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Chapter I 

Chapt~r 1 

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

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

'Th.~ Cape Hats (Western Cape Province, South Africa) is situated on the low-lying sandy 
plain immediately adjacent to the Cap" P~ninsula, and is part of the m~.Jiterrnnean-climate 
C~pe Floristic Region. jijre-d~'J'Cndant Sand Plain I'ynbos, Strand,·cld and West Coa't 
Renosterveld exist on narnn.l and s~mi_narural renmants in~rsp"rsed in a hostil~ landscap"_ 
lb~ Cape Flal', it, botanicol attribut~s and the thr~aten;ng proC"-lS~s that pr~,\",il in its 
dernely populated urban matrix are introduced. Broad overviews of aspects of the 
biophy.ical environment, th~ flora. land transformation, the .ocio-political ~nd instirutional 
environment, and cons~rvation initiatives are presented. lbis cho.pter provides a framework 
for the general approach and the methodologies used ill the mulie. contained in this th~"is. 
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INTRODUCTION: AN ECOLOGICAL AND CONSERVATION 
PLANNING STUDY OF THE PLANT BIODIVERSITY ON 

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

'The lim". "f ,hi, p,,,,di« gIn, """'''''" fnc """ •• m:;"ty. Some of lhe ,'lei, and puul> n." 
civjjj,.Liun have !':'"" wilhin the .... ,i"r's tIlemo,y, drained 01: iillcd in .. , There I' a r.~1 need to ",'e 
.umc uf the particLLlorly in!cte>tltlg ",d .ccc"iblc .rca, frn: 'he m. ,nd enjo}"",m of future 
g.ner""om, _ " M,. Edilh I. JI,_"mr, IIx finl fJlrd, /,dur<r i. ""'I""}' at tI~ UHiwrrity ,F C"fJ< TlJw~, Cop, 
T.illn. S,ulh Aji'-", (S/'fib,",<, J;ll;Jt). 

Th" l.ap" Flars i, one of I he oldest urban ,ettlemem, in :'-out h ,.\ fti<.:a ([)""~()n, 1 9')2), ~nd 

Is situated ill the \,\;' •. 'tern Cap" PrO\i\JIC~_ The iand'cape is • matrix of urban de ... lopm~1lI.' 

int~rsp""ed Witll fragment. of narurnl ~nd ,.,nu-namral hab1t~t. U tbaIl1,ation is "eaolil y 

•. s~abting, prin~'pally in atea, of high hllman d~mil.l" and hllm"n density ha, ~en shown 

[0 be in ... rsell' rdated to land pwtection (Dewar & Wmwn, 19'JO; Wood et tiL, 1994; van 

\X'ilgen, 19%)_ Given the llnpre<.: •. denkd de<.:lin'" in plant 'pecies and habitan~, ~ 'e,uli 

The overall objecti,'e of the the,i, i, to provide in;ight, to the fragmentation of th~ Cap" 

Flat' flora and Ih~ ",ketion of key areas th~1 can be'l con"'1"\'e th~ sP"~"" and habitat,_ 

\\1111. there i," large body ofliletatut<; on Ih~s~ i"u~', Ihi, th"" is aimed at contributing 

to eillrent con,..rvation initian,-",_ This ~hapt~r inrrod""e, th •. enVlIonm. nt of the C.pe 

Fla" ~nd se1"\-e, as the bahls for th •. gen •. r.l approa~h of th •. them, A brood ewernew I' 

pt0\'id~d of Ihe bIOphysical enYlwnment, the flora, lmd trlInsformation, COmeIv.[Jon 

initiatin., ~, well as th •. SOCIO- pohtical em-lIonment and instirutional "ontext that have, 

and eominue, to influenc •. conserv'lItion on t~ Cape l'lat" 

1.1. STUDY AREA 

T~ politic"l/ adlnini't,,",iv~ i uI1sd,ehon of the Cape Fbi, fall, wi I hin the C"P'-' 

't--letropohtan Area (> 1 J(X) km') (\-lk'l~m Cap" I'w" ince, SOUl h .-\ ftlea) (Figute 1.1)_ 

1 TIli, quo,aciOfl i, from. hook ,"'o",ld "'" ,obonc< ~de [<0' ;';';';"g 1,,",n;", ", I~O C.po r"'~"l"'~ng 
ill the }In,i,!, A,,,x-"';on [m ,he ,Id"ll>,comm' of &.ion"" 
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The Cape Metmpolil~n An'a incorporates three broad phyhlographlc f~~rure" the Cape 

Pe1l1mula (mouJlmJn chain), the Cape Flat, (a lov,'-IYlllg pla11l adpn'M to the Cap~ 

i'~ninsula) and the Darling/Da<"<,nlxotg aru (~series of undLIl~tin8 plalm to Ih~ north of 

the Cap~ FIaIS and Cap<' i'minsLIb) -('-'X/ood tt ai., 1994), abo nomlllally tdem,d to as the 

W'~,t eoa,t Lowlands (Boucher, 19f\7; BOLIch"," & Moll, 1980)_ 

'Il", majot physiographic f"alure of the Ca~ Flats" Tygob.:rg 11U] (most of which l.' ~ 

protected area), which al it< high~SI. allimJe of ovn 4()() m. forrm the nmlhon, mo,t 

con'picuou, boundary of tIl<' snJdy area (Figure 1.1), Seve,-"l co~'tal ,ire, to the norlhwesl 

(in d",~ ptnxlmil y 10 '!'ygetbog I I ill) at~ al,o considered pan of the C~p" Flals, 'J'I", liabe 

Ilay coast form, the s.outhern boundary, and wa< hisIO!1C"Il)' chatanemeci by pockets of 

fixed parabolic and transv=~ mobile dunC£icids mlllg to ove,- HO m in plac~,_ Jl..l0,t of 

Ihe,~ JLIncfield, have now made wa)' for low-11lcom~ homing ~nd others are conted by 

den"" l1lVaSlve alien inf.stations (e.g. Acacia <y.--iopr). To the east lie< 'k I I ott~n to,,--I I oll~nJ 

mountain ran8'" and to Ih" w~,t, th" world famou, bndm",k ofTabk lVlountain and d,e 

'!'able B~y ,hore]mc (McDowell & Low, 199C1; \\:'ood ,/ ai., 1994). 

The 8"netal unJet<landing of the extent and tange of the Cape Flats has, over the years, 

changed cons"lerably, m~inl)' ~s ~ func,ion of pOlilic~1 and lllsnmtional irulSillctiom to 

facilitate du, ;mplemenla,ion of conservation activities, lI-bze & Rebelo (17';'1) rdn to 

mote Ihan HO'% of the Cape Mctropohto.n A,-ea as d,e Cape Flal<, 'talmg that I'he enlire 

lowland, of the C~p" Mctropolilan Area as well as pOUts of the highn-Iying 

Darling/Dassmocrg ",ea arc now part of the Cape lilat' (Cap" Fl~t, ,"11."11 k,m) (liigLIJ __ e 1 1)_ 

'fl,e Ca~ Flat, ,-mm strict" i, generally less than 120 m ~b"" e ,~a k.-cl (Sch"lk~, 1973; 

lv!eDowell & I.ow, 1';<)1); '!'hewn ,t ai, 1992), and cover, an are~ of ~pproxj\11atcly (71) 

km', '!'he Cape Flat, unJ'll J'frido ha< been ,ubiected to more mtense md far m()r~ compkx 

LItban impact, Oyer a longer p<"".u of lime and has for long l",en recogrrned as a urn',,,,· 

entity (flota, Mx;o-econonllc dynanlics illlJ the land owner<hip simal1"") (Low, 1979; Hall, 

1984; Dewar "" \l:/~t,on, 199(); lv!eDoweli & I ,OW, 1';<)0; ,\kDowell .t at, 1991; Dehren, & 

Wmon, 1992; l:\riJ8"man ,: ai., 1992; Wood ,I ai, 1';<;4; McKenzk & Rcbelo, 1997) 

compared to it< nw<l recent dehmit~tion by Maze & Relxolo (1999), Hcreinafter, the Cape 

Flat, is H,fnr~d to in conyenlional term, (Cape I'b" . ..-tm'IJ stricto). 
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'I'hc hum~n population of d,C Cape PCrlin"ula and the adJaccnt C.pe Flats far exceed, 

three million and is eSljma'~,<llo be llcrea'lllg .t4 - 5°/" per annum (Dewar & \';;'at«.>n, 

1 9?O; yan Wilg<:n, 19%)_ The pressure to deyciop I.he"e lowland" which ha"e been rated 

a, nn.:.>ng,t the m""t thre.tenee! ecosptems in South A mca (Hall, 19H4; I atman, 1986; 

\,(!ood ,/ a!, 1994; 'I'r1ndet-Smilh, 19%), i, immense. Ar""" along lhe Fal,e Bay coastline 

are particularly smceptlble to low-cost houslllg a" part of.n extensIOn of hou"ing proJj~"Ct, 

designed for d,C cconotnicall), and politically marginalised peoplc under Soulh Afnc.'s 

pr~'-d"'m political dispensation prior to 19')4 (\X'ood d aL, 19<)4)_ 

. rill' Co\PI. II -\ I S F~\ IROi\;\IIJ\ I 

2.1 BIOPHYSICAL FEATURES 

The Fynbos Biome forms p.n of the Cope Flomtic Region (caW ()()() km'), and occup;e, 

the extrenle ,,,,mh-we,1 of Soulh Afnc:! (T ayl",r, 1 ')78; Hond & Goldblatt, 1984; Cowling 

& Hillon-'I'a)'lot, 1994; 1997). The biomc IS known for its high ie,'d of dive"il.), and 

endenusm: ,even families and 198 gener:! ate r~'tricted to thi, regIOn (Cowhng & '-lilton-

Taylor, 1997). Mote r~"Cent t.ax",nonl1C work Illdi.tal'-'s t.hat "ome 1 (,0 va,;<:ular gencra are 

endemic t", the Cape FloriS[1c Refilon (1(,%, all dicotyledonous genera) and that a tot.l of 

WIH gencta, approlillll.tely half ",f which (>ccur III southern !\Erica (Dot,wana, Lcwtho, 

Namibia .nd Swniland), ate represented in the !lora (Goldblatt & ~Ianm[]g, 20()O). This 

OUbtanding plant divenitr is .tlI1Il\lt~,<1 to a high lurno\ier of "pecle, within and ktwecn 

h.bltat" CoJupled wi,h 'teep h.bitat fil'adient, (Simmon" & Cowling, 1<)%)_ The ex,reme 

south-we,t of the bio"''' i" arguably dlC mo,t I.l\ologicall)' well ,'luJied and unde"t()od of 

all areas m Africa_ 

Fire-prone and fIre-dependent ,hn.hlands dorrunate the Fynbm Bioll"', a feature of 

mediterranean-climate ecosystem, (J'a)'lor, 1 97H: Kruger 1,)79; Cowling, 19')2; Cowling ,/ 

01, 1 ')')8)_ So",,, of I he prmlary detemlin:!nl., of I hc vcgetation inelude periodic fire, 

predicmble ,~awnalil}' 010t ,umme.r drought and cold wmler rainfall), edaphic v",lability, 

and on the Cope Flat, .nd adjacent <-ape i'erunsub, a predominantly ,(tong, ",mmer 

soud,-easterlr wind paHern (D, meller, I <)87; Cowling ,r a/., 1992; h,:deri<:b, 1992; 

Simmons & CO'""ling, 19%: Cowling et of, 19')8; l'nwtt, 1998). Th~ e1l\'irontllcntal 

determinants of the Cope r'tats have ken well documented In the .1,,1>e-,tated tefetence,' 

~nd el.,ewhcre, .nd are thm not tepeated herc. 

; 
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The C~p<: Fbr, i, c .. 'cnli~lly a sandy "Ihmu< that <epatot~s 'f~ble Bay and Fal,c B~y 

(Deacon, 19'92) (l'igurc 1 I). In inclu,ion to the Af,ieu' m~inl~nd occurred ,,011:\ 000 years 

ago durmg ihe Lagt Glacial M"'"illTIum when the ,ea k,"el w", lo,,"cred by m 120 m 

(Schalkc, 1973,' theron et "I., 1992), "1 he surface material, of th~ '-ape Flo I, lowl~ nd, 'u~ 

mamly be""h dep'J>ir, th"t h~H bc~n 'Ub'c,-/ll"ntly t<;",ork~d by ",in(\ ~ction, and ~ f~w 

sporadic geological outcrops (lime,tonc, c~lcrct~, fenic,-~t~, ,,",nd,tone and b"anite). Due to 

thc wllld pattern, "'nds on the north and west of the Cape 1'1ats are therefore older 

(Sch~lkc. 1973). 

'ihree d,Stinct p<:dologied bar"j, extend from th~ coa<1 mland (Schalk~, 1973), e.ch of 

which broadly "'ppol'llhelf o,,"n flor~, (T~ylor, 1972; NUb"", 1979; ;\1011 & BosS!, 1984; 

Iloucher, 1987; J'rcd<;ricks; 1992). Soil< further mlarxl ore der,ved from ancient, 

I\lairne,b"ry Group shak, and Cape Suite gramtes (Schalke, 1973). Sand, nearer me coast 

are derived from w1T\d blown s~nd< and b~ach depmiLs (alkalme), 111 addill0n to mat1n~ 

sand< con'Lsting of le~ched c.rbon~tc c( >mpound, (acidic). 

