The final explanatory 

variance was calculated as a measure of the strength of the model (for details of method 

see example in Appendix II). 

SELECTION OF SPECIES 

The high number of rare species in the data set (Chapter 3) presented a problem in that 

modelling requires a reasonable representative sample. Those species which were well 

represented in this data set often occurred in a high number of habitats and consequently, 

had low predictive characteristics. To unravel these attributes, the species were sorted 

with respect to both number of plot occurrmces (abundance) and habitat specificity. A 

further categorisation of constancy within a habitat is also required to adequately describe 

species fidelity (Shimwell, 1971; Kent and Coker, 1992). Classification (Chapter 2) using 

1WINSPAN (Hill, 1979) produced surprisingly low numbers of pmermtial species, 

largely owing to the low degree of constancy of fynbos species. For example, although 
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a species may have only occurred in one habitat it was not found in quantity at most si~ 

within that habitat, exhibiting therefore high fidelity but low constancy. For this reason 

a fidelity-constancy index was formulated to select a range of species suitable for 

modelling. 

There appeared to be several categories of species distributions within and across habitats. 

Three main groups of fidelity were categorised here· approximating to Braun-Blanquet's 

(1951) categories of fidelity. 

(i) species which are generalists occurring throughout all, or most habitats (Braun­

Blanquet' s (1951) class 2). 

(ii) species which occur commonly within several habitats (Braun-Blanquet's (1951) class 

3). 

(iii) species which occur in one habitat only (Braun-Blanquet's (1951) class 1). 

In addition, within each of these habitats a species can be also classified according to its 

degree of constancy. The constancy (C) of a species (i) can be considered to be the 

average proportion of the number of species occurring in a habitat, 

(1) 

where s, is the number of species (i) occurring in thejth vegetation type, Nj ~- the number 

of plots in the jth veaetation type, and V, is the number of vegetation types COlltainina the 

ith species. 
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Crudely, the fidelity of a species to a particular vegetation type can be considered to be 

the inverse of the total number of vegetation types m which that species occurs (JJV,), that 

is, the more habitats, the lower the fidelity a species exhibits to any one of them. 

Combining this function with equati~ 1, an expression combining constancy and fidelity 

can be derived~ 

(2) 

For example, a species that occurs in all plots in all habitats has a lower fidelity than a 

species with occurrences in only one habitat. Similarly, a species which occurs in several 

plots in several habitats has a greater fidelity than a species with fewer plots in the same 

habitat. A species which occurs in all plots within a habitat has a fidelity of 1.0 and is 

independent of the number of plots in the vegetation type (Nj). Given these fidelity scores, 

a range of 19 species were selected for linear modelling to represent variation in 

abundance, fidelity and biological attributes (Table 4.1). 

llesults 

Generally, rare plants were distributed with the same frequencies as non-rares, with regard 

to biological attributes (Tables 4.2-4.4). Rare plants were over-represented only among 

medium shrubs (30.6") and forbs (29.2")(Table 4.2). Arranged crudely in descending 

order of siz.e class, there was little relationship between abundance and height, with the 

exception of a trend for more rare than common forbs (Fig. 4.1). Otherwise the 

proportion of rares to non-rares remained around 209' for all biological attributes (Tables 

4.2 - 4.4). 
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Table 4.1. Attribute, fidelity index and explained variance of species selected for modelling. Deot • number of species 
occurrences in the total data set which was used for the models; ~ • number of species occurrences in subset of 
stratified plots used for rarity analysis; E. V. • explanatory variance of model; Fid. index • fidelity index. 

Species °'°' 0..b Fid. E.V. 
index 

Erica hispidula 52 6 0.04 0.386 

Erica plukenetii 157 101 0.02 0.164 

..tnthospermum aethiopicum 121 40 0.02 0.045 

lndlgofera incana 12 2 0.23 0.621 

Protea lepidocarpodmdron 71 56 0.02 0.223 

Asclepias cancellata 6 0 0.02 0.526 

Onnitopsis astericoides 14 1 0.02 0.447 

MilMtes ftmbriifoUus 13 8 0.01 0.272 

EZ.gia stipularis 68 48 0.09 0.538 

Chondropetabun ebracteatum 43 2 0.09 0.66S 

Hypodiscus willUnowia 21 16 0.02 0.356 

Hypodiscus aristatus 112 42 0.02 0.249 

Urslnia nudicaulis 26 0 0.46 0.744 

Senecio crassulaefolius 2 1 0.0S 0.170 

Euphorbia caput-medusae 8 1 0.16 0.496 

Sobania gladiala 86 39 0.02 0.146 

..tristea africana 40 24 0.13 0.601 

Haemanthus coccineus 10 5 0.01 0.287 

More frequently-occurring species generally occupied a larger number of vegetation types 

