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spe~ie, (b"",J on 55 sp<:ciesl. ~l1d (di prcdicwd distrihution of m',ior riparian ,!,<,~i~, 

(bas~d on 7'.1 widespr"ad alien plan! ,,,,,c-ies or invade" that (><:~Ur in J~ns~ slands). 

( ,'1) ~ I IlI)FI 2(J(J1. 1'.\ TTER],; , .... M) PROCE~S OF ALlEN PLA'IT J"<V , .... SIOl',. 
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CHAPTER 3 PA TTERl\S OF PL\l\T-.lt'Y-,\SION~~T MULTIPLE SCALES 

DepenJing: on the scale anJ extent at whieh 'patial Jata on alien plant invasions 

are ""aluakd. slIb,;u,mi"lly Jifkrenl per,pcctiws are gained; lhis has ,mphcmions ror 

understanding ecological processes. tor management applications. and for defining 

erteCli,e monilori,,~ strategies, QlIar1cr-de~ree grids and quaternary wmersl",d, are mosl 

useii.ol at a regional or national ,calc. Grid c~lIs or I to 5 km in ,ize arc ~cnGrally userul 

for guiding priorities ami planning managemctH interventions, !'inc scale data ore llseflll 

fi'r mClnagemem areas which are small in extent. hut provide gm detail with which to 

assess patten!' m,d rates or in'asion, 

f OXCRO FT. 2007 , P,ITTFRN M,m PROC ESS OF ,\l IE"> PL \t(T IKV ,\SIOK 32 



Univ
ers

ity
 of

 C
ap

e T
ow

n
I 

Ch.p'''' I 
0'n,~,1 "'''",,-,;on 

:;,,·~"n. 

L,o", """ , 

Ami",,,,,,.,,,,,,, 
'n>r''''' 

s.c. I" '1',,,,.1 .mJ 
'''rnp<~,, 1 

5<'0"('0 

\!"",,~<"'''nt 
Iclationsh'I" 

S.muy "re,· th' 
"-"P ,nd iow"dd 

""',"'" 

1'1\1 I LR-NS 01- 1'1 ,,\N 111\ VASIOl\ AT \1CLTJPl, l::SC,\ \.l'S 

Th' ~"in nhj'''h ,~ 

r~ . p'''' ! 
ro ",,,,,,,, UlC I." of ,ipariaH pi , ", 

mv","n., ,,, P'",,,,-,,, I "e", !" >e" ''1',1""", 

nop,"' J 

T" """" pOi""", 
<1',,,"1 ,ca].;" ", 

" 
Coapt« 4 

Tv""" HIO r~" of O<",LnOJ",,1 phr'" " 
""· .. i,,,· . Iiens 

nul'''''>; 
To ,.,,'" tl" 10"' "r" l:>r_o.< i"I",'I'-"''' 
""",,0<,"," ,., tf>, \",,,<m.< of ~P"';"" 

pl.", en,",""" 

Ch.plc, ,; 

T" "",,,,,,,,,,,,1 'Oe ,",,~io" of Ol"""ia 
_,Inet" .nJ ,~«" Lh , rul, "r p"'p"g"l< 
1""""-0 '" 'tm"n"m~ m,."."n omerl" 

GlOpt<" 7 
r" ,,,,,",, Ib<"nc "" I, ,Iyn«mi" of 

Ilf""'''" ,"m '" ,"V",;"" 

,h_l"" g 
i"Q de, 'i<>r "ne~ ,,,",,<,!,-",I rr.o_",,,' 

mr ,,,,a; i,," <coIoSy 

I 
(b'I, ' ,,9 

,,,,,,,.1 ",,,I,,,i,,,, 
~colOl"" I Ih<"'<Y 

on<.! "'''l.a~''n." ... 
'I'P I [G.b; I it)'. 
"""inl' I,,,m 

Ll"-'f>I)' t" I'f>C~"'O 
,oJ pc.r l"" '0 

LI"", v 

~c.l" 

o"""oc",jo", 
(" "ne I oJ; "t: 

,eLm, ,« 

• 

.-\rr"""H·"" 
U"cI,,,n i, rill' 

p"" I 
SCLCnu 

\!"na~<TI '~n1 

L ,n,<.,~e:; 

p,,, C 

Spec,"" Li", 

I'OX CROFT. C007 PA TTERK Al\D PROCESS OF .. \L1E~ PJ...I "T INV.\SIO).; 33 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Introduction 

n,~ n~g~liye Lmpad, of biolo~ical LllVasions are mnc"'g tlw foremost ,oncerns lilCing 

conservalion managers (Mor>l1CY <!I ai. 2111(5). In ~n effr>rt to provide 'trmegic direclionlo 

managcm~nt il1l~rventions, much cmph"'is is placcd on the colleclion 01" spatial data 

(Ewd d u/. 199-9. \>iillcnber!; & Cock 2005. Hulm~ 2003, Dark 201)4. Guisan & rhuilkr 

201l~). ]lnfortunJtely, in many ca,es insul'ficiel1l aHemi,,,, i, given t() how the dala is to 

\>e used (Py'<ek & Ilulme 200S), The resull is that the spatial resolulion and sca le ol"data 

collection may be inapproprint~ lor p.1tiiculnr u,es, 

Although planT ecologists hme recognized the importance of ""mpling ",ale ill 

Iheir d~"'riplions 01" dispersal Or speci~s dislriblltions (Wien, 1989). wilh [mLdl a1!cnlion 

b~ing pnid to scale in undel'~anding rmity (liartley &.. Kunin 2111(3), invading plant' pme 

further ~ompkxil~, ('on''''-Iuclllly, br Ie'S atkntion has b<:~n gi\~n lO scale Issues III 

undcrslJnd ing LnvaS i~ene" (bllt 'ee II iggins. Richa rdson &.. Cowling 1<)<)6 j, 

In'asions (range e>.pansion) are Ln mnny rcsp"cls the OPP()Sltc 01" rarily (mngc 

contraction: Van r-.:lellnen & Richardson 2(1(17), Consid~rable insights for all ocating 

cons.:IYatLon priorilie, ha\~ ~mag~d Ii-",n 'llldj~, or ,cale (lep.:ndellCY or <anly and 

extinction risk (liartley & I>:unin 20(13), Similar insights are needed for managu,g 

invasive sp..;cics, "her~ managcment opTions depend on various I"emurcs Lil ()w range 

,1ruClure, ,orne 0 f" hich n",y on Iy be delecled at a certain grain. 

It may b~ argued til~t the reason i",'asions pose additional layers of comp lexity to 

underslanding spatia l patkrns is lhat mOSI. alien plant> arC slill in th" P'<1C~", ol"'prea<ling 

and ilav~ IIOT sampled tile ful l r~nge of a~ailabk Iwbitats (Roug~t eI al. 2(1(14, Wilson <'f 

a/. 20(7). Few sludie, have slud icd th" p'oeesse, and pattern, 0 I' i Iwa,ion from Ihe i ni lial 

found~r population to the point whel'e all available, "u,cepliblc habitats il~'e been 

,amp led (Pysek & I lulme 20(5), Further, only 10% of sludie' focus on tl-..o initia l stage, 

of di'per>.al "hile The remainder focus on "jdespread and advan,ed invasions (1'1IIh & 

I'o,t 2(1()5), Invading plants abo have 'palial and temporal dynamics (hat are difficult to 

pr~dicl (Py~~k & HlIlme 2005), tTc~lIcntly c>.pall(ling lheir dislribution I'rom extr~mdy 

low numbers or SOllrce f'Oplllations. often through r~re dispers-al events (I'util & 1'0'( 

20(5). Howe~er. lhe abllily to predicl ecological phenomena such a" pall~m' of ali en 

planl distriblllion, and lhus inl"er ecoi<)gical pmces",s (Turner 19R9). dep"nd, on lhe 

1'1) XCkOI'T. ~'I)il7, P .. \ HFR"I ,\ "In PROCFSS OF \ I.TFK PU KT TN\, \STOK 
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CIIAPTFR .l rATTF.I'~S OF r[_;\~T [l\VASION AT \ICLTlPLE SCALES 

rd"lion\.hip bel\\~en spat ial "Illi I~mroml s.caks or "arJalie)n (Wicns 1989). Wilh"n 

InCl'eJ'I' In spoliai ",ale. the time scale at which important pr<xesses operate is slower. 

time lags increa_"" ~nd indir~ct efr"cts iJl,come increa'ingl) imporl"nt Furlh~r. 

u rrderswndi ng putterns of i nV"Sie)nS is als.o a (ilIlCfion of boIh the cxt~1ll ~nd gr~ i n of tlk: 

investigation (Wien' I!)S,)). I, xtent refers to the overall are" of the invest igation. while 

gmin rdcrs to Ih~ individual lLnits oj' ob,nvatie)n (grid c~lIs: Turn~r e/ ,,/, 1')89), 

Therdorc. thc ~arle)US COrnpc)llcnts of th~ s.mle (tim~. ~xt~nt "nd grain) of th~ 

i nvesti g~tion dcteml in~ Ihe range of p~tterns that deteckd and the ex plan~tions provided_ 

Studies On biol{)gic~tI invasions thal int e;,'T~te a~ro" different \.('aics are rare 

(I'y".ek & Ilulme ~OI)5) because of the difticully of collecting sufficient daw over ~ 

suJ1ici~lltly large "r~". and to ~aplurc intrc'llLcnt, l(1ng-di,t~n~" disp.,rs,,1 events, "ith 

\~hich to e~plot'e the'e problems (see also Rich"rdsoll . Rouget & Rejm'mek 21)0'1). 

Innsive 'p.:dcs mrcly dlspcrsc ""rOSS lhe I"nd_",ap., in a continlLous front (P)'Sck & 

Hulme 200~), and opportlLnistic di.'Pers~1 event'. or secondnry invasion foci are 

jr~quently li<spwponinmtlly important in driving spatial e~p~nsion (Ch~ptcr 6). if 

distribuliol1s ~r~ mapp~d at tine grain, such sma(1 <)ully'o2 paId .. ", which muy he 

important in~aSie)n tiKi. c"n potcnlially be id~ntijied. wh~rca, at a cOarSe grain su~h 

cno;;ial re',lllution is ic)st (\Vien, 19R9. Rouget & Richardson 2(03)- Although much 

int<mllation is ~v~ilahlc at dit1erent sp"tial ""ales. there is no obvious way for insights to 

b~ rcadily lransl-"rr~d jj-orn onc 'pati"l scalc to another. Con,cqlLe11l1}', such collections 

of int<>rlnarion are of limited use te) m",,,,g~rs. planners "nd policy m~kcrs (Roug~t & 

Richardson 2003. B~I11~tl e/ ,,/, 2(07). 

Unfortunately ther~ al'~ few ar~aS which lcnd tm,rnsel,es to a,,,,ssing plunt 

in"aSie)nS ~t multiple sp"tial >eales. This i, because most system, are fragm ented, with 

ce)mplicated patterns of ~nthropogenk inlluence which suh,tantially mcrca,c the 

~oITIpkxily of undcrstanding invasion, through aftecting the di,tribution patterns of 

plan ls. Th~rdor~ Iarg~ pwtect~d arc~s providc ~ useful ~rena in which to lest the 

problcm of scale gencrally (Turner CI ul, I ')8')). and in und erst~nding inVaSie)nS (Vilousek 

('/ al. 1996). Howcver. few areas have been suitably mapped at a sufficiently line grain. 

eWCr a larg~ ext~nl. I thus prope"e that this papt'r is uniquely jXlsitioned 10 explore the 

p~llcm and scale issues ofin~asi~e ailen pl~nts. lor ~ numher ofr~ason'_ I u_", a dataset 
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Ii-om th~ Krug"r \lmional P3rk (KNP). OM ol'toc brg~'t nmiollal parh in the world th~t 

i, actLv~l y manag"d lor bioJiwrsi ly cons~r\'alion. Hlld lor WhLCh I hav~ a spmia ll} 

~xplicit dalaSLt lor Iwarl} ~7 .000 al iell planl records owr an ar~a of' lI~arly 20.()()() km' _ I 

b<' I iew th~t com bin i n~ thi ~ Jara. \\-i th the s~lli n~ und inherent (lItri butes of K r-. f'. provi JeJ 

me with ~n ex~dlent orpnrtullil~' to explore the,e i"ue,. I sugge,lthat only by c~refull~' 

assc,sing 'pati,,1 patterns of plant inva,;on at ,calc, ranging fmm a plot to the landscape 

alld lO tlw region call \\ e umkr,tand tlw I, tli range of'proce"es Ihal imemcllO ,lnLCtuw 

the distribut ion of invuding plants (Rougel &: Richardson ~OO]. Richardson. Rooget &: 

Rejm{,n"k ~O(4). Further, elTedive man~gement or plant invasions demanJs ac~tlrate 

spatial data 011 the ov"rali distribution within an ar"a. the patwm, 01· pre,~nc~iah~nce 

and ~bundan~e ""ro% the areu. ~nd Ihe co-occurrence witil other invasive species. S~cil 

informmion is crtlcial l"or planrlLng manag~mmt inl~rv~nlion". selling realistic largelS. 

and to monitor tile stlccess of control operutions. 

'vIy aims \\W~ lh",dl,re lO ass~ss tlw illlplicmiOlI' 01· ,cale in de,-doping an 

unJerSlUnding of the d istrib~ tio n 01" I A f's I, Inva~ive alien plants'!. to I) prop<.'se importum 

I"alur~s of sca le lhal n"ed Il,rdhought in colk<:ling and managing invasive alien pl~nl 

data for Imli sri<; tllUllagetl1ent interventiollS. and 2) assess \\octh"r I could dd~rmin~ Ih" 

m iOl mum grain 01" data 11",1 i, rL'qu ir<:d to fulli I Ihe ahove r~qui rements 

I\iatuial, and Method, 

SI/Irly area and priori(I' sp,'des 

Protected ar"as ure habitat islands: nut ural landscapes and habitats surrounded b} vario", 

c~It",,,ll~- modified '~-'Iems (f'id~1I & I hompson 1<J7,)). KI\I' (I·ig. ~.la). \\hile ~ I~rge 

prOlecwd ar<:a. is Ihus i'unclionally a 11.1biiai island. K\lP ~I", ,hare, Ihe in~re"sing 

globJI concems owr invasive alien species (I,\S: Rejtllanek e/ 0/. 2005). 10 the poinl 

\\h~rc lAS ~r<: now rcgar<kd as on~ oi'lh~ greal~'llhrem, to th~ biodive"it~- oflhe park 

(Freitag-Ronald,on & fox~rofl ~Oll\ apF",ndix 1.3). A number of pathways of plant 

invasiOil have be"n d~scrib~d in ddail for K~P sp<:citically. induding riv"" (Chapl~r~) 

anJ intentional intmdtlctiolls lor ornalllellWtioll Lil stafT vLllagc, and lOurist 

accomn",dation (Chapter 4). In olher I'ro{e<;reJ areJS. vehicles (Lollsdale &: Lane lYY4j 

and mad, (Bennet 1991. GdbarJ & Belnap ~Il(3) have also been shown to be important 

FOXI ~OFT. cUUi 1'.\ llFRI'\ .\I'\[) PROCESS OF A 1.11'.1'\ PL,\ I'\T 11'\V ASIO,,-: 36 
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pathways oj" inyu,iun. BOlh ~re Impli~"l~d in llw 'preJd of i n"asiv~ sp<:c ies in KNP 

(Fr~i\ag-Ru"ald'(\I1.'(: Foxcroft ~OOI. uppendix 1.1) bUl have nol neensludied in demil. 

KNf' is SiIUUl~d in lh" l1l;d-redCh~s oj" ,e,en eXlcn"iY~ draLnage syslems (namely 

lhe I Llnpo p<J. Lmudlll. Shing"~dzi, Letnba. Olifants. Subk. Cnxodile Rivers) , 110\\ing 

["mOl th~ iligher I~ing reaches in the "es1. 10 \lofambi~ue in th e eu'l. All the w:.uershcd, 

are invuded 10 S"'TIe eXlent \\Llh 191 invasi'~ ali~n plJnt sp<:~ies t>.;ing recorded in the 

upper wute,.,hed, oj" KNP (Chapter 2). To dat~ 372 alien plant speci~s hav~ I",en 

rccof(kd in K~P (Foxcmrt et al. 2003. appendix ~.3), includin!; onlamelllal "liens. 

rudecal species and wi(kspr~ud ;nvasL'e aliL11s. 

Whik manag~ment ha, eYulwd and pri<"itks have changed owr tim~ (see 

Foxcmfl & Freilug-R'lnuldson 2007. "p\l<'nJix 1.9, lur a synopsis), r,,~en! elfor!~ have 

j'lCused on cilemical and luter hiologi~al cont",1 or Opunti" <Iricla (1Iuw.) H",,". ,'"r. 
dillenii (K~r "awl.) L. D. Benson ICadoceue: SOl .. puddy pear). me~han;~al/chemi~al 

c'~llrol of riparian >ped~s (such as l.al1/lina cumara I.; Verlx:naceae= common lantana), 

and remoyal oj" orn"m~ntul "lien pbnts in smll- und tourist ,illag~s_ Allhough good 

progres> ha, b~en made. if KNP is to be successful in tile long-1erm. a mOre ilolistic. 

proactive approach is requir~d. Ilopdully, tile s~ntim~nt, embodied in1h~ objectiv~, th,. 

ha,e b~en dewlop<.'d for K~P ("--''-'P 2005, appcnJix 1.5), and which indliJe b~Sl prad;"e 

theor~· (Witten~rg & Cock 2(105) and ecoiog;~al under>landing (such u, gained from 

the", insights). will proviJe a li'ame\\ork to a~hicve this. 

f)ata colleclion 

Ali~n plant records and distrihllti,,,, data hav~ accumulated over a long period and from 

,""veral difler~1ll SDlI[C~S. Th~ tirst SeVen recurJ" or alien plan!s in KNP V,We made in 

1')J7 (Ob«meijer 1(37). Althollgh earl~· r.;cords w~re acc(\lllpani~d by gcn~ral 

Jesniptions u r lucalities. the advclll 0 I' in~reasingly a~~lIL'ate Glohul Po_,; lioning S y'lems 

lGPS) has led to innea,ingly pn:cise 1'lCality Jata. T11e lh,-~e main " ,UrCeS of data are: 

(I) the record, "fthe K~P alien hiota ",cli'ln (Fig_ 3_1 h): (2) u 'p""ies-spe"ific (Op""lia 

slriclO) dam '~l (Fig. 3.k); and 13) a lurge ",t oi'lmuiity-pre"i", data ulliected h} park 

rangers on til eir patrols (ef: Fig. 3.1 d and Tahlc 3.1). The data ij-"m lhe KNP ,11i"n h;ota 

>cction comprise main ly "d hoc records collected lklring various fldd .rips and from 
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CHArTER J ._P.:'>.I Il.Rl';> OF PLANT INV ,\~ION.YI \llLI'lPI.t,; SCALi.) 

Iwm~rium ~nd mher records. II", srel'ies-,pc~il-oc distribulion dma OL1 U ,'/r;cia was 

l·olle~l<'<.J ov.,.- Ih~ ~nlir~ ran g.- of Ihal sJX~ics in KNP. to g llid~ rnanagcrn~m siralcgics 

(F"~crott ~I al. 2007a.lll and to, r~sc~rch on the 'prcad dYllomics of the speci~s (Chapt~' 

il). rh~ Cyb<'rTr~cker system (see hll)1: ,/w"w.c ,'ocrlracler."'~1 was develop~d It)r 

"pplication in C(H1SCrvalion management, as a uscr-rrJ~L-.dly inlerfa~e h~ PalrnOS 

C0l11put~rs linked to UPS units (see als" DiPi etm <'I at. 2002, \-1cNaught fl al. 20(6). Ihe 

system ~llmH persm1l1d dnciliding ,emi-literate tield workers) to record cuslomind 

ob,er\allOns Wilh GPS co-ordinal~s. The pOlcmial usc of Ihe CybcrTmcker sy,lem fOf 

~oll~cting ~C()jogical data in K"-JP Was r~cogni7~d in 2000 and the sy-rern was 

incorporalffi imo KNP proc~dur~s for l~sting and furlh~r d~,~lopmenl. Lp to 120 

Cybdl"racker lIni ts are cllrrently depl"ycd Oil daily patrols across th~ K"-JP, 

Oh,~",ralion'. including animal and planl ~igllliL1g', waler and rir~ man<>gemelll r~cords 

and other I} P<" 0 r dala are r~~orded On ~adl patrol. Rang~rs lhcn ~mail dala liks to the 

cenlr~1 KNf' Geogr~phic Informalion Sysl~ms (filS) I.at> where lile data ar~ collal~d. 

dcane<l. summar;Led and made acces>iol~ to u,~rs, l'h~ Kl\f' C)berTra~k~r <lata 

curr~l1lly CC>lnprise' "v~r fj million r~cmds coll~cted h~tween ~()04 and ~1I()6. Alm"st 

\h~ ~ntir~ K~P h~s been ,alTlpl~d at lea,l once. wilh pr,mily areas (in leTTTls or ranger, 

pa1l'01 reqlliwn~nts) king sampled mllch 1l10r~ often (fig. 3.2), 

FOXU!.Ol'T, :~1j( 17, P A rTlRK AK [) PROCESS OF \ 1.lE:\ PL.-\ NT I"V.\ ~lOK 38 
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C'l IAI'I F. I{ ,l PA I Il:R" ~ nF I'I AV I I"JV,.)ll IOr-. ,\ I ML.! 11 1'1 1 ;:.('61 r :-

Ta lJl~ J, ~ , ~",mn"r> I)f Juribmcs ,'Ci' ~j.J cel l s.iu, Iher.: arc a lotal of 26,94\1 aloe)) plall1 n:torJi ~ Ild l. '165, \110 ab:.:ncc I'uin!> fm 
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'C~l! .i"- iIlJ ' ~~I ~~ Ih ~ rel1 ~lh of rh c cc ll siJc. for c)":1111plc I x I km 
' QW_ Qu~tcrnary "'~lcr.hcJ (4"~I ~rIl~r} \'~t~r, h~J, 'I r~ 11~'1<:J ,"bJ;\'isiol1s \\'tillin f1rim~ r>, ~~coroJur.\, anu lerlillr} "akr,hc,b anJ 
~rc lL.~J ror r~ij i (l n:II _""lk p l allll in~ for mallY em i['()nrn~lllal ini li~liYc, in ~""I " A l'r ica, ' ''ch ~s the 11~ l i,m~1 Wmk i l1~ for Wala 
l'rogr~mmc which i, re~]1 ~ Il, ihk liJr ill\a ~ivc alicn plant eOl11rul. Th~ avcmg." , i/.\! of th~ I}W ill th~ KNP is 55 1 J.:.m - ( Chn pt~1 2) 
' I) lJ ~ - Q u a rtcr-d~gr~~ s.. l l lar~ ( 15" I" li l"U~ ~ I ,' longitLKk. r~pr~""" 1inij f()lIl!hly 25 x !7 km ~l the l atit\lJ~ of the shLd> : Lrt~. ROll ;\t \ et 
aI.2()(}4) 
, Th~ r""r 111",1 ~bLlndU III spcci.:os (number or' r~C<K"") ill tlh~ K'IP ILlelL_,k 0l'wui.J ,lOKI" 01'11)29 . <.'Curd,}. I .llliliitw ' <lJII<lr<l (~OS9 
r,'Cm'd~), ('hmmuiat'nu ",ju,,>m (302 r~C(>rus) ~lId l'arlhenillnl /'pNrop;'"ru. 1214 r~-c",.h). 

Fe IXC-MOJ' I ~a0 1 P \ 11't:RN \ 1<111 f'flO('fSS OJ AUOI PL.~ "'~ J"I\ .-\1>IOr-. 
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rigu rc J . I: Source' () LII kl1 p 1,1]1 l Jlwib ulj()ll J Jtu: (a) in r~ l ~ li \lIl lO K 1\1' iLll ill'l '-uc'l~ l r~ il l".1 ri\'~r', I b) K l\P alien b iOla scdioll aj i~1l 

p la nl dL st riblLti on dala.le) Op",,, ia,\-Iric/(I d islribul i<lL1 data, and (ei) al i ~ 1l p lm1l di slribution dala I'<l m the CybcrTmck~r programme. 
Th~ ins~11 pbccl Kl\P ill rd'llion to (he ['cst of SOli til Africa. 

roX(lWrT ,-(~(]7, PA I-I ER~ A"[) PH.O(,H~ 01 ALlLt'- PLAt>- j INVASIO~, 
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CHAPTER 3 P,\TIER:",5 OF PLA~T I r-, y-,-\sJ.(r~ AT 'vWL J"I PLE SCA 1.FS 

Records/Cell 105 kml_ 
Q , ~, 

a.l} 3-7 
_ 8·24 
_ 25· 20460 

Figu,'c 3.2: Di,lrinulion ofK:"1' CyberJ"rackcrdala planed as rcco rd,"" 0,5 x 0,5 km cdl. 
Th;s data i, collcded by KI\'P rangcrs, on aspec(, such"" Waler. lire and poaenin g: 
mana~emem (amollgsl (Jlne,,), and ar~ used a, ahsel1ee (null) records fO\" ~>sessing ~ I ;cn 

plan! di,tril,ut;on, The ;'bert ,no\\'s a detailed view of the poinl records, 

Thc combined al,en plant distriblltion data amOllnl, 10 26.949 records {'I'able :\_11_ 

Allhough ln~ dala irK-lude, 161 'peeie,. 70% of the records ~rc for a single spe<:ies, 

Opun/ia yfr;da, "hich Wa, ,y,lemalically colle<"led for a specitic purpose (Chapter 6). 

' I'he ~arlie,t record' with detail ed locality data dare from 1974 (Sa/vin;o mo/esla D_S, 

Mi«-h .. Salvil1iac~ae. Kar;b~ Weed), while most of ll>c dala Wa, coll""led from ~OOO 

FOXCROfT_ ~OO7_ P,\ TTFRC'l ,\'1[) PRU(TS~ OF '\LlF.~ ~r..A~1 lNVA~jON . 
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CIIAPTEI\ .... :L PL\IITR~'iJ)E.l:'l.Ar-. r lNYASIOi\ A! VlIH .TIPLE SC\LES 

()n,,·arcis. \\ilh the u.'" of th~ Cyher I'racker programme (with inlegrated (iPS uniL,) 

~ing "idely lIsed, the areu :> Olfveyed hm, subsl~nl i"lIy increased. ,\1 a tine grain )tor 

example. in cells 01' 0.1 \ 0.1 kml there is ,m ~verage of 1.03 roxords (null records for 

alien pl~lllS) per watersflCci or c~lIs (lahle :L~). At the c-oarsa -,.cak (25 x ~7 km) there 

arc up 10 39,90() records percell (null r~', __ ords lor alien plants; Table 3.2). 

The four nlost ahllndant species \n're Opuntia Siricra, '-amana ClImara L., 

Chmmo/aena "dora{{l (1 .. 1 R.M. King & II Roh (Asteraceae. chror!lol""na) and 

Par/hen;"m /ry.l'lerophorus L. (Aslera~c~e. p~rthenium) (I:ig. ) ,)a---<:i) , 'Ihese four species 

~Ion e ~ccounted for Rl% of the occup",d cells at the largest cell size lu""ci (551 kIn! ), 

and 0,33~{' uflhe ~ells oC~lIr;~d allhe 0,1 ,,0. 1 km ~ell siLe (Table -'.~). 

A limitatioo of all three datasets i.~ that not all ~lien plant 'P~ci e.~ ~re eyually 

repres~nt~d or eqllally well -"-'rvey~d. For example, the CyberTracker ha, eXlremely 

accumte and comprehensi,'e data fOf ~ few >pecics, "hereas the U ,\Iri(fa daw focuse, on 

une SJ>CCle5 \'hich LS mapped in ocluil (i.e. indlvidual planls and ,h,>crele pul~hes. see 

Cn~pter 61. The d~ta from the ali en biota section incilidcs nlany species. hut ,,'ith few 

records for mo.'ol: speci~s The data do not include any mea<;ure of abundance for each 

localily (although >ome me<lSllre;; or abundance tan be inli.;rred franl the den>ity of 

ol->s~rvalion', "ith the ca\'eat thai ,ome species are more conspicumLs than oth~rs), 

Despile these limitalions. I knov. of no other datase l "ith record,> tor as nlUny >p~cies 

"ith such a fin~ resolutioo over wch an ext~nsive area for any protecl~d men in the 

"orld. 

Allhough th~re has be~n a large long-ten11 man~gemelll rrogramm~ (Foxcroll & 

Freitag-Roll ~l ds.on 2(()7, app~nd ix 1.9). no popu l~t ions of ~ I icn p I ~nh ~re known to nJ\'e 

b.een ~/ad;cat~d. In th~ b.e'l-ca", '< __ ~ll~rio, some alien plant popuinlions ha,~ been 

reduced in ~bundan~e i den;;il), . I am lherefore ~unfidenllhallhe data i;; repICscntative of 

th~ r~al silualion in KNP and tha t ongoing deari ng programmes have nO! had a 

substanlial inlh",nce on lh~ dislri butioo paUems. 

H,JXClWFI. :'!)!)7 , P.-HTERN AN D PROCESS OF ALlEK PLANT I~VAS)ON. 
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CHAPTER ,l l'A I 11.I{'\jS O F Pl.A"l I !'\IVAS!ON AT MU! TIPLF SCALES 

,Happing "lien plalll., aT ","mple .'patial .,ell/e,,' 

As I w~s int~rest"d in Lltl(ktSlanding f>Crsp,,~tives of a li~1l plant invas ions al vari",), 

"aic8 and making recommend,uio", 1'0)' ma"ag~m~m and monitoring. I mapped the alien 

pTa"t spc~i~s dL~trib"fion at nine different lcvds of ~rain Crable 3.2). lbi, rang,ed from 

p<Jint I'K~l ity data, III I x I km grid ~cll n'so lmion. to the qL),lI1er-deg",e grid ,,,f.;'''nc~ 

system (approximately 25" 27 km at toc latitude (lfKNP) "hi~h is eommonl) used lur 

"Lr\ey data in Solllh Africa (lor ex""'pks relaling to i",·~ si,e pl~nts, see Hend~rson 

l')')K 19<)'), RC1u get el al. 2(1(14. Chilplc ,' 2) and the 'l"atemil'}' wal~rshed (l<llLrth level 

Gllegory in SO"lh Alfie,,', ri,er l'", in c l",sili eation syst~m). 

All spmiill anill}ses Wete ~ilrried ,)lit using, A){C GIS or .-\review :'-2. (jr id, of 

VaI; O", reso l"t ion, wa~ prepar~d (in ~'fid and polygon liml1at) ,md ~a~h ~dj WaS 

proviJ"d with a uniqu~ id~ntifler ,alue. For e"ch oflhcse grids j determined the alien 

plant SF",cie, ridllw>s and the nlLmhcr of re<;ords F",r ~ell and th<-'T1 g~nl'rat<-'J maps at lh~ 

various resolutions. I iliso assessed Ih~ e~t~lI t to which tile "absence"' dat~ ( jr,"n the ful l 

('ylxrrrack~r dat"",t) was distribL)led acros.' KNP. in order to as",ss surv~y bias and 

sampling en'1<"t. I h" Cyb<:rTl".1cker damSel is the only diltasel lOr whi,h true ilbsen"" 

rumts ~all b~ inkrred . be~ause lor ~a~h j"mufe: (animal sighting, Wal~r romt and lir~ 

scar>. '''llOn!!Sl others) a (;1''1 poin! is recorded. and I a,"um~ that if an al;~n plan! had 

been present ill th,1( parti~ulM poin(, il would ha~e bc~n ren ... ded (fC1r th~ ,,;g,ht sp"ci~s 

thal W'e th~ rocu, orthe Cyh~r I racler dilta cc)llectinn). 

Applying relll dala 10 sCille 111t'o~r 

rlh: S L),,~ssji.JI ~pp l kation or ecologi~al th~or)' 10 manag~m~n( pracl i~~ (including 

moniloring) demands an understandi ng of the lin kages among d i ffe,,,nt eco logicill s~il l es 

(\Vicns 1989. O'N"ilj el 01. 1991). How~ycr, ~w l o~ists still ,(mggle 10 lLnJer,ta",.Illk,e 

linla~es. let a lon ~ tran,rer this In,'''' ledge w praClic~ (Fdwilrds et a/. 2002. RC1uget & 

Richard",n 2(03). To gain insight into this prob lem, 1 applied my data, ,,'hieh I ussessed 

,11 nine ditTerent s~illcs, to til<: hierilr~hical pat~h d)'nami~ mood of Ko(liar & \Vicn, 

(1<)9(1). rhis mood WilS devdC1r",d to provide iI Irwncwork for ciilssi(ying pakh S(rUdllW 

a~roSS a rang~ of ",ale,. AltholLgh the model wa~ e~ pl()rcd using: toraging the<Jry as an 

example, it is abstrxt mough >0 that the pri n~iples can be appli~d to other areas 01' 

FOXCROfT. 200], P.'HTE RI\ ,-',I\D PROCESS OF .\UEI\ PI.,\I\T 11\ VAStO'· -45 
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ccology. I ,-alldomly ",Icckd ,~w 4u~ternary w~tershcd wilh high alien species I'ichness 

~nd c"le qllm~rnary "'m~rs.ll~J "itlo 1o" Sf><.-":I~S richness. "'Ih which LU enlltmst insights 

~~ in<:d Irorn .1Sscss ing th~ diflcrenl <;c~k'. Wirhin "Jcil ofth~sc unils one cell ~t ~ !Iner 

>C.1I~ ,,~s ,,,Ie'clcci. for both high Jnd low srx-cies I'ichness r~spcctiwly. I \h~n ([i <;cUss the 

ilnplicolion , f(}r umkrslanding ~col,>gi~ a l proce"es in the inv~si(~l process. l11anaging 

cHI<I [lwllitc'fing pl~m inv~ sio ns. 

Re<ults 

JfaPl'inN "lien plants at multiple spatial s('ules 

A fr~qu~ncy Jisl rib uli,,,, Jiagr~m (Fig. :,.41,-h) pn"'id~s illle r~sling insight in!c> th~ 

pal1ern or srcci~s nchn~ss P'" cell. The quarler-Jegr"e cell and qual~rnary wal~rsh~d 

sc~le (Fig. JAa and b), n(}t surpri'ingly. ,h(}w 'imi lar (llorm~l) di,tributioll pattern,. ~s 

lh~y are similar in ~x\~nl (675 km" and 551 km'. rcsp"c\i,cly). How~v~r. il is important 

!() l10te th~t ~ltI"'lLgh lh." 4uat~mary watershed >c~le varie, slightly, it " more 

~c()lc,gically m~dningful wh~n cunsid~ring fllnctions rdak'll to n\'er> or nparmn 

corridors. Ihe 5 x -' km cell. 2 x ~ km c~ 11 ~nd I x I km cell (Fig. J.4c-e) have si'nilar 

sh~fk' di,tribUli(", Cllr"~'. while cells at the Il.-' x ().~ km. 0.2~ x 0.25 km. ~nd 0.1 .x 0.1 

I-..'n resolution (Fig. 3.·H'- h) h~v~ simi l~r p~tkrns. I thlLS inkr [hilt similar insights into 

lLnJer:slanJin,,: ali~n planl patterns may 1-,., gain~J from w(}rkillg at tI,,~~ hmadly .imilar 

lInits. namely. 500 700 I-..m ' . I 25 1-..'11" ~nd 0.01 0.25 kill) (Table J.2t 

th ~ range of cell ,i7.~' I ,~ I~cl~J corr~'I'0nds 10 3 'ubsl~ntia l Jifkrence in the 

nutnkr of cdls across lhe Kl\P. ror ~x~mpk. m th" 0.1 x 0.1 km cell SiL~. th~r~ ar~ 1.9 

million cells in KNP. while ther" ar~ unly 51 c~ll, al th~ >cal~ of'luaner-Jegree griJ cells 

(Table 3.n Th is corresponds t() ~ range of 0..-1 % and '10% of th~ cells king inv~dcJ. 

re'fk'ct i v~ 1 y, slLll'.I,mti~lly altering the fk'lTe iv~J I ~\"el (}f invasion ~cross the larldsc~ pc. 

roXCRUFT. '(](]7 P.·\ TTm,".; ·\)c,D I'ROC FSS OF Al IF".; PIA:\T IKV.\SIOY 46 
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I'A I 11-.i{I\S OF I'LANl INVASION A 1 \1LLl'IPLE SC\LES 

rhe CyocrTrac~cr u"woose prc,cnts all llnp~r:llldcd ,p~tial datawl. wvering an 

~xkn,ivc area, The tll il rich ness ofth" cbtasd will onl~' emer!ole over lime '" the da[a" 

~\plorcd I;-om a nllmkr of perspect;w,_ I lL"'U lhe rlLll dal"'~l 10 rqlre>cnl "b,wc~ 

(null) r<'cords ror ,,1;':11 plants ami to slim.,. whether there were any "rc~s that h~d beell 

suhsl,mlially under- or <wcr-smwyd, \\,'lI ilc there is an avera~e of ,l'J_()(IO records ror 

the QIlS sca le, more imporl~llt1 y, 11",,,' is a rn~an or 1.03 rGcorcls rer cclilor !he 0.1 x 0.1 

l..rn Cell "Le (Table 3,2), Thi, illdicak, that at Til" fineSI sc~k ofr",olut;Oll i"r which 

ev~lllakd ali~n planl richTl<'" dala, lhal almosl every cell wa, visikd at lea,t (~lce. 