]kfore th~ o",el of canalisation and filling m of ""etiand,, the Cape 1'1.t, l.nd,c,pe wa, , 

h)'drologic,lly dynamic enVlfonment (Ste"cn" 1 929; '1';,),10'-, 1972; Boucher, 1987; 

McDowcll & 1 "''', 1 990), In ,ome area, thi, i, ,till evident ,,"here the water t,ble IS near 

the ,mf,ce. Deprc,",ons oftcn flllCtu"te ,,'uh ,""",nal ,,'ater le,"eb ,,'hil~ oiher ate", 

rem~in p"rmanently w, te[logged, W'itrun co~,t"l dunc ,)",(1;111" wetbnds originate from 

k,ches mat h~Ye beco"'" patl.iall)' or completely cut off hom the ocean. The durarion 

.nd ext~nt of winter £loodl1lg " ihll.' r~W'rded os ~ criucal phase for the ,ubme!gence of 

~qu"l K • nd <eml-.quaric plants ,uch "' h"ln 'p"ck, (SteHn<, 1 9:!<J). Dep"nJing on ih~ 

gn >und,,"atcr regime, different l!lllnd~ti( >n pI'< >C~,,~, occu'-, th", Ic;lJl1lg to lindy del1mit~d 

ed~phic gradi~nl' (F",det1"ks, 1992). Howey~r, thc"" hydrologic.1 dyn:lmic, ha"c now 

I)(;~n Ji,mptcd b)' human 'Cli,"itie" 

2.2 FLORA 

Ila",d on structund, fl01;".ic and em'lfonmentol element" three yegctllrion type" Fynbo, 

Shrubland. (Lowl.nd F)'n bo< or Sand Plam F}"nbos), Clpe T r;lnsirional Shru bl~nds 

(Slfandvdd) and -';';'c,t Co~,t R~no<le!veld h,,'e been recogrused on the Cape J ibt, ~1011 ,I 

,,/.,1984) (Figure 1,2). TIl!' phynJ>ociolDglcal da,,,ficarion has become the ,ccepted norm 

, 
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Figure 1.2 Vcgclarion In"" (~",alldveld, S-'fXl I'latn J"ynb<;.o; and \l;ht C,,'" Rmmtu.dd) "f the C'I'e Hal;; 
and C~r" M""()i'!lliron }ltC" (aflcr LcN.' & Ket.lo, 19%). 1'1 .... co"""vcd ,i,,,, m, gcrm:ttl!' to 1 ')<)7/1 'l')~, 
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amongst coo3(:n"ltiQni:;tl wQrk ,og 0.0 the Cape I'ht, (e ,g , I.QW & RcLdQ, 1996). TI,(, 

sQuthernmost limit ofW'est Co",t Renoster;'ekl (Low & Rebelo., [9')6) occut, in the 

nQrthern and north-easterly, higher-I}~ng extremitie, of the ,tudy are~. In term, ot the 

hi,torical distributton, Ihe Cape ~lats" dQnl1oal(:d by S~nd Pla", Fy"bQS and Slraodvcld, 

and W a ies>-er extent, by Wbt CQa,t Reoo'tttvdd (Figure 1.3) . The adjacent Cap" 

Pet"n.,ul" i, predominantly vegetated by \fOlmtain Fynbos (Lmv & Reber.:" 1996). 

< 0.5% mSand Plain Fynbos 
38% 

CJ Strandveld 

• West Coast Renoslerveld 

62% 

figure 1.3 '1'he original extcnl ofth" v"SNacim lypes Oil the Cape l-1ats (ofter Wood d ai, 1 '1')4). 

CQwling & Heii"" (2IHI1) developed a <)<\em of land da$<e, ([>rQmi I laLitat Units, Kill's) 

llSillg a Geogt".lphical Infurmation System (GIS), tor the purpose, of con""rvation 

pLmning. The,e land cla"e, were ha,ed on enVlwnmenrnJ (Homogenou, nimale :r.oocs, 

geology and topography) and a"saGa\ed flor~,tic heterogenell} (Low & Rehelo, 10/)6), and 

are Ihu< Surto)',>l\e, for vegecillon 1 )'1"'" In Iheir study, CafX: l'lM, F)'" L1Q,/TIllcht lVIQ",,,c 

and lll""khe"th Sand Pla11l Pynoo, corresp,md with Srrandveld and Sand Plain F'\'nbos on 

the Cap" Plats respectively. 

2.2.1. Strandvcld 

Y Qung sand$ which indude mobilc du"didds (but nmv largely stabili,ed) occur on Ihe 

coastal belt of the Cape [lIats (Figure 1.2). Slrandveld ;< adapted to harsh wi"d)' conditions 

and fine .,ea 'pra)'s. 'Ihe,e dunefields m: cx \rernel y albJi"c, pOQrly ~onwlidated, ""d 

principally wpport Srrandveki. Thi., vegetation [l'pe is charac\criS(:d by brQ'ld leaved and 

often weakly 'pinescent ,hnli.>s, w1l h a comparatively high mcideoC(' of succulents 

(Boucher & .... foll, 1979; Kruger, 1979; Boucher, 19H7). 

, 
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Chapter I 

Iktween 1',183 and 1989, th~ Clp<' f<lats e"p"nenced a .,;()'". reduction in the,e habitats 

'lCCDmp.l11ied ,,~th an increase in threat<en~d phu,t ,p~ci.,;s (.\-\cDm.dl & r .ow, J99(j), In the 

1 <)<)O's, the decline of trdn,format1l)n I)f Sand Pl"in Fynbos ,,,,,1 Sttw"h-dd is evident only 

oecatl,e latge-"Utl.,; dn'dopn",nt' are limited due to the availaoility of wntitnHJlJS tra<;ts of 

land. 

10"10 

D • • • 
Ur~nisation 
Woody alien invasive plants 
Agriculture 
Remaining natural vegetation 

Sand Plain Fynbos Strandveld 

73% 10% 

Figure 1.5 ·nl(.' extent of wu"U)[matM)n hy urh"'Lisa~o". :l!icn JIlvaSn e encmachIllem J1ld '8tiClI (ul'e 
in tlK tWI) main \'cwratioll typ'" 011 the Cal"-' rtal:; {JdJpled f.-r)(Yl Wood ,{ ai, 199,1) . 

Ilabitat conversion on the Cape Flats is prin,ipally due w uroanis'lril)", inV'lsiy~ "I;";n 

~nuoachm~nt and SIllnn-scale "l',ncLlIlllnl activitie, (I'igme 1.S). Sand Plain ['ynol)' 

haoitats ar~ rda\1vdy elSler to e"pk)it fl)r urbani,ation ,ince dle,e miami ,and, are dnl)\d 

or Ix:drod., have.1. k)wer water table than Strandveld and th~ rdi;;[ is gt.'nnally 1],1tt~r than 

the dune plain, (\Vo<Jd ,( ai., 1994) /\s av"ihbk land dim",i,h~d in SawlPhoin Fynbos 

habitats, bnd '" Strandveld habitats oecarne th~ suLi<ect o[ urhuo'satil)" (Fi)9,"<e 1.4). 'j'he 

switch co-mcided with a tapid incn'''-'~ in urb"n,,~tion on dle 197(j, when, under the 

prevIOus political dj,pen,ationl)f South ACnea, Corc~d r~tnovals and ,1n mllux of people 

[rom sLlburb, ,urrounding (,.ape Town orougbt aOl)ut "n addi lil)n,,1 pt~ssur~ to dndop 

Smllldvdd habitats (Lo,v & i\kKe()7i<e, 1983). 

The earlie,t, and ml)st notabk digturbanc," on th~ C,lf>" Flats, date back more th.m L,;() 

yeaI>'. An incl\;as~ in dnr tsands brought .1.boLlt by incre .. ,ed landme (Taylor, 1',172; Low, 

1979) led w the introduction I) r /1 caria Jali,gn(J "-,,d /1. ,.,dbps from ALlstralia by dle Colonul 
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-'Ian,' dedicai"d bolam,1S hm-e comribme.d to our primory botanical understanding of [he 

Cape Hat< (e.g. Stephens. 1929; ·1'aylor. 1972; K..ruger, 1979; Moll d al., 19K4; Boucher, 

19117; (:owl.ing, 1992). TM!e have also bee.n other< who have forewamed a ctitic~l 

situation rcgo-tding [he ~rs;"tence of the Cape tlats flota (I_ow, 1979; I fall, 1984; 

l\lcDoweli & Low, 10/JO; ;\1dJoowdl ,t tti, 10/)1, lorman, 1936; Wood iJI ai, 1994; 'l'nnder­

Smith, 1 0/)6; ~kKen.:zie & Rebelo, 1997; \'(Iood & Gibbs, 1997; ~hz~ & Rebdo, 1999), 

~Iuch wO!k ha, also taken place with te'b',ml, 10 the klenrification ofhr sites for 

CO"'~t"~tion on the Ca~ Flat< Gannan, 19H6: -'lcDow"11 & ]nw, 19?O; ;\IcKen~je. & 

Rebelo, 19'97; ~bze & Rebelo, 190/); l\!oddock & Benn,;n prep.), 'lhe<e b~ve lak~n place in 

tandem with the ""fl1lement of conservation planmng methodologk, 

Con:;<;tvatlon plannmg h~< <een a< <hift over th" last ten )'~a[-, to hecome more 'ptemaric 

and ,t.ralCgtc, and du ~rproach has bun to consider sooo-economlC [<sue' that inl1u~nce 

the Implementation of plans. The Cape A~tion Pion for the. Environment (CAPE Project) 

(see Cowling d (11, 'J 999) and the Cote I-lor<! COTl>erVaL[()n .. \ te~, on th~ Cape Flat, (Maze 

& Rebelo, 1999) are Significant conservarion planning iniriarive., to this end. 

A wid •. nnet)' of ,",,"a.-ch activiLi" ha, th",dnr~ fex;us",d on the Cape Flat" oil primarilr 

~dd~<Sing [he conselvation plight of it, flota. A positive 01llcome of [hi, [< Lh~[ good data 

sets hore be.en de,.dop"d. j)u~ LO th~ dynamic ch~ngc< laking rla~e. in th~ urhon 

~n nronment of [he Cape Flat" d,e,e data sets ate constantly changing, '1 he llnplication of 

I hi< " lhal. as fast as conse1"\-ation and management recommendatlons are being made, [hey 

are becoming 'outdated' _ As <uch, plannmg pr""""'" need to be dynamic in that the)' 

,hould rdl •. cl these chong<:s in C01l>","ation and tnanag"1nCnt r~cotntnendotion', 

I HI'SI~ "1 Rl ell RI. ·\:-";1)01 11.1~1. 01' UI:\I)IU~, 

Till' tiles", ,tudk, the ftagrn~nted landscape of the Cape Flat" and attempts to pooriti<e 

frngment' for comen-ation b~sed on th~ir bio\:)gical .nd ph)'sic~l pmpertics, and their 

socio-e~onomic 'etting, Th~ th~,i, fint cxplor~' th~ bioJi"".<,ily fc~tur~' 10)' <k,c.<ibi,,!': 

and quantifying the 'p<:ci" and h~bit~t<; 11 also explore, the threat< to th~", feamres, .nd 

bence, coyer> the derivntion of m"tri~< th~t td2lL~ to di,mrbanc~ ~nd socio· economic 

f~C[or,. 'l'M degree ofhabllal lo&< ondd"gt.dotion on [he C~r" Hat, hos had obviou, 
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con"''locnce, in t.erm, ,,[ the plan! biol~ per,i"ing ""irhin and ()utsi<k, th~ '-X1sting reserH 

~,mt", A, such, Ih" th~,is .1,0 [ocu.,e, ()n th~ ~cologlc.l dynarrue, that are rhoughl to be 

,.e,p' m"ble for delenlllnlllg 'peel'" nchness, namely habitat hcterogcneity, threatening 

processes and fragment ~i",e. \1ainlaining ~~1ITen\ levels of >pedes richness requires ~ 

'trate~c and system.tie appro.ch to consery.tion pion, ~nd rheM Ill'plement:lli,m. The 

en,uing chapters ~ddre" th~se Issues. 

r.hapftr 2 pre.,..m, the sUldy sites us~d in lhi, thesis and thdr biodi\'~rsity feature"~ n.mely 

Sp"Cles, habirat" tl,,~'~t~ned ,pecie, (referred to~, Red Dat:.l 1.iS! 'peck,) ~nJ enJemk" It 

Je~l, 'peeific~lI:y wid, the dassific.oon of the. study ,ites in tertm of h.bit.n, ~nd the 

sillulorily grouping (<lrJinati(m) ()[ ,pecie, ~nd habil~[ ~,&:omblage' mrnp"sing the Cap" 

Hats flou. It also evalu.te, the dtffC!en~es lx'D;\"Tn resctvcJ .nJ urnesetH.d ,ires base.d 

on the numbe" o[ l';n.,1i,'ermy fe.tures and roc ,ize .• of .ite" Chapt", J use, a multivari.!e 

modeling appro.ch t() Jet{'tmin~ tl", extent to WlllCh fu~nent size, habitat hetenlgeneity 

~nd d=~rening proce,,,-, (.s p",. ~ vulne, .. bility index) c, ml mlle",-l, of 'p~cies rkhne,", 

anJ pu," f<lrwa,.d practical recomme.ndations for preventing or minimising further spe.~, 

loss, Chdpkr4 focuse, on the selection of pri<lrity ,it~s for mn,",v.Uml b~,,-J on spe.cies 

and h.bi!>t, in relation to threatening processes ~nd public/ins, jtut.jon~l ,uPP0rt (defense), 

l)~u &:01, for 1997/1998 .nd 200 I .n' analy",d sep~utel)' lJ.,ing a ,t,-p_ ""i"" rkhn~"-ba,,,d 

.lgorithm, Con"'n'~t.ion prlOritie., .nd approaeh", to unplementation .re ,li,eussed. The 

final chapte~ ,urnm~ri,es the ,werall finding' of the p!eYlom chapters, and clo,es with 

",.,me. perwnal.nd \'ely gennal f'<'r'pecti,'es ()n how lJtb~n consetv ~,j()n !rl1ght Ix 

,ucce;;ful Ul.n area ,u~h a, the Cape F1 ~!,_ 
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AN ACCOUNT OF THE FLORA OF THE CAPE FLATS: STUDY 
S1TES, SPECIES AND HABITATS 

'lbe amount and distribution of bioon'ersitl' features acto" 59 sites on the Cape Flat>;, and 
difference, between consen'ed and unconseryed sites, were addressed, The biodtversity 
fe~mres examined were all species. habitats, Red Data illt 'pecie, and endemic" A IOrnl of 
1 192 vascular plant ,pedes, 47 (fa 4%) of which h",'e appeared ill Red Data li, t" were u,ed 
ill this ,rudy. The number of ~'t1dcmics strictly confined to the Cape Fillts wa, found to be 
lower than previou5 accounts (En'", ""tifilhfa, E"pooriJia mariofhilma, Ir""f" ffcllmi>Msimrrs, 
Sim/ria a,mHfa Vat, ""nt'JIa, S, """tlla v~r. f (Jlnicufaaa and j', fimdhta). Although all the ,ttlct 
~'t1demics were :recorded from protected arCA', further effort' are reqtured to resolve 
tlXonomic anomalie, and to d~";f)' thc true extent of then: di..tribution outSlde re.erved sites. 
A habit:>t classllicmon ' y,tem waS developed, and 62 natural habitat types were recogtmed 
across remnant ,it,," collectn-cly totaling 10"/, of the area of Cape furs. Heterogeneity. as per 
the number of habitat, . wa. d"tcrmined on the ba,i. of unique combllliluolL'l of four prirrulry 
h:>.bitat vanable, and their ,ulxlivisiom (",il, gwl.ogy, relief and "!~ter-bod!es). Species and 
habitat ass~'tnbbges of the Cape Plats were ex;lmincd using ordination techniquc •. La~tly, a 
1 -w~y ANOVA was used to Ie,t for differcnces betwccn rcsel\'ed ~nd unre'eD.'ed sites in 
temu; of the number of bIodiversIty features and size of thc sitcs_ The overall findings of this 
chapter infet that th~ highest level of biodh-ersitl' on the Cap~ Plat, appear, to exist in the 
reserve cst:>te. 
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AN ACCOUNT OF THE FLORA OF THE CAPE FLATS: STUDY 
SITES, SPECIES AND HABITATS 

I.J'..;IROLll( ILO'..; 

\Vhlle OJapM I mtroduced the Cape Jilats enViro!llnCnt, thi, ch~pter mtro<iuce, the ,rudy 

SItes med in trus thesis. '1 be obiecuve of tru, chapter ts to describe thc compo,ition~l 

dement, of the C~pe nat, flow, in term, of it, 'rene •. hahltatll, Red Data li,t specie, 

OWl.,) and endemics, in order to gam clarny on the mlOWll ~nd di,trihution of the,e 

biodiversity fearures across the ,rudy sites. A classIficanon system was developed fot 

habnats, and thi, habitat ,ystem w~, apphed d,cwhete m the the,,", n~mely ~nalysing how 

fragment ,i"e, thteat' and habitat heterogeneity control 'pecie, richne .. (Chaplff 3), and 

comervation pLaflnmg (Chaptrr,fJ. A classificatlon groUplflg and Orrnn~110fl, of 'pec"" and 

h~hllat assemblage', V{lI' conducted across thc ,rudy "'teo to understand more about the 

'patial ~trangemem of the bioJi,er,ity fe~rures of the Cape Hat,. La.tly, differcnce, between 

te,en'e.;l and unre,erved site, were te,ted for m terms of the nwnbet ofbloillvetSlty fearures 

(specie" habitats, RDL. and endemic,) and ,i,,~ of the ,ite,. Thi, pro\iided a coat, e 

assessment of the extent to which the reselve estate of the Cope t!at, CQntribute, to 

cornerYing plant biodivet,ity u,ing th~ number ofblodiv~tsity fearure, and th~ ",ze of .ite, 

as mrncotOts. 

