The copyright of this thesis vests in the author. No
quotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



AN ECOLOGICAL AND CONSERVATION PLANNING STUDY OF
THE PLANT BIODIVERSITY ON NATURAL AND SEMI-NATURAL

REMNANTS ON THE CAPE FLATS, SOUTH AFRICA

by Janice S. Golding



An ecological and conservation planning study of the plant biodiversity
on natural and semi-natural remnants on the Cape Flats, South Africa

Janice S. Golding
August 2002
Thesis submitted in partial fulfillment of the requirements for the degree of Master of Science
Institute for Plant Conservation
Botany Department

University of Cape Town
South Africa

Supervisor: Prof. Richard M. Cowling

*



Declaration

I, the undersigned, hereby declare that the work contained in this thesis is my own original work and has not
previously, in its entirety or in part, been submitted at any university for a degree.

Signature Date



A things by imrtal poser
naATor far
biddeny
T eavh other nked are,
Téal thoush canit mol siira fioner
Woithon! trowbiing of a Har

- Francis Thompson

o LAVAT LY R, RRUS Ry I (B SAYE Ly R LA T )

Marpea anstata (13.Delaroche) Asch, & Graebn. (Indaceae)




Acknowledgements

ACKNOWLEDGEMENTS

This thesis owes its completion to many people. [ am grateful to Prof. Richard Cowling and D
Amanda Lombard, for mitiaung, assistng and supporting the development of this thesis throwghout
all its phases. Prof. Albert van faarsveld and Dr Belinda Ryers {both from the University of Pretosia)
are thanked for their encouragement and voluntary support for the completton of Chapier 4. 10r
Bruce McKenzie (Botanical Society of South Africa) s especially acknowledged for firse stimulating
my interest to undertake  study of the Cape Flats flora. Barrie Low, Dr Chve McDowell, Dr Bruce
McKenzie and 1Jr Linceln Raitt are thanked for sharing their held knowledge, expertise and good
sense with me. They have witmessed the gradual demise of a once-magnificent landscape. | found
thew general optimism ditected at efforts for preserving the Cape Flas flom to be extremely
inspring.

I gm indebted to 1 great many people for beneficial discussions and exchange of ideas: Dr Neil
Eccles, Daiton Gibbs, Charlotite Heijnis, 13r Steve Higgins, Craig Hilton-Tuylor, Farieda Khan,
Bartie Low, Dr Clive MeDowell, Dt Lincoln Raitt, Kristal Maze, Dr Bob Pressey, 13t ‘l'ony Rebelao,
Dr John Rourke, Ame Wit and Julia Wood, wirth apologies to those who have escaped my memory.
The topics of these discussions mnged from tuxonomy to stalistical techniques, field observations
and general sodial, economic and political concerns regarding the feasibility of conservation efforrs
on the Cape Ilats. Thetr collaboration and good spurits made it a pleasure leatning from them, Marie
Smith (Agricultural Research Counel Division of Biometrics) advised on the statistical approach
presented in Chapter 2 Tan Miecklejohn (University of Pretonia) 13 thanked for assistance in the
preparatiom of the muaps,

Louis Galding, George Samuels (South Afrrean Police Servece-FPhillipi/Lansdowne) and Arme Wit
helped with field work (1997-1998) relating to aspects of Chapter 2 (habitat dlassification) and Chapesr
/4 (approach for scoring the vulnerabilty of siees) often under stressful and unsafe conditions.
Various indrvideals whe expressed an initial intergst to accompany me on site visits quickly changed
their minds when they realised our destination was the Cape Flats|

Prof. Richard Cowling went to great lengths in assisting me to complete and finalise this thesis, Prof.
Albert van Jaarsveld redefined the objectives of Chatfer 4 and ser realisttc reservation targets; Dr
Behnda Reyers 1s acknowledped for her help with the reserve selection ulgotithms used in Chaper 4.
Dt Amanda Lombard is thanked for teaching me the first principles of reserve selection and for
guiding me in assimilatng new conservation planning concepts.

Al ruv colleapues and frends from the Southern Afrcan Botanical Diversity Network (SABONET,
¢/o National Botarucal Tnsttute), particularly Mr Jonathon ‘limberlake (Bulawayo, Zimbabwe) and
Dr Paul Smich (Royal Botanic Garden: Kew, Unired Kinpdom) are thanked for unknowingly
ittspiring me to complete this thesis. Last bur not least, Arne Witt ts thanked for his love, support and
belief in me.

The Worldwide Fund for Natute (BP/WWF Scholarship), the Botanical Socety of South Afdea
{Flora Consetvation Scholarship) and the National Research Foundation are gratefully acknowledged
for their financral investments inlo supporting this study,



Persangl communications

PERSONAL COMMUNICATIONS

Mr John Burrows, Buffelskloof Herbrium, Lydenburg, Mpumalanga

Me Dalton Gibbs, Rondevlel Natuee Reserve, Cape Town

M Rendé Glen, NMational Herbarium, National Botanical Institute, Pretona

Ms Fareda IChan, Envitonmental Evaluation Unit, University of Cape Town, Cape Town

Mr Barrie Low, Independent Consualtant, Cape Town

Ms Kaistal Maze, Botanical Society of South Africs, Cape Terwn

e Clive McDowell, Independent Consulmnt, Cape Town

Dr. Robert Pressey, New South Wales Nadonal Parks and Wildlife Service, Armidale, Australia
Mr Anton Pavw, Botany Department, University of Cape Town, Cape Town

Dr Lincoln Raitt, Botany Diepartment, University of the Western Cape, Cape Town

Dir Anthony Rebelo, National Botanical Insdtute, Cape Town

Dt john Rourke, Compton Herbarum, Nahonal Botameal Institute, Cape Town

Mz Julia Wood, Environmental Plinning Departinent, South Peninsula Muniaipality, Cape Town



Cowtents

AN ECOLOGICAL AND CONSERVATION PLANNING STUDY OF
THE PLANT BIODIVERSITY ON NATURAL AND SEMI-
NATURAL REMNANTS ON THE CAPE FLATS, SOUTH AFRICA

CONTENTS

C.EJ;!{'S.!JE?" i
Introduction: an ecological and conservation planning study of the plant biodiversity on
natutal and semi-natoral remnants on the Cape Flars, South Africa

1. Introduction 1
1.1 Study area 1
2, The Capc Flats covitonment 3
2.1 Biophysical features 3
22 Flara 4
220 Yivanduala
2.2.2. Sund Piuin Dynbos
2.3 Wair Conniy Bemaiervedd
2.3 Land wans fonmation i
2.4 Sodo-pelitcal conkest L1
2.5 Lepslanve and insumnonal conrexr 11
3, Conservation initiatives 12
4. Thesis structure and outline of chapters 12
Chapier 2
An account of the flora oof the Cape Flats: study sites, specics and habitats
1. Introduchon 14
2. Methods 14
2.1 Jie selecron 14
2.2 Species darabasc 15
2.5 Habirar classification 17
2.4 Specicr and habiral assemblages 1%
2.5 Campanzan berween resorved and unreserved sires 20
3. Results g |
31 Biodiversity {eatures of sites 2
3.2 Species and habival assemblages 21
3.3 Comnparizon berwetn reserved and unreserved sites Jig
4, Discussion .
4.1 Species and habitat azsemblages 26

42 Reserved and unreserved sites 26



Lohigiter 2

{brents

Relationships between species richness, fragment size, heterogencity and exposure to

threatening processes in natural and semi-tratural habitat on the Cape Flats

L. Inmtraduction
2. Medhads

3 Resulis

4. DNscussion

5. Conclusions

Chapier 4

2.1 Ralionale surrounding the V-index
2.2 Calealalion of Lthe V-index
2.3 Amalyses

3.1 Bariate hincar relarionships

3.2 Collecuve effects of vardables
A20 Basiding tne MTRM
322 Vafiduzing e MLEM

A1 Siae
4.2 Habitat and threac
1.3 Why the high levels of nohness?
4.4 Cnnservatinn implicatings
F 4T Mangrersend of biocierity
4 4.7 Management af swdad and inatitntioie! e

28
30
32
33
34
3
34
35

% )
38
i3
40
4l

44

Ideal- and real-world conservation planoing solutions fot the Cape Flats flora using threat
and suppartindicators

1. Introduction

2. Methods

3. Results

4, Discussian

A. Conclusions

1.1 Conceptual ramework
1.2 Conservatinn plancing history of the Cape Flats
1.3 Objectives

2.1 Databases, and threat and support idicators
2.2 Reserve selection: algorithins

3.1 Conservarion optiots in 1997/1908
3.2 Conservalion options in 2001
33 Malaty worsl-case predictions based on a loss aude

4.2 Addittonal reserved arcas

1.3 Congruent soiutions angd diminishing eptions
A4 Penlotping pemststeros

4.3 Approaches to implementalion

4.6 GGeneral prediciions

L e = L L L L L
Ho o = D o L B B e

66l
&7
it
71
71



Coanfents

Chapter 5
Conclusions: windows of oppormniry

1, Summary

2. Conservarion prospects the Cape Flats
2.1 Civil somety and inatinitional aspects
2.2 Informmlion and research

3. Coenclusions

REFERENCES & APPENDICES
Relerence lisi

Appendix 1: List of the 59 siudy sites.
Appendix 2: Habitat tvpes present on the study sies,

73
74
4

h

77

78



Figures and Tables

LIST OF FIGLEES ANDTABLES

Chatater 1

Figure 1.1
Figure 1.2

Figure 1.3
Figure 1.4

Figrure 1.5

Chapiter 2

Figure 2.1
Figure 2.2

Figun: 2.3
Figure 2.4
Figrare 2.5
Figure 2.0
Figure 2.7
Figrure 2.8
TVable 2.1

Table 2.2

‘Fable 2.3

Chapler 3

Figure 3.1

Table 3.1

Table 3.2
Talric 3.3
Takle 3.4

General topographic and geopolitical Features of the Cape Metropolitan Area.
Yegetatuon types (Srrandveld, Sand Plaun Fynbos and West Coast Renosterveld) of
the Cape Flats and Cape Metropolitan Acea

The original extent of the vegetation types on the Cape Flats.

The zate of mansformation over 2 25 vear period (1974 — 1999, by woody alien
invasive encroachment, agriculture and uwbandsation) of the two major vegetauon
types on the Cape Flats,

The extent of transfonmation by utbanisation, alien invastve encroachment and
agriculture in the two main vegetation types on the Cape Flats.

Study sites on the Cape Flats,

Categories of hydrology, peology, relief and soil topether with their sub-categroties,
were used to develop the 62 habitats,

Frequency distribution of species occutrenee actoss the study sites,

Frequency distribution of habirat occurrences across the smady sites.

Tree diagram of habitat assemblages across the study sites,

Matvral grouping of 2 2-dimensional ordinagon for habirats using multdimensional
sealing (MIDE).

Ttee diapram of species assemblages actoss the smdy sites,

Natural prouping of a 2-dimensional ordination for species using multidimensional
scaling (A1),

Red Data List speaes recorded on the Cape Flats.

Cuputs of 1-way ANOVA {with site size as a covariate) of average log counts for
bindiversity featutes.

Cutpus of 1-way ANOVA of average denstty of biodiversity features (log
transformed),

Relationships between explanatory variables {size, heterogeneity (number of
habitats) and threats (V-index)) for fragments on the Cape Flals.

List of factors {categories and sub-categories) that contribute to species and habilal
loss on the Cape Flats,

Categories from Table 3.1 were used to determine the measure of threat (V-index),
V-index scores for the study sites,

Stadstical MERM ourtpurt for (a) all species, (b Red Data List speaes and (c)
endemics,



F:gwe.r e Teablies

Table 3.5

Chupiter 4
Figure 4.1

Figruee 4.2
Figure 4.3

Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7

Talla 4.1

Table 4.2
Tahle 4.3

The steps for building and validating a predictive model {mulnple linear) for
different categories of species fichness (total species, RDLs and endemic species)
using heterogeneity (number of habitats per fragment) (X, stze (X3} and V-index
(X5) as explanatory variables.

Minimurn sets in 1997 /1998; Efficiency of ideal-world (uneonstrained) and regl-
world {constrained) algorithms,

1997 /1998: Consteatnt classes from which minitmom sets were drawn,

Minimum sets in 2001: Efficiency of ideal-world {unconstrained) and real-world
{constratned) alporithms.

2001 Constraint classes from which minimum sets were deawt,

Land arca of nunimum sets.

Predicted rate of the loss of biodiversity features for the worst ¢ase scenatio of only
the 12 reserves remaining over time.

Conservation priorties for 2001 based on the minimum get developed under the
spport constraing.

Threat (¥ tindex) and support (Vs-index) scores of the 28 sites that were extiepated
between 1997 /1998 and 2001,

Conservation options m 1997 /1994

Consetvation opbons in 2001,



Chapter |

Chapter 1

INTRODUCTION: AN ECOLOGICAL AND CONSERVATION
PLANNING STUDY OF THE PLANT BIODIVERSITY IN NATURAL

AND SEMI-NATURAL REMNANTS ON THE CAPE FLATS, SOUTH
AFRICA

Abtract

The Cape Flats (Western Cape Province, South Africa) is situated on the low-lying sandy
plain immediately adjacent to the Cape Peninsula, and is part of the meditertanean-climate
Cape Floristic Region. lire-dependant Sand Plain I'ynbos, Strandveld and West Coast
Renosterveld exist on natural and semi-namiral remnants interspersed in a hostile landscape.
The Cape Flats, its botanical attributes and the threatening processes that prevail in its
densely populated urban matrix are introduced. Broad overviews of aspects of the
biophysical environment, the flora, land transformation, the socio-political and mstimtional
envirofitnent, and conservation initiatives are presented. This chapter provides a framework
for the general approach and the methodologies used in the smidies contained m this thesis.
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INTRODUCTION: AN ECOLOGICAL AND CONSERVATICN
PLANNING STUDY OF THE PLANT BIODIVERSITY ON
NATURAL AND SEMI-NATURAL REMNANTS ON THE CAPE
FLATS, SOUTH AFRICA

civilisanon have pone within the writer’s memory, drained or flled in.. There is a real need to save
somie of the parteulardy intetesdtrg and aceessille ateas for the use and enpoyment of {uture
generations. . My Fduh [ Sterenr, the frsd fomale leclerer fo Botany wf the Unfverrity of Cape Town, Cape
Toan South Africa (Sietbons, 15208,

1, INTRODUCTION

The Cape Flars 1s one of the oldest urban setdements in South Africa (Deacon, 1992), and
is situated 1n the Western Cape Provinee. The lindscape s a mamx of wrban developments
inrerspersed with frapments of natural and senu-namral habitat, Urbanisation is sreadily
estalating, principally in arcas of high human density; and human density has been shown
o be inversely related to land protection {DPewar & Watson, 1990; Wood & «f, 1994; van
Wilgen, 1996). Given the unprecedented declines in plant species and habirats a5 4 result
of uthanisation processes, the need for strengihening conservation protection is

impcrnuvc.

The overall objective of the thests 15 to provide insights to the fragmentanon of the Cape
Flats flora and the sclection of key areas that can best conserve the specics and habitats.
While thete is a large body of literature on 1hese issues, this thests is mimed at contribubng
to current conservadon initatives. This chapter introduges the environment of the Cape
Flars and serves as the basis for the general approach of the thesis, A broad overview is
provided of the biophysical environment, the flora, land transformation, conservation
iniriatives, a5 well as the soco-polincal environment and institstional context that have,

and contnue, to influence conservaton on the Cape I'lats.

11 STUDY AREA
The political/administrative jurtsdiction of the Cape Flais falls within the Cape

Metrapolitan Area (= 1 300 ki) (Western Cape Provinee, South Africa) (Figure 1.1).

¥ This quatadon s trom i book intended us a reference pude (os visinog Liotandsrs o the Cape patiopating
1 the Brfish Assoctation for the Adsancement of Scicnce,
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The Cape Metrapolitan Area incorporates three hroad physiographic features: the Cape
Peminsula (mountam chain), the Cape Flats {a Jow-lying plain adjacent to the Cape
]’{;ninsulﬂj and the Dar].hlg,fDasscnhcrg aren (a series of u11dulating plams to the north of
the Cape Flats and Cape Peninsula) (Wood ef o, 1994), also nominally referred to as the

West Coast Lowlands (Boucher, 1987; Boucher & Moll, 1980).

The major physiographic feature of the Cape Flats 1s Tygerberg P (most of which 1s a
protecied area), which at its highest allitude of oyer 400 m, forms the northern, most
conspreuows houndary of the study area (Figure 1.1), Several constal sites to the northwest
{in close proximily Lo Lygerberg 1l are also considered part of the Cape Flais. The Halse
Bay coast forms the southern boundary, and was hasinnically charactensed by pockets of
fixed parabolic and transverse mobie duncficlds nsmg to over 0 m m places. Most of
these dunefields have now made way for low-ineome housing and others are covered by
dense invastve alien Infestations {e.g. .Aracia gaigps). To the east lies the Hortentors-1 lalland
mountain range, and to the west, the world famous landmark of Table Mountain and the

Table Bay shoretme (McDowell 8 Low, 1990 Wood of afl, 19941

The gencral undersianding of the extent and tange of the Cape Flats has, over the years,
changed constderably, mamly as a funcrion of political and insdrutional paresdic tions to
facilitate the implementation of conservation activitics, Maze & Rebelo (1999) refer to
mare than 80% of the Cape Metropolitan Area as the Cape Flals, seating that the entire
lowlands of the Cape Motrngolitan Area as well as parts of the higher-lving
Datling/Dassenberg area are now part of the Cape Flats (Cape Flats sersw fefe) (Higure 1.1).
The Cape Flaty sensw strcds Is generally less than 120 m above sca levet (Schalke, 1973,
hMeldowell & Low, 1994 Theron o af, 1992), and covers an area of approximately 670
ke’ ‘Uhe Cape Flats sensw sfricio has heen subjected to niore intense and far more complex
urban impacts over 4 longer pertod of tme and has for long heen recogmised as a umque
entity (flora, socio-cconomic dynamics and the dand ownership siwanon) (Low, 1979, Hall,
1984 Drewar & Watson, 1990 McDaowell & Laow, 1990 McDowell e af, 1991; Dehrens &
Watson, 1992; Bridgeman &f af, 1992, Wood o af, 1994 McKenzic & Rebeln, 1997)
camparcd to its most recent delimitation by Mare & Rebelo (1999), Heremalter, the Cape

Flats is referred to in comventional tetms (Cape Vlars sewpw stricte).
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The human population of the Cape Peninsula and the adjacent Cape Flats far exeeeds
three nullion and 15 estumared 1o be mncreasing at 4 - 5% per annum (Dewar & Watson,
1990; van Wilgen, 1996). The pressure to develop these towlands, which have been rated
as amongst the most threatened ecosystems m South Afnca (Hall, 1984; Jarman, 1986,
Wood of af, 1994 Trinder-bmith, 1996], is inmense, Arcas along the False Bay coastine
are particularly susceptible to low-cost houstng a3 part of an extension of housing projects
desipned for the economically and paolitically marginalised people under South Africa’s

previous political dispensation prior to 1994 (Wond ef «f, 1994).

2, THE CAPE FLATS ENVIRONMENT]

2.1 BIOPHYSICAL FEATURES

The Fynbos Biome forms part of the Cape Flonstic Repion (cz 90 000 km™), and oceupies
the extreme south-west of South Alnea (Taylor, 1978 Bond & Goldblatt, 1984; Cowling
& Hikon-Taylor, 1994 1997), The hieme 1s known for 1ts high level of diversity and
endemisny: seven families and 198 penera are restricted to this region (Cowling & Titon-
Taylar, 1997). More recent laxonomic work indicates that some 1600 vascuolar genera are
endemic to the Cape Flonsoe Region {16%, all dicotyledonous genera) and that a total of
YR genera, approxunately hall of which occur in southern Africa (Botswana, Lesotho,
Namibia and Swaziland), are represented in the flora (Goldblatt & Manmng, 2000}, This
cutstanding plant diversity 1s attributed to 2 high turnover of species within and between
habitats, coupled with stecp habicat gradients {Simmons & Cowling, 1994). The extreme
south-west of the biotme is arpuably the most Inologically well studied and understood of

all areas m Africa

Fire-prone and fire-dependent shrublands dominate the Fynbos Biome, a feature of
miegiterrancan-climate ecosystems {Laylor, 1974; Kmper 1979, Cowling, 1992; Cowling #
al, 19498). Some of the primary determinants of the vegetation include perindic fite,
predictable seasonality (hot summer drought and cold wimter rainfall}, edaphic vanabiliry,
and on the Cape Flats and adjacent Cape Peninsula, a predominantly strong, summer
south-eastedy wind pattermn {Boucher, 1987; Cowling o of, 1992; Fredericks, 1992
Simmons & Cowling, 1996; Cowling e af, 1998; Prvett, 1998, The environmmental
determinants of the Cape I'lats have been well documented in the above-stated references

and elsewhere, and are thus not repeated here,
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The Cape Flats is essentially a sandy isthms that separates Table Bay and False Bay
(Deacon, 1992) {lgure 1.1). Its inclusion o the African mainlind occurred o 18 000 vears
ago during the Last Glactal Maximum when the sca level was lowered by 42 120 m
(Schalke, 1973, Theron e &, 1992}, The surface muterials of the Cape Flats lowlands are
mainly beach deposis that have been subsequently reworked by wind action, and a few
spotadic geological outcrops (limestone, calorere, fernicrete, sandstone and gramite), Due to
the wind pattern, sands on the north and west of the Cape 'lats are therefore older

(Schalke, 1973).

Three distinct pedological bands extend from the coast inland {Schalke, 1973), cach of
which broadly support therr own floras (Tavlor, 1972; Kruger, 197Y; Moll & Bossi, 1984;
DBoucher, 1987; 'tedencks; 1992). Soils further inland are derived from ancicnt,
Malmesbury Group shales and Cape Suite granites (>chalke, 1873), Sands nearer the coast
are derived from wind blown sands and beach deposits {alkaline), in addition to marine

sands consisung of leached cathonate compounds facidic).

Before the onset of canalisation and Alling in of wetlands, the Cape I'lats landscape was a
hydrologically dynamic enviconment (Stevens, 1929; Taylor, 1972; Boucher, 1987
McBowell & Low, 1990}, In some areas this is still evident where the water table is near
the surface. Depressions often fluetiate with seasonal water levels while other arcas
remain permanently waterlogged, Within coastal dune systems, wetlands originate from
beaches that have becomd partially or completely cut off from the acean. The duranon
and cxtent of winter Hooding is thus regarded as a critical phase for the submergence of
agquatic and semi-aqoatic plants such as Jwefer species (Srevens, 1924, Depending on the
groundwater regime, different innndaton processes occur, thus leadmyg to finely delimired
edaphic gradicnts {Fredenicks, 1992). However, these hydrological dynamics have now

been disrupted by human activities,

2.2 FLORA

Based an structural, flonsie and environmental elements, three vegetation rypes, Fynbos
Shrublands (Lowland Fynbos or Sand Plan Fyrabos), Cape Transittional Shrublands
(Surandveld) and West Coast Renosterveld have been recogmised on the Cape Jilats (Moll &f

af, 1984 (Figare 1.2). Tlus phytosociologeal classification has become the accepted norm
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amongst conscrvatonists working on the Cape Flats (cg 1ow & Rebelo, 1996). The
southernmost it of West Coust Renosterveld {Low & Rebelo, 1996) ocours in the
northern and nocth-easterly, higher-lving extremities of the study area, In terms of the
historicat distribution, the Cape Flats 13 dominated by Sand Plan Fynbos and Strandveld,
and to 4 lesser extent, by Wost Coust Renosterveld (Fgure 1.3). The adjscent Cape

Peninsula is predominantly vegetated by Mountain Fynbos {Low & Rebelo, 1996).

< 0.5%

m@Sand Plain Fynbos

=T Strandveld

[ West Coast Renosterveld

62%

Figure 13 'The original extent of the vegeraon trpes on the Cape Flaes {after Wood o af, 1994).

Cowling & Heynis (2001) developed a system of land classcs {Broad 1 labitat Units, B11Us)
using a Geographical Intormation System (GIS5), tor the purposes of conservation
plarning, These land classes were based on environmental (Homogenous Climate Yones,
eeolopy and topopraphy) and assocated Honste heterapeneny {Low & Rebolo, 1996), and
are thus surrogates for vegemion Types. o their study, Cape Flats Fynbaos/ Thicket Mosaic
and Blackheath Sand Plan Fynbos correspand wath Strandveld and zand Plaim Fenbos on

the Cape [lats respectively.