(Fig. 4.2) but these were the minority of the species in the data set. Over 85 % occupied three 

vegetation types or less. The distribution of rare species between vegetation types varied 

significantly with proportionally more rare species in sand plain fynbos (17.5%), renosterveld 

(15.6%), mesic proteoid fynbos (13.3%) and wet oligotrophic fynbos (12.3%) (Table 4.5). 

The average density of rare species per plot varied across the range of environmental 

variables, with a trend towards more rare species on poorly drained, nutrient-poor soils (Fig. 

4.3). 
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Table 4.2. The U10Ciation between number (percentage) of rare species (one plot occurrence in data aet, n '"" 
254) and growth forms. ,c • 8.49; df•5; P > 0.1. Low llbrub • 0-1 m; medium shrub • 1-2 m; tall shrub 
• > 2m. 

Abundance 

Non-rare 

Ran 

Growth .form 

Tall Medium 
shrub shrub 

28(82.3) 25(69.4) 

6(17.6) 11(30.6) 

Low shrub Graminoid Forb Geophyte 

230(80.1) 113(81.9) 81(70.8) 20(80.0) 

57(19.9) 25(18.1) 35(29.2) 5(20.0) 

Table 4.3. The auociation between the number (peroentap) of rare species (one plot occurrence in data set, n 
= 254) and regeneration strategy. ,c • 0.704; df • 1; P > 0.40. 

Abundance 

Non-rare 

Rare 

Repoerarion atratel)' 

Non-aprouter 

290(77.1) 

86(22.9) 

2CY1(79.9) 

52(20.1) 

Table 4.4. The uaociation between the number (percentage) of rare apeciea (one plot occurrence in the data let, 

n • 254) and diapenal mode. ,C • 1.14; df • 2; P > 0.5. 

Abundance 

Non-rare 

Rare 

Dilpenal mode 

Pauive 

343(77.1) 

102(22.9) 

Wmd 

90(79.6) 

23(20.4) 

Ant 

64(82.1) 

14(17.9) 

Table 4.5. The uaociation between the number (percentage) of rare specie, wl ve.ptation type (n- 254). 'JC 
- 22.57 df • 7 P<0.01. DUN - dune 8llm'aCeOUI fynboa; DJ/tJRP • ericaceoaa fynboa wl vplaad readoW 
fynl,c»; MMP/MOP • meaic meaotrophic and olipttopllic pl'OlleOid fynl,oe; UN • NDOlterVeld; SND • 1811d 
plain proteoid fynbol; WMP • wet meaotrophic proteoid (ynbol; WOP • wet oqot:rophic proteoid fynboa; 

• WRF • wet restioid fynboa. • 

Veptation type 

DUN B1lI/ MMP/ REN SND WMP WOP WRF 
URF MOP 

Non-rare 199 135 365 81 33 109 100 229 
(95.2) (93.8) (16.7) (84.4) (82.S) (93.2) (87.7) (92.0) 

Rare 10 9 S6 15 7 8 14 2 
(4.8) (6.2) (13.3) (15.6) (17.S) (6.8) (11.3) (8.0) 
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:ripre 4.1 Mean number of plots occupied by species with dift'erent growth forms. Numbers in 
brackets indicate number of species; enor 1Jllrs • SD; graminoids • pen,ailial species of Bmtionaceae, 
Poaceae. Cyperaceae and 1mmae. Species with.diffen:ot labels are significantly cliffeRnt at the o.os 
level (non-parametric multiple comparison test of rank sums (7.ar, 1984)). 
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Fipre 4.2 The relationship between mean number of species occummces and number of 
occupied vegetation types. Labels ~ number of species. 
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Fipre 4.3 The mean and standard deviation of the plot density of rare species across environmental gradients. 
Groups with the same label are nat significandy diffimlt at the 0.05 level (Tukey multiple range test). 
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Similarly, the average density of rare species varied between vegetation types (Kruskal-Wallis 

H = 26.77 P<0.001), although non-parametric multiple comparison testing of rank sums 

(Zar, 1984) showed significantly higher density of rare species in sand plain proteoid fynbos, 

and a significantly lower value for mesic proteoid fynbos (Fig. 4.4). 