'Ibe key que,tion, pre,erned m this chapter thm telate to the amount and dIstrihntion of 

blodivetSlty fe~tntes ~cro", the .tudy ,i'e" ,md differenc~s between con.en'ed and 

unconsen'oo ,Ites, 

~. \11 11101l<" 

2.1 SITE SELECTION 

Srndy ,ite, wete .elected on the bom of anilable mfotmation (repor(, and m~flagement 

plans) and whethel th~'Y were g<'netally reg,uded as bemg CQns""'anon-wotthy (hgure 2.1, 

AppendIx 1). These ,Ues CQ'"et a total are. of apptoximately 64,8 krn2
, roughly 10% of the 

C~pe I'l~t" The ,lZe, of the "lte. varied bem"ccn 1.3 ha and 1 242.6 h •. 
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to 

Aspalathus areneosa R extends to CP and WCLs 

capensis I extends to CP 

Clifforlia ericifolia E extends to CP and WCLs 

Clifforlia hirta extends to CP and WCLs 

Cotula myriophylloides extends to CP 

Cynanchum W1heri V extends to CP and beyond the eastern CF 

Diosma dichotoma V extends to CP and WCLs 

Elegia vemauxii V extends to CP and beyond the eastern CF 

Erepsia dunensis* E extends to CP 

Erica margaritacea" E extends to CP 

Erica mauntanica extends to CP and beyond the eastern CF 

Erica ,,,,rIM/lala'" X CF 

Euphorbia marlothiana" E CF 

Ficinia fastigiata* extends to CP 

Geissl)f'hiza bona.rpei V extends to CP 

I extends to CP and beyond the eastern CF 

E extends beyond the eastern CF 

Hermannia I'IIgosa V extends to CP and WCL~ 

Ischyrokpis sabulosa E extends to CP and beyond the eastern CF 

Isotles capensis var: slephmrenii* extends to CP and beyond the eastern CF 

Isotte.r slc/lenbos.riensis* CF 

lxia extends to CP and WCLs 

Luhenalia lilii/Iora I extends the eastern CF 

E extends to CP and WCLs 

E extends to WCLs 

R extends to CP 

u:ucadendron fforidum* E extends to CP and beyond the eastern CF 

u:ucatielldrrm /evisanus E extends to WCL, 

u:ucadendron E extends to WCLs 

u:ucadendron IlIJrlicillalum E extends the eastern CF 

u:ucospermum grandijl/JI'Um V extends the eastern CF 

Lobelia limosa I extends to CP and beyond the eastern CF 

Mllraltia salu",ioides var .falleri E extends to CP and beyond the eastern CF 

V extends to CP 

Passerina paludosa'" E extends to CP 

Prolea odorala E extends to WCLs 

P.mralea ,giaucina E extends to CP 

ResttO mican.r E extends to CP and WCLs 

S errnna aemula t)ar. cOlt!!sla* E CF 

S errnna aemula var. foeniClilacea* E CF 

S errnriafumllata* X? CF 

S errnn'o tn'lopha E extends to CP and WCL, 

T rachyandra bracbypoda extends to CP and WCLs 

soli/aria* extends to CP 

WatsGnia tahularis extends to CP 

Wurmhea hiemali,'" extends to CP 

16 
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2.5 COMPARISON BETWEEN RESERVED Al'\fJ UNltFSEltvr·:D SITES 

I te.ted the null hypoth~si, that there IS no 'ignificant difference m the "-1ze of SUes (I",) th"t 

~re t e, erved and ,ites th,,1. ar~ not protected. I also test~d the null hypoth~sis that there i! no 

difference ill the nwnb.:t of biodiver!lty fearur~s on r~set¥ed ""d llnre,er'ed .,ite,; te.Th wete 

dO!1~ for the number of total 'pe<.:ie., endemi~., RUG and habitat,. A I-way analy,is of 

vati~n~e (A 1\;0\".11) (Zar. 1984) '" as l1S~d for both th~se tests. In th~ latter, !i~e wa, used "'" a 

conriable ,mee thetc j, likely to be " tebtionship bel\>'een fearurc ,khness and size of the 

,ite (o.lbett w~o.k "CIOSS ill slte" see Chapl,r 1). 

The ,ample ",ze' used Wa~ n=14 for r~'~rves and n=45 for l.IIlprot~ct~d si\e~. Ho",erer, tn 

prdmunary test; for feature tkhne,", Bta~kenfell Granite out~rop (BRACK) emer~d as an 

outlier (size of 1.6 h.; to!;>l numkr of speci~! = 88), and W"S c"duded in the analY'i', 

Be~auoe the sizes of sites rary between 1.3 ha and 1 24-2.6 ha and counts of biodiverSIty 

fcarure. arc very different, this inherently riolat"s the assumption of the I-way ANOVA 

(7'''t, 1ge4). Th,s was clearly reflected ill the result output ",here all the tem were 

sJg1lificantly different but a",odated With hIgh C(>efficlent' of.",j"tion (fable 2_2)_ 

Tab'" 2.2 Outputs of the I-way ANOVA (,,-ith ,ite ,i'e " ~ ~"()·v:ui~ble) of %Vcngt: log munn for 
biocl,ver.'l)- fe.tll=, CV=Coefficient of v.ri.tion for .11 sites, Mcons are back-crMlsfonned, Sites 
con ... rve(i (n=14): ,i,,,, ullcon'",,-ed (n=44), 

0\ rpt t ,Itt ~"I(H~ II.UJ~ !"!lI\ltf~ H\lItt~t 

,,,-

Furthermore, the results were exaccrbatetl by the big ilifference in . ample .ize between 

conserved and un~on>erved site" TIlls pr0!11ptcd further lest. to sbed more light on 

differ~nces between re<eITcd and unte,et\'ed sit~s, .\s sl>Ch, differenc~. m th~ density of 

fcarnre. (number of b1odiv~rsiry fearure, pet he~lare) between ,ites "'ere tested fot, also 

ll-sing a I-way AKOVA. Thi, ,,)kmed for an an.lY'ls of bioJi"ersiry featllre, between sites 
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that ""eluded the consideration of the siz~ of "ks. Data were log-tmnsformed in .11 the 

Wsts. 

I. RI.~I 1.I ~ 

3.1 BIODIVERSITY FEATURES OF SITES 

A 10[~1 of 47 RDI.s out of 1 192 'pecies are known from the 59 smdy site, (m 4';',) (Table 

2,1). Of the"", SlX speCIe. or~ StrIctly confin~d to the Cape Flots. and are currently known not 

to occur {crrther afield (r:;rica wrtid/fata, F.uplwrhm tJ!ar/orhiana, lJo.lli H,lknbassimJ", .ferm';a 

11t11J1J!a Oar_ ,Ymlpta., S, /HtJ!/tta oar, ,i"'nimiaaa and S, ,fomtll1tdJ. All these ~nd~mic, are 

represented m protected oreas on the Cape Fbts. 

,\11 the reset~'e, have at lea't one I~COld of the OCcurI~nce of an end~!lIlc 'ptrie, and a RDI. 

except for R'etvie! Protected Are~ (RIEl) that h .. ne,ther one, >rbe latter i, import~nt for 

iI'" high number of aqu.tic habuat. (dght) (App~.ndix 2). Some 5(),,/, of the speeles recorded 

had. smgle occuIret\ce (Pigcrre 23), 36 habitats (58%) had a ,'ingle OCcurI~nce ~cross the 

,mdy si[es .nd the rem.inder h.d two to 15 occrurenc~, (Figure 2.4), H.bllat G, Habit", 19 

~nd Habltat 20, all which were not associated wid, geologic.l substr.tes, wer~ the most 

common habimrs (i.e. found on more than 10 ,ite,') (-'ee Appendix 2)_ 

3.2 SPECIES AND HABIT AT ASSEMBLAGES 

The clust~r .naly,i, for habitat ,imilan!} (r.:"dide:l1l di,'tan"<', ,'qu.red 1inhg~) ,howetl th.t 

Clm[~r I (1inkage distance 8) separates site, with ~lhl;n~ ,and element. (Figut~ 2.5), 

lhe outli~r H th~ highest linkage di,mnce (16) w~, B1uuberg Rcno,teIl'dd koppie sit~ 

(BLOUREN), and the next highe't wa, Tygerberg Katnre R~serve (1 YGNR), both 

R~nost~rvcld SIle, with d~y soils (Figur~ 1.2, 2.1) (""~ W'ooo & Low, 1993) (Append;~ 2), 

Blouberg Fynbos (llWUfY?'I), Duroonvillt- "'ature Rest'p,e (DUJUI"'R), Dutbanville 

Racecocrrs~ (DURBRq, _Milmnon Rac..:outse (1HL"'RC) and Bleak House-F.ut~ road 

,'erge (BLKf1ACR) are .Iso ,ire, )",arlllg RenoSl~rveld elemen~'I. The renliunder of the Ite~ 

(cluster II) 'pp~ars ro cons!,t of ,ite, with ~c;d sand, and/or day and lo~m , 
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DRIFTSR" 
AECI 
SOMCW 
PELZEEK 
MACASS 
BElHAR 
WOlnIR' 
MKFlAT 
CAPRI­
RONDVl" 
Pl-lllEAST 
CROSS 
KHAYDS 
BDOWNS 
LANJAN 
EDlTHNR" 
LANOS 
NEWF 
NYANGR 
DUINEF 
LANRD 
HANOV 
EDiTH 
MOW 
SWART 
PHiLWET 
WETT 
MILNlM 
WOOO 
BLOUVL' 
RIET' 

l-
f- j 

PEN EST 
PENEER 
NWPEN 
EERQR 
NORTHP 
KRAAIF 
BlOUSTR 
STRANDF 
SAND 
TOKFR 
WELM 
BRACK 
75MB' 
N7Nl 
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YOUNG 
RONDEA 
KENRC 
RONDCD 
WING 
BLKFAUR 
MILNRC­
DURBRC 
DURBNR' 
BLOUFYN 
TYGNR" 
BLOUREN 

, 
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f-

, 

-
-f-
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-
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II 
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II 

l'ljiture 2.5 T1"<," dj'i~m or h;, I~ l;il "!t·mbhgt~ '.Cto" lhe· >lUll)" ,ile_ ("'t- App'- Ilrl ix 1 rm the , ~b."v" Il"(1 
__ ;re '"mt-') ' J ;end JJ repre-,m! clU"t-I glOUps" c·k cu",cC! on til . " xc . • d. nC':es" pwtt'cted "lea 
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Table 2.3 Output,; of the l-w1Y ANOV A of ."<roBe density ofbiO<livc"iry feamres (log 
{""",formed}. l\!e.n, "'. b~k-tr,",fonnecl_ CV =Co<'ificicnt of nl'i.(ioll for .n lb. ,it«, n,=not 
"gnif><::.n{ Sit., con,e::ved (n" 14), unco!l>crvcil (n=451. 

OlIPll "'llq'I(ll~ RIJI~ I "[)Utl" H~1l11\J 

. LlI~U .,.,101\ 

Some 1 800 plant species of the Ca~ Flora are known or smpecred to Ix; threat~ned with 

extinction (Rcbdo, 2(02). This chapter ha, found the presence of RDL. on the CaP<' Hats 

to be .)1 4% of the lotal number of 'I><;cic~ r"cord"d in thi, srudy (1 192 speCIe,), and", 3% 

of the total number of 'pecies recoroed ill th~ Cape Flon rhal arc known or thought to be 

thr~at~ncd (47/1 800 speck,). Th" JllUnbcr of endemic, strictly «IX) confin"d to the Cape 

Flats ar~ tinea I'frtid!iilfa, EuphnrlJil1 m!lf'iotbi(ltla. Lfllttn ftlft'eniX!uimsfi, Sm7tria a,mllia vat. mn,getfil, 

J. aemlt/o vat. I",~i,."I",~a and S .. foml/ata. The.e 'peck., which ar~ aho RDL" are currendy 

kno",n only from re,en"e. and ate not known to occur ""tside the srudy ar,,~. Compar"d to 

th" Durban :'>ktropok (Kw:lZulu-N:ltal Provinc,,), a ,imilar-.ized urban centre 111 South 

"'ftiea, th~ number" of .mer. endenuc, and RDLs of th" C~P" l'hts are ~t leasl two to thr~~ 

urnes lower (,ee Scott-Shaw, 1999). 