2.2.1, Strandvycld

Young sands which include mohile dunchickds {but now largely stabilised) cocur on the
coastal belr of the Cape Flats {Higure 1.2). Strandveld is adapted o harsh windy condidons
and fine sea sprays. These dunefields are extrernely alkaling, poordy consolidared, und
principally support Strandveld. This vepetation type 15 characterised by brosd leaved and
often weakly spinescent shrubs, with a comparatively high incideoce of succulents

(Boucher & Moll, 1979; Krger, 1979; Boucher, 1987).
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There is low diversity of understorey species. Few members of the Restionaceae and
virtually no members of the Proteaceae and Ericaceae are represented in Strandveld (Low
& Rebelo, 1996). Prominent Strandveld members include the genera Ewuclea, Ischyrolepis,
Passerina, Phylica, Rbus and Salvia (Boucher, 1987). A sharp ecotone exists on the boundary
of Strandveld and Sand Plain Fynbos. This ecotone is charactetised by a steep gradient in
soil pH. For example, this is evident in Rondevlei Nature Reserve where the pH ranges
from 4.7 to 9.2 over a north-south gradient spanning less than 2 km (Wood & Gibbs,
1997).

2.2.2 Sand Plain Fynbos

Oldet, inland sands support Sand Plain Fynbos, and are typically acidic, shallow and grey
(Figure 1.2; Low & Rebelo, 1996). The sands ate floristically characterised by a diversity of
overstorey dominants of the Proteaceae, Asteraceae, Phylica cephalantha, and to a lesser
extent, by the Restionaceae (e.g. Thamnochortus punctatus) (Moll et al., 1984). Mid-high shrubs

with ericoid features (small leaves with rolled margins) are well-represented.

The various plant communities within Sand Plain Fynbos can generally be distinguished by
the composition of Proteaceae (Low & Rebelo, 1996). Although Sand Plain Fynbos has
similar structural features to adjacent Mountain Fynbos on the Cape Peninsula (Low &

Rebelo, 1996), few species are shared between the two vegetation types.

2.2.3 West Coast Renosterveld

While Strandveld and Sand Plain Fynbos are associated with nutrient deficient sands, West
Coast Renosterveld is associated with fine-grained, moderately fertile soils (neutral, heavy
clays and loams) derived entirely from shale and granite (Figure 1.2). This vegetation type
is characterised by eticoid-leaved, evetgreen shrubs. The Restionaceae is particularly poorly
represented and is instead replaced by grasses (Poaceae). Proteoid shrubs (Proteaceae) are
virtually absent. The understorey is mainly annual and herbaceous interspersed with sparse,
perennial C, grasses (Low & Rebelo, 1996).

West Coast Renosterveld is known for its rich geophytic flora with Iridaceae, Liliaceae and
Ogxalidaceae particulatly well represented (Daines & Low, 1993; Low & Rebelo, 1996).
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The typical overstorey dominant in West Coast Renosterveld is Elytropappus rhinocerotis
(Renosterbos), while sub-dominants include Anthospermum aethigpicum and Eriocephalus

africanus (Daines & Low, 1993).

2.3 LAND TRANSFORMATION

Prior to the onset of urbanisation (1915 - 1919), 595 plant species were collected on a
343 ha estate on the western fringe of the Cape Flats (Rourke ¢ 4/, 1981). This is almost
50% of the total number of species recorded on the Cape Flats in this study. In terms of
the indigenous vegetation types, it has been estimated that less than 1% of Sand Plain
Fynbos and less than 15% of the original extent of Strandveld of the Cape Flats are

protected in nature reserves (Wood ez al, 1994).

More than 97% of the original extent of West Coast Renosterveld in South Africa has
been transformed; 1.76% is formally conserved (Low & Rebelo, 1996). The rate of
transformation of Sand Plain Fynbos and Strandveld habitats peaked in the 1980s due to
massive housing demands (Figure 1.4) (Dewar & Watson, 1990; McDowell & Low, 1990;
Wood ez 4., 1994).
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Figure 1.4 The rate of transformation over a 25 year period (1974 — 1999, by woody alien invasive
encroachment, agtriculture and urbanisation) of the two major vegetation types on the Cape Flats. Squares ()
represent remnants of Sand Plain Fynbos and triangles (A ) represent Strandveld (Data sources: McDowell &
Low, 1990; McDowell ¢ 4/, 1991; Wood e 4/, 1994).
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Betwoen 1983 and 1989, the Cape Hlats expenienced a 50% reducnion in these hubitats

accompamicd with an increase in threatened plant speaes (MeDowell & Low, 199(0). In the
199", the dedhine of transtormation of Sand Plain Fynbes and Strandveld s evident enly
because lacge-scale developments are imited due to the availability of continuous tracts of

larud.

Ll Urbanisation
] Woody alien invasive plants
B Agriculture
[l Remaining natural vegetation
Sand Plain Fynbos Strandveld
15% 1% 329%,
73% % 10%

Figure 1.5 The extent of trans[oomation by udraasaton, alien mvasive encroachment and agriculroge
in the two main vogeation types oo the Cape Plats adapred from Wood o &, 19941

[abitat conversion on the Cape Flats is ponapally due mo urbantsation, mvastve ahen
eticrmachment and snuall-seale agricaioral activines (Figare 1.5), Sand Plain Fynbos
habitats are relatively casier to explait for urbanisation since these infand sands are devoid
of bedenck, have alower water table than Strandveld and the rebieCis geneeally Hatter than
the dune plains (Wood ef af, 1994). As avilable fand dimmished in Sand Phan Fynbos
habitats, land in Strandveld habitats becarme the subject ol urbanssation (Figure 1.4 The
switch co-inuded with a rapiel morease in urbansation in the 1970s when, under the
previous political dispensation of South Africa, forced remavals and an influx of people
{rom suburbs surrounding Cape Town brought about an addilional pressure to develop

strandveld habitats Low & MoKenzie, TYR8).

The eacliest, and most notable disturbances on the Cape Flats, date back more than 150
years. An incruase in driftsands brought about by increased landuse (Tayvlor, 1972; Low,

1979 led wo the introduction of Amgag salens and A, gpedape from Australia by the Colanial
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Secretary of the Cape in an attempt to stabilise beach sand deposition (Low, 1979). Today,
the situation is such that more than 85% of the unreserved remnant surface area on the
Cape Flats has been degraded in some way by woody and grassy (Bromus sp. and Lolium
sp.) invasive alien species (revised from Wood e¢f 4/, 1994). Alien plants present a
significant threat to plant diversity (Figure 1.5). Higgins ¢f a/. (1999) estimate that as much
as 89% of continuous tracts of land on the adjacent Cape Peninsula could be covered by
woody invasives during the next 10 years if preventative measures are not implemented.
Moteovet, the probability of recruitment failure of the dominant functional types in
lowland fynbos increases by 40 - 80% due to invasive Australian acacias (Musil, 1993), a
finding corroborated by Holmes & Cowling (1997).

The remnant vegetation of the Cape Flats 1s subject to inappropriate fire regimes - either
too frequent (in low-income areas) or too infrequent (in higher-income areas). The use of
fire as a tool for land clearing is motivated by the fact that dense vegetation cover is
associated with criminal activities McDowell ¢z 4/, 1991; Behrens & Watson, 1992;
Mohammed, 1998). In addition, people in informal settlements on the Cape Flats use fire
as a form of energy for heating and cooking, and for burning refuse. Fites often spread
from these soutces (pers. 0bs.). In other areas, fire is totally excluded as it is considered a
threat to more established properties and assets. The legal and financial ramifications of
fire as a management tool (simulation of the natural fire regime) is cumbersome to
implement (van Wilgen ez 4/, 1992; Wood ez 4l., 1994). Seedbank longevity, and hence
species recruitment on the Cape lowlands, is poor with prolonged fire deferral (Musil,
1991). Soil-stored seedbanks of lowland fynbos have also been shown to be transient and
thus extremely susceptible to threatening processes (Musil 1991). As such, the instatement

of appropriate fire regimes is important.

Sand-mining permits which require local and national approval under the Minerals Act by
the Department of Mineral and Energy Affairs have allowed extensive tracts of land,
particularly coastal land, to be exploited for the building industry (Mohammed, 1998).
Advances in dune-grading technology have exacerbated this (McDowell ¢ 4/, 1991). There
are few records of successful habitat restoration efforts on the Cape Flats, mainly because

legislation is not always enforced (e.g. Mohammed, 1998).
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Atreas of Sand Plain Fynbos with suitable soil characteristics (telating to soil texture) have
been transformed and heavily fertilised for vegetable growing on the Cape Flats (Figure
1.5). The extent of West Coast Renostetveld falling outside the Cape Flats study area has
been extensively reduced mainly by cereal- and pasture crops (Daines & Low, 1993).
Within the study area, West Coast Renosterveld has been transformed by urbanisation and
viticulture, and pristine and near-pristine remnants now lie adjacent to farmlands or are
confined to higher-lying areas (e.g. Tygerberg Nature Resetve, Blouberg Renosterveld site

and some sites on the eastern fringe of the Cape Flats).

2.4 SOCIO-POLITICAL CONTEXT

The Cape Flats was set aside ptimarily for formerly marginalised ethnic groups under the
South African government’s previous political dispensation. The area is beset by poverty,
violent crime, and inadequate housing, health care and employment opportunities. In
addition, thete ate a host of rapidly growing informal settlements where new urban
migrants are illegally occupying previously vacant land and sites zoned as nature reserves
(Behrens & Watson, 1992; Wood e a/., 1994). This has resulted in increased land pressure
on the Cape Flats to provide more housing and better services, which impact on the flora
(Mohammed, 1998; Khan, 1999). The formal and informal settlements on the Cape Flats
constitute Cape Town’s growing Third World character (Dewar & Watson, 1990).

In contrast, many areas surrounding the Cape Flats are characterised by all the amenities
and opportunities found in First World cities. While these two extremes of urban
inequality may not be unique to the developing world, the physical and spatial separation
of these wotlds resulting from the former legal codification of racial separation is uniquely
South African (Low & McKenzie, 1988; Dewar & Watson, 1990; Khan, 1999). Socio-
political aspects surrounding conservation on the Cape Flats run deep and are emotional
issues that often have the ability to either hamper or promote consetrvation initiatives (e.g.

Ngeleza, 1990; Nguta, 1992; Planning Partnership, 1993; Mohammed, 1998; Khan, 1999).

10



Chapter 1

2.5 LEGISLATIVE AND INSTITUTIONAL CONTEXT
There is a range of important factors that contrive to frustrate conservation planning and
implementation initiatives on the Cape Flats. Broadly, the factors ate resource, institutional

and space limitations (Behrens &Watson, 1992).

It is recognised, even in the uppermost planning echelons, that the increasing need for
land acquisition for the delivery of primary services, such as housing and sanitation, and
infrastructural development, often takes precedence over conservation issues (Dewar &
Watson, 1990; Behrens & Watson, 1992). A few years ago, a petvasive notion existed
amongst utban planners and local inhabitants that undeveloped land on the Cape Flats,
was ‘waste land’ (Behrens & Watson, 1992; Mohammed, 1998), the legacy of which has
had far-reaching ecological consequences. The historical and cutrent social discourse,
economic pressures and political agendas peculiar to the Cape Flats are realities that make

conservation goals extremely challenging to achieve. (Khan, 1999).

The protection of species and the conservation and restoration of their core habitats
within and outside protected areas, is largely mediated by national environmental
legislation (Environment Conservation Act (1989), 1997, White Paper, 1997) and
provincial policies. Policies and legislation pertaining to biodiversity-related issues on the
Cape Flats are administered at the provincial level by the Cape Metropolitan Council
(Environmental Department), and implemented by the Western Cape Nature
Conservation Board and local/municipal authorities. The jurisdiction of the Cape
Metropolitan Council is the Cape Metropolitan Area. The Environment Conservation Act
(1989) (1997) is currently being revisited as per the drafting of the new National

Biodiversity Bill (Department of Environmental Affairs and Tourism, Pretoria, June 2002).

The provincial policies espoused by the Cape Metropolitan Council generally reflect that
the enhancement of overall human welfare and quality of life should be achieved through
the dual benefits of economic development and environmental protection. Still, the central
challenge is to entrench biodiversity conservation issues more firmly into development

agendas.

11
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3. CONSERVATION INITIATIVES

Many dedicated botamusts have contnbuted to cur primary botanical understanding of the
Cape Flats (e.g. Stephens, 1929, Laylor, 1972; Krupger, 1979, Moell & 4/, 1984; Boucher,
1987, Cowling, 1992), T'here bave also been others who have forewarned a eritical
situation regarding the persistence of the Cape Flats flora (Low, 1979, Hall, 1984,
MeDowell & Low, 19 Mellowell e 2/, 191 Jarman, 1986; Wood & af, 1994; 'L'rinder-
Smith, 1990; McKenzie & Rebelo, 1297, Wood & (Gibbs, 1997; Maze & Rebelo, 1999),
Much work has also taken place with regards to the identfication of key sites for
conservaton on the Cape Flats (Jarman, 1956; McDowell & Low, 1990; McKenzie &
Rebelo, 1997; Maze & Rebelo, 1999, Maddock & Benn, m prep.). These have taken place in

tandem with the refmement of conservaton planmng methodologies.

Conservation planning has scen as shilt over the last len yeary to hecome more systematic
and strategie, and the approach has been to consider soco-economic 1asucs thar influence
the implementaton of plans. The Cape Action Plan for the Unvironment (CAPE Project)
(see Cowling ef @f, 1999) and the Core Flora Conservauon Areas on the Cape [Tlats {Maze

& Rebelo, 1999) are sypnificant conservation planning imtiatives to this end.

A wide varery of tescarch activities has therefore focussed on the Cape [lats, all primanly
addressing the conservadon plight of its flora. A positive outcome of this i3 that good data
sets have been developed. Due 1o the dynamice changes taking place in the urhan
crnvironment of the Cape Flats, these data sets are constantly changing, The impheaton of
this 15 that az fast as conservaton and management recommendations are being made, they
are becoming ‘outdated’. As such, planning processes need to be dynamic in that they

shouid reflect these changes in conservation and management recommendations,

. I'HESIS STRUCTURE AND OUTLINE OF CHAPTLERS

This thesis studies the {fragmented landscape of the Cape Flats, and attemipts o prioritise
fragments for consetvation based on their biological and physical propertics, and their
socio-economic setting, The thesis first cxplores the biodiversily features by describigs
and quantifying the species and habitats; it also explores the threats to these features, and
hence, cavers the dedivation of metnes thar relate to distarbanes and socto: cconomic

factors. 'Lhe degree of habitat loss and degradation on the Cape Flats has had obvious

12
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consequences in terms of the plant biota perdsting within and ourside the cxasung reserve
estate, As such, the thesis also focuses on the ceological dynamics thac are thought to be
responsible for detennining specics richness, namely habitat hetcrogeneity, threatemng
processes and fragment size, Mainlaining current levels of species richness requires a
strategic and systematc approach to conservation plans and thew inplementadon. The

cm-;:.u.ing chaprcrﬁ address these 1ssues,

Chapter 2 presents the study sites used in this thesis and their biodiversity features, namely
species, habitats, threatened species (referred to 26 Red Data List species) and endemics. It
deals specifically with the classificanon of the study sites in terms of habitats, and the
similarity grouping (ordination) of species and habitar assemblages comprising the Cape
Flats flota. I also evaluates the diffcrences between rescrved and unresesved sites based
on the numbcer of biodiversity featares and the sizes of sites, Chapfer 7 uses a multivariate
modeling approach to determing the extent to which fragment size, habitat heterogeneiry
and threareninp processes (as pora velnerahility index) confrol levels of species richness,
and puts forward pracucal recommendadons for preventing or minimising further species
loss. Chapter 4 focuses on the selection of prority sites tor conservation based on spedes
and habitats in relation to threatening processes and public/instinatonal support (defense).
Pata sets for 1997 /1998 and 2001 are analvsed separately using a step-wise, richness-based
algunithm. Conservation pronties and approaches to implementafion are chacussed. Fhe
final chapter sumtmnarises the overall fndings of the previous chaprers, and closes with
some personal and vety general perspeetives on how urban conservation might be

successful in an area such as the Cape Flats.
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Chapter 2
AN ACCOUNT OF THE FLORA OF THE CAPE FLATS: STUDY
SITES, SPECIES AND HABITATS

Abstract

‘The amount and distibution of biodrversity features actoss 59 sites on the Cape Flats, and
differences between conserved and unconserved sites, were addressed. The biodiversity
features examined were all species, habitacs, Red Data List species and endemics. A total of

1 192 vascular plant species, 47 (s 4% of which have appeared in Red Data Lists, were used
in this study. The number of ¢ndemics strictly confined to the Cape Flats was found to be
lower than previous accounts (Heice serticliats, Duphorbia marlothiana, Isoefes delfenbossiensis,
Serruria aconla vax, eongeita, 8, aemnla var. joenecwlacea and 8, fureellata). Although all the strice
cndemics were recorded from protected arcas, further efforts are required to resolve
taxonomic anomalies and to clatify the truc extent of therr distribution eutside reserved sites.
A habitat classificatton system was developed, and 62 natural habieat types were recognised
across remnant sites collectrvely totaling 10% of the area of Cape Flats. Heteropeneity, as per
the mumber of habitats, was determined on the basis of umque combinantons of four pnimary
habitat variables and their subdivisions (soil, geology, relief and water-bodies). Species and
habitat assemblapes of the Cape Flats were examined using ordmation technigues. Lastly, a
lway ANOVA was used to test for differences berween reserved and unreserved sites in
terms of the nutmber of biodiversity features and size of the sites. The overall findings of this
chapter infer that the highest level of biodivetsity on the Cape Flats appears to exist in the

regetve estate.
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AN ACCOUNT OF THE FLORA OF THE CAPE FLATS: STUDY
SITES, SPECIES AND HABITATS

. INTRODUCTION

While Chagpser 1 introduced the Cape I'lats cnvironment, this chapter intradnces the study
sites used in this thesis. The objective of this chaprer is to describe the compositional
elements of the Cape [lats flora, in terms of its spectes, habitats, Red Data List species
{RIDT.5) and endemies, in order to gan clanty on the amount and distribution of these
biodiversity features across the study sites. A classificanon system was developed for
habitats, and this habitat system was applied elsewhere in the thesis, namely analysing how
fragment size, threats and habitat heterogeneiry control species richness (Chapier 3), and
conservation planming (Chapser £). A classification grouping and ordinaten, of species and
habitat assemblages, was conducted across the study sites to undeestand more about the
spatial arrangement of the biodiversity features of the Cape Flats. Lastly, differences between
reserved and unreserved sites were tested for in terms of the number of bindiversity feamres
(species, habitats, RDLs and endemics) and sive of the sites. This provided a coarse
assessment of the extent to which the reserve estate of the Cape Flats contributes to
conservintg plant biodiversity using the number of biodiversity feanires and the size of sites

as indicators,

‘the key questions presented in this chapter thus relate to the amount and distribution of
biodiversity featutes across the study sites, and differences between conserved and

unconserved sites,

2 AT IO

21 81TE SELECTION

Study sites were selected on the basis of available information (reports and management
plans) and whether they were generally regarded as being conservaton-werthy (Figure 2.1,
Appendix 1). These sites cover a total area of approximately 64.8 ko', ronghly 10% of the

Cape Flats, The stzes of the sites varned between 1.3 ha and 1 242.6 ha.
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Locally important open spaces, such as those of the Metropolitan Spatial Development
Framewozrk Corridor Project (Cape Metropolitan Council, 1996) and the City of Tygerberg
Structure Plan (1997), that are earmarked for upgrading, and the 15 highly-recommended
priority conservation atreas of the Cape Flats (McKenzie & Rebelo, 1997) were included as

study sites.

Sites that had not been previously studied or that were not part of any management ot
development plans, were not considered. Sites with formal and informal protection status, ot
pending, (Provincial and Local Reserve, Protected Natural Environment and Natural
Heritage Site status) were referred to as conserved/reserved sites. Broadly, conserved areas
were defined in terms of where a combination of legal and political mechanisms place

testrictions on land thus preventing urban development indefinitely.

2.2 SPECIES DATABASE

Three species-level categories were used in the analyses as measures of richness: (i) all
species; (ii) those referred to as target species, namely RDLs; and (iii) species endemic to the
Cape Flats. According to guidelines established by the World Conservation Union (TUCN),
species that are threatened or potentially threatened with extinction are referred to as RDLs

(Mace & Lande, 1991; TUCN 2001).

Presence/absence data were collated from recent (1987-1998) reports, management plans,
unpublished material and checklists from a variety of sources. Lists wete generally compiled
during favourable seasons when annuals and bulbs were flowering. In cases where more than

one species list existed for a site, new records were noted.

The nomenclature of species lists was cross-checked using Arnold & De Wet (1993) and
species localities wete confirmed using PRECIS (Pretoria National Herbarium Computerised
Information System, National Botanical Institute, 1998), a frequently updated national
database of botanical collection records. Plants which were classified as invasive, exotic ot
naturalised (Wells er 2/, 1986; Henderson, 1995; Bromilow, 1997) were rejected, and thus

only indigenous species were used in this study.
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Table 2.1 Red Data List species (after Hilton-Taylor, 1996a) recorded on the Cape Flats.
V=Vulnerable, E=Endangered, I=Indeterminate and X=Extinct. * denotes endemic to the Cape
Flats (Bond & Goldblatt, 1984; Goldblatt & Manning, 2000). CF=Cape Flats, CP=Cape Peninsula
and WCLs=West Coast Lowlands.

SPECIES RED DATA LIST STATUS DISTRIBUTION

Agathosma corymbosa E extends to CP and WCLs

Aspalathus areneasa R extends to CP and WCLs

Aspalarhus capensis I extends to CP

Cliffortia erietfolia E extends to CP and WClLs

Cliffortia birta I extends to CP and WCLs

Cotula myrigphyllodes I extends to CP

Cynanchum geybert v extends to CP and beyond the eastern CF
Diosma dicholoma v extends to CP and WCLs

Elegia verreanscii v extends to CP and beyond the eastern CF
Erepsia dunensis* E extends to CP

Erica margaritacea® E extends to CP

Erica mauritanica I extends to CP and beyond the eastern CF
Erica verticillata® X CF

Esphorbia marlothiana* E CF

Ficinia fastigiata® I extends to CP

Geissorhisza bonaspes v extends to CP

Geissorbiza pusitla I extends to CP and beyond the eastern CF
Haemanthus pumilio E extends beyond the eastern CF
Hermannia rygosa v extends to CP and WCLs

Lschyrolepis sabulosa E extends to CP and beyond the eastern CF
Isoctes capensis var. stepbensenis™® I extends to CP and beyond the eastern CF
Lsoetes stellenbossionsis® I CF

Ixcia monodefpha I extends to CP and WCLs

Lachenabia kiiflora I extends beyond the eastern CF
Lampranthus altistylus E extends to CP and WCLs

Lampranthus saciorum E extends to WCLs

Lampranthus stenss R extends to CP

Lencadendron floridum* E extends to CP and beyond the eastern CF
Leucadendron levisanns E extends to WCLs

Lencadendron thymifolium E extends to WCLs

Lencadendron verticillatum E extends beyond the eastern CF
Lencospermum grandifforam v extends beyond the eastern CF

Lobebia bimosa I extends to CP and beyond the eastern CF
Murallia satureivides var salter E extends to CP and beyond the eastern CF
Otholobium fruticans® v extends to CP

Passerina paludosa® E extends to CP

Protea odorata E extends to WCLs

Psgralea glancing E extends to CP

Restio micans E extends to CP and WCLs

Serruria acmuly vas. congesia™ E CF

Serruria aemula var. foenicnlacea™ E CF

Serruria furcellata® X? CF

Serruria trilopha E extends to CP and WCLs

Trachyandra brachypoda extends to CP and WCLs

Trianoptites solitaria® extends to CP

W atsonia iabularis
Wurmbea hiemalis*

i peed Do

extends to CP
extends to CP
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There were several instances in the database where taxonomy and distribution ranges were
sputious such as for Issefes (J. Burrows, R. Glen, 2001, pers. comm.), Serruria furcellata
(considered extinct by Hilton-Taylor (1996a)) and the Serruria aemmula complex (J. Routke,
A.G. Rebelo, 1999, pers. comm.). Erica verticillata 1s suspected to be extinct in the wild and is
cutrently known only from a reserve to which it was translocated (Hilton-Taylor, 1996a). E.

turgida, known to be extinct (Hilton-Taylor, 1996a), is not considered in these analyses.

Thirty-two species considered globally threatened (categorised as Endangered, Rare, or
Vulnerable) (in Hilton-Taylor, 1996a) occur on the Cape Flats. The remaining 17 species,
categorised as Indeterminate on the Red Data List, are suspected to be threatened but
current information is insufficient to decide which threatened category is appropriate

(Hilton-Taylor, 1996a; 1996b, 1997).