Using the collective score of root mean square of species scores of CCA, a marked inverse 

correlation was demonstrated between niche breadth and abundance (r1 = -0.651 P<0.001) 

(Fig. 4.5). Thus, rare species are generally distributed throughout a range of habitats on the 

Cape Peninsula, and not necessarily restricted by narrow environmental niches. 

The generalised linear models produced values of explanatory power ranging from 4.5% to 

74.4% (Table 4.1), but there was no relationship between this and species abundance (rs = -

0.426, P > 0.5) (Fig. 4.6), suggesting that rarer species are just as readily modelled as more 

common ones. The relationship between species' resource range and degree of species' habitat 

speciaUz.ation is demonstrated by the log-log correlation between explained variance of the 

models and species fidelity (I- = 39.5, P < 0.01) (Fig. 4.7). Predictably, therefore, highly 

habitat-faithful species bad the greatest explained variance, with habitat generalists producing 

the poorest models. Anthospermum aethiopicum, the outlier in Fig. 4.7, is a very common 

(second in this data set) generalist species but exhibited low explained variance for the fidelity 

value. 

Although there was no significant correlation between number of species plot-occurrences and 

species fidelity index (rs = 0.118 P > 0.5) (Fig. 4.8), rarer species displayed the greatest 

range of fidelity. A few abUJJdant species are found in many habitats (see Fig. 4.2 and 4.8), 

but most are generalists occurred in a few plots. There is a lack of moderately 
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:rtpre 4.4 the1mean and standard dcYiation of rare species density across environmmtal gradients. Groups with 
the same label are not significantly different at the 0.05 lewl (non-parametric compariaon testing of rank sums 
(Zar, 1984)). 
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l'ipre 4.S The relationship between niche breadth and number of species occurrences. r, = Spearman 
rank correlation coefficient. 
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Figure 4.6 The relationship between number of species occurrences and explained variance in 
species-environment models (r1 =- Spearman rank correlation coefficient). 
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J'ipre 4.8 The relationship between fidelity index and number of species occurrences. 

abundant species which have moderate fidelity values (Fig. 4.8). 

Discusnon 

While range-restricted and threatened (Red Data Book) species are often habitat 

specialists, and associated with a particu]ar suite of biological a~utes (Trinder-Smith . . 

1996a; McDonald et al., 1995), this is not the case for the generally rare species as 

defined in this data set. Analysis of rarity and species biology showed no strong 

relationships, with the possible exception of the plant height (biomass), despite speculation 
' 

that rarity would favour certain attributes (Trinder-Smith, 1996a). 1bat larger species are 

rarer has been suggested before, particu]arly for animals (May, 1978; Griffiths, 1986) 

However, a hump-backed relationship between body-size and abundance has also been 

proposed (Brown and Maurer, 1987; Gaston and Blackburn, 1995). More typically, 

however, there is no general reJationship between abundance and body mass across a wide 
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tange of organisms (Gaston, 1994). 

There is little relationship between rarity and environmental factors. However, there was 

a slightly higher density of rare species on poorly drained, nutrient-poor, wetter sites; 

these are also associated with a higher number of endemics (Trinder-Smith, 1996a). As 

can be expected, more common species occupy a greater variety of vegetation types, but 

so do those which are less abundant. Most species occupy only a few habitats and true 

generalists are few; only 3.3 % of all species in the data set were found in six or more 

vegetation types. Although it has been shown that within fynbos, Red Data Book species, 

(most of which are endemics on the Cape Peninsula (Trinder-Smith, 1996a), are habitat 

specialists (Cowling and Holmes, 1992b; Linder et al., 1993; McDonald and Cowling, 