Goldblal! <I<. Manning (2000) "."um~ra~ a totoJ of ca 9 000 plant 'pecies oceurrmg in the 

Cap" Flou. Som~ 2 250 phtnr. 'p"ele< occur II1 the area th"" :;tuJy <.klimm as the Cape 

Penln"u1a, with endenu,m ~t 7.5% (';;o,e" 4 700 km~. As ,uch, roughly half the number of 

'p"cie' r~eorded on the Cape P"mmuia 's recorded on th" c..pe Flats, and ca 2% of the 

Cape Penin,ula', flora com!,!> of 1'D1..> recQrded from th. C~pe F1~L'. Of concern, 

therefore, is tllilt the number of endemic. strtctly confmed 1'0 the Cap~ Flat.' i:; much lower 

rhan prevIOusly reported (McDowell & Low, 19'10; \'Xiood et m., 1994; McKmzie & Rebelo, 

1997). Thlli, tog"ther with th" high number of "P"c;';, r~cord".J on remnants of the Cape 

F1m (1 192) and the level ofheterogcnelty (number of habitm=62), doe, no! pro,·id" g"'~t 

e,·idence thai the Cape Flus g a 'centre of neoendenllsm' "" has bc~n ")llld"d by s~'era1 

cOfl"-OIYationj,t;. Quoting from Wood / t m. (1994) "Th~ Cape Peninsula, the Cape F'htts and 
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Chapter 3 

RELATIONSHIPS BETWEEN SPECIES RICHNESS, FRAGMENT 
SIZE, HETEROGENEITY AND EXPOSURE TO THREATENING 
PROCESSES IN NATURAL AND SEMI-NATURAL HABITAT ON 

THE CAPE FLATS 

Abllmcl 

Los. of habitat heterogeneity, threatening proce"e, and fragment .ize are lfIextricably linked 
factors that have been widely attriblIted to decline, in ,pccie, richne .. on the Cape Flat •. 
Uncertainty remain, a, to the function of these varubl", in determirung .pecie, richness, and 
the extent to which they operate in rehtion to each other. A scoring technique that 
integrated a range of threatening processes rdating to biological, land lIse and defens e factors 
that currently prevail on 59 ,tudy ~ires on the Capc filats, was used to quantify a vulnerability 
index for each site. A large proportion of the ,ire, (48%) i, 8Ubjected to f..my Intense to 
extreme threatening proce"es (V-index >13) Heterogeneity, ,ize and threat' were found to 
k poor independent predictors of richne". However, an ecological model developed using 
multiple linear r egression techniqu~ .. suggests that heterogeneity and threat' together are the 
critical hmiting factors for maintaining species richness on the Cape Hat,. Thi, mudd lo,e, 
explanatory power for specie, ,mceptibk to extinction (Red Data List 'pecies) and range 
re,tricted "pecie~ recorded on the Cape Flats. Stochastic factor. associated with ,tttlll 
population si~e on small-,ized remnants appear to k far less important in relation to 
heterogeneity and threats. The sUe. of site. on the Cape Flat. varied between 1.3 ha and 
I 242.6 ha. Conservation implications are that small-,ued fragments should not be 
predllded protection -'lams based on their size ,ince they can make a valuable contribution 
to conservation. Management emphasIS should b e placed on retaining factors for 
maintaining diversity 'uch a~ implementation of appropriate fire regimes, alien phnt 
eradication and support from civil society. The use of abundance data will strengthen the 
predictive value of furore extinction trajectorie, and provide more in.ight as to whether the 
Cape Flats flora i, in a 'to.te of 'pecie, 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 

.1!'<fRODl'ClION 

Richness '" delermmed by a num):.,r of facto", ass<.>ei'lted with n~mral and anthropogenic 

processes (q~. Wbirutker. 1977; Ro,enzwerg. 1995; fuchardson d ai.. 1996). Human­

mduced thre.ts are difficult to me~ure and predict ,ince they are dove.n by soc1al, 

econOmIC and politic~1 facton; (Ehrlich, 1986; Myers, 1993; Matowanyika, 1994; l"olke et 

ai., 1996)_ There i, a brge booy of theOl.")" showing thaI fragn-.ent:ltion cffecb, through the 

erusion of heterogeneity and reducnon 111 h.buat sIZe (MacArthur & \1:' ilson, 1%7; 

<.onnor II< :'\fcCo)", 1979; Brown & Dinsmore, 1988; Lande, 1988; Rosenzwelg, 1995), are 

cOflsequence, of human activities (Saunders ;f ai, 19')1). Natl,1"al d"mIb.nce, refer 

8pecifically to changes in ecologlc.1 proc~sses that .Ie e~senti:>l for lnamtaining nchne .. , 

such as appropnate lite regime' in mediterranean-climate ,-.-gion, (l:Iund & van \V'ilgen, 

19%; Bond, 1(98), As thr~atel)1n.g processes mount, tMy may ):.,come non-line"r 

(.ynngistic) c'lusing cascading losses (Richardson tf ai., 1(96). It. IS therefore imporl~t\t. to 

ji1Iln ft predicti<·e Ulhlcrst:Jooing of tl1C,e p1"'x:e"", su that extinctiom can be. anticipated, 

aoo therefore minimi,ed or prevented, 

In con.er,,-'ltiun eco lugy, habitat w.e has ken traditionally regorded ,,8 a primary variable 

in infiucr)Cing the p""islence of species (Saunder> ,/ ai, 1991; Reid, 1992)_ The litc1"arure is 

rt"plcte on srudie, that sugge;t., bmle.s commonh' ,how, thaI small fn1gtnent" especially 

when em):"dded in a matrix of tt:ln,funned bnd, a'-'- vulne1"abk to losses a, a r~sult of 

t.hre~'''ning proc~"e, (EhrlICh, 1986; Shafe~, 1994; Walker, t 995). Island theory applied to 

,he"" bnd,capes, predict. that through fragmentation processes, the role of size /Nr l' is 

influential in th.t sm.ller fragment' experience gteak1" population declines th.nlargel' one, 

(Saunder. 'fal, 19(1), 

Thne ~1"e m~;nly three hypothe.e. that predict "pecle' loss on i.olated h~bi'~1 f1"llgtnerJls, 

n.mely those a,"ocillted with (i) .Ioch~stic facto,.", (ii) deterministic 6ctor, and (iii) 

heterogenelty. Islilnd theory prcdJct' th.t specie. loss is due to stochastic 'Illilll-population 

effec," like mbreeding depreSSJOfl and loss of hetel'ozygo,jty, It lIlvoke. that minimum 
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are irnpoIt4nt facto.ts which 

d~tcrmine ~xtinction thresholds (Lande, 1988; Caughley, 1994). As ,uch, ,iz~ 18 often 

considered ~ non-delemllnisnc facr.or, 8111ce It IS ~ssumcd thar. specie-, a\~ lost a, a result of 

stocha,tic facrors, Loss ",res are reflected 111 the ClaSSIC "pec,,,,-~rea r~lanon, hip ,k8Cri~d 

by M~c l\rth1lt & Wit,on (1967). ,\lrem;ltively, ,tn~ller-,i>eJ remnant, may be mott 

vulnerable to changes til dl,rurbance tegtme. that ncgati,-ciy affect nchness (i.e. 

deterministic facttl!" th41 callse 'pecles decline). For example, they tnay ""perience 

different fire regunes (Bond ./ ah, 191111) or be more expo,ed to gtazmg imP4Ct' (Kemper . t 

al, 19~~), Of cr1t.c41 importance" [he life-history mmcgic8 of 'p"cics wluch confc, an 

,d,ility to pemst (e.g. sprouting ~bility) in rebtion to altered fire regime, (Bond & van 

\\'ilgen, 19%)_ Fimlly, the size cffects on divc"ity in fn.grn~nted bnd"cares may actually 

I", ~ consequence of heterog~ncity (Cowhng ,I 11/, 1992). Since habirat area and habitat 

heterogeneity at~ usually ,'!tongly and positively corrdat~d, Q~o,~nzweig, 1 ~95), ~mall 

frngmenr. moy wppotr fewer specie, "' 0 re, ult of lo",er heterogenerty (W'olket, 1995; 

VCn1~r & Fahneg, 1996). 

The Cope l'ht, has e"ceptionol plant dh·~t,ity confin.-ci ro largely lSobred remnants 

(>1 h,,) in a generally low-income lItb"n lmdscape. (Low, 1 ~79; Hall, 1~84; Low & 

McK~nzic, 1 W!H; ;\IcDowell & Low, 1~~; ,'I,kDo ... dl ,I ai, 1991; \'('ood . / a!, 1 (194). There 

i, uncertainty whelh"t sizc, habitat hetetogenelty and human-Illduccd thtcats pL.}' 0 role III 

d~Ktmining ie,-d, of lIchness on the C'p" Fh,." "nd the e"tem to ",lllch these nriables 

nperat~ in relanon to each other. The dcbate sl~ms malnly ftom thr~e assumption" i) 

Conserv~non proctitioncrs p<:rcei,-e thai. habitat lo,,~s and conversions ic"d to 'pcn~, 

lo"~ , , ",hich in turn glVC ri,,, to increa,ing numbers of threateneu plam spene, 

(McDowd d ai, 1991; Rebelo & Tomley, 19')3; J hlton-T~ylor, 1996.; Tl~ndet_Smith et ai, 

19960.); il) Th~ ",ze of ,ires IS an lfldicalOr or an apprOl':imatiun of spccks richness; 

a~rman, 1~8G; !>lcDowell & La .... 199[1) anu iii) Di, turbancc-imp"ct. 4ssoc;a~d with tk 

urban ~nvironm~nt, h.v~ detrimental df~ct<; un richness (Wood 1I aI., 1994). Ho ... ever, 

nonc of these assumptiuns h4ve b~en scrutinised. It is importllnt to gain clanficattun a, 

they may mflu~nce ~rproaches and m~thodo\ogks in addt~s'llIg come",,,,tlon pnorities on 

the Capc Hat,_ 

,\ great d~al of r~,~a,ch h", been conducted on the Cape Hat, whete th~ cunditions 

leading to fr.gmentation cffects differ e"rellSlyely from 'mainland' {hrg<;, undlsturb«l "nu 
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contiguou, ttacts of I"nd t~g"tded a, ~ ""utce are~) and milil (where fragmenl' are 

surfOunded by agricultutalland"""P<") ~te",_ , n gene",l, utb"", lmd,capes pre,ent a Lllliq "" 

and intere,tIDg opportunily to monitor the efr~ct, of " myriad di,turbance impact' on 

remnalll patches, rangmg from ecological to the p.actic~ esp"Llsed from policy and 

legislation (.\IcDonnell & Pickett, 19?Q; Garrod & Willis, 1994; l\!ieme1ii, 1999). 

TI'e obl~tive of um chapter ,,'as to test eilch of the three hypotheses ralsed ab",'e ((i) 

h~bitat los" leads 1O specie, loss, (ii) size 1, indic"tive of 'pecies nchne" and (ill) 

c:hsrurb~nce-nnpact' have "detrim~tl1'" eff~ct on richne"", Ll,ing tht~~ c"tegone, of specie, 

richness (toml 'pecie" R~d Data 1_"1 specIes (RDI _,) and 'I""c"", re'tncted (endeffilc) 10 

t:he Cape Fbts). I a""es,~d th~ cnllecuve lffipaC[ of SIze, habitat heterogeneity and threats, 

and eXalnine how the,e var1ables influence the number of species by aflSwenng the 

following: tn what extent" plant specie, richne" on the CfiP<' Hat' a fLlnCt'on of fragm~nt 

,ize, heterogeneily find hUffi&1l-inciuced thre"ts? l\n,-",-ering thi, qu~,tion is v~r)' important 

fot understanding the c"use" "nd effect.' "f 'pecie, decline, and therefore lffipOrt&1l1 for 

pre,'enting specie , I"" on the Cape flats, 

.i\IE1Jlons 

The S9 ,tudy mes and their a"oociat~d habitat and specie, data (total speCles, RDL, "nd 

enderrllcs) were u,ed in ilie,e tllalyse, (C!Jap{,r 1)- The numbet of habitat, per ,Ue i, Llsed 

as a rnea, "re ,,[heterogeneity_ 

, \n index (\"-mdex) utat me&sures the vulT)erabilif)' "f a ,ite to fi ,'at1ety of ilireo.terung 

processc, wa , d~,,'e10p"d. Ten categorIes, e~ch with ,ub-categorie" were ;d~nl'f",d fiS 

fact"rs iliat contribute to 'p"c;e" tlld habitat 1o", on the C~pe rhts (T"ble 3_1), ,lLl,tified 

scote, were a'''gned 10 each of the c-ategone, and sub-categories (Table 3_2), gi'~ng a V­

index for e"ch ,it~ (Table 3,3). 
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T .bk 3,1 I ... ! nf He!"", (ca!cgon", """ .ub-C.ICW" ..... ) du! Contnblll~ 10 'P"'= ."d h.bltal I,," 
urI Ih~ <':"1'" lL ... Reowos illSUf. ... II\ Ihet, 100I'<'f ."d Jlt\potu.,c.- uc g ... .", ", T .ble 1_2 

CATEC.ORY 

• S"rnJunding land use 

• Zo .. ~" .... of _II., 

• 'J. Ali" n ~"v" r 

SCB.C\TEGORY 
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'/r1""'MlrriUM#4 
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- PuMr ~""~ilJ 

· Tr"~/foM ft".''''"1 
• /~dllsm,J{ 
rAn"";"; 

r"""'41 
· tvJitIt.uw 
-A_NlJI fPto ~ 
r_"'/fi.U 
·/~""",I 
· Mil,,,,,, _"'. · l'm.wl)_~,,, 

I 'd,",,-'''; ~Ih" 

· l'" 
· ['~"~'~ ." .. 
· , .... "'" 
• 1"'''F ... ak ''1'1''''1 
-Ow",,'" ''fI''i'" 
-r AIf_""otmJ/ 
-I~ • .JJ~ 

· JomJ "';"'''!. 
· .\~"""" 
· 1~"Pf''"fm_1! lirr >'1.'.''''' 
· I ~/.""", ; rllll "''''" 
· 1\,_1 "o~, Ii;'''' I¥rt 

·{J·2fJ'. 
-21 _61/ 
· iii uxr, 

·0· ."fJ". 
11_6QO. 

-61-10li'!. 
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Tahle 3.Z { ,._" 1 Tabl~ 3 1 we,. ",ed to d<-{etnllne the lnC»ure of threat (V-u"Ie~) 1 - enCOUtile'" Or 10 conducne to co",erl'aIlO<l., 2 = 'mlddJe of-,he----road 

•• 

;: _u,:J;;H~' unC<'.rtaln. 3 ho>tile to comernnon Reference. ,uppo<b.ng the ~'''gneu ,cOtt, nn be found ,n Chapl," I, .nd a<kliuon>l reference, "'. li,,,,u 
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, H.n (19M); 'B..hrftl. & '" at."., (1,),)2); • '" <>od .. ..t. (1994); • McOow~n & \.0"">;" (199(1): ' p.n .. 'mnf11~nt (..onS~,",·~l;':'n ,\n (J ~~7); , McDnwel1 (1~; 'Low & McK<,,",~ 
(1988); .... n \J;~, "aI. (1 ~%) •• , . .., Blttk (I9':IB); '" R.Jehorrl>on fl ~l (19':16.) 
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T~blc 3.3 V lnckx ,core, ;m the "ud)' ,ite" V l11du, for eKh ,itc w" cCllcul."d by ",'tIlllliIll~ the 
'00" 0: ,"ch c",eW";" (rl"".I0!,e;1 i"mm 'I ',j,le ,),2; (ll''''' cell, 'COte <,"ro_ > denute,. protecteJ arc,_ 
K atm', ur lhe >lie, "e ~~"ell ill \l'ptmk, 1 

Conli""os """,i04 
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Y'" 1.52 + O.OOO3x Y = 1.19 + 1.58x Y'" 1.29 + O.56x 
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between variables for on the Flats. 
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2.3 ANALYSES 

Simple and mulu!,!e lineu ,egressions were used [0 {esc the hyro{h~s~, t~garding the role 

of size, heterogeneity and {hr<:ars m explairung p.ll<:rm of plant tkhnc", on fragment. 