Fifteen species confined to the (i) Cape Flats (sensw stricto) or (i) found on the adjacent Cape
Peninsula but with the greatest proportion of their range on the Cape Flats or (iii) primarily
found on the Cape Flats but extending further north or east into adjacent areas, were
identified as endemics (Bond & Goldblatt, 1984 but updated using Goldblatt & Manning,
2000) (Table 2.1). All these endemics are RDLs. Forty-seven species in the database appear
on the Red Data List (Hilton-Taylor, 1996a). The exception is Euphorbia marlothiana,
considered a Cape Flats endemic (Bond & Goldblatt, 1984) and a bona fide species (Arnold &
de Wet, 1993), but which was not listed in Goldblatt & Manning (2000). Because E.

marlothiana was recorded from several study sites, it was included in the analyses.

The species database was therefore considered reasonably complete (i.e. all available data
wete included). A total of 1 192 indigenous vascular species (terrestrial and aquatic) were

enumerated.

2.3 HABITAT CLASSIFICATION
Natural habitat types were identified on the study sites on the basis of four primary variables
(soil, geology, water-bodies and relief) (Figure 2.2). These variables and their subdivisions are

well understood as the primary determinants of fine-scale species pattern on the lowlands of
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the Cape Floristic Region (Boucher, 1987; Cowling & Holmes, 1992; Fredericks, 1992;

Simmons & Cowling, 1996; Privett, 1998; Cowling & Heijnis, 2001), and this is broadly

explained in Chapter T in terms of the biophysical environment of the Cape Flats.

Seasonal

Flowing system Perenmial  -Fresh

Hydrology \ -Estuarine S :
easona
: Marshy and boggy <:
Standing system < oo Perenmial
«Ferricrete
Geology
Calcrete
-Limestone
~Granite
~-Sandstone
< 120m altitude -Undulated/steep and dissected
-Flat and subdued
Relief
\ > 120 m altitude =-Undulated/steep and dissected
~Flat and subdued
Acid  -Deep
. - Alkaline :
l s
Soi \. Inland - Regic
Clays and loams -Granite derived - Non-regic

~Shale derived

-Fresh
-Estuarine

Figure 2.2 Categories of hydrology, geology, relief and soil, together with their sub-categories, were
used to develop the 62 habitats. A unique combination of features as described by the categories

(bold script) and their sub-categories defines a habitat.
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The habitats were ‘ground-truthed’ during surveys of the study sites in 1997-1998 and their
reltability confirmed with individuals who have extensive field experience of the study area
(B. Low, D. Gibbs, C. McDowell & L.Raitt, pers. comm., 1998-1999). Each habitat is thus
defined as the unique combination of the variables and their subdivisions (Appendix 2).

A total of 62 unique combinations were recognised (Appendix 2). It is important to note that
this habitat classification system is composed at a scale of finer than 1: 10 000 (see Cowling
& Heijnis, 2001; Maddock & Benn, iz prep.). It 1s applied elsewhere in this thesis (used a
measure of or surrogate for heterogeneity), namely in the analysis of ecological processes

(Chapter 3) and conservation planning (Chapter 4).

2.4 SPECIES AND HABITAT ASSEMBLAGES

Species and habitat richness were recorded for each of the 59 sites of the study (1 192
species and 62 habitats). The frequency distribution of species and habitats were first
examined. Site similarity analyses using species and habitat presence/absence data were
performed using the CLUSTER and MDS programs in the computer package, PRIMER
(Plymouth Routines in Multivariate Ecological Reseatch). Dendrograms were used to
explore the presence of various species and habitat assemblages across the study area. Since
dendrograms suffer certain limitations (outlined in Field ¢ a/, 1982), the similarity analyses
wete also displayed in a two dimensional ordination plot using non-metric multidimensional

scaling (MDS).

This method is considered the preferred ordination technique for assemblage data (Clarke &
Warwick, 1994a). Where appropriate, data were transformed (FHuclidean distance,
complete/squared linkage) to moderate for the effects of species and habitats with a high
presence (extremely common) and a low absence (extremely rare) so as not to skew the
results. A stress function was calculated to assess how well the 2-dimensional plot represents
the actual site relationships. The lower the value, the more accurate the representation of the

sites in the ordination (Clatke & Warwick, 1994b).
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2.5 COMPARISON BETWEEN RESERVED AND UNRESERYED SITES

1 tested the null hypothesis that there 1s no significant difference in the size of sites (ha) thar
are teserved and sites that are not protected. I also tested the null hypothesis that there is no
difference in the number of biodiversiey features on reserved and unreserved sites; tests were
done for the number of wral species, endemics, RDLs and habitats. A 1-way analysis of
variance (ANOVA} (Zar, 1984) was used for both these tests. In the latrer, size was used as a
covanable since thete 15 likely to be a relationship between feature richness and size of the

site {albeit weak across all sites, see Chapier 3),

The sample sizes used was n=14 for reserves and n=45 for unprotected sites. However, in
preliminary tests for featuse nichness, Brackenfell Granite outcrop (BRACK) emerpged as an
outlier (size of 1.6 ha; total number of species = 88}, and was excluded in the analysis.
Because the sizes of sites vary between 1.3 ha and | 242.6 ha and counts of biodiversity
features are very different, this inherently viclates the assumption of the T-way ANOVA
(Zar, 1984), This was clearly reflected in the result output where all the tests were

significantly different but associated wath high coefficients of variaton (Table 2.2).

Table 2.2 Outputs of the 1-way ANOVYA (with site size a5 2 co-variable) of average loz counts for
biodversity features. CV=Coefficient of variation for all sites. Means are back-transformed. Sites
cotserved (n=147 sires unconserved (o=44),

OUTPUT ALL SPECIES RDLS ENDEMICS HABITAT
Comeriest Mean=34% Alean=0,98 Mean=(; 24 Mean=1.04
i Mfean=17" Mean=1,77 Mean=0.21 Mean=1.52

T piam i LEAS [ =i001) 13,88 (m={1.001) 18.10 (p<0001) | 104 (p<Q{0l)
[ 260 63,4 [(3.4 311

Fusthermore, the results were exacerbated by the big difference in sample size between
conserved and unconserved sites. This prompted further tests to shed more light on
differences between reserved and unreserved sites. As such, differences m the density of
features (number of biodiversity features per hectare] between sites were tested for, also

using a I-way ANOVA. This allowed for an analvsis of biodiversity features between sites
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that excluded the consideration of the sive of sites. Data were log-ttansformed in all the

[eats.

3. RESULTS

3.1 BIODIVERSITY FEATURES OF SITES

A toral of 47 RIDs cat of 1 192 species are known from the 59 study sices (a7 4%) (Table
2.1). Of these, six species are stnictly confined to the Cape Flats, and are currently ktiown not
to occur further afield (Flricg verticillata, Euphorbia marlothiana, Livetes stetlenbossicasis, Servria
agmuly var. congera, 8. aemila var, foeniadacea and S, farcellata). All these endemics are

represented in procecred areas on the Cape Flats.

All the reserves have at least one record of the occurrence of an endemic species 2nd a RI.
except for Rietvlel Protecred Area (RIET) thar has neither one. The latter 1s imporeant for
it’s high number of aquatic habitats (eight) (Appendix 2). Some 50°% of the species recorded
had 2 single oconrrence (Tigure 2.3); 36 habirats (58%0) had a single ocourtence across the
study sices and the remainder had two to 15 occurrences (Figure 2.4). Habitat 6, Habiear 19
anel Habitar 20, al] which were not associated with geological substrates, were the most

commaon habirats (Le, found on more than 10 sites) (see Appendix 2).

3.2 SPECILES AND HABITAT ASSEMBLAGES

The cluster analysis for habitat similarity (Huclidean distance, squared linkage) showed that
Cluscer I (linkage distance 8} separates sites with allkaline sand elements (Figure 2.5),

‘The outlier at the highest linkage distance {16) was Blovberg Renosterveld koppie site
(BLOUREN]), and the nexc highest was Tygerberg Nature Reserve (I'YGNR), both
Renosterveld sites with clay soils (Figure 1.2, 2.1) (see Wood & Low, 1993) (Appendix 2,
Blouberg Fynbos (BLOUFYN), Durbanville Natute Reserve (IDURBNR}, Durbanvilte
Racecourse (DURBRC), Milnerron Racecourse (MILNRC) and Bleak House-Faure road
verge (BLICTAUR) are also sites beariag Renosterveld elements. The remainder of the iree

(cluster IT} appeats to consist of sites with acid sands and/or clay and loams.

A |



Chapter 2

Number of species

600
525 - ‘
450

Ll |
300 - !
225 i
150

0 T | = eyl s
a 5 10 15 2] Vi 30 ik

Number of occurrences

Figure 2.3 Frequency distribunon of species ocourrences actoss the study sites.
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These findings are consistent with the MDS (Figure 2.6) which delimited four groups of sites
based on habitat assemblages: acid sands, alkaline sands, a super-group consisting of
clays/loams and wetland habitats overlain by acid/alkaline sands. The stress-value (=0.05) of
this MDS indicates that the ordination produced has no real chance of yielding a misleading
mterpretation (Clarke & Warwick, 1994b).

Two distinct groups are presented in the species dendrogram (Euclidean distance, complete
linkage). At this high linkage level the results were not intuitively appealing, but were more
interesting at relatively low linkage distances (cz distance 12-22, clusters I-VI) (Figure 2.7).

Sites belonging to clusters I and V are generally degraded areas (see McDowell & Low,
1990; Cape Metropolitan Council, 1996; City of Tygerberg Structure Plan, 1997; McKenzie
& Rebelo, 1997). It appears that the analysis has delineated these degraded sites on the basis
of the ubiquitous nature of ephemeral (common and widespread) species. Milnerton
Racecourse (MILNRC) is a distinct entity in cluster I; the same can be said for Tygerberg
Nature Reserve (I'YGNR) (cluster III), whereas Rondebosch Common (RONDCO) and
Rondevlei Nature Reserve (RONDVL) (cluster VI), and Blouberg Fynbos (BLOUFYN) and
Blouberg Renosterveld koppie site (BLOUREN) (cluster IV) form distinct outliers in theit
group. No obvious pattern regarding the MDS for species assemblages except where outliers

were discernable (Figure 2.8, stress-value=0.196).

3.3 COMPARISON BETWEEN RESERVED AND UNRESERVED SITES

No significant difference was found between the size of protected and unprotected areas
(F=1.33, p=0.254, CV%=41.3). The average number of total species, endemics, RDLs and
habitats was significantly higher on reserved sites than on unreserved sites, but the values of
the coefficient of variation (CV%) were high in all cases (Table 2.2). However, the average
density of habitats and RDLs respectively was not statistically significant between reserved
and unreserved sites, but was highly significant for all species and endemics (Table 2.3).

Again, the coefficient of variation was high in all cases (124.9% - 171.2%).
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Table 2.3 Outputs of the 1-way ANOVA of average dv:nsil:,' of biodiversity features flogr
trapsformed). deans are back-transformed. CY=Coefficicnt of variaton for all the sites. ns=nat
signiffcant. Sites conserved (=14}, unconscrved (p=45).

Aean=3.54 “ean=0k20 Mpan=iL0? Mlean=k15

Mean=220 | Mean=0.13 Mean=0.01 Menn=1),12
I AAE(C0UD5) | 276 (000w | 226 (<0001) | (92 (<0347
1249 15 L1} 171.2 144.3

4. DISCLUSS10N

Some | 800 plant species of the Cape Flora are known or suspecred to be threatened with
extincrion (Rebelo, 2002}, This chapter has found the presence of RDLs on the Cape Llats
to be ar 4% of the wtal number of species tecorded in this stdy (1 192 species), and o 3%
of the total number of species recorded in the Cape Flora that are known or thought to be
threatened (47/1 800 species), The number of endemics strietly (six) confined to the Cape
Flats ate Frica perricitlada, Buphorlia mariathioma, Tnoeter stelienbossionses, Sevvaria avmeia var. congesty,
S. agmueia var, foeniacea and 3. furcellata. These specics, which are also RDLs, are currently
known only from reserves and are not known to occur outside the study arca. Compared to
the urban Metropole (KeaZule-Nata]l Provinee), a similar-sized urban centre in South
Africa, the numbers of strict endemics and RDLs of the Cape 1ats are at leas) two 1o three

tmes lower (see Scott-Shaw, 19949}

Goldblate & Mannmg (20005 enumerate a total of @ 9 000 plant species cecurring in the
Cape Flora. Some 2 250 plane species occur in the area their study delimits as the Cape
Peninsubs, with endemism at 7.5% (size 15 4 700 km®). As such, roughly half the number of
specics recorded on the Cape Penimsula 5 recorded on the Cape Ulats, and ¢ 2% of the
Cape Pemunsula’s flora consists of RIJLs tecorded from the Cape Flars, OFf concem,
therefore, is that the number of endemics strictly confined (o the Cape Flats iz much lower
than previously reported (Meldowell & Low, 19%0; Woad ef 2/, 199%4; McKenzie & Rebelo,
F997). This, together with the high number of species recorded on temnants of the Cape
Flags (1 192) and the level of heterogeneity (number of habitats=62), does not provide preat
evidence that the Cape Flars is a ‘centre of neoendemism’ as has been alluded by several

conservationists. Quoting from Waod ef o4 (1994 “The Cape Peninsula, the Cape Flats and
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the Darling/Dassenberg area have been identified as three distinct centres of diversity and
endemism (Daines & Low, 1993; McDowell et al, 1991; McDowell & Low, 1990; Rebelo,
1992; Rebelo & Tansley, 1992)”.

The figures obtained in this chapter are substantially lower than those calculated by Wood e
al. (1994) who based their figures of endemicity (e« 30 endemics) and threat (82 RDLs) on
estimates that were perpetuated from figures contained in McDowell & Low (1990). A first
teason for the discrepancy in the number of threatened/endemic species lies in the
taxonomic treatment of species that were listed in Red Data Lists of the 1980s (Hall ¢ 4/,
1980; Hall & Ashton, 1983; Hall & Veldhus, 1985). There are a large number of species
listed as threatened or extinct in these eatly Red Data Lists (these were used as information
sources by McDowell & Low (1990) and Wood ez 4/ (1994)), but in later Red Data Lists
(Hilton-Taylor, 1996a, b; 1997), were not listed as threatened due to taxonomic revisions
(Amold & de Wet, 1993) (J. Golding, #npublished data). For example, Urginea duthiae Adamson
and U. ecklonii Bak., simultaneously listed as extinct in the 1980s, were subsequently found to
be synonyms of each other (see Arnold & De Wet, 1993), and categorised as not being
threatened in Hilton-Taylor (1996a2). Additional examples include Staavia itrichotoma
(Thunb.)Pillans, Corycium vestitum Sweet, Satyrium guthriei Bol., Caralluma arenicola N.E.Br.,
Leptocarpus ramossisum Pillans, amongst many others (see Arnold & de Wet, 1993). The figures
in this chapter also differ to those quoted in Maze & Rebelo (1999). This brings about a
second explanation for the discrepancy, namely that the study area of Maze & Rebelo (1999)
is almost three times the size of the Cape Flats (i.e. they viewed endemicity of the Cape Flats
in terms of endemicity to the entire Jowlands of the Cape Metropolitan Area). Taxonomic
changes and the geographic scope of the Cape Flats therefore appear to be significant factors

for determining the threatened and endemic species.

Thete are deficiencies in knowledge on the abundance and distribution range of key species
such as endemics and RDLs, including Serwria furcellata, a species last recorded from
Notthpine open space (NORTHP) but suspected of being extinct or known from only a few
surviving individual plants. Another concern is unresolved taxonomic relationships (i.e. the
identification of ‘real’ species) (see Goldblatt & Manning, 2000). One can start addressing all

these concetns by consulting the relevant taxonomic authorities, databases, literature
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sources, undertaking field surveys, recording the findings of sutveys, and most importantly,
clearly defining the scale and extent (1e. boundaries) at which the level of endemicity is being
evaluated. The implication of failing to address these concerns can result in many important
target species, and those as yet unknown to science, to ‘fall through the net’ either by being
overlooked in conservation planning processes or as not being identified as candidates for ex

situ conservation initiatives like propagation or relocation to safer sites.

4.1 SPECIES AND HABITAT ASSEMBLAGES

It is important to note that the habitat classification system developed in this chapter was
specifically for the purposes of the objectives of this thesis. This system was used as
surrogate for heterogeneity and also allowed for its quantification, and examples of its utility

are presented in the ensuing chapters.

Site similarities based on habitat assemblages produced more robust results than species
assemblages due to the fact that habitats, in particular edaphic gradients, are well-defined on
the Cape Flats (Boucher, 1987; Cowling & Holmes, 1992; Fredericks, 1992; Simmons &
Cowling, 1996; Privett, 1998). Sites occutring on Strandveld, Sand Plain Fynbos and West
Coast Renosterveld are cleatly delimited. The distinction of sites based on species
assemblages are blurred, suggesting the presence of ecotonal plant communities that mostly
consist of common and widespread species. Virtually all the sites of the two extremities in
the species dendrogram (cluster I and VI, Figure 2.7) are protected areas that have been
defined as core conservation sites by McKenzie & Rebelo (1997). This, together with the low
stress-value associated with the ordination, may indicate that common, widespread or
ephemeral species (e.g. Metalasia muricata or Zantedeschia aethiopica) ate most prevalent on sites

that are not protected, and by inference, more highly disturbed.

4.2 RESERVED AND UNRESERVED SITES
The statistical method used to establish a difference between the sizes of protected and
unprotected areas found no significant difference. This result is unexpected because

historically, recommendations for identifying conservation-worthy areas on the Cape Flats
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have been based on the size of a site, amongst other factors (e.g. Jarman, 1986; Wood ez 4/,

1994).

The average number of species, endemics, RDLs and habitats was shown to be significantly
higher on reserve sites than on unreserved site, but the high values of the coefficient of
variation produced a high degree of generality (Table 2.2). The reason for this is that the
statistical method used (introduced site size as a co-variable) was unable to moderate for the
copious effect of size (Zar, 1984). The density of species and endemics was significantly
higher on reserves compated to sites that are not protected (Table 2.3). This may indicate
that on average, communities of species (clusters or ‘flocks’ of species) are more prevalent
on protected areas, and that assemblages on unprotected sites may have suffered losses of
species, possibly as a result of threatening processes. An alternative explanation for the lack
of congruence in species density between protected and unprotected land may be the result
of reserves being established in areas with highest richness, historically also a key criterion
for identifying conservation-worthy areas on the Cape Flats (Jarman, 1986; Wood ¢t 4/,

1994),

No statistical difference was found in the density of habitats and RDLs between protected
and unprotected areas (Table 2.3). The implication of this finding is that unprotected areas,
possibly face more intensive levels of threat than protected areas, and as a result, generally
hatbour equally high densities of RDLs and habitats. The results also suggest that the level
of habitat loss and has been mote severe than the loss of species richness (1.e. there is a
difference for RDLs but no difference for endemics between protected and unprotected
sites), and that this is most pronounced on unprotected areas. The overall findings thus infer

that the highest level of biodiversity on the Cape Flats appears to exist in protected areas.
The following chapter addresses species decline, and focuses on which factors — habitat

heterogeneity, temnant size and threats — are principally responsible for controlling species

richness on the Cape Flats.
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Chaprer 3

RELATIONSHIPS BETWEEN SPECIES RICHNESS, FRAGMENT
SIZE, HETEROGENEITY AND EXPOSURE TO THREATENING

PROCESSES IN NATURAL AND SEMI-NATURAL HABITAT ON
THE CAPE FLATS

Abrtrac

Loss of habitat heterogeneity, threatening processes and fragment size are mextricably linked
factors that have been widely attributed to declines i species tichness on the Cape Flags.
Uncertainty remains as to the function of these variables in determining species richness, and
the extent to which they operate in relation to each other. A scoting technique that
integrated a range of threatening processes relating to biological, landuse and defense factors
that curtently prevail on 59 study sites on the Cape Flats, was used to quantfy a yulnerability
index for each site. A large proportion of the sites (48%]) 15 subjected to faitly intense to
extreme threatening processes (V-index >13). Heterogeneity, size and threats were found to
be poor independent predictors of richness. However, an ecological model developed using
multiple linear regression techniques sugeests that heterogeneity and threats together are the
critical imiting factors for maintaining species richness on the Cape Flats, This model loses
explanatory power for species susceptible to extinction {Red Data List spectes) and range
restricted species recorded on the Cape Flats, Stochastic factors associated with small
population size on small-sized remnants appear to be far less impottant in relation to
heterogeneity and threats. The sizes of sites on the Cape Flats varied between 1.3 ha and

1 242.6 ha, Conservation implications ate that small-sized fragments should not be
precluded protection status based on their size since they can make a valuable conmibution
to conservation. Management emphasis should be placed on retaining factors for
maintaining diversity such as implementation of appropriate fire regimes, alien plant
eradication and support from civil society. The use of abundance data will strengthen the
predictive value of funure extinction trajectories and provide mote insight as to whether the
Cape Flats flora is in a state of species decline.
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RELATIONSHIPS BETWEEN SPECIES RICHNESS, FRAGMENT

SIZE, HETEROGENEITY AND EXPOSURE TO THREATENING

PROCESSES IN NATURAL AND SEMI-NATURAL HABITAT ON
THE CAPE FLATS

L INFRODUCTION

Richness 15 determined by a number of factors associated with natoral and anthropogenic
processes (e, Whittaker, 1977, Rosenzwerp, 1995; Richardson # w2, 1996}, Human-
induced threats are difficult to measure and predict since they are driven by soeial,
ecomomic and political factors (Ehrlich, 1986; Myers, 1993; Matowanyika, 1994; Folke #
al, 1996). There is a large body of theory showing that fragmentation effects, through the
erosion of hetetopeneity and reducton in habitat size (MacArthue & Wilson, 1967;
Connar & McCoy, 197%; Brown & Dinsmare, 1488; Lande, 1988; Rosenzweig, 1995), ate
consequences of human actvites (Saunders o @, 19941). Natural disturbances refer
specifically to changes in ecological processes that are essennal for mamntaming richness,
such as appropriate fite regimes in mediterrancan-glimate regions (Bond & van Wilgen,
1996; Bond, 1998}, As threateming processes mount, they may become non-linear
(synergistic) causing cascading losses (Richardson o @/, 1996). It is therefore impaortant o
gain a predictive understanding of these processes so thar extinetions can be anticipated,

and therefore minimised or prevented.

In conservation ecalogy, habitat size has been rraditionally regarded a8 a primaty varable
ininfluencimg the peraistence nf spectes (Saunders ef a2/, 1991; Reid, 1992). The hitcrature is
replete on studies that suggest, but less commonly show, that small frugments, especially
when embedded in a mamx of rtansformed land, are sulnerable to losses as a result of
threatening processes (Ehrlich, 1986, Shafer, 1994, Walker, 1995). Island theory applied to
these landscapes, prediets that through frapmentation processes, the role of sixe per ge is
mnfluential in that smaller fragments expenence greater populagon declines than larger ones

(Saunders e @i, 1991},

There are mainly three hypatheses that prediet species loss on isolated babitat fragments,
natnely those associated with (1) stochastic facrors, {1y determimstic factors and ()
heterngeneity. Island theory predicts that species loss is due to stochastic small-populanon

effects like inbreeding depression and loss of heterozyposity, It mvokes that munimum
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viable popubitions (MVPs) and rminimum crifical aveas are important factors which
determine extinction thresholds (Lande, 1988; Caughlev, 1994). As such, siz¢ 5 often
considered a non-determinisnc facror, since it 15 assumed thar species ate lost as a result of
stochastic factors. Loss rates are veflected in the classic species-area relationship descnbed
by MacArthur & Wilson (1967). Alternatively, smullersized rétnnants may be more
vulnerable to changes in disturbance regimes that ncgatively affect richness (ie.
deterministic factors that cause spectes dechne). For example, they may experience
different fire regimes (Bond of «f, 1988) or be maore exposed 1o grazing unpacts (Kemper ¢f
at, 1994}, Of critical impaortance 15 the life-history strategies of species which confer an
ability ro peraist (e.g. sproyring abihey] in relation to altered fire regimes {Bond & van
Wilgen, 1996). Finally, the size effects on diversity in fragmented landscapes may actually
be 4 consequence of hererogencity (Cowhng of 2f, 1992). Since habirat area and habirat
heterogeneity are usually strongly and positively corrdated, (Rosenzwesg, 1995), small
fragiments tmay support fewer spectes as a result of lower heteragenerty (Watker, 1995;

Venier & Fahrieg, 1996).