I rlolteu llK; alien plnnt ,pecies rich llcs> for each c,,11 ,i7~ ill order to as",>, th" 

,parial p~tt em<; (I'ig. '-5-3.7), Allhough the palt"", ofinvasioll is simil~r aeros> the fI_1 

to 0_5 km xab {Fig;. 3.5a ~), lhlS dilll;" >ulmantially Irom lho,e of I 5 km (Fig, 3,6~ 

c), altermg the perceived Ie\'d of invasion ill Kl\I'_ 'I he level or inns;on slLggested hy 

Iwo "a,lIy dil1"rc!1l ",al~,. I(ll- example, 0, I x 0.1 km cells {Fi~. 3,5,,) and 5 oX 5 km cells 

(Fig, 3,6<:), \\'(>I,ld k~w th" reader \\,ilh th~ imrr~s,ion lhat lhe ,ollth~m KNP i, eilher 

hardly , or ,~\'~rd~.' invadee!. I'he 10" of' resolulion is al,o clear as the SiL~ or lk ~dl, 

lncrCH,e. Iw,ing cruci~1 information ~boHI ,peciT'c oUlI~'illg populations. Consider for 

ex ~m pl~ . the Slrai ghl line 0 I' re~orus running nOrlh -somh in th~ soulh easlern K'\J f', wher" 

ill Fig;. 3,5:t---.c iO,\ to 0.5 km cell,). Ihe di,tril",tioL1 of the patche, is d~arly di,tillglli,h~d_ 

hlLl ~omplelcly los l iii Fig. 3,6b c (ito 5 km cclls) . 

Working aT a scnle of a gmlemar) \\'ater,hed or 'luart"r-degree cell (F;g_ -,_7~- l» 

suhslamiall y "lined perc~plioll' or lhe Ind or imasion in the Kl\P .' ~Iloough 1 h~ shape 

of The \\ater,hed, prmild"s """'" iL1,ighh into which ri\'er systems Oi' catchment, are 

priorily arca, g~ncrally. However, comparmg: lhe pallem, in Fig;. -,,7c ,mu Fig, 3.5" 

ckar ly ,ho\\s lhat miJ~h ill r Olm~ti"n ;s lost abolLl th~ udai led nalllre 0 r th~ iL1va,ion 

rOVROf I. 21)1)7, PA HER}; ,\I\D PROCf~S OF AIII"\ P[~I\T l NV~Sl(m 
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a Species ri chness. 
1 
2- ' 
5 - 1 i 
12 - 23 

J ... ".,. . . ... . 
•.. ~ ... .. .. - . ... ". ,', 

, .J 1 14 I(jomo-.. ", 

b Species richness: 
1 
2 - 4 
5 - 11 
12 - 23 

~ . 

• 

c Species ri chness: 
1 
, - 4 
5 • 1 1 
12 " 23 N 

A 
Fig"'"e J.!i: \ 1 j,'11 111~"1 richll~'S> ,tala. rUf (h" """("~"'" h:ru gcr \lal,,,,,al I'ark. at (11) 0.1 )0, 0 .1 [..m sca l~. (b) O.:!~ .~ (I.~S kill ""ak anJ (d 
0.5 ~ 0.5 ~III sc~l~ n,~ in'oC,h 1'''1\ ide ~ "1<'re detai led, ie,,· " I' (he dat3 till' ea~h .;calc. 

I 0\1 Rt 1FT :00' r' \ TIEk.'\I ~NLJ PKOl. J::!.~ 01 .-lilt'- PL.~'- I I~\ ASION 
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~ Spee lil~ ric.1r.e~s , 
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_ 5· 11 
_ ,~ - 24 

Pl.·] rUiNs In rL,'\t\T IN \, ,\')luN AI Ml JI ,III'I .I: f,{ AI .E::. 

• • .i_. 

• 
• 

• 

• 

t: Sj>~",e~ rlC,~'"Ie S& , , , 
Plii5·1 1 
. 12-23 
_ 24 - 31 

• 
• 

~. 

• 

c ~pe.o9S nd1rJass , 
H 

_ 5 · " 
_ 12·23 
_ 24 - 49 

F~ur<· J.t>: Alien pl~nt ridlllc~ da1a. for 1hc >oulhcm lVugcr-:-ialiona l l'ar\;.. ~I (:OJ I x ll:.m..:ak. \b)2 l< :! I:.m s.calc and c) 5:\ 5 kin 
", .. Ie . 

ro~("ROI"T 1007 r 'll Flf\ .\NV I'KVCF..SSOI' ALI EN PLAt_ r Ir:.VAS10r:. 
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,CcH"A"'"I"'"':R".c' ___ ~T"'A,rcT"F".R,N,S,· ,O"F"P"T".A~NT INYASIO~, /~.T.MUI, 111'11-, SCAI.LS 

a SpecLes richness ' b , nchness' ,.. J.4 
5 - 10 5 - 10 

.11- 19 11 - 19 
_ 20-30 20·30 
_ 31-72 31 - 72 , 

" C " 00 ,,, 10O K~ometers A 
Figu re J.~: Ali~n plant richl1~" data fi,r th e Kruger r-;a!;()nai Park , at (a) the 'luat~rnar}' 

\\at~rsh~d scale. ~Ild (b) th~ qllarter-degree ce ll sc~ lc. 
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CHArTER J rA TTFRNS OF rL\ ~T I~V,\S IO r-,' AT \IULlIPI,1 SCALC> 

Al'l'lyini! ""(11 d(lla 10 s('alr IheO/)' 

By app l yin!-; my ~ I ic'n plant distrillulion d"t~ to ceo l('Igi cal theory (1-:011 i ar & Wiens I C)'KI). 

In whidl lh~ van('lu, le,d, ('Ir grain arc' "''>lcd with lll each other (Fig. J.R ~nd 3.9), 1 

gained insighTs tor thr.:e irnportanl aspects ('If plant Invasions: ~~('Ilogical understanding. 

monrinring "nei man"g~mcnt (,Llhk 3.3). As cnch cdl is S~'qu~nti~lIy l."",min~d m a tlncr 

...:ale. m;slcd "ithin lh~ ntA(, th~ u""I'ulnc~s or lhc p~nicular scalc ror an.,. or lhe lhree 

c"'np'm~nh (ec"l"s,)-', m,miloring and management) ~me('ges, Thc rn:magernent and 

ecological usdulnes~ of each sca l ~ are uSllaliy oppo,ile. Coars~r scaks are genera lly 

more useful lor di recting mnnagement imer\'cmions (Table 3.3. kvci a and b). and t,ncr 

scale., mor~ u.,erul 1,)[ re-,e~rch iIllO ~spec(s such as eA"mining pbnt distribution patt~ms 

and prcdicti,-c di'>tribu lion modelling. ",I>ere iCatures ol'lhe cnvironrneIll c~n be cl"sd.,. 

rdatcd t" the di,tribulion patterns "fthe plunts (Table 3.3. level e and I), llowever. du~ 

car~ is al'>o r~quired h~re. In Fig, 3,9.1 sdect~d a 'luaternary wale"hed "ith low specie, 

rtdlll~.,", indicating (hal ahhmLgh present in low numOCrs. the entire wate"h~d appe~rs 

im-aded to some lkgr~~, Ho"'evcr. at a liLlcr lewl 01' reso luTion (Fig. 3.ge) il is evident 

lhallhere are very 10\\ numbers of plant records. which define the caT~gory for the ~ntirc 

"a(ersh~d al a coarser kvel. 

l)e(erminill~~ lhe sc~ l e ~t "hich ll1onitoring- rd;;rred to h~re as lh~ ahility 10 

d~!ec! "ha~ges in species distribut ion alit! species dw'il.,.iahllLldanc~ O\,<:r 11ll1C- 'houlJ 

l~ke place is more difficllit at-.d rela(es 10 lhe extent ofth~ "('~a. AT the ext~l11 of KNP. 

g~n~r~1 ch'l ngcs in density c~n be deT~C!~d al COarSCr scal~s (Tahle 3,3, level a al\d b), bUl 

il is lInlikel.,. lhal good inrorma(i'>n can be gained for changes in ,pecks distribut ion at 

th e,~ <;caks. In are.1S of smal kr eAten(, sUr\'cying aT rLn~ rCsol ulion w11 1 pro, ide d~(a; led 

in'ighl inlO both changes in abundance and di'lribulion 

H1XCROrl. :()(I7, p ·\lTlR~ .-\~ l) Pill HJ.% 01' A L.I LN Pl,Al'l INV \SlON, 52 
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PA TTERNS OF PLANT INVASION ,\ T \It:.LT1.l':I.I : SCAI.I'; S 

c 

e 
.' .' .. :, 
•• 'to .' 

' •• ~ " fr 

. -' 

High species richness 

Figure 3.S: Ali~n plant ricl1i1~ss data from Kruger 'atiollall'a,k, appli~d to the 
hierarchical pJtch d:-nJrnic principle of KmliM & WiCfl , (I 990). Th~ lencrl at cach ,cak 
{)j'r"s{)lutionlTo"-r~f~ren<'~ to j·ahk .LL j·he dOL' in (d) and (e) are individual ali~n 
plant records. 

I U \{'ROI'T, ~(~17 PA I n,l{" A"I) PIZ(X'LSS OF ALIL ~ PLANT I"VA ~IO"- 53 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTER 3 P,\ TTERNS OF PL\!\ T I};VAS10r-; A r M1Jl .TIPI. I ': SCALES 

, f 
e I . 

1 __ -
--~ 

d 

c 

b 

a 
Low species richness 

l' igu Fe J.9: A I i ~n plant datu from !h~ KrLL~"r National Park app l i ~d to \b~ bierar~hiLal 
pHlcil dynamic princip le ofKOIliar & \,: i ~ns (I ()')(I), ' Ih~ dots in (d) and Ie) ar~ 
il1di, idu~1 alien plaLll r"cords , 
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CIL\PTlR 3 P .. \TTJ;:Rl\S OF PLAl\T I'jVASIOl\ AT \IL UI PLE SCALES 

l)ise lJ ~,iml 

' 11w 'mlial ,c~les at whi"h Jala on alien plant invasion, ar~ 'l."e"cJ clear ly an<:~t the 

pcrc~plion' and insights th'lt Can be gleancd (V>,'i~ns 1989), The grain (~e ll siLe) als(1 

substantinlly alters the O\'CI'ali pcrcei~ed Icvd of invasi(1n across on area. \\her~ for 

example. I sh(1w Ih~ sOlJlh~m )';'~I' to be highly invuJ~d when as:;es,.,d at a qlJ~lernary 

watcrslled Icvel. while the O.l x O.l km SCJic indicates tile real pallern ul·the invasion. 

Iloth a qu:mcr-degree grid syskm and wrtiary walcrsh~d S<'Jle providc" distortcd 

a,,,,,,,ncnl 01· invasi'Ml l~vcl, when lJ",d al an ~xl~nl of th~ Kl\I'. I low~v~r. wh~n 

,'ollsidc,",,'<.l natiunally (~.g. Rlltlgct ,,/ (1/, 2(04) ur rcgiorwlly (c.g, Chapler 2) llocse s~ales 

~re us~tiJI in brondly guiding m~nngem~nL ~nd perhaps mor, itoring. nctiviries. rhe 

l]lIJwrnary "iIl~",h~J is probably Jlso lI,dul a, a "cal~ at "hich sp~ci~" li'I' can h~ 

C(1mpilcd. nnd used in broad scale risk nnd priority ~ssessmenl. The (I, I x 0.1 km Jnd 

0.25 x 0,25 km ,,'ale, are mo,t use!,,1 [,)[ c~ologi,'al ,tlLdi~,. and wher~ Ihe over~1I ~xt~nt 

is li mited. for example a sm~11 nature reserve. can prob~bl} be used 10r pl~nl1Lng 

managem~rn interv~nlio", and moniloring: progrmmnc,. Ilow~ver. ~s ~arndl el al. 

(21~)71 point (1UI. the rea l bencf,t of mapping. will (1nly be rCJl isc<.l when cumbineJ with 

plot-based techniques; an is",e whkh io being explored by K-"I', 

Up-scaling dilTlIs.cs abt,nJan,'c iWlJ di,lribution pallc",s. rcslIltil1g in ,calter~d 

patchy di."rihuti(~l pnlt~m' becomil1g c(111lil1lJ(}uS bloc k< (11' invaded arens. Similarly. 

evCn ullinc ,~alcs, ,'dh with a single record havc lhc ,am~ eIT~d, 11l",ev ~r. having data 

a\'ailnhl~ at a line resolution (po int d~ta) allows lLp-'Calil1g (I'y'le~ & I h,lme 2(1 05). which 

may be use!"lI l "hcn comparIng tu o{her data "hieh Wa, coll~ct~J al a c()a"~r resollllion 

(for example. remote >ell si ng dnt~: I':dward< 1."1 al. 21~17). 

Alllwugh not nil spc"ics reccivcd the SamC lcvclur el10n in mapping. as,c,sing 

the di stribution of the mOS I Jbundanl species provides interesting insight>, rnr cX3.mple. 

"hcn J,,'.csscJ al a r.n ~ s.:alc. tiIC dislribt,tiun of 0. s!r;C'/u Can be dearly rclJled 10 rllC 

Sku~lJza vil l ~ge. and insights into the invasi(1n pr(1<:ess g~ined (Clwprer 6). Par/henill'" 

hys1aol'horll.'· ~an be cI~arly a,s()ciat~d " it h rna,l> al a lil1~ scul~. hut tile str~ngt.h ()("thi, 

a,,,,-,"imion is lu,1 al ~oJrscr scales. \\hL~h is ~""",,al for undcrslmldil1~ lI1,·aSI()IlS, Thc 

smn~ JssociJlioll is ohserved between L, ,'«mara and rivcrs in K'JP, 

rOXCROFT 2007 PATTER." A~D PI(OC·LSS 01' ALlLN rLA." I' I'.J VASIO'.J, 56 
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An add ifio o ~ I st reng! h of the Cyh~r i 'rac~er dat"s"t is the brg~ n lLL11 I", r (If record, 

thot Ill~y he u,ed a, ~h."'nce data or nu ll record, in 'tsscs>mg and ll1(l<.kll ing pbnl 

invasi(lns. Alllwllgh ~ num ber of lcdll\l~llC, arc being dcvc lopc.,J 1O U><' presence (ln iy 

dm~ lor pred icti ve distr ihutioo mod~ lIi ng (R c:>h~ 'twn, Vi llel & Palmer 2004 and 

rder~nc~, the rein. 1'S<Jar d al. 2007). mdi>ods using p.",udo·abscnce pOlnl, ~pp"~r 10 be 

m(lre ilCcuml~ lhan pl'~sen ce (lnl l' ll1(1deis ([ li th ('/ al. 21)(){i). rnus the l arg~ "'"l1her (If 

ab;ence po ints is a distinct advantag~ and faci litates accurate n i <·h~·base<i modelling, 

provid ing oppurlllnili..s lor accuraldy modelling polelllia l :lpecics dislribulioll at a 

specilic ,pal ial C.xtcnt. lor ~.~~mp l c, KNP. 

FOXCROFT. C007 r.-\ TTFRI\ ,1M) ~IlOCFSS 0 1' ."\l,j tl'< PLA" r 1,,'VA~ I()" , 57 
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('IIAI'TEll FOtl{ 

OIlI'l·.\ME~TAl PLAI'I"TS .·\S INVASIYF. ALIENS: PROBLEMS .\.'1n 

SOlUTIONSJ 

Ahstracl 

.'he most widespread in vasiv" species in Sl\uth Africa's Kruger "mionalPark (K"P) 

wer~ ~iih~r iniroJul'~d un LnlClltianally alung n~us and wad" or inl~nliollally 1(" us~ as 

arnamenTals. I exami ne tile spatial di mensions of arnamenlal al i~n plnnls in t\./'< P. 

i Ilel uding lh~ dislri blL lion af lix'; "I' sp"ci"s rielme.,-'. Ii Ilks rn,iweel1 human population 

,ize wId hislOry and spnies richn~ss. and ll}<;: ncslCdn~s> affaci in term, ofsJlCck, 

pr"SCl1ce. Resu IlS me lLsed to ,,-,se." "h"th~1" p,,-,I management acti Lms have been 

appwprialdy direc lcd. 

1\\"0 hLmdred and fifty eight alien slX'ci~s have be~n recorded in the 36lOurisi 

~amps and sta If ~ i Ilag.es. Th~ number of Sia If llOUo.cd ;n '" illag~s ex plains mu~h 0 l'lh~ 

diversilY "f cu lT ivated al ien plan I spec ies. Oldcr cnmps also leoo 10 ha, e more cu Irivaled 

alicll planl spcdes. H""cver. l h~ lack of a ",rong link Ix:lw~m ~amp ag~ and lllLmocr of 

eullival~d sp.:c-ies >I1ggests thai "mamemal p lants have been wide ll' spread aro lLnd KNP 

by hllman" I ai:;.o :J]a" Thai increa",-,d camp aelil'ily lcither siz~ or age) has lead 10 mar~ 

"rnam~ntal -'1X'~ies, whi Ie. "ilh the nL>lablc e.xccpliL'" 01' Sku kun, cam p aClivil l' has had 

a mudl ,malkr dlCd em The m"n ba of nOn--Clllli~atcd 'pcd~~. )\ a[l-cul tivakd SJlCl'LC, 

lend to be natlLrally dispersed, as "I'P"S~"" to being dir~Clly spread bl' humans belween 

<"amps. 

I',,-,t n""agemen I f""'Lsed L>n sf'L""ies primili>ed Lln Ihe b,,-,is "f their rm~lllia l to 

iLl'a(\;; KNP and pr,wailing natio~a ll eg.isla\jem, The,~ spcci~s wcr~ rcmoved n13llually 

and lol low-up contml was ~arri.;;d ouL Onc" th~ pr ior ity specie, were deemed to be 

under ~"mrCI l . less invas.l\'e , pecics w~.re targctcd. A II alien spcci~s "cre r~me>, ~d fi"e>m 

,ocatcd hous~s. regardless e>flhe pcHentia l invasiveness e>fthe species. 

, P"bli,.,ion ".t">: Fuxcwfi. L.C RidlOrJwn. 0,\1.. W ibun. l.ll ,U. :' ()(F, Ornam<nlal Planl, "' In,·,,>;,' 
\1 ioll" I"<ll>l<m, .,'" s..,ILJIion, ill Kruger " .. io,,1 Park. S-oLJIh . \ ti-ic •. Fnv,ronm"mai .\{anagemenl, 
I" pre,", 

I'OXCilOlT 2()H7 1'.~TTfR\r .. \'\ID PR(XTSS Of ALl[1\ PLANT I'\IV.-\SJON. 58 
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1~\nLJLL ___ _ ()I{;\ ,\.\·ll.VI i\l YL\t-JIS .,\S 1l\'V.\~ IV ~ c\LIEVS 

I" I rud" ct iun 

A I i~11 pbl1i i I1 va,iol1' are a major lhreat to lh" wn,ervali'~l of hi"d i versity ill many pan, 

orlh~ "orld (Rcimanck d al. 2005a) Till'} alTL'ct biodi"cr>ily in many wa}" l10tubly hy 

allering l1utrit'nl cycl ing and dl>l",ban<:~ reg.im~' (e.g . Vitousek 1990: [3r""ks c/ al. 

2(~M). disrllpti ng. naturally ,,,,curring mutual isms (Travasct & RichardSDn 2()()6). 

consuming e;..ccssive amOUl1t, of ,,·mer, lighl and oxygen, dLlnating. limiting resources, 

promotin g. or ,upp r~ssin g. flr~ and sI~ bdizi ng sand or promoting ~ro,ion (Rejmanek c/ al 

211(5 10). 1\0 areas. however isol ated, are to(ally 'par~d from human-assi,tcd introduction, 

eslabli,hm~nL and prolilemlion or alien s.pccies (Chupl~r 2). EYen prOled ed ureu, -

parcels of land sct asidc fc>< thc conservation of naturol und semo-natural ~co,ystems ~nd 

the proce"e, that su,luin biodive"il} within lhem - are illCreasingly atf~cted by 

biological invn,ion •. ConseqllCntl.,. managing. invasi'e sp ecl~ ' is ~ growing chall~nge in 

pr<lle<:ted area,. Succnsi'ul manugemenl inyol"es education, preven tion, detection/early 

" 'aming, emdication. conta inmcn t. and oth~r Jbm,:; oj' inler'en lion (Viiltenherg & Cock 

~OO I, ~oo'i). 

A large proportion 01' In Yasi Ye ulien 'peci ~s worldwid~ werc in tentionall., 

int roduccd to the areas "herc they arc currcntly in'~,i,·e. and !ll~ n y "Cre "iudy 

di"eminated Oll<:e imroduceu to provide ,orne vulue to human, (Ewd el al. I')')'), f'y,~k 

~I Ill. 21102b. Williams & Cameron 21~16). In the USA. more than 100 new 1 10ri c ultur~ 

'pecie, (no"ering Or po lled plants, cui nower,. and h ~rbac~ous per~nnialSJ werc 

inlroduced bv amakur or pm/Cssional pl~n l br~'Cders .n the I ~Sl decade alone (Anderson 

cl "I. 20(6). (;n li)rlLm ~ld}, planl breede" frequentl} ,deLI plant' for introduction based 

on the samc traits that arc associat~d with invasi(>n ]Xltcn[ia!. ,uch ~, fruit produc tion. 

high germinalion ~nd growth rate, und iolerance to a widc rangc of cnvironmcnta l 

conditions (Atiderson d "I. 20(6). Thcrefore, it is not , urprising that a large proporlion 

of invasivc alien rlants wcr~ fi rst introduced to their advcmive range for ornamenta l use 

(Binggeli 200 1. R~ich~rd & White 2001, Baskin 2002, WilLenberg & COck 2005). 

Specics introduccd intentionally appear to be qu ickcr to n~tumlilc and invade. ~t lca,t in 

C e11lral Europ~. lhun i, lhe case Ii" accidentally introdllCed 'f'Ccics (P}!kk et "I. 2m3). 
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'c:!UI"'LP"lcl'"Rc,'~ ______ ~O~R",A='"'E""l"","L"P,lcA~NTS'.'I.S-.-lliVA"IVI;\I.I~.NS 

I'rohl""" arisin,? from in va,i,~ ornam~nlal pbnls kad to confl icts of illt~reSI 

bct"'~en ilorticultu ralis.ts. landowners, and conservationists Var;"lL' ,"iliali v~s In 

d i ffcr~llt parts of the world aim io reduce the usc or kllown inv-"sivc species In 

h()rliclLlllLr~ ror c"amp l~. lh~ Sl. LOLLis D~cbr~tiofl on Invasive Plant Species in Kor lh 

Arne'rica (Baskin 2002). the ~~W Zealand Pest I'lam Accord 

(http:,'/" ww ,b iosecu ril\ ,gm I.nz,iQ!:_"I"-:<.Ii,ca~,/plaL1ls/ac~.o.rQJ).lm). arlu lh~ Scnl[ish 

1-1 or(iClLlllLr~ Code oj" Practice (hllp:/iw'\\ w.scQlland.gQy.uk/i opiq/I ,nvirolll11en Ii ,VilJ li I" 

-hah ilais/ lma,iveSpe~ies;'IlC()Pl_ I" South Africa, (he", is " coopemti,,~ agrc~rn~nl 

bdwcm the !\uL":;.,ryrncn's Asso<:iatio[\ and th~ Working Lor \'\','aler programme I.th~ 

national age""y resp'Jmibk I'or managing invasive ali~n plant,; a part 01' the Departm~Jll 

of Wm~r AlTai", arKl For~s.lry). AltholLgh schemes such as these may assist in 

minimising rUlUr~ invas ions by promot ing {he usc of ir>digenous sp""i~s. the problem OL 

omarneillal spt,ci~s llSl'd pr~ViOlLSly alld which ar~ nOw widdy plarll~d. remain, a major 

challenge for conservation biologists. Ilesiocs the encouraging schemes melllion~J 

above, I know 01' no fonnal stral~gies I'or J~aling "ilh th~ probk'm of invasi\'~ 

ornam~nml plants for any Imjor proleCl~d area, 

Omam~nlal plalll' ar~ mo,t hl<dy [0 im'ado at the urbani"ild land int~rtacc. 

wher~ human habitation borders on natural vegetation, Ihe Cllllivalion and lending or 

plan!> ill gard~ns pro<luc~s high propagule pressur~ (i,~ . many se~ds and oth"r propaguks 

can s pr~ad into {he sllITOIlnding natllral v,'getatiun), fhi:; then incrcases lh~ li~~lih(K.d 

,Old rale of any parliClLiar 'pecics invading natlLral and semI-natural c'Cosy,Wms «',g, 

Sullivan el aI, 2004,2005, AlstOlI &. Richardson 2006, Sulli'arl ,,/ a/ 201)6. \-li lton el ,,/, 

2007). 

r-his p'lf"'r pll's ~nts r;;:rspecTives on jnvasiv~ ornamental plants in on~ of th~ 

" ,orld-, larg~ >;t areas mana~eJ primarily Lor bi(,uiversity c(M1"""alion: SOlLth AI'ri~a', 

f..:l'lLger ~ationa l Park, r disclLS> the ~mergellc" of lh~ probl~m 01 illyasi,~ ali~n 

ornal'll,,"tal sp,,:cj~s ill Kr--P. Ih~ ~v() lntinn of Th" current approach In tnHn,,£ine lh~ 

prob lem, describe and arw Iysc a survey for omam~nlal spec ie" ami COm bin~ th~ pre, iou, 

eXl"'rience and r~sults OL my worl to suggest a way tCll,\al'd for th~ control of 

ofll~rnenlals in K};l'_ and in protected all'as in g:~neral_ 
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CH.WTER 4 OR'\JAME'H.,\L PL\NTS .'\S iNV/\SiYE ALIENS - . _._ .. 

The problem and work conductell so far 

'I'll,' Sf"'!\' (Jrt>a 

Th~ SubLe G"me Reserve (sol1 llk'rIl Ihird ofrhc Cllrrent KNI') w~, prodnimd in Ig'JlL 

and Ihe rem~ining aren wns procl~im~d ill 1')26. \'lo,t of I(NI' (I-ig .• \.1) has th~rcfnre 

1--,:cll ull,b r;'nnul rrolcclion Ii" 80---100 iTars (du Toil ('/ ul. 2(03). Ho"ev~" lhe 

illrrasl'lIclur~ in KNP has '~n'flll ~ npa"d~d rapidly ,,,ilh thc growlh Ln touri sm ,HId 

conS<'yuc'llt i ncrCnS~ in starT numh~rs (I: r~ilug:-R(~lUld"'n & I :oxc",11 200.J. appt;ndL\ t.3). 

I :or e~amrle. KN P curr~"tly rnamlai", about gS5 km 01' pav~d wads, 1,700 krn of gra, d 

roads "fX'tl to le,u,;,t'. ,ttld 737 kin of gravel 10$1> for p~I'k manngement (rreitng­

ROllaldSOIl & I'mnofl 200.l. appendix 1.3). 

A, oj" 2006. "bout 3687 stall 'lI<em~~rs w~r~ housed in KN P _ S ku kuLa, the largest 

10urist vi Iluge and udm i 11 i slrntive- headquarter>. comprises ~ bout 250 sin rT hou,«,s. variolls 

rc.:r~"lion"t "na sport Lng arn~nilies, "nd Ii, ing q umk,S lilr !!:~neml wurk~rs, wnount i ng to 

~rollt 2347 Slaff ,uemhers. I here are ahl !lve I~rge 10urist c~mrs with heh';een 100----2(1ll 

".,,11' members ~a~h, and abolll 36 srn"lkr camps and mng~r OlltpoStS moS-! of "hich me 

,uh'lamially ,malk, "ith Le\\er than ~() slall' meml""", each (Tahk 4.1) \-Jall}' ,taLL 

meIn l'lees ~re involved i 11 ~dministl'atiw and m~ i Illcrlat'leC jobs. wine of tilem ,,; Ih I ittlc 

inv"sions (F0XCroft 200 I). 
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figure 4.1; ille Krager Nal ion ~ 1 Pot'.;, indicating the main tourist camps. ['he inxt 
,11m" lh ~ Kl\"P in rdalion (0 II", r~'l "fSmLlh Aii-ica. SIX'~ies number, rere, 10 th" 
nllill txor of 01 i~n spe<-ies rec(>rded Ix:r camp_ the numbers ne~t tP each sym b(\1 c[('ss­
rej"renc~ (0 lh~ camps lis.ld in Tab le 4. I. 
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CIIAI'TER .. 

Tahl~ ".1: h'"ri,l " .. mps and st .. fT vill .. [;cs in Krugcr "\Jatioll~l Park. Lnd icating Inc 
[lumber of al i"n sreeies reeord~d Iherein, the dak or ~,t"h I isill11ellt or th e ~ '\lnr and the: 

uumh"r or r~, iJ~rJt sw fT pe l" c~mp .. C~n\jln\ltn~~_rs cro~:!:.ctc,£ nc~ to_U~ lIrc 4. I. 
~ -

r<UOHb. r "\ ,,," 1.>0.., of ,Ii._ I~.'" (""" 1' <;'u ... <1 o. C"m~ I,"t~ 
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(,]-L'IrTER t. ----.llliN,\~I I " ,:"1 ,\L PI," VI S AS IN'i ,\SI 'it' AI, I f:J\S 

Th" role ()I "il/ago'S and ramp,< in plam im'a.<iVI1.< 

Th~ 'illa~es and ,'amps in Kl\P ar~ ,dl laLlds~apni \0 varyin~ d,'grtts, ULllil I\:c·~nlly. 

landscaping typically i Llvol w.1 the u <e of mony al ten 'l"'c ie, (I :oxcroft 2110 I). .-\ s wa~ the 

ca", elsewhere in Soulh AIi'ica, despil~ the rid, local l1ora, alien plant ,)",cies ,wre vc>ry 

nfkn favou",d over indigenuus specles lor u'<' as ornam,'nlais (RIChmdsoLl e/ al. 2003, 

Fig. ,\.2), 

Three ["clors arC imporl"nl in conneclion with lh~ role of Ill<' vliiag,'s/camps IL' 

KNI' a' fOci l'or th" spread of introdue~d plants. I'h~"" include the larg:~ numb"r 01' 

mammalian ami avian '>ted disperscrs, thc proximity or lht lourist camps and stalT 

,il[Qgcs to tile rivers, and the t,tet that lilt camps arc ,'vtnly distrihuted across thc "nlirc 

K:"l'landscape. 

First. ,ince Illany of Ihe introduced Grnaillmtal ,pecies h"'t Ileshy ji-uil5, the' 

availahitity of potential disper""l ag~nts provides a means t'or effective di,,,,,min:J.lion of 

propagules frOI1l the loci crealc<1 hy [,ianting' in the villages/camps. Although 1ll0<! of 

the \'iliages/campo; are fenc~d 10 exdude Jangerous mammals such as buffalos, elephaLlls. 

hippopotamus. hycnas, lions, leopard. alld rhinoccros, thc fences arC still permcable to 

l1l~mmals that are p(1t~"lia l dispersers of alien planT propagules. hen dephants gain 

emry to some of the \dlagcs o<',casionally, and lhus have' ac,cess 10 ali,'n plallis growing 

along f~nc~o; aroLLLld viila~es, KNP also has a rich avifauna. including ",an;-.' species or 

frugivorous birds (Sinclair & \':hy\c' 1992) ~nd at lc-asl tilrt" speeits oj' trugivorou, bals 

(G, /'amhatis ptcs, comm,). Adtkd 10 Ihio; i, the Jispo""i or 8aro:kn ",fuo;e ~Ild cuttings, 

Irollt which the ornament.al planTs can escape Ihe .kmarc~lcd dUlllpsitc' or COllipost 

Il<'aps. 

Sttond, mo,t tourist village, and camps ~rt ilX',akd ncar major rivers (T~bk 4. 11. 

Il.her. provide impollant conduit, lor the dispersal of alkn plants in KNI' (I'o\cmft & 

Richardson 2003, appendix 1,2. Clwptcr 2). Di,persal [i-OlTl villages ma) be raciiit"lc'd by 

bird or allimal moyemenl het"""" the ri'e'" anJ villages. or through dumping of garJen 

refuse' in compost iltap. from whcr,' plalltS may disperst. Di>flCrsal may also OCCur 

directly, Ihrough e>.trcme 11.)od,. I'or c>.a"'pte, the e~treme tlood eVCll1 of 2()()(1 (sec 

Heritage e/ al. 2001. Par'""'" ('I "I. ~005, Parsons el aI. 2(06) inundateJ ahout 70 

FOXCROFT. :'007 PA TTERI\ ,-\.ND rROCF5S O F ALIEN rlA'<T INV'-\~ION 65 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CI!A PfER-\ OR'jAMENTAL PLANTS AS INVASIVE ALIENS --------

p~tsunllel g~rdcll, in S~ukuza J'HI largc r<>ltioll' of ,)thcr h)miS( comp'_ th~r"h y 

, pr~.1di" g propagulc, ofy" ri o,,, ,pecks_ 

fhe third imporlanl fador in conm'cli,,,, with lhc lnvas;{)n of {)mameillal alien 

plant> Irom camp' and village, is lhi: dLs!riblnioll uf th~ camps th~tll,clvc" Although 

KNf' covers a larg~ arCJ (.'I(,() knl along its longest oxi», the ~~lllpS are distrihuted fairly 

~Y~nly ",'cr the ar~a; cCflseqlLclllly no ""Iural arCa is far r~nlOycd tr{)rn a Su urCC of 

pol~nli~l i!ly~sive plams cultivalcd ill (hi: camps. 

rOXCROFT. :IXP I'YIl'U<" A"lJ I'RI)C~SS O~' ALl~" pU.vr It-- v ,.\SIO," , 
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Figu rc -1.2: Exampl~., "I' al i~n r lants us~d ill h rug:~r r\ational Park f,," shade. 
orn,lI11~tl!OIi,.n ilIld h~dging, rhe illustratoo ,pceies are: la) Deionix rtXia IFabaccac; 
Ilamooyam). I b) Aions/aa deliciosa \.-\ m~~ae; <leI ic ious rnunslcr 1, (c) HvluCI?reu.' 
undlll us (C actac~a~; n ight-b l ,)(In] i ng c~r~us). (d) .~gu"" a/",nU"ia (AgQvae~a~; S<..n­
leaved agHe). (c) Spnagru·ri<·o!" Ir;lo bala (A,teraecac: Singaporc daisy). (1) B1F)phyll"", 
ddago"nsc (CrasslL l ac~ae; mOlh~r of mi II i'MlS). (g) A ristolnchia degan, 
(Arisw)ochioc~ae: DlLtchm~ n's pir~). (h) !"(vmu Sian!>' (13igtl\)lli~ce"e; yellllw bells). (i) 
.,Jilliguno" '''plop''., (Pulygona~e",,: cora l creeper), (j) Alpinia ~ern",het (/ i ngi bcroc~ae: 
,hel l ginger), (Pnowgrophs: (~J V. MngumellLlu. (c.d.h) (l,R, l\ichllis. llth~fS. L.C 
Foxcroil). 
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(IL\PTER-l ---

lIisl"~I' "JU/ {'VI,lulio" (If'trllleg;e.,"!o! orJU",,,m(al,,/i,.ns 

Follo"in~ Ilw pwmulgOlion "fthe ~ahie (,ame I{ escrv~ ill IW)lL aCl'C" 10 Ihe ar,,,, no" 

compri,ing KI\P wn' consiucrahly lilllil~J, II Lllay iK: 'ilkly n"un><-~ Ihat th~ intention~1 

intrudu,;t ion "I' alicil rklilis w·aS thu, abo limik'l, I could tind record, of only two alicil 

pinon srec i e~ th"t wcre introdocc'd bdorl' prod~ma[ion of the K""P. in","o "01111.\' I. 

was planled in 110,' Ph~bcnL (:~te area (west of 1-,kukuLa) hul"e'en 18 .. 5 and 18 .. 7, and 

abou! nine cucal~rtu' lrces (FllcaiYl'tlls cl1mphortJ R,T, Bah'r) were planted at 

(iolll(",d,,",,~ (solltnCI'i1 KI\P) bctw~cn IH92 ",-,d Ig')~ (Pienaar 1990). n,e", is no 

re'cofd of ~ither specie, bccom in g in vasi ve from Il w,e' inlro,h"'lions, although.-1. donax i, 

n"w i",'~,i, ~ [rom another ,ourCl' of mll'oduction. 