(n = 59) of n~tuJ:al h~l>it~t on the Cape I-Iat; 

'lhe AECI mdusttiol "lte (AECI, 1 242 hal and fuetdei Protected Area (RlET, 547 hal 

,ites were e.'1c1uded because they have a displopottionately low species richne.s, Th~ 

"Eel i, an industrial site wnere mnst of the pockets of inJig~nou' v~g<:tation ate 

,urrounded by rramformc.u land. The ,iu of the total orea occupied by mdigenm.ls 

\'cg~t.{i(jn is unknown. ,\ large [lwporrion (> 7m!o) of RII-iT C()tn[''''cs a watcrbody. The 

'a!npk 'll~ u"cd for ~pcci<:s-at~a tegre,,;()n. (all SP<:C1<:S, RDl,,, and ~fl(knllC 'peele,) was 

57. 

,\ leasl squore" regre,,;on wa, p<;tfottncu to explore bin';a!, relationships ben\'een size, 

h~tctogcndt), and t1,,~~1. 11,e set of mdependent explanatory v~ti~bl," wa, th~n 

incorporated mto a "'Iultipk Linear Regression />'lodc1 (1lLR11) tl'ing a step-'W~se, 

backward approach (Zar, 1984) fot all "p~d~s, habitats, RDI" and ~nd~mic •. The u, e of a 

['aIred t-te,t validated confi,knce III th~ model. Wh'-'l:~ appropriate, data were log­

tl .. nsform~d to :>clue"e nmm~lity (Zar, 1984), 

.IUSl1.I' 

3.1 BIVARIATE LINEAR RELATlONSIIiPS 

Th~ r~gtcssion anal}",,, ,hoW!< d,ar there i, a significant, but relam'ely we~k relationship 

between ar~a and tkhn,,, fot all species categories (total species, R DI -' and end~ml<;') 

(Figure 3.1). Valucs (]f r' I1\nged ftom 7 - 13% for spec!e,-a.re~ relationships, 

SpeCie, nchness has a po,iti,~ r~htion"h;p with kt~tOgC~lcit)' for ~ll spcdc, ~at<;goric" 

csp<.."<.:ially tolal species and RDLs, In conltast, there was a significant, alben v,.eak poslllye 

relationship, betwe,n heterogeneity and the number of endemic" Ko site wa, 

simulni.Il~ousl,· ,ubj,~ted to agticultu.re, mapptopnate bummg, informal settlements and 

sand mining. \'-IllJ~x 'wt~, rang<: from 6 to 21 (Table 3.3), with 4R% of the Sites hav1flg a 

V -;nde..'{ v~lue >13. This sugg<:st, that a Lug, proportion of thc sitc, i, ,ubJ~d~d to bid)' 

int~n"c to extreme threatenlllg proce8'~', Sit", with th~ 10w~,t V-inde.." (=6) are all 

prote<:ted area" namd)' tk C~pe Flats Natme Resen'e (CFNR), Durbam'ille Nature 

" 
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R"C!vc (DCRBNR), Ron<kvici ?'Jatu," l' c>crve (RONDYL) and 'i')'gerbetg l':atU1'e 

Re,erYe rn'G:'-lR), :\!ltchells T'l~11l-Kh .. yeltlgh~ FhL' (MKFLAT) and Phillip! E~st 

(PH (] .l (",St) had the highest \' -index (=21). 

'lhe V-index, hereinafter referrcd to a" 'threat', wa, found to be negatively related to toml 

species, RDL, and enderrucs. AU the,e rcsult, wcl"<: "tati,ricaUy , ignificant but the low I 

"alues indic~ te that heterogeneity, ,ize and threat ~r~ not strong mdependent predictors of 

nchne". 

J.~ COI.I.I>:C'] (VE EFFECTS OF VARIABLES 

The independent contribution of ~ach of th~ explanatory ",,'abies (1wtctogen~ity, "ize ;md 

threat) to v:pbm rkhn" .. , paHem, for e~ch specie, category w~s used as ~ basIS for 

building thc :\!u1tlple Lmear R~gressK>n Models (MJ.R\l,)_ The fOhn of tlw MLRM 

equation," Y = 0: I ~l:;":' + ~,X, + ~,~. where Y='peCle, richness, " 1, a comt~ut (y­

Interctpt), ~ is Ih" rcgrcsSlon coefficJent of th~ v~riabk and whete X, =- h~tetogeneit)', ~= 

,iu and X,= thrc~t' ("-mdex) (Z~r, 1984). 

't be 't~tisl:i.cal output of the mllitlpk linear regression i, gt,-en for tot~l specIe. cr~ble 

3.4a), 1<I)L, (fable 3.4b) ~nd endemics (rabl~ 3Ac) ln ea<;h ca,~, s;,nva, fOlll1d to be a 

w~ak l'.uiabk 111 the rcgr~sslOn because th~ coefficient (Ij) had a ]0-", val"" and \Va, 

'tatistJ.cally non-.ig1l1fkant. Overall the regression 't~ru;tJ.c, wete not found to be 

partlcul~rly robust "", indkatcd by the r'-v~llle and the analysi' of "a[ance (F). The 

regression re81Jt' were ""ed to build a model that accounts for nchness. 

3.2.1 HL'TI.D1NG THE MLRM 

The ,mtistic~l re",lt, of the multiplc linear regressl0ns were tot~l species, RDL, and 

endemics mcorporated Into MLR.\! equ.l1on (Step 1 ofT~bl~ 3.5). In Slep 2, X2 was 

exc1ud~d ftom Ihe :\!LRM in.ll C'lSes, giving Eq"ation.--1. How~",-cr, in ~ ""p~rate an"lysL' 

(Spnrman'. Rank correlaI:i.Ofl), size ""'" not co-linear with h~tetogencit)" (r, = 0.27(,; P > 

0.50; n = 59) and thre~t (r, = 0.008; P > 0.50; n "-' 5~), \'ariabb should not b., co-linear 

for them to be incorpor~ted mlo ~n Ml.R.\! ~lthOllgh .MI.R1is acknowledge that '-:'liable, 

c~n bear ",me relation,lup to ,""ch olhcr (Zar, 198--1). 
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Table 3.+ Slauw.nllvlLR.J.\j OUll'''! fill (~) .ll sp<"C1e,. (b) RDb and (cj .ndemics 
X,=heterogctu:ity. X,=,:>e and X,=\' ·index. T i, from the ,. te<t. '" = "",,·signiuc>tll. 

'"' - (L;.~".·", T'- I ~3 (p<(),()3) 
n."ima", of ," ..... ion corJn~i~n!s: 
X, '] ._ (,.0i1 (,,, 11.((1'1 ' 

X, T·() 16 ( ()45~\ 

, X, '1" -2.92 ~P" 0.005) .. 

(b) R"rl Uara U sr sp~cies . 

. Estimates of regression eoel!ieients: 
S' T -. (),,7~ < (J OO....!L_ 
X, 'I' -176 ( 0.()~4~ 

X, T -D()l 0(1 14 

(e) E1.1rl~",ic". 

r' - 19.')".'.; T,- 2.37 
Estim.t,,·of '"1I,",sion c< ",.f/ici ~ n"; 

t-Xx.', '11.69( ' <(J.(I{)5' 
, T -0,1 6 (p ()087"') 

x .. '] 2.+7(p<()S!17~ 

Table 3,5 The step' for Wlldmg and .. al,dahng • prcJiCtiH model (tnultlplc hnear) fo, different 
categ""e> of 'pceie, ticlme;, (iotal 'pecie,. RDI ~ ."d endomic ' reGie,) u"ng h<t. rogenetty 
(nu111her of hah1ta" per fr'~'!neD.t) (X,~, .iz. (x:') ~nd V -ind . .. (X,) "" e~pbnotory ... <ioh"'. St.p I 
w" derived from Table 3,4.-0. 

•• ">--," -~ ~ - - ~~-~ ~ 

TOT.-\L SPECIES RDL. ENDK\UCS 

-
ST EP 1 , -- 5;,4 + 3232(.)\,) Y 2.'i.i , l.'YLS.:X,; y l.61J , (J,19(XJ 

v022''X,) 4.'i7(X,; O.OO3()G; O,213{X\; o .(Io)Jl (Xl) _ O.iJ92(X ,; 
-

STEP 2 
Y 5+,4 + 3~J2(X,:, y 2.S:; I 1.,Y,';"A,'_ y= 1@ I O.19(X,)-
;',07(X,1 &",,/i .. A 021.1~,) Eq""It.~A 0.0'l2(X,) Eql<dt,,"A 

STEP 3 
x., 4.M"' (0.1 oS) X, \ :; 4,647 (O 158) X, X; H-I7 (0.158) X, 

F.q:.Jt''" B 'F",,~a~'" B F.q""U"~ B 
y .. 33.16.1 + .13,1)j·2X, , IS(,() , 1.099X, Y , '"" 

, O.20.iX, 
STEP 4 

li1""ti .. C F.q""';'" C I Eq",,'itJ~ C 

STEP 5 , 0 ]7 11, P '" O,oc<]l , = 1 '. 12.p<O.'XIO] 
, 
, , 0 17.~8, P < ().OO~ I 

f' -~- ~ - - -"- " - " --~" 
~ 

t' =SI ,4 + JC'.J1(X,) , 1.'<;,0; + UKf(..J(,) - Y "" J.6{H· <H'If,xt} -:>.tOl)EL 
.tS' <J I O,l1J(X}) (}.W 1(.\,) 

I 

1 
36 



Univ
ers

ity
 of

  C
ap

e T
ow

n

__________________ Chclfwr] 

Because heterogeneity (X,) and threat (X,) were found 10 I.., v"e;lkly co-linear in the 

Spea.rman\ IUtnk correhuOfl (r, = -0.402; P = 0,002; n = 59), thi, implie, ~ violation of the 

~,,"umption of the MLfu\I. Howe,'er, lh~, wag rewlved by intelptetlog Ofle of these 

.'arut\;ie" ~" a function of the other, and a simpl~ li""~r t~g"''''';Ofl on "ntransformed data 

with h~terog~ndty ~, th~ te'pOM" v~n~bl~ ~lld tht~~t ~, the e..'<planalory \"at1abl~ was 

,ignificant (?- = 0.1\)+, p < 0.001) ~nd thus u,~d. The variables of the defining ~'ll1ation Ii" 

ill the 95% confidence llltCITaL, aad 18 of the standard fonn Y = C + r>fX (7.~t, 1984) 

wh~re y=thte~t, C IS a comt:lllt, r.!" the gradient and X=heterogeneity (Step 3, 1-':q"atiOl1 

B in T~ble 35). 

Equal,"" B w;" ,ub"itut~d into Bq""tion A, and P.qtl{jlion C w~, ,ktiv~d_ Thus, the 

dfcct of th!~at<:ning processe, wa, ,till mrunmllled, and wa, repre,etHed in term, of ;t~ 

linear re\<t[Jo"srup to heterogeneit<-, 

3.2.l Validating the MLRM 

p.ired t-tests (Step 5 from 'hbl~ ~.5) were u,ed to validate P.quali011 C by comp"rmg th~ 

,peci~, richn~" (y .. ,,,, • .J in it. to 'peCleS nchnes , (y ,,~.) ill Equatio11 A (Z~r, 1984). The t­

,'alue was hIghly ,ignificant fm total 'pe"",s, RDL. ~nd endemic" 1:.'qtl"flo" C wa, mor~ 

unreliable th~n Dlfualio11 A lx-c~",,~ th~ we'4X co-linearity between helerog~neily .nd thre.t 

Th negligible. Th~tdote, Fltfuatiol1 C was rejected ~nd Dquation A was accepted a, the fIn~1 

mood, 'lbe final modd, for tot.l species RDG md endemic, .r~ prc,~nted in Table 3.5, 

'lbe modd , uggests th~t habitat hetJ.:tog<:ndty ~nd. to • l~ss~r ~xtent, thteatJ.:ning 

ptoCe",~s, are the pnncipl~ facto," controlhng th~ richn", of all specie, c.tegories on 

fr~gtnenL' on tl", Cape Fum. In CooJUDction with heterogcn~itr ""d threats. remnant sIZ e 

wa" found to be a poor preJictor of spen~' tichn~,", The model was mnch we.ker for 

endcnucs «.Od RDLs comp"""d to l1){:U 'pecie" 

It has been shown tm.t ndlhet ,;;w, heterogene1'Y (number of habuacs) or threat, (V­

Illdex) singly account for pl~nt ,p~cie. riehncs, ;n ISolated frogrnents on the urb~nised 

C~P" ~hIS, lhthe!, It i, their co!l~c[Jve cootribui:J.oo rrull account, for pattern. of total 
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of the Cape Hats flora shOllld encomp"" corrective manag~m~nt in the form of public 

mvolvement (drawmg on 'le."ous le.rnt,), [hat hitherto, ha, sptetlliltically terru.ined 

un.ddressed, 

R",oiring th""~ in,ritutionaJ ~nd ,ocial chalknges "ill result in mor~ ,ucc~"ful 

coordinated effort, for mamtaining leyels of phtm species riehm:". Existing and planned 

resetves on the Cape Flitrs can be immerlkttely acce,,,,ble to mot<; than 4 millIOn re.,idems 

on the Cape.l'lats, and thu, ha, the poIentlal to add,,,,, ecological and human values. 

(.O!':(;U SIO:\lS 

A shortcoming of th18 ,md), is th"t the modeL, reflecr on the numkr of specIes lost is a 

functIOn or how much habitat IS lost (as a reoult of threat,), not on wlueh siteo were 

degtad~d_ "\ follow-up study mcorporating mng~ ~xt<;nt te':lujt<;m~nt' and abundance will 

mculcate more confldence;n futute ~xtinction trajectory models for the C~"" Flat, Ilor~, 

i.e,-els of In,ulaJ: df~ct, ar~ time-dependent m th.t ,ite, th.t Mve been i,olated for longer 

through fragmentation pIOc~";"":; experi~nce greater SpeCkS los"" (1bcArthur & Wihou, 

1%7; Saunder8 d aI, 1991). Since the lllilm ecological driving force (fue) for th~ 

f'<'tt;18t~nCe of fynbos speCleS 10 drtu:illy ab&;nt, ~b errant and difficult to man~g~ !1l l1rb~n 

lamhcape.s (van Wilg~n d aI., 199::>:; \'(Iood 'la/., 1 ~9.J-), small-sized .re"s m.y well b. m a 

non-~qUJhbrium ,tate of specie.s Im,o. This io evid~nt in the mood tlmt .how. that th~ 

collective pow~t of het~roget>eity and thre.tening proce."e., in "ccounollg for and 

predicting richness, ha, ljmil"~tion'. One way of te,ti11g whether the Cape Flat, flora IS 

becommg 'more urb:u\i,~d' in ehancter would k to undertake cellS11S .nd monitoring of 

RDJ., and endenucs, 

In an ~cologic.u :;tudy of remnant buohlando, Kitkp:mick & Gilfeddet (1()()~) .mt~ that 

"th~ mruntenance of good condition are nor. necessarily the ",,"seS of survi,'al of r"re and 

thr~at~n~d ,pec;c,". More posltivdy, mrg<.oting at<;a, of h1gh diver"t)' ror con"'!V~t1on 

and t~'totation efforts, buffering extreln~ thtcat<;ning ptO<;~8'~' (p~rticub.rl)' alien 

mnl.,iom), and ,imubting n.tural di,turbance regllIl"' (fu~) ,hould 1)<.0 given major 

consideration ;n mallil~ment system, .nd in con.~ry"tlon planning dit~ct~d at n~w and 

=sting reserve, on the C~pe Flat'. Most lffiportantly, the public oupport "o11e.S , hould Ix 
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tH·lU~<.l ~$ the ()VcllIn;hlng d~tcmutY.l.", f'i< Ih~ pcrl!iSI~no;e of Ih~ C3f><' Fbot~ flon anJ 

shoul<.l n«cssa.r:d), becom~ Iln~.~tw ",'uh .cfin~.,j CQnu f\"uio" str::uq; ...... Lt<<.l), ", " h,n 

m~ uroall CO. UCX( of t~ CoP<' rb ts, we shollld s.wugiy ""I«t th" "nOOn or 't<lO <mul (,,. 

c.-.uoct\'IUon' .. "" crU for the "ffiCJ~'f1[ dcplo)m""r nf 1eg:>I, politiul, !o\..fI,'flIl all.] 