The Cape 1lats has exceptional plant diversity confined ro largely isolared remnants

(=1 ha) m a generally low-income wrban landscape. Low, 1979 Hall, 1984; Low &
MeKoenzie, 1988; McDawell & Low, 1990, MeDoweil o af, 1991, Waood e 4f, 1994). There
is uncertainty whether size, habitar heterogenerty and human-induced threats play a role m
derermining levels of nchness on the Cape Flars, and the extent to which these variables
operate in relation to each other, The debate stems mainly from three assumptions: 1)
Conservation practitianéss petceive that habitat losses and conversions lead to specics
lusses, which in rtirn give dse to mereasing numbers of threatened planr species
(MeDowell & ai, 1991; Rebelo & Tansley, 1993; 1 llton-Taylor, 19964; Trnder-Smith ¢ o/,
1996a); 1) The size of sites 15 an indicator or an approximation of species richness;
(Jarman, 1986; Mcllowell & Low, 1990) and iii) Disturbance-tmpacts assoctated with the
urban environment, have detrimental offeces on richniess (Woaod ef @, 1994). However,
none of these assumptons have been scrutimised, It is important to gain clarification as
they mav influcnce approaches and methodologies in addressing conservation priorities on

the Cape Llats.

A great deal of rescarch has been conducted on the Cape llats where the conditions

leading to fragmentation effects differ exrensively from ‘mainland” Jarge, undisturbed and
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contigaous tracts of land regarded as a source area) and rural {where fragments are
surrcunded by agricultural landscapes) ateas. In general, ucban landscapes present a unique
and interesting opportunity to monitor the effects of a myriad disturbance mmpacts on
remiant patches, ranping from ecological to the praciices espoused from policy and

legislation (McDonnell & Picketr, 1990; Garrod & Willis, 1994, Niemeld, 1994),

The objective of this chapter was ta test each of the three lwpotheses raised above ((B)
habitat loss leads to species loss, (i) size is indicative of species nichness and (i)
disturbance-impacts have a detrimental effect on richness, using three categories of species
richitess (total species, Red Dara List species (RDs) and species restricted (endemic) to
the Cape Flats). I assessed the collective impact of size, habitat heterogeneity and threats,
and examine how these variables influence the number of species by answering the
folloming: to what extent is plant species richness on the Cape Flatsa funerion of fragment
size, heterngeneity and human-induced threats? Answering this question 1s very important
for undetstanding the causes and effects of species decline, and therefare important for

preventing species loass on the (::l['h‘_‘ Flars,

. METHODS

The 39 study sites and their associated habitat and species data {total species, RIDLs and
endemics) were used i these analyses (Chapier Z). The number of habitats per site 15 used

as a measure of heterogeneity.

An index (V-index) thar measures the vulnerability of 4 site to a vanety of threatening
processes was developed. Ten categories, each with sub-caregories, were identified as
factors that contribute to species and habitat loss on the Cape Iats {Table 3.1}, Justified
scores were assigned to each of the categories and sub-categories (Table 3.2), giving a V-

index for each sire {Table 3.3).
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Table 3.1 1ist of factors (carcponcs and sub-categories) that contribute 1o species and habitat loss
on the Cape Flats. Reasons justifving their scores and importance are given in Table 3.2

CATEGORY

SUB-CATEGORY

Surrounding landuse

Zonation of site

Conserved

Defence

Threats

% Alien cover

“s Dumping cover

- Formad voridential
- Ingurmeal vesteential
- Fuformial settiemenis
- Pubite amenity

- Trunshort fauturer

- Emdnstreal

- Cammercial

- Furming

- Wesidentsa!

- Amenity/ open space

- Covsmercial

- Lrrcluestrial

- Miditary ara

- Privately-owned
ek s/ other

- Yar
- T heerten
- No

- None

- Largesiale support
- Orginised support
{Gnntroversial

< Artormal support

- Sand mining

- A gricelivry

- Tnappinpriate fire vogime
- Informal rettlements

= Nowe/ nope Sived feve

o)« 20%%
- 21 - 6%
-5 - 10%

-0 - 2P
- 21 - 6P
=G f-T

3



Table 3.2 Categories from Table 3.1 were vsed 1o determine the measure of threat (V-index). 1 = encoutages or is conducive to conservation; 2 = ‘middle-of—the—road
tdendly’ or uncentain: 3 = hostile to conzervation. References supporting the assipned scotes can be found in Chaper 7, and additional references are lsted

Toalesa e valaa

Depending un their agenda, agenaes may or may not take the phght of arcas seroushy. -

Informal cestdental 2 i

B Informal setilesnens 3 Pressing matters sucl as housing shomages take precedence ever conservaton dssues, and land mvasions by shack

i i iy a

G S . dwellers ou sites bordering roserves have mrensified. i
Public ameniry 1 These areas have a potential and much-desired functon s both a recreational and conservation arep 21
rllﬁﬂl"PUﬂ' teaturey 1 The houndaties of fese siroci ores are fixed, remﬂﬁng i cleagly delinegtecd 51.1[1_'(_:-und_i_11g 1:|._|_1_;|Wl:l-e::Tj.es_'3
Iricduestral e Iaw sttpulates thar funure and existing establishmenrs ate olliged o confer soine protection 1o aress 2 i
Commercial B Lawr stipulates thar funace and cxisting establishments ace obliged to coufer zome proteciion to areps”
Famning 3 Sinall-seabe farming and conscrvapon oo the Cape Flars ate mcumpaﬁhlv&.ﬁ
Residen il 3 The provision of housing 12 a nadonal concen and 15 regarded as a priosry. =
Ameniry/open space - ' The establishment GF & conservaton arca can be achieved of the arey’s mult fonction potemial is teglised, 7

. . {ommercial 3 | ¥ ' ' i ; et

BTG . | Venmures of this namre arc sssomated with emplovment oppurtmaities and fnancial spis-offs. -
Industrial 3‘__ _ | Industrial vendures are always encoutased since the counirye gs a whole diccetdy Licnetfies Froo it ]
thlirare atea E These dreas are generally not ntensely wnpacted, sctivites are highesr near butlding localives, ®
Privalely-uamed - It iz not casy to cotviace landowners to alter e landose pracises”
Unknown/Other 1 “I'has apphes toland zoaed a5 resetves or areas tha) are remote from theeats. 30
Ve 1 s s the destred s

Conscrved Uncerrzin 2 The sire sngy a3t may nat be a proclairmed protecied area.
Mo = This iz not the desived srare. i

Defence MNone This is the leasr acceptable scare % 7
Targe-scale support t Tublic suppocr i the form communiny oeganisations weflect public attitude and care for the environment *
Chrganteed suppaon 1 suppart from decison-inakers, and formal acten/ mapare ment plans indicate comounnent o conservation,
Controversial 2 Arepy et in socal, polideal or legal ramilicalining receive media coverage, theeby ralsing awareness.
[nformal support 2

Contimes overlegf



S namiig 3 Mg aperatsns remoys whole Mote ey wblimg the med 06 314 resniration poreatial * -5 7
Agniculmire 3 | The nutrient and topsol prufile 1s altersd, thereby rendenng agriculniral kinds difficult to rehabilieate ©
T ::;nmr:ﬂpdilc firc p Insppropriate e freguencies negattvely mmpact recrutment, regencration and sucerssional proccsses 8 19
| Informal sertlements 3 | The widespread phenomenoa of mfornal settlements of this nature deprades the conservanion wuhmess. % 7 i
Nome/none hseed here | © Othes thrcarcning processes not bisted hoee ae m operation, &
0—20% I Alicn invasive infestations are reversible procosscs pasticiladly if the area is of prime bokogical interest %10
s Alicn cover . 60% 2 Dicpending on major sesource asadahility and incennves, the atea could probably be rehabihiared.
§] = 1P % s exrent of mfcsahon wonld imake deanng opecatons vooy expensive
0 — 20% Wi |1 Rubble dampng 1 reversible in that the bidlogical mregnty of the arca s salvageable * 1 N
Yo Dumping cover | 21 _ 500, 2 Rubble removal is cxpeasive but probably possible.
' 61 — 1040% 3

Auscas like thes arc usoally reparded a9 a dumpiog arca by the public who will continee ro demp these 7 ==

VHall (1984); “ Behrens & Watson {1992} * Wood o o/ {1994); * McDeowell & Low (1990); * Environment Conservation Aet (1997); ¢ McDowell (1988); " Low & McKenzie
(1988); * van Wilgen o @/ (1996); * van Blerk (1998); ' Richardson ef 2/ (1996a)



Table 3.3 ¥V index scores for the study aires. ¥V oindex for cach site was ealeulaed by sutnening the
seore of each earegory (developed from Lable 320 Cipen cells seote vevo. ™ denotes a protected area.
Matmes of the siles aze gyt in Appendes 1.

|

Takili# i i [ y 0
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BLRKFAUR i 2 ] 3 2 3 ] 13
BLOUFYMN 3 2 3 2 3 1 1 15
BLOUREN i el ] 1 3 1 1 12
BLOUSTR i 1 2 2 3 1 3 11
BLOUYL* 2 | 1 1 il i 7

BDOWNS i 2 3 i 3 2 3 1 18
BRACK 1 i 1 2 3 2 el 12
CITNRF f 1 1 i | 1 [y

CADPRI* 3 1 1 1 1 1 8

CROES 3 3 3 3 3 3 ] 13
DRITTSR* 2 % 3 3 3 3 2 17
DUINEF 1 2 3 3 3 2 3 £ 19
DURGRC % 2 3 2 | 1 1M
DLUBBMN I+ 1 15 ] I I 1 5

EDITH i L ! 2 | 1 7

CDITIINR* |2 2 3 3 3 2 3 1 1%
EEROQR 1 i 3 i ) 2 il i 14
WELM 2 2 3 3 2 3 1 16
HANOY 1 2 i 3 3 2 14
KEMNRC 3 2 3 1 i 1 1
KHAYOS 3 2 3 3 i 2 2 13
KRAAIF 3 3 i |3 3 3 4 21
LAMNOSE I & 3 TN 3 £} 16
LANJAN i 2 k] 3 ] 3 15
LANRD 2 2 3 3 3 3 16
MACARS 3 2 3 2 A 3 il 1 13
MW 1 3 3 3 3 3 2 18
MITNLM 2 fi 3 3 | 1 13
MILNRC* 2 1 1 2 1 1 &

MEFLAT 3 3 i3 %] 3 4 3 21
NTMI 1 2 3 2 i [ 1 13
o) DAV 1 i 3 £} 2 2 13
NORTHP 1 3 k1 3 2 1 AR
NEPEMN | 2 3 K 2 2 a 15
MNYANGE 3 1 3 3 3 2 1 17
PELZEEK 2 2 3 2 3 X 15
PONEER 1 ki | 4 3 1 13
PENEST 1 2 B 3 3 1 13
PHILEAST 3 3 £ 3 3 A A 21
PINLWET 3 B i 2 i 3 3 19
PLATTE* 1 1 1 2 1 1 7

Caneinnes averlzaf




RILT* 2 i Lo 5 i
RONDCO |1 2 2l 3 1 9
RONDEA 1 3 1 & i 10
RONDY¥L* |1 ‘ 1 1 1 1 6
SAND 2 2 3 3 ; ) 2 1 13
SOMCH# 2 " 1 2 il 1 8
STRANDF 2 12 3 3 o, 3 3 15
SWART 2 3 3 2 2 A -
"TOKFR 1 12 3 3 3 1 15
TYGNR* 1 1 T e 1 g -
WETT i 27 B B 2 2 14
WING 1 1 T 7 TR 1
WOLINR* 3 1 b o _ 3 i 13
WOOD 1 2 T 3 | [l i1 11
YOUNG |2 1 dm, 3 i 2 1 2




Chapter 3

2.1 RATIONALE SURROUNDING THE V-INDEX

The conceptual approach to the V-index is premised on the following: the susceptibility of
a site to biodiversitv loss is a combination of the extent to which a site has alteady
been/will be transformed by disturbance, and the extent to which social, economic and
political issues are conducive to prevent or delay the extirpation of species and habitats
present on a site. As such, all the categories and their sub-categories that were used to
determine the V-index are recognised as disturbance factors that contribute to the loss of
diversity (Table 3.1; Chapter 1; D. Gibbs, B. Low, L. Raitt, J. Wood, pers. comm., 1997-1999),
Table 3.1 thus presented a comprehensive list of the factors that lead to species and
habitat loss, and Table 3.2 attempted to provide justification that these are indeed
contributing factors. However, there are several conceptual difficulties in developing the

V-index.

Firstly, there are inherent problems associated with quantifying factors relating to the
qualitative nature of policy and legal issues, society-/insitutional-based support and the
capacity /willingness of institutions to support and enforce conservation actions (see Hall,
1993). Failing to integrate these factors in a calculation of a vulnerability index, partcularly
in relation to an urban context, ignores the role of these factors in maintaining diversity.
Secondly, the complexity and mntensity of elements comprising the V-index are not
ubiquitous on all the sites, and this is cumbersome to reflect in terms of the limitations
relating to quantifiable measurements. Moreover, the synergistic effects or the co-variation
between these different influences are not well understood (Hall, 1983). Thirdly, it is
recognised that multi-criteria scoring approaches are generally difficult in terms of
subjectively assigning scores (Gaston, 1996). Fourthly, because the relative importance of
the factors listed in Table 3.1 are not known (principally due to measurement limitations),
the effects of each factor were considered mutually exclusive and equal in impact, and as
such, the categories were not weighted in relation to each other. In this light, the V-index
presented for each site (Table 3.3) reflects an objective attempt to capture all the

complexities associated with factors that lead to habitat and species loss on the Cape Flats.

The categories of Surrounding Landuse, Zonation of site and Conservation Status are associated
with issues of policy and legality, and any changes in either of these categories require
considerable debate and substantial resources, and usually is a lengthy process (Dewar &

Watson, 1990; Behrens & Watson, 1992).
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The category of Defense captures society-/insitutional-based support and the
capacity/willingness of institutions to support and enforce conservation actions

(Matowanyika, 1994).

Alien encroachment (% Alen Cover) and refuse dumping (‘% Dumping Cover) were
categorised as separate components on the assumption that they are regarded as potentially
reversible and manageable factors, this being dependent on the extent of encroachment
and dumping McDowell & Low, 1990; Wood ¢ 4/, 1994). Sand mining, agticultural
practices, inappropriate fire regimes (too frequent or too infrequent) and informal
settlements were assumed to be irreversible factors because they cost expensive resoutces
to monitor and regulate, particularly in low income, high-density suburbs (Low &

McKenzie, 1988; McDowell, 1988; Wood ez 4/, 1994).

2.2 CALCULATION OF THE V-INDEX

A score (1, 2 or 3) was assigned to one of the sub-categories in each of the 10 categories
(Table 3.2, 3.3). Factors that encourage or are conducive to conservation score 1; site
attributes which are not supportive of conservation are ‘unfriendly’ and score 3, whilst site
attributes which are indeterminate or uncertain score 2. V-index for each site was
calculated by summing the scores across all categories (Table 3.3). There were only two
exceptions to these rules. The first was that for the category of Threats, each sub-category
was scored individually because more than one of these threats can be in operation on a
site. The second exception was that unreserved sites (see Appendix 1) were discriminated
against because reserves were assigned a score of 1 under the categories of Zonation of site

and Conserved.

Thus, sites with a low V-index are less threatened than sites with a higher value. A
maximum V-index of 29 was assigned to the most highly threatened unconserved sites
experiencing sand mining, agriculture, an unsuitable burning regime and informal
settlements, but there were no sites with these characteristics (Table 3.3). Sites scored as

the least threatened had a minimum V-ndex of 6.
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Figure 3.1 Relationships between explanatory variables (size, heterogeneity (number of habitats) and threats (V-index)) for fragments on the Cape Flats.



Chapger 3

2.3 ANALYSES
Simple and mulnple lnear repressions were used ro test the hypotheses regarding the role
of size, heterogeneity and threars in explaining patterns of plant rchness on fragments

(n = 59 of natueal habitat on the Cape Flats,

‘The AECT industral site (AECI, 1 242 ha) and Rietvlel Protected Area (RIET, 547 ha)
sites were excluded because they have a disproportionately low species richness, The
AECI 15 an industral site where most of the pockes of indigenous vegetation are
surrounded by transformed land. The size of the total area occupied by indipenaus
vegetation is unknown, A large proporton (= 70%) of RIET comprises a waterbody, The
sample size used for species-area regressions (all speacs, RDLs and codenue species) was

57.

A least squares regression was performed to explore bivanare relationships between size,
heterogeneity and  threat, The set of ndependent explanatory vaniables was  then
meorparated into a Mulaple Linear Regression Model (MLRM) using a step-wise,
backward approach (Zar, 1984) for all specics, habitats, R1J1s and ¢ndemics. The use of a
pared ttest validated confidence in the sedel. Where sppropriate, data were lIop-

transformed to achieve normality (Zar, 1984,

3.1 BIVARIATE LINEAR RELATIONSHIPS
The regression analysis shows thart there 15 a significant, bur reladvely weak relationship
between arca and richness for all species categories (total species, R1J1s and endemics)

(Figure 3.1). Values af r* ranged from 7 - 13% for species-area relatinnships,

Species richness has a positive reladonship with heterogeneity for all specics categories,
especially total species and RDLs. In contrast, there was a significant, albeir weak positve
relationships between heterogenetty and the number of endemics, No site was
sunultancously subjected to agniculture, inappropriate burning, infornal sertlemenes and
sand mining. V-index scores range from 6 to 21 (Table 3.3), with 48%, of the sites having a
V-index value =13, 'T'his suggests that a lacge propottion of the sttes is subjected to faitly
infense to extreme threatening processes. Sites with the lowest V-index (=6) are all

protected areas, namely the Cape Hlas Nawre Reserve (CFNR), Durbanwville Nature
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Reserve (DURBNR), Rendevlel Natre Reserve (RONDVL) and ‘Tygerberg Nature
Reserve [TYGNR). Mitchells Tliun-Khavelnsha Flas (MKFLAT) and Phillips East
(PHIL.1TAST) bad the highest V-mdex [=21).

‘The V-index, hereinafter referred ter as “threat’, was found to be nepatively related o toml
species, RDLs and endemics, All these results were statistically significant but the low
values indicate that heterogenedty, size and threat are not strong independent predictors of

richriess.

32 COLLECTIVE EFFECTS OF VARIABLLS

The independent contribunion of each of the explanatory vadables (heterogeneity, size and
threat) to explan richness paverns for each species category was used as a hasis for
building the Multple Linear Regression Models (MIRMs) The form of the MLRM
equation 15 Y = o 1 3 X, + BX, + 3X, where Y=species richness, 15 a constant {y-
intercept), 3 is the regression coefficient of the varable and where X, = heterogeneity, X,=

size angd X.= threars (V-index) {Zar, 1984),

‘1he statistical output of the multple lincar regpression is given for total species (Table
3.4a), RI2.s (Table 3.4b) and endermies (Lable 3.4¢). In each case, sive was found to be a
weak varable m the repression because the coetticient () had a lew value and was
statistically non-significant, Owverall, the regression statistics were not found to be
particulatly robust as mdicated by the r*-value and the analysis of variance (F). The

reglession tesults were used o build a model that aceonnts for dehness,

3.21 BUTLDING THE MLRM

‘The statistical results of the mulaple hnear regressions were total species, RDLs and
endemics incorporated into MLRM equanon (Step 1 of Table 3.5). In Step 2, X, was
exchuded from the MLRM in all cases, giving Fageatmn A However, in a separate analysis
(Spearman’s Rank correlation), size was not co-linear with hetcrogencity (r, = 0.276; p >
(50 0 = 59) and threat (r = 0.008; p > 0.50; n = 59, Vatables should not be co-lineat
for them ta be incorporated into an MIRM although MLRMs acknowledge that variables

can bear some relationship to each ather (Zar, 1984).
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Table 3.4 Statistical MLRM oupual for {a) all species, {by RDLs and () endemics.
Nr=heterogeneiry, Xo=sve and X:=V-index, T is from the t1ess. ns = noo-significanl,

—

Table 3.5 The steps for bulding and vahdahng a predictive model (mulnple linear) for different

4

() Toral sprecres,

rr= 63 8% T= 193 (p=0.05)

Estimates of regression coefficients:

X

IT= 6aNl |:p < [:'.':]U”

¢

T = .76 {p = 0457

X

|'=-2.92 p < 0,005)

(1) Red Ixara List species.

= BR.2%; T=1.68 (p<005)

5

. Estitnaies of regression coefficients:

T — 6.37 {p < 0.001]

A

=176 = 008

A

T — 001 {(p=0014)

(o} Frndercs,

2= 1.9%,; T= 2.37 (peili2)

| Estimates of regression coefficients:

X

T 109 ip < 00OUS)

X
N

[T — 0. 16 {p = 0.087~)
LT 2T p < 0017

categuries of speaes dchness (toral species, BRI s and endemic species) using heterngeneity

{number of habitats per fragment) (X0}, size (X3 and V-iadex (X5) a2 explanatory variables. Step |
wae derved from Table 34a-c.
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Because heterogeneity (X} and threac (X} were found to be weakly colinear in the
Spearman’s Rank correlanon (7, = 0,402, p = 0.002; n = 5Y), this implies & violation of the
assumption of the MLRM, However, this was resolved by interpreting ome of these
vartables as a funcnon of the other, and 2 simple lincar tegression on untransformed darm
with heterogencity as the response vartable and threat 25 the explanatory variable was
significant (¥ = 0,1%4, p < 0.001) and thus used, The variables of the defining equation lic
m the 35% confidence mnterval, and 15 of the standard form Y = 0 + MX (Far, 1988
where Y=threar, C 1s a constant, M 1 the gracient and X=heterogeneity (Step 3, Fawation
E in Table 3.5).

Eguatron B was substituted mto Fguation A, and FEauation C was derived. Thus, the
effect of threatening processes was still maintained, and was represented il tetms of its

hnear relatouship to heterogeneity,

3.2.2 Validutng the MLRM

Paired t-tests (Step & from Table 3.5) were used to vahdate FEamation C by comparing the
species richness (Y, .4 In i€, to species richness (Y .) n Equation A (Zar, 1984). The t-
value was highly stunificant for toral species, RDls and endemics, Hgmation C was more
unreliable than Diguagan A because the wesk co-lineanty between heterogeneity and threat
s negligible. Thorefore, Fguation € was rejected and Diguation A was accepted as the fimal

maodel, The final models for toral species RIDLs and endemicys zre presentedd in Table 3.5,

1he model suggests that habitat heterogenaty and, o a lesser extent, threateoing
processes, are the prnciple factors controlling the rchness of all species categories on
fragments on the Cape Flats. In conjunction with heterogeneity #nd threats, remnaar size
was found to be a poor predictor of spectes richness, The tnodel was much weaker for

endemtcs and RI3Ls compared to total species,

4, DISCLSSI0ON

It has been shown that ncither siee, heterogeneiry (number of halatars) or threats (V-
mdex) singly account for plant spectes vichness in wsolated fragments on the wrbanised

Cape Flats. Rather, 1t 15 their collecuve contribution that accounts for patterns of total
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richness, numbers of RDLs and endemic species. Chaprer 2 has also showed that there is
no difference in the size of protected and unprotected areas. The model presented here
indicates that irrespective of fragment size, the total number of species, RDLs and
endemic species are highest on sites with a high number of habitats (high heterogeneity)
and where threats are lowest. These results suggest that deterministic factors - loss of
habitat and anthropogenic mmpacts — are principally responsible for controlling the
richness of all species categories on fragments of natural habitat on the Cape Flats (see
Bond, 1998). Stochastic factors associated with small population size on small-sized
remnants (Lande, 1988; Rosenzweig, 1995) appear to play less of a role. Species are thus
capable of persisting in very small populations on very small areas provided they are

protected from these impacts (Bond ez 4/, 1988).

These results are consistent with other work in the Cape Floristic Region. Bond ¢z 4/
(1988) found that the chief cause of species loss on small (< 600 ha) fynbos fragments in a
temperate forest matrix in the southern Cape was a change in the disturbance regime - fire
exclusion. A similar study of limestone-associated fynbos surrounded by leached acid
sands, suggests that species are able persist on small-sized areas (4 — 15 ha) providing their
necessary ecological regimes such as pollinator-disperser services and appropriate fire
regimes are maintained in the system (Cowling & Bond, 1991). Only those species with
highly vulnerable life-histories such as non-sprouting shrubs with small and weakly
persistent seed banks (Bond, 1998) disappeared on small fragments (Cowling & Bond,
1991). Processes that degrade habitats were found to result in selection for ruderals,
sprouters and annuals (Richardson er al, 1996; Trinder-Smith er 4/, 1996a). Finally,
Kempet e al. (1999) wete unable to determine an overall, significant fragmentation effect
on community structure and composition in patches of coastal Renosterveld (< 1 ha) in a
matrix of agriculturally transformed land. The effects that were evident were apparently

the result of deterministic factors such as alien plant invasions and grazing.