Bdwe'e'11 1935 ~nd 21l1l(" the is ,ue of in,'asi(lIl or coLUrol of ornamental uli~n 

pla nts \va, f0I111allv rai",d on at I~ast 10 o,ulSions (Joub~r1 1986). rhis Includl~1 

,ugge,li.,ns und r~l'Omm~nda(io n, from the KI\P Wardcn, reCC'll1me'l<iali"n, by the 

SANP~rb Board. as well,,, nalional kgisialion, fl'Om which internal KNP 

poli~y/mm",gl'L1l~m pluns \vere later derived, Ilowever, the rroblem ,teadily deteriorated 

and "nil' in 2005, ",me 70 years " fkr lh~ li.,t objl'<CILons to thl' USl' of ali~n tree, in 

touri,t ~ump', did KNp nl~n~ge to S\al't rever'ing the problem Through the 

impkmcnlUlion of ~ Iy>lcmat ic nmnagernem prol?r~mmc. 

I'ollo",in); the rcal iS~lion 0 (' Ih~ So:riousl1es> of lhe ri sk posed 10 KNP ec" syslCln 

10, many of the Ipeci~s rec"rded, and fmm experi l'nces 01' sp"ci~s hm'in!!: ~s~upeU from 

cultivation ill )":"1' al r~aJy, managemm( tocusc-u on ~cl i"ety ren]('ving pC'lcrnia ll y 

i""a si~e' ofnamcnml pia nIl. A Ithoul?h surpon und advan~es have nuctual~d '" er the' p~sl 

d~cau~, wilh a no tuhk upward Ir~nd fecently, Irem~ndol1' pr"gress ha' been "'Qde. 

C~rtainly, tilere hn ' hcen a wnsiderable r~dlK'l~ln in Ihl' abunuarK'e' oj' poknlially 

i nV<l,ive specie' in all 't~IT and tOlLri,t ,i lial?e's, 

He hi sl"ry 01' eff"rt, at managing invasivc' al ien plants in KI\P, slartin~ in 1958, 

wns reviewed loy Fo'{cf()ft & I'idard,.,n (2003. upp~nuix 1.2) und Freitag.-Ronaldson & 

~oxcwrt {201lJ, appe'nuL'. 1.3). Here. 1 give Illither det~il, "n elTorts to de'a l "ilh 

ornam~nw l alien plmlb in the tourist "illages and camp', \1anugl'mml of' ornanl~n\al 

alien plant, started in lhe Skukuza villa);~ in Ihe' mid 1980" I'llis Lnitiative wa, n"t well 

,upponed loy 'lafT, and rl'sulll~1 Ln continu,,", resi'lnnce from residcnts towards the alien 

l'OXCIWf r. 2DD7, PATTERN AND PROC[SS 01' ALiLN I'LA~!' t~V,\"O~ 
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(lImA "1l'l"- I'M, pr.."\1\ rs AS I~VAS IVE ALIENS 

pl~1ll co"trol teall1_ As a !"tOsult, Ie" effort was r!a~cd on rrevemali\'e conlrol ll1e~sures 11\ 

the village and wor"- COllliLlU~d OLl 011"" ~lleLl plalll speci~s lhm had alrc~dy escaped in!n 

Ihe surrounding arcas {lllnlllly Opun/ia slri('1a ~nd {an/ana c:arnw-a) . hom the early 

I')HO:; until the mid ICi9()S lile ah@ plant ~(~ll""ll~~m l(><:used On abo"t 30 wdl-known 

~"L'fl plants (stICh a, Lun/ana cmnorll and sp;;cie> orCaclace~C), ~nd allowed tIK: li se of 

numerous othcr potential ~Iicn 'Pecies to continuc, for ~ull1pl~ ,<;phagnclimla Iri/ohmo 

(Singapore daisy) and Alpillia c;erJlmbc/ (slleli gil1ger), Followil1g thc 1999 survey of 

aliel1 pl~ntl in lh~ vtllages, K~P rnallagcm~lll approvcd a neW policy {see appendix 1.1' 

Policy standard operating procedure regarding alicn plants in the st~IT villages al1d 

lOuri,t ~amrs of the KNP, 4"' re"isionj, and a ,ubslami~l, coordinated progmmm<' was 

launched to 'emovc the alien species, Ilecausc of ~ominuing oprosition to the policy 

Ii-om _,omc residems and _'l~lt all~nlj()n w~, inili,dl} giv~n to only the most s~rious 

,nVaS,l'C 'peCl~s. Considerablc cffort \"'~S ~Iso inv~sted in cxtcnsion and education or 

r~sideJ1l' reg~rding 1[-.., damage c~u'c-d b} im'asi,' ~ alien specie,_ This included somc 

,p~cic, pr~s~nt in lh~,e villages and not YCI im~,ive in South Atrica but im'a,iw 

dscwher~ in the world. D~spiw this, pmbl~ms were ,till e"p"ri~nced wilen schoouling 

removal of cst~bli,hed ~Iicn plant" lrom ~~,d~ns; eSp"ci~lIy wdl-establi,hL'ii Or lugc 

plants that l("mOO prominent leatur~s in gard~ns {cog, A/pi/ria ~er1lmlwl [shell ginger], 

fIedychium "Ilnknarium lk~hj!i ging~r lily]. Nephrvlcl'is r wllaru [sword ternJ, and 

Sphagllelico/a Iril{)nala (Singapore dai~yjJ, Consequently, more eHort was placed on 

"'''''''' ing ~!l "Iil'n plants Ir e>m gard~ns that "ere ,' a~~ted "Iwn ,t~IT rcloc~tOO_ Thi, 

approach was p,derr~d ill' the manag~'-ncnt team, ~, it a\oid~d conilicts with r~,idell!s 

and proved ~ b~lll'f u,~ ofrt·sc>urc~s. Howcver. it is 100 e~rly lO say whclh"r any sre~ies 

h",'c been eradical~d rrom th~ K~ P through Ihis progralnm~, 

Fo!lowin~ tt.., ~mcndrncnt' to th~ Con,erv~tion oj" Agricultural Resour~cs ALl 

(Act ,13 or I ')X3) (CA RA: hllp:, ' i\\\\,,_nda_~g,rlc~-->'~a.cJ"'3/cng.iJ!mj m 200 I. th~ K~P 

policy was re,iscd in ()rd~r to ~nsure thM the K~P complied Wilh thc neW national 

I~gi,l~lion, According to thc revised CARA Ic!!:isl~tioLl_ 19H alien pl~nt 'recies were 

di,ided inlQ threc c~tcgories, ba,~d on their invasion potenti~1 and ecOnOLTIIC use in Somh 

Ali-ic~_ These include 'C~teg())'y I - dedared weeds' "hich uc prohibikd: T~tc!!:or) ~_ 

d~c!ared inv~dcrs" lhM are lyp,~all} commercial plant~tioJ1 specics ~nd may only he 

r OXCROFT :' 007_ PATTERN AI\D PROCESS OF AI ,TE" ~I,AVj 1';\"\,10,,, (,') 
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grown under perm'lithncJ(1I\; ~xcludin.., If...: KNP); und ·Cutc..,()r)' 3 - declarcd LnY"OCr" 

which mu) not b~ propagated Or in!~n!ionully dis,>cmina!ed, but which may bc len un!il 

they sell~SC~ (alth()ugh sub-regulalion' require lh~ir r~ll1()val in s(1Il1e ca,es, ~_g_ ,,]),:n 

plantcd clo>c to s!r~ams and rivers), In applY1l1g lhc legi.lmion in KNP, ull dcdar~d 

weed, and in,adcrs ar~ r~garded as prohibit~d speci~s that rcquir~ controL In the fe\ii,..-xl 

KNP poli9 ()n ih~ n,,:mag~1l1~m of alien species, ilIl 'p"ci~s li'led in th~ CARA OCt wne 

ilugged a, !op-priortLy 'Peci~s (prohLbit~d), re~uiring immooim~ r~m()val from all 

gQrdens and tOllrist CQmps, All Qlkn pl~nts would still, how~v~r, k r~mo., ~d from ,~cant 

gardens and lOuri,! l'''1l1P'_ During this peri()d , a h~ighkned appr~ciillion ()fthe pmhkm 

I\'as al,o oo.cr;cd (L, FoxcroIi per>. obs.), Thc alien plant !~am was Ij-~~ucnlly r~--"Iu~sted 

by staff!o dear !i1<:ir garocns ahead of the ,ch~dul~d clearing (I .. f:o'l.crot't pers, obs.). 

re~lLc,!ing that all uli~n plum, (including non-invasiw omamenlub) be remoy~d, il' lhe 

r~sitkm , plann~d !o re-Iand , c~p.: ti)<:ir gardens usillg indig~nous plants only, By 2003. 

all g,urdens and ~r~a, surrollnding SkUKU.la had k~n ckar~d at kasl Om'e, Regular 

follow-up op~rations are still carried out. 

In 2004 thc National Emlronnwntal Managemcnt Biooiwr,ily Act (Ad III of 

2IXH) CKFi\1HA 0» Wil> promlLlgated_ Tlli, WilS tilll()wed by the r~gu lations and species 

listing proc~ss in 2005-2006 (fi ,wli7atioo of lh~ regulations is mil in prog.r~s s in mid-

2(07). The dran NEMBA rcguintioos li,t 3S1 pkml taxa, wi lh a flLnkr list ()f92 laxa 

still under consideration_ Invasiv~ taxa are plac~d undcr tiv~ categori~s in the 

r~gublions, r~n..,ing from !ho<c ,po;;;cics lhul require c()mpul'()ry COmr()1. to those spt:ci~' 

und~r surveillanc~, 

Th~ latest Y~r, ion {VL"-. 4) of lho;;; Kr-.P policy/ Slandard Op<T.llinf!: procedur~ 

(QPpendi~ 1_1) Oll "Ii~n species managenl~nt aCCOmmOdOleS th~ ncw r~gulati(\tls by 

illcluding tflt, plan! lists, und m"na..,inf!: lh~s~ '" fir<t pri()ri!y 'I.,.,cie, in K~I'_ M(),t 

po licies and ~trategies in KNI' hav~ a lif~ span of flve years. oft~r which a formn l 

m'll1agemem rcview is r~quired, flowe","- lh~se poli~ies will a lso Ix updated more 

ti'cquemly in order to tak~ ~Cc(\unt of ch~ng~s in nmional policy am] legislation as "ell a, 

ndv~nces in intemmion~1 best practice. 

i'()XCK()]-! 10U1, ~AlTER~ ,\I\D ~RIXESS OF .-\U El\ PLAl\ i I}:\'ASION. 70 
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SUrl'~1' "fthe c.xt~m of the problem 

I had four main aim' for ,un.cying the tourist camps, I'irst, I wankd to idemii;" the >Cl1lc 

olld spotial spread {)f0n1amental plan!ings a~mss tbe pmk s" that (I.e SiLC of the probkm 

could be ass~s:;;cd and control "w~SUrCS targeted. Second, I wamcd to iJenlif) fa~wrs 

~ffccting ornamental species richness ~1 ally particulor camp l" derive pr~Ji~lOrs 01' risk 

and "" u bas;, [or ~y"lualing: IOC dliciency or past ,\ratcgi<:s. ThirJly, I examined how 

the alien !lora varies octwc"n camp>_ In see wf>ctflcl' "roam~ntal floras simply rclkct 

paU~rns or planting Or (h" abil ity <) I' spec ie , (0 g:row In cClluin arcas of the por k. !'inall), I 

wanted ba;;c-lirIC data again:>! which contro l measures could k ~ssesscd in futur~_ 

rhe first c"mr re"~nsivc ,urvey of omamcotal ali~n plants was ~()ndUCled in lhe 

SJ.,. U~U!.1 slafr,illage in 1999. TIICrealler. allth" larg"r arid most oflbe small"r camps 

~nd rang~r ,t~ti{M1S were sun.·e)tx1 h)· 21if13, with sun.'~y' wnliouing:on ~o oJ hoc' ba:;is in 

somc of the more invaded lour iSl camp:; i vi Ilage ~ , 

In ea~h Ol'lhc ~amps. all slalfg:ankns. lhe lands~aped aI~a , arourid toc reception, 

shop and r~Sla urant area:; were ;;carch"d, A ll alien plants "ncountered (including species 

1)'pi~~lly fo und in disturhed ~rea, and roadside,_ ,,, wdl as planled omarr",ol~ls) w~rC 

recc>rdeJ. ~nJ IICrbarium spec[mcos w lkct"J lor uokoowo species and phc>to~aphed for 

lalcr iJ~nli{icmioo_ Ideal l)' ~~mr, slwuld be resu",,,yed annually to monitor siles ror re­

gr",.,h, hut The "7C of KKP anti lh" number, of camps i villagcs. mconl ,urv~ys wc re 

mor" oJ hoc The plan is til[ SUr;e)1 W c"nlinue io fmur,,_ 

Analpt'· oflh~ plant .<peries da/a 

To e'tim<lle toc potential intlocnce of the urban/wilJ land int~rf~ce" I carricd out ~ nc.1rest 

nelghoour anal)si, 10 ,,-,e h,,,, do,e parts of tb~ park were from ~amps. aod lb~ref("c 

Ii"om a pC>tell tial ><Jurc.: 0 t- ;n""siw spL'<Oie, ("Iear"sl fealur" ",ripL fm Ar~\'icw GIS 3.2a). 

Tn see how camp ,iIe ~nd ~ge affect tl>c oumber of noo-native speci~1 plaoted. I 

us~d a gc n ~rali/d l in~ar ,nuuel wilh a lug-link funct;(}n il""c"u,~ tfle rcspon>e variabl,>. 

speci,,:; nunokr. is a counl) and lhe variance in~r~asing \\'ith the "IlLar~ oflfle mean (as 

lhe variability in sp"ci", riclmes:; al large ~amps is mu~h I"rg~r lh~n for small c~mps) (R 

Ikvci"pmenl Coce Team 20(4). rh" anal}:;is was repealed wilh anJ w ilh"ut including 

dala iilI ~kuku.ta. a, it ha, over nvclvc tim"s lhe slafr populatioo "r lh" Il~xl b i~~"sl 

FOXCROFT. 2fxn P A TTl-: RN .-1 "ll ['ROClSS OF ,-\LtE],; PLA\T I]'; VASIO\' , 71 
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CC""C,\"""'"'": I~"" _______ ~{W0,:\"\.EErM. eL \:"TS AS I},'V/\:')VE ,\ UF."<S 

call1p. I nlso scpamtcd sp •• cics on the 1:>,1';' ohdlCl llCL" 11-..:) ,,·Crt Clllli"a!~d ornamentals 

0[' ,,<'t, and compH l'cd t1w I'~tio of cultivmcd specie, to ll\J n ·cll lti.al~d 'lwei ,,> al a camp 

USillg hin"", ;"r ctTors 

To dn~rmine lh~ rdationship l"",lw~~lllh e alien Ih"as found ill each "fthe camps, 

lI sni a mCa,urC (l1'L1~SlCdn~_'i.'_ j used lh~ "'''ledn''," illde~ dl (Cjrev~ & Chown 2(11l(,). 

wlwrc a "'lILJ~ of () is a r":rkCl ly ",,'>'cd spccics-prcscllcc-hy-sit" [)latrix. and if c~ch Silt 

has a completely ddkrcnt ~l "r srccic>. dl lcnus ji-orn 0.5 l" I it_. the ,i7~ "fthc maTrix 

m~r"ase s_ 

mat riCes. "here lh~ ranU()ll1iZali'Hls kept the fre'llL~llCy or r"'bah i li!y ,,1' cil llC' ,pIxies 

ri ch n~ss per site or sp<Xics occurrences constant, 

Results" nd J)iscus~i<,. of thl' Plant Su" ~y 

()f lh~ 257 ali~1l plalll sp"ci", l"t'c,,,ded (5"e arr~lldi" 2, I). m leasl 85 laxa arc kno"n to 

be inv,lSivc w lllewllCre in the world (lIsin~ a r"rid a"~SSl""'l1l in a ~()mllli~,ly ]Js~d 

;]) l"m"l 5" ar~h ~ " gine). rile "lOS! widespread ,1[Jd cummon ,p e,',i~, indudc .·j/pini" 

~cn;mbe/ (>1ldl ginger). Brvophl"lIum Jaigrnnomianum (gomj IlICk plant), IirY0l'iryllllm 

d<'lagoenw (c han,lel kr p b nL'mother of ]l' i II iuns) . Calli,. ;a repe ".\' ('lriped crecri" ~ ind 

plalll), ]\iejJlrl"Ol~pi,\' "x,lI/ala (",ord lCm'Bosl,m fem I, Sj,lwgnerimla I"/,,hall> (S i ngapore 

daisy), S",xon; 11m IX)<iophyl/um (g')()S~- roOl planv'arto,dlCad _ vio ~) , ]i'aJ~ s('a"l;a {Jallicla 

(purple wandering Jcw/purplclw~rr), Trade,'cam;a spallwcca (h,mt pl,mv",'ys!er r lant), 

As is gcnera lly tl", ca,.., I,)r i",asi,,, pl,ml<, specks which mc regarckc1 lO havc bccn 

lUlurali ~ed in f",~P . lend I\J have occn pre;;";lll lor (ongn ( 13- 14 :years ,'l' a, ~ ra gc, 

Wilc(),~on rank sum-RI90. p<I}O(1) , I,e, ""sidcoce time i, hi gh ly correlatcd "ilb 

n,,\uurements of invasi"cness ("Vi Isun ~I at 2(07), 

Alth"Llgh f",r-,I' is a l,lrg~ ar~", til<; llIu li an dislance oclw~",n camrs or olher 

io frastO'uctUl'e is only ().l krn (r~n gc 35,<) lim), This mC"n, thal inslead '" IMving a l arg~, 

lLnint"mJpted naltH',,1 ~O'''~, t,xi for rOlential in vasion arc >CaLlcr~d hlirly cvcLlly aCroS, lhe 

laLlds,"l>,e (I' ig. 4,]). '111e "lmps thliS forrn i, lands "ith ,uurc~" 01' al ;"n r blll proragu I"s 

in a "e" ofnatur,li habitat. In p,,'ticlIbr, maps call k prOOllccd lor any SPC"LCS rCC'orJ~d 

to sho" pOlcnlia l areaS "hcr~ nmura llZaliOllmay ha,e (KOCLllTcd, ,llld C"tlCenTrate CDnt.rol 

HlX("ROF L clill7, l',~ Tn,RN A NU I'R(X: ~SS OF ALiL-' I'LAl'T II\V ASl ll" 72 
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ellA!' II-It·1 DRNAcvlFN'1 A1. 1'1,Al'T'; AS I'IV.·\SlVE ALIENS ---

efl(ms in lhew r"gl(ms. For e~alllril" 0l'unliu SlyiCIO escarni from uilli'alion in 

S~UkUDi (Ch<lplCr 6), and is no\\' "'Ldc'Pr~dd (Fig. 4.4). 

[=:J KNP boundary 
Distance to Camps (km) 

a - 0,5 
0,5 - 5 
5 - 10 
10 - 20 

120-37 

20 0 20 40 60 80 100 120 140 160 Kilometers -- N 

A 
Hgu rc -1.3: 'I h~ di '11'i bution and d i,Wncc i:>.;twccn statT \'ill~ gcs / lOu ri st c~mps in Kruger 
Nmion .. ll'ari(. 
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- ", 

L"GEND 
• Skukuz~ 

~ .. , , .. ~', , , 
, 
, ". ,--­, , , 

• Opufltia slricta 

N Tourist GrEN~ Rood 

/\/ Tourist T~r ROJd 

D KNP bc;.undary 

" 

. ", 

Figun' 4...1: The d imibulion Ill' Opumia .<lr;c la in Krug~r \Jali()n~ I Park. 0rl/mia ,'iricill 
was fir,! rec (,,<kJ in Skllku L3 ,taJTvi llagc in 1<.153 where it was intmduc~d as an 
ornmncn(a] >PCCiC5. it has ,inee _'preaJ (0 an area ()r~lx>lIl 80 000 ha (Chnptcr6). IfO. 
slric/a had t..;en inlrod weed to other cam P5, I ex poxl thal its dist,; hut;oll wOlLld have n.,cn 
>llb ,tantiolly gr~at~r. 

A5 ha-, been ,oown for Olh~r "i,land" '~"I~ LTIS_ li)T example, in the 'lIb-Ant~rc(ic (Frenol 

{'/ "I. 200 I J nnd 1 he C>ech I{ ~p u bl ic I Py_,ek '" ,,/ 2002a I. the level Ilf human pressure (in 

FUXCRUFT, 2007. PATTER" A"D ~KOCESS UF ALlE'" PLANT I",V,\~IO"" 74 
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{'IIAPiLI{ .1 ORNA/dU"r,\I. PI,AN rs AS I~VASIVE ALIENS 

this ca-,." the number of ,taiT hO"Sed ill a campI e"p lains much of tlw di\a,i!y of ali~n 

pia ,,! spec ics (Fig, ·Li). Thi, is panindarlJ n()!ic~ablc 1(" cullL>Hted specics Crable 
• 

..\.2a.bl. Old~r Catllrs ~ I so lend l0 ha\~ mor~ ell itj,ated al ien plant spec ies, hllt this is a 

much "~~k,, r df~cl I'he lack of a slrong lillk h~lw~en "amp ag~ and numlxr oj" 

~u lli ""I~d ,p~"i"s <;uggl'st, Ihal ornamelltal pla"ts imv~ b~~n "iddy _sprcad around thc 

KNP hy humans 

, 
" o 

, 
-,------1'---

1024 

Number of ~ Ialf 

Figure ..\.5 ' I 'h~ 1111 m ocr of alien Orn~m~)1ta l plant' in stall v if lag~,itomi ,I camps in 
Kruger National Park is dearly aIT~d~d by the amoUllt of human rrcs,ur~ (in this cns~ 
Ihe numrn,r of ,taffrncmher'> hou,>~d in the campI, Th~ solid linc is a tilled line 
r~lation;;hip and (he dot (cd l in~ is tile standard nror of the m~an. I'he)( axis is on a lo~ 
_",ak. ,md til<c y ,,-xis is on a log I\alue'" I) scalc to show th~ leto coun\>, Th~ pointLO 
the lar right is Skuku7a, by far lh~ largest camp in KJ\P. n", inclusion oflhis Skukll7a 
did not make a signitican( d LtT'-Tml'~ to the fit of the modd (l- _\)] =0_ 164, p=0 ,69 J. 

I'OXCROFT, 2007_ PATTER" .-\I\IJ [" llOCi ,SS OF .-"LlEl'; PL,'\I\T tNVAS10I\_ 75 
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ORNA:\IEr-. rAJ. Pl.,\NrS AS lNVAS1Vt: ALIENS 

r"hle ..\,2: l:a~lOr' aIT,'!;!i" .,: tfle num[)er of non-native "pecks. Tn a. hand c. ~rrQl"S ar~ a 
log Imk fundioll anJ ,',,,,,,mT il\cr~asing; with Ihe medll "'lUdrcJ, III J. "rrOrs "'Cr~ 

Poisson di,trihLJt~d_ I he results we", qualitative I)" similar il negali", hinomia] errors 
"~r.' us",L 

ra j Culti\lal ed spec ies (Skukl>Zainclude~t _____ . ___ 
Estim .. te Std. Error I-value p.v~lu .. 

Intercept -319 0935 _342 00017 

10] I NlImoor 01: staff I 
leg [C<>mp age I 

OB16 0,145 5&3 <0001 

0664 0277 

DisperSIOn p¥arnet"r for qc.aSl farr.i~ laI<en 10 ll<! 1.075 

Null devlance_ 75_6 on 35 degrees of ireedom 
Residual dev'ar:<;e 17.6 on 33 degrees ct freedom 

rb) Cu~jvaI ~d species rSkuk'!H_e,clu_ood) 
Estimate '" Error t-v~lu. 

Intercept -349 0.995 -350 

log [ Number of staff I 0912 o 179 510 

log [C,..-r.p loge I 0668 0.285 234 

Dispersl""'. p","","",ler ior qU3si fa-nily f~koo fa be 114 

NuU devlar.ce: 47 4 on 34 degrees oftreedom 
ResKluai deVia-100 13.3 on 32 ooqreef. of freedcff. 

&Noo-,,-~.l.t. iv'ot!'d spe<:~~ (Sku~uza rocluded) 

00225 

p-v~lu. 

00014 

<0001 

00255 

Estimate Std. Error t:value .p:valu!.. 
Irtercoept -496 249 -1 99 0055 

lag [ N e>mber of staff I 
leg [Camp age I 

0642 

0521 

0386 1.66 

0739 0700 

DisperSioo parame ter for q<Jasi family tal<en to be 7. 54 
Null deviance: 45.0 on 35 degrees d freedom 
ResKlual de~iance 364 on 33 degreef. of freedo:-r. 

(d) Non-cultivated species (Sk .... uza excluded) 

o fOO 
0485 

Estimate Std. Error t_value _p-value 

Intercept -2.58273 1.66127 -1.555 

log [Nurnber of sial! I 0.41842 0.29084 1.439 

!O~9LICCe~""'P''''"'UI ~~~,O"O"""C',=~0.4B722 0.073 
D1spersiw parameler for possoo farr. i y taken to be 1 
Null devia-1ce: 37.B on 34 degrees offreecJom 
ResKlual deviance 35.0 0'.32 oogrees of freedCff. 

0.12 

0 .15 

0.941 
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___ UM.r,,\lL:-J L\L PI Al\'IS AS Ir-. VASIVE AUF."IS 

Ill~ distt'ibution of Lulti'ated alien plant ,pecics between c~mp' i, heayily ske\\~d 

"her~ils, with lh~ ~x('epli()n of SkukuL~'. th~ di,lribulion uf tlOn-cultivated alie~ plonr, 

species bet\\een camps is well de>crib~d hy a Poisson distribution (T:>ble 'I.~). \Iost of 

the non-cultivaled 'Pe~i~s are in SkLJku7a (lhiny as opro""d a maximum ofthre~ ill any 

o{h~r camp) , and lh~ number ofnon-{:ultivated species i, nol affL'Cted by camp ag~ (Tilble 

".2c.dl. a~(1 only marginally inl1tle[]c~d hy th~ mlmlx:r of '<taff (1"-0.0 .. with SkubmL 

itlClud.,J. 1"-0.1)<) with Skuklll,a e'(chlded). Iklpite this, the proportion of cultiyaled 10 

no[]-cullil'ilkd non-nmil'es at a ,ik W'aS nOt aff"cted by camp age or ~umb~r of ,raff if 

Skuku7a \Va, ~~duded (p>{Ll in all cases), rhe addirion of Skukuza hil' u massive 

mllllCnee on the analysis {Cook's distance >(;0) and creates lh~ spurious restllt rhat as the 

n"m ber of staff i nc,.~a"" at a camp th~ proportion of non_cu Irivated speci~8 in the non­

natiye sf'<'ci~s pool incr~ase" in fad if Skukuza is ~xdudeJ lhe opposite trend i, 

observoo, 

I would "rg;u~ llmt increased camp adivily (~ither siu or age) ha, bid 10 more 

or~amental ,pecies. while, with th~ notab'" ~xccplion ofSkukuza, camp acrility has had 

il lTIuch smillier efthl On the numlwr of non-C'lLllivated "lx:ci~" Non-"ultil'ilted Slx:ci~s 

wer~ in iti al I} brotlght 10 and establ ished in Skukula, but th~n knd to be naturally 

disp~rsd. as opposed dirt'c!!y spread b) humans b"lwe"n camps, This hypo(h~si, is al,o 

supported hy the tlC,t~JneS'\ of species. 

I found lhat th~ distribution of alien plam 'peeLes l"'tween ('amp' wa, heavily 

~e"eJ (ApJ1'<'ndix 2.2), ['or th~ matrix, with Skuktlza included, dl is 0.257 and if 

SkukuLa is exduded d I i, OA 17 For al l mea,ur~, test~J, lhe sl"'ci~,-by-~amp matrix for 

KNP w~s signiticant ly more nested (p<O,OOI) than randomly generated matrice" For 

lhose specie, that ",er~ not Cull i,'ateJ, th~re is liule e\'id~nce of nesting, Wilhoul 

Skuku7a. dl i, 0.67 atld is ~ot ,ignillcanUy nesled (p~0.73-0,93 depending on whether 

numbers per site or Ij-~'iuen~y ol'speci~, ~r~ kepf constant or as a set probability). Wilh 

Skukula, dl is 0,2-1 (p-O,68-79 if numbers per sil~ are kept mnst~nt or a, a 'et 

probabi lity. bul p<tl,OO I i f numb~rs per sik can \'ary dtl~ to lh~ lilrg~ ntlmber 0 I' specIes 

tound ilt SkukuLa). Wh~n ('omparin8 values ofd I it should he noted thin """ause only') 

camp, haJ non-culri'ated aliens, dl is at most 0.875-0.89. ('lr the ne'leJn~", 01' 

culti\'at~d aliens. many po\CntialmJrrices Can ha'" I'alu~s or d 1 appro,~ imating one, 

l'OXCllOFr. 2007, f' .-I rJl:RN ,->,I<;D PROC ESS OF .-ILlEi'i PI.Ai'iT TNVASTOK n 
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CHAPTER .f 

rh~ nc'tcJn~," 01' cllhiv"t~J spel'ic, im pli~ s that llw speci~s prc'~nl in ~amps 

"itll kw specics I,'ell:: \lsuall y a sub- set ofthos<: in camps with more spec ies. "'ith alnwst 

al l spec i ~s be ing loul1J at Skuku/a. A l t l-lOlL~h ,cwral ,cen,,,-i,,s J re con,islell! with lIli, 

paltem, Ih~ fTl<);1. plall"hl~ ~llplanation i, tlk,t tlw omaLTI~nlal spec"" l(lllLlJ Ln KI\P "'cr~ 

illiliall:' Ln tro Juced lo a lew pmll~ular camps. allJ thatlhe~e planls wCre Ih~n takcnli'olll 

thcse inilia l source, to the otller camps, rhi, le\-e] of nested ll CSS. howcver, is inconsi ,tem 

wilh llw hj'pothcsis thJtth~ orllamel1lal 'pecie, imroduced to a site depend, 'trollg lj' on 

lhe ~n\'ironmwtal condit iom at !h~t , i!~_ III oth~r word~. preventing the illlrooudion of 

I1~W orl1alllcnt~ 1 species to Skukuza would havc been lh~ best stl'ategy for millimi7ing the 

numrn,r 0 1' al ien ornmn~'f1lal 'p,.;ci~~ throughollt tl..., park, In c"ntm~l, 01' the spec.ie, nO l 

culti\-nt~d 2 OIlt of 32 w~r~ nOl round in Slukuza (ct: 2 ou t of 225 of Ih~ cu lti vated 

speci",. P from a I'i,her's ~lla~t te'l is 0 .11 771. The presence of nOIl -cuhi\'alcJ 'peci~, i , 

mOr~ like!} to b~ ~n\-ironm~nt"ll~ limi ted. and con;cqu~ntly those a l i~n plants Ihm do 

prolil"ratc, arc more l ik~ly to rn, inva,i,'e and may have real'-h ~d ,ome camp' hy nalur~ 1 

dis[l<'rsal. 

am ('urrently ('ollenin" information 011 tlw number of ornamenta l 'peci", 

llaillrali"",d ollbid~ ea"h camp. and this wi ll I'urther help to dCI~rrnin~ the ddl"r~nt rolcs 

nfresider,,;e Ii m~ (i':'sek & .I aro'ii l 2(05) and human popu Iminn , i7e (I'y<;el c/ al. ~002a) 

in st ructuring alien plant invasions in K/'o.? Th is wi ll nlso enable thc assessment of the 

\'alue of ~arly intervention ill l'lren,ni Llg- natllral izalion,. 

Lessons learnt 

The problem> I'Ked by the in \-asion 01 alien plarm intcmiunally intrOlluced tor 

h"rti~lIltu'" in KNP m~ l im Liar to Ih";;,, la,:~d in many olher ~reas around tlw wor ld. Thc 

KI\I' ,illlation is, howcver. somcwhat unique in that staff \illagc~. landsc"p~d wi th alicn 

plants, hav" l'r~at~d i,lands or abundant ah"n propagulcs thai th r~al<'n nati \-~ hind i \'er~it y 

lhrollgholll a largc and ollwrwi,c naturally j'utlC!ionin~ n.mional park. In the~ nooc~, a~ 

in mall} othcr places in Ihe world, humans haw r~lied nn impnlted Jlien organism' to 

crcal~ mnenabl~ li v'iLlS nlndilion" R"sllits lrom thi, ~lud:' show lhal tlw dive"ity or 

alien plant, in such oodcs i; a fUlll'.lion oltl.., number of peoplc that rcside thcre. Mor~ 

peopk m~an a grcatcr I';mge of ta,tes l'or "different" thil1g'. including alien planK 10 

FIJXUWU. :'O~7 ~A[[EKN ,WD PKIX ESS OF AUE"< T'LANf tNV\S ION. 
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"cnh~ll~c" th,il' surrmmdin:;t5 , Ln tli l'eCCtHl y. thc (J.,,,ire of humuns to decora", theil' 

,umlUndi ngs with al ien plants was lwt p er~ei,'~d as Inappropriate, e,'en wi thin One of the 

world' , wilde,t nalional parks whith tJ.1S its OWn rich altd uniqH~ Jiora, Oilly ,,,hen lhc 

same pl ants that were uwd for ()mam~ntalpUTpo'~' became invasive. either in the park or 

eI ,ewhere in S" uth A ii-i~a and lh~ \\ orld did perception, regarding th e u,e of al ien plant ' 

,l"rt dWngHlg. Thc exampk from Kl'P is in,ightful. as it :;oow,; Ihc ;,ncrplay bclv,'ecLl 

10'01 conditions (the desil'e to H,e Jlkn plJIit' and a rJnge of pcrception , rcgordi ng the 

,,,,lure of lh~ prllhlcm) ami than~ing pcrspcl'l;\ es at a broader ';c,tle l;naedsing glohal 

3wal'ene'5 of problem , a"ociated with inva,ive plant' l. and ornamenTal plJnts in 

parti~ular. aLld changing nalioLlal [l<lli~ies and legislati"n _ Th~ KNI' situation perhaps 

r~pr~senb a sim pl ifled micmco';m of the :; iwal;on lhat I>fC\ ai b ilt Olhcr area,. ",h i~h ha' c 

a [,'l'ealer number "I'nod~s , In'''~ hllman'_ and Ie" clear po li cies reg;Jniing the position oC 

alicLl ' pedes. 

In the K'll' ,itllation. ~du~alio n and increa,ing awarene,s of the issliCs among 

~tTeded ral1ies emcl'ged JS thc mo,t impol1'ant f:1tlOrs conlributing tn Lnaeased "'pport 

I,'r llw ~oLl trol initiati, es . HoweY~r. the m,,,t n<llah l~ ~hang:e in altilude, Lame when the 

programme received The SUpPOlt and leadership of ,ellior Kl"P otfLcia ls. The control 

iniliali,e undcrtakcn to remo,e ornamenlal alien plams ill KNI' is continuing, fortunately 

with increa,ed support from lll(l't statY. 1'0 date most ofthc iliitiJ! v,'ork has been dOlle 10 

remOVC tile mOIl ob,io llsly mva:;ivc spe~ies. Howe\er, awarene" initiative, ~re ongo ing 

and need to play a c~ntral part in the manag~mclit progr~mmc. Currenlly the mosl 

ionportalll "suc L' thc follow-up ~otHrol of cleared area:;, whi~h Lle~ds lO be maintained on 

a I"n ~ -lerm I.""i,_ The im[l<'rtance oCtimely r"llow·up conTrol j;; ,;ubstaillially incrcascd 

n, mo,,! p l~ lits ~ re malluJlly rcmoved. due to Ihc negat iw eJTeds of herbicide drift on 

non-largel spe~ie,. reSli lt ing in many species propagating ,'i~orolls ly from small root 01' 

>rem fragm"'lls lell behind. 

fOXCROFT cOM, p" In,~N ,\N I) ~IHX'l~S OF AUf" PtA 'IT Tl\VAStO"-' 
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CH.A.I'TER FIVr. 