1995), community fidelity of Cape Peninsula species does not provide an indication of 

rarity. Rather, the total resource range, as plotted in multidimensional space, suggests that 

rarer species generally occupy a wider niche, than more abundant species (see also 

McCloskey, 1976; Seagle and MacCracken, 1986). Therefore, although somewhat 

counter-intuitive, it is proposed that rare plants are rare not because of the restrictions of 

habitat. Rather, this study has shown that they occupy a variety of vegetation types and 

are associated with a wide range of resource levels, but not as frequently occurring across 

vegetation types as some more abundant species. The conflict between these two results 

may be because in fynbos, • tlie floristic community (i.e. vegetation type) definition is not 

necessarily in phase with all environmental variables which dictate a particular species 

distribution (see Chapter 2). This result also reflects the remarkably low number of 

abundant species in the Cape Peninsula flora. Most species tend to occur on1y in several 

plots throughout a range of vegetation types. It is the lack of very common species which 

is surprising. 
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If rare species are not limited by habitat then there must be an alternative explanation to 

account for their distribution. It has been proposed that rarity is a fundamental mathematical 

artifact of species distribution, where the log-normal abundance distribution is a result of 

. 
random distribution of species in a patchy ~urce environment (Preston 1948; Colinvaux, 

1973). Owing to its pronounced environmental heterogeneity, the Cape Peninsula offers a 

wide range of potential habitats (Chapter 3), and can harbour a wide range of. habitat 

specialists. Situated on the boundary of east and west fynbos species pools, many taxa may be 

outside their optimal conditions, and hence climatically "residual" species. 

Alternatively, rarer species may be out-competed following disturbance (Gaston, 1994). The 

unexplained variation of many of low-fidelity species could be related to species sensitivity to 

a variable fire regime. For example, true generalists, occurring throughout many vegetation 

types and in high concentrations are, by definition, unlikely to be as site- or fire-dependent as 

specialists. However, the abundance of species within a habitat which seem to be sometimes 

locally common and at other times sparse or absent, might be influenced directly by fire 

regime effects (e.g. Bond et al., 1984), or indirectly through being outcompteted by another 

species ~hich thrives on that fire/habitat combination (Bond et al., 1990). Consequently, a 

non-equilibrium situation is maintainrrl by variable fire regimes resulting in pulses in the 

abundance of species (Bond et al., 1984). The species which is rare as a·result of the last fire, 

may be the dnminant species following the next. Thus, species fire-attributes should be 

considered to prevent local extinction of these fire-sensitive plant populations. 

The higher concentration of less abundant species in sand plain proteoid fynbos and mesic 
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proteoid fynbos coincides with a over-representation of threatened species in these habitats 

(Trinder-Smith et al., 1996a). The location of these communities at low altitude has meant 

that the component species are susceptible to pressures of both urbani7.ation and invasive 

plant species, and these areas have been dramatically reduced in size in historic times 

(Richardson et a1~, 1996; Trinder-Smith tt al., 1996a). This may have therefore inflated 

the proportion of rare species in these habitats. 

Notwithstanding the above, rarity has demonstrated little useful pattern at the phenomenon 

level. It is the modelling of the distribution of individual species,. rare or otherwise, that 

presents the best predictive power. Predictably, those species with the greater degree of 

habitat specificity (i.e. fidelity) produced the most resolved predictive models. These 

were, however, correlated with habitat requirements and not the biology of those species. 

For management, this means that there is no difference between management strategy for 

rarer plants and common ones, other than maintaining a suite of habitats across the 

environmental gradients under variable fire regimes (see Chapter 3). However, 

maintaining a data bank of threatened species locations would enable predictive modelling 

to produce expected (probability) distribution maps for individual species and groups of 

species (Nicholls, 1991b). This would allow particular habitats to be prioritorized for 

conservation. 

This study has highlighted the inadequacies of the data set for such a study. GLIM is a 

powerful method of predicting species distribution, especially those with specific habitat 

requirements. But stronger patterns may be detected with additional factors included in 

the data set. There is a noticeable lack of time series data, specifically concerning 

fluctuations in species abundance and fire history. One of the major benefits of GLIM is 
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its ability to use ranked categorical data (e.g. age of vegetation, last fire intensity and season), 

and inclusion of such variables in the model may reveal more characteristics of rarity. 