4.18IZE

The results show that large-sized remnants generally never have few species, and that
small-sized remnants can have many or few. The results also show that many habitats
nevet suppott few species, but one habitat can support many or few. A possible cause for

this may be that ‘oldet’ remnants that have been fragmented or isolated for a longer period
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of time, have lost more species (after MacArthur & Wilson, 1967). However, the
MacArthur & Wilson (1967) model predicts that there would be ‘relaxation’ on each
remnant until a new equilibrium between species and area would be reached. The lack of 2
strong relationship between species and area might therefore be considered an artefact of
the very recent fragmentation of these remnants with insufficient time for species losses to

take their course.

Small-sized remnants that have a greater proportion of their area subject to edge effects,
bear a high probability of reduction in population sizes and lowered species numbers, and
therefore are more prone to local extinctions compared to larger-sized remnants
(MacArthur & Wilson, 1967; Boecklen & Gotelli, 1984). In conjunction with heterogeneity
and threats, size was found to be a poor predictor of richness on the Cape Flats. The
sutvival of populations on the Cape Flats remnants 1s not size-dependent, at least not until
a critical minimum area is reached (Lande, 1988; Caughley, 1994; Shafer, 1994). It 1s
probably more the case that the importance of heterogeneity and threats with respect to
species numbers far outweigh the impacts of size. This means that small-sized remnants
are not necessatily the loci of species loss and extinctions (Brown & Dinsmore, 1988;

Cowling & Bond, 1991).

For undisturbed large-sized areas within the Cape Floristic Region, size has been shown to
be the primary vatiable in explaining richness patterns (e.g. Cowling e 4/, 1992). For
example, species-area regressions at an order of magnitude * > 90% have been found by
both Cowling ez a/. (1992) in the south-western Cape and for Proteaceae RDLs throughout
the Cape Floristic Kingdom (Rebelo & Tansley, 1993).

4.2 HABITAT AND THREAT

High spatial heterogeneity means a wider range of habitats, and hence a higher number of
species, and the corollary is that the loss of heterogeneity, either through habitat
conversion or degradation, brings about species losses (Ehrlich, 1986). Heterogeneity is
important in maintaining levels of biodiversity through species-species interactions
(Danielson, 1991), sustaining species abundance, distribution patterns and persistence
(Thompson & Brown, 1992; Venier & Fahrig, 1994; Fahrig, 2001), and buffering
threatening processes (Shafer, 1994; Walker, 1995). In addition, there is a large body of
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literature demonstrating that discrete species assemblages (in habitats) facilitate the
persistence of rare species by providing refuge niches (e.g. Wood, 2001) and that sites
supporting a high species richness support rare species (e.g. Debinski & Brussard, 1994) or

that high numbers of rare species contribute to richness (e.g. Lombard ez 2/, 1999).

It was found that heterogeneity, in conjunction with threatening processes, is a good
predictor of species richness on the Cape Flats, and that threatening processes account for
less vatiation in richness than heterogeneity. This 1s probably because heterogeneity offers
more niche opportunities to rare species in that they provide refuges against threatening
processes (Cowling ez af, 1992). Fredericks (1992) found significant differences between
discrete species assemblages on the Cape Flats with respect to heterogeneity. For this, the
soil mineral content (calcium and magnesium) emerged as the singlemost significant
explanatory factor. This suggests that heterogeneity, and in particular, edaphic gradients,
are plausible determinants for richness and possibly a high degree of habitat specialisation

(Cowling, 1990; Cowling ¢t 4/, 1992).

4.3 WHY THE HIGH LEVELS OF RICHNESS?

The fact that such a large number of species (1 192) has managed to survive within the
biologically hostile Cape Flats environment implies the presence of resilient species (Bond
et al., 1988; Bond, 1998; L. Raitt, unpublished data). It would seem that generally, plant
species in the study area display unique adaptations that confer fitness, thereby enabling
their persistence. The composition on these remnants may consist mainly of species that
are not easily prone to extinction because of resistance to inbreeding depression and
heterozygosity vigour (Bond, 1998; A. Pauw, wnpublished data). Alternatively, species may
have accrued important reproductive traits that enable persistence. In a study that centred
on seed : ovule ratios (a measure of reproductive effort) amongst closely related congeners
of Proteaceae species from the Cape Flora, Cowling & Eggenberg (2000) showed that
rare/range-testricted congeners are more likely to persist due to their increased relative
contribution to the pool of propagules available for post-fire recruitment. Thus, locally
rare species may have reproductive attributes that enable persistence (over the long term),
and it is in fact the fragmented populations of common and widespread species that may

be at a greater risk of extinction (in the short term).
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Severe species losses (associated with small populations), reflected in the high number of
.species having Red Data List status, must have occurred in the recent past when urban
development began escalating on the Cape Flats (based on a weak species-area
relationship, after MacArthur & Wilson (1967)). Urbanisation, which embodies threatening
processes (McDonnell & Pickett, 1990; Myers, 1993), has burgeoned on the Cape Flats
over the past 40 years (Anon., 1993). For example, over a twenty-year monitoring period,
L. Raitt (umpublished datd) observed a marked reduction in the species richness and
distribution of the Proteaceae and Ericaceae, both dominants, along the eastern fringe of
the Cape Flats that was frequently subjected to destructive fire regimes and bush-cutting.
McDowell & Low (1990) also calculated a 50% reduction in habitats on the Cape Flats
(1983 — 1989), with an accompanied increase in RDLs. They also observed that a
substantial number of indigenous species had managed to persist on sites where human-
induced threatening processes were intense, namely along road verges, near railway lines

and even racecourses.

How would increased adaptive capacity have come about? Archaeological records indicate
that the Cape Flats was inhabited by mdigenous people (Khoi Khoi) from as eatly as ca
120 000 years ago, who at that time, practised fire-stick farming and stock-farming
(Deacon, 1992). The arrival of the first Europeans in 1652 brought the advent of
intensified landuse. The flora of the Cape Flats thus has a long history of human-induced
disturbance. These selection pressures may have conferred resilience to threat and may
have predisposed the flora to withstand contemporary threatening processes. Interestingly,
conservation biology theory alludes that areas with a shorter history of anthropogenic
disturbance are regarded as more important conservation targets than areas with a longer
disturbance history (see Balmford, 1996). The Cape Flats may therefore be considered as

important in this context.

4.4 CONSERVATION IMPLICATIONS

There are two reasons for managers and decision-makers on the Cape Flats to abandon
the idea that larger areas support more plant species. Firstly, species-area relationships
have been used to predict species losses (Reid, 1992). However, this prediction of a change
in species number cannot assign extinction probabilities to certain species because some

are more susceptible to threats than others. Secondly, species-area relationships provide
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managers with a rough estimation of how many species occur on a site of a given area, but
it provides no information on the practical issue of what controls richness. Heterogeneity
and human-induced threats, and not size alone, were found to be the major determinants
of the richness. Hence, small-sized sites on the Cape Flats can make meaningful

contributions towards conserving plant diversity (Shafer, 1994), over the short term.

4.4.1 Management of biodiversity

In practice, how can species losses be minimised on the Cape Flats? Managers should be
concerned to perpetuate all species if their remit is the preservation of biodiversity. The
loss of any one part of the spectrum of habitats would inevitably cause some species to
disappear. Managing at the scale of heterogeneity should be given due consideration
(Kirkpatrick & Gilfedder, 1995; Noss, 1996), and in practical terms, this would mean

targeting areas of high heterogeneity for conservation and restoration efforts.

Broadly, habitat restoration and selecting additional resetves with high habitat
heterogeneity and minimising deleterious anthropogenic impacts present one way of
prolonging the persistence the Cape Flats flora. For example, physical processes that alter
the soil profile, such as sand-mining (Wood ¢7 4/, 1994), mappropriate burning (McDowell
et al, 1991), rubble dumping (pers. 0bs.) and alien encroachment (McDowell & Low, 1990)
should be curbed as these have direct bearing on habitat degradation and depress species
richness. Despite the Cape Flats having the apparent ability to absorb threats, Higgins e/ 4/
(1999) explain that the indigenous flora of the Cape Peninsula and sutrounds (also
chatracterised by high alpha and beta diversity) have a low resistance to alien invasions.

Every effort should therefore be made to mutigate the effects of encroachment.

Inappropriate fire regimes hold serious ecological impediments. Musil (1991) showed that
seedbank longevity, and hence species recruitment on the Cape lowlands is poor with
prolonged fire deferral. Musil (1991) also presented an alternative hypothesis stating that
soil-stored seedbanks of lowland fynbos are transient and thus extremely vulnerable to
threatening processes. Random, frequent fire events are a common occurrence in some
parts of the Cape Flats (L. Raitt, pers. comm., 1998), and in other areas, fire has been totally
excluded (pers. 0bs.). As such, fragments should be appropriately burnt.
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Habitat destruction disrupts vital ecosystem services like pollination and dispersal
mechanisms (Johnson, 1992; Bond 1994); the converse has also been shown that reducing
factors that cause mortality of pollination and dispersal agents assist in sustaining habitats,
and consequently, reduce the risk of species extinction (Fahrieg, 2001). Restoring habitats
can provide structural and trophic requirements for these mechanisms to function.
Monitoring of the biggest sub-population of Serruria aemula (< 200 individuals), a critically
endangered species confined to the Cape Flats, revealed the absence of a pollinator.
Similar findings exist for Ixia maculata and Satyrium carneum that experience infrequent
pollinator visits (A. Pauw, pers. comm., 1998). Managing at the level of heterogeneity can
further be achieved by intensive management which simulates the necessary ecological
driving forces for these systems (Cowling & Bond, 1991), and by buffering deletetious
disturbances like edge effects (associated with high edge-to-area ratios) for example, as

have been demonstrated in gallery forest studies (IKCellman, 1996; Brokaw, 1998).

4.4.2. Management of social and institutional issues

It is more complex to alleviate threats in the guise of defense (inadequate/inappropriate
suppott of institutions and civil society towards conservation). It is assumed that defense
(support emanating from civil society and institutions) is able to facilitate the
implementation of suitable management systems. As the Cape Flats becomes more densely
populated, threatening processes will inevitably escalate. If we are to practice biodiversity
conservation, a renewed emphasis on the positive aspects of a green urban environment

will have to found.

Firstly, there should be consensus amongst all stakeholders that historically, the Cape Flats
has always been designated as a residential area for the urban poor, but that this is
inherently unreflected in present conservation interests. Equally important, is convincing
residents that having a reasonable quality of life is integral to preserving natural areas, and
that biodiversity indeed has a societal function - the maximum benefits to residents
should be communicated (Garrod & Willis, 1994). If these issues can be accepted, then it

should be possible to achieve a more unified vision to implement management plans.

Secondly, stronger citizen involvement should be seen as central to conservation decision-

suppott systems and decision-making processes. Institutional support for the preservation

43



Chapter 3

of the Cape l'lats flora should encompass corrective management in the form of public
mvelvement {drawing on ‘lessons learnt’), rthat hitherto, has systemancally temuained

unaddressed,

Resolving these wstitutional and social challenges will resulr in mote  successful
coordinated effotts for maintaining levels of plant species richness. Existing and planned
reserves on the Cape Flars can be immediately accessible to mote than 4 million residents

on the Cape Ifats, and thus has the potential to address ceological and human values.

5. CONCLUSIONS

A shortcoming of this smdy 1s that the models reflect on the number of species lost 15 a
function of how much habitat 1s lost (as a result of threats), not on which sites were
degtaded. A follow-up study mcorporating range extent tegquirements and abundance wall

meuleare more confidence in future extincunn trajectory models for the Cape Flats flom,

Levels of insular cffects are titne-dependent in that sites that have been isolated for longer
through fragmentation processes cxperience greater species losses (MacArthur & Wilson,
1967; Saunders & o), 1991). Since the mam ecological driving force (fize) for the
persistence of fynbos species is virtually absent, aberrant and difficudr to manage in urban
landscapes (van Wilgen of g4, 1992; Wood ef @, 1994), small-sized areas may well be in a
non-cquilibrium stare of species loss. This is evident in the model that shows that the
collective power of hetcrogeneity and threatening processes In accountmg for and
predicang richness, has limitatjons. One way of testing whether the Cape Flats flora 1s
becoming ‘more uthanised” in character would be ro underrake census and monitoring of

1R13] .5 and endemics,

In an ccological smady of remnant bushlands, Kitkpamick & CGalfedder {1995) state that
“the maintenance of good condition are nor necessarily the causes of survival of rare and
threatened species™... hMore positively, tatgeting atcas of high diversity for conservaton
and restotation  efforts, buffering extreme thteatening processcs  (particualarly  alicn
invasions), and simulatmg natral disturbance regimes (fire) shonld be given major
consideration tn manapement systems and in conservation planning direcred at new and

existing reserves on the Cape Flats, Most impormantly, the public support 1ssues should be
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treated as the ovesarching determinane for the persistence of the Cape Flats flora and
should necessarily become integrated with refined conservation strategies, Lasdy, within
the urban context of the Cape Flats, we should swongly reject the noton of ‘too small for
conservation’ and call for the efficient deployment of legal, political, socictal and

institutional capacities 1o help preserve this bomieal heritage for future generations.
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Chapter 4

IDEAL- AND REAL-WORLD CONSERVATION PLANNING
SOLUTIONS FOR THE CAPE FLATS FLORA USING THREAT

AND SUPPORT INDICATORS

Abstract

Conservation planning work on the Cape Flats has concentrated on species representation
and has not addressed the retenton of ecological processes to prolong perststence. Similarly,
teal-world constraings pertaining o biological threats {e.g. alien plant cover, removal of
rubble, surrounding landuse and so forth) and threats relating to instirational /public support
{(protection status and levels of support/defense) have not been incorporated into rescrve
selection studics. These previously ignored issues were addressed and integrated into
reservation tatgets, Representation and retention issues were dealt with by using
presence;/absence data for specics and a surrogate for ecological processes (habitar
heterogenetty); real-world constraints were integrated as components of vulnerability indices.
A step-wise, richness-based algorithm was used to address taggets for conserving each
biodiversity unit at least once, for two chronological sequences {1997,/1998 and 2001), The
first scenario was aimed at an ideal-world {‘constrami-free”) minitmum set. The second
scenario avoided sites that are highly threatencd and the third avoided sites that enjoy little
public/institutional support. The most efficlent solution required twenty additional sites
{totalling ra 36 km®) to achieve the conservation target, thereby protecting az 7% of the land
area of the Cape Flats, In prisune landscapes, real-world and ideal-world scenarios are hkely
to be the same, but the results produced hete show that in highly transformed landscapes
such a5 the Cape Flats, thuis appears to be similar. Reserved areas contribute > 70% of the
complimentary biodiversity fearures towards all nnimum sets generared for 1997,/1998 and
2001 indicating that reserves are vestges of biodiversity. These results suppest that criticisms
leveled at existing Cape Flats regerves may have been unduly pessumistic. Attenton should
instead be directed at prospects for acquiring land for additional reserves and at enforcing
the protection of the existing reserve estate. Every site considered for the minimum set
analyses in 2001 15 irreplaceable, a function of imited land availability for conservation.
Simple linear and exponental regressions predict that all additional land for conservation will
be used up within 10 to fifteen years assuming that threats continue unabated.
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IDEAL- AND REAL-WORLD CONSERVATION PLANNING
SOLUTIONS FOR THE CAPE FLATS FLORA USING THREAT
AND SUPPORT INDICATORS

LA ssgfud point of wniry o a debate {5 that o the otber Band, you have differeat fingers. .. " (Anon.)

1. INTRODUCTION

Waorldwide, thete are only a few cxamples where the urhan envitonment has forined the
basis of detailed ceological studics (MeDonnell & Picketr, 1993, Nicmeld, 1999}, and few
that have concentrated on conservagon planning (McKenzie Rebelo, 1997, Maze &
Rebelo, 1999 Maddock & Benn, s prep.). Urban ecological stadies have generally focussed
on invertebrates, and have been prumanly undertaken i industrialised cities of North
America and Burope. Yel, an important reason for seting aside reserves for maintaining
plant diversity in urban atcas is 1o mcrease property prices (Tviviinen, 1997). Remaants of
natural habitat in urban areas, particularly those which have protection stams, also
represent a bupe potennal for secondary conservation options via educanonal and
tecreattonal amentties 1n urban arcas (Dewar & Watson, 1990; McDowel & Low, 1990;
Ngeleza, 1990; Mclowell o af, 1991, Npguta, 1992). More i.mpnrtantl_;r, roadsides,
spotlheaps and quarries in urban landscapes are nodes thar are often assodated with a high
divesity of species thal are threatened with extinction (Shephard, 1994; Eversham e of,
1996). Urhan areas serve as soufce areas fot extinctions {"extinction sinks”) that can have
implicanons for cascading speetes losses along gradients of urban activity (c.g. McDonnell

et al, 1997, Tluhme & Pauleir, 1995),

‘L'o many, the conscrvation of the Cape Flats biota is reparded as a ‘lost cause’ ar 'not
viable' because the alleviation of the vanety, complexity and extent of the threatening
processes incur expensive and unaffordable resources (Behrens & Watson, 1992; Dewar &
Watson, 1990}, While this may be true, it also reflects the peneral wotld-wide view that
urban environments are less worthy of conservanon mvestments than non-urban

covironments (Mel3onnell & Pickett, 1993; McDonncll ¢ 2/, 1997; Nicmeli, 1999).

The Cape Flats is regarded by many as one of Africa’s major *hotspots’ of plant biodiversity
- the flora ts extzacrdinatly nich, and has been reported as highly endemic and highly
threatencd (Myers, 1990, Waood o af, 1994; Maze & Rebelo, 1999) (sce Chaprer Z). The area
is a highly fragmented and densely populated (Wood ¢ al, 1994; van Wilgen, 1996), and the
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numbers of remnant-bound plant species that are locally threatened with extinction are
expected to increase (Bond & Goldblatt, 1984; Hilton-Taylor, 1996a; Goldblatt &
Manning, 2000). A systematic approach to conservation planning provides a defensible way
of identifying ptiorities (Pressey, 1994; Pressey & Tully, 1994; Margules & Pressey, 2000).
The opportunity for setting aside additional land to secure the protection of plant species is
bleak due to the difficulties of implementing the outcomes of systematic consetvation

plans.

Ad hoc conservation has biological, economic and social implications; Pressey & Tulley
(1994) describe the shortcomings and impracticalities of this approach. The concept of
designing or identifying a system of nature reserves is in itself an attempt to strategically
plan towards (1) targeting areas most in need of preservation, (ii) increasing the
representation of features or ecological pattern, (ii1) increasing the likelihood of persistence
of ecological processes, and hence ecological pattern, over time, and (iv) reducing costs to
future land acquisitions for conservation purposes. It has also been recognised that
representation targets in conservation planning will only temporarily delay the rate of
extinction, hence the need to preserve ecological and evolutionary processes that sustain

and generate biodiversity (see Cowling ¢z a/, 1999; Cowling & Pressey, 2001).

Any attempt to adopt a strategic conservation approach should seek to integrate the
following real-world constraints on the Cape Flats biota with conservation interests: (i)
burgeoning demands for housing (i) limited human, financial and infrastructural resources

for the implementation of conservation action and (iii) ongoing threatening processes.

1.1 CONCEPTUAL FRAMEWORK

The basis of reserve selection is to select land fragments from within a landscape to ensure
the future sutvival of its biota, under the remit of reservation targets (Margules ez a/, 1988).
‘Minimum sets’ identify the smallest number of fragments with complementary features
that satisfies a conservation goal. A complimentarity analysis is an iterative selection
procedure (algorithm-driven), and may be applied as a tool for selecting biodiversity
features, such as species, habitats, landuse systems, communities (Bedward ez 4/, 1992) and
spatial surrogates of ecological processes (Cowling & Pressey, 2001). Selection procedures
carty out a step-wise incorporation of sites into a system by applying a sequence of rules

that do not unnecessarily duplicate biodiversity features.
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Algorithms may be modified to redefine conservation targets, such as considering
constraints relating to land suitability or land availability. However, targets should not be
unnecessarily influenced by threatening processes; threats influence priorities and hence,

the implementation of conservation plans.

Targets should be established to accommodate biodiversity features, and should be boosted
to accommodate possibilities of the future loss of these biodiversity features. Target setting
should also not be confounded by the implementation of conservation plans, in order to
address priorities before the implementation of conservation plans. There are least two
general tenets that govern implementation issues. The first is that surrounding land should
not be hostile to a teserve system such that it interferes with the target, and secondly,
resetves should be drawn from the least disturbed sites that enjoy the greatest support (ot

potential suppott) from civil society and conservation institutions.

The concepts of ‘efficiency’, ‘flexibility’ and ‘irreplaceability’ fundamentally undetpin
spatially explicit reserve selection using iterative procedures (Pressey, 1994). These ate
explained below:

1. A design is most ‘efficient’ when the ‘smallest’ minimum set represents all the
biodiversity features in an area, and this depends on the extent to which the
features complement each other. The most cost-effective reserve design in terms of
the number of sites or the collective size of the sites has a high measure of
efficiency (Pressey, 1994).

2. Conservation targets are established within the remit of conservation goals. Goals
reflect an objective towards which targets are directed. Targets are generally
measurable. Goals and targets can be set under a scenatio (a postulated event) or a
strategy.

3. Within the context of a conservation goal, ‘flexibility’ presents alternative
combinations of sites (a larger number of sites than the minimum set) to, for
example, accommodate post-selection consetvation goals. This is particularly useful
to maximise representation, but more importantly, it allows for negotiation
amongst parties when a site belonging to the minimum set becomes unavailable or
unsuitable for conservation. Usually, the more flexible sites there are, the greater
the negotiation options, and therefore the more likely the achievement of the

consetvation goal (Pressey et a/., 1994a).
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4. ‘Irreplaceability’ is an objective measure of the conservation value of a site, in
relation to other sites, in terms of its potential contribution to a consetvation goal.
Iterative procedures select sites ranging from most to least irreplaceable. While
there are various methods for determining measures of irreplaceability, the measure
is dependent on biodiversity features present on other sites being considered

(Pressey et al., 1994b).

The prioritisation and scheduling of consetvation action to implement a resetve system lies
beyond systematic reserve selection. The conservation of sites are prioritised in terms of
their irreplaceability, explained above, in addition to the degree of threat faced by a site,
referred to as ‘vulnerabihity’ (Pressey, 1996). Vulnerability serves as measure of utrgency for
conservation. Conservation action should ideally first be directed to sites that requite the
most urgent conservation action and which are simultaneously highly irreplaceable (Pressey

¢t al., 1996).

1.2 CONSERVATION PLANNING HISTORY OF THE CAPE FLATS

The Cape Flats has been a conservation concern for many years, during which ideas for its
consetvation have evolved immensely (Low, 1979; Jatman, 1986; McDowell & Low, 1990;
McDowell e7 4/, 1990; McKenzie & Rebelo, 1997; Maze & Rebelo, 1999; Maddock &
Benn, i prep.).

Jarman (1986) laid the foundation for conservation planning on the Cape Flats and its
outskirts. Only large sites (> 4 415 ha) were included in the survey, thereby deeming small
natural remnants in the urban core as unworthy of consideration. The use of a multi-
scoring approach in this study masked potentially important sites that were outstanding for
one or a few criteria. The seven highest scoring sites were assigned priority. This study was

the first to attempt the identification of key consetvation ateas on the Cape Flats.

Sites (> 1 ha) of major botanical importance were identified on the Cape Flats by
McDowell & Low (1990). These sites were described on a consetvation priority basis, and
took into account their potential benefits to the surrounding public. Twenty-five natural
remnants and corridors received priority status on the basis of mdigenous species richness
and the presence of Red Data List species (RDLs) (Hall ez 4/, 1980), in relation to

minimising the threat by woody invasive alien plants (e.g. Acacia saligna and A. cyclops).
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In an assessment of 20 threatened plant species of the Cape Peninsula, Hall (1993) used the
concepts of ‘need’ (number of individuals, subpopulations and distribution density) and
‘ease’ (principally relating to the difficulties associated with alleviating threats) to set
conservation priorities. This study represented an important shift in the thinking behind
conservation planning since it acknowledged that securing protection of species depends
on strategic approaches. Pressey (1994) formalised these concepts into quantitative

measures of ‘irreplaceability’ and vulnerability’.