I'ATrERNS OF .A.LlEN PI.Al'\T lllSTRIBLTfON 11\ A RIVER LAM)SCAI'[ 

FOLLUWI:>IG AI\ l:XTRE\n: FI.oon' 

·\hSlraci 

The availahility of 'Ui13blc palche~ ~nd gJp; in the land><:ape i, ~ cruci~1 Jctcrillinant of 

invasihiiitv for alien pbnts. I he Iyp~ 31lJ Clrrangement orpawh~s in lk lanJs<'ape may 

hoth ja"litate al'l(! "h.,tnLct alien pbnt [TIva.,i'Jll.', JerxnJing on whet""r alien 'pe~ies 

pcrc"i,c the palche, .1S b.1rri~r'. In I'chruary 21100 t"'pic~1 w~athel' ,y,tem, causcd ~n 

extreme nood with an eqimal~J relurn i11lerval of 90 to 200 years in lhe Sabie River, 

Soulh Arrica. Tk impact of the 2000 Ilo(ld on the Sobie Ri,er loll(bcojlC provides .1n 

arta y "r patelI<', that may pro" ide .,u itanle rc-'Our<'es ii)r Ihe e,tahli ,l1m"n! of al ien plams. 

I hIS '-Iudy exalnllle; the di;lribuliol1 orah~n pl~J1ls in rdalionlO palchin .. ,s oflhe 

Sabie RiH'f l.1nJ,cHpe, \Iy hYl'olhe,i, W'l' t hat if certain p.11cll<" in the river l<lnd,C<lpe 

Jo 1101 I'cprc;"nt environLll~ntal harrier, to alien plalll ""asion, all .. " >pccies "ill OCCur 

prelerentially in thex patch type,. rile Sabie R [ver \\ ithin f.; ru ger r-- ation~1 Park (K l\ P) 

"as di~iJeu into si>. patch typ~, (L.On~s, "hannel lypeS, elevalions, g~omorpl\lc units, 

,ub,trate, ond tl<l<ld illlprinllypC'), I then examined the di,lrihmion "f n<ltive ond alien 

\\oody and hel'haceou, den,ilY ~nd species richne" in po!che" The d~n,ity and ,pecic, 

richll"ss oj' ali .. n plan!> ill t .... S3bi~ Riwr ill KNP is v~r} low \\,I",n wmpar~d to lhe 

dellS'l} and >pccics richne;, of nolive plant,. S"me patches (bedrock dimibutary and 

heaid har geomorphic units) contai""J higher density al-..J ridlJl~ss of ali~1l plants, 

indicating lhat these location,> in ,II<' river I~ndscope offer the reSOUrCe, nece>:<ory jilr 

al ien pbm ""'!abli.,hm~nL I nd iviuual ali~n Sp'-""'~' arc abo aSSOc iated \\ ilh different parts 

or lhe river iand,cape, !'ai lure "I' large IlU Illber, of alien pion!, I" e,t~ hlish ~fter the 2000 

f100J i., mo.,1 likely dlLe 10 a combinJlion 01' bClOrs - tl", planl sp'-"cilic barrier.' imposeJ 

by land,cape poTchines;;, the high :llllildance and richne" "f Ilative vegeTation leading 10 

compeTiT;oll, and for ,,,me species ~ertailll)", lbe clearing by the management (Worling 

for Waler) progrmnTllt". 

, f'ubl icatxm ,lat">: Fc'xcr\-,I\' L.c.. P",,,n,. ~!. ~1L-LoLl~hlin. C. & Richard,,,". D,M, c007, Pattern> "fe.i"n 
I'lal11 di",;lu",Jl in" ri;',y I",d>eap< full.)",jolg all . xt"n", floo d .'!<",'Id}'ican ,i<;." ",ai "j1M",,)', In 
Pres,. 

I'OXCKO FT , 1007, P,\TTFRI\ \I\D PROCF~S OF ALl EI\ PU\.NT tNV.-\SlON. 80 
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1'11.\1' I LI{ '; 

J "I r"dueli"" 

I he av~i lahi liLy of ,u i Lahle paid"" and gap ~ in Ih~ Iml<l s<'npe i, .1n ;'llpn"",,1 delerminanl 

,\1' the su,~erl ihilily "I' ripamm ~co,ysICn1 S 10 alt~n pl;"'1 ;l1v"siol1' (RiLh~rJ"lL1 <'I (J/ 

2(07). Paid,.;, n1il)' 0<', '1<' as inherenl variahiliLY La"",d Iw ~"rn3[~. lOl~\grnphy and 

g~<' I,,~y (WhIIC & 1{.1'rod I'J'J7). (\r may 1><.. gl'nemlnl Y,a lh~ rL'llrganiL~li()~ (\1' 

1<l IHI ,capc, hy ahlolic dislurhall(:es ,lOch as lir~s . lloods. hu"i.;al1cs. ~l1d U lll llfOr()geni~ 

land-surfaLe alleral i()n, IPiLkett & While 1'!~5J_ Patches may als(\ h~ nealed hy hi()li~ 

d i sturhanc~s such as di,.,as~ oulhr~aks ami succcs 'i ioll,,1 dwngc (Knight l'm7, I'acata & 

Crawley 1992) Thu'i, palches ()f ~arly ,ucce%il1n:iI comI11u ni li~s, (\1"''' spa~~, and 

rew"rc~-,.ich pmches (\ft~n l1\\-e lheir existence' 10 dislurhanc~ ~"~nlS (Pickell 1'l9 ~J_ 

Nl~llernus ,tudies have e~arn i,,~d Ih~ ""p'--,nse ()f inv~sive specie, t(J dist"rh~"ce and 

dislurhan~~-generaled palcll~s in the I~n dsc"r'" (for e~ample: II"hh, 19S9, Hobbs & 

H~lHln~kc I '!'J2. ~lad & ()'Anl<mio I99S, I-Ie-Irnes ,.( al. 21)00, Bcrle-w eI al. 200 I. Grace 

<"I al. 2001. Brooks & Pyk~ 2001. Cal1nas etal. 2(~12. I.e'ishrnan el al. 20(J4 1. How~ver. 

not all open spnces and pal<:h~, in a land,cape' are im aded by allen species. Rmher, to 

,u~c"ssi'ul l y invade ~nd ultin1~tely tratl,form ec(\sy'terns. alien plalll specics must 

OY~n:()rne a series ()t gCl'!~J"phic. el1Viro nme'nlal. repro·dudiH' ar><l dispersal hamer:; 

(Richardson et "I. 21~~1), which are' aL"mycd spalially withLn the Imld>cape t] :ig_ 5_1)_ 

AlIh()ugh numerous ,tudies have in yeSligaled the roie' ()I" re'SOUrCe availabilil y (e.g. Hobbs 

& II eun ""ke I 'JlJ~ J. and IhL lhocLlhll ing av allahil i!}" l1f tho,~ resources t l)av i, CI al. 2{)1~1). 

,1i,lurbance regimcs le.g. Ilohhs 1')g9, (;race ct al. ~(X)I . Rwoh & Pyke 20(1). ~ nd 

empty "id,e's (e.g. Cannas .. I (J/. 2(02) in lilcilitming i~vasil1ns. I kn(\w of only" IC'\\' 

,ludies th~t have expliciily examine'd the r(\ ie' (\1" landscape pmch~s i~ th~ con!eXI of 

;nva,ibilily (Wilh 20\J2. 21)04) . The type and arl""ngen1ent of patches in the' landscap'" 

rnay bOlh iacililale mkl "l>st,."Ct alien plant iny",ion" dCj",nding l)[\ "helher an alie~ 

platlt t~~(\n re'T~ivc', palches as a barrier. l'l" ,..., ~n "re~ l1!'suitah le resource availahi lil}"_ 

r-oxrROFT_ 2t~17_ 1' .-\lT~R~ AM) ~ROU;SS OF 'l.TFI\ PI .. \ 'H I~V.-\SION_ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTLR 5 ____________ -"'i'AL'C'"'-": RC"S"O"F-"C""e"A",,",-,A~"'""".A""'",-,,",-,V'iA"S"'"O~,,,'S 

.------ ----- --- - - , 

.. 
i ~ 

0 

" .. < > , 
~ .. 

" ;' .. 
~ > -R , 

i,j , .. , 
2 I .., 'i , > ~ -, E , ~ S 
, 

" 
, 

,~ , 
-'; ! , . 

" .. ., .. 
~ , 

.. ,> 
> 
., 

J 
Figure. 5.1 : Conceptual hamers in The invasion proce% (fmm Richard;;(>n ('I ,,{, 200{)). 
in the ~a", of th~ Sahi~ River. illien plili1lS will haw o\"rwm~ the lir,t IULLr b"rri~r' 

Through variaus Olcans, but necd to ()yercoOl~ the local environmcntal barri~rs to become 
lJwa_"y~, A, di'lllIbane~ is a natural rcaturc or rip"rian 'y'Tcrm. I ,cc (he"" ha rrie" a, 
b"ing intewat~d, rhe r~organ i'illiun ui" lh~ ri\~r I:~ld_",ap" arler a lilrg~ l100d eyenl 
cr~aTe_' harriers to var ious ali~n plant<, through the I'"organi""l;on nf h"hitats. ""d the 
extcnt to whICh a particular al icn plal1T pcrcci\c< thc patch as a barr ier ta. or a gap far, 
InvaSIon. 

Riycr, are impOf1alll conduiT> fur ali~n plam ;nva,iuns (P,y>;d;, & Prach 199.J. Foxcroit el 

"I. 20{)7, Richard<an "1 al_ lOO7), hecallsc ri,crs arc cantinuous, highly cannccteci 

cumpun~nb uf' th~ iand>eape. Thi~ cunnecTi,il.\' racili t~l~, Ihe mov~mcnl or naliv~ 

organisms betwecn isolaTcd arcas in th~ landscape (van \Vilgcn Cl "I. 2(07), hilt illsu 

pro,-ide, currid<Jrs for lh~ lram,pon af unwanl~d illien urgilni~m~ (Chapler 2) Ripariiln 

area, arc piHtkularly prone ta alicn plant in va<ion< occau,c afThcir dynamic hydrology, 

Ih~ provision or faHJUrilbl~ r~_,our~e, moislur~ ilnd nlLlri~nl condilions. and rre'lu~nt 

di~turoancc hy floods (Tickncr el al. 20( 1), In Sallth Athca'~ Krug~r ~alional Pmk 

(K~P) Illany in\""i\~ plant >pedes haw sprcud rrom al'cas ()ulsid~ th~ park to ar~as 

insid~ th~ park along riwl' c(nidoL' (hncroft & Ri<'hardsan 20m, Choptcr 21. GivcnThe 

rnullLpl~ land u ,~s a",1 the abundanc~ and di\'ersity ul' in\'asiYe alien rlant _' peeLes in The 

watcr_,heds drained hy th~ major rivers of thc Kl'.'P ([\cater CI "I. 2007a,h, Chapter 2, 

\\-' itlo""ki & Gar""r 20(7). th~ incursi on or alien sfkci~s along riwr LOrri dar, i, a major 

!'OXCROH. ~(KI) !, ,~ lTLR" AM) PRUCLSS OJ' ,~LlL" PLANT ['NASION_ 83 
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Ll {Aj'JIT·L __________ ._ 

thr~nt to ripnrinn l on,," of K~P amL ill tum. to thc ohjectives of th~ P~ rX to mai nt~ il1 

hiodlvasity (Kt-;P 2005). 

llisllll'b~oc~ is ,I IUfI<l;)lllcntal drivcl' Of palchiness III river lanJscap~ s. Th~ 

hydrologicnl (Ilow-r~gin"') and hydraulic actiolls 01 w"tel' <1l'e primary <lgeills 01' 

disturhaIlC", l'r~alillg "" irregular. dyoamic ,md sh itlin~ mOSJic of biotic 011<1 ahiOlic 

patches al multiple ,palial and temporal sr-ales ",ililln Ihe ri.u laooscapc (I'~bacchi c/ al. 

I<)<J~. :v1al~rd eI "I. 201l0, MSCOl\ e/ al. 21)()2, Dixon 2()()3). In Ih" Sahic Riv~r, which 

Ilow, thmugh KNf'. a hierarch y ofgcomorphologic~1 river system ()f['.ani7~lion has beel1 

denved (V~1l Nid.crl;. eI al. 1'195). The ".ltc-hm@l, Z(Kl~. mano-r~ach, c'halllld tyr<'. 

re~ch. ['.eomorphic-lIllit and micro-site divisions of Ihe hkTarchy can b~ vi~"-ed ~s 

l'atch~ s in th~ riv ~r land.,,:ap" IRog~" & n'K~~re 2()()3). I lie type alld arrall gemenT of 

these putches subsequwtly i ollilellccs til<: d iSirihulion or riparian veg~talion as~mhla~es 

heC;lUse each le\'el provides a charxteristic physical env ironmwt Ivan Coller <'I "I. 

20(0). Ho"-ever. the", palches al'e 004 stalic in space <lnd lim~ and patches may oc 

formed an<l re-fonne(1 hy Ilow events of., ar io us ma['.11 ilu<k ~nd duration (Rountre~ e/ <11. 

2000. Roumree & Roger., 2004). 

(n I'ebruar) 2()()(( trorical ""mh"r .'y,["ms caus<:d llil exlreT"" tlood wilh ,m 

eSlim~led return interval of 90 10 20() y"ars in Ihe Sabie Ri,,~r ISmith~r' e/ al. 2001). 

~Iow reak~J al an ~stimaled 3000 m' S~C-l wkr~ llle river enter. K~P all<l at 7()()() m' 

S<:C I whe re til<: rivcr exits Ihe parI;. 100 I;.m dO\\n>Ir<.:<lm al Ihe hord~r with \Iozamhiljll<' 

(lleritage "I "I, 2()()t). I-hese disc'hal'ges compare "ilh typic~j wet-sc~soo (Novemher 

March) bas~ !lows of 15 -20 ml sec· 1 and dry season hase now, of 3-5 m' sec-' rh~ 

nO<><:! markerlly a lter~d tk spatial pmtern of challnel-Iype. geomorphic-unit ami micro­

sile patches in the river landscape by noding and <kpositing ",dimen!. ,md r~mo"ing 

large amOU!ltS of riparian vegelalion (Pmsons "I al. 20(6). The Ilood also trig[\",cJ 

sub,lalllial r"CTuilrnwl of rLp~rian plant, (Par,ons ~I al. 2(05), includ ing alien .'P"ci~s, 

A, would be expected j'Jliov.'ing disturban,'e ~"efll'_ Ihe imprint Idt on th~ Sabi~ Riv~r 

iJndscapc loy the 2()()(i floe>d provides a range of pmch types Ihat potemi~lIy provide 

suilUbk r~.">ur<'~s for Ihe ~'.tablisl1!nenl of ali~l1 plants. Ilowever, Ihe Iype ~nd 

amlilgement of palchcs in th~ Sabi" Ri"er landscape c'ould also r~presenl harrier., to 

eswblishrnenl. Although ri vers ar" effective conidors of ~Iiw planl ",,,~,ion and Iloods 

FOXrROFT. cOO; PATTERS A"[) PR(XESS OF _,\LlE'I PLl~T NV,\STON, 
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arc df~cr;ye d"l"'''ers of l"'-(ll",~ule" il i, riot known h,,,,· alien plants ovcrcom~ 

environmenta l barrins rr~s~nl in r,,~r lar.dscapcs after di,;turhanc~, in order to h"~(lmc 

cslabhsh"d. Th~rdor~. ill dc,doping an uodcr>wnding of the r(lle or' barriers in lhe 

;nva,;Clll pra<.:ess, th;, qudy examines (he distribution "j" illicn pianls III relation to 

p,nchine" of (he Sahie Hiwr lands<:ape i,)II()"']L1 ),!: the 2000 tloo<1. 1\ i, kn(lwn that the 

1l00ll WaIL'f volume ,,"'a, mollY Of<krs of mognitude high~r than average 11""" and lh~t 

the llood r<:>el the .. i,cl' l~nd,c"P<' to an early ,lage Oflh~ inv"sion pm""", The,,,,, "Iso 

" ,uhslanlial ,()ufl:c of prop"gllics in Ihe "pp~r catcr..ncnt of the river ~nd I a"ume (hal 

the opportunity roc dispersal of pmpagules w~s ev~n Q~ro," the 11""detl land""ape 

surface. ~ly pr~mi '~ is thaL ~"SlJming propagul~s ha,e tli'per>cd ",-,d me availilbk (rig. 

5. 1). if c~rlain pacclle, in thc ri"cr land"ape do not rcpr~,enl ~ n environm~n/al h~rrier to 

J licn pi,mt invasion . .J.I;en 'pedes will have prd~r~n~~' for Llws~ p~t"h lype'. 

Conwr",,]}. if palche, in lh~ fl v~r landsc"p~ do rcprcsclll all cn,· jronm~nta] be,,-r i cr. al ien 

'p"c i~s will not be pre'~nt in high den'ity and r; chne's ;nlh~,~ palch lypes. 

i\1al~rial, ~"d \lClhods 

SIIll(r area 

rh~ Sabie Riv~r rise, in th~ Mpumalang~ I !ighland, at an alt;tlL"" or::~200 rn and 11",,,s 

eastward for 210 km acro% (he Lowwl tl ~nd Lcbombo g~omorphologic~ l lOncs Ullli] it' 

contlu~nc~ with the In"omati River in "I07.ambiqu~ at an altitude of 150 m. It h"s a 

catchmcnt area 0170% lm'. almost halr(48%) of which OCCllrS msid~ K~P, whcrc land 

i, pr~dominantly managed for con,en'olion. Land l1>CS in the portion of the catchment 

outside Kl\P comprise 20'% cultivated lands. 7% dcgradcd lands, 50% natural vcgewtion 

~n<.l 2()~{ , pin~ (I'inu.,' <1'.) ~nd cllCalypt (Euuliypru.< '1'.) forest pl"ntation' (A~ater er a/. 

2007". Chapter 2). DlLe to the high inv"siw ,p~~ie' ahuntlan~e "nd richn~" in the 

portion of wa/~rshed, olllside Kl\P (Beatcr t'I "I. 2007b). ctrorts have been milJ~ to 

a'''''' risk of inv"s ion d(1\\'n the rivcr> into Kl\f' (Chaptcr 2). -'lanagemcnt proje<:t, arc 

currclllly un<lcnvay 111 K"JP to address tl", invasion of ali~n plant species by a numb"r oi' 

v~ctors. file Inrg~st progr~mmc curr~nt]y in op~mtion aim, at continuous lol]o,,-up Or 

maintenance (;{Illlrol opera/ions again't a suite of inva,ivc riparian plant 'p~cie' by thc 

nmio",,! Working for Wal~r programme (I'oxcroft & Ri~hartl'on 21))3. app~ndix 1.2. 

fO\TKOf T. ~I)I)'. 1',\ TTLll-" .-\\D PROCESS or ALILN PLA"T t"VAStON. 85 
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rr~itag-R()r"'ldsot1 & roxcrofi 2003, appendix I..l, Mon-i, el ul. 2()(17l. This brgcly 

entails (he usc of mcchanicn[ anJ chemical methods to "ontrol woody , hrub" nnd uproot 

'J[lm lallwrbac~ou> w~eds, All :>rca, on hoth sides ofthc Sabi" Ri,,,r nrC ,~arched. wher" 

acec"ih[". and ~[[ u[icl1 plants ~re removed The most commonly controlled woody alien 

pbnl' include Chrnmn/uena odora/a, {amana camaru. Melia audaml.'iI .. NicO!iana 

~Iuu"". RiI:inu,\' "ommunis. ,""mIG didpnvbolryo, w·hile th" mo't "id",prcad h"rbaceous 

ali~n plant' include ArgcmOIl<' spp .. f)OI~ra spp. and .'fan/hi"'" 'Pp. Idc~lIy, the arras 

"omrolled ,Il<'uld be add"d to tl", analys is in order to ~va[ual~ th~ infll>ence that 

IHOn,lgcmCll\ has had on alien planl Jislribu lion. Unfortunalciy, allhou .. h GIS dat~ 0 r Ihe . . 
C011lro[ areas are mailahle_ the,e reaJ il1gs were not sufficiently accurate to he compatIble 

"ith th" ver} precise naltlrc of IhG data coll"cl"d ror lh.e pre,enl sluJy_ Therefore_ I am 

not certn in whether th e alien plants ""cur whe re they arG occause they wer" not ckarGd 

rrom lho,,' patel"". or, beCaLlS~ those patche, allow higher rates ofestablishrncnt due to 

the characteri,t i"s of the patch itscl f. Ilowc\'Cr. the entire area ,hotl [d ha,,, OC"n '-'I'lally 

s~arch<'d dl,ring conlrol op<:ration, and ,[,ould not hia, ml' rcsu[ ts, 

I'll i s study focu sed on the distribut ion of al i"n plan ts "ilhin K1\P. alon .. lh" IIIl 

lm main-stem secti"n or the Sahie River. The Sohic Kiver has a g"omorpil<'logically 

complex, mixed hedrock and allu,i~1 [and, cape, wherG on" or more active channels ~ow 

"ithin an in~i ",d macro-<:hannel lhm range_. in widlh from 25(}-SOO m ~ nd 8--15 m in 

depth (van I\i~kerk <'I al. 1995). \1acro readl, channel typG, geomorphic unil and mi"ro· 

site are lhe nested levels of landscape organ intion rcieQnl to thc scrlion of river withi n 

KI\P (vanl\ickGrk <'I ai, 1995). Mino-silcs ar" ddined by IhG ir sedimenl ch~racter and 

elevation. in relalion to lhe geomorph ic unit in which they occur. Geomorphic unil, ,uch 

a, bedwck core bars, di strihutary ch~nn"b, 1~leral bars. pool" rime" mid·"hanne[ hars 

~nJ benches occur together in specif>e combination, ~nd pWp'-'rlions to dJ:tracl"rise a 

channel typG, Four dominant ~h~nnd lY PGS hav" ocen identilied in the Sabie Ri ver: 

braidcd (braidIng within the conEn~, of the m~cro channd), pool·rapid (1'00[' ,eparaled 

hy hedrock rapid,), mixed anaslomosing- (multiple channels flowing lhrough al[u,itlm on 

~ lxodw"k basd ~nd b<:drock ana,WlltO,ing (multIple channel, flowing th rough bedrock 

n ssures) (\'an N iekerk ci al. 1 'N5), r>.la""-_'-r,,achG'. or Lon"" m" "haracterized hy hroad 

changes in geology ~nJ Jischarge capa";t~· in a downstream direction. 

FOXCROfT. ,:()\I7, P.~ tTLl{" ,\MJ PI([j(' LSS OF ALll:~ PLA'<T I'" .. \SIO·',' 
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,C"H'A"p"r E".R'-'5 _______ ~PCA'TLI"E>.R"N"S"ORF R[I'.\RIAj\ Pl.AIiU!,<Vi, SIO:-!S 

TIl,- Sabie Rj,·,", ~>.hlbits a ",,,.,oJldL pcrcnlll ai 110w rcg:Lmc b,,( is ,,, hjcct 10 

J ix harge ~~ lrC 111~S character; >tic of sern j · ~r i d areas {Parson., 1'/ al. :!IX)6 J- I nlJ Malion and 

di.'lmbance of lh~ ,i ,er landsc,,1'" by rive, flows is ["d aled to lal~ral and "orlical 

toJX1~rarhy of the template, n,e maa(>-channd LS divided ill[o rwo arc"s. ""mely I h~ 

hi gher e levation m"cro-channci bonk "IlU [he lower devotion 111 a.:ro-ChJIlJ1d 110m. The 

macro-channel Ik,or cun be di\'id~d into !low illuooalion arcns, in whi~h cic,al ion L.' 

rclakd lO lhe lin,lucllcy of iJl UllciJ.lion (Heritage c/ "I. 1999), The "d;, c area is in uncimcu 

~n nLl~lly I(l l' prolong~d perioJs during lxllh wet aoo dry seasons, or intermittently fur 

short I"'L"ioos hy .,mnllll()()Js Juring lhe wet <ea"", (I'arsons el al. 2()06). The ~phem~ml 

ar~a i, only inundated during ~xtrcme Iloods. 

Dutu coflection und unulysis 

I'he Sabie River lnnJsc~pe wa.< JiviJed into SIX pntch type.< ba,~d on phy,ical and 

em' ironmenml chamelc .. "tlcs (Table 5.1). 7A)[l~S reprcS<:llllhe broad c' hange in geology 

allJ discharge capacity in a Jownstre~m dir~dion , Channel types represent d j tTerellc~s in 

macro c lm nnel widlh, channel gr:ldi~lll and ge()m()rphic unil t()mpOSilion (van N iek~rk ct 

"I. 1995). Ek",dion repres<:nts dirIi::rwlia l spate-ti!\1~ inundation ()f Ihe ph}sical 

l~ll1plale by [lows of J i ITnent magn iluJe.<. (j~()m()rph ic un ils repr~.<cnt Jitkrence, in thc 

h~dform morpho logy of the chonneL \\her~ dilTercrll geomorphic uniiS OCCur at din~'rem 

cl~valions and ha,e J iffcrenl su bstrate chamct~r (Hcritagc & \-Ioon 201)0). Sub,trat~ 

r"pn.-,enl s th~ texture 01' lh~ unJerlying sedim~m. Flool imprints repre.,ent the phys i£ ~1 

chang~ in t h~ ri,~r l andsc~pe duc 10 the 2000 1100d, and ~re tak"l"ted On th~ ba.Sls of 

whether an area or th~ L"L'cr bl><.is~apc danged <;Ial~, or remained as the >allle stat~, 

fol l()wing th~ :!CX)() nood (l'an;()ns el "I. 2()05). Thus, each of the six patch type, has 

charactnis.tk cnvironm~n lal condition.' that may pose ~n cnVil\>n111~ntal bnrrier 10 thc 

eslabl ishmCll1 0 t' al ien p l~ nts. 

FOXC RO FT. ~~~'. 1'.\ HlKJ', AM) Pl{(X lSS OF .'o.LlEt-- PLA.N T l i'iVAS10~< 87 
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Table S.I, D~>criplio" "f p~\ch \ )-'p~' in \h~ Sabi~ R L ver lamhcu!",. 

Zoo. 
Cppcr 
~Iid 

kw<r 
C.o""n"phalogic.1 
eh,,,ond ')'l'" 
Ilmi,kd 

~,-,,-'I r""id 
Bedrock 
, nO<":<llmi ng 
\1 i.,"d , n",Ic'ITw 'En." 
1,.I,,,.tio," 

Bedroc k (or< b<" 

flodmck p",'''no,~ 
1l .. ,,,1 !,,.-

\-fa"n oh.nnd hank 

Sub"",,. 

S.nd.oo fin" 
Bedrock .Ild tin" 
Ildr~d al1d ,,,,,.I 

Ick"lilil'd lrUIEl "'''''' 
(;r;",ilo ~c,' lu~)' , _")fW m ',- ' Ik" d discllargc 
G,,"'t" ~co lon, imom,odiatc di,ebargo 
11",, 11 ~"'Ic'.~}'. 71~) In,-' n"",1 d; , <llMge 
Ilknl i Ii l'J li,'fIl aC'ri .1 pi>u tu ~r"pb, ('co Par",n.' "' al. :'0(6) 

Il", id i n~ within [ho wofined oh,,,,,,1 
P,,,b ,,,poril4ed h;- h'eJrc,·~ ,apEd, 
nEe c,.,nectiun 01 >l'P""'O port, of. o"nchi,,~ 'y,km to lorm. ""WI}[k: 
In "h ipl . chan,,<I, flo""ing th"'"gIE i'><-droc, 
~h,llipk dtao'neb ~o"';n~ 'I"uu ~ h ,IILE;'ium ,'n" b ... dw(k ooso 
IJc..,til'od ",in~ > hi~h r",~uLioll digit>! elo,'at"''' IlHldei dori",d fr~", LJDAR 

do" 
Eie".,\io" i, rho v"";c,1 p''''' I., r,,,,,, Ih e level dlh< ".1". al uoc m'lre 
i "le,'y,,1> 
IJcntihd Irom :KlI'i,,1 pl;o""l,mpb, 
.'\cc umulaLion of lineT eom."liJ.t<u "dimon" and ",>d, on top of hod",d in 
hcd ~)Ck 0]1;>;t,""o<i "g ",'eo< 
,~n ir~ I ; , idLl.1 ,,<, ive dLannei in , he<lru, k .n"'L omo,in ~ ,y,lem (on,"in in.~ no 
(o",olidatod ..,dior unco"",lid.rod ",d im"'t 
H<drod I",d or "",c 
A " ulllulatto" ~funcn,,<ol idated ,.di",,,,, .11",,11«1 lu "" ,i de "flhl' 'h,,","'I. 
r>C",; bl;- ,~,,-",i'",'ll wil h • "p-<lunncl ,"""ing lIow Lo Jivergo o"or • ,,,Ic ,oaL 
appro,im,l" to tho channel width 
ACCL""JI"to""' of "" ,'-'1<01 idated ,«lim'''' "1I ""heJ w till' ,ide uf till' ""nm·1. 
p'-'" ibl~' "' ''-" ;",,-..J willI. IT p-ch,nnel a4 the b.,c uf tho ,uCTo-ch.nn<1. 
I(lfmill~ In ar", ot reduced enorgy Ilnw 
Ttlo nlai,,',dge oank nf "" ",,,,,,,·ol,,,,,,eI which e"",,,1!, "c~". rho ,,,,;<<<1 
",lle;- ao,d "'nl,i,,, II", ",Iiml'nl",) d,pu,;" ""d rtp",i.n ;-c~<t"'iun 
M,""",'d in tI", lidd", till' ,,,I-"'r<04e in which e"h phnt i, routed. Pc·rc.nL 
,ub.<trato co m!"',itio., in .och piot w>< tl"'n caloulated 
Bl'drock hed i 0"" i hollld .. 
Silt. clay ,nd organio palti cI". ·"U.06 """ 

Co,,,,"e riyor "'"0. OJ}I;-2 mm 
Miud » Ild .nd ftno >uh",,,,o 
Mi,cd b<drocl .nd fino , uhstfat< 
~I i «d I",dmck "",I >a"d ,,,I>;"a1< 
Idl'nlifil'd u"n~. G1S I>ce P",,,,n, ,,' ,,/. :'005 & 20(6) 
Area> Lhil' were ,'e,\: claIeU by 'ee<is. ,h ru k tree", or OcT""C"',", vcg<tation prior 
to tho 2000 Rood. hm 'TO now ,.-'" of phy"i,,1 rock, ".,,1 or wal" ',,'e, 
f,->llowi,,~ tho flnoo 

~I.~",I w.~el"'ed \, ,,, I h<04 ",e,e .... ~'I.,'d b~' ,eed>, , hTLlI<;. I .. ", '" Ile,b<o;;''C''l> ,'e~el"'i,., pri," 
10 the 2000 ilulld . • nu remain '" "no of ,h"o ve.~ot""d ,ute, 1~II<",illg tho 
~ 

Sl.~ed phy,i,,,1 ~"'., '1,"( ",W" ph}',,,,,,1 ruck. ,and ur wa4er "'>te prior to tho 2WO IhxL 'IOU 
rem,in '" unc ot tl",,, phy'ical <tat" I;,llow,,, ~ the t1n.--.1 

V '~el'leu or ph~"i<al A ..... v«;:'latl'd b~' reed" shru b,. Ire" ~, herh."'~L" "~e1 "'iun. I}[ th<04 "we. 
", deb", ph~',i<,1 ""'~. ,,,,,d ur ",Ie, ",Ie priUT Lo tile lOlXl ll,,,d. O L~"-O now "'c'" o f 

wmJ)-- d.l.-i, kliinwing tbe fl ",>d 

IOXCROIT ::'111l! p~ I I ~R~ ,->'~ LlI'ROC~S S 01 .->'LlU' PLA~T Ii\VASIU;'; 
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Figure 5.1: Loc~tion of s~mpl ing sites \\ ithin LOIl~S (me! geomorphologi cal ch"'lI1~1 t! res 
along the Sabie Ri\er. The in,en place, lhe study site in wntext \\'ith lhe re'i of South 
AIi-ic3. 

The plots belonging to e"ch ~ategor) wi thin a patch type were u,ed to calculme mean 

density ane! spec ies rich ness of ~I i~n and native \\ oody ane! herbac~ou, v~gdalion_ 0,,,,­

way A>-IOVA waS u,~d to ""amine din;,ren~e, in lknsity alld 'pecies riehne", usillg the 

eategorics \\ ithill ~ P'ltch IT able 5. I) as treatments, Samplc SiL'" are unbalanced amoll~ 

treatmems occause or lhe cOflll'l~x mor-pholog} of the river cha lmel, where diffe rent 

numbers of plots occurred ill dilkrcm zor\~s. channel I ~ pes, d~,ations, geomorph ic un its, 

substrate, und ilood imprint,_ 

fo e>..amine the illtlucnce or- the pmchcs On Lmli, idllal 31ien spt"Cies I ll,ed 

regresslOn tree model,_ J only analysed 12 ,ek'<:ted speci~s for \\hi~h there "ere mOrC 

than 20 record, acro" all 12 lransects . T ree-has~d ITI<,dd, pr<lvide all alternmi v~ to linear 

and add il ive logistic rnodds j(}1 regress ion analysis (Breiman e/ al. t9 R4, Vay"i~,-~s c/ 

a'_ 2()()())_ I'{ egre" ion tree models successivel y sp lit data to fon" homogcneous subs~ts. 

resulling '" a h,era'ch i~al Iree "r d~~isio[l rul~s "s~rul lor e"ploring: inleractio,,> between 

FOXCROFT ~1~)1, 1',\ rTERN .\:>/D VRlX·t:~~ OJ' ALIEt'-- PL.-Un IN\, ASION_ 
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variables, I 'Ised S-PI", 21HIO Pmfe,s;"nal Rekase:\ (rv1alhSolt In~. 200Q) Lor lining ,~nd 

e~aminin~ the r~grl'ss;on tr""" Th~ l\l\mber of "od~> wa> limited to live as my rrim~ry 

intn-cst was to i<kntit'y th~ main pato;hes (re,ponse \'ariab les) Sl"'~lllnng aI ,en r lan( 

invasion p~l(~ms in thl' S~hi~ Ri\~L K1'\I'. I then lI""d th~ respon s~ pr",iicli()]1 modd to 

d~lermi ne lhe I"'rc~nlag~ ag",cn",nt (modd (,t) between the data and th~ result, of Ill<: 

lr~e Illodd. for speei~> d~n>iT}, 

[(",ulls 

Th~ ahllnJ",,,,,, and >peo; ies ridln~" of alien plants in the Sabic River, a! I ~a-,t in,ide II", 

KNI' boundary. is very 1,,\\ when cmnpa",d tf) llw ablmdan~~ and spe~i ~' nchn~s> 01 

n~ti, e I' lanl,_ ~()<nprising only 6"~ "I' rile l(ltal h~rhac~ou , p Ian! ~ bUl1dan~e nnd 3";, of lhe 

to(al \~oGcly pbnl JbUl1d~ncc respectively (I ~blc 5.2). Alien planl 'I'eo;i ~, richne>s 

r~pr~,,~nll-.:l 16% or lot .. l herbao;eoll' '-P<'c;,;-" Ilchn~s s nnd 7% oj towl \\oody sp~"<:,e> 

richnes~ ( I'~ble 5.2). Of the allcn pbm, that "ere fou"d. lll,,,t 'It;,' urrL-.:l in low nurnhers. 

with onl) on~ wooJy 'pe~il" and lhr~e herbaceou, spe<;ie, ha~ing mor~ Ihan JOO L'~cord s 

"~ro,s all 12 tramect, (l'~bIc 5 __ ,). Nine ,,()()·d~' alien <pecie, \\~re r<'Corded dllrin~ Ihe 

surve~'. ~ornprisin g only One naluraliL~J 'pe~ie". bUI ei~hl i,was,ve species (I'abk 5.3), 

In COlltr~s.t. 19 h ~rbaceOlLS ali~n species were recorded, \~ilh se~~n 'peeie" cOI1,id~r~d 

i,,,a,-iv~ and lhe reslnatllmIized (Table 5,3). 

Table 5.2: Sli mrnary or Iw rb~ceolLs ~nd woody al ien and l1ative plant abundance and 
spc~ics riclme,s in the S~bi~ RiH'r. Tot::.1 sampling area fi)r the hcrb~ceou, vegetation i, 
3 9{11l m' and for\\oody ,~getati(lfl i~ 82 21fO m' , 

AhunJance Species richll~sS 
~ ~. 

j\"ulIlb~r or o/Q of lotal "umlwr of % of Illtal 
inrli~idu"l, 'fK'eICS 

Hcrha,-..ous 
Alien 1463 6 19 16 
"a(ive 21.'77 94 9" "' l'oIa l 22~41J II~ 

\\'oooy 
Al ien .,06 .1 9 7 
"~li\e 8547 " I ~~ -, 'JJ 
T()l~l ~~53 136 

rO'\UWI'T, 2007 P A. ITER." A"() PRCX'LSS 01' ALIt:" PLA'';T IN V ASIO'';, 'J I 
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"[,,,hie ~.3: Ali~n planl 'lX:ei", r~cof(kd On Ih" Sabie River. 