"' ! Ulul~)"ul c~p~citk, In heir r ,-"scrY~ lhi. i)Ol;IlUct.1 h~ril:l.l-'" for futute gcnCnll"JI'lI 
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Chapler .j 

Chapter 4 

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

AND SUPPORT INDICATORS 

Abstmrf 

Conoerwtion planning work on the Cape Flat, has conc~ntrated on sp~ci~s repres~ntation 
and h .... not addressed the retention of ecological proce,"~, to prolong per!iotence. Similarly, 
real-world constraints pertoinmg to biologico.l tbreat' (e.g. ~lien plant cover, removal of 
rubble, ,urrounding landu!e and!o forth) and tbre,m relating to in!tirutional/public support 
(protection .tatus and levels of mpport/defeflS~) hav~ not been incorporat~d into reserv~ 
,e1~ction srudie •. The.e pr~"Viously ignored issues w~re addressed and integrated into 
reserv~tion targ~"t'. Repre.entation ~nd retention l!!ue! were dealt with by using 
presence/abs=c~ data for sp~-ci~"S and a !urrogat~ for ecological proce!s~! (habitat 
heterogeneity); r~ai-wor1d con.m.int! wer~ integnted a! compon~"tlts of yulnerability indices. 
A step-wis~, richn~ss-ba ,ed algorithm wa, used to adJr~!! targ~"tS for com~"tYing each 
biodi,·ersity urnt at least once, for two chronological sequenc~, (1997/1998 and 2001). The 
fu.t !C<."tl~rio Wa! aimed at an uleal-world ('corurr.int-free,) minimum .et. The second 
!c~"tlario ~voided site, that ar~ highly du:eatened and the third ayoided ,it~. that enjoy litd~ 
public/in!titutional support. 'I"h., mmt efficient ,olution required twenty additional sites 
(totalling (1136 km') to achiev~ the conseIYation t.I>,'Ct, thereby protecting ctJ 7% of th~ land 
area of th~ Capc Hats. In pri,tin~ land,co.pes, real-world and ldeal-world scen~nm ~r~ hkdy 
to b~ th~ !am~, but the result, produc~d here show that in highly tran'£otrued landscapes 
such a! the C~p~ Flats, this appear, to b~ Mrnilar. R~,erYed ar~as contribute > 70"1. of the 
complimentary biodiverSlty fearn,es toward. all minimum sets generated for 1997/1998 and 
2001 indicating that r~scn'es ~re ,·e'riges of biocin'ersity. Th",~ results suggest that cntici,m, 
leveled at existing Cap~ Flat! resen""~! m~y have been unduly peSSllnlstic. Attention ,hould 
inst~ad be directed at pro.pect, for ~cquiring land for additional ttsen""~! and at enforcing 
the protection of the existing re!erve estate. E,·ery si(~ considered for the minimum set 
anaiyse, in 2001 i! itr~placeo.ble, ~ functIon of hmlted land availability for consen·a!ion. 
Simple linear and exponential regressions predict (hat all additional wnd for conservation will 
be us~d up within 10 to fifteen years ~ssuming 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 

l. 1,\ J Rom <. J 10:-'; 

Worldwide, thelee are only a f= example8 where the urban cnvironmem has formed the 

baSIs of demiled ecocogleal ,rudie. (McDonnell & PlCkett, 1993; Nkmchi, 1999), and f",,­

that ha,-e concentraled Ofl conse".-ation planning (i\IcKen'l.ie Rebelo, 1991; :>bze & 

Rebelo, 1999; Maddock & Be!11l, tn pnp.). UrMn ecological ,rurnes have generally focussed 

on mvertebratc', and have been pnm.rily undertaken III industrialised cltle, of North 

Amenca and Europe_ Yel, an llllport,>nt reason for ,ettlllg aside resc,.,,-e, for mamtatnmg 

phm rnVerSlt), ill urban arn~ is 10 I1lcre~e property price, (Tyn-iimm, 1997). Remnant< of 

n.tuml h.bitat in urban areas, particularly tho,e which have protection starns, also 

repre,;enl a huge potenllal fot ,econdary COll,e,.,,-anon optIon> via educationol and 

recreauollill amerutie, in urban areaS (Onwr & \\:?~on, 1990; :>IcDowdi & Low, 1990; 

'Igdaa, 1990; Mc[)o'll-dl tt aL, 1991; Nguta, 1992). More importantly, roadside" 

'poilheap' and quarri.-s in urbm lmd".pes ore node, th.t arc often associ.ted with a high 

divctSlty of species thai are threatened with extinction (Shephatd. 1994; Eversham ,t ai., 

1996). Urban area, &en-e as source area, fat extinctions ('extinction sinks') that can have 

imphcations fat cascading specks lo"e, along gtadlen~ of utb.n aeti;-ity (e.g. :>!cDonndl 

,/ aI., 1997; Dubme & Pauleit, 1998). 

To many, the conservation of the Cape Flat' biota is regarded as a 'lost cause' or 'nol 

nable' becaus<o th<· alkviarion of the '-anet)', complexity and extent of the threatening 

pr0O's;;es incur expenSive md un.fford.ble re'OutCe~ (Behrens & Walson, 1992; D~war & 

Wmon, 1990). \Vb..ik (hiS may be true, it "Iso reflect, the general world-wid~ View that 

urban enVlronments ore Ie" worthy of comm-ation inv""ttnenl., th~n non-urban 

environments (McDonnell & Plckett, 1993; McDon!lC1l ,/ al .. 1997; Niemelii, 1999). 

The Cape Flats IS regarded by many .~ one of Africa\ malor 'h0l.'pot,' of plant biodiversity 

_ the flora i~ extIaorrnnarily rich, md has been reponed"" highly endemic ond h'ghly 

threatened (1fyers. 1<)9(): Wood 'f ai., 1994; Maze & Rebelo, 1999) (.ee CbaPI'~ Z). The area 

Is a lugh1y fragtnented and densely populated (\Vood 'f al, 1994; van Wilgen, 1996), and the 
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2.1 DATABASES,AL'ID THREAT AND 5L1'1'011"l' INDICATOI! S 

Fifty-nine candidate ,ite, wtle identified a. having conseryatlon potential (ChapllJr 2. Figure 

2.1). Ptesence-~bsenee database. for spe=' and habltats for these sites were metged ~nd 

th~,e biodi"etSlty features were treated as belllg of equal unpotto.ncc. Each habitat Wa5 

considered a umt ofhetetogeneity (CbrJpkr J) and Wa5 teftlred to a5 a I'ine Hnbitat Unit 

(FHL~. E~ch record of a .pecie, presence represented one 8ubpopul.non; simihrly, each 

recotd of a )<"HU !lU)" compri,e only. very ,mall proportion of a h~bital. '1 be databa5e 

comi"ed of 4 410 tecotds fot I 192 <pecics and 62 FH U, (1 254 biodivewt)' feature,). 

f·o=en of the 59 sites wtle re"e[\-e , (ChaPI.,- 2). 'Ibese datab.se, are germane to the )'eors 

19')1/1998. 

The Vulntlabiliry Index, V-mdex (ftom Cbapt"" J), wa, In<xhfkd for the pru.posc~ of thi, 

chapter. A 5ub-criterion "Con: un<kr the categot")' of Thrra(,wa, changed (see Table 3.2). 

'Ibe score for the sub-crittlion of [,,'Me! non, lisld bm was changed from 0 to I. The 

rea, On for thi, modiflC~tion w~" to en~bk !>On· or weakly-thte~tened "ite. to be more 

readily selected m the te,e[\-e 5dection algorithm, de,cribed below. A new mdex wa, then 

cnlcul.ted fot ,ociety linsncutional support i.e. ddense 0.' .-index) b)' swnming ~ll the 

Score" fot the categoues Conurwd and Diftnu, thU5 n551grung a m:lXllI!um ,eore of 6 and , 

minimum of2 (Table 4.1). Similarl)", an Illdex was cakuhted for biological thteat , o.'t­

mdex) UIling the categories, Su""ulIdilll, Landi"" Zonalion, % Dumpinl, CO1m', S/, Ab"m Cowr 

and all the TbrraiJ" sub-criteria, thu' ~"signing a maxlmwn ,core of 23 and a tninimwn of 3. 

'Ihm, V-index = Vs-index + Vt-index (i.e. " ·index in Chapt.r .. is a composite of 

biologico.ll)' thre~tening proces,v; (Vt-index) and suppon (Vs-index)) _ ".-index and Vt­

llldcx (fable 4.1) wen: then categori,ed in 11]'/. ,ub-classe5 in order for minimum .et, to be 

drawn from !ugh or low measure, of threat and support. 

Twenty-eight &ltes h.,,~ ,inc~ been I05t to urban development ~nd ~te no longer viable for 

con5erntion putposes at present (2001) including two re5erve., namely BLOC'll. and 

DRJFTSR (Figure 2.\) (,ee ).,faze & Rebelo, 1999). The extirpated site, (Tabk 4.1) and 

their a"OClated blodi,'etslty features ",-ere thus removed ftom ~ ,econd dato.basc 111 or<kt to 

frulke comp~tisons between 1997/1998 and 200t. The dntaba,e, were queried to detcnrune 

the extent of change of "peCICS and FHUs. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Tabk 4.1 Thte.! (VI-index) ~nd '''pport (\'.-indeJl) !.Core. of ,h. 28 ,ite' Ih.t were extirpated 
\><"" • .., 1997/1 'l98.nd 2001. V-inde,,;s the .urn of threat >.nd ,upport ,c,>U> .• denol.," 
res",,',. Pull ,il' ''"In.,"re gtv"" In App=d1x 1. 

filXFALJR , 6 
BLOl:VL* , , 
BDO\XINS " , 
CROSS " , 
DRlFTSR' " " " DlHNEF B 6 " ]uV-;OV , 

" " KHAVOS " " '" KR..\.\JP H , 
" L>v\OS " " " V\l"].o\..l\J W , 
'" LV-;RD " 6 " MFS'" " " '" "'ilL-"!L>f " 6 " lvLKFLA.T " " " NE\"'P " 6 ,. 

NORTH]' " " H 
N\,\'PfN , 

" " NY."'--l\JGR " " " PEKEER " " " PHll.E.'\"ST " " " PP-1\I!ST , , 
" I'HTLWET " 6 " SA,,,!!) " 

, " STRAl-:DF W 6 '" \X'ETT , , " WOO!) , , " 

A rudimentary preilictioo "IVa. made fot e"tim~ting the numbet of year. for all the siles to 

be extirpated excluding the 12 protected are"" (1 664 record. of biodiverstty feature,; total 

of 514 fe~ture. kno"'"1l only from the,e sites). The data points used were for 1997/1998, 

2001 and th~ projection th"l only the 12 prolected ,ne, would rem=. ,,\ linear decreHe 

w~s based on the ~"umption that .peci~, loss is not "J'new,nc wh~te~, th~ converse """"' 

true for the expon~ntial rate_ In order to dctennme the rate of unidirectional 10"', a linear 

(Y=MX-tC) loss rate and an exponential (Y=M,X'+M2X+C i.e. a polynomial curve) loss 

rat.e ""ere assumed [Y=number of uruque biod",e.tSltj' features/number of site" M IS the 

,lope of the cun"e, C " a constant and X=number of record, of biodi,'crSlty fe~tures/rime 

(Zar, 1984)1_ Once the relationship' ","ere established, the equations were wived for rime. 

The key assumption fot this pr~diction 'n, that exi,ting re,etves retain all the biodIVersity 

feature. recorded on them. 
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2.2 RESERVE SELECTION ALGORITHMS 

'lhe target of identifying compktr><;nt:uy site~ for conserving each specie, and FHU ~r least 

once (mirumum set) was achJeved by usmg a richne,"-based lten.t1ye algonthm modified 

from Wessels d a/. (2000). The algorithm w~s modified to exclude adp.cency rule, for the 

purpo,c, of thi, ,tudy. The basi~ for this decision waS that illS not fea,ible to consider 

connectivity if sltc, are in clo,e proX!lIllty to each olher and the ,urrounding matrix is 

ho,tile ill tenm of threat, (Shafer, 2001). Sile flexibility option' (uterrutl1ve, to achieving 

the conservation goaD were not conSIdered became it was fdt that ~caJ:ce reSource, 

(avo.ilability ofvlable land for con,en'llnon) on the Cape Flats di"llow for U$ing fIe"ible 

sites a, uteroallve 'bargaining chip" for maxnnismg conserv~tlon (Dew~r & \V~tson. 1990; 

lkhren, & Watson, 1992) (see Cbap:rr 1)- .-\n additional Ju~t1fication IS that flexibility 

opl1onl are gready reduced in ar"", oflugh beto. .nd go.mma divetl'ity (sec Lombard ,I al., 

1999), a "tuarion akln to the Cape Flats. 

The first conserv~tion 'cenario set out to identify tlllll1!tlum set' for both the 1997/1998 

and 2001 s.tuatlon and ~ssumed an ideal work! where no constraJflts ""ere present. An 

.dcal-world ,cenario rden to a situ,1.tion that docs not take e"i~ting ""outce, illtO 

con,ideration. The second scenario identified minimum sets in a systematic, step-wi,., 

fa,luon by selecting areaS that were 0-1(l"/o, 11-2(l"/0, 21-_,(l"/o, ,91-100% affected by 

biological threats (a low Vt-mdex) for both 1997/1998 and 2001. The third ,cenario was 

atmed at sdecting site. m the ""me step-wise fashion but on the basis of support (a high 

Vs-mde..,,<). Once cho.en, a site wa~ considered nominally con",rved as were its b,od,,-=ity 

fefttures, and both were removed from the sub'e'lucnr analy"" so that. ,ekcted ,iles 

complemented each other, The tlIrgct of all the"" scenftrio' w~s to minimise the number of 

site, requited to represent all the blOdJyersity features at 1ea~t once ('pecies and Ff-llls)_ 

'lbe algonthm for the 'ccond and third scenano is thus ba",d on real-world trade-off, 

bem-een the pnmaty goal~ of (i) discrimirutting ~W'm't biologtcal threaterung processes 

(high V I-index) and (1i) co.plI<lhsing on actual and potential sUPf><Jn/ defense (high Vs­

mdex). 