McKenzie & Rebelo (1997) identified the smallest set of sites that capture the greatest
number of species using an iterative algorithm (Rebelo, 1994). Only the top 15
irreplaceable sites (sites that contributed to the conservation goal) were flagshipped for
consetvation and the other irreplaceable sites were omitted from the working agenda.
Despite the significant contribution of their work, many of the recommendations that
emerged in the report were not analysed in conjunction with the conflicts and challenges
unique to the Cape Flats. For example, threatening processes that result in the loss of
habitat heterogeneity and species richness, were not addressed. Maze & Rebelo (1999)
further expanded this analysis by incorporating a far larger suite of sites (118) over a much
broader area spanning the lowlands of the Cape Metropolitan Area (Cape Flats sensu Jato)
(see Chaprer 7). Theit conservation targets considered various minimum sets of species
based on the inference that conservation zoning of a site (Provincial, National, Local,
World Heritage Site) was indicative that the site was securely protected and safe from
threats. Their study pointed out that conservation planning for the Cape Flats required a
more comprehensive integration of issues around preserving ecological processes and
incorporating real-world constraints into selection procedures. Maddock & Benn (i prep.)
used a rank order of criteria to select sites (irreplaceability, large areas chosen first,
connectivity, select areas with greatest vegetation type diversity and restorability) across the
Cape Metropolitan Area. Graduated targets were set to conserve the percentage of the
historic distribution for coarse grain vegetation surrogates (representation), and remnant
size and connectivity were used to set targets in an attempt to maintain ecological processes

(persistence). Some 242 sites were required to attain all the targets.

Historically, consetvation planning work on the Cape Flats has tended to concentrate on
remnant size (e.g. Jarman, 1986; McDowell & Low, 1990) and later, on species-based
representation (e.g. McKenzie & Rebelo, 1997; Maze & Rebelo, 1999). To date, no studies

have addressed the issue of retention. Retention relates to contemporary threats to
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biodiversity whereas persistence involves sustaining biotic processes associated with the
generation of biodiversity. Persistence is typically associated with large spatial and temporal
scales (Cowling ¢f 4/, 1999). It is inevitable that species will be lost as urbanisation
developments continue. In this light, it would be judicious to give attention to ecological
processes that are responsible for sustaining species patterns (Cowling & Pressey, 2001).
Furthermore, the failure to address realistic constraints relating to issues of land suitability
and availability in conservation planning, will result in setting unrealistic consetvation
targets and even underachieving these targets (Pressey, 1996). In this chapter, I attempted
to address both these previously ignored issues for the Cape Flats flora. Retention issues
are addressed by trying to avoid sites at risk of biologically threatening processes or that do
not currently benefit from the support of the public/institutions (defense) (see Chapier 3).
Species data are combined with fine resolutton habitat variables defined in Chapter 2, which,
for the purposes of this study, are referred to as Fine Habitat Units (FHUs) (see Cowling &
Heijnis, 2001 for Broad Habitat Units (BHUs) of the Cape Floristic Region).

1.3 OBJECTIVES A

The key objective of this chapter was to identify minimum sets of sites incorporating the
real-world constraints of threatening processes and society/institutional support
respectively as reserve selection factors. The target was to conserve each species and FHU
at least once under three different scenarios. Both representation and retention goals were
thus addressed. A richness-based algorithm was used to determine a minimum set for
1997/1998 and 2001 respectively (i) in an ideal wotld (Scenario 1), (i) by considering
threatening processes (Scenario 2) and lastly, (iii) by taking into account support or defense
(Scenario 3). All the scenarios assumed that all the resetves are mandatory. A second
objective took the form of an audit, by assessing the biological costs to consetvation in
relation to the sites that existed five years ago but that have since been extirpated due to

ongoing utban development, as well as making broad future predictions.

As such, the objectives of this chapter allowed for (i) a broad investigation of whether
social considerations produce a more efficient solution than considerations pertaining to
biologically threatening processes in the highly transformed Cape Flats landscape, in
addition to (ii) evaluating the extent to which conservation options change over a relatively

short time-frame.
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L METITONY
2.1 DATABASES, AND THREAT AND SL.PPOIR'T INDICATORS

Fifty-nine candidate sites wete identified as having conservation potential {Chapter 2, Figure

2.1). Presence-absence darabases for species and habitats for these sites were merged and
these biodiversity features were treated as being of equal importance, Each habitat was
considered a unit of heterogeneity (Choprer 3) and was referred to as a Iine Habitar Unit
{FHLU,. Each record of a species presence represented one subpopulation; similarly, cach
record of a FHU may comprise only a very small proportion of a habitat, The database
consisted of 4 410 records for 1 192 species and 62 FHUs {1 254 biodiversity features),
Foureen of the 59 sites were reserves (Chapler Z). These darabases are germane 1o the years

1997/1998.

The Vulnerability Index, V-index (from Chapler 3), was modified for the purposes of this
chapter. A sub-critetion scote under the carepory of Threate was changed (see Table 3.2).
‘L'he seore for the sub-criterion of Nogie/ #one fstzd bere was chagged from {0 to 1. The
reason for this modifieation was to enable non- or weakly-threatened sites to be mare
readily selected in the reserve selection algorithms described below. A new index was then
calculated for society /institational support Le, defense (Vs-index) by snmming all the
scotes for the catcpories Conerved and Deferey thus assigning a mazimum score of 6 and a
minimum of 2 (Table 4.1). Similarly, an index was calenlated for biclogical threats (Vt-
index) using the catcgones, Yurmyndny Landnse, Zonation, o Damping Cover, Yo Aden Corer
and all the Thratr sub-critetia, thus assipning a maximum score of 23 and a minimum of 3,
Thus, V-index = Vs-index + Vi-index. (ie. V-index in Chapter4 15 a compuosite of
biclogically threatening processes (Vi-index) and suppott (Vi-index)). Vs-index and V-
index (L'able 4.1} were then categorised in 10% sub-classes in order for minttnum sets to be

drawn from high or low measures of threat and support.

Twenty-cight sites have since been lost to urban development and are no longer viable for
conservation purposes at present (2001) including two reserves, namely BLOUVI. and
DRIFTSR (Figure 2.1} (see Mave & Rebelo, 1994}, The extirpated sites (Table 4.1} and
their associated biodiversity features wete thus removed from 1 second database in order to
make compansons berween 1997 /1998 and 2001, The databases were queried to determine

the extent of change of species and FHUs.
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Tuble 4.1 Threat (Vi-dndex) and support (Vs-index) scores of the 28 sites that were extirpated
between 1997 /1998 and 2001, V-index 15 the sum of theeat and support scores. * denotes a
teserve. Full site names are given in Appendix 1,

SITE CODE VI-INDEX VSIINDEX V-INDEX
BELHAR 13 f 19
BILKEALR 9 & 15
BLOUVL® & 2 8
BDOWNS 12 f 18
CROSS 12 6 18
DRIFTSR* 11 6 17
DUINEF 13 fi 13
HANOV 4 G 13
KHAYOS 12 6 18
[KRAAIF 14 O 20
LANOS 11 i 17
LANJAN 1Mt o 16
LANRD 11 i 17
MEW 12 6 18
MITNLM 8 G 14
MKFLAT 15 f 21
NEWTF g fi i4
NORTHP 8 6 14
NWPIIN 0 6 15
NYANGR b 6 17
PENELR g 6 14
PHILEAST 15 £ 21
PENEST g 4 14
PHILWET 14 5 19
SANI § 6 14
STRANDFE 10 & 16
WEIT g f 15
WO i 6 12

A rmudimentary prediction was made for estimating the number of yeats for all the sites to
be extirpated excluding the 12 protected areas (1 664 records of biodiversity features; total
of 514 features known only from these sites). The data points used were for 1997 /1998,
2001 and the projecten that only the 12 protected sites would remain, A linear decrease
was based on the assumpoion that specics loss is not synergistic whereas the converse was
true for the exponental rate. In order in determine the rate of umdirectional loss, a linear
(Y=MX+C} loss rate and an exponental (Y=M X+M,X+C ie a polynomial curve) loss
rate were assumed [Y=number of unique bicdiversity features/number of sites, b 1s the
slope of the curve, C 15 a constant and X=number of records of biodiversity features/tme
(Zar, 1984)]. Onec the relationships were established, the equations were solved for time.
'I'he key assumption for this predicion was that extsting reserves retamn all the biodiversity

feanires recorded on them,
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2.2 RESERVE SELECTION ALGORITHMS

The target of identifving complementary sites for conserving each species and FHU at least
once (minimum set) was achieved by using a richness-based iteranve algorithm modified
from Wessels o al (2000, The algotithm was modified to cxclude adjacency rules for the
putposes of this study. The basis for this decision was that it is not feasible to consider
connectvigy if sites are in close proximity to each other and the surrounding mareiz is
hostile in terms of threats {Shafer, 2001), Site flexbility opnons (alternanves to achieving
the conscrvation goal) wete not considered because it was felt that scarce resources
(availability of viable land for conservanon) on the Cape Flats disallow for using flexible
sites as alternave ‘bargatning chips’ for mamising couservation (Dewar & Warson, 1990
Behrens & Watson, 1992) (sce Chaper 7). An additional jusafication is that flexibiliry
options are greatly reduced m areas of high beta and gamma diversity (see Lombard e al,
1999}, a sitmation akin to the Cape Flats.

The first conservation scenario set out to dennfy munimum sets for both the 1997 /1998
and 2001 sitzation and assumed an ideal world where no conswamts were present. An
wdeal-world scenario refers to a situation that docs not take existing resources 1nto
consideranon The second scenario identified minmum sets i a systematic, step-wise
fashion by selecting arcas that were 0-10%, 11=20P4, 21-30%, .. 91-100% affected by
biolugical threats (a low Vi-index) for both 1997/1998 and 2001. The third scenario was
aimed at selectng sites i the same step-wise fashion but on the basis of support (a high
Vs-mdex), Once cEnsen, a site was considered nominally conserved as were its biodiversity
features, and both were removed from the subsequent analyses so that selecred sites
complemented each other. The target of all these scenarios was to minimise the number of
sites requircd to represent all the biodiversity fearures at least once {species and FHUS).
The algonthm for the second and third scenano is thus based on real-world made-offs
hetween the primary goals of (i) discriminating against biological threatening processes
(high Vt-index) and (i) capitalising on actual and potential support/defense (high V-

mdex).

The size of sites was not a consideralion in the analyses as size does not contol specles
richness on the Cape Flats but does determine the number of habitats (Clhapier 3) (but see
Cowling & Bond, 1991). It has been demonstiated that maintaimng habitat heteropeneity
on the Cape Flats, and minimising human-induced threats and inereasing support (the V-

mdex from Chapler 3), are pivotal in reducing species extinetion risks, By inttodueing FHUs
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nta the reserve selecoon procedures, attention 1s given to species representation, In
addition to incorporating a surrogate for the retennon of ecological processes and so to

prolong species persistence,

‘This study utilised a measure of irreplacealulity and vulnerabality to clarify the scheduling of
conservation acton {priorides). Irreplaceabilicy was taken as the inverse rank order of the

most efficient munimum set and vulnerabiliey is the Vandex (Table 4.1).

3. RESULTS
3.1 CONSERVATION OPTIONS IN 1997 /1995

Mintmum sets produced under the ideal-world scenatio {absence of constraints) and the
two real-wotld constraints of threat and support were eongruent and preduced very similar
rankings (able 4.2). All the 14 conserved areas were inchuded i all these minimum sets.

In all cases, more than 75% of the sites were selected to achieve the targees (2 45/59 sites).

In an 1deal warld, 45 sites were required for the target of representng all the biodiversity
features at least once (Iahle 4.2). The minimum set incorporating the support constraint
produced an exact duplicate of the minimym set in an deal world. However, by
considering threat constraints, only a single additional site to the sets above, Wingfield
(WING), was required to fulfill the conservation rarget {mintmym set of 46 sites).
Wingfield contributed mwo complementary species that are common outside the Cape Flats
{Lampranthus amreay (L) N Br, associated with granite outcrops, and Trchyandra brashypoda
{Baker) Oberm., associated with seasonally marshy flats) (Chapier 2, Table 2.1) and one
habsitat {Flabitat 30, Sand Plain Fynbos: standing seasonal wetland in deep acid sand on a
flat and subdued plain at a low altitade) (Appendix 2) all of which were not represented on
the other sites of the minimum set that were develeped from an ideal- world sitvation. The
top two sttes m each of these three minimum sets were I'ygerberg (TYGNR) and
Rondeviei Nature Reserves (RONDVL), which collectively cantributed 46% (572/1254)
unique biodiversity features to the mimmurm sets. Biodiversity features were thus rapidly

added during the first tenth of the algonthm curves, after which progress decelerated
(Figure 4.1}
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Table 4.2 Conservauon opuons in 199771998 Mgonthm resules of the nunumim sets of sites ro conserve 1 254 biodiversity features (1 192 species
and 62 FHL ). % feawures accumnulated at two deciimal places “denotes conserved sites. The full site names are given in Appendix |
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Figure 4.1 Minimum scts in [997/1998: Efficieney of idealworld (unconsirained) and real-world
(consirained;) algoathms.

The algorithin constrained site selection 1o those with a high Ve-index and a low Vi-index
(Figure 4.1). All the sites of the minimum set selected under the threat constraint were
extracted from sites that were weakly to modetately threatened (Vi-index >30% and

< 60%), but with 63% of the sites from the =31 - =60% sub-class (I\igure 4.2). On the
other hand, all the sites of the mumimum set s¢lected under the support constraint were

drawn from sites scattered throughout the entire range of sub-classes (Vs-index >30% and
< 100%:),

Threat constraint Suppeort constraint
(minirLm e =4 sites) LTI s20=45 sitss)
35- 25 -
30- [
20
B 15|
& | |
15! 10+
%10- . W ’gf
. , " 7/
3 40 41-500 81-50% S140% 41 S0 B1.70% 81 803 51.100%
Low o ThreatClass g High trreal Lo sunzon ap— Suppott class p Highk

Figure 4.2 1997 /1998: Constraint clesses from which mininmm sets were drawn.
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The mintmum set generated under the support constraint appeared to be the most feasible
option since it required 45 sites and there were only eight instances where sites contained
single complementary fearures (table 4.2). This 1s in contrast to the minimum set generated
without constraints which required 45 sites (10 sites cach with a single complementary
feature) and the minimum set that considered threats (46 sites; § sites each contributing a

single complementary feature).

3.2 CONSERVATION OPTIONS IN 2001

‘The most discermble difference between conservation options in 19%7 /1998 and 2001, 1s
that the minimum sets generated in 2(0}] requited vittually all the sites from the selection
poal [Table 4.3), The minimum sets produced under the threat constraint requited all the
available sites {31/31) whereas the mmnimum set under the support coftstraing requires 30
sites, All the 12 remaming conservation areas were represented 10 all the minimum sets.
Wingfield (WING) only appeared in the miniwmum set genetated utider the threat
constraint, conttibuting the same complemerncary biodiversity fearures as in 1997/1998, Tn
afl eases, the top two sites in the mnimum sets {Tygerberg (TYGNR) and Rondevla
Nature Reserves (RONDVL)) conserve 572 put of 1186 features (48%) (lable 4.3}

The efficiency of the constrained algonthms was clearly compromised o avoid highly
threatened sites and sites that enjoved little or no public/mstitutional support, and this can
be seen as a cost. The algonthms decelerated pencdically as they attempted to reptesent the
maximum fumber of biodiversity features within successive scts of sites associated with
low Vi-index (biological threats) and Vs-index (support) measures (Figure 4.3). This 15 in
contrast to the algorithm results in 1997,/1998 that sclected sites in a smooth manner

(Iigure 4.1},

The mimmum set generated under the support consteamr appeared to be the most feasible
option since the minimum set comprised 30 sites and there were only five instances where
sites contributed a single complementary feature (Table 4.3}, This 15 1n contrast to the
munimutn set generated under the threar constraint {31 sues; 5 sites eontribute a single
complementary feature) and the ‘constraint-free” situation (30 sites; 7 sites contribute single

complementary features),
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Table 4.3 Conservation options in 2001, Alporithm results of the minimum sets of sites to conserve 1 186 Iiodiversity features {1 129 species and 57
FHUs). *denntes conserved sites, %0 features accumulated at two decimal places, The full site names are given in Appendix 1.
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Figure 4.3 Minimum sets in 200 Efficency of ideal-world {unconstrained) and real-world
{eonstrained) alrorithms,

All the sites of the mininnum set produced under the threats constraint were selected from
sites that were weakly to moderately threatened (Ve-index >30% and < 60%0) (Figuve 4.4),
whereas all the sites of the mintmum set sclected under the suppott constraint were
sourced from sites dispersed throughaut the entre range of sub-classes (Vs-index =30

and <100%). This 1s 2 very similar to the trend in 1997 /1998 (Figure 4.2).

In 1997 /1998 and = terms of land acquisiton, the most economical minimuom set solution
(support constraint) required a total of 6 080.6 ha land area to achieve the reservanon target
(Figure 4.5). At the time, 2 165.0 ha (36°%) was reserved (14 protected areas). Thas, 31
additional sites of total size 3 915.6 ha needed to be secuted to achieve the conservation
godl, The sitnatton looks very different five yeats later. By 2001, the available land surface
area for conservation had been reduced by ez 15%. The cheapest minimum set solunon
(support constraint) in terms of land area, was that a total of 5 187.9 ha was required, Some
29% (1 495.2 ha) i= cutrently being conserved (12 protected areas). Twenty addidonal sites
of total size 3 692.6 ha requure protection status to conserve all species and FHUs at least

onee 1.e. to echieve the target.
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Figure 4.4 2001 Constraint claszes from which minimmim sets were drawn.
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Figure 4.5 Land atea of minimum sets. Filled = Reserved, Unfilled = Unreserved.

3.3 MAKING WORST-CASE PREDICTIONS BASED OXN A LOSS AUDIT

In 1997 /1998, 59 sites were available for conservation, and they coneained 1254
biodiversity features (4 410 records of features). By 20HH, 28 sites had been extirpated
(including two of the 14 reserves), leaving only 31 sites available for reserve selection.
These remaining sites consist of 3 494 records of biodiversity features of which 1186 are
unique (1 129 species and 5 FHUs). The loss over this five-year time-frame represents 68

blodiversity features (63 species and 5 FHUs) which were unigue to the extirpated sites,
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There is the possibility thar all the sites identfied 0 the smallest mmnmum will not be
secnred, and that only the 12 existing protected arcas will remain. This possibility presents
one future scenano (best of the worst) for the Cape 1lats flora if threatening processes
continue unabated and if cvil society/institutional support is not sufficiendy mobilised. It
is predicted that if the decline of species and FHUs is linear, then ir will ke 14.7 yeary
from now for all the available remmants to become extirpated, leaving only the existing,
reserves with irs complement of species and FHUS, Should the loss be exponential, then it

will take 9.6 years from now (Figurc 4.6).

The importance of this prediction, albert rudimentary (hascd on three data pomts), is that
the conservation of existing sites over the next 10 to 15 years 15 cruaal to prevent the

likelihood of this worst-case scenano from becoming a reality.

Titne
1667 o200 . K
4500

g § |
o Jana
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= 3370
52
E 2 »710
22
;E .-"1:]'-.| b

2 1800 —

1254 1188 514
Number of records of biodiversity features

Figure 4.6 Predicted tale of the loss of biodiversity features for te worst caze scenario of only the
12 reserves remaining over time. Bxponential vute (broken line): y=—37=2+455:+4412, 2 = (.99,
p<0.0001; Linear rate (nubroken line): y=-1373x+5935.3, 12 = (1964, p<0.001. X is the time taken
for all the protected arvus to become extirpated.

4. DISCUSSION

To date, rerauve srudies on the selection of prionty sites on the Cape I'lats have been
characrerised by species-based npp'rmchu-, incorporating larper data sets than before (more
sites and more species) (McKenzic & Rebelo, 1997; Maze & Rebelo, 1999} These have
contribured relatively little to the understanding of how urban proecesscs should be
combined with identifying remnants beariug conservation potential with the aim of

prolonging the retention of speacs and the persistence of ecological processes,
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This study has attempted to integrate the realm of conflict between support and
threatening processes, with conservation interests. In the highly transformed landscape of
the Cape Flats, real- and 1deal-world algorithm outputs have been shown to be almost
convergent for two chronological comparisons: 1997/1998 and 2001. There is also a high
degree of congruency between the minimum set outputs of constrained algorithms for
1997/1998 and 2001 respectively, although support-constrained solutions ate only

marginally better options.

The altered landscape mosaic has resulted in the extirpation of 28 sites, including two
reserved areas, and this has significantly reshuffled the available conservation options. In
2001, all the available sites exhibiting conservation potential have been shown to be
irreplaceable in terms of featuring all species and all FHUs at least once in the minimum
set. The situation on the Cape Flats has been shown to have drastically worsened over the
last five years in terms of reductions in species numbers and heterogeneity. If unattended,
this downward spiral may result in all the species and FHUs present on remaining
fragments that are currently suitable for conservation being lost within the next 10 to 15

years.

The paucity of land availability for conservation on the Cape Flats has placed restrictions
on 2 number of issues relating to the approach and methodology of this study (see Pressey
¢t al., 1993). Firstly, it prohibited flexibility analyses that would have resulted in a broader
spectrum for land negotiation. Secondly, it precluded selection procedures run using
adjacency rules (selecting areas in closest proximity to each other). The recent work of
Schafer (2001) suggests the alternative, that selecting sites furthest apart may contribute to
lessening the likelihood of extinctions particularly when threats are common to remnants
across a study area. This challenge to existing conservation dogma that it is more feasible to
select sites that are in closest proximity to each other, requires empirical research for it to
have been integrated into reserve selection procedures for the Cape Flats. Lastly, the land
testriction forced a minimum set approach of protecting biodiversity features at least once.
The approach of selecting species (i.e. one subpopulation of each species) and FHUs at

least once in the identification of priority sites in this study was the most feasible option.
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4.1 Adequacy of the existing reserve network

Compared with other biodiversity assessments, where only 8% (Bega Valley, New South
Wales, Australia: Keith, 1995) or 7% of natural vegetation remains (Western Australia
wheatbelt: Saunders ef al., 1993), the biodiversity of the Cape Flats appears to be in a more
dire situation than is prevailing elsewhere in the world. The high number of Red Data List
species (RDLs, 47) and the fact that the two vegetation types (Blackheath Fynbos and Cape
Flats Fynbos/Thicket Mosaic) are centered on the Cape Flats is cause for concern

Cowling & Heijnis, 2001) (Chapter 7).
g ] ap.

In Amazonia, some 25% of the known plant species are currently represented in reserves
(Peres & Tetborgh, 1995); in Québec (Canada), 65% of threatened species exist outside
protected areas (Sarakinos ¢f a/, 2001); Trinder-Smith e# 4/ (1996b) show that 6%
(119/2159 species) of the species fall outside the reserve network of the Cape Peninsula
and that existing reserves conserve 29% of its total area. In 1997/1998, the reserve estate
of the Cape Flats conferred protection on some 76% of its species and 62% of its habitats.
The extirpation of two reserves (BLOUVL and DRIFTSR) since then has resulted in a loss
of 68 biodiversity features not recorded elsewhere in the study area; the extirpated sites that
wete unconserved resulted in a loss of 17 biodiversity features. Eleven extirpated sites that
did not feature in the minimum set analyses for 1997/1998 had V-index values ranging
from 14 to 19 (i.e. highly to extremely threatened by biological threats and lack of support)
(Table 4.1). The other 17 extirpated sites had V-index values ranging from 12 to 21, with
the exception of BLOUVL that had V-index value of 8. This is a reflection that the criteria
used for calculating V-index were not weighted, and this represents shortcoming in the
scoting technique (Gaston, 1996). Moreover, this highlights the inherent difficulties in
objectively quantifying important non-biological threatening factors such as society-
/instutional-based suppott and the capacity /willingness to support and enforce

conservation actions (see Chapler 3).

The existing reserve network (12 conserved areas) contributed ca 72% of complementary
biodiversity featutes (858-859) in the minimum set analyses (Table 4.3). However, an
additional minimum of 3692.6 ha (20 sites) is required to protect the unreserved species
and habitats at least once. Thus, by securing these additional sites, this system would
protect 100% of the plant biodiversity of the Cape Flats (all species and FHUs protected at

least once) in ca 7% of the total area of the Cape Flats.
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Studies have shown that costs of cotrecting ad hoc conservation characteristically increase
with time (higher land acquisition prices and more competing elements) (e.g. Pressey, 1994;
Pressey & Tully, 1994). This study has shown that land availability on the Cape Flats has
dwindled to such an extent that every fragment with conservation potential is required to

achieve the conservation target, a situation different to 5 years ago.