Sp"ci," ,'\uthoril;v \hu St~tus ("ontrolled 

lIe~h"" e"u, 
A ca m h, "'I'" rill II m DC. l\aturalizcd No 
hispitillm ; 
A rgc lIJon~ ,,,,hro/~u,',, L , Inv"sivc Slash/uproot 
Bidem /oil"rnara (I,our,) \1~rr. i'<aturali7.cJ No 

& Sh~rtl , 
Eidem'f'ilosa L I l\muralized '0 
Cardiosf'<'rllJum L Invasivc Uproot 
hali('(lcab"", 3~ 

Culharamhu" ro,·eu.I' (L)('.Doo 43 Invasive Upwm 
Chenopodium album L , Natul'a lized No 
Commelina L l',atur"liL~d No 
benghai<'nsi.' 10~ 

Crvlalaria agalijlvro Schwe inf, I "aturali~ed No 
NGI·eria IJidenii., (L. jK lLlllL~ 8 'JallLra li Led No 
f'<'I1fl;Sdll1ll <efaceu", (Forssk .j 'J~lU~alized "10 

Chiov. 67 
/'asicaria /af'alhij;,lia (L) Gray ~"I "IaluraliLcd No 
!'iwia ,<rrariOle.I' L (;8] Inva,ive Eliocon(rol 
P"palia lappaC'ca (I.) A..Iuss. ::;2 NatlLra li zed r\o 
Scnna veciden/ali., (Ll Link 15 Invasive C u( -sluJllP/hcrhicid~ 
ragere,< mi",,/a L n Inva,iv~ r\'o 
Tr;,l".x pro{"umbem' I. '" 1\,1lU,"]ized No 
Waltheria indica L 56 l\aturaliLcd '0 
Xamhiu", <trumarium L 67 Ima,iv~ SlashiuprnOl 
\"'"ody 
( ·a",\"Jlpinia decapelala (ROIil) Als!On lovasile CuI -SlllJllpiherbic iJ~ 
(·hnmw/nena odorata (I..l R.:Vl Killg: 3 Im'a,ive Cut -slump,'herbiciJe 

& II.){o~. 
Cvccul".I' hirm/u.l' (L,) Dids 3 l\aturaliLcd '0 
I.umana camara L 20] illYasive Cut-slump/h~rbicid~ 

.Ifd ia u:('dar,,, h I . " In\',1,i"e Cut -stum )lIhel'hic i d~ 
Ricin"s communis L 4 Inl'asile C u( -slunlp/herbic ide 
S,·nna didn""holrya (Fres~n.) 8 Ima,i"e C vt -slUmp,'herhici de 

(I'win Ii: 
Barncby 

St.-nna septemlri"''''/i.< Wi lid. 7 Invasive Cut-,tumpiilerhic ide 
s..'shania p,mi<',"" (Cal I R~nth 7 .• lnva<ile Rincon lrol 
,\u(h'll"i(y 1;,110\\ ing ( ;el'mi shui,en and I\kyer (2(~1.l) 
Abu AbunJal'K;e 
Status- ( urrenl s(alu, of "I iell plaills in KNP (l~nTIS foil"" PYSck e/ al. 2004). 
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In all si" pardICs.lhere is "" or<kr ofmagnjlud~ Jifr.:r~ncc hetwc~n n~tivc and "Ii~n plant 

dellsily. I(~' both h~rb~cem" ~nd woody wgclalion (Flg. 5.3 5.8). imlicaling that nJti\c 

plants ar~ ""rtlCri"al ly domlll'lnt in Ih~ po5t-tlood rivcr land<;capc. Simi larly. in ~I I 

patches, ~ I kn plant spe~ i es ridmc," is al\\ays mar~cdly low~r Ihall nativ~ planl sp..;"ics 

I'i~hn~ss. (me ~n()m"ly was o l>serv~d. where ~Iicn and naliv~ ,voody sp..;c ics abundance 

and mimes, is the sumc in th~ 'Iayed physical tlood imprint typc. Il,e 'lay"d physiLal 

Lnlprint Iyp~ pwdominan(]y <XCCUI'S at 10\'" areas oflhc Ch~nllC I (\1 Parson,_ unpuhl"h,d 

data) und is therefor" probably liTqll~n1ly dislurb<:d. 

,·\hhough tile h~l'b:1CCOUS ul kn plJnls showcd som~ differcn~e , in dmsity and 

'pedes I'ichne" l>elw~en patch lypes, Iher~ waS ooly a signilicant difTerencc in 

herban",,", densiTy and spec ics richll~'s among g~om(Ml'hic un ils I ~ i g. 5.7). I krbaccotLs 

a lien plaJlI d~nsi ty W~, almo,t an ord~r of ma!;niltLoc hi?h~r in Ill, ocdrod; distrihlltary 

and brJid bar geomorphic uLlits ll~m In Uk: othcr units . while specks riehnc," wus highest 

in lhe br~id h~r g~nmol'phic lInit (Fig. 5.7). 

Th~r~ was a si~lIinc',m( din"r~nc~ in woody "Ikn d~nsity ~nd splXies richness 

~mong /oneS PCig. 5.:i), ch~nnd lype, (Fi!;. 5.4), '~ld g<'oLllorphic lIn ilS (Fig. 5.7). Ther~ 

"~r~ no dilf"r"nc~, in \\olldy ~ I i" n plant den.;ty ,un ol1g elevation, (Fig. 5.5) or ill "oody 

a li~n pkm( specics riclm~ss among tlood imprints (Fig. 5.6). \,:oOOy ~Iien dcnsity and 

'pedes richness i, highesl in lhe uPI""r ~nd mid /on~S (Fig. 3). Woody ~lien species are 

s i~nificantly low~ r in oolh <kn,ily 311d ridm~ss in the pool rapid channel typo:, whil~ lhe 

hraided, mixcd anastomosing and hedr<xck unastomosin!!: channel types ~re hav~ ,imibr 

<knsily and sp~cies fl~hn~ss (Fig. 5.4). Allhough no( sL~l1l licanlly din',;r~nl amon? 

de\·ations, ,,,,ody alien pbnt d~n,ity ~nd spo:ci~s riclme" w~s high~S1 in the hraid b~r 

geomurphic unit, ,vith almosl ~qllal distribution ofd~nsity and speci~s rkhn~ss ,1CroSS IIIC 

other geomorphic units (Fig. 5.7). Woody alicn 'f"'cies richnc>s ,vas highest bdow all 

~kvalion of 3 Ill. which is in wnlraSl to nali"~ ,v(}()(ly spo:~i~s ridme>s which incr~as~s 

steadily up to nn cle\'ation of 7 Ill, Similarly. woody alien plant d~nsity was highc'l in 

lhe slayed physic'al n,M,d impl'int lype, while thc v~getat~d to physical and stayed 

\~gelal<:d nooo imprint types had ~qu al <knsily. and the vegdateJ or phy,ical lo dehris 

tlood imprint type tile lowest. Woody alien sp~cjes ridnwss ,vas highe't on ,,,,,d 
,"h'lrat~>, and on hedrock hedl'ockifin~s 

FOXCROFT. C007 1'.\ TTF RI-< ,\N I) ~RUCI-:SS UJ' ALIt:" PI.A:"l t:-'VASIUN. 93 
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rigul"C 5.3: Alien ami n ali \'~ plum J~llsil} (al. and 'p~ci~s ri(hn~ss (b). in llpper. mid and lo\\'w lone>. SigniticaJl1 d i ff~rem:~s UI1Wllg 
group, ar~ gi\'en ill broc ~ cts inlhc l i gllr~ legend. Bar, mULl-'M SlunuurJ Deviation. 
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I wo \\ , .. xly s[l<-'<-'i", (I.allla"a cu",ar" and ,\'",1 /)"";,, 1'II"ic~(I) (lml I 0 herbaceous ,peci~s 

(Tub lc 5A ) wc're ""uly,,-'ti LLsillg r~g"-',,io'" tree ",,,,l ys is (F ig_ 5_9" S punice", 1(" all 

C-Xill llpic). to d'-'t~mllnc lh~ main p;1tcil type (\'llriable) ",11ll~neing thc' puUern 01' llml 

,p~cies (Tuhk -',..\) I h~ p.:r<;l:ntage agrc~m~nt betwecn IllC dnta nnJ Iht lined mood 

qried r"lI" 7X% to 95% ( r ablc -', AI_ '-"'1/,"''' wm"r(l apf>cars 10 have rC'I>()lldcd 

prilJla"ly 10 Ihe 1100d im prinl typ .. " wi lh Ihe high~'l abundallCC being R,<-'orded in 

v~gct"too to physic 'll. stayed vcgctat~d Or ,~g:etawJ or phy,ical 10 debris no(,d imprinl 

ly pe,_ Ihe low",st densily of L ,-"mar" w,,' IiHmd in tile 'tuycJ ph y,ic,,1 tl.-.--.:l ""rrint 

tn"', as well as l'X'tw<xn 0 2 rn dcvntion and ·4 nt dc,'alioll, Se,"/l<1ni" punice" 

re'poI1 J"d milinly' to geomorphic' lLllit" and w"s fo und in hig.h density ill ~raiJ b:lr s, 

lx'iow an de"a!!on "f I In. C",-tiiospcrJlluJII Iralicacanum respondeJ in a simibr mann~r 

to L C(lm(1rt1 , king fOlllld in high de llsity in the Sa me dl>turbanee plllc-il ly p~s, The 

re'pon-'<' "I' '- m<eu< In ~ lcvatioll was ,l ightly' lInclcur, hut it ~ppcurs that th~ h, g h~,t 

" btlnJanc~s w~r~ fOLlIlJ r..., l we~1l an ~I~vation t)f 1 7 In. COlJJmelina hen;:halens;,' 

J1O'ponJeu ma inly 10 surn.1mk. wilh ili g l-,.,;>t ~bllnd",,,-, es Oil ro~~ , sallJ aod finc ' uh str31~s, 

l'enniwlum selaeeulJJ r~srond~J so ldy to 

g.~omorph LC unit s being t(HHKI in nbundanc'c only on braid 10m, and ill low ubllnd'lIlce in 

all mh~r lIn ils , Pas;car;a lapmh;jiJlia resronded 'imi larl y. hU I WaS !<llltld 011 hraid hars. 

lalewl bar ' and bcdr(lCk core bars ill hLgh abllndance. Tage/es m;nula was l(lUnd in hi gh 

abtlllJan~e on ,andy sub,trate" ill the heJroc k ullu,tommillg and pool rapid channel 

types, Tri,J"x pra,,"mbens was t'llllld in hi:;hesl abuodancc bclW"~1l Ull devatioll 01'1-3 

01, anJ ill low abullJnn~~ ill nil mh~r cI~val i olls_ Wallh~ria indi('(1 also rcspondcJ 

prim"rily tt) el evution, and "hil ~ IlOl cmirdy clear, arrears 10 l,., lound in hi gh 

ab'lIlJnnce in lhe llliJ d~,' alioll nmge" Allhmlgh Xunlhium <Irumurium rcsr"lld~d to 

11000 imp"nt type. thi , respo n>c is unclem ns high densi lies ol'X "lrum(1rium we"" filund 

illlllC stay~d phy,ical, v~gdated to phy,icaL ,'cgelateJ or rhysi~ul to d~hris flood imprint 

lypes, However, X s/ruma";"m is also IOllnd in II", "rp"r /.o·ne. m low elevation ill high 

~b"I1Jan~e_ ' I hu,_ il.Ji, idli ul woody and herhac~oLIS alicn plant specie, arc assoei,Hed 

wilh ddlcrenl ra1eh lypes 111 Ihc' Sabie: Ri "~r bndsnlpc, 
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CHAPTER 5'--__ PA TTER}'S OF R1PARIA~ f'LANT lNV,\SIOr-.S ------

however not very cle~r, a, !h~re wa' no pref~ren<: e !o dther the s!~\'ed ph}sical. 

"egclal~d 10 phy,ical. \'ege\alcd Of physical to denri, Ilood imprinl lyre', It do'e, "pp"ar 

Ihough rh~t some ~lien pl~nt species 'vere more frequently iound in pa!che~ of woody 

debris. mat~hing the n"p'HlSe f(,und by i'eltit & "aim~n (~OO(i) who r~rort high"r 

abund~nce ~nd richness or ,eedling' taken fmm ",il under debri, piles in comr~ris(ll1 to 

Ihc surrounding ~rc~, rhi s i" no! surprising. ~s rhe debris piles would provide prolection 

to S<."Cd ling> and incrc~sed surface detritus and nutrients tl'om !hc ~ ccumulakd 

decomposing maleri~1 (Pellil & ~~'m,"12005). 

To gain hn!hcr insight into rhe roles of p~lchcs in Ihe I~mlscal'" as barriers to 

al ien plan! inva,ion, the ,imi larities and ('(mlr~st' of both the trend, in ~I ien planl density 

and ndness. as well a" !rcntb oflhe indi"idu~1 "pecic", "hould be compared, Although 

trends in ~Iien plan! den8i ly and ridme" hro~dly indicate preterences ofhcrbaceous and 

wood., Iii;' lorms lor ~erWln p~!chcs. Il-.di,idual ali~n 'I"'c;"<; arc more dearly as'«)(;ialed 

with different pat~hes . ]'his indicate, rh at patches act as b~rriers 10 rh e inl'a"ion of 

individual "p<-'Cies in lh~ riwr lands.:',al"'. How~,'cr. the variati'Hl and ,tandard devialions 

for density ~nd spec;"s ricilll<:'S across all the parches indicatcs ~ high dcgrce of 

varian il i!y in [he ,y,[em. ]'his may indin,!e !fIe inherent vari~bi li!y of plant di mibu!ion 

in the river landscape. rhe higher species richncs> and dcnsity of alicn pl~nts at lowcr 

cI~v~lions (O,J m). ~Ithough only sign ,CI<',anl lor herbact'Ous "I"'~ies. is probably an 

indiC~lion of the higl-.er frequ~ncy of dis.turhance by subs~q\lent llows ~! lower clev~lion s 

in the river channcl. However. when "i~wed al the "I"'cie, I~wl . e~~"pl for S"snallia 

I'""io'<,a which has higher ~burxlanL"'S below I lll. the n:sponsc of ill<:l!viJllal spcCles to 

d~vation is no! '~ry c.le~L ']'Ids poS'>ibl., lTI~an' that S, pUllic",,, invasion i, facilitated by 

Ihe ('(muitio", provid..·u at low ~Ievation' in the ~hanneL remaps mtlre frcquent 

inundation or disturbanc,~. However, it is abo imer~s! ing !o nole lnal native species 

richncss is also lowest in the dis lurbed conditions at lower elevations, Clearly. p~lchiness 

or g~r' in !he 'iyslem pro"ide I,l[ increa,eJ invas ion abilily (\ .... ith 2(02). Ilowever. no 

"or\; has as'>CS'>cd !hc response of iJI<li"idual spcci~, to a ran~e of potential barrier<; 

prescnt in ~ rarticul~r 'ystcm. ]'I-.e 'peciftc trait, tlfeach ~I i en spccic' will intlucllce the 

u~gree to which il i, a'i'>,)('iated "i!h different patch lype,. anu lhu, !h" d~gree !o whi~h 

c~rtain patches lhen ad as bmricrs!o in,'~s ion . rh", will,oo,! li h ly n~ a prodl>C[ oi'lhe 

H);\CROFT. clll17 PATTERN A"D PROC~SS ()i' '\1.110'1\ PLANT tI\V,\S ]ON. 
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CHAPTER 5 --- I',l, lTI',Kr--S 01 RII'A\{IA"t\ Pl.A:-lT I~VASI9NS 

dis['CrSJI m('lde and propagule proJuclion, Jeren~~ me~halll~m'. r~'''ltrC~ demands. 

~ompelili\,~lW>S, ,ceJ banking »!raleglc's ami s..td ;ize 0[" c;l"h specics. I hlls. inJividual 

sl"'c,~s mvaSlOns are a'>5<.xiateli willl <lilrcrellT parts of lhe river bnlisc'a)", Loll'''''''g a 

IJrg~ tl('l{ld. 

\\\'" adJilional faclors mae. be imponaLlt bnl1-i~p; li)r lh~ ~Slilblishm~llI of alien 

~I"'tics in the Sabic \{i\cr landscap~, \'nese are the managem~l1l ro-ogramme (d~ariLlg by 

W('Irking Ii:>r Wat~r teams) alld fhe richn~", allJ Jensily or 'l<Hive v~~clatioll in the 

bmi;;;a\l" . A IL~n phnts ""rreml, repr~s.cnt u s~HlII p~rcenla~e of th~ t()[~1 plant 

JhulldJnce alld species richlless ill lh~ Sabie River \o\'lhin KNP, nnd Iwlr ofillc specics I 

remrJeJ arc contro lled eilh~r nwdl11nintllyichcrnically <X biologically (Tohle 5.3). I h~ 

/'Kt that less tlwn six pcrcent oftl\<; tC'Itol plant ah"ndQll c~ comprises alkn sP<'ci~s may 

i ndi cat~ th~ erfecti venes> or the cl earing programm~ _ Th~ 10\0\ nbundmlc~ or n I icn plants 

i, tllus dTher u limiTation of lhc >Iud, or an ill<iicatiOIl of the barricrs to s!"",ies 

~stabli,I1J\1Cnl ill lh~ systcm. How~'·~r. lhe low abundance ('If al ien plants might I", an 

important strength ('If the >ludy as well. os this r~pr~senl' th ~ siluation as is n'rr~ntly 

~xl"'ri~n~~d in all ar~a that i, rcc~i,ing ongoing managcment- and P<'maps. lhe current 

populmion of alien plant, might th~n rerr~sel1l preferential ar~as for gnm·lh and which 

,,,pp ly surticicnt rcsourccs to allow mpid re"colollislltion. It "Iso oppeors lhaltlle high 

'kllive ,pe~i~, abunJanc~ and ri~hlless mightl>c playin~ an important role in mainlninin~ 

im o,ions ilt low level. Parsons e/ a/. (200S) reporlcd thm 75% of woody plant ab1l ndonce 

ill the po,t-tl()oJ lanJ",.ape wa, cOl1lribu1cd by plant' lhal ~slahli"h~J afier lhe r\()o J and 

25"~;, hy residual plants that SIlr,ivcd [lie tlood, The prescncc of relati\cly Ili~h 

abundatl(;~' oj' bOlh ,,,,,,Iy esmhl i ,h~J ond re,idu~1 nativ~ plants in the Sabie River 

lalldscapt' ma, ~x~rt c('lmpctitivc in!lucnccs Oil alien plants. Althoug ll therc is a VO>l 

litemtur~ that hmh 'UPIX1l1, and contradicts the competitive I'OI~ of notive wgetation 

vi~wpoint (for c:>.nmple. Kcnncdy e/ u/. 2002, Stohlgren ~I ul, 20(3), lh~rc i, d~Jrl) a 

substamiQI differencc in abuli<l1llce bdwecn alicn and Ilatiw \'c~elmion illong t h~ Sabi~ 

Rivcr. ThlS ,,,lrnmts funl"" inve,tigation, probable. at multiple spatial scales, before the 

effect ('Irnativ~ spo:cics ,ichn~ss on nlicn plants is beHcr underslOod, 

O'emll, alien plant, represented a small pmporti('ll1 ('Ifth~ vegetation in th~ Sabi~ 

River iambcape alkr the ~OOO l1ooJ _ (Jivt'nlhe pmpagule pressure frC'lm outside tile pOlk 

FOXCROFT !OH7. P.\ TTERN AND PR(KLSS OF ALll-' PLA'lT I"VASION_ 105 
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Ih;s is r~rhars llnllsuaL The sli ght lI'~nd of "cu~asing ocnsity and ,ichm".' he(w~cn the 

upper. mid and I",wr 70nes of the "iahic River indicates (he impoltancc of rfOpaL~llk 

prc_<su,-e in tl..., w~iershl'd to tl..., \wsl of Kl'';P, agreeing with other studies Ihal h~ve 

tH~hli!;lll~J til;:; arc~ a, ~ maj.x >OurcC uf invasioJl 10.- tile lower re<lchc, IBc~kr t'I a/. 

2007b. CII.1ptcr 2, Wilko",);i & Gamer 2007), T ile laLlure o('many "lien plan! >peucs 10 

estahlish afl~r the :?:()()() nood is likdy due to a comhination offact'~s - the plant spL'Citic 

barriers imposed by the S1I'ucturc and pal1cm of palchcs in the lanJ"capc, the high 

ahu"danc~ and richness uf native vegelat;on leading to competiti ol1, "nc! fur s"me 'p"cies 

ccltainly, the clearing operalwn,. 

Ifman~gem~nl w~s only conC~f11ed with on~ speCIes, if is li~cly (hat the balTiers 

,md pr(llTIolers or in;'asiun could be dClcrmined, and pri"rity are~s mapped accordingly. 

Ilo\\ever. \\h~l'c ITIul!iple speci~s are c'~lcerm;d and the removal or One specics may rc:;ull 

in replacemen( by ~ooth~r alien speci~s, a mor~ holi.<!ic approach is needed. 1-'01' nample. 

o\-cnlii. fhe brai d bar is an important patch ti)l' most species, However, it,jo.;,s nOl appear 10 

be ,,( "II impor(anl [(){ L camara, which remains a high priority species in th~ KNP. rh~ 

most important mnsiocrat,on tilf manag~rs controlling al,en plants (h~n might be to 

d~lerlTIioc "hich ar~dS o['Ih;, landsc"pe PdlCh lno""ic are most lik~ ly to 1><: invaded by I) a 

suite of i nvasivc pi ants. th~ comh; n~d df~ct of "'h ieh m;ghl tx: p.,rt;cularly harln [l,l. and 2) 

dgglT",i.'c spcci~> "hidl might ,,,,Cur uo'Cr a ",ocr ar~a "nd th~n dd~nninc wfUlt 

indigenolls specks are likcly to he impact~d in (f>csc hi ghly invaJC<.l arcas. 

I hmc taken a ncw approach lo clucidme pallen" uf dlien plant in\'~.,ion by 

con.,ider;ng th~ river landseape as patches that m.~y act as barriers to lhe cstabli,hmcnl of 

alien plan!> allcr a large tJuO<! d;\.!urbuncc. I hav·e shown lhal dillerenl den"ities. species 

richness ~nd individlL~1 alien planl spt:~ies (l<;ClLr in ditter~nt I"'tehes in lhe Sabie River 

Idndscapt: [uliowlng d large J]"od, Mmmgemcnl strat~gies of laq;~ ly n~tllr~ 1 systems such 

3S K~I' srnluld 1><: bas~d on an understanding- ohlien sp~cies distribulions and prekr~nc~s 

Ii>r palch~s in II", riv~r landscape. Mana~ing Ii>r plant invasions at p lac~s in (he landscape 

that alien plants do not have a prefer~nce fOf. and "ithout consiocration of (he ways that 

patdlCs may aCl dS harrier> 10 im'as;on, tom I", waslcJul "f resourc~s and mdY "110,, 

inw:;ions to progress Mher than be inhibited. 

rOXCROFI :007 ~A 11l,Rt' At'\) I'~OCLSS OF >,Lll-. ~LAYT I:-"\,>,SIOK. 106 
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l1.L:WTIK 6 RI.COI\XI RIJCTIl\G PLANT INY 1\5.l0"~ 

elIAPTI': R SIX 

ItECOI\S IRUC 111\(; FlnV Y KAR." OF OPV'-"iTIA STRICTA II\\'ASrOI\: 

ENYI ROl\ME;\TAL DETERMI="AI\TS A,'a) ('ROI'A(;UU: ('IU:SSI, IH:' 

M ~Il} J'actOl'< il1tlu~llCe th~ "P,,'ad d} namics and dislI'ihution or i m as;,'e alien organi"m s. 

I)~""i te progress in unrm ~I I i ng the detoe nll i 113nlS of Lm'asi"~ncs" ~nd i m a~ibility, robust. 

>p31ial ly-e~plicll po'cdicti,"c model~ Ie)!' explaining rc~l-wurld im'asiol1 dyn~mi,'s rem~in 

illusi,c. Recol1stflLcting in vasion ~p i..:><le s is a US"ful ,,'a} uf dnamining II", rules (\1' 

Jilhore,nt i'adors in m~diating; "Pre~d and prolikrmiun, In many cao.e~. howewr, h"m~n-

aided disP<'rsal and otlwr 311t hropogenic [octors blur th~ roles or m'lur~1 ~unlrolling 

Iktors. I (icscrioc the reconslntCiion "I' an i,oiale.d inv~siun event from u ~nown Source: 

the ~()-Far inv~~ion hi<lOt) of Opumia Slri"" in Kruger Nationall'ark. \'ly ~im was lu 

~,plure the rd~li,e rnk~ uf ~Jl\iru!1lnml und prupagllk supply in "h~ping the i"va,iun 

paHem. Fnvirol1m~111al variables (lal1d",;ape h ~tero g~ndty and distal1ce from "~Ia 

~ources) \\'~re I""dcratel y u;.\.'Iill li>r cxplaining Ihc prescnce;~b"CIl<:e of 0. Slr;"I" in I-ha 

~"II, aCross lhe 660 km! (53% oj' cells correct!) da~sili~d). /,dding lin; [l"e<ju~nC} 

increa",d \I", accuroc} of 11", l11od~1 (6H'~';'). Ilow~v~r, ",I",n c(lnsid~r"d tl", ",Ie, of 

prop~gule pressure {m~asured ~s the dist~nce 01' ,i lcs IhHll the knuwn pril11~r} invasiun 

focus and putativ~ s~<:ondar}- invasion loci). mudel ""curacy wa;. gr~atly il11pro\'~d 

vari[l[i(ln ill ~hul1danc~ (~xpress<:d as <:Iadod~ densit) in I·ha cdls). I discuss 

implications of the importanc~ or pmpagule suppl} lor modelling and managmg 

im:lSions, 

Public";'", ""u,' FO'<I"f\, IX" Ilo,,~.,. M" Riclmd""" D .. \1. & .\lac Fa~)" ·n . S, 200·1 R""-"ELn"'tin~ 50 
Y'"" of (JIMUi" .</ri",,, i"""'io" i" the "cu."<r ~aLiunal Par~. S"<Ilh Afrx,.; cm-imnmmHIl 
J<ltrIllin>nl> 'lnd prupaguk P"'''UCC U;wr,<iIJ arjJ [)r,<Ii'i!)ld'nll.\' TO: 427 417. 

j'OXCROI'l. 21)07 P.-HTER~ .-\ " D PIWCF<;S OF \I,I F \ I't I\T I~ \-',ISIO:"' , 107 
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I ntrm[uctio" 

\hny hinti C and ahiolic factors affect tile performance of an inlroduced orgams",_ L: pon 

arrival in a ne" environment an alLen muSI n~gUliale a series o j barrkrs or tilt~r, lx:lore 

becoming; e>tablisocd. LlmLlraliz~d or ill":'siv~ (Richardson et ,,/. 20(Xt ("olaulti & 

Mads~ac 20(4). For alkll plants. pr~-adartJtion to Ie",al ~nvironmel1lal condition, 

(broad-scal~ climatic and ,.,i l cOLlditioris. dC) i~ esseillia l for eSlabli,hm~nL 

"aturali7ation i~ only ochiev~d "hen the alien ~pccie' r~prodllC~s, and invasion is 

~onlingcnl on dlspersalli-om inlrt,duc(i"" loci, Prulilera(ion in diswrl>.:d aL ... 1 ulldisturi>.:d 

~nyironmcn(s is further dependenl on llle alien species' ability tn tJegOliale or take 

advantage of many other ]"alure, "I' the re~e i ving en"i ronm~n!. M lLd progrcss has bc~n 

mad~ rc~"'ltly IOward~ under"anding (h~ d~(erminaLlls 01 inva~ivenes~ and invasihility 

(RejmAnek eI ai, 2004), bul plant inva,ion, remain dinL~lLlt to pr~dict ]""cau,e oi' Ih~ 

~"mple" intenlC(ions lx:twCCri trait, "I' th~ invader and tcaturcs of thc environmcnt. 

Importantly, lh~ naWre 01' inleradion, hdwe~n i"""der and t>nvil'Onm~nl chang~, "Ver 

time as IOC abundaLlce M(oc in vad<:r incrcases, l:o.pccially in the carll' ~ages 0[' in vasion. 

inva<kr, are cl~arly nol in equLhhrium "ilh th~ environm~nl. This compli"at~s th~ 

a~s.;ssmen( of Ilw rok oi' ~n\ ironmcLlral tactors in nJC(liming irlva,i On patwrns (H u I m~ 

:!()()3). 

Se\cral rcc"nt swdies. lo l]o", ing Jilkre!Jt apprNche,. have highlighlCd the 

importanl role" i' propagul~ "upply (or '-propa!,'U Ie pre,"ur~") ill ,lruC\llrin g i nva,i,'C plant 

populmions (e.g. Williamson 1996, HUlchin,,-,n & Vankat 1997. Lon<;(l al~ 19')9. 

Willian"on 1999, Alpert e/ a'- .::'(XXl. D'Anlonio e/ al 21XlI, F",ter :!()() I, Fr~Il"t cl "I. 

.::'Oll i. Uro\\" & Pee( 2llO~. Rouget & RichardSDll 2(03). Ih~sc studies suggestlha( lh~ 

inl1l1~ L",e or vari"us balTier, to inv<lsi"n can ]"" dimini,lkd when an environment i, 

s.,ampcd with propaguks, sinl'e cSlablio.hm~nl and SUbSeqlL~lll cvent, and pn'Cc"." 

aloll~ the nalural inl io n- invas ion coilli nL ",m are .~II prl'h.~hi I i>l ic rather thall (leTe.,n inislic 

(D' Antonio el ai, 2001 J. The in~reas.;d availahilily of propagul~' in lh~ CO\lrse or an 

i",asion can Ih,,, he a rundam~ntal dri"ing force ill the invasion_ Rouget & Richardson 

(2003) show~d lor lhrce invasive Irec 'P"cies Ihat mod"], itlCo'l",raling propag\llc 

prc~sure were markedl) ~upcrior to those invokiLlg m,]y ~nviroLlmcnta] param~lers JLl 

~x plaining distrihution pmt~ms and aburldancc of iLlvad~" at a r~giona] scalc. Th~,c 

j'Oo.:C!WF', :IJ(l7 PAlTLK/>. AJ\D PROCLSS OF ALIEN PLA-'T (""V .-I.slOI\ I ()9 
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results suggest th~1 accurme reconstrucliolls of invasion events, and allcmpls to modd 

Clngoil1g "nd [[[[ure in"asions, must ill(,{lrporat~ propagule pres>ure. Further cumpl", 

det~iling the ~xp l i~ il roles or propagule pressure in il1vasions ~re re'-juired to help ill 

ckvdoping robust th~ori~s and models lor building propa~lLle rr~ssurc into 'llLamitati,'c 

ILwasion ecology. Th is papcr pr~scnls insights in Ihis regard irom a study Clfthc In vasjeln 

Jynamics of 0l'"mia .Ilricta. 

Opumia siricia (C"cta~cae) i, "idc,pr~aJ as an invaJcr ovCr large parts of South 

"!Tica (lknderSlHl 211(1) is the mo,t wide~prc~d il1va,ive aliel1 plant in SClUlh Atl'i~a-s 

Kruger Nationa l Park (r oxcroll & Richardsoll 2003). It s inyasi()n 0 r K I-i r si n~~ the early 

1950s represents a discrete invasion ~velll \'ith a detln<:d single ,Ource (see be low) . .\ 

study employing Principal Componel1ts Analysis revealed a P()or correlation l",tweel1 () 

.,·{riel" distribution and en"ironmcnt,,1 ,'ariables. suggc~tin~ thm lh~ specles can grow and 

invade a wide range Clf 11abitals in the reg ion (hlXCroft 2111)]). rile acq uisitieln of 1.\,.'i0.\ 

add itional distriblLtion rccords ~Ild adJition~1 GIS layers of cnvironrncntal inlormation 

p",vided the 0rpClltul1ily ICl gail1 further il1'ight, on il1vasion pr1)cesses at tile regional 

scale OvCr 50 yc"rs. In particular, given the observcd poor correlation bt.twcen 0. siric/(J 

distribution and en"ironmcntal ja.:;tors. this offered an oppn'f1l1nity tCl explore the extcnt to 

"hich propagllie rrcssure could be acting as adri"ing lorce in lhis invasion. 

The aim, of li>e ,tudy "ere to' 1) re~'""trucl the il1va,ion history ()f () . . Wr-iCi(J 

Over 50 years lO ellLcidate invasion ratcs and patterns of spread; and 2) exrlor~ the rotc of 

pr"pagille pre>sure in stru<;turing the il1vad ing population. 

:\l~th()<.Is 

Slw(1' UT<'II 

The stlldy was locakd in the 'Oll them region "fKt--;P around SkuklLL.a ,'diage, extending 

.\0 kill cast-west and 40 kill nortil- south (2.\.S5-~5.2 degrees S, JI.45-31.8 dcgrccs E) 

(f: ig.6. 1). il." top"grap h; is moderately undulating to Jlat intersected by l1umerouS dry 

strearnbl'd,_ which Ilow llI<1inl y as storlll I'ater cClnduits draining into the Sabic River. /\ 

few granite hills ()Ccur. proTruding from ar<:hai~ granites and gneiss. rhe landscape has 

devel()P<'d mainly a, a result ()j' ti>e ace lin.uiati()n 0 r day al1d mineral elements ill the le", ­

ly ing areaS (Genenbach 1983). 
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CI L\PTJ:B. 6 ________ 'R'E'C'O"N'S~TBl2C_TI~.;c~ I!IJ'''] ] r-, VASIOl'S 

h 

d 

Figure 6.1: (a) "Iudy area ill relMi()ll t() Kruger \fati()llal Park, (h) L~nds~~pc 

rn,lerog~neily~, jtldjl·~ted I:>y sat~IIL1~ imagery grouped into 20 das>es (lOp); llumber of 
tires ~I\\~~n 1950 and ~003 (bnltom), (c) M~ppd diSlribut;on or 0. strict" (19,849 
points), (d) Clad()d~ de'l';t)' nfIJ Hriua ill 1-1\:1 cdls. 

Study 'pedes 

Tile platyc>punloid L"ctU8 Opum;a stricta II law.) I law. v~r. dillen;; (K~r (jaw,] ) L. D. 

Fl"""ln (C~c(~c~ac; >Ot,r prickly pear) lS a percnnial ,uccuknt shrub nativc to '-'onh and 

Ccmml /\m~rjca, I'kslly fi-uits arc b<ll'nc nil tile m()difi<.Xl succulent s(cms CJllcd 

cladodes. It is well ~st~blis~d as ~n il1\'a,i\'e aliell specics in Australia (Joilllsnn 1()8~)_ 

Spain (Vib & (jimw() 2001. (jimmo & Vii" 2002, Vila ~I aI. 200-'), and S,'ulh Aii-ic~ 

(Hwderson200L '-'cl e/ ai, 20(4), Thc ,pccies (0. slriela) Wa, tiN recordcd in the K\fP 

Fo.\.CROfT 200 7 PA TTERl" AI'D I'ROC' ESS OF .. \Ll EI' 1'1...\'>:T 1"- VASIO,,- '" 

• 
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CH,\PTFR Ii REC()l\STRU~TIl\'Q !.'!--,'\NT I"VAS IONS 

in 19S.l \'v'h~n il wa, gro"'1l a, an ornam~llt"[ plant in Skuku/a village (I.o\ln & 

HoninJJlIl IQ9g). Opu"lia .,/rich, SO<:lIl nalilraliz.cd ami by about 1980 was spr"ading 

rar id ly aroulld Skllk' lla, The sp<Xic' has i,waded nin~ Opuruia InJnag:cm~nt Ilnits {lln its 

(1cvc[op"d for the integrat~d colllrn[ of 0. .I'lricta, ~ de'<Crii>ed by I.otter & Ilomnanll 

[1)<)8) ~11~"ring SOIllC ('(i,OOO ha. Illa]..illg il th~ 1ll",1 \\iJe'pread in\'a,i~e ali en p[alll ill 

KNP (Foxcroil & Richardson 2003, app<.'ndix 1.2) (I ig. 6,2), In KNP lhe ripe lleshy 

Ii-uits ar..: Ilwln[y ent~n by bnbol1!lS (f'al'io ur,illus) and elcphants Uuxodonia <;Ii-kana): 

I"",e 'i"'Ci~s m~ prc>umah[} lhi: dominant disp~rsa[ agents 01' O .. 1'lri('/(I, but no work ha, 

been don..: on th~ dispcrs.n l ecology orthe sr~cic' in th~ r..:gion, I3Lrds ~at th...- t;-ll ;t nnd 

di,perse seed, of 0. .w'icw ill other pmL, of it, adv~llliv~ rang~ (~.g. ill Cutalonia, Spain: 

Gim"no & Vila 20021. but no bird, are kno"n to k~d on 0. sirieia inlh" Kl\'P, Lill [" is 

known abom th~ biology and eco logy of U Slrh'/a in its natural habitat (Reinhardt i!I a/. 