The S12e of sites wa, not a con.idcration in the analy,e. a, ,ue doe, not control species 

mhne!s on the C~pe Flats but doe, determine the nllmocr of habitats (Ch'1'tlr J) (but ,ee 

Cowling & Bond, 1991). It has been demonstrated that maintaining habitat heterogeneity 

on m., Cape Flats, and minimising human-induced threat' and in=smg support (m., v­
mdex from en'1':'" 3), are pivot:o.l in reducing 'pecie. extinction ruks, By illtroducmg FHC, 
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mto the us~rve .e1ection ptocedmes, attention," given to .pecie. reptesentation, III 

~dd!tion to mcorporating 1 surrog.lte fO! the retention of ecological processes and so to 

prolong 'pecie" penistence. 

'jllli; study unlised a me~sute of irrepbceability and vulnerability to clatify the !cheduling of 

conse1"\,.,.tion acnOfl ipriotine"). ltteplaceability w~! taken ~, the inver,e rank ordet of the 

most efficient rmnimum set ond vu!ner~bility i, the V-index (Table 4.1). 

\ HL~1 LIS 

3.1 CONSERVATION OPTIONS IN 1997/J9')~ 

l\l!rumum ,ets ptoduced under the ideal-world scen;l!>O (absence of constn.ints) ~nd the 

(\1;'0 real-world constramU of threat and support wete congruent and produced very similar 

rankings (fable 4.2). All the 14 con8erved area! were included in all the ,e minimum sets. 

In.n ca!e!, mOte than 75% of the "tes were selected to adueve Ihe Iarget! ~ 45/59 sites)_ 

In an ideal world, 45 8iles were reqUl!ed for the urget of representing all the biodi,-ersity 

fcatw:es at iea$t once (r~ble 4.2). The m111imum set in~otpotating the 8uppOr! comttount 

produced an exact duplicate of the minimum 8et 111 an tdeal wO%ld. However, by 

cOfl"der111g threat con,trainl<, only a s111gle additional sUe to the sets above, Wingfield 

(WING), wa, reqUIred to fulfill the conse1"\-ation t;l!get (minimum set of 46 sites). 

\'I<'ingfleld contributed two complementary specie. th~t ~te common out,ide the Cape rl~ts 

(Lwtprnnthns a""Hi (L.J N.E_llt., a!.oeiated WIth granite Otltcrops, and Trnth,)'andra brachypcda 

(Baket) Oberm., assoCiated '>l1th se~son.ny marsh)' 11m) (CI.Jdf'''r 2, Table 2.1) and one 

habit~t (J bbitat _~O, Sand Plain F)'uOOs: standing ,ea, onal wetland in deep acid land on a 

flat and .ubdued pb.;n al a low altitude) ( .... ppendix 2) all of which wet~ not teptesented on 

the other ,ite, of the mmimum set that were developed from an ldeal- world 'Ituation The 

top 1\>;0 8ltes m ~ach of the,c three minimwn sets were 'l'l'gerberg (IYGNR) and 

Rondevlei Nature Reserre. (R0NDVL), which collttnvdl' contributed 4(;0/" (572/1254) 

u1l1que b>odiverstty fe~ture! to the mirumum .ets. Bl<xlivcrsity features were thu8 rap,dl), 

added during the first tenth of the algonthm cur,'e . , after which progress decelerated 

(Ftgure 4.1) 
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TaM.: 4.2 CUn."" ...... "'i "PU"'" ,,' 1""'/1')')11. ,\I)\,>,ull", re,uk. "r ",~ """""u", ,el> ofone. '" c"".c,,~ 1 2).t I..><.:><.h,· .... u)' fe>turc< {I 192 '1""""" 
... d 62 rHl '<) •. , £"''''«"11 l<":U'<lULaI~..J .lI"" dc.:.:~, ... l pl"c<-"", • den,,'''' c",,"e,,"<-..J ,i,,,,, J he fi,11 ",e n ... "" a,,, K"= '" ~PI"-"<:f,x I 
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Figure 4.1 MInimum ,et, In 1997/1998; Efficiency "f iJo.l-wockl (uncomlnined) .nd re.l-wQ,IJ 
(conSlloined) .lgontluns. 

The algorithm constrained ,i,,, ..,lection to tho.., with a high \' '-lfldex and a low \' (·index 

(Figure 4 1) .• \11 the .lIe. of the mmimum ,e( ,elected under the thre~t constrgint were 

extracted from sUes that were w.akly to moderately threatened (Vt-Index > 30% ~nd 

~ 60%), but with 63% of the sites from the >51 . ~6()% sub·class (Figuro 4.2). On (he 

other hand, all the sites of the minimum set selected under the 8upport constraint were 

dr • .wn from .lIes .canered throughout the entire ,""Ilge of sub-classe. (y.-index > 3(1'/, ~nd 

~ 1 OO''Io). 

------------------------, 
Threat constraint 

(mini,",c:m ,"'=4b ," I~') 

Y ·4C'" 41 ·5O'k ~Hl(l'.\ 

" ", 
"I , 
'0 

, 

, 

Support constraint 
(minml"~ 'Bt- 45 siIB" 

I I !!!! I 

Figure ~.2 1 WI /1 \\98: Comtril1nt d~"e, fr()t11 whiCh minimum ,et!. were dr"""" 
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The minimum set genezlUed under the support wnstraint appeared to be the mo.t feasible 

option ,ince it I"'lUl!ed 45 slle, ~nd there were only elghtlmtnnces where ,ite, contalfled 

,ingle complementary fcarure. (fable 4.2). This IS in contl:ast to the trunIlllum..,t generated 

without constl:alflt. which required 45 ,ite' (10 S1le, each with a single complcmentary 

feature) and the mimmum set rru.t con,idered thre~ts (46 sites; 8 ,ite, each conlIlbuting a 

,mgle complementu)' feature). 

3.2 CONSE RVATIO'\I OPTIO='lS II\" 2(){1l 

'Ibe mOSt d;,cemibk difference between conservation opllons 1n 1997/199B and 2001, is 

that the nnnimum , et , generated in 2001 requir" d yirtuilly all the me, from the selecllon 

pool (Tabl~ 4.3). The nnnimum ,ets produced under the thteat constraint r"'lU1J:ed all the 

available , it" , (31/31) whereas the trunIlllUtn set under the support consttalllt requir e, 30 

s"es. All the 12 rema11llng conservation areas were repre.ented In ill the rrunimum srts 

Wingfield (WING) only ~ppeared in the mimmcun set gener~ted under the threat 

con,traint, wnttibuling the same complementary blOdh'ersity features as in 1997/1998. r n 

all ca~"", the top rv.,·o sUes In th~ rrunimum .et, (Tygerrn,rg (TYGNR) ond Rondevlel 

:"-lamre Reserve, (R0).[DVL)) conserve 572 out of 1186 features (48'1.) (fable 43) 

'Ibe dfic!enq' of the constrained algoritlum waS de~rly compromised to avoid hIghly 

t1ueatened sit es and ,ite, Ihat enjoyed h,tle or no pubhc/institutional ~upport, and this con 

be seen as a wSt. The olgoritlum decelerated penodi",IJ)'~" they attempted to [ept~sent the 

maximum number of biodIVersity features witlun successive ,et, of sites a,"ociated with 

low VI-Index (bio10gkal threats) and V,·index (support) meo.sute, (Figure 4.3). 'ibi, is in 

contrnst to the algorithm re,ull' in 1991/1998 that ,elected sites in a ,mooth manner 

(foigure4.1). 

The minimum sel generated under the support e01l8tIalll[ appeared to be the mOS' feasible 

option Slflce the minimum ,el compnscd 30 sJles and there w ere only five instance, where 

sites contributed a 'mgle ~omplementar)' feaOlIe (Table 4.3). 'Jbis IS m contrn" to the 

trunIlllum ,et generated under the thr""l con'lraint pI ,ne"; 5 sites contribute a smgle 

complementary feature) and the 'con ' tralnt-frec' ,ituation (30 siles; 7 site, conltibur." ,ingk 

complementary fe~ture<). 
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T abk 4.3 Coru;cr",tion option, ",2001, Algorithm re,w{, of {he minnnum ,e!5 of ,ire; to conserve 1 1M biodiv=1ry fe"mre; (1129 ,pecic, and 57 
~'H lI.)_ • de11O(O. c"",crvod "to" % f01tu,,,, .ccumu!~",d ~t two derona! pLoco,. Thc full ,i{c namo, are gtven in Appendix L 

Continues ovu/'aJ 
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Number of sites 

F ig ure 4-.3 Minimum ,e" in 2001: Effiocnq of idnl_world (unconstramed) and ".1-world 
(conSluu,.d) aIgorith:n" 

All (he rule, of the minimum set produced under the threats constraint were ,elected ftom 

.1te' th~t were we~kl)' to modctatd) thrcatened (VI-index >30% ""d ~ 60%) (Figure 4.4), 

whereas aU (he site, of the minimum sct selected undeJo the support comtIam[ were 

soUl:ced frum ,itcs dl'p""ed throughout the entire nng~ of sub-cb"c, (ys·index >30% 

md :s 1 ()()D/o). This IS a very simil.u to the trend m 1997/1998 (Figure 4.2). 

In 1997/1998 and In terms of Jond aC'Iuisitioo, the mos! econoffilcal tlllilImLlll1 ,et solution 

(suppor! conslramt) reqUlIed a tot.l of 6 030.6 1m hmd or~a to aclueve the re,en'ation target 

(Figure 4.5). At the time, 2 165.0 ha (36%) wa, resen-eu (14 protected ate,,). ThLl', 31 

additional SlW, of total ,ize 3 915.6 ha needed to be ,ecmed to ~chieye the consetntion 

gool. The simation looks vcr}' different five l'nJ:8 lat~r. By 2001, the ayailable l:and surface 

atea fot con&ervauon had been r~duced by ca 15'~o. The cheape'{ mirumum set solutiO{] 

(support conswunt) in tenn, oflo.nd area, wa, that a total of 5 187.9 ha wa, reqLlired. Some 

29% (1 495.2 hal is cutrently being conserved (12 ptotected ate"). Twenty additional ,ites 

of total ,j'.e.3 692.6 ha reqUIre ptotectlon ,tam, to conserve ill specie, and FHU, a{ lea,{ 

once i.e . to achie,'e the target. 
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., 
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low 'hr." +-_ Th"" tcl ... _ Hlg/ltr-t 

''''''1'S .,-~~. "1-70'~ ~1-00'" 91_18C'I. 

,,,,,.LJppOri.- 8"pi>Ol1<I ... _H!g~'LIJlPM 

Fig"re +.4 2001, Constraint ch,,~, from which minimum .ets wore drown. 

1997/1998 2001 , 
CO/1strained by ~ support I 

~ 
I 

Constr>ined by r thrc~ts (Vt-ind ~'l' 

"00 Z1JJ "00 <'00 ~"oo 0;00 "00 2JIlG ,"00 "00 0000 
Area (hal Arc~ (h~) 

I'igurc 4.5 J~ ate. of rnlnlmutn sets. Filled = Reserved, Unfilled" Cnrese,-",'ed, 

3.3 MAKI:'-JG WURST-CASE PREDlCl'IONS BASED O::-.J ALOSS AUDIT 

In 1997/1998, 59 ,ite. wen avWabJ.e for conservation, and they cOllffillled 1254 

btodiversity [tarures (4 410 record. of feature.). B)' 2(){) I, 28 sit"" had betll extirpated 

(including tv.'u of the 14 reseryes), le>lVlllg only 31 site, available for r~"'rve oelcction. 

"Jbcse rem>lln1ng SIte, comi,t uf 3494 records ofbiodi,'crsity feature, of which 1186 are 

llnique (1 129 'peele. and 5 FHU'J. 'The 1o", uvd thi , five·year time-fume repte, . nt. 68 

biodiver>ity fcatllI'" (63 speaes and 5 FH1~,) wruch were uru'lue to the e:ctirpated slles. 

l 

00" 
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Thel~ IS th~ iX"",biliIV mal all th~ ~;I~ ,denur,ed , II the """,U ... , mmmmm "d] no' h~ 

~C1lr«l, 30d II,~, only the 12 ~""" Ifl!l; protec.ed ~1<"l:lI ... -dl ,nruwL 'I1u.~ pooo:l"hty p«SC'Il{s 

o,,~ fu~ S«l18.00 (belt of the ,.,or,,) (or lh~ Up<: I b,~ f1rn:,;, If threor=Jng proc<:UoCS 

ronWl~ ulUb"ed and ,f ""it so:..<:1Cty /imritutional support L' not ' !Jmuentlr mobll"ed I! 

II p.~di~tcu that if the decline of .pec'~s and FHU. i< I.n""., th~n it will t.:I k.e 14 7 )'e~l'l 

from now for all the .nIlabk ..,mnant< to bec('mc e"utpued,le.viog only til<.: c~illU!lg 

r~ltlVe! wuh \o:s oomplement of ,~cu:< and FI-I l ' •. ::;houlu the 1o", be exponcntt.ll. then n 

will !~ke 9.6 )'e<!" f!Om now (Figur.; 4 6). 

The "".,.....t~"cc of this pn :dlcnoo, albC'l1: rudlmC'lll:uy (bo""d (1 n tllI« da", pllO,m), " ,hal 

th~ CCI01<oetv,Unn of alSttng SI/<" "n.,. Ihe n~?l' 10 10 1 .... ~IS lS cruct3.1 10 pf<!>'etlt the 

likelihood of thi. \\'O .... I-Cl.se ocenano fwm b<'Cvmlnga ,,-..t.q, 

F1,1t'".e 4.6 Predic,oU .. ,~ of ,he 10" ofbiodl"crOl'Y fe.tIl ....... fo r Inc wo'~, c.~ .=>ano of onl)' 1he 
12 " ,.en·c> ""TI>inlDg o'l'-c' t1m~_ Expo"~.,,u.1 .. ,e (brol<c~ I;",,), y=-457I'-+45S .. -+4412, ,.l '" O_~~. 
p<O.tlO\Jl. Lm",-, m e (1l1lbroke~ lin~)' ~=. \373~ +-5935.3." '" 0.%4. p<O.OOl. X 11 1~ tillle t~ktu 
"" oil the proteclcll ... , •• to bect>InC <"lLtitp>.t<-d. 