Furthermore, the phenomenon of rarity bas been assumed to be a continuous variable for these 

analyses, and the sampling method employed here, combined with the infrequent distnbution 

of extremely rare (Red Data) species, has resulted in what may be the omission of highly 

significant data points. Some aspects of the biology, were not measured here and such 

attributes, such as competitive ability which may be independent of growth form and dispersal 

mode, may influence species regeneration potential. 

Conclusions 

There is no clear biological profile for widespread, rare species although there is a degree of 

habitat preference, and species with a wide niche breadth are rare. Further examination of the 

distribution of rare species should prioritise those habitats and locations on the Cape Peninsula 

which capture higher densities of diversity. General patterns of rarity found here suggest. that 

although preservation of certain habitats will maintain the populations of certain rare species, 

. there is no overall strategy directed at rare plants as a whole: hence, rare species are not 

essentially different from common ones. Thus, conservation of the habitat is the most effective 

way to preserve diversity (Rabinowitz, 1986). Fluctuation in population size may be due to 

fire-related stocbasticity (Bond et al. 1990) and this requires further investigation. If there are 

species that require priority conservation status, management can be assisted by modelling at 

the species level, where given a large· enough sample size, habitat requirements can be 

identifif'4 and consequently targeted for protection. 
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CHAPTERS 

Conclusions 

If we are to conserve hotspots of diversity, such as the cape Peninsula then every effort 

should be made to understand enough of the biology and ecology of the species •d 

vegetation systems involved, tc:> manage effectively. This study has attempted to describe ... ,. 

patterns of species distributions and their respective determinants in an effort to aid 

management strategies for the area. Although detail~ conclusions are incorporated into 

each chapter, several key components have been extracted from the analyses and are 

summarised here along with suggested guidance for future research. 

Explanation of biological pattern is rarely perfect. Unexplained variance may result from 

the stochastic nature of natural systems or from the omission of explanatory variables 

which have been overlooked· or are impractical to include. Therefore, the accurate 

description of phytosociology of fynbos has been traditionally time-consuming and 

problematic, largely on account of the nature of variable disturbance in such a fire-prone 

system. Nonetheless, the analyses in Chapter 2 demonstrated that the combination of 

standard phytosociological techniques and rapid, user-friendly field description may have 

produced a system of vegetation unit description applicable for reserve managers. Using 

listed suites of species in combination with broad environmental components which 

describe the habitat, restricts the vegetation identity problems encountered as a result of 

post-fire re-mixing of species composition. 

The cape Peninsula is rich in plant species at both a subcontinental and global scale, 
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because of the exceptionally high turnover within and between habitats in a highly 

environmentally heterogeneous area. These patterns descnbed in Chapter 3 have a clear lesson 

for conservation, that is, in order to maintain the area's biodiversity, it is not enough to 

conserve a particular 'representative' habitat, but proposed reserves must encompass 

environmental gradients at different geographic locations across the Cape Peninsula. Because 

gamma diversity may be related to area then further habitat fragmentation may necessitate 

active management of individual species. 

Rare species (excluding range-restricted and Red Data Book species) are key contributors to 

this high diversity and therefore required enquiry. However, they do not exhibit strong 

biological attributes or environmental correlates. Rare plants can occupy as diverse a range of 

habitats as common ones. Therefore, their low abundanre must be attributed to other factors 

not examined here. In terms of management requirements rarer plants are little different from 

common ones. Although this particular field requires more research, the results so far suggest 

that the best conservation policy is to preserve appropriately managed habitats. The 

identification of these areas can be aided with the use of suitable models (e.g. GLIM) for 

selected priority species. 

The nature of the data prevented certain analyses and distorted the pattern. The data set was 

unbalanced in its representation of the Cape Peninsula's complex flora; some vegetation types 

were overlooked or at most, poorly represented and a more stratified sampling technique using 

the gradsect approach (Austin and Heyligers, 1991), would have been more desirable. 