1999) The germination 01' other Opunlia sI"'Cie, increa.,e, with age of th~ sttds, 

il1dicating <;(IIllC inhe,,,1ll pnlllUl'y dormancy which probably allow, seed bnn ~ s to 

accumulate in the ,oil (MamhLjano el 11/. 1997). Dodd (1940) l'lUnd ,eed, ofOp"lII;o 

'pecie, 10 be v iab[~ afte,' [5 :- em". I; rtder one ,et of lria ls in contro [I ~d conditions. 64%, 

or 0. .,triera s~~d> germinated. and 90,6% or the s~~d l ing, ,ur;·i"ed I"r [ong'" lhan 12 

momh, (LOller 1997), Altilollgh 0. sirk/a is a pro liC.c ,,,cd prodloc"r, in c'Ommlln wilh 

many other Opuntia 'pi"'i"" "egetati~~ propaj<at illn is u[", ~chi~ved Ihrough ramels (i.e, 

l'ragmmts containing one or snwnl (la<loocs) (Mandujano e/ ,,/ 20() I j, 

FOXCROFT, 21)(j7, P A TIER" .-\ "I) PROCES~ OF .-\! ,TF" PT ,,\ -.r Tt-.:y,\ STOr--;, "' 
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CHAPTER 6 ________ ,"cE(,"Oc'cS"T,R"L~TTI~(J PL\N r lNVASIO" S 

Figure fl.2: A dellse Mand 01" Opunlia slrida in 19'17. near Skuku7.a in Kn.h,er ~alional 
Pnrk. fil e picture show~ a healthy stand. wllh oilly minor damage cau,~d by the 
illl[()duc~d biological control agent Caeroh/aSiis cacWrnm (PIl<.,lograph. J.H. HolTmann). 

Allempl~ 10 con!!"ol 0. .«riaJ have !leell condllcl~d in K"I'P since 198~. ,,,,ilh lile 

impienlen(atioo of an herhicidal conlrol programme (Foxcroli & Hl1nrnann ~(Hnl. 

Herbicides haH' b"Cll unsucce5Sful because popul~lion~ are repleni'hed rL"Om ,oil-swnx] 

' eed~. many ,mall plant' are overloo]..ed in ,praying operaliolls. and insumci~nt folll1w­

up '''''].. waS carriw OUI. Biological Cl1ntrol using the phycitid moth CaeIOMu.<li.\" 

("(fuorllm commenced ill lnR and ha~ made ",me cOlltrihulion 10 slowin g; lhe 'pt"ead. 

rnaLn]y b) ,lunlLng gnmlh and ~xl~nding till" lim~ lhal plants ta~e to reach sexual 

maturity (floftlnallO el al. 1'l'J8a.h). rhe relea,e or lhe c()chin~al bug (Dacf}lvpilis 

opul1liae) in 19')7 considern bly i III proved the biological wntrol of 0. .<1 riew (l'oxcrol1 & 

lloffman 0 ~O(lJ ). rhe >l'~cies is, however, ,ti II expal1dillg it, range in K"I' P and in many 

nlher r<U"IS oj" SOUlh Africa. Ddllikd inlormation On lh~ invasil1n dynamics of Ihi ' 

spec ies in Kl\ P could "ss ist [[1 pklll oin g more eftective inter>,ent ion strmegks . 

.Ifappin/<i Opul1lia .,ITicla diIlribuli{}n and abllnd{}nce 

The dist rib ution of Op!",lia 'IriCI" ill the stlld) area "a' mapped between Nowmb~r 

20()(1 alld ,",ovember 20{)3 U,illg Geographic Po'i tioning System ((iPS; (iarmin 12XLj 

UJlil, wilh an accuracy l11" "ho ul 7 10 15 lll. Mapping waS done as pan or l h~ systclTl~tic 

FOXrROFT. "1)<l7. P \ HER" .. \:-.In PROCESS OF .. \ UEt; PLII"T n'V .. I SION In 
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rdca;;;; 01' D. o/",n{iuc fo r biologi,'~1 ,'.OIlI",1 or 0. siricta. :\lapping imolvcd a learn of I () 

persoll' moving through Ik fldd i" J stmight line. approxilnJI~ly 10 m apart. mapping 

il1di ,idual plants and dumrs. CUlTCOt remote-sen,ing tcd1l1iqu", arc not appropriate n,r 

""'priLlg IhLs sr~ci~, iLllh~ ;,llldy 3[<:3. 3, rno,ll)_ S1ridu iJl<Ii,iduals and ;,IaLlds OCcur in 

dl'nsdy wood~d saV3nna (Fig. 6.1) or M~ hidd~n in a ,kLl'" h~rbaceoLLs LLnd~r S IOr~}. 

1'lanlS "ere individually mapped, except whell they CCHnprised 111or~ lhall ~ho"t I:iO 

clnd('K!~s, 01 wl"'l1 plallts occurred in d~n,., patche" In ,uch si!\Latlons. the number of 

~Iadod~, "a, eSl imal~d by rc gres,ion analysis using Ic~gth_ hr~adlh. and h"ighl 

dirncn,ions of thc patch (as dcscrihed ill Il00'nlanil cl "I, 1..,9Sa), 

Enr;,,,,,,ne,,/al data 

J)"tlilL'<.l env irc~llll enl~ 1 dala wer~ ~vailahle a, (j~ngraphiL Illfonllali'Hl System ((itS) 

IJy~r, )rom the Sa\3mJa Ecological R~>eard, U,1I1 al KNP. Dala layus sel~dd lor 

mclll,;"n in the SILLdy are d"scrib"d 111 Tabl~ (, _1. Classification of a Landsat7 t-:Tr-H 

imagc (ObIW""d from Ih~ USGS/EROS Data C~nlr~), and r")C~,,,,d to th" [_evel 1(; 

(radiol11 ~rricall y aLld geometricdly corr~ckd) Wa3 u3<'d to d~n"" a cia"if<cmion of 

laIld,cap~ 1~lcrog~Il<:i l), Th~ llnsllp~rvi""d cia,s i ficalion or bands 4 (n~ar -lR), 5 (Short 

Wawl~nglh Infrared (SWrR). and -' (I,"d) displayed as r~d, gl'''''n and blu~ resP<'ctiv~ly 

01 a Lamhm 7 ET:-'l-'- i mag~, ileratively ciassilkd pixc I;, imo 20 'peclrally di;,li nct cias-;es. 

Classes "er~ del"~nined hy 'p"ctral disli[)Ctil~lS that ar.: inhcl'cnt ill th~ Landsa17 imagc, 

thl'c)ugh the IICl'ative Self-Organizing Data Analysi, ledll1Lque (ISODATA) cluslering 

l11ell~><.i (TOll & G0l17ale7 1974)_ I'h" aSSlLmplion is mad~ thatlhe spatial pattcrns of 

thcs~ classes relatc to "hypothelical" ilabimts within lh~ ,tudy arca This rrovided th~ 

he,l a,'ailable indicatioll of land>eape bd"rogell~ily (se~ l'ig. (db: top). Landl<:ap~ 

bet~rogcneily i, unocr,tood as tl~ degr~e or variability across lhe 1 .. ,d,La!'<' and is 

regarded a, tk hi~besll~vel ofbiodi,~rsil) (I'ickdl cl ,,/. 21Hn, Rog~rs 21)(l.'l), 

I·O.\CROI 1 . 20(17. Y.-'.llLRN M, [) PR(XTSS OF A t.lEN PLA "T I'JV A StO"_ II' 
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rable 6.1: Etl\ironnwLl ta l ,uriubk~ (;Ileluding fire) uwd te> ~hara~kris~ 

pre",n c~/ahs~ll~e and ahund • .ltlee (L laduJe den,il y) 0 (" OPUnI;" ,lr;("I(J in I< rIIg~r l"at io"" I 
P~rk, 

Cod" 

Soil ,",triable. 
Soil Form 

Vcnkr Sui l 
Climalic \'ari:lhles 
Raillli,1I 
((ahilat v:lriablcs 
Venter Lan(1 I'Yfle 

Dist"nce !'rom W~t~,. 

Landsc"p~ hc1crog~lll'ity 

.\b""g~n ... n! 
Fi r~ 

:'>lcaning 

\lalor , oil i"umls da."ilill.l itHO 15 types I In st itute tiM' Soi l. 
( 'I inlat~alld \>'.'mer, 1')97) 
SOLllextlll'e b~,eJ 011 (be proporti'''' of '<llld, lo~m and day 
( I () ~alc"gori es) (lllstitute t,,'r S.oi I. CI imak and \OVater, 1 ')'J7) 
A ciassi ticuti(ltl oi' S0iltypcs as de,nikd h, V"nl~r ( 1990 ) 

Awmge a""ual ,.ai nlall (mm) 

56 "land ty p ~s" a, d~'nilxd by V~nkr (1990) On til<: b,'\Sis 
of so; I an d wgetat io" panems and "h ieh are comhi n~J 
wllh bmthmTI charact ~ri<;(i cs 

l)i'ta,,~e It'om m~jor "atn 'Ollrl'es (ri,'~". "'lilici~1 "nd 
nalural horehoks) 
Cla"ilication of" L"ndsat7 ET\I· imnge w~~ us~d W 

J.cri , 'c ~ du."lficatioll of1anJsc~pc r..,lerogell~ity 

SeI .. cri,," 0/ lite appropriale spatial seal,. 

Although di ,t ributioL1 dJta t(Jf 0. Sl r ;c", IWW uvailable u, point records, I decided to 

wor k ~t the se~l~ of 100 m" lOO m (I-1m) ~dls. On~-ha ~dls r~d u e~d the illnu~ne" "i' 

under sampling 0. slr;c'lU, csp~ci~ l l y in densd)' 1\(HJJ~d, ina,'cl'ssible mea" Working at 

this r~sollLlio" also ~ n abkd me to c"mpute p", ,,,ne~i~bscn~c ~"d abu"d ,me~ at th~ ~ame 

spati~1 ,~a l e. Sin~~ I was m~inly inl~r~sted in J~n,ily w it h ,.el"r~n~~ 10 rropag ul~ 

p"e~SlL'" (the ",Ie "I" d~"", stallds as foci for further i"v~si'>n). I computed cladode 

density ill lerms oi'the t"t~1 num ber of cI'~(kxks pcr l-ha cell. O"e-h~cta'" cells were 

also sui(ahle lor I'dn ting di stribu tLu ll mtd ablH1danc~ Jaw (0 cn\' iWL1m~nIUI variabll" 

w hich we re collc<"t~dicollated at "~ I'yill g scaks of resolution but \\hich \'~rc all ,uit(lbk 

i(" in tcr"'g:l! ion at II", s~~le ol'l-ha ~dls 

FOXC ROFT. 2007 P A TT~RN .-\ "[) I'I{ ()(,F ~~ Of . \UE" 1'1 ... \ 'IT 1"V.\ S lOr--;, I I" 
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CHAPTER 6 -------

Dejlnilion of invasion fod and ren",slruclillJ: III" inva"ion cllrono!oKY 

Th" ne~d to yuant iCy the rok oC pn'pagule prcSSLlrc nccessi1awd the idell1 ifi cati()ll of 

palcilCS or 0. _,'/rje/alhal fUOClionl'cj a, the 111'-"<t important SOurces ol'prnpa~ufe, (rer""d 

to as focil. I assumed 1hat propagllie pressure would be rclJted to the Jistan~'C 1i-t'll1 sudl 

f()Ci_ ila,,,d ()n propagule pr"S$llre, I "ould ~xl'ect most high-density PJtches to occur 

IlCar loci. and 'cry tCw in,ad,'d ('clls lar away from lhe lo('i. A, a first slep in a,,~,'Sing 

Ih" rolc o f p r o PJc~ulc pres",,,e III structuring il1vasi,,~ population, t d~fine-d lwo kve[, of 

foci. rhe primary fbeus of invasion is the known ori ~ in Oflh~ ll1\'Jsiw populJrion Lnlile 

SlukuLJ ,·tllag~ (h~ r ~an", lh~ "primary focus"). Putative secondary 'masion foci 

C'S\."\:ondary fo,',") were dellncd JS tlw lOp 5~/i:. or" l -hJ in,'ad~d c~l\, ranked by dadod~ 

d~",it~· (lh~r~ w~r~ ~60 cdls with .> 500 dado'des ha: see Fig, 6,3d). rhis sckction was 

supported by J rapid de,· I inc in lhe Ii e'luCll~y d"tribu l ion 0 I' dadod~ d~ nsit y in 1-l1a cd I , _ 

I'rcli'nlnar~' analyses IndicJtcd that cladode densit y per I·ha cdls "as indeed 

negatively correlated "'lth the ll , s(~ nce tWill foci , To ~mure lhat (lie sel""te-J fbei 

prm' ided "''''e illlr(>Jt~llt sources of proragules than a I'Jnciurn sckct ion 0 f ot her in. 'ld~d 

cells. I analysed the ,palial pattcrn of cbdode d~n,it~· p'" l -l1a c~iI in relati(", to lhe 

di,tance fro'" a randolllly-selected set of invaded cells. Thc correlat,on obtained l\'a, 

mu~h wcaker Ihan ,"ith distance ii-om selcn~d i'o~i _ wa, (hus confid~llt that I had 

cotT~etly iJ~mi(i e-J lll~ mo,t imp(",allt sources of pr<>p~gule supply and that distance 

frolll tixi was a good indKator ofpropagu le pressur~_ 

I'h~ d~n,ity of 0. .I'rric/a claJoJes in l-na cells wa, ats.o the best available pro_xy 

lor ag ing. stands, so den,ilY wa, u,ed In rcwn,tructing (h~ inva,i(", ehrollol"gy_ In the 

rccon,lruetion "I' tll~ invasion chnlllos~qu~nce I ranked cells by cladodc density and 

di.ided the in vaded cdls into six cmegorLcs «200, 20 1-500: 501-1000: 1001-2900: 

2901 -5000; anJ >5000 cladod~s per hal hased on natura l breaks in Ilic frequency 

distribution of dadode density over rhe entirc study arca. I'he _'patial distribution of 

categories wa, 'napl'~d to ind i cme the likely pattcrn of expansio/l 0 f tllc populmion . fhe 

ar~al ~Xt~llt oC ~ach cat~go ry was e-;tinl3ted using the (iiS sofh,'mc Arn iew. 

!'OXCROFL 2UU7, PA t lUU, A~Ll ~ROCESS OF AL!F~ I'LAKT I"VASIO"_ 116 
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CI L\[>ILR 6 RF,CP!'J~rRUCTlt'0 nAl\'1 INY ASIOl\S ~~'----------"" 

" '0, •. 
~. 

Figure 6.3: Snap,hols of lhe rec'Hlslruct~d dislribulion puU~rn:< at dilT~renl 'lag~:< of 
illva, ioll 01' 0p"nli" .I'fric/a, [,how:< ti,e kllown :<ourc~ oj' lhe in\'a siv~ 0. .,'/riCla in the 
Skukuza vi llage, (a)::: 5000 cladl>des 113 ceils). (b)::: ~'J(lO (~(i), (e) ••• WOO i11l~). (d) > 
5110 (~(iO), (d ••• lOll (725), (I)? I (5 (80), 

SluliMicll1 afllllre.' 

I'ree_based models pr()vide all altemalive to linear ~nd addilive logistic m"d~ls lor 

cla,"i lIeati On alld regr"""on allal y,i, (Br~inam ef ,,/. 1984, V ay,s;"'r~s cl "I. ~OO{)), T re~ 

models sU l'ces.ively split th~ data to form homog~neou< subsd<, reslLltillg In U 

hi erareh ieal lree of decision rules usd'ul lor pr~di Clion Or cla"i lication. Th is approadl is 

paJticulnr ly u>eful lil[ exp ll>ring imeraction, between nriables (e.g .• betweell 

~nvironmenlal "ariabl~, ulld propagule pressure). I used S-Plus 2()(HI Prol"ssiollal 

R~kasc J (MathSoft Inc, 2000) foc titting and examining c!a,silicntil>n and I'egr~:<sion 

lre~s. The numb~r oj' nodes was limited \0 In as my primar) inl~r~st was to i,kmil'y lbe 

mai n lactors structuring the JI)·,.-asion pan~rns. A tmin Lng S~l consisting of 75% of ll-,e lidl 

dala s~l Wa, ",~d to d~"dop lh~ modds. To iii ll-,~ model 1 u",d cell, wher~ a strict" 

wa, pr~",nt and a random Sd oi' l-ha c~ll, ,decl~d aero" lh~ ~ntir~ study ar~a wher~ 0. 

"Irid" wns ""sent. The number of nbscoc~ celb was propl>r!ionate to til<: siu of lh~ 

study aren relative to the area inv~d~d, 

FOXCROfT. c()()? p, \ f fER" ,\ 'JlJ l'itOC".ss OJ' \1 ,IF" ~I ,'1 :\ 1 I ~ \ ASION , 117 
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CH. \PTER 6 RECOI'-:'> I Rue 111'-(, I' I_AI'- I IN V,\:'>IU":'> 

To e>.plon: lh~ role or environmental f<lelOrs arKl p,opagule pr~"IJre In 

Jdcrn"ning. in,a,ioLl patt~rn, 01' 0. .<{ricla, I ran da"ilicalion treeS ror -'pecie, 

J i >I ri bul iun ml<l ,~grc"ion I,~es for ' ex:des abuLldance (ex I"",,,,d as number of e ladlxl~, 

I .... 'r ha)_ Fnr each m(td ~ 1 I used a C,Hllbination "f etwimnrnen tJI variabl", only, 

environmenlal v~riab l e, pi", lire, pn1'tigule preSSllre al,,"e (as measured by dislal\~~ 

I-,om primary and s~c"nda,y tile;), atl<l Ihen bO lh envlronmenlal variables and propag-lIlc 

pr"S'llr~ _ I his w~s done to det",mm" wheth~r by adding a range of vallablcs, lh" 

predielive abil il y of the models" a, Lll1pWyeJ. arl<l 10 lea", oll l lhe mo_'l sign i lieanl of lhe 

variubl"s. 

Th~ p"'Jiclc'll dislribulion, were generated ll<mg model re,ults in Arevi"", 

(\w,i,'Il 3.2). For pr~,ence/ab>;cnce, !rllxlcl acclIraey wa, delenni ned by lhe percental?" 

of l'OlTectly da"ifi~d c"lls, and th~ Kappa statistic (C(~len 1960), For abund~nc", 

dadlxl~ deLl,ity wa, noclas>ilied inlO lOur da,,,,, (absent: <5; 6-1 ()(J; > 100) and the 

l11(xld aceu racy Wa, Jelc..-m iLled by lhe p"rcentage of c~lls classified in th~ e"rr" ct density 

category, 

Resllits 

Di,uiblll;mt pill/erm-

By the ('nd ul'~OO3, the IOlal ran"e oro. ."!richl in lhe ,tudy area cov"rs aIx1ll140/)()(J ha, 

alt hough only 51 ~O [. ha cd ls were rnajljl-(:d as in vad~--J. The species has spread 18.5 km 

Ii-um the known ,ooree on SkukuLa village (Fig_ 6 . ~c)_ 

The r~C<'lnstnlcl~d chn'no5"qu~ncc lOr 0. sirie/IJ invasion in the silldy ar~a 

indicates inilial expansion largely ',ithin 8 km 01' Skuku7~. with "mlier" at up 10 14 km 

("'ig_ 6_:; a&b)_ l _~ tcr stag~ ' of invasion involve coakseence of sale1li1e loci and 

coluni~alion ol'addilional area, up 10 I ~ km from the s"ur"" (rig, Ii.} c·l). To dele rrn in~ 

likdy dat~' ~<sociat~d \\·ith Ji ffer~ nt stag~ s in The S(:quene~ (a-f in Fig:, 6.3) J plotl~d lhe 

ar"a l exleIll ol' "aeh ,lage on the ell"" ofinvad"d ar~a agai nst time based on e,iim~tc, of 

IOtal 0. ,'/riela ~:'<.lent in the study area collated by Fuxcrolt & Hofimann (200:\) _ This 

~prroach puis arpro~imate dates t" th~ phas"s sho" n in Fig. 6.3 (a-I) in Ih~ N-enly-y~a, 

period bdw~cn 1980 and ~OOO (Fig_ 1>.4). 

FOXCROF T, 2()()7 _ P A TTERI\ .'1,1\ [) PROCESS OF A LlEI\ PLANT t~V AS IOK 
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CIl,\ PJrlJUIC' C', _____ _ 

Figure 6.:ld ,ho,,·s jlw uislribution of puutiw fOCl. r~pr~>CIllJn~ ~~.; of the 

i L1vad ~d cdl, and were estimated to t>~ all~~sl 10 years old (Fig. 6.4). 

" JO~X> • " • , 20000 

~ 
,~o 

, I, , 
lOW '"'0 

Figure ( .... : Areal ~xlelll ofea~h stage of the innlSiol1 on the UJr"~ or urea againsl time 
haseu On eSlimates oftou l 0. ,"Iric/a ext~l1t in the SlLLUY area, Inv~si"l\ stages fef~r to the 
r~<'oL1'lrtlclc"d uislribution pattcrn illustr"ted in Fi ft'. 63 la) ': S()()() clauooes. Ih) c-: 2 ')(~1. 
(c) c-: 100«( (d) ':: .~Oil (e) ;, 200, (1)::: I., hldicates the "'ur~e of the il1v~,ioL1 al SkuktlLil. 

Delamillanl.' of pre .• cncc/ah.,·cnc<' or OplIlItia .,tric·tll 

OI1 I ~' thr~e ~11"ironn...,n tu l variables (habitat cla%cl ddin~d from s~l~llit~ imagcr). 

<ii , lance jrom walef "'ur~e. alld soil I{)rm) clearl y explain 0. Slr;ela presel1cci"bs~L1c~ 

(I'ig. 6.5a&b). Seven out of 20 habitat c lasses were positivel,-- ~ssoci~kd wah 0. .1'11';"111 

prexn~e, .-\dding the l1umher or-lire' "ver lh~ lasl ~g year, sLLb,wnlially improved m} 

ahi li t~i lo e~l' bin the di,trib ulton of U 'Iric'la (Fig 6,5h), Opunri" .<1ricra "as much I ~" 

likcl)· lO O~cur in areas bLLrnt more th an t;,,~ ti m~s (Fig. 6.5b), ami al ,iles mOre lhan 

"bOlll I km I;-om wakr sOUr<:e" Ml><lcl u~CLLracy ral\ges from 53"/<' (hab iut d"",es aL1d 

di stan~c from water , ources; rig (;.Sa) to 67% Ihahilal dasse" (ir~ and soi l (orm: Fig 

6.Sh) (Tahl~ 6,2). 

PropagLLle pressure, approximated hy di,lan~e from prim~ry and ,~~o L-'uary foci, 

was a much h~tt~r pr~ui<' l(" of 0. .llrkla dislribLJlioL1 Ihau any set of cn"Lrol\mental 

var iubl ~,. These j wo "ariublcs corre~ll) dassijied 77~';' of cdl> 0. sirieia 

prexl\cc:/abscl\cc (Table 6.2), OpWIlia 016<'/(1 is highly likc ly tt' occur "I site' "ithin 7 '! 

km Ii-om lhe pr imarj' I'<",u, and I A km Ii-om >ecorxlary roci (Fig, oJi). 

I I 'l 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CI L\ I' 1J.:1L6 RECOVSTRL'CTIl\Ci PLA V I Il\ V.\SIO'.J ';; 
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" 

TlIble 6.2: Modd accuracy of ciass iticalion lrees (used Jor pr~,ticling prcs~nc~/~bs~ncd 
and regression (rees (used lor pr~d icting cbdodes d~ns ; t}) . Ih~ p"rc~n(ag~ of l'orr~clIJ 
l'Ias,;Ii~d cd I, is ind icated for presenc~_ abs.ence and density, Mod~Is "~re derived using 
75% ofth~ lull datas.;t, 

Anal",;, % I'rc,ence % Ab,ence ~/o TOfa l Kappll 
I-'re,enee J \I"enoe 
Fn,,;ronJll<:n lal "ariahl~, •. ~C. 68.21 49.21 52.67 O,()<)8 
I "ir~ 

E" ";,onmcntal ,·ariaok; inc_ W.3J 69.4 1 1\776 (1,:15 
tire 
['rop "gtol~ pr~" "r" only 78,50 76.17 76.59 0_,1 1 
t:n" ironm. nu<1 "'lri"b l~, and 8~ .45 65.15 69,58 IU~8 

rr"raglJl~ rr'''.' [Jr~ -------
C!ad"de den,it~, , <1 00 <·500 r UL.! 

I'rorag[Jl~ rrL'S",r~ ol1l~' 0,1 N5.:l O.B " 62.4 51 .5 

fOXCROfT, ::007. PATIT~' .~ "D PRIXFSS or ALll~ PLA~ l l r-;v _~~iO~ , I~O 
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('IIAPTER6 IU ,l oONS 1'1(11(: I 'IM, 1'1 ,A N'I INVASrO)\:S 

SECOI\{lAR" FOCI<'391 
~ _____ - __ 1 __ 

PRIMARY o(,/'..lJS<7S63 
,-I ",,,,o.e: -c£.,n; 

'n , , 

, 
rRlfAARY FOClIS<5Z22 

II 
o 

Figure h.(" C ru"i ficali on Ir", oj" dis1ribulion (pr~s~nc~/ahs~ncl') of 0p"nlia slr,ela ba",d 
on propagu lc prcssure , I'rimary ti,xus '""presents the distance (in Ill) frolll the original 
introdlLctiOIl (in Skukuza , illag''!. .\~colldary roci rcprco..ont th~ dL:>(anc~.\ lrom in\'ad~d 
cdl, "ith ",,500 dadodes (""e hg; 6.3dJ. RlIle.' indical~d Oil lOr of each splittill~ 

brunches app ly 1('0 Ihe lell \>ranch, y'alllcs ~t the tcrminal nr>des il1dic~te pr~dicled 

pres~nc~ ( I) 01' abs~nc~ (0), 

DelamillalllS vf abundulI('{' (dudade dellsity) af Opullliu Ilrh'lu 

No ~mirol1l1l""tal \ariubk" ~xplai""d abundance ratt~rI1' f('Or 0. -Sirkia ('Only 1,.% of 

cdb cla,sitied in lhe corrcct categorics), Howc\'n, pwpagul~ pr~ssure as mcasur~d by 

distanc~ from foci wa, a reu"M1ab lc predictor of abulldance pattel"n (I:ig. 6.7). i\boUl 

~2% ofccll> ,,~re corr~cl l y dassiJid. Celb ",ilhill 170 m oi'secolldary foci alld 1.9 km 

of primary 1,)Cu, ha\e 212 cladodes ('OIl a,erage whcreas cdls further than 1.4 kIn from 

secol1dary lex"i ha\~] cladod~'; on avcrage (Fig. 6.7), Jlowewr. no density cmegory. 

es))<'cially high-densi ty, cou ld be CO!Tectly id"nlili~d hast.>d on pmpagulc rreSSllr~ ('Or 

cl1\iroml1cntal vari:lblcs. rhc ~ddit ion or environmental lactors J id 'I<-'t m'prr>"~ the 

Qccuracy of regression tr~c model based 011 propagllk pre;surc only, a.\ nl' ~n",ronm~ntal 

lilewrs "ere abl" to explaill th~ ()Ccurr~ne~ of dense stQnds tar II'om any fixi . 

FOXCROFT , ;'007 rA TTFRt\' At\ ]) PllO{'!,SS OF ALI Et\' PLAt\T JKV.-\SIOK. 121 
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CHAPTER 6 Rr:l'O"STRIJ~III'G PL,\ NT INVAS10l'S 

PRI~A.~Y FOCUS<1922 

SECC~DA.~Y FC CI<474 

I 

I PRI~A.~Y FOCUS<2215 

PR,~fARY F('C~'S' 1411a PRIMARY "CCUS<15a8'J , 

'02 

Figu re 6.7: Regression tree of abundance (cI~do<k den,ity) of 0f'""I;" .l'l~jd" bas~d on 
propagulc 11r~"urc. Primary lixoi r~pr~'~nt the dislanc~ (in m) from th~ original 
illtl'oducTion (ill S~uku7.a village), S~Cl'ndar)' Ic.ci "'pl'eseJ1\ th~ distances from in,ulkd 
~db wilh >500 cia(loJes (sce fig. 6.3d). Rules indi~~led on lnr nl' ~'lCh splitling 
brun('he, apply 10 lh~ len bean('h, V,illles at the lermillal n(\d~s indi('at~ the prNlickd 
llumo, 1' of cladoJ~, per I hu ('ell 

Spfllial prerfictiOI1< of distribution and IIbundance of Oplln/ill slrklu 

Bawd un outpul' from lh~ classi(i~ali()n alld regr~"ir)J] l"'~s, aboul25% "fthe stud~ ar~u 

(r~nging fh)m 21.X·;(, to 2X .. '1% for differ~n l m<Xlcls) i, suitahk for iovasio)) by 0. Siricia 

(Fig, 6.8\. USillg ~nvirollm~nlul ;-ariable, oilly. suilable siks "ere id~nlifieJ thl'oughoul 

Ihe slildy area (Fig. (-,.~a). wherea, The aJ<iitil'n l'f fire or pfllpagulc pressure provided 

'pulial prediclions similar lo the turrenl range of 0 , (ric'la (Fig. 6.8b&c). High-d~)),ity 

illvaded sTands were pred iCTed only ne;)r prim My and se~ondary foci (Fig, 6.8d), 

FOXCROFT. 2DD7 P,\TTER~ \ ND rROfES S OF ,IUEK ru, VI" lKV\SIOK 
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Cl IAPTl':[{ (, RITO NSTRlJCTf'-Ki PL~l\T I"VASI0~'i 

d 

Figu re 6.8: Spnti~1 p~d ieti,'ns "r d ist ribution and abundn nce of Ol',.mlio s/r;da. based on 
UlLtpUt> from th~ da%ilicatLon un<! regr~ssion tr"~s, (u) Predicted distribllti(Hl using 
"nVi[(~lm~llla l 'ariahl~s ,'nil', (h) predicted distributi(~l using envil'onmental \'ariablcs 
plus nrc. Ie) predLCTed distriblLtion using propa~lLle pr~ "lIfe only_ (d) prediCl~J doooJ~ 
J~nsity u,in~ prop3guk pressure, Blade Jots repr~"'l1l 0. .\'Iricia JislribUlion dala, and 
~rey represents pr~dicteJ Jistrihulion. 

Iliscu, .. ;"" 

ril~ distribution "t inv~ding Op""'i,, "trid" in Kruger l\a!;onal Park "as ,,~ukl: 

cmrelUled with the ",kCl~d set of environmental \ 'ariables ~t th~ study s~ak (sec Table 

6.2). blll the corrdation "a, im pro,~d "lwl1 lir~ rreyuency was added. The lack ()fg(~xJ 

correlations bctw~en d"tnbution and ~ n \'ironmel1tal I"atur~s wa.' not unexp"cted. A 

pre, ious .'Iudy in lh~ same area. using only uoout a quarter of II", di,tri blLt;on POlnlS ami a 

fOXCROfT ~OO7. p ,\,! H.K N AM) PllO('ESS OF ALIEN PLA"T 1"\/,\SI0l-<. 123 
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Printipai CUmlX1nenls /\naiysi. (Foxcwtt ~O(3), arrivni a\ a similar concillsion Also, at 

tile sca lc of ti,e ,,·hole 01' South Africa. a bioclimalic analysis for 0. ,,/r;c/a hased on 

rr~s em:c in qllarter-degree cells _,il""",,d lhat almost half of (Il~ area of South l'lli-iea, 

Lesotho ami SWaLil~J\J 's pol",\l",liy 'liil"hl~ lOr lhLS ,peci~s (Rouget ~t ,,/. 1()()4) In 

KNP. U s/r;cla grow, in it ,'ery ,,·i<.k rang~ ol'lJli"ro-;;il~s, induJing small m.ck ",evi~c" 

forks oftrc~'_ ~nd ~vcn on a corrugated iron ,heel (L.e. j:oxcrott. pers. obs). altcsting to 

(be ~bijity "rlhe species (" grow in a ,ery wide range of ';tes. II is tl"" not surprising 

that II large pm"t of the sludy area, and probably Kl\P. w~s sho\\J\ to be pOlelllially 

illvasihle for O .. <lricw. 

Prop~gld~ pressur~ addt>J consid~rable explanatory power 10 lhe di,lriblLlion 

model' (cn,-ironmental var iahles pillS propag"le pre~'ure yielded an acclLracy of 77%). 

Propagule pres'lIr~ was lloL howe,'er. a very g<~)d predictor oi"sp""ie, ahundallce (44"/;, 

of dens ity cia"cs cor~ctly cl~ssiticd, I"ahle 6,2). Whcn wnsiJering the ob"'rv~J 

cOlllributioll or propagulc pressure on pr",encci~h,ell"e, the ("llowing a"",nptir"" 

, I...-.uld [:.., cOll,idcrcd. r: i"lly, I a"umell that the etTeets 01' prop~gule pressur~ (lhe 

,p~tia l mass en"CI) are adocqu~ldy m~"su",J hy the Ji,tan~e lo known anJ plLt"ti,e foc i, 

I sekctcd ~ ,ct or Jcnse cdl' as pumt ivc foci bascJ on tile 1;-~'{lu~llq dLStribution of 

daJoJe docnsity in celk Clearly, tl.,., ,d"~led ~lIt ofT is mhilmr),-, and some cdb or 

CllL'I"I'S other Ihan 11...-.", ,elected may well h""" lilnetiOl1cd a' foci. FU'1llCrmore, thc 

appro~ch dc~rly a»lIme, thal all imp<-Ylant tiKi ha,'e !leell "",,"ratd)' m"pped "nd Ihat no 

clllmps ofpli1nt' that aeled ii' f<Ki at any slage during Ihe illva,ion (50 ycars) di,appeared 

before the mappong Ln ~OO2-~()()3, Despite tl.,., history of control effilrt> directed "I 0, 

siricla. I am rcason"hly ~ontident th"t lhese potential problems havc not markcdly 

allectt>J Ihe Jat~sc1. '10 my kJ\owledg~. no substan ti~1 clllmps of 0. siric/a ha,'e 

Ji'apf>C"red , I lad any cl"mps been s llh,tallti ~lly rcdllced through hcrbict<lal control. Ihey 

"ollid h"ve qllickly regm~rateJ dllc 10 Ihc I""k of I"l low-up .. ocasure" Hiologi",,1 

conlro l, a lthough cc'1ainly as'ist ing in man~g~menl dlorts, did nOI proviJc the l~,'ds or 

wnlml required 10 resu it in a large-s"ale decrease in plant densil)'. Considerillg th"'e 

""veats. Ihc .-ok 01' pmpaguk prcs">re quanlili~ci in Ihi, papt'r siloulJ be s~en '" 

indicati,e rmlle r Ihan ah<;(llu\e. I ~m ~onfilk"t that my ~pproach is ,utlicien!iy rohu'>1 to 

"aplure meaningful cLl"lri~uliLlns of pmp"gu[e prt"">re toward' pLlpul~tiLln np~nsiLln. 

rOXCROH,'(~o7. PA IT[R"l ,\"l fl PRIXESS or ALlEN PL,I\T lNVASIO"l, 124 
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) l1lild~ itO ~uempt to ~xp)ain the ~patiJI position of the Sl:lect~d foci in the 

I.'ndscapc. 'I !lei, locatio n is presumahly det~rmin~d hy dispersal cvenLs g~tlCr"l~d 

through mo,ullc'nls of lh~ l"o main dil p..rla) agems. dcphi1!\ls anti baboons. l><Jlh of 

which arc hi~hly mobile 'pecies. I;nfotillnmely. no data Jre ;,vJilable 10 'n(xiel dispersal 

J)namic~. 

The I''''llhal adding fire ji\:qu~nc~' dur,ng lhe in .... asion IHstor\ as a varil1ble added 

~uhstanl",H\· 10 lh~ exp)~natory power of thc modcL sllggesls thm lire frequency could 

pOl~ntial I"" maniplllal~ti as pari of an integrated cumru) prugramme. /\Ilhollgh lire 

~cology has rece ived con~i<k:rablc attention in KNP. incillding its role l1S driver of 

ecosystem \ 'uriahi lity (,un W;lg~n el al. ~OO3). no work ha~ )",~n dore on lh~ lirc 

~cology of () ,,'/riela, The imporlant role of lire in lhe nl<~.kl slIggests that O. "/rid,, is 

extl'cmely tire sensitiv~. It is dehatuble "hether ti,~ fr~quency in n"'nag~m~nl units 

could h<' m''''iplllatd ~pcc ilically to mdl"'~ 0. .<{J'iela oCCllrr~nC~ (van Wilgen <'I al. 