IllS( I s~l(l!,\ 

1'0 due, "~"'UH . ruffio;. on Ih~ .decuon of P"O" ty , .teo on the C"pe l lau h~ .. ~ ~n 

chu1c'~riscd by ~p""", •. b:osed. "I'p'VI\chc", in.:orT' ...... aring b.rgc[ dau ."". th.1 n before (mvte 

Sil~1 ~nJ mol e "f'<-",ks) (~kKcOT-l~ & lh+x:llf. ] 997; MJ.u & Robelo, 1 \199). 'lb e<oe h~ve 

COOtnbU1Cd tel:mvely little to the umkl!tJ.ndutg of how urlun proceo8c •• h .... ,)d be 

cOOlb.mcd w1\h id~ntifying ""mn.n!, be<!flUg cou~.v~tion potential with th~ rum of 

pwlooll!'~1! th.: tClcn twn of .pCCl.~' and th~ pe 'Slst~nce of ecologic:al p.<.><:c ........ 

'" 
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"~~~L"~U •• setprlouuceu 
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If resources are it to 

ct ai, 1 are PVIM,...'" anew 

to 

to 

resources 

once 1S YJ.JL.LU> • ..."y to 

to 

2.1). 

ct were not 

can serve as "'I<".u.u..,,,,u 

remnants 

treat 

'-~~'I-".U$; reserve 

J. ...... a.uvu to 

to reserve """tp,,.,.., across t"t""i""1U areas. 
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Ch"ftcr 5 

CONCLUSIONS: WINDOWS OF OPPORTUNITY 

'Th< .,mid if d,m[d Mih panar,,u,j;,,,,,ul,u, prop<».d J,a,i, m<idJineriu, "'iY' out, and "D'ria'" 'f'oM,on.f, it if 
,{(nijifant that "~'J om of luI<, .. tIt"A !pitb", Ibt,inMUrt 'i''':''!)' bur n"n' ,'on,,,", rb, mO'lon .. , i~'rIf - Ii", 
P''fi,. TN, d"J>ift lu ,I,rnal trntb of Ibt dtmtKmtlifoilh Ibm Ibt ,',Iurum al!p"),f h'" "'ifh lu pop!.". (Saul D. 
Ann,ky, In: Belwde, 19H'J) 

L "I \I\IAR't 

A total of 1 192 ,'a,cu1>r spenes have heen recorded across 59 remnant, of namral and 

'erni_natural habn-flt. that are r~resentati,,~ of the C~pe Flat. flora. These sites total an 

atc~ of 64.8 krn2, toughly 10% of the Cape Fh .. , The ptc'~'tlce of Rcd Data list speeles 

(RDLs) (Hihon-Taylot, 1 ~96a, b; 19')7) 1, high, at ",4% (47 RDLs). 

Although two pt~\·iously protected areas ate no Iongct fca,ible for conservation purpo,~< 

(Blom-lci/ Ccntury City and Dtifr~and Narnre Re'erve), the remaIlliflg protected at~as still 

do a remarkablv good lob of protectl1lg biodi,'ersity. Specie, ~nd habitats on teserved slte, 

conmbute approximately 72% towatds achievmg ",serv.cion targets aimed at conserv1ng 

each biodiHI,it}, featuIe (i.c. onc .ubpopu1>tion of a species and one urut of 

heterogeneity) at le""t oncc in a m\Himum ,ct, Thc,c fIndmg, strongly sugge't thaI 

previous accounts of thc adequacy of thc Cape Flat:. tcserve nctwork may have been 

unduly comervaOvc. 

However, the challcngcs fot ptc,et\'ing th~ imperiled b"xh,,~tsity of the Cap" Flats ate 

ovet\vhdnlll1g, not only in term, of allevIating bioio&,cally threaternng proce,,~s, but also 

garnering CIvil soclet}· support and m.orntion'! mtetcS{ fot protecting reserves and 

~e'lrurmg ~dilitionalland for rescrve •. The likelihood of assigrung conseryation starn, to 

currently unconserved suc, orc unlikdy. i\n additional mimmum of 3 692.6 ha (20 sues), a 

relati"clr mode't aC'lUlsition hy global 'tandord" I, tequ[{cd to ptotcct the unreserved 

'pecles and habitats ~tleast once. an effott ncce,,,,ry to prolong the pcrsIStence of:ill the 

"pccics and the mamtenance of some ecologic.1 process preyolent on the Cap~ Flats, 

l\cluevmg this goal is hampered by the bek of alternative land for homing on the Cape 

Flats. Fotrnnatdr, thc continual shnnkage of tbe,e remrutnt, to smaller ,;;,es do~s not 

~utomaticallr depress ,pecic, riehnc'i. Rath~t, it hai ""~n establish~d that. maintaining 

habitat heterogene.tty and keepmg thteats at b~y, are thc detetlnining factor. controlling 

'pecics richness. 
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2 CUSSER\ArION PROSPECTS ON THl:: CAPE rLAT. 

llus rueSls nurrors whal many people already knuw, tl"'L ~s we he"d onto the 21" century, 

lflcrease, in 'peeles loss on me Cape Flats will contmue unab"ted. It ~annol be disputed 

iliat hUlllilu-related activities ill urban area, hoxe a neg.:tuve unpact all the naN"l 

envIronment. SOCIal norm, and need, ofren drive these neg.>\1'-e itnpa~t" (Matowanyika, 

1994; I'olk" 'Ial. , 1')96). 

2.1 CNIL SOCIETY AND INSTITUTIONAL ASPECTS 

ihe complex social dimensIOns of the Cape FUm (I'l/ood tt 01., 1994; Khan, 1999) do not 

re"diIy jmufy comerv"\10n uale.<s nature te""""e' play mulu-purpose roles (Ngeleza, 1990; 

Nguta, 1992; Wood r: ai., 1994; Wood & Gihb", 1997). The persistence of I1ldtgenous 

remnant. has conservation Implicatlons, and Silllultaneot"ly tepteseutll;m extraordinary 

potential to provide educational and tecteatlollal amenities, Limited successes, which ha'- e 

been attributed to limited (instlrntionaQ mpul', have been achicved with s~hool group', 

home, for the aged and tertiary instlmuo,," vmUng me", namre reserve, (e.g. Ngdeza, 

1990; l'\gll\:l, 1992). One of the .ucce. .. hIghlights has been the tnn,formation of lhe 

Edith Stevens Narurc Rescrve to all ","eo. that now enjoy, the _'upport of local re,alent!; 

(/l.laze & Rebelo, 1999). 

In an attempt to cJ:eate an etho, of awatene" ."d appreciatlon of narnral resources on the 

Cape Flat', vanous commuruty-based organisations (CBOs) have embarked on g-ude"ing 

project, iptrs. obs.). 1 hese projects mainly highhght the horticultural and economic value of 

mdigenous plants. Sadly, many CEO,. particularly tho,e operating m low-income arc~" are 

shott·livcd, primarily because they are totally dependelll on pubhc .ector fLInds (Khan, 

1999). Non-governmenml otg~Ilisation' (NGOs), particularly the Botarucal Society of 

South ;\frica, that focus on ~onservatio" implementation ate making excellent 

contribuuons to conservaOO" mrunly thrO\lgh proactIVe, mtetvcntionist approache, 

towards 'consel"vation-friendly' urban development on the Cape Hat' r.>fckenzIe & 

Rebelo, 1997; Maze & Rebelo, 1999). 1bis is mediated by current p<Jhcy and Iegtslauve 

frameworks, and to a le"et extern, tlu:ough land acquiSition negotiations (K. Maze & J. 
Wood, pm. romm., 1997-2001). '!'he,e NGOs are financially well-established and have a 

wide n"tionalsupport network generally amongst ,trata of high-mcome earners. 
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t 'Translocation' is defined as the UV'JU>'U"''''~ within their natural range, re-introductions of 
to their former range and introductions to sites where have not been recorded but 

which are and similar to their et ai., 
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differeno: to the outcome of reserve sel~ction procedUI~s, lms strongl), ,uAA"StS th~t 

ideal- and real.", orld iolutiuns are highly congruent in heavily ttansfonned urban ~re~, 

where the biota is highly diverse, a findlllg ,nnilar to srudies underlilken in pri'tine 

landscape" 

The the,i, found that "nall-";z~d remnants can still be important for conservation, and 

thl" need, to be verified fmther [or the viability of their popilhtions. A lunitation of tm, 

thesi" '" that qualitative 'peoes d~ta tel~ting to life-hIStone.; reproouctive strategies and 

abundance dala (e,g. number of subpopulauorn or number. of Individuals) were nol used 

(thi, data is only anihble for a few .peO~,), 'I,,;, would have added an inleresting aspect 

to",ards understanding the n,k of speCle, exunction In relation to how w~U species mIght 

be ~bl~ to re'pond '0 threat; (e.g. "peoe, with n..-.-ow ntches)_ The incorporation of tms 

,ort of data Into re,elve ,dection procedur"" might have addressed perSlslence pOlttcul~rly 

in relation to high-ri'k 'peetes, but the acquiSltion of this data~' coody and time· 

consuming. U' lng 1m, data to e,tablThh persistence goal. may be an ovenly strenuous 

exercise ('high investment, low returns') since consefyaUOn-worthy SHes are unlikely to 

e..-w;t on the Cape rlats, say over the next 100;200;300_, _ 1 000 years (i-e, over some 

evolunonary time seole), 

l (ONU.l ~I():'>JS 

Should the "manon ari,e within the next 10 W 15 yea .. that the only natural remnant, 

remaining on the Cape fila," are the 12 eJtisting reserves, at le~'t ~U the strict Cape nan< 

endemICS will be protected, More widely occurnng endemic. and RDI.s recorded on 'he 

Cape Flat, aI,o occttt elsewhere outside the study Olea ",here opp()ttuntties for 

conservation of remnant, are probably more likely to succeed than on the Cape filall< 

The conservation of alSting remnants 18 highly unlikelv to enable the persi,tence of 

ecological processes o,-er an evolu[1Onary tune-,cale, even If persislence goals are 

addressed in conservation plans. AchIeving permtence in ~ frogmented l~nd.cape where 

the matrix i, hosnIe to biodiverSIty, such as the Cap" Flats, may nm be fe~sible. 'lbe sp~tul 

components of moM cvolution~t)' processe, have been irreverSibly transformed. 

Persl8tence, therefor~. can only be achIeved through management strategle,. and this will 

b<: very CO!ldy for the rcl~vant conservation agenete,. 
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SJ'J'E CODE 

75i\ffi' 

l\ECi 

~ELHAR 

BLKF,\UR 

BLOUFYN 
BLOUREN 

IlWUSTR 

BLOUVL" 

IlDO\VNS 

BR. .... CK 

CI''NR' 

CAPRI' 

CROSS 

DRTFfSR' 

DUlNEF 

DURBRC 

DURBNR' 

EDITH 

EDITHNR" 

EERQR 

HANOV 

KENRC 

KHAYOS 

KRA_.\IF 

UNJAN 

UNOS 
L>,N><D 

MACASS 

MEW 
l\-lILNLM 
l>fILNRC" 

MKFLAT 
N7Nl 

NEWF 

NORnIP 

NWPEN 

Ny ..... NGR 

PELZEEK 

PENEST 

PENEER 

I'I-ill.EAST 
PHll.lX'ET 

I'L .... 'JTE' 

Appendix 1 

Li, t of the 59 ,tudy . it"'_ Pormalnom",",~ used wherever po",ibl •. ' denote,. 
pml<ct.d "'.a, tho definition of which i. giv~n in GOapI,r}. 

SlTENAME 
".~.-" --- -- ---,,--,,~-- -----,,----

75 Brig.de :Military Ba''''' (fonned,. cill.d Suth Bas. Ordinonc. Depo~ 

AECI indu,trial me 

Belha" road voW ,it. 

Bkak House-Faurt' 'oad "e'g<' 

Blouberg Fynbos site 
Bloub.rg Renuster;-dd Iwppie site 

Biouberg Stnnd,..ld ,;t~ 

Blouvh/Cmtury City' 

Blue Down. urb.n fring<' 

Bncl<onfcll Granite outcrop 

Cope Flot, Natur. Re .. r .... • 

Ctpcicorn Science Park' 

C1'OS"""ds open 'pace 

Dtift;andi Nature Res""-e* 

Duillefonteio Road-L.nsdown~ Rood open space 

Durbonville R~c.cour.. 

DurbonviIlk N.mre Res=e' 

Si<. adjac. nt to Edith Steph. n, Natur. R....-v. 

Edith Stephens N.mre R"'"-,,,e' 

Eerste River QUllry indu.,trial ,it. 

H.no"er P.rk open 'pace 

K.nilworth Rac<courSe 

Kh.yditsht op<'n 'pac~ 

Kr .. ifon""n Forest Res eLve 

L.nsdowne Road-Jan Smut, Drive open .pac. 

Lansdown<' open 'P~ce 
Llnsdown<' Road open 'p~c. 

Maca" ... Dune, 

Kh.y. li"h. Mew \V'y open 'pace 
;Vr,lnerton lagoon mouth 

MilnertOC! Rocecour",' 

Mitchell, Plain.Kh~y.li"h~ fl." 

N7 -N 1 rood interchonge 

N~vfield, <{len ' pace 

Northpine open 'p~c. 

Northwest of l'enhill R""d 

Ny.ng:o Rclway open 'poce 
Pelican Park-Ze. hx:ivlci flats 

Penhill E,tate , ite 

PonhilljEer.te Rive< open 'pace 

Phillipi E~, t , it. 

Phillipi W~d~nd 

PhttddoofN.tuul Ht'tiwge Site' 
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RIE"!"' IUetvl .. Prolrcted .... ,eo' 

KONOCO Ilo"deboocb Commo .. 

KOI'OE.\ KOO<kboocb &<1 opet> '''''«' 
KOI'D\'!.· Rnn.hlcr. Natw'<: R",,,,,,,~ 

SAKD Sand lndustn:r. "'~ 
SOMUI' Somd"'m Hl.2nm.J .ne' 

~TRANDP Smndfontcin Road OJ"'" .pte<! 
SW .... RT S",.rddip open ' pac. 

T OKFR Tobi Forest R"" ....... e 

W eN}!," 1'w,bcrg N,m« R~,~".., ' 

\1'El.M F.nn Kkin We!mord 

\l'fl;'lT \'I:'~ ttOfl open 'i>"c~ 

\l'lNG \'t:'mg6dd Military Bau 
\l·"OLFNk ' Wolfwot I'~bttc Rncl"<c· 

WOOD W<><><fhridgt-15lmd 

YOUNG You"gsfodd Miht.ty Bau 
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Ap~ndixl 

H.bitu ryp<" pr ... nt on the .tudy ,;k, (devdopcd from Figure 2,2). E.ch habitat i, a unique combination of the vanabl.s .• dmote. ~ 
protect. d or""-, Empty c~n. "'1"e .. "".n ~b.en",. Site nam", an givon in App"ndix 1. 

Conlinur_, owrleuj 
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