However this study capitalised on a wealth of phytosociological data already collected on the 

Cape Peninsula, and only limited attempts were made to till in the gaps in the distnl>ution of 

sample plots. In addition, analysis of rare plants is 
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inherently problematic, and in order to compile an accurate species model, more data points 

would be essential, especially considering that the Red Data Book species cannot be expected 

to be covered by such a sampling technique. 

Perhaps the most noticeable component missing from the data set is that of tire history. Both 

the nature of last fire (for species models) and vegetation age (for phytosociological time­

series analysis) would greatly enhance the descriptive characteristics of this study and possibly 

improve the predictive quality of the findings. 

Nonetheless, this thesis has outlined fundamental patterns which could be used in assisting 

management of this area. It is hoped that despite the increasing pressures of development, and 

changing political priorities, such an internationally recognised centre of diversity will be 

maintained indefinitely. 
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APPENDIXIl 

Example of variable selection for aenerallsed linear model for Chondropdalum 

,bract,atum. 

For presence-absence data as used in this analysis, it was assumed that the data followed 

a binomial distribution and a logistic regression (Nicholls, 1991b; Crawley, 1993). Using 

the logit function the probability (p) of a species occurring on a site is 

where l is the linear predictor calculated from the model. 

To construct the model,. each variable is initially added singly to the null model to 

establish any significant change in deviance (Table 1). Continuous variables are squared 

to test for a curved· response. The significance of the change in deviance is tested 

assuming that it follows a r distribution. Each of the significant variables is then added 

cumulatively to the model to asses significant deviance change (Table 2). Finally, the 

estimated parameters (Table 3) are entered into the linear equation to calculate l. The 

overall chan1e in deviance is used to calculated the proportion of explained variance, that 

is the chan1e in deviance divided by the deviance of the initial null model. In this example 

the model explained 66.5 % of the variance. 

l=-10.c7+0.01105.ALT-0.01003.SL0+0.03029.ROC 

Thus for a site at 800 m with a 5° slope and 10% rock cover, l = -1.629 and the 

probability of occurrence p = 0.235. In this model there were no significant catecorical 

variables. When these occur a separate coefficient for each category is ca1cuJated 

(Crawley, 1993). 
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Table 1. Tho chan&• in deviance from a model for °""'1tlropdl,11111 ebracuatum from the mean of variables 
added sin&IY. Sigoiftcance is measured from the r distribution at 5 '5 (-> and 1 '5 (*-> levela. For abbreviation, 
.. text. 

Model Reeidual deviance Chanp in dep:eoa Chaoae in deviance Significance 
of freedom 

Mean 338.84 

ASP 279.90 • -3 -58.88 •• 
ALT 136.34 -1 -202.SO ** 

ALT+ALT2 130.94 -2 -5.4 DI 

RAD 338.69 -1 -0.15 DI 

FER 260.55 -3 -78.29 ** 

RAI 291.89 -1 -46.95 ** 

RAI+RAf 257.99 -2 -33.90 ** 

DRA 334.24 -2 -4.61 DI 

ROC 330.40 -1 -8.45 ** 

SLO 306.66 -1 -32.18 ** 

Table 2. The cbanae in deviance from a model for Otondrof#"""1n dnaclealwn from the mean of variablea 
added cumulatively. Sigoificance ii meuured from tho r diltribution at 5'5 (-> and 1 '5 (*-> levola. 

Model Reaiclual do • vumc,-- Cbanp in dean- Chu&• in Significance 
of freedom deviuco 

Mean 338.84 

ALT 136.34 -1 -143.62 ** 

FER 132.56 -3 -3.8 DI 

ASP 135.03 -3 -1.3 DI 

RAI 135.93 -1 -0.4 DI 

RAI+RAf 13S.6S -2 -0.7 DI 

SLO 122.58 -1 -13.8 ** 

ROC 113.38 -1 -9.2 •• 

Table 3. The estimated parameters wt approximate ltWlanl errors for tho Otondropdol,lna ~ model. 

Variable 

Mean 

ALT 

SLO 

ROC 

Parameter Ntimate 

-10.27 

0.0110 

-0.1003 

0.0302 

Standard error Studem'atadltic 

1.508 6.81 

0.0016 6.88 

0.0311 3.23 

0.0103 2.93 