200--1). 

fhis ""dy has dcrnun"raled lhal prupagule pr~ssure is an imponanl and 

quantitlubk driver of ali~n plam invasions, in a manner similar to that of Ilutchinson & 

Vankat (1997) and R""~d & Rich~rdson (2003). Whal are lh<' implications of lh~s~ 

lindlngs iul' JlIoddling and managing plant inva~ion<,'? ['i rstly. the results underscorc thc 

m.~ior imp'ma!\{;~ uf isolated roc i in popllimion ~rowlh ()'-1<)(xiy & Muck 1988). For 

~xampk:. Ln lhe recunstructed in'a~iun chronology. the isolaled lucus al 15 km ii-om lile 

prima,y sourc~ at a v~'y ~",Iy stug~ of the invasion (~ig Ida, top righlpoint) und the 

dustel' of tOci 5 km nonh of tile prinwf'r loclls ~t "laICr stage or lh~ invasion (Fig 6.3d) 

hav~ d~arly b.een hllgd y imp'm~nl in producing the notice;,hle "'''t-east ~l1d north->olLlh 

l1rms Mthe ;nv.'sion p~ ttern that I'cm.,;ned evidenl in 200] (Fig 6,31). It , 5 ilkcly tlwt no 

amount of data on ,",ed di spers~1 dynam ics of U. ,\II-i("/" would ensure ~ccuratc pre<iictil>n 

of Ih,s pattern, Onl) Wilh lhe ocnelil ur hilldsighl Can Ire w~ight of such ~vel1ts be 

apprcciateti. R~garding managemcm implicaliuns. the resllits support lh~ alr~ady "iddy 

Slated nolion lhat "olald ]ilCi "'~ lh~ mmt cost-effecli\'e turgets tor ma"~gcment 

i mel"'lCnll on (Moud y & ).-lack 1988, Hi gg,ns & Ri~ha,d.,on I \I')<J). 

Il is difliculllO e~te"d the flndings from tllis study to prcdi~l Lmasion dynamics 

in otha part" of s()Ulh~m A frieu. or el~e"here for example. no"here elsc do elephants 

FOXCROFT. 2007. f' \ TTTR, \,1) PllOC!,SS 01' \ut:'- PL.\'- T tNVASIOt-;. 125 
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«lppM~ntl y Ihe nl~in seed disperser in KNP) move freelj over silch Inrge arens . Other 

rnrts or"lhe world where 0. stricta is inva.,i\'e <lin"r in .'" many rC\.JlecL, from KNP that it 

is tLlllik~ Iy lhal ,""SUIL' Irom lh is .'lud y "'ould b~ thre<-'lly lransl"rabl~. Or lhat insi~hl'; from 

soch stooics will be mtlch \lS~ for LJnde rst~nd i ng invnsion dynamics in Kj\;P . lor 

e~amplc. tn.' well-studied inv~sion s in C~talonin. Spain. take plnce in plan!~d PITlC 

iorc:;ls. abandu ned ul!,' ~ ~rovcs and vineyards ~hart1~lCri"cd hy high levels of 11 ran~c of 

unt lm'po~enic distlLrhances ((limen" & Vi Iii 2002, Vilil el "I, 211111). Seed dispersal in 

Cataloni a "as bj birds llhrmhes ~nd starlLng.,) nnd "ild bonrs, \OVhercns pcr~h sitcs lo r 

birds in th~ invlldcd sires define reg~neralion micro-sil~s in Sp~in (Vila & Gimcno 2001). 

di,'persal by babo{)ns and elephant., i., much Ie,.' likely to resull in predi~tably clumped 

rcg~ncration micro-sites, 

~bnagemenl of in~asive spe('ies su('h a., 0 ,wricfG who,", dynamics are .'" ('Iearly 

driven by propagu lc pr~ssurc. and "h~rc biot i~ and abiOl i~ dri vers arc nlll~h less 

important i., probably mu~h more cnallen~ing than for ,pecics wher~ di'lribll(jon ~nd 

abllndan~c lollo\\' palt~ms that can be predlcted by such lilclOr>, 

],OXCROFT, 2()()7, PA lTER~ A~ll P~O('LSS OF ALlL~ PLAN 1 I~VASION. 126 
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CH,\PTER 7 \,' IIA I 111.1, I 'S () 1'\ :,,:\TI A I'IVA DE'.' 
-~ -

CHAI'TER SEVE:'" 

WIIAT liEU'S (}Pt'NTlA SIN/CI"A INVAIH~ KRIJGEK :"oIATlO:"ol ..... L PARK: 

BABOO:"olS OR ELEPHANTS~' 

AbSlr~ct 

Is Opumia slricra rncore fl'~qll<.'nt. ~nd its p;,tchc' larger. lInder tre", 'lLi l~hle (ilf han.Xln 

"oo,ling" If so. doc, it I11CJn lh~t han.)("" are major di'p"nal agent' and Ihal planls 

e;tabh,h"d lInder thes~ Ir~e, an' important loci oI"Opu"l;a >,lriCI" ,pread ') I ",,",eyed In 

"rca invaded by OP1""il1 slri,:111 in ti"oc Skukun regicon of Kl\ I'. The suI'vc)' included 

pl()t, lLnder rO!~nti~1 han.l(ln moslin~ tr~"', picot, under Irees unlikel:- to suPfXlrt hawons, 

and paired randcomly located open site's. The nllil hYP<Hoc,is - tree·OI'Uillia , patiJI 

indep"ndence - can he rejecled Ii" Acu('ia nilorica, hut not lor Spiro,</G('hy" I1fi-ica"I1, 

OplInria plant, arc po,i(ively a»ocialoo with Acacia tree, ,ui!;.blc fcor h~bo<m ro()slillg. 

H()w"Y~r. lhcre i, n() ,i~nLiicant dilTcrt'flce bct,,~~n i"rc'Iucnc} or Op""li,, under Aca6a 

tree, 'Ilit~blc an d lLnslJitahl~ lor b.,boon roosting. It ~ppcars that al l .,k(1ci(1 trees C;ln 

snvc as lllLrS~ lrcc' (i)r Op",,!ia Compared lO ploh undcr Acacia lrecs, fr~~lLcllci~s of 

cold ~nJ moost Opllnlia plant' arc ,ignifiwntly higher in copcn ~rca, Jnd ullder Jead tree, . 

While baboons mny he responsibl~ lor long distance Oplln!il1 dispersal (oya lilomdr~sl. 

their role is nl)1 dCleclahl~ al ~ I(Jeal s~al~. On the other hand. eI~phant' ,Cem to 

contribute sllbqantially to Ihe local v~ge!atiw prcopagation or this spc ci~s. Opuruia 

e,lahli,hmenl ~ll J gnmth ~r~ more illnlLen~cJ hy micm·hahilat thall prcviously thought. 

, Publ icati0" ,,",U<: 1'0<"~'fl, L,C I< Rojm.;". k . . \L cOO!. 'VI"" belp' Opllmia wiew in.",k KrII g<'r 
"""'",,1 p,,,~, S"uLI, .~ fr ic,: "'I>oo n, 0< d'pb.nl.? Jou,.",,1 4,Jpp<ied r 'g'Wli<m S,:;'na t U: 
c65-C70. 

FOXCROFT, 2007 PSIII It" A~I) P1HXLS~OF ALlLi'< PLAi'<T lNVAS10~, I c7 
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CliAPTER 1 

Introduction 

Op,.,lIia .",,'iCla (1Im\'.) I law vm. "ilI~nii (Ker (i"",I.) L D, B~l1son I sollr pricki J pear) is 

one 01' lh~ mo,t important plant invadcrs in ((fuger "atit'llal Park (f.. "P; Foxcroft el ul 

200el). "outh Ati·ica. This CClltml American Sl"'cies is also a major iLlvadn in Portllgal 

(/I.-IOElleiro el ul, :!005). Spaill (Vilil d al. 201l3), coa,tal sOuthern (,hilla (Yan e/ ai. 200 1). 

N~w Cal<Xlonia, Solomon Islamls. Yemen. Eritrea, Ethiopia. and "otnali" (,]"1) 2005) 

Opunlia slricla is alsu a textbook examplc of successful hiological colllmi in some parts 

of Austral ia (Ilodd IYelO_ Johnson 1982). 

,\ considerable amount 01 work has (""en done Oll cOlltrol and some aspens of the 

biology of thi, 5pecies 111 K"I' (see LOIl~r I 997, LOl1~r & HotTman 1998, Hoftinann 1'1 al. 

1998 a,b. llo lTmann. \Iomn & Zimmermann I'J'l'), Reillhardt <,1,.1. l'N<), Reillhmdt & 

Rossouw 20fI(1.1'oxcrot't & Ilomnan 21llB. Foxcml12ooJ. Chapt"r 6) . Ho\\~\'e'- llw t"d 

lhat nO work has b~en done 00 the disp~rs.al ~cology of U YiriCla in K"P (I'oxcroft ~I ,,1. 

200 .. ) has hampcred general Ullder'tand ing: of the invasion dynamICS. ]\.e,-enhde."" it is 

well k,H)"'11 that ,ip~ trllits arc mainly ~aten by balx>ons (Papiu ursinllS Kerr,) and. 

occasionally, by dephants (Loxodm,/a .~fricuna Blumenbach) in Kt<P (Lutte, 1999). 

Elephants arc undoubkdly 31su involved in vegclativc propagation of Opunlitl through 

disper",1 of plam f,agmenl, that mol readily (as was al.", suggested by Lotter 1996). 

Invasion ot some other Op,,,,lia species imroduced to Australia and Alrica depends 

comp letely Oll '" e~etat ive propagatioll (Auld d al. 1983, Rei m~ll ek l"'rs. ohs,). 

It has long b~C[] hypoth~siLn[ that SOme dumps uf Up,,,,'ia slricltl In fd<P arC 

associated with trees SC1"Vin~ as h3ho<m roosts (for examplc see J. II. l10fmann ill 

Fo~~ron ~I ai, 2(04). l'hi, wOllld mean that Opunlia plants establi,hed under tre~., 

pokillially "-Litable 1'0' hahoon ,uostin~ could ser\'e as importafll dispersal [{lei of thi ., 

sp<:eJ~s. EvC[] if SOme obsCfvations support this pos,ibllny (Opumitl plants growing in 

I{)rks ofmaior branches: Foxcroft <'I al. ::>004) there has nOlI",cn any systemOlic effort 10 

test thi, hypothesis. I tested this hypolhesis in one Opl/nlia infested area of K"I' (See 

Fig. 1,1). r.,·ly main questionsw~re: 1) is Opun/ia slriela mO,e ti-c'luent. and its pm~he, 

large" unde, lrees sui labk for baboon roosting,! an,L 2) if so. docs it mean that baboons 

3r" major di,pcrsal agcflls and that plant' ~stahlished under the.'" trees are importanl I{lei 

of OpUiliia spread? 

l'UXUWF(, C007 PArTERl\ Al\D PROC ESS OF All EN PLANT t-.V,\SIO\. 129 
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,VIIA'I III',I,I'S OPt"VIIA I~VAJ)J-:" 

:\'Iatcrials and Mrthous 

STIIl!l' art>" 

\ly >ludy was located in the southern region ot' K~P ncar Skukuz,'l camp (centre of plot 

be ing ~5"1){IS17 Sand .' I05W4~1) El. rile ~rea i, ch%ified as tile 'Skukuza bnd l~p.'­

by V~nter (1<)'10). I' n., SklLkuza land lyF'" is a,sociateu wi In tne Sabie I{i\'er \'alley ~nu 

adjoitlLnglow-lyitlg areas. rh~ ar~a is gel1~raliy characterised by a complcx ,., il pattern. 

although gcnerally sfnllow ~nd of the (;Icnrosa ';o il form, rh~re is genera ll y a dense 

,hrub Ia;er with 'parse grass wver, and frequenll; dense , land , of Spi,·",,,/,,,'!>),.,' ajri{,(lna 

on Ihe foot-slopes. 

Sampling 

Field work wa, conducled ,H the etld of the dry Se~'OIl between 27 September and 

2 October 2(1)5. 

Onl;- Iwo trcc 'pec ics , ,·k",·ia ni/Olim (L.)Wilid. Ex Delie ,ub,p. krau,'.\'iana 

(Ilemil 1 Il renan and S[>irmlachy.< africQna Sill1u" contribut~d to 1110re tnan ()(~';, of Ir~e 

indiviuu~ls in the ~rea in yaded wilh Opurl/ia .,uj(·w. In the study area of "pproxLmatci) 

340 x 3~0 m, 'iXl)" tree, of Acacia and ,ixly tfees of S[>ir(),mxhys \\'ere found to be 

morpllOlogieally suitable lor babooll roo>ling. (mOltg branches- "ilil a minimum diameter 

of 5 ~m, <::'0"). Urxler each m,e. a ~irwlar plO!. wilh tn., rauius colTe'p'lfluing; to the 

extent ofbrandleS thaI could rOienti ally SlLpport haboOIlS (0.5 to ;: ,5 m) was searched for 

0l'"nlia pbm,. 0plIn/ia p~lch~, were only rewrded whel1 their [~l1tre., were silual"'" 

withill Inc dctin~cl rad ius. rhe .,ize of the ()pun/h, patch was quantilled by two 

perpel1dicubr mea,urC!TI~nl' of their diameters. TIIC area 01' il1diyidual patcIJCs wa, 

estimated as mid, I d,)/4)', "her~ d, and d, are tne tWH perpendicular diametNS, with d, 

on t llC 10llgest axis, For each tr~e-cclltf~d plot. on~ refcrence cir~l1lar riO!, of tllC samc 

radius was located in a mn<.km1 direction,) m away from tile tree. and analyzed in thc 

,,,me way lor Ol'un/ia presen~e/abl1lldan~e. If mOrC than One patch of Opunlia wa, 

pre,ertl their areaS were combined. If tllC random ly located plot was situated ulld~r a 

canopy of ,,"otner tree, a ,JeW random uir~ctiol1 ,,,I., chosen. ShrlLb [over ill each plot 

w~, y isually ~slilTIaled and tnc diameter at breast height (dbh) of lree, mca,ured ~, \\ ell. 

Opl.!lIIiu plan ts were classifi~d inl<1 three robustn~ss categories: I - 'young', 

relatively "nail pbm, consisting oflcs. th~n 10 cialiodc>: 2 m~dium ,iT.e plant'; J 

FIlXCROFT. 1007 1'.--\ TTFRN A "1) I'ROCESS OF AUF!'\ l'LA!,\T INV.-I SIDN. ]31) 
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~H,\PT[_R 7:_ ------ \VIlA I IIFLPS OPL'I'\TI/\ II'\VADE'.' 

O~viOllSly older pl~nts. consisting ofmorc than ~O claJodcs. >50 ~rn lalL Or pan, orbrg.~ 

(,-- 10 ~m Jimnder) ba,~1 ,lem, "",bk, As rr~qucncics 01 Up",";u in th~ ,'>iJiro,H'Khp 

dorninal~tI arca were relmtvcly low (sec f-lcslllt'J. the dala on 0IJWII;a planl robu,lm'"" 

were Jnolyud only 1(" ACLIciLi plms and eorr~,ponding o~n plots. In ~ddition. I') 

Op,,)//;a populalions untlcr dead A,'IIe;II (re~s w~r~ also c\'aluo[ed for plant rnlnL,me" in 

lhe s~me ureo., 

1'0 scpor~te the effect 01" microho.hitat, erem~d hy thc (rec, lh~m",l"cs. 60 plOls 

under Acada trees oh,iou,ly un,uililblc for b~l>oon roosting (thin. very d~nse brandlCq 

were anulyzed in the SJllle Ill~nner. itlCluding paired rcf~rence plOI" In Ihi, analysis. hall' 

01" th" Ac,,,'ill ~row n rad i u, \hlS con,isl~ml)' uscd as a rad i li S for 'alllpled ruir' 0 I" riot" 

Oll/(J analyu.< 

I-he data on frequency (presencc/~bsenceJ "I" 0pUlllia plams in analy7~d plo(, 

'Wf" ,urnrnariL"d inlo lW(l by two conlingenc) labks and lh~ null hyporhesis of tr~e· 

OI'1!n/ia spMial independ~nc~ \\'a_' lcste,j using the chi·square test. 

inkr:sr<'l"ifi~ a,sociation "a, m.,a>ured as Q (Pidou 1977), The coct1icienl Q is equal to 

-I when at I~''-,l one of the two 'p"l"ic_, is n~'~r pres~m wilh lh~ olher on~ (cornpld~ 

negative USsociUlion). and is eqUJl10 -1-1 when ut leu>! on~ of the two 'rede_, is alway, 

rresenl with lh~ OIher one (C<}rnpl~t~ p(lsitiv~ a,s.ocialion). Robuslness or Opun/ia plo.nlS 

(thr~~ categories) in three habilats (Aca";a. open. deM Acacia) "·as analyzed as u thre.: 

by three contingency ta hl~_ To C(Mnrare mean mea, of Opamia rJlehe, und~r tr~e, and 

in rdcrcnce opcn arcus, lh" pair~d !-lcst was ",cd 10 analyze (nc pairs" here Upunlia wa, 

rr~",ni in both the lre~ and eor""IX)nding open plm j'h~ paired l-te,l was also used to 

lest diff~rcnces in shrub cover under Acacia (rees ~nd in corr~sponding open plo1-<. rhe 

rdUlionshir helw~~n U1'11n/iLi pre,ence and ,hr"b eo""r w~, teskd ",ing logi,tic 

r~grcsslOLl. For ~ 11 slalislical analy,cs I u~d StatVie" 5,0,1 (SAS Inslruments Inc. 

19l)8). 

I :; I 
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(,11.\Pri'R 7 ---- __ \"JJAr llE;LI'S OI'U'Hli\ Il'<V i\DE'-' 

Result, 

Thc null hypo'lik:sls. Iret-Op'lnti" H\<JepcJld"Jlcc. can be r~jecled j(,r Acacia "i/o/ie" (I' " 

0.1)112: sec Tabk 7.1 f(lr n summary or frC(] lI~ney datn), It can n(ll b" rejed~d tOr 

Sl'ir,)I'/aeiry.< ,;fricwliI_ Hn~ however, even if ih~ overall frcqu~n<:y (If O"uJIIII1 is \-cry 

low Conly 21l rreSeJlc<'_' were record"d in 120 p[ols) , In..'re is a tcndency f(lr Op"n/ia to be 

rnCS<:)l1 undcr .~i);'",)sll1,'hl's lrcc' mlhcr lhan in orcn orcas, Th"r" is also a tClllknq lor 

Ol'",,/ia paiches lo be largcr tinder ACO<'ia trces wlTIrurcd ((I opcn arcns (4,71 m' \ s. 3, II 

m'). How",er, lh;; dltTerene~ is nO! ',igni[i~an( (paired l-le"l, 1 [.86_ df - 21_1' - O_1l71i)_ 

Table 7, 1: Two hy two coni ill geney (obles summariz i ng Ii-t;qu~nq- (rr~sen~~/abseIln:) 0 t· 
Op""lia planL' under Irees sUHab[" for haboon rI>O"ling. 

0[,,,,,/111 

s/I'icw 
Prescnt 
Abs.:ni 

A.-ocia ",[,,/ica 
Pre5~nt '\1>"'111 
·11 2-1 
19 36 
X' - 9.7. p - (HHIIS, 
() = -O.~J 

4 poSili,'c associ"lion 

S'pim.rlachy,,· "f,.icana 
r",sent Abscnt 
13 7 
47 5.\ 
X"-2_16·r = (I.[ ·1 
-7 nOI signiiicani 

Ihe overall hderogeneily of Ihe frequency data on Ol'''nlia rlam roouSlncss. 

Sllmmariz"d in a (hl'c~ by thr~c contillg('nc), table (Table 7.2), is highly signilicanl (X" -

~R.3, P - O_I~~ll: rabk 7_2)_ Obviotlsty, the sourcc of thc contingw<'y (ab[" 

lJ<;lnog~neity is lile 10"'-- J'rlXlll;;ncy of th~ [",g~ plants (third ~alegory) lInder Acac ia lr~~s_ 

ri'ICrc is no significant difference in frequcncies in orcn nrcas nnd unda dead tre"s; bo(h 

habitals ,,;..illbil a high ij-~quw<'y of old and rohus( Op"mia plants. rh~refore, ~ve" if lil<' 

frcqucncy (rrcS<'11Ce) of Opulllio u11der Acacia lrc~s is highcr thnn in orcn ar~aS nnd 

m"an Oplln/ia paleh SiLeo also "ems !O he iarg"r umkr Acacia lr~es, Op"nrio planls ar~, 

on a,"l'age, mOre robust and, pr~"'IITInbjy, older in op"n ",,,as and under deaJ lrees, 

fOXCROI' L 2007. PATn:RN AND PIWCi":SS Of AUf" PLANT I'>'V \~llN. 132 
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CHAriER 7 ________ --""""H,\I.HJ:LP~ OP1JV1IA lr-.:VADE? 

Table 7.2: Th re~ by Ih ree l'(lnting~nc y table surnmarizi ng fr"'lucncic' 0 r the lhrec 
Opum;a robustn~s, catcgories (>lnall. Inediuln. large) in the lhrcc habitats, "ul11I""5 in 
par~nrh~sis ur~ eXp"ctcd li-c~u~LlC'"S, 

Opun/ia 
roblJ'ln~'5 J 

----Js.:ili'ia "il()~ 
I~ (~.61 

25 (15.1) 
17 136.3) 

Habitat 
__ ','""''''',',',',",, ____ -"D'"ad ,"t IIilv/iea 

2 (8.6) I) (2.7) 
'1(1511 1(4,8) 
49(36.3) 1~111.5) 

Fr~ql",n~y dJW On prc~Llc~jabscnc~ of Oplm/ia lJnder Acacia lr~~s nul suitable 

lor baboon roosting and in tile paired Dpen plob (Tabk 7.3) aga", Soo\"5 that the n,,11 

hypoth",i, . . 4cacia-0l'umiu iL)'kpcr><k:n~c, nUl be rcjeclcJ (p = 0.001). rhe ov~rall 

fr"qlocncy uf Opun/ia plants in thi5 ~nalysis i5 S('Imewhal lower. Howcvcr. this can Ix: 

~:r;ily ~xplained: be~all~ thc tr~~s nut suilahle for balxx>n roo,ting "ere in geLlcral 

smaller. "jth Illean dhh - 13.'1 (vs. 21.2 em), thc mean r"dius oI's..::arched plots was also 

smaller (0.99 rn "so 1.66 m), 

rahl~ 7.3: Two by 1\'0 conlingcLlcy table sllmmarizing frcqu~ncy (preseneeiab"'nc~) of 
Opunl ia planr, lJndcr Acacia lree, not sui tahle 1<" baboon roosting, 

Opull/ia 
srricta 

Pr~s~nt 

Ab>"nt 

,jcuc,a n;/Olica 
___ Present Ab~nt ______________ _ 

37 I~ 

" XL = 10.~5. P ~ 1),0011). () - _.'..!.1.55 _--7 rOSiliv~ as"leiation 

I he lirst important ~oL')Clusion Ii-om lhis ,[udy is that ~"Cn il' populalions 01' . lead" 

IIi/or;ca subsp. kr"",siw", and Spims/(.why-, I1kicarla are InixeJ to solne cxtcnt. ratche, 

dominated by Spimstac"y.r are much bs inibled by Opunlia than neighbouring ralc-h~5 

dDrninated by _kacia (rig. 7, I) , Evcn if Spiroslac"ys trces seern to be InorpholDg-ically 

more s"il"blc filr baboon roosting rhan kacia trecs (cr<lwn radii ,ignificanlly larg~r. no 

' rirles. and morC hurl-wntal brand",,) and babooLl "",~es are oncn I<,unu und~r th~rn, 

signilicaLllly rcwer 0pun/;a ralches are under Spi)'o.<la,,"y-, . The r~aSOn fur lhis 

dirrercn~e rnay be tllore intcnsi.c grazing lJnder Spiru.I'w,-hy." lrc~s (substantially InDre 

l'OXClWI'L :::1)1)7 ~_,\'l n ,¥N A'<U PROCr:SS O!' ALlr:~ PLA:',n- It-, ,'AS10N. 133 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHArTER 7 - ~ 

\VIIAI IIELI'S 0"1.1\ riA I""V".I)I ;" 

heaps ol'I",IIe(, are I(HIIlU here and srass gra7~d compl~tdy to the ground: roxcrolt & 

R~jm:in~k pers. obs.) and ass<",iat~d soil erosion (denudat~d trc~ roots and ()(h~r recent 

erosion ph~nomcna; Fo,-croil & Rcim:in~k pers. oh'.), 

Figure 7.1: Opunliu Mr;CIil i nv~sion in Krug~r -"ati olml Park. Th~ Opliniia sMeta / 
.1eae;a "i/mica association is \. isihl~ in tile backgrOlmd, "hi I~ no plant' ar~ v isible ~t th~ 
bas~ 0 I" lh~ Sp;nwacl!y.< ajricana lr~e (I"ron t. right). (f'howgrnph: L.c. foxcroft). 

I 'h~ s~cond conclusion is tiwi Ih~re is higher rreq uency (pr~s.cnc~) 01" Opunr;a 

plants/patches lInlkor Acacia tr~~s slliwbl~ lilr bahoon roo,ting mmparcd to 

corresponding open are~s. Tni, could be ~xpl~ined eilher as a [estill or baboon se~d 

del,,~ation lium their roosts. or as a hahi tat rnodi fic'alion 0 t' hy A""c;" trees. {lbvimlsl}. 

th~SG two tacwrs arc 1101 mutually exclusiv~. Hown~r. il'the[~ is any benelic'ial Acacia 

habit~t effect (e.g .. shading ~lId/or nitmg~n addition). this \\-ould have 10 be imponanl 

only in initial stages of Opllllli(1 plant estnhlishmem Ixc~us~ pbms in open ar~as and 

II nder dead trees arc. 011 av~rag~, sigll iticanll y mOre robust. 

FOXCROfT. "1)<1'. I' \TTFRN \,\D rROCFS<; OF ALlF~ P(,\NT NV \SION. 134 
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CC~ICIA"e~I"F"",-,, ____________ "\\,'H",AT HEll'S QJ:1:;"IIA I,",VAllF:; 

The analys;s 01' Opunlia abUL><.laLlcc uoocr Acada tr~cs unsuital-k for baboon 

roosling shed , some light 011 this intriguing quc,tion. As there is "inuall" nu Jilkr""c~ 

between res~lls rresenl~d in I'ables 7.1 and 7.3. il may be WL1c1ud~J with 3 high Jcgrcc 

or c~rlaiJlly llM\ c>lat>lishmco{ "I' OI'"l1{i" plants. either {mill xed, or Ii-om ~lerhaJll 

di spersed cjadooes. i, sig.niticanll) fociliial~d b) [m, micn,""ll,ironll\c>nl cr~alcJ b~ 

Acacia lr~",s, A stutiy 011 all Awe;a "y/wif;7eri Op,mwl .,'Irepcanlh" <ls>('ICia(iol1 ill 

,()ulhem Chihuahua" dcs.crt (Y~atoL1 & Rom~ro \bnzan~rc, I()~(») h)'rolh"si~cd that 

e ilh~r 0 S/rer,,;antha (an erect platyopunlia, a, is 0. .<[ricwl uliliL~,<-1 lh~ I"cr~a s~ In 

a"ailable nitrogen or ,hall.' prd<:rences explaLJled thei r habitat l'rekl'el\c~s. i\ S OPlllltill 

plants in open an:JS are sigil ificalllly more rohust. it do~s l10t I<."em lo b~ lLlcrcased soil 

l1itrogen content hull'fOlc"ctioLl OJ"yOULlg piams frum di rect >oiJl' radiation th~l fa~ilitat~< 

[h~il' ~stahlishment. Similar results "~re reported for the nativ~ cactus ,V<"ohu .. d",um;a 

tete/a) in the T ~h uac,tn Valley. Mexico I V ~I icnte-BaLlucI & Ezcurra 199 I) . It SCelll S thot 

whik Cactac~ae- are a x~roph;,1ic j;mlily par ex,'e!lrm'C, prol'ag~l~s of ,orne '1"'c<", '" 

this family ned shaJe of n~"e plants fill' their <uccessl"ul e,labli,hmeLlt (Arriaga e/ al. 

I ')tH. de Viana rl al 200 I). In addi tio n. there is one more factor l'otentiall~' il1yoived i~ 

thc 0l",mia cslablishm~nt process in KNP. The mean COVCr c,1" shrubs is ,ignilicantly 

higher ULlJer Amc;a lree< {29.1%1 compared with open areas (16.6%; pair~J He<!. 1 -

4.9. n - 120. P <cO.IlOII· there-fore. not only Acacia shade. hut also ,hmh shade mal 

contrih~te to ,urvival of yOUl1g Opumia planK Moreo~er, <hr~h< may also protect 

Opllnfia seedlings agains t grazing. l\c;'Crthdess. logi,tic regression did not reveal ,~n} 

lk1"'nJen~~ 01" Opt/ntia pre<~nce on ,hr~b cover Ul1Je-r A coeia tre<:' (p = 0.70). Sim ilarl y. 

there ,,'a, no relations/llp between th~ tOlal area 01" Opunlia pmches ~nd shrub coY~r 

~nd"r Acada trees (p - 0.51). I'he high~r cover of ,hruhs ~l1der Acado tre<:' mal 

H1Jicak thai habitats uLllkr them are al<;o mOre suitabl~ for establishment of olh~r 

1"'r~l1nial plants than Op,mria 

As I only lounJ a \~I'} few <""'-.ilings in the cour<e of this re'eareh «10). I believe 

I hM l'ropag~ les l'ri mari Iy i nvolveJ in Ihe spr~aJ of Opunl;u at this kl"c I 01" inkstatic'n and 

at lhi, 'patial scale are- 111 more than ')0% of cas.cs individual Opunl;" claJodcs or 

Ii"agmcnts wnsi,ting ur a s~v"ral daJolks. 

l're.>um,~bl}" ul' to 10 m. hy ciephants walking lhrough Opt/n/;a <lanJs. Mmt or th ~ 

IOXUI.OJ-T. c(K17. PA1TLR" A"l.l PROCESS Of "'LIE]'; PLA"T I~V.\SIO". US 
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CHAPTLR 7 WHAT HELPS OPUl\TIA I'iVADE? -- -- -----

JisP<'rsd claJ()J~s n:adily ro()1 and gi\'~ risc lo r1eW pbnts, I roul1d lh~t out or Ihe 50 

rnndomly collcc(~'(j cl ~dodcs, J I had formed roots ~nd most likdy will survi,-e, FUTlh~r. 

c-ladod~, Ih~t h",j not formcd roots aprcared a~ thoughtlh~y h~d rno>!ly b~~n d~posi(~d 

r~L"nlly, 

Seed JisP<'mll hy hirds Can n()( he ~xelud~d, How~\'~r, di,p"rs~1 or 0. .l'lr;cll1 hy 

birds seerns to be tlCgligible in Sp~in (Gimeno & Vilit 2(02), While some O!h~r Opllnria 

sp«ics ill South Africa ~re dispersed hy crow' (Dean & Milton 20(0), there is not ~ny 

Itldic~(ion that that 0. slriC'la is dispersed by birds in KI\P, Fur(ocr, lh~r~ is no olher 

evidence or uti lizalion hy any other an imals_ My overall impression i, that b~bool1 s may 

cOnlribllle t() I,mg:-di'lanee di 'P<' rs~ 1 01 Op1lmia, hUI sali,J;,clory evid~l1Ce i, slill nol 

~\'ai lab Ie, 011 the other h ~n(L once Uplmlia 1'1 ~l1lS grow to the stage of several c ladO<lcs, I 

~m cert~in lhal ~I~phallt' ~re th~ hy Ji'perser" through th e acti'Ml of breaking "ff ~nJ 

di,persing Opllmia tragments, This (h~n promotes coalescence of Individual patches and 

'" crall Opunl;a-lwmogellizat i()n 0 (' the h~hit~l ,u itah Ie lo est"blishm~"1 of th is sl"'cie,_ 

i ,~" with sparse t r~~ cover and exposed to ltl1enn~diate dis.turbal1C~ (rn()tkmte grazing, 

allJ unly light ,oi l em.ionl. 

rhi s, of cout'se, is ~ ,cry tmfortltnate sitllH!ion N."Cau,e I~ndse~pe, with th~sc 

dla",u~ri >lics ar~ c()mmon. i (' llOl prev ~i I il1g, in K r--, I' and c leph~nb arc ~11 il1tegra I part 0 f 

the 'ystern_ l)etectiol1 ~l1d er~dic~tiol1 of new isolat~d foci silOUld h~v~ ~ highest priority 

(R~jmilll~k & Piteal"1 ~0021, AUempts lO LOlltrol Opunlja slrictu biologically wilh two 

herbivl1l'Ous insects Cacro!J/a<li_' ,'aclorllm (l3ergrothl (Lepid()ptera, Phycitid~cl and 

Dacry/opiu.,' upuntitw (Cock~rd) (Hornoptera, Dact:'lopiidae) had llot l",el1 successful in 

KNI'_ h)rtunat~ly_ the "e", hiotype of /). "pllnli'le ('siricla ') w~s imported to South 

Ali-ica, t~,tcd ami rdea,ed in KNp in 1997, Thi, biotyP<' has I",come ahulldanl in the 

\'icinity of the rek~se sites and h~s caus~d considerable local suppression of 0. siricla 

(1lolTmann e/ ,,/, 19991. ,\ massi, e Dactylop!II.,' r~~rillg op"rati()n is curr~Jllly ullder way 

in (he KNP, As m~ch~nic~l and/or herbicidal colllrol ()j' all Opllnlia ,pecies is very 

di flicult, bi() log ica I controL i r wccess('u!. i, the only po"ible '01 Uti'Ml ;11 this situat ion_ 

I OXC'ROFT, "D07, PATTER. ... A:\D PROCE,S Of' ALlEJ\ PLANT INVASTO:\_ 136 
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'cl'"""'c' '"'".R,-," ___ ~,,'"N";E"_ \\', FIV\ \IL \>,,'CJRl'\.!ilR 1'1 -\1\ I I!\V A~IOl\ ECOLOGY 

CHAPTER EIGHT 

BEYOl\'O FILLI~G Tim GAPS: Anv ,\~CI:"JG TIlE SCl I': l"('1<: OF I'LAl"T 

I~V,\SIOr-; HX)LOCY I SI:"JG A NEW CO!'iCEPTUAL FRAi\n:WORK7 

I he ,,~,-. I {)g:ica l and l'Col1()!Ilic impdC1S "r biolog-ical ",,,aSlOns arc IncreaSing. ' I he ahi lity 

to predict and manag\: invasions however is lagging. Alt lxlllgh advances have f,ecn made 

in lm(krsta",jill~ Ill<; mechanistm wl<krlying invasioJls. lhese arc JIl(,;,ll ... case spcc itlc, 

wilh I illl~ g@cr~ Iii y, I'he unclcr<tJnJ in g of and re search on i"vask'ns is also in dan!ler of 

fx,c<,m in g i ncrcas illg i y fr"g:mcnl~J and Iceq lIL'l1(] y disa,"oci"l~d Ii-om lh<: reSt of ecolog.,. , 

Concerluai rr~n,,"worb and model, hav~ be"" succcsst"lIly IIs~d in de\e lop ing nc" 

uJldcr,t~nding of eco logical phenomena such u, ecological boundaries and 'patial 

helerogen~it .... 

I describe a Iramewnrk and model templme that contextualise, the kc: 

compon~nls and link.:Jg-~s jn llw plant invasion proc",s. I"hi, new fram~wor\.. is Lnclllsj'~ 

in order m general i,e am,,, in , a, i, e species. 'yslems and ",ales, and 10 pr.,yide a 

stnlc!Ure for synthesi7ing research in inva"ion ecol"gy. 

I lise an example Irom Krug~r Nalional Park, South AfrLca. 10 fllrlhn , uggesl how 

lhi s tramcwork can guide management response t., plant invasi"n'. rhe ,uggesTed 

frdme".ork provid~s a 'lrllClur~ 10 lacililal" 'ynlh~,,,s acro" ,cales and ,itualion, lilal 

might promote g~l1crali7ation. It is general enough to provide a common und~r'landing. 

whik al til<: ",m" lim". providing lh" mechanisms lhat can b" 'pecilied 10 an"wer 

ql.",,,, io ns aOOLll PLllticular in \ ·asions. I suggesllhLlt application of the framework \\ill 

lead 10 b~ller inl~gralion and lIndasland ing 01" alien p la nt invasio!1S. 