The reserves on the Cape Flats then (1997/1998) and now (2001) generally do a
satisfactory job of conserving biodiversity, and previous studies attempting to quantify the
adequacy of the existing reserve network on the Cape Flats may have been unduly
pessimistic (e.g. Jarman, 1986; Mckenzie & Rebelo, 1997; Maze & Rebelo, 1999). Attention
should instead be directed at prospects for acquiring additional land for conservation and
for enforcing policies and legislation that confer protection status. The strict endemics of
the Cape Flats (Erica verticillata, Euphorbia marlothiana, Lsoetes stellenbosstensis, Serruria aemula
vat. congesta and S. aemula var. foenzculacea) all exist in protected areas, with the exception of
Serruria furcellata (presumed extinct) that was known from Northpine open space (extirpated
site) (Chapter 2). The remaining RDLs and endemics occur on other sites beyond the Cape
Flats. All the reserves were present in all the minimum sets for 1997/1998 and 2001.
Because the reserves possess many unique species and FHUs, they generally contributed
more complementaty features to the minimum sets than unreserved sites. In all cases,
contributions of single complementary features were drawn from unreserved land, thus
indicating that protected areas on the Cape Flats are extraordinaty reservoirs of
biodiversity. There ate several plausible teasons for this phenomenon. Firstly, assuming
that all the sites were similatly rich and diverse against some historical benchmark, the loss
of habitat heterogeneity coupled with the impact of threatening processes resulted in
subsequent species declines on unreserved land. Reserved sites might have faired better at
retaining levels of heterogeneity and buffering threatening processes compared to
unreserved sites. Chapter 2 has shown that, generally, reserves have a higher richness of all
biodivetsity compared to unreserved sites, but there was no statistical difference in the
density of habitats and RDLs between reserved and unreserved sites. Alternatively,
protected areas may originally have been established on the basis of high levels of
biodiversity compared to other sites (i.e. historically, unreserved sites were depauperate).
Lastly, the paradigm of species-based conservation is still heavily entrenched in
conservation planning on the Cape Flats (e.g. Jarman, 1986; McDowell & Low, 1990;
McKenzie & Rebelo, 1997; Maze & Rebelo, 1999), and this bias is evident in that species

have a higher representation in reserves than habitats.
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4.2 Additional reserved areas

In 1997/1998, 17 - 22% of sites in the minimum sets contributed a single complementary
biodiversity feature (Table 4.2), whereas the order of magnitude of single feature
contributions in 2001 is not much more efficient with regards to meeting the conservation
target (ca 16%) (Table 4.3). In 1997/1998, the rejection of all sites contributing only a single
complementary feature to the minimum set meant that > 99% of the reservation target of
conserving each biodiversity feature at least once would stll have been achieved; this
generally still holds today. Attaining > 99% of a reservation target is more than satisfactory
compared to modest achievements that are usually set at the order of 50 - 90% such as for
biosphere reserve partitioning on the West Coast Lowlands, South Africa (Heijnis e a/,
1999), representation of threatened species in a reserve network for the Succulent Karoo in
the Northern Cape, South Africa (Lombard e 4/, 1999) and conserving special species in
Addo Elephant Park in the Eastern Cape, South Africa (Lombard ez 4/, 2001).

There is an overarching consideration to be addressed when irreplaceable sites are
designated on the basis of a single biodiversity feature. Firstly, that unique biodiversity
feature (species or FHU) may be a ‘false positive’ in the presence/absence database. Many
species have not been recollected in many years on the Cape Flats (many species are known
from herbarium specimens or from taxonomic accounts such as monographs/conspecti).
Without confirming the presence of species and their population viability through field
work, it may not be desirable to accept de facto that the site is irreplaceable on the basis of a
single species. FHUs can be similarly ground-truthed in the field. Further records may well
reduce the number of sites contributing single complementary biodiversity feature to the
minimum sets. Alternatively, single complementary features delimiting irreplaceable sites
may be attributed to biodiversity features at the edge of their distribution range (i.e.
possibly have a wide occurrence outside the study area). Complementary analyses are
typically sensitive to ‘false negatives’ and ‘false positives’, particularly when abundance data
are not used (Lombard, 1995). However, an advantage of this sensitivity is that the
protection of cryptic species in marginal habitats and the protection of small and
fragmented populations are not discriminated against compared to abundance data which

biases against naturally rare species and habitats.

The possibility of affording protection status on unconserved sites on the Cape Flats that
contribute only a single biodiversity feature is unlikely (for a species and even less likely for

a habitat). It is also unlikely that all the irreplaceable sites identified in these analyses can be
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formally protected, but then this should be reconciled with the worst case scenario of only
the existing reserves surviving the next decade. The forfeiture of delivering on the
conservation target of protecting each species at least once comes at a high price — the local

extinction of species and habitat assemblages on the Cape Flats.

In this study, Macassar (MACASS), Rietvlei Protected Area (RIET), Swartklip open space
(SWART) and Wolfgat Nature Reserve (WOLFNR) were identified as fairly high priority
sites, contributing between eight and 37 complementary biodiversity features to the
minimum sets produced under the threat and support constraints (Table 4.3). In terms of
representation alone, these sites featured as exceptionally high priority sites in the work of
McKenzie & Rebelo (1997) and the earlier work of McDowell & Low (1990). However,
these sites are not recognised as being important in Maze & Rebelo (1999), principally
because of issues relating to scale. Maze & Rebelo (1999) set species representation targets
for 118 remnants over a much larger area (Cape Flats sensu lato) (C.éapfer 7), and thus the
effects of representing complementary species of these sites in a2 minimum set were diluted
(thete were other/better options). McKenzie & Rebelo (1997) included MACASS, RIET,
SWART and WOLFNR as ‘core sites’, high priority sites designated as lobbying and
advocacy focal points for the conservation of the Cape Flats flora. Ironically, their
recommendations for these core sites include ... “We challenge the responsible anthorities and
landowners to provide adequate conservation status to the 15 core sites. We believe ensuring the conservation
status of these sites is an appropriate measure and the least that should be done to fulfill the country’s
obligations under the International Comvention on Biological Diversity’. The Cape Flats sensu siricto
has been subjected to more intense and far more complex urbanisation ramifications over a
longer period of time and has for long been recognised as 2 unit apart (flora, socio-
economic dynamics and the land ownership climate) (Low, 1979; Hall, 1984; Dewar &
Watson, 1990; McDowell & Low, 1990; McDowell ¢z 4/, 1991; Behrens & Watson, 1992;
Bridgeman et al., 1992; Wood et al., 1994; McKenzie & Rebelo, 1997) (Chapter 7). Priority
shifts (e.g. extending the boundaries of the study area) are a natural and inevitable
progression in response to changing extraneous events (Pressey ef 4/, 1996). However, this
is inherently a double-edged sword, particularly when the regional importance masks the
local importance of high priority sites. This may subsequently lead to a halt in the
implementation processes for the conservation of these sites due to what may be seen as

ambiguous demands and conflicting efforts.
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4.3 Congruent solutions and diminishing options

Real-world outlooks (Pressey, 1996) concede that only some, or at wotse, no unconserved
sites are available for future conservation purposes. At the city planning level of the Cape
Flats, land acquisition 1s contentious (Chapter 1), and is based on the number of sites
associated with budgetary cost of management, maintenance and staffing of reserves
(Behrens & Watson, 1992). Thus, acknowledging real-world limitations (i.e. limited site
availability /suitability for conservation and capitalising on the existing resetve situation)
presents one realistic way of achieving a sustainable conservation solution. The latger the
minimum set of sites (and the greater the total size (area) of the minimum set), the greater
the problem of implementation as resources need to be spread (Pressey, 1994; Pressey &

Tulley, 1994).

In pristine landscapes, real-wotld and ideal-world scenarios ate likely to be the same (see
Lombard ez 4/, 1999). But, it appears that in highly transformed laﬁdscapes, such as the
Cape Flats, this is the same. The major reason for this is offset by two extremes: high
species and habitat richness (many unique biodiversity features) occur in a critical mass of
sites (reserves), and the remainder of the sites is relatively depauperate (very few unique
biodiversity features). Coupled with limited land availability (small sample sizes, n=59 in
1997/1998 and n=31 in 2001), the options for identifying sites to reach conservation
targets are greatly reduced because the sites (reserves) bearing the highest richness and

contributing the most complementary features are consistently selected as top priority (see

Chapter 2).

Many years of land protection without coordination and a broad-scale plan (e.g. Jarman,
1986; McDowell & Low, 1990) has created threats in the form of biologically destructive
processes and a lack of public/institutional support. Two alternative realistic approaches
for protecting the biodivetsity of the Cape Flats have been examined against a scenario that
assumed the absence of constraints. The disadvantage of incorpom;ting constraints carties
the cost of selecting a larger total number of sites, and hence latger human and fiscal
efforts for acquiting additional land surface area for conservation. It was expected that the
minimum set produced under the support constraint (Vs-index) would have a more
marked influence on the reserve selection outcomes (at least in 1997/1998). The rationale
for this expectation is that the Cape Flats is a densely populated urban area inferred to be
governed by social pressures with respect to lobbying and advogacy for conservation

(Folke ez al.,, 1996). However, the consideration of threat constraints (Vt-index) did not
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appear very different (high degree of overlap of the minimum setsj to the support
constraint consideration in the past (1997/1998) not in the present (2001). In the one
instance, priority sites were weakly to moderately threatened by destructive urban processes
(Vt-index). In the other, priority sites ranged from weakly to highly threatened by the
absence, inadequacy and inappropriateness of support emanating from the public and
institutional sectors (Vs-index). Interestingly, the minimum set produced under the support
constraint ditectly overlapped (a direct duplicate) with the ideal-wotld output (for both
1997/1998 and 2001). In order to implement the most feasible minimum set solution,
increasing and restructuring support (obtaining protection status for sites and raising levels
of societal support) in addition to minimising threats will have to be carried out. Sustaining
habitat heterogeneity by alleviating threatening processes (principally the amelioration of
alien plant infestations, removal of rubble and instatement of appropriate fire regimes)
greatly reduces the risk of species loss (Chapter 3), and this can duly facilitate the

implementation of reservation targets.

4.4 Prolonging persistence

Pressey (1994) pointed out that assumed relationships between species distribution
environmental classes are often reflected in discrepancies in protected area partitioning. In
addition, assumptions of these relationships, together with using coarse selection surrogates
may detrimentally result in rare species confined to cryptic habitats ‘falling through the net’,
Despite the obvious shortcoming of species-based reserve selection approaches n
conservation planning, higher order sutrogates may well fail to identify the composition,
configuration and quantity of elements necessary for retention and persistence, making
species data an essential component of the conservation planning processes (Lambeck,
1997). The shortcomings associated with species distribution data and the limitations of
surrogates in the selection of priority conservation sites suggest that a combination of the
two may yield more optimal solutions. The effect of integrating species and FHUs in this

study sought to minimise these limitations.

Vatious traits of species and ecological processes (e.g. life-historj;, reproductive strategies,
growth form and so forth) which increase extinction risk represent important, long-term
(evolutionary) value to conservation (Cowling e 4/, 1999; see Cowling & Pressey, 2001 for
an overview). For example, ‘dispersal-limited’ species (e.g. specialists and mutualists) may

define characteristics of linking remnants; ‘process-limited’ species (e.g. short-lived
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reseeders) may define the rates and intensiti;as at which threatening processes should be
managed (Bond, 1994; Bond, 1998). Levels of habitat heterogeneity and the deferral of
threatening processes largely determine species richness on the Cape Flats (Chapter 3).
Lombard et al (1997) attempted to accommodate ongoing evolutionary processes in
reserve design by using contiguous edaphic gradients (habitats) for lowland fynbos, since
edaphic (ecological) speciation appears to be the primary force driving diversification. The
concept of FHUs in this study is applied in the same manner as Lombard ¢ 4/ (1997). To
this end, the retention of parcels of heterogeneity (FHUs) in reserve networks provides one ~
way to prolong the persistence of the various special and vulnerable traits of the Cape Flats
biota. The persistence of evolutionary processes on the Cape Flats should make for an
interesting study, but it may not be feasible in the light of ongoing destructive urban

activities that have disrupted long ecological gradients that are prerequisites for persistence.

There is much uncertainty regarding the persistence of the Cape Flats flora over longer
time periods. Global Climate Models predict increased temperatures and precipitation
variability in the years to come, and fire regime systems, ecological diversity, hydrology and
atmospheric feed-back systems in mediterranean-climate urban areas will be most affected
(Lavorel ez al., 1998). In South Africa, it has been predicted that climatic conditions will dry
out and that temperatures will rise, and this will see an eastward shift in range extensions of
species (the mediterranean climate zone of western South Africa will be most affected)
(Ruthetford ef /., 1999). Since we do not yet understand the ecological implications of
these dynamics on the persistence of the Cape Flats flora and how and whether species will
be able to track climate-induced range shifts, the use of conservation planning goals that
cater exclusively for the promotion of evolutionary change may be regarded with great
skepticism amidst scarce conservation resources. The integration of representation and
tetention goals in this study presents a unique opportunity to maintain current conservation

interest on the Cape Flats.

4.5 Approaches to implementation

The optimal rate of accumulation of species as more sites are added to a notional network,
does not necessarily indicate the best sequence of protection (Pressey ez 4/, 1996). In other
words, the selection order of sites sheds no light on the extent to which the sites require
immediate protection. The most appropriate order of protection (implementation of

ptiorities) is one that takes into account some measure of irreplaceability and vulnerability
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so that maximum options for achieving delivery on reservation targets are open five, ten or
fifteen years hence. The literature is replete on this issue, and in South Africa, priotities for
action have been established using irreplaceability/vulnerability analyses for the

implementation of reserve systems (e.g. Heijnis ¢7 a/, 1999; Lombard ez 4/, 2001).

The scheduling of conservation action used measures of irreplaceability and vulnerability.
Irreplaceability was taken as the inverse of the rank order of the minimum set produced
under the support constraint (the most feasible solution) (Table 4.3). Figure 4.7 shows that
sites requiring first priority are reserves, namely Wolfgat (WOLFNR) and Edith Stevens
(EDITHNR), as they are highly irreplaceable and highly vulnerable. The vast majority of
the Cape Flats reserves are highly itreplaceable and have a low vulnerability compared to
the other sites, which is the desired state. Pressey ¢z 4/ (1996) recommends that if
threatening processes can be readily reversed or when conservation resources are sufficient
such that the rate of implementation into a reserve system is expected to be rapid, then the
next level of priority should probably be sites with a lower irreplaceability and a high
vulnerability. Thus, Blouberg Fynbos site (BLOUFYN), Macassar Dunes (MACASS),
Swartklip open space (SWART), the Pelican Park-Zeekoeivlei Flats (PELZEEK) and so
forth should form the next highest priorities.

304 RONOVL
RURBNR BLOUREN
® RIET ¢ CWOLFNR
CAPRIS @RONDCO
. < MILNRC
E 20 1 pate® o BRACK
8 SOMCH ENRC EDITHNR,,
% 15 En.ousw’fkt ®
8 RONDEA @ BLOUFYN
4 N7N1 S @ SWART
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e DURBRC PELZEEK $
= ® TOKFR @ WELM o
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@ EDITH @ YOUNG EERQR
0 6 | 1 S | | |
6 8 10 12 14 18 18 20
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Figure 4.7 Conservation priorities for 2001 based on the minimum set developed under
the support constraint. Open cells represent reserved sites; closed cells represent unprotected sites.
Full site names and protection status are given in Appendix 1.
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If insufficient resoutces are available, it may be wiser to shift prioriﬁes to Blouberg
Renosterveld (BLOUREN)/Strandveld (BLOUSTR), Kenilworth Racecoutse (KENRC)
and Rondebosch Common (RONDCO). With a database charactérised by many
untesetved sites contributing only single complementary features, substantial changes to
this implementation sequence for the Cape Flats is not envisaged (cf. high local endemism
in Lombard ¢z a/., 1999) unless sites are extitpated, and then this.requires a new process of

re-analysis.

Intervention strategies need to be identified and implemented immediately to prevent the
likelihood of worst-case scenarios, for example, that all sites will be extitpated with the
exception of the 12 protected areas. The conservation status of the existing reserves needs
enforcement at the legal, political and social level (see Maze & Rebelo, 1999). In order to
achieve 100% of the conservation target, competing elements of land prices, provision of
resources and negotiations amongst stakeholders should take place in a multi-disciplinary
climate to reconcile these conflicting issues. Designating additional sites with the aim of
protecting each biodiversity feature at least once 1s unlikely to be socially and economically

feasible.

Alternative adaptive plans will have to be forged to reduce biological (Vt-index) and
support (Vs-index) threats, and the benefits of protecting the Cape Flats flora should be
socio-economically justifiable. For example, nearly all the irreplaceable sites identified in
this study surround the development periphery (the urban core) of the Cape Flats (e.g.
Tygerberg Nature Reserve, the Blouberg sites and Rondevlei Nature Reserve)(Figure 2.1).
These sites are adjacent to the more puistine, upland areas (which are better managed) of
the Cape Peninsula (Trinder-Smith ¢z 4/, 1996b) and the area proposed as the West Coast
Biosphere that lies to the north of the Cape Flats (Hetjns ez 4/, 1999) that were not
included in this study. High ptiority sites of the Cape Flats can serve as significant buffer
sites against deleterious biological threats (Vt-index) to these ecotourist destinations, and
this could well form the basis for exploiting other opportunities to preserve the remnants
of the Cape Flats flora. Conservation planning work in the Cape Metropolitan Area should
treat the Cape Flats as a unique entity on the basis of its unique threats. This protocol
should be integrated into general consetvation planning frameworks of developing reserve
systems at appropriate scales in relation to the prevailing real-world issues rather than

attempting to develop reserve systems across very different areas.
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This greatly restricts the choices of reservation targets and implementation of conservation

plans that may not be sensitive to local scale threats.

4. 6 General predictions

Indicators of vulnerability, such as the V-index, will shift increasingly in magnitude as
threatening processes become more intense over time on the Cape Flats. Ultimately,
vulnerability dimensions may probably be discarded in priority analyses when each natural
remnant becomes irreplaceable (valuable) purely in terms of its status as an undeveloped
open space (Behrens & Watson, 1992; Wood ¢f 4/, 1994). Even so, relative prorities
measured against vulnerability should still be developed. For example, in the Western
Australian \xzheatbelt~ (Hobbs, 1993), all the sites under selection are both highly vulnerable
and highly irreplaceable sites (Pressey, pers. comm., 1998) — and this is the same for the
Renosterveld wheatlands that lie to the north of the Cape Flats (Low & Rebelo, 1996;
Kemper ¢ al, 1999; Cowling ¢t al,, 1999). |

Pressey (1996) forewarns that if priority setting ceases in heavily transformed landscapes, it
may tesult in conservation practitioners undertaking haphazard land acquisition procedures
for conservation purposes and that this would be coupled with the tendency to conserve
any land fragment that becomes available for that purpose. Intense land pressures and high
land (‘erf’) prices will motivate conservation in scattered, small and remote ateas (beyond
the urban core) where benefits to the residents of the Cape Flats may be questionable (see
Pressey, 1994). At this point then, it becomes crucial to refine measures of conservation
value (irteplaceability) and to state even more explicit and realistic reservation targets.
Lastly, it becomes imperative that reservation targets should be pitched at appropriate
scales that sufficiently capture the detail of biological threats support criteria unique to the
Cape Flats. Should the Cape Flats be integrated into regional scale reserve selection
analyses (e.g. Cape Flats sensu lato or at the scale of the Cape Metropolitan Area), important
fine-scale operatives may be overlooked, which in turn may ultimately hamper

implementation of targets.

5. CONCLUSIONS
This study has not tried to prescribe a definitive reserve system. Rather, it has tried to

develop more clatity on identifying potential reserves on the urban Cape Flats. The use of
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threat and support constraints produced results only marginally different to a ‘constraint-
free’ situation. More conservation options were available in 1997/1998 compared to five
yeats later where every remnant exhibiting conservation potential was shown to be
irreplaceable (1.e. more is needed but less is available). The curtent resetve network is
satisfactory but the likelihood of assigning additional reserves is bleak. The implementation
of the minimum set generated under the support constraint may provide a window of

opportunity to enable the retention of species over the short- to medium term.

Land reform initiatives currently taking place in many regions of South Africa have seen a
shift of land ownership from government control to private control. However, the vast
majotity of the prioritp remnants identified in this study is State controlled land (Appendix
3, Chapter 3, Table 3.1: sites zoned as Residential, Amenity/open space, Military Area or
Protected Area). Thus, the responsibility of protecting and managing these remnants falls
squarely under the presiding jurisdictions of government bodies at the level of local,

provincial and national authorities.

The most powerful tool for conservation is not the ‘park fence in isolation, but policies and
reforms that make conservation a matter of private as well as social interest’ (Folke ez 4,
1996). In other words, the factors underpinning society — norms and values that drive the
loss of biodiversity — should be addressed through education, incentives and opportunities.

“Anything else simply buys time”, and time is what is needed.
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CONCLUSIONS: WINDOWS OF OPPORTUNITY

“The world 5 deluged anth panacear, formiiai, proposed kavs. muchiseries, ways out, and styeiads of foffionr. 1t o
szanifteant Phat erevy onv of theie. | deals wath. .. the sirncting of Tocdty, bt nont conctrns the sbitance srelf — the
peapde, This despite the clorwal fruth of i democraiic faeth thal the solwlion aiway fer aetls the people’. (Saul D,
Alinsky, In: Benarde, 1987)

1. SUMMARY]

A total of 1 192 vascular species have been recorded across 59 remnants of narral and

semi-tratural habitats thar are represenmanve of the Cape Flats flora, These sites total an

aren of 64.8 km?, roughly 1004 of the Cape Flats. The presence of Red Data List species
(RDLs) (Hilten-Taylor, 1996a, b; 1997) is fugh, at ce 4% (47 RDLs).

Alkhough two previously protected areas are no longer feasible for conservanon purposes
{Blouvled/ Century City and Driftsand Nature Reserve), the remaning protected areas still
do a remarkably pood job of protecting biodiversity. Species and habitats on resetved sites
contribute approximately 72% towards achieving reservation targets aimed at conserving
each biodiversity feature (1.e. one subpopulation of a species and one unir af
heterogenerty) at least once i a mnmmum set. These findings strongly suggest thart
previous accounts of the adequacy of the Cape Flats reserve network may have beea

unduly consetvative.

However, the challenges for preserving the imperiled biodiversity of the Cape Flats are
nverwhelming, not caly in terms of alleviating biclogically threatening processes, but also
garnering eiwvil society support and insututions] interest for protecting reserves and
acquiting additonal land for rescrves, The likelihood of assigning conservation status to
curtently unconserved sites sre unlikely, An additional mintmum of 3 692.6 ha (20 sites}, a
relatvely modest acyuisition by global standards, is tequired to protect the unreserved
species and habitats ar least once, an effott necessary to prolong the persistence of all the
specics and the maintenance nf some ecological process prevalent on the Cape Flats.
Achieving this goal is hampered by the lack of alternative land for housing on the Cape
Flats. Fortunately, the continual shrinkage of these remnants to smaller sizes dows not
autnmatically depress specics dchness. Rather, it hag been established that maintaining
habitat heterogeneity and keeping threats at bay, are the deteonining factots controlling

specics richness,
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2, CONSERVATION PROSPECTS ON THE CAPE FLATS

‘L his thesis mirrars what many people already know, that as we head mro the 214 century,
mcreases i specles loss an the Cape Flats will contanue unabared. 1t cannot be disputed
that humaga-related activities in urban areas have a negative impact on the narueal
environment. Saocial norms and needs often duve these nepative impacts (Matowanyika,

1994; Folke of &/, 1996).

2.1 CIVIL SOCIETY AND INSTITUTIONAL ASPECTS

Lhe complex social dimensions of the Cape Flats (Woad #f o, 1994; Khan, 1999) do not
readily justify conservation unless nature reserves play mult-purpose roles (Ngeleza, 1990,
Nguta, 1992; Wood e &L, 1994; Wood & Gibbs, 1997). The persistence of indigenous
remnants has conservation implications, and simultaneously represents an extraordinary
potential to provide educadanal and recreational amenities, Limited successes, which have
been ateributed o limited [instimutional) inputs, have been achicved with school groups,
homes for the aged and tertiary institunons visiting these nature reserves (e.g. Negelexa,
1990; Nguta, 1992). One of the success lghliphts has been the transformation of the
Fidith Stevens Namee Reserve to an area that now enjoys the support of local residents

{Maze & Rebelo, 1999).

In an attetpt 1o create an ¢thos of awareness and appreciation of natuzal resources on the
Cape Flats, various community-based organisatons (CBOs) have embarked on gardening
projects (pers, ofs). L hese projects mainly highlight the horticultural and economie value of
mndigenous plants. Sadly, many CBOs, particularly those opetating in low-income arcas, are
shott-lived, primatily because they are totally dependent on public sector funds (Khan,
19993, Noo-governmental organisations (NGOs), particulatly the Botanical Society of
South Africa, that focus oo consetvation implementation are making excellent
contributions to conservaton mainly through proactive, interventonist approaches
towatds ‘conservation-friendly’ urban development on the Cape Flats (Mckenzie &
Rehelo, 1997; Maze & Rebelo, 1999}, This is mediated by cutrent policy and lepislative
framewotks, and to a lesser exteot, through land acquisition negotiations (K. Maze & |.
Wand, perr. o, 1997-2001). These NGOs are financially well-established and have a

wide national support network generally amongst strata of high-income earners.
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Greater financial investments should be afforded to CBOs on the Cape Flats because their
particular function is complementary to that of NGOs (F. Khan, pers. comm., 1999). Failure
to do so will result in the fragmentation and alienation of stakeholders, especially the
urban poor, and the chances of achieving even modest reservation targets will be unlikely.
This represents a hindrance to the implementation of conservation plans. ‘One-sided’
approaches to conservation in urban areas (where the interests and concerns of local
communities are not seriously addressed in implementation strategies) do not auger well

for conservation and are not socially sustainable.

There is an emerging trend in South Africa, and indeed globally, for the corporate sector
to be engaged in community development projects, particularly through environmental
and conservation initiatives. A large proportion of undeveloped land on the Cape Flats
(e.g. Somchem and AECI, > 2 000 ha) is owned by well-established, big commercial
businesses (McKenzie & Rebelo, 1997). This sector should be regarded as an important
stakeholder that is in a good position to make a contribution to preserving the natural

environment,

2.2 INFORMATION AND RESEARCH

Globally, single-species plant translocationst have not enjoyed high successes (e.g. Griffith
et al., 1989), and the restoration of entire plant communities have not faired much better
(Bullock, 1998). In some cases where plant populations have been threatened by a
development on the Cape Flats, species translocations to safer sites such as nature
reserves, and seed collections for storage in seedbanks, have been undertaken. However,
there are only a few such instances (C. Hilton-Taylor, umpublished data), and concerns have
been raised by managers and academics of the genetic implications, as well as protocols for
effective translocations (Milton ez a/, 1999). Translocation should be based on empirical
ecological information. Erica verticillata, Euphorbia mariothiana, Isoetes stellenbossiensis, Serruria
aemula var. congesta and S. aemula var. foeniculacea should be key species considered for ex situ
cultivation, followed by re-introductions to sites from which they were collected. Special

efforts should be made to rediscover (additional subpopulations) of Sermuria furcellata, a

t “Translocation” is defined as the “augmentation of populations within their natural range, re-introductions of
species to their former range and introductions of indigenous species to sites where they have not been recorded but
which are edaphically and biologically similar to their original habitat” (Milton es al,, 1999).
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species suspected of being extinct, in addition to resolving pootly undetstood taxonomic

relationships.

There is conflicting clarity on which species are indeed threatened and which species are
endemic to the Cape Flats. These issues could be resolved by consulting the relevant
taxonomic authorities, databases, literature sources and monitoring field observations.
There is a responsibility to census, monitor and document the populations of currently
recognised threatened plant species. By doing this, a precedent can be set for urban areas
experiencing a similar biodiversity loss. A mechanism for consolidating field observations
would also be useful for monitoring important plant populations. This should not be

extremely time-consuming,.

Documenting field-based monitoring data can facilitate 7z sztw and ex situ conservation (e.g.
propogation, seedbank storage, translocations, etc.) priorities. Moreovert, this sort of
monitoring work will shed more light on the prediction of the extinction rates of plant
species and the erosion of ecological processes. This will assist in refining ever-changing

conservation goals.

The importance of corridors that connect fragments on the Cape Flats has been
recognised (McDowell e7 4/, 1991; Wood e7 4k, 1994). The identification of corridors might
have contributed to achieving an overall conservation goal that addressed petsistence
(Chapter 4). Increasing opportunities for dispersal for many species between fragments may
be essential for long-term persistence. However, corridors may be conduits for invasive
plant species, and it has not been explicitly proven that cotridors with a largely artificial
character are beneficial to conservation (Hobbs, 1992). Vacant remnants on the Cape Flats
which represent potential corridors, may not necessarily serve the best interests of
maintaining plant biodiversity because they themselves are subjected to threatening
processes (e.g. alien Invasive encroachment, irregular fires and dumping of waste).
Therefore, consideration should be given to corridors only on the proviso that they are

alleviated from threatening processes.
A contribution of this study was to apply conservation planning principles to identify

conservation-worthy priority sites within a hostile urban environment. Some interesting

results showed that the consideration of threat and support indicators makes very little
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difference to the outcome of reserve sclection procedures, This strongly sugoests that
ideal- and real-world solutions are highly congrient in heavily rransformed urban areas
where the biota is highly diverse, a finding sunilar to studies undertaken in prastine

landscapes.

The thesis found that small-sized remnants can still be important for conservation, and
this needs to be verified further for the viability of their populations. A limitation of this
thesis 1 that qualitative speces data relating to life-histories freproductive strategies and
abundance data (e.g. number of subpopulations or numbers of individuals) were not used
{this data is only available for a fow speaes). This would have added an interesting aspect
towards underseanding the risk of species extinenon in relanon to how well species might
be able to respond to threats (e.g, species with narrow niches). The incotporation of this
sort of dara nto reserve selection procedures might have addressed persistence particularly
in relation to high-risk species, but the acquisinon of this daca is eostly and time-
consuming, Using this data to establish persistence goals may be an overtly strenuous
exercise (‘high investment, low rerarns’) since conseryatuon-worthy sires are unlikely to
exist on the Cape [larts, say over the next 100/200,/300. .1 000 vears (i.e, over sanie

evolunonary time scale),

3, CONCLUSIONS

Should the situaton arise within the next 10 to 15 vears that the only narural remnants
remaining on the Cape [Tlats are the 12 existing reserves, at least all the strict Cape Flats
endemics will be protected. More widely occutring endemics and RI s recorded on the
Cape Flats also occur elsewhere outside the study area where opportunities for

conservation of remnants are probably more likely to succeed than on the Cape Flats.

The consetvation of existing remnances 15 highly unlikely to enable the persistence of
ecolc:glcal PrOCesses OVer an evoluponary nme-scale, even if persisience goals are
addressed in conservation plans. Achteving persistence in a frapmented landscape where
the matrix 15 hostle to biodiversity, such as the Cape Flats, may nor be feasible. The spatial
components of most evolutionary processes have been irreversibly transformed.
Persistence, therefore, can only be achieved through management stratepies, and this will

be very costly for the relevant conservation agencies.
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Appendix 1

List of the 59 study sites. Formal names are used wherever possible. * denares a
protected atea, the definition of which is grven in Chapter 2.

SI'TE COTE

TEMB*
AECI
BELHAR
BLIKFAUR
BLOUFYMN
BI.OURLMN
BLOUSTR
BLOUNVL*
BDOWNS
BRACK
CFNR*
CAPRT*
CROSS
DRIFTSR*
DUINEF
DURBRC
DURBNE*
EDITH
EDITHNR*
EEROR
HANOV
KENRC
KHAYOS
KRAAIF
LAN|AN
LANDS
LANRD
MALASS
MEW
MILNLM
AOILNR=
MEFLAT
NTN1
MNEWE
NORTLIP
MNWTPEN
NYANGR
PELZEEK
PENEST
PEMNEER
PHILEAST
PHILWET
PLATIE*

SITE NAME

S B My Baok [Esrimety vallod St Base Gefinance Depod
ABCT industrial siee

Belhar road verge site

Bleak House-Faure road verpge
Blouberg Fynbos site

Bloubetg Renosterveld koppie site
Bloubery Strandveld site
Blouvlei/ Century City*

Blue Diowms urban finge
Brackenfell Granite outerop

Cape Flats Nature Reserve®
Capnicorn Science Park*
Crosseoads open space

Driftsands Natore Reserve®
Dhinefontein Road-Lansdowne Boad open space
Turbanville Racecourse
Drarbativillle Natore Beservet

Sire adjacent to Edith Stephens Nalure Reserve
Edith Stepheris Nawre Reserve®
Eetste River Quarry industrial site
Hanewer Park open space
Kenilworth Racecourse
Khayelitsha open space
Kraaifontein Forest Resenve
Lansdowne Read-|an Smuts Dirive open space
Lansdowne upen space
Lansdowne Road open space
Mlacassar Dares

Khayelitsha Mew Way open space
nilnerton lagoon mouth
Milnerton Racecourse®

Mitchells Plain-Khayelitsha Flats
NT7-N1 road interchange
Newfields open space

Notthpine open space

MNorthwest of Penhill Road
MNyanga Railway opet space
Pelican Park-Zeekoeivlel Flats
Penhill Estate site

Penhill/Eerste River open space
Phillipt East site

Phiflipi Wetland

Plattekloof Natural Heritage Siee”®

Continnes overfeai



Appendix |

RIETY
RONDCO
RONDEA
RONDVL®
SAND
SOMOCH*
STRANDF
SWART
TOKFR
TYGNR®
WELM
WEI'T
WING
WOLFNR*
wWOooD
YOUNG

Rietvlet Protecied Areat
Rondebosch Common
Rondebosch East open space
Rondevlia Wature Reserve®
Sand Industma sine

Somchem industrial sire
Strandfontein Road open space
Swartklip open space

Tokai Forest Reserve
L'ygerberg Namte Reserve®
Farm Klein Welmoed
Wetton open space
Wingfield Military Base
Wolfgat Nature Reserve?
Woodbodge 1=land
Youngsficld Military Base




Appendix 2

Habitat types present on the siudy sites (developed from Figure 2.2). Each habitat is a unique combination of the vanables. * denotes a
protected area. Empty colis represent an absence. Site names are given in Appendix 1.

SIVE CODE  [SOILTYPE [SOIL. PROPERTIES RELIEF T  |GEOILOGY  [WATERBODY TIABITAT,
TaMEB* Acidic deep =120 m {flat & subduocd) | L ;
T3MB* Cliy/loam  |shale derived =120 m (flat & subdued) > - T e -
TaMB* Acidic deep =120 m {flat & subducd) _ Stnding (marshy/ bopey, perennigl, estuannc) 53
ALLCI Alkaline embryo i <120 m {Hat ¥ subdued) i 16
AECT  |Alkahne regic <120 m {flar & subducd) Standing (marshy/boggy, perennial, fresh) 1
ARCT Clay /loam shale derived <120 m (flat & Eubﬁuéd:l o Sﬁ;diﬂg {m:r;iiyfbuggf, seusotial) s
AE{I Alkaline tegic <120 m (Hat & subdued) Standing (mawshy /hogey, perennial, estuating) 16 .
BDOWNS Acidic shallow <120 m (fat & subdued) 23
BDOWWE Allealine non-repic =120 m (flat & suhdoed) 3
BELHAR Alkaline fegic <120 m (flat & subdued; ' 20
BLKFAUR Alkaline Lepi <120 m ({lat & subdied; ! T 20
BLKIAUR Acadic deep <120 m {flar ¥ subducd) Standing {macshy/boggy, perennal, fresh) 6
BLEFAUR Acidic deep <120 m {far & subdued) Flosning {perenmial, fresh) 34
BLOUFYN Acidic ideep =120 m (flar & subdued) ferticrete 35
BLOUY N Clay/loam granite deoves) =14) i (flar e subdued) 36
BLOUINYN Alkaline regic =120 m {flar & subdued) 5 37
BLOUFVN Clay/loam  |shale derived =120 m (flat & subducd) -' 24
BLOUFVN Acidic deep =120 m {ilat & subducd) 9 5
BLOUREN Acidic shallow =120 m {flat & subducd) 77 '
BLOUREN Clay/Tomin ranite dermed =120 m {flat & subdued) 36
BLOUREN Clay /loin chale derived <120 m (undulated fsteep & dissected) 38
BLOUREN Clay/loam ghale derived =120 m (undylated/ steep 8 dissecied) shale 39
BLOUSTR Alkaline AGN-TCgIc <120 m (flat & subdned) : =T 3
BLOUSTR Slkcaline tomc <120 m (flat & subdned) 'Stﬂﬂd.lﬂ.g [moarshy/ bogpy, perenndal, fresh) 1
ELOUSTR Alkaline teaic =120 m (flat & subdned) limestone 2
BLOUVL* Alkaline repic <120 m (flat & subdued) {Standing (marshy/boggy, percnnial, fresh) 1
BLOUVLF Clay floam shale derved <120 m (flat & subdued) shale Standing (marshy/bopgy, perennial, fresh) 40
BLOUVL* Acadic shallow <120 m (flar & subdued) Standing (marshy/ bopgy, seasonal) 41
BLOUVL® Acidic shallow <120 m (flat & subdued; ]

Continues overfeaf




BRACK

BODEDTIRE IBEla e
J | =y |

>120 m (flat & su

e ——

Appendix 2

BRACK shale denved >120 m (fat & subdved) anite ] = | T
BRACK Acdic shallow >120 m {flaf & subducd) Endnm: ) S i B
CAPR]* Alkaline |eegic <120 m (il & subdued) i 20
CAPRI* Alkaline regic <120 m (fat & subdued) calcrele Standing {marshy /boggy, perennial, fresh) 13
CENR* Alicaline ic <120 m (flat & subdued) Standhng (m:hy."lnﬂy. perential, fresh) 1
CHNR* Alkaline tegie <120 o (flae & subdued) limestone 2
CFNR* Alkaline non-tegic <120 w {flar & sohdued) 3
CFNE* Alkaline regic <120 m (Bat & subdued) licnestone Standing (marshy /boggy, seasonal) 4
CROSE Alkaline repic <120 m {fac & subdued) 21
CRIFTSE! Alkaline nun:rcgi: <120 m [Bat & subducd) B el :
DRIFTSR* Alkaline non-regic <120 m (flat & subdued) Standing (suarshy/boggy, perenntal, estuaring) 20
DUINEF Acuhe deep <120t m (Hlat & subdoed) iStanding {marshy /baggy, perennial, fresh) 1
DURBNR? Clay /doam shale derived <120 m (flat & sobdped) 1. 24
DURBRNRA | Acudic shallow <120 m (Hat & subdoed) 23
DURBRC Acidic shallow <120 m (flar & suhdued) 23
DURBRC Clay/loam  |shalc denved <120 m {flat & subducd) g 24
DURBRC Acudic shallow <120 m (flat & subdued) T Standing (marshy/boggy, perennsl, estuarine) |7
DURBRC L Acidic shallow <120 m {flat & subducd) terncrete 25
EDITII Andic deep <120 m (flar & subdued) Standing (maxshy /hogey, perennul, cstuannc) 54
EDI'THNR* Acidie decp <120t m (flar & subdued) Standing (masshy/bogey, perennul, fresh) i}
EDITHNR" Alkaline fegic <120 m {flat & subdued) Standing (marshy /boggy, perennial, Fresh) 1
EDITHNR* Acidic deep <120m [flat & subducd) ' Standmg (mzmhy('ﬁ\g:gy. perennial, estuanne) 54
EDITHNR® Allkaling ICEIG <120 m (flat & subdued) Standing (marshy/bopgy, perenninl, estuann) 15
EERQR Acadic shallow <120 m (flat & subdued) 23
EERQR Clay/loam  |granile denved =120 m (flat & subcdued) 13
HANOV Aadic jshallow <120 m (fat & snbduncd) granite 32
KENRC Acidic ldeep <120 m (Bat & subdued) grasite 5
KENRC [ Acidhe Jdeep <120 m (Aat & snbdned) Standing (marshy/boggy, percunal, fresh) o
KENRC Acdic shallow <120 m {flat & subducd) Standing {marsby/boggs, percnnul, estuaring) |7
KENRC [Clay floam __|shalc denived <120 m (fiat & sobdued) Stznding (marshy/ boggy, seasoual) 8
KHAYOS Alkskine e <120 m (flar & subdued) 20

Continues overleal




<120 m {flat & subducd)

lirme st

5|mding mmhp’bomp', pm: &eh‘}

h__f{;:_rpendﬂ:?

[KRAALIF Aadic deep =120 m (flat & subdned) 0

LANJAN Acidic "deep <120 m (flat & subducd) 19
TANGS Aoidic idesp <120 m (Rat & subducd; 19
T.ANRD Acidic deep <120 m (flar & subducd) 19
MACASS Alkaline cmbryo <120 in {flat & subdued) 11
M‘._l_:iss Alkabine nnn-1egie >120 m [tlat & subdoed) ; Standing {marshy/ hugﬁy. prereriral, fresh) 11
MACASS Alkaline embiyo 120 m (flat & subdoed) ~_[Pan 12
MACASS Alkaline DOT- 1 i <120 m {flat & subdued) - Stanchng I:marsh}*,.-"'h_nﬂ. perennial, estuaring) 13
MACASS Alkaline non-regic <1200 m (flal & subdued) limestone 14
MACASS Alkatine non-regic <120 m {flar & subdued) litnectone Sranding (marshy heggy, scasonal} 15
MEW Alkaline regic <120 1 {flat & snbduecd) 20
MW Alkaline rogic <120 m (Hat & subdued) Standing (marshy/boggy, perenaial, estuariog) 18
MILNLM Alkabne rege <120t m [flat & subdocd) 20}
MILNLM Alkaline regic <120 m {flar & subdusd) - Standing (marshy/boggy, perennial, fresh) 1

MILNRC* | Agadie deep <120 m {flat & subdued) femicrene 36
MILNRC*  Arsdie deep <120 m (a1 & sobducd) ferniciete Standing {marshy/hoggy, seasonal) 57
MILNRC* Alkaline \regic <120 m (far & sobdued) 20
MILNRC® LAcidic ideep <120 m (flar & subdued) Sundmg (marshy/boggy, perennial, fresh) o]

MKFLAT Alkaline mon-regic <120 m {flat & subducd) ' 3

NTN1 adic deep <120 m {flat & subducd) 19
N2 Acudic deep <1H) m {fat & sohdued) Standing (marshy/boggy, seasonal) 30
TN FAcidie deep <12 m (flar & suhdued) fernercte Flowing (perennial, estuarine) 31
NEWF Acidie deep =120} m (flar & suhdued) 19
NORTHP Anadie shallow <121} m {flat & subdued) 23
NWPEN Acidic deep <120} m (flat & subdued) 19
NYANGR Acidic deep <120 m (flat & subdued) 19
PEILZEEK Acadic deep <120 m (flat & subdued) Standing (marshy /hoggy, petennial, fresh) o

PELZEEK Alkaline regic <120 m {fat & subdued) Standing (marshy/boggy, pereniual, estuannoc) 18
PELZEEK Alkaline ; <120 m (far & subdued) Standing (marshy/boggy, percnnial, fresh) 1

PENEER Acidic ldecp <120 m (flar & subdued) 19
PENEST Acidic ldeep <120 m (fat & subdued) Soaes 19
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Appendix 2

_|SONUTYPE [SOIL PROPERTIES [RELIEF T IGROLOGY [WATERBDDY TR
Alkaline r:gn: =120 m {Hlac &Hshu_hda;.lcd} jhmestone Standing (marshy  hoppy, poeanndal, fresh] A E

PHILEAST Adkaline non-rogic <120 m (flat & subdued) i 3
PHILEAST Alkalme egic E'l'ﬂ]_h-.u_{f_lar & sulduned) calcrote Sranding (marshy / bogey, proenndal, frosh) 43
PHILWET Acidic deep <120 m (flat & subdued) g 19
PHILWET Acida; deep <120 m (flat & subudued) Standing {matshy/boggy, prienaial, fresh) &
FLATTIE"  |Acidic deep =120 m (flat & subdued) B g
FLATTLE?* Alkaline Non-ICEIc <120 m (Oat & subdued) 3
PLATTE* Acidic deep =120 e (flat & subducd) Standing (marshy/bogme, perenmal, fresh)
PLATTE* Clay/oatm shale derived =120 m (flar & subducd) shale Standing (marshy /bogery, seasonal) 1o
RIET* Acidic shallow <120 m {far & subdued) - Stancing (murshy hogey, perennial, fresh) il
RIFT* Acidic shallowr <120 m {tlat & subdued) Standing (oasshy /bosgy, perconial, cstaarine) 7
RIET* Allealine embryo <130 m {tint & subducd) Pan 12
ERIET* Clay/loam shale denved <120 m (flar & subdued) shale Standiog {marshy/bopgy, scasenal) 61
ERIET* Acidic shallow <20 m (flac & subwdued) Flerwing (porenmial, fresh) 62
RIET* Alkalinc el =120 m (fat & subdued) 20
BIT#1' Acidic shallerar <120 m [flat & subducd) 23
AN Alkaline tegie <120 m (flat & subducd) Standing {mar!hj'fllmggji, p&fenrdal, fresh) 1
RONDCO Acidic deep <120 m ({lar & subdued) Standing (marshy/bogpy, perennial, Fresh: i
RONDEA Acidic deep <120 m (lat & zobdued} 19
RONDEA Acidic deep <120 m (fat & subducd) Standing (marshy/bogey, perenninl, fresh) 6
ROMNIWVLY Alkaline fon-regic <120 m {far & sobducd) Standing {marshy /hogey, perennial, fresh) 17
RONDWVLY Adlealine Egic <120 m {flat & subdued) Standing (marshy /bogey, perennial, esmarine) 18
ROMNDVLE Acidic decp <120 m (Har & subduned) 149
RONDVLE Alkaline rEgic =120 m (flar & subdned) 20 _
SANWD Aridic deep <120 m {flat & subdued) Standing {matshy,/boggy, perenndal, fresh) i
SOMCHY Alkaline cmbrvo <120 (flat & subdued) - 10
SORMCH® Alkaline rogic <120 m {flat & subdusd) Standing {marshy ‘boggy, perenndal, fresh) I
SOMCH* Alkaline 1cgic <120 m {flat & subdued) calcrete 52
SOMCH* Alkaline fopic <120 m {flat & subdued) limestone 2
SOMCH?* Alkaline rogic =120 m {tlat & subdued) T'an 53 N
STRANDF Alkaline non-rogic =120 m {tlae & subdued) 3
STRANDF Alkaline non-rogic <120 m {flat & suhdhaed) Standing {marshy/bopgy, perennial fresh) 17
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SITECODE  S0IL 1YPE :SOIL PROPERTIES

WATERBODY

Appendiy 2

Standiug (marshy, boggy, perennial, cstusrine) |18

STRANDE Alkaline regic <120 m {flar & subidued) [
SWART Alkaling regic <120 m {flat & subducd) Flowing (porermial, fresh) 53 '
SWART Alkcaline non-regic >120 e {flat & subdued) o & 59 ]
SRARL Alkcaline Non-Tegic =120 i {ilat 8 sabdued) Standing {marshy /bogpr, porennial, fresh) 11
TOKFR Acidic shallow =120 m (flat & subdued) ' i 27
TOKER Clay/loam  |granite denived >120 m (flat & subdued) graare 78
TOREIR lay/loam shale denwed =120 m ({lut & subdocd) i 29
TYGNRT lay/loam shale denved =120 m (flar & subdued) N Vlowing (scasonal) 44
TYGNR* Clay/loam  [shale derived <120 m (undnlated /steep & disscered) Flowing {scasonal) 45
TYGNR* Clay /loam shale desived =120 ra qundulated / steep & dissected) Flowing (scasonal) 46
TYGNE- Acidic shallowr =120 m {flat & sxﬂhducd) i Flowing (seasonal) 47
Ty GIME™ Clay /loam shale derived =120 m {Endu]ated,-"'s:eep & dissected) shalc standing {marshy/boppr, seasonal) 48
TYGNR™ Clay/loam shule detived <120 m (undulated/stcep & dissected) shals 49
TYGENE- Clay /loam shale dedved =120 m (undulaged/steep & dissected) shale 39
TY GRS Acidic shallow =120 m (Bar & subdued) 27
TWELM Addic shallow <120 m {flar & sulwdued) ranie 52
WELM Clay/loam  |gramute derived >120 m (flal & subducd) gramite 28
WELM Clay /loam shale deoved =120 m (at & subdued) 29
WETT Aadic decp <1200t (flur & sobdoed) Standing {marshy /bopgy, perennial, froshy &
WETT Acid deep 120 tn (flar & subduoed) standing {marshy loggy, perenmul, frosh) &
WG Aricdic deep <120 m (flar & subdued) ; 1%
WG Acidic deep <120 1 {flat & subducd) Standing {marshy /hogey, petennial, fresh) i
WG Acidic deep <120 m (flar & subdued) Standing (roarshy /bopgy, scasonal) 30
WOLFNRF Alkaline cmliryo <120 m (flar & sobdued) 10
WOLFINR® Allkaline non-Tepgc =12 (Flan & subdoed) o Standing {marshy ropey, perenndal, froshy 11
WOLFMNR* Alkaline rogic <120 m (flar & subdoed) 20
WOLFNE* Alkaline regic =120 m fflat & subdped) calcrete 21
WOLFNR® Alkealine regic =120 m (flat & subdued) limestone 22
WO Alkaline rege <120 m {flat & subdued) y . 200
YOUNG Acidic decp <120 m {flat & subdued) T 19
YOUNG Acidic decp <120 m {flar & yubdoed) i Standing {mnarshy ropgy, perenmal, fresh) i