Publioa,i"., ,;tatus Fn"",Ii, Ll . Pid.tt. ~.TA. & L'ld<Ila<<o. M ,I.. 2007, Iloy,"".! 1111 ;ng Tile ~"r>: 
a<lY.r",in~ Th. ,,",nc. "r planl i[],-.. it., .,,'Iu~; LL>in~. nO ... w""pLlI.l Iramework. T u "'" 
,uom ittc d tu F.co'ysmms 

FOXC ]l(WI'. ~(1(J7 PA ITLI<." A/o.D PROCESS 0(' ALiE/o. PLA'<T I~VASIO~ 
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A r-,EW I]{Ar.WWORK FO]{ PIA!': I INVi\SIO~ ECOLOGY 

I nlrod""lion 

lliological iLwasions are incrcu ,> ingly widcsprcad phcoprncoa. Ih rcalcn ing Ihc im~grily 

Hnd rimctioning pf ecosystcms (\V i leove eI al. l'ln). I'he ~C()I'I-. (Sci~nl i fic C '~nm iltec 

<'n f'l'()hl~ms of lh~ Em' ironm ~nl) pro~ramrne of lh~ 1980,> j(lClL'>ed on biol()gical 

m~usions (Drake <'I al. 198':1). and S<.,ughl to identify lhc attributes thal allo\'.' Mganisms W 

invade and the f~Ullll'es lhal muke "~ne environments more im'asibl~ thun Olhc,"_ This 

pm,gl'amme made pl'()gl'~" in 'recilie' cases (Rcjmanek ,,( al. ~OO5). However. alltmpls 

10 link Ihe eharacltri Slics of invaders and [h~ rceeivin g environ rnent in Inpdds 10 provide 

a geneml undC l'stuooin g of tfk, im'usion proce" ha,' ~ he~n lurgely unsucc~ssflll (~_g. 

Vcrmeii 19(6). Tlli ,> ha'. led w the suggestion Ihat il is unrealistic w cxpect general rule,> 

to ernerge Ii" pl'ed icting potenlial invaLIers ~nd susceptihle envirol1l11cm. (e,g_ Cr~\\I~y 

1987, Gilpin 1990. Lodge 1993. Venncij 1')96), It is argued dUlIlhe eornplexit} pf 

interactions k lween the p<.'lemial invader ~nJ Ihe reCCIVll1g ~Jwimnmenl pl'ecludes 

general predictabililY (Rpy 1990. DeFarrari & 1"aiman 1'i94. Burke & Grime 19')5. Pysek 

& Pykk 1')')5. Thompson d al. 19951. Lxisting theorL1'ical models of invas ion cannot 

handle such complexil y and ha~e "ot been or much heuristic value (era\'. Icy I 987. Cii Ipin 

1')90. LDdge 1')93)_ In addition to lhis. it hal ken argucd that disass.ocialipn pfinvasipn 

ecology liurn the rest of c~plogy, in paninLiar SlK:cession ecology. has contributed to lhe 

I ack of devdoping reliuble gen"r~1 intions (l)u~i s cl al_ 200 I. 2(05). 

Al\cmpts 10 syn lhe>izc currenl knlH,ledge ha~e 1(lCllSed on deHloping Common 

understanding of lermi r;nlogy and COrIC~pts_ I:or ex~mple, it is suggested that due to the 

po'>sible amhropoccmric aSS<lCimion of "irwa,ion" aLlJ the "otion lhis im'okes. the lidd 0' 
in,'usion ccology hu_, hud a pmliferation Dflerrninol,'gy and conc~rts (Richardson el al. 

2000), The"" are ireqlocnt l) confll\.(;d and mislL,ed, Thc '-barriers or mluralizalion -

Imnsforrnat ip" mpdcl" sllggcsltd by Richardson ('( "I, (2000) helps ordn thc ~onflL,ion 

and clarify termS. I[ is probabl) the moSt widdy ,ited and moslllseful current con<:eptuul 

understar.ding of the in~a,ipn prllCcs'>, The kcy a<.hanccmcllls p",,'iJ~d by lhe butTie,-, 

rnoJ~1 ~r~ I) <lelining th~ various terminologies more precisely and. epnsequently, 

kadlLlg 10 u mlLch nc~J~d ('(~nmon understanding, 2) rr""iding in sight into tile contro ls 

pn successlul cSl.-1blishrnem of ~n ~ I ien speclcs, and 3) cle~rly anicubting the net eff~cts 

of invasions, which result in usdully dilYercmi"tcd Slalts or' Ihc system I c",t lh~ 
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CHAPTER S 

barriers m(xld inlo a !lOll diagram t,'rmal (Fig, ~,I) which clearly indicates thc barriers 

associaled with cach phase or tenn. ~nJ therc fore the rc~ulting state. Ilow species 

respond to each (l f the successive harriers wi II delerm ine their degree of invasi ()n success, 

as well ~s the lennLnology thal ,hould be aSSl>ciatcd lIilh a specifLC in, asi()n , \,:hi lc this 

~nd other ,\(..-k (e.g. Hcger 2001. Colauli & ro..lacbaac ~OO4, Pykk <'I "I. 20(4) has 

pro"ided a m,'re Ilcutr~1 and shared under,tw-.dil1g of Ih~ concepts al1d termS. a neW 

ti'amCllork for the inv as i(~l pro~es~ m~y provide ~dditional mechanislic insights, 

I dcscl'ilx: ill detai l three conceptual tools to exposc thc mcchanisms ,'f il1va~ions 

a nd to integratc acr",s spe~ies, ~yst~ms ~nd scales, rhese tools include I) a framework 

to arlicula(c and organize the causal faCi<H's. ~) a model kmplate to suggest gcrwral 

rclati,'nships am,'ng causal factors in the framework. al1d -') working modcl~ 10 apply the 

framework to spe~ili~ c~sa. I , uggeS! a novel Ii-~mework ~im~d at under'l~nding the 

im'asi()n pmcess. The fmmcI,wk complcments the ba rrie rs model l,f Richal'ds(~l d a/, 

(21l1l0) and il1corp()rates mechanisLT1~ dri" ing I) the im'asion capabilili~s of a sp~ci~s, 2) 

Ihe invasibility oj a p.lrticular system and :;) the intlwncc of the spatial and tcmporal 

conle,.,1 of the syst~m . This Ii-~mework is rUl"j)Osdully comprehensiyc and Inclusi,'e ()f 

syskms. plant spec ies and sca les. rhe comprchensiwncss or the framc"'ork is suggested 

hy the 1'~ct that it addre,ses the ,'ariou, sik spccilic conditions, species ~harackristics. 

and biotic i nWraction, thai are i dentifi~d hy the general theory 0 l' succes.sion as import~n( 

to species inv~sion, estahlishmcnt. p~rsisl~nCe ar-.d dcmi,~ (Pickett & Cad.masso 20(4), 

Thc I,'amcwork I prop,'sc places thcsc pl'ocesses l' f community asscm bly and change i I1to 

th~ W11lext oj' in,'as i,'c ,pccie~. I begm my d~laikd ~xploration or thi , new Ji-am~"ork 

by reviewing thc n~lUre ~nd role offrameworh. I also discuss the value ,,1' cone~p(ual 

Ii-~meworks j(". organizing and synthesiz ing a body or literaturc a:; well ~~ J<~' idelHi I)-'ing 

rhe gaps in knowlcdge to suggest important researc h areas. 

I then pT~ 'Cnt the ,pecilics ()r (he Ji-amcllork J<..- inva;;i()llS and des.cribe its 

c()mroncms. I IIlustrale 110", to operalionalise thc framcII·ork. using the ~.\ample of the 

imasion of Opunlia s/I'id" in Kruger \,Ialional Park. Ihis ~xample "ill he ~arried 

Ihrm'gh addilional :lCclions of the paper. I also ~uggc~t how lh~ Ii"am~work can n()t only 

,'rganise and guide research but also gu ide managemcnt dccisions and interventions. 

lOXCROFT, "Oln, PATTLRN A 'm PROCI'~S or \1 TF.K I' I ~KTTKV ASIOK. 140 
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'("I""'''C'"''", R'-'" ___ ~''\C'"F".WO'!F"R"A"'"lcF,\\"·O,RK_'_F_r~R El-_A_,_'T [~Vi\SION _E_C()L00Y 

Futur~ J",I(l~lI~ b..; l"'~~tl 'Cl~n~~ allti lJl~nag~rn~Lll am rdi,,~ 11"" Ir"m~,,(),-k as ~r~"tn 

1I11dcr,[a'Hji11 8 is acll iev~d_ 

Process 

-----;,-----: 

G"";'~---------'{G'''~~~~ - -- . 

Figllr~ 8.1: A flo" di~gram of P[()CC£S~S and a,sociat,·J [~rmin"l"g) lIS~J in inva.,jlll1 
cm[<>gy_ rne lell hand column _,hows the swi tch rx,inl' ill owrcorning sequential barriers 
to invas iun. 111~ barriers ~rC geugraphic, r~pwduClioL1. WLOC Ji'p"r,al. and "LwiroL1m~ntal 
all,·mti,m. Th~ righl hand ('olltlTIn shows the lermir.o logy tfl:Jt i_, app lied to sp~cies ihai 
successfu lly pass C~dl killd ofb~lTicr, l\ b,lI'a~tcd from descriptions HI Richarci>on eI <11 
(21XlO). 

IOXCKOI L.21)1)7 P,I III:~N A'W PROCI:S~ 01' ALI[''; PLANT 1'"'\' .. \510"_ '" 
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CHAPTER 8 0\ I\EW I'RAME\VORK FOR PLAI\T I~VASIOr-; 1.(nUx,\' - . . _-

\ ncw conccptual fram~"ork for plan' iny~<ion ecology 

Vulut' or cO"l'ef'iUul jrameworl..,' 

Conc~ptllal tl'anlC\\'orks ar~ [xmwtid t(l()ls to organise ami cvahmte CO"'XPlll111 

~dvarICement in an a,,:~ of study' (Pi~kell d 01 I<)(),j). Ih~ strength of lll~ frumcwNk 

~pproach lies on the hasLs or pro,idin!( a ~ommon under,taooing. I he insights g'l ine<1 

from specitying how the general c .... nponcnts idcntjlkd by a framework apply in detailed 

situations can then test the general understanding of the processcs. by comparing across 

regions ~nd In~magclllCnt agcndas. Umlcrsmnding. of ",'olog.i"al sy~l~ms has I"""n 

ad,'anced hy many conceptual fr~meworks (Pick~U <'I al. 1999), wah nOlable exarnpl~s 

being lh~ l'eologieal boundary (Cadenasso el al. 200J) und suc~es,i(Ml frameworks 

(Pickett el al. 1987. Pickett & C~dcn..1sso 20(4). 

Th~r~ is u lra<k-off r.dw~~n sp~cili~ity and comprehensiveness wililin a 

framework, bIn both ean be aecoll1modate(1 by a hierar"hical Slrllcture (Caden~sso et ai, 

~003). l;r",n~w(M"h are hierurchi~aL in lhat the high leve l processes ~r~ deCOll1jX1se(1 into 

lower level. more specltk mechanisms. For example. euse speeijj~ in,~stigal ions will 

n~ce~sarily call for dduil~d eaus~~ and m~ehanisms, while c<lnstr\lcting general i7ations 

will call li)r mOre broad! y comprehensi ve mechanisllK Th~ high~r k,d:; of II frum~wo,-k 

ure more abstract ~nd therefore more generali S']hle. 'I h ercfore, trmncworks i(lenti t~ COre 

e()"c~pts and prOl'~sscs that must be operationaliscd l"or dirfer~nt syst~ms and "",11~~ 

throllgh spo:x:ification (C3den~<so el al. 21)()31. 

N",·t'l jrllmt''''orl. jor Ihe invasion proce.H 

nl~ goal of this Ii-arnework is to Ilndcrstand the invasion ofhabilats by ~li~n plant 'l'el'ie~ 

(I'ig. R.ll. At the middle hierurchic ull~v~l. lh~ inv~sion pm:;ess is divided into the three 

contrihuting c"mp<)n~Jlls. !) s!"'c'ies characterislics. 2) system C(MlleXl, and 3) system 

Sllsceptihi l i Iy, Of course. Il-rake el al. ( I 'JS4) al ready i d~nti lied two illl portant ~spccls 01 

the invasion pr()l'("S. namdy. ~rtribul~s llml uliow (M"ganisms to invade, and features of 

the r~c~i\ing emironllll'ntthat makc some environments mOrC im'asible. How~'~r, the 

relatioJnship hetween these components wus not ,,,,,,,itk, and lucked the hroader sp~tial 

~<lntexL In ~dditi<ln. lh~ hiparlil~ Ii-mn~wmk of Drak~ ('f al. {I n')) can be inte rpr~t~d as 

an "~ith~r-or" approach to lhc topic, suggcsting competing allCrnatil'c hypolh~ses ntlh~r 

]-,OX(' ROF I'. c(~17 l' .. nn'RI\ AI\D I'RCX'lS'; Ol-' ALll~ I'lA~T [\'VA~[()~ 142 
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Inva<ion of h~hitats hy 

,i. CuntfLbuting proc~s~>: 

Spec i cs chamclcrist ics i 

iii. SpecifLC caus~, or m~chal1isms: 

I. Pmpaguic production 
Disper,al moJ~ 

]. Der~n~e, 

4. Resource dcmand 
5. Compcliti~m~» 
(L SeeJ-hankin!,'; 
7 S~~J ,i/.~ 

1 , 

, , 

ali~n spL'Cic., 

Sy,tem Cllnte.~t 

I 

Connecti,il)" 
Path,\ays 
Inc. numb"r of rept'at 
"rri\als 
V~dur cfficacy 
Global climal~ ehang~ 

~ ~'umh.r< ar. om"_""<r<llood to tho liter",u,. cited '" 1 .... 1, I 

I 
I I 

Sysh:m ""c~pl i bilit~ 

I 

I 

I . Local v~ctor prc,cnce , P",dalion;' ~On,umn 
pressure 
Inc. en~my rdcasc 

; R~,our~e a~ailahility 

Illc. disturb~nce regime, 
fir~ rq~im~_ ~mp') nid\~ , ~atchil1es, / gaps 

5. Bioclimatic suitability 
I l\miv~ ,pecic, richnc,s 

Fi~un 8.2: A ]i"amn .. ork (or invasion aolugy. Th~ high~,t k"d ul'th~ hi"rar~hy 
idel1ti lie, the general pr~''''s of il1ler~st. '1 he ,eC(~lJ I~vd JOWI1 identifie' th~ three 
hro~d kind, or contributing rrocc>scs that can aftect 11K' succe>, or tili lure or in\'~s ion in 
any panicular case:. Lach ot'the Ihre~ miJ" lcvd proc~>sr, is Ji,aggrcgaloo imo ii, 
component c'w"', or me~hani ,ms on til<; luwest level of the hierarchy. fhe mechal1 isms 
~re nUlllbcroo to correspond to the sUN'orting liICrature rix each. li,ted in Table 8. I. rhc 
nllmb"ring Joc, nOI imply a mnking or importanc~ amung compunml,. 

FOXCROfT. C007. PA tTLR," A~llI'R()ClSS OF "'Lll~ PLAyr t,"VAStO," 

I 
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Spa'i!!., ,:hamcler;";c,,' 

Srcci~s chara<'l~rislic' refer 10 tho"" lI'a;ls of ,1 pOkntial invacler whi~h conlro l h"", 

;Ilva,iv ~ i[ Lna) h.c, such as propagulc prrouel;on nnd cornp<:lili''Cll~'' (,~~ rabl~ 8.1 lor 

refer~ll~es relating to IpL"<: ;"" characteristic,). Th""" lrails me inilC,cllt prop.:rtics of the 

sr<'ci~s ,md regula!", in C0)ICCti ",til oliler Inctor,. The proll1ill<:rlC" of the speci~, in ils 

a rea of m;gin. \.!allY of th~sc trailS wer" ,u~g~skd by Bak~r (I %5) a, the (,ailS of the 

ideal weed. H()w~ver. il ha' f>ccn suggcswd that [he,", trailS l11ay (}ccasionally resp,,",I;11 

a diffcl'cm manner ",hm immJuced lo a L1,wd Cnyiromllc:nl. In Olhcr word" spcci~s 

"hich llIay be rciatiydy rare in !h~ arca or origin l1la) occom~ aggr~ssive inya,jer; wh~n 

introduced into a n~\\' ~nvironmelli. The phY'iologicallimitations ()f a speci~$ will have 

an innu~n~" on Ih~ (kgre~ 10 which lh~ speci"s may r~sp"nd 10 p,," .. aiitng condilions, 

rhc~ ,ariahles a,'e typi~ally getlCmwd through aute~ological suKlies, which a,.e aimed at 

und"r,landing Ih~ sp'ci~> il><:IL Thil W(lI "ndoubkd ly impacl on til<: abili!y or control 

atJd monito,.ing, and n~eds careful atlenlion from lh" managemenl ag:en~y when plan(1in~ 

operalions, 

S:vslem amlext 

Syskm conl~~l is wnsidn~d al a Coarln spalial scale. ami gennally f,,~use, outside lhe 

'y't~m That might he i nv ad~d. rh~ COnTe't pro,id~, the lin k"ge, hetween lh~ ,,,,.iou l 

>y,knb supplYing or tran'i",ning pol~nlial invad"rs ",-xl Ill<: lar"",l ,ysl~m . For ".~"mpk 

balla't wat~r lran,k,., (Ca,.lton 1<»)(5) ,lee p,lthwa)" of invasion \\'hieh provide th~ 

conn~clion hct\\~~n a ;.oure~ eLlviro!1ln~nl. Ih" inh~r~n l IrailS of II", H1vad~r and f~alur'" 

of t h~ rceei ving ~nvi ronmenL I f th~ context of the r~cei,· i ng env ironmenT did not include 

ba ll a,l wain lranskr, invasion would be imp'd"d, Ev~n whm ballast water lransp"rl 

~xisls. the detail' of how it function, I"'eom~s an additional iaclM of con!~~!. For 

example. the innea...:cI spo:ed of ship, allo\\'ed l1l(>re potential invade,.s riding in ha lld't 

wate,. to surVive the shone. voyages. rh~ cont~xt chang~d based on lh~ naluI\: "f lh~ 

vllyag~. \\,hid, is externa l III lh~ I\:ceiying 'yst~m ~tld difl;;rent from th~ ,p~cie, 

~haradnislics per se. Ckarly, lhe two int~ract. 

The syslem conle~l cliffe,., Ii'om veclor ",ienee (sec CHilon &. Ruiz 20ll5) in Ihm 

Y"Clor ;,ci~oc~ t()CUS~' on one aspeCl or 'ysl~m C[lnte~l, namdy. human-mediated 

movement of Ii ving organi,m" V eCtor sci~nce lhere li're i nc lud~s_ among'! othe,.,. ~au'~. 

I'OV'){O I' 1'. "'XI7. PATTER" AND PROC,[SS OF ALlEI\ PLANT INV .. \SlON. 1../5 
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route. vector and I'cctor strcll~th. While these compoll<:nlS dts<:rlb~ the particulm 

pathway. the ,ystcm conlext rrovides a broader ulK!erstanding or' how the 'f>Ceics 

cilaractaistLcs w-.J tbc sllsccplibilrly ortne sy,tcm relak to one allother. 

('llfllledi"ity is a key aspect of systcm wntcxl. It is bOlh strl!<:LUml and 

fllnctional Stru(tural connectivity retCrs to tl-..; ~rrangemcnt of habitats on the lalldse~pe 

adjac~nt to each ()lher. \\hik fUllCtio/wl ~omK"'livlly rd"" lo lh" inkraction ~lw~~11 tb" 

habitat, that m~y promote or impede transfer between patch"" For example the 

('oonectlvity between riparian and upland h~bit~t, may k due to structural differenc~s in 

the veg~1atioll. or due to fUI)(;tional factors such as th~ din"rential aclivily of di'rel's:!1 

~g"nts ~l'~eel1 the two (Cadel1~SSO CI al. 2003), Pathways explain how a specLes LS 

lransferred to a IleW habitat (e.g. ballast ",ater) and ~Iso il-.eludes the numb"r of rcreal 

arrivats at the destil1atiol1. I 'he ntlmb~r of repeat arrivals indicates the probabil ity of tile 

invasiv~ species r~a~hll1g "haltHr ,itt Of C"<>nditions lh~t ~I'e required for e,tablisilmel1t 

'm rh e ' ysrelR '''eh a, open patches and sufficient resources, rhe higher the Iltlmber of 

attempts. the high~r the likelihood or 'lK'C~," of lm-.Jing in me site or rcsource le\'cl 

approrri at" for 'U('c~ssfu t ~'tabl ish m~I1l, t i I1k~d to this is the i ntroJuct ion of omamtntal 

plnnts "hieh slEbsequ~ntly b.:come invasi,~ , Ol11ament~l, pbm, will ",ualty be 

intrtxiucoo. cullivatcd m-.J di'f'e,-'ed in b,-ge numocrs, in.:;reasing the likelihood of 

becoming invasive, V~nor eftlcacy rcf~rs to the ability of tile a~ailablc Wdors to 

,ucc~ssjiJlly disp"'''' Or aid the di'pers:!1 of the 'recies. (;lohal climate change is 

suggested ~s a driver which wi ll either promow or lInpcde species becommg lnvasiw. 

The cont~~tllJI component of gk,bal climate change ~ffect' the hospitability or 

existence of pathways between source areas and potentially' in vasible sites, For example. 

a pmh\\ay may open up ell!<: lO a shin in vegdution rattern" or due to the rdeao;c from ~ 

pmvious limiting factor. stich as minimum lemp~Taturt Or moisture r~glln~' along the 

migralory pathv,'ay . 

.)\'slem swapl i&ilil,' 

"y'tem su,.:ep lib ility r~t-""s to those a~rccts of thc receiVing environment that eitllcr 

promol~ or impede tk in\asion P"'C~'" such a, r~")lll'<'e av~ilabilily, lo.:~1 v~("(or 

presence and predator or cOIlSllmcr presence. This IS the rtfore a measurable Icatme 

within the ,ystem or time or interest. arid c~n Ix a"ess~d by the investigator (rig, ~.3). 

FOXCROfT, 2M]. P,\ TTER" ,\"-'[) PROCFSS OI'\t l r '< Pt ,'\"T lNV\SION. '" 
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CIlAPTER 8,--_ _t> NEW FI!Ahl):WORK I'CW PLA7'JT I>..iVASIO>..i ECOLOGY 

Unlik~ variables of s~stell1 ,Onle~t, tlwse of 'y'tem suscept ibility ~re spalially ""d 

temror~lly loca lized wilhin the pfll~lllially in,'asible 'yskm as Jdin~,1 fly r,'search~rs or 

man~ger'. 

rh~ sll_>ccptihi lity of thc system may l>~ lhe re,u lt or ~ number "I' lactors. rile 

pre>cnc~ of f><.}kmial ve~IOf> onC~ ~ speci~~ has Gst"bli sh~,1 in an area may mridl~ 

pronl<Jte ll\V",L<)tl succc,,_ Predator or consumer prc>sure may minimise ll~ ch"l\e~s of 

invasion if g~n~ra list pr~dato.-, or com.um~rs wilhin lhe site Can uti lise the new -'pecie" 

Howev~r, lhe absence of gen~mlisls may invoke the ilypo lh~si, that plants that are 

rcleawd from natur~1 encmies, in ",,~ord Wilh lh~ 'enemy rdea~e' hYPOlh~sis (I';:~an~ & 

Crawley 2002), allow li)r inC'fea,~,1 invasion potential. Resource availabi lit), determine, 

(he c:.knt to whi~h the 'rcci~s r~'luirement' ar~ m~l within lh~ Sill', and m~y be 

inilul'nceJ fly "Mious olocr taclOl's suc il as disturbance and tire_ Patchiness or o]"'n gaps. 

especia lly of anthropogenic or igin, are ofl~n ,\s"",-'i~teJ wi(h inc reaso;:J inv ,,,ions (Alpert 

e/ al. 2000. Wilil 2002. 2004: Tab~ 8.1). Where stobie communities are altered, th~sc 

gops are frequently colonised by non-nativ~ 'pecies_ Hioclim~lic sui labili ty rde~ to 

broad similaril'~s HI lhe katurcs oj lh~ rcc~i,'ing Cllvironment to thos.;: of (he are~ of 

ongln. For examptc, m"lch ing lh~ climJtic nc~ds ror ~ species occun-ing tn 

\1cJil~rr"nedntyp~ ~(Osyslems in one ar~a may provide insiglH inTO lhe poknt ial or the 

'p'---cies 10 in\'aJ~ oth~r MeJil~rrane"n lyp'-' ecosystems cl""where (so;:~ Brundu d ai, 2004 

I,\r an ~x~mple). ~alive spcl,e'; richness has Irequenl ly been suggeskd as J useful 

pr~d ic tf\r or inva;.ion p<)I~nl i~1 in a ~it~ (s~e rerer~nces in Table 8.11_ I{own'~r, ,ludies 

reporT conlra,lictory ~onclu,ions (K~nrll',ly <I al. 2002. S(ohlgrcn O'/ al. 20(3), due to lhe 

spec i li e nal ure of lh~ ,'"S,:s anJ the I""k or considera(ion of mh~r i nteractin ~ variables_ 

GeogrJphic or l ancl s~ape vari;lflics or lhe sorT J include unJ~r lhe eategory 01' syskm 

,('\mC~1 ar~ pOlcntj~lly imporTant contributors 10 the ~hility to gen~rJlil.C about the effects 

oj sp.:ci~s riclln~ss oft r.c recei \'in g sit~, 

fOXCROfT ?()(I]. PA TTERN At-.D PROCESS OF ALlEt-. PLAt-.T JI--VAStOI-- 147 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CC'''CA"'"''"F"R,-," ___ ~A,-,',"E.W FJ~A\_"_"_'ORK FOR rLA~T INVASION f'COUKiY 

1''''''01 S,e 
r."",,,,,,-.• & 

Feature, 

E<te",' 
r.,""" .",,, & 

Feotu -., 

Specie, 
r.',,,-acl.-,",,,, 

Figul"., KJ: C ooceptuaiiLing im a,ion as <klnm I ned by conditio", exlernai lO the 
pot~r11ially inv~siblc site, cotlditions internal to (i)H! ,itc. and characteristics ofth~ 
pOlel1lialiy in,asi,~ 'p"ci~s. Whm i, c.~(crn~1 '~r'"S Inlcrnal. in time ami 'ra~c, dq>ends 
on the boundaries set by tile rc,ear~h model or (ile m~nagcmcnl goals. (;;""" a model of 
lh~ 'y'(~m that <kflllCs cOflvenient. jllrisdk!;onai. or natural DO" ndmics, this list of 
genem I kinds of in Ilu~n"~' on in, as;o11 is logically complete, A Ii-amcwork cbburali ng 
these rhrcc t"~tures would lhercfor~ b;, mmrrehcn'ive_ 

Table 8.1: Rd"rCrlCCS i Ilustrati 11 g. \,'(lrk in patiie ular ~reas of invasion biology, Tne 
r~f~r~tlCe, "re org~niL.Cd by thc three components 01 th~ in,- ,,,ioll Iram~worl<.: ,pe~i~, 
chameleri<;tie<;. system col1text ~l1d sY5tem sllscepti hi I ity, rhe l1umOcrs ill from of coch 
ref~rence rd~r to the llumb<.red medoan,,,,,,, in Figur~ g,2. Thi, compilation is by no 
m~ans a conclusive list. Rather Inc rct;'rc,1<'C' are ,hown to", illustrative pll rpoSCS . 

. ~" ({den'nce 
Specie. rhar:'C(H;'(ics _____ _ 
Il.~j matlCk I ')<)(', Rcjmanck & Ri chardsol1 I <J')(,. I)' Antol1 io ci al. 21l1l 1. j-' O'lcr 
2001. Holme, 2002, Bockley CI al. 2003, Lcvinc .'1 al. 2003, Colauni & :Vlaclsaac 
2004 

2 t leywood l<JW). t li ggi ns d al. 1996. Rejm,,"~k 1')<)(" ))iggin' & l{ich~rd"l11 

1998. Vila & D'An(orHo j ')<JS. Callaway & ,\schdwllg 2000, Campbell & Gibson 
2()(~), I'akeman ~(~) I. "l~(h~11 cl 01. 2002. v~n C\.,.- W ~II :!(~J2 

3 Hll(~h~nson 1995, Siem~n & Rogers 2()()3 
--I- Alper( ,,[ al. 2000, Leishman e/ ai, 2004 
5 lbkker & Wilso" 2(~IIl, Corbin & D'Al1lollio 2(~I--I-, Rcinhmc\( crill. 2()(14, Vii" & 

W~incr 2004 

" 7 
Iioimes 2(~)2, Chri,(i~ll & Slantun 2004 
R~j matlCk & R ichard'OIl I <J'X" Ilu~klcy c{ al ~ (1():\ 

S",tem contnt ._--- - - --
Reichard & White 2001, Gdbard & Belnap 2003. fux~roti ci ai. 2004. Witb 2004 
Il.cichard & White ~(~)l. McKinl1~y 2(~)2 
F ,,-,~rorl eilli. 2004 

l,OXCRon_ 2007 P,\TTERN A"D PROCESS or ALlI'N PLANT eNASION. 
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A ~l':W 1·I{A~lI·_WOI{K FOI{ PLAl\T 11'. YASIOl\ ECOLOGY 

--I [)uk~s & M()(",~y 1999, SlOhlw~n cr <11. 1999, Stachwicz eI al. 200L Krilikos e/ 

",. 21)OJ. Weltzin el "I. 21nl 

4 
5 

_ :<;Y'!."!!' su,c"ptihilih: _______ _ 
I'o:-.croft ('/ (II. 2004 
Pri~r-({LcharJ e/ al. 200 I. K~an~ & Kra"l~y 2002 
Ilobns I 'Jl('J, Hobbs & Hcunnckc I 'l'J2, \-lack & !)' Antonio I ';<JR, Ilolmcs c/ al. 
2000, B~rlow el ul. 2001_ (Jrace el ul. :00 I, Brooks & Pyke :00:, Cannas e/ "I. 
],002. I.eishmall e/ al. 2004 
Alpert e/ ul. 2000. With 2002, With 2004 
Ilobbs & Iluelln~k~ 1992 

6 Huston 1';<),-1, Crawley eI ai, 1'196. Plant}- r~bacchi <:1 ai, 1'.196. Kenncd} e/ a/. 
_~Qg.2. Stohl£ren <'I al. 2003. CldanJ d ,,{, 2004 

0p<'rIl/iollali<illg till! framework- a sp<,ci<,~ specific example 

The ,w~rriding goal "fthe lramework is 10 understand the invasi"n of h~bitms by alien 

'1"'cies. I appl:> lhis I'ram~work 10 a specilic cas~ ill an atlempt to unJerstanJ th~ 

invasion of Kruger N~tional Park (Kl\P) by 0pllnlw Slr;c/a, Kl\P is On~ or (he worlJ's 

premi~r conservation parks and illvasions are a key management concern {I'reitag­

l{on~ldson & 1 'oxcrotl 200.1 I, For lhis aPr I ication of th~ Ii-an,~" ork. (h~ g~n~ral ,!:oa l can 

be resmteJ illt" a more focused '1u~Sl ion: "Wha( controls the invasion oj' K:--<P hy U 

,fricta"! 

OpUrllia .!/ricl" is reg~rJcd as on~ of (h~ most ,erioos invashe plant sPecies in lhe 

K:--<P. covering an area ofahout ~O {X}O ha (Ch~pter 2), This species has been relati,cI:> 

well studi~d (Holfmann el al. ! 998a,b, LoUer & HolTmann 1998, F"xcrol1 & 1 [oifmann 

~OOO, F"xcroH ~O()J. Chapl~r 2) and some studies invok~d fac(ors such as lack "j' 

COllsumerS or prcdmi"n pressure (Foxcrolt 2003), p"'pagul~ pmJucti,m (Chapter 2) and 

wetor cilicacy (Loner & H"tTmanll 1999, I'oxcrot't CI "I. ~0041 as the mechanisms 

under!}ing its mvaSlOn. The fnm'~work, rn,,,ever, indicales (m, potenti,,1 for 

inl~rre latedll ess arnong lh<e", factor, which invoke all three ti-mn"wor\; componen(s, Th~ 

IX't~ntiall) inv~s iblc sites exis( a~ a ,ariely "fJi<-linCl areas or habitats within Kt\P. The 

rdcvant species characteristics are the production of highly viahle seeds as wdl a~ an 

ability (0 pmpagat~ v~g~tativ~ly, -I he most importan( feature or ,ystem susc,,!,lihilily is 

the rdmi',dy dr) ~nd open nature "I' (he Kr--<P sites, which ~rc amenabl~ to 0. slr;,.la 

~'lahli.,hm~n( alld gnmlh. "hile the SYSkln come;..( is gov~"",J by lh~ efficacy ofth~ 

H)'CROFl, 2007 PATTER." A;,;D PROC'FSS 01.' .'\LlL" PLAr-.T lNV \SlOr-., 14') 
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CHAPTER 8 .\ NEW FRAI>lEWOIU, FOR 1'1..'\ VI 1 ~\'AS IOI'.--.B.:Ql.o0Y 

baD<){ln' and el~ph""I' u, di'p,>r,al veclors t>etwecn habitats in K1'<f>. Thcsc lhr~~ 

compol1enl' oflh~ Ii-mnework comhil1ed h"v ~ I ~d 10 The successful invasion "fo. ,'/rid". 

Any ,!Llliy au~mplillg 10 c.xplain Ih~ di,lrihulion ""d spr~ud or () Y{ricta without Ihe 

combined int~mction of~11 three WIllPOIIWI, will most likdy r~1 1 to tlllr"vci the invu,iol1 

dynamics. In othe r " 'ord,. unlier-J'nd ing how the invasion pr(){:c,s luk~5 plac~ r~'Itll[~' 

not ,~lIy Ilmkrstanding thc 1"'0 ludors id~"tilied by Druke el al. (I'!R91. i.~., 'peci~s 

"h"rucl~ri,ti", "nd Th ~ nJlure "fthe receiving: si te, hut al,o 'p"lial ly external, comextual 

variables. 

rh~ Ibme\\ork furt lJer hell's 10 discriminale lhe net effects of invasions. or Ihe 

oilICOlT\e, of lhe 'ilriou s rn.-"han i>ln, or im a,i, m, from the m~chan ism, themselves. (),,~ 

such cornplex effect is propagulc pre,,;urc, which i, g~ining lnicr.'st ,'S a rnech~ni,m or 

~xplaillin g invJ,i"n patll'''," (r..kKinn~y 2002, Rouge! & I.(icharu."ln 20<Lh,b. ~auchard 

&. Aiab~ck 2(H)4. Lockwood ('/ "I. 20(5). Ilowevcr, prop~gul~ pressllre is ~Il inl~r'Llioll 

"j' di ,l,,"ce 1<, S<l UI ~e, amounT" r' pr, ,pJgu\c, pnJJu"aL "ol1l\~c\i vi Iy ("pali al alnltgem~nlS 

of patches and vectors) anJ time ,;i I1ce arrival. I" e,sence. propagll\c pr~s>uI ~ ~ r,gregate, 

ti;"Turc, of s[X'~ ie~ char"cleristic>, sy~lem ge,"graphi" cnltkxL and 11,,-, within <ile 

demographIc d}l1 amic" In a ,Imilar maltnel', "lug-phases", \\hi"h an: ~ommimly r~f~rreJ 

to in iltva,ion e"i,logy litnalur~ (s~e Biltggeli 2000, Pysek c/ af.1(1(14), are an aggregale 

outcome rather lIJan u rnechani.'m of invas ion The lime laken to oo.'<Crve Ihe rapid ,pre~d 

ph"se i, an JlUera"lii,n betw~~n lh~ "huraLleri.,ti~s or lh~ species, the sU';c~ptihil ity of Ihe 

.<ystem al1d th~ '}'t~m cofllext. lit aJd ili'~l , the i>sue of delectability m~y pl~y a role in 

lhe ph~norn~non of I"g pha,~s, 

A mmlci for ;nytts;on ~col()g)' 

A broad and inclu,ive tramewor~, ,;och a, the one I ~m propo,ing, ~un be i,[X'ratiiHI"iiscd 

by losing" mi,dcl ternplut~ which elucidJtcs th~ gencr"l kinds of relatiilnship ~rTl()l1g 

trumework componenl';. I'h is is done in ~n abstract manner and "un later be appli~d 10 ~ 

particular situation by ,;pccifyil1g the component<; ofth~ model for that case. 1 use the 

hasic "now chain" approach (Shachak & Jolte, (995) to progre,;.< ti-om the il1clusiv~ 

rrarn~"orl.. \() " modd lemplate t;,r in\'a,i(~l ~"ology (Fig. 8.4). The cimlpon~ltts 

id~nti li ~d in lhe framework (Fig. ~.2) are pl~ced inlo octi(\f\ in Jes<ribiltg th~ "hunge 

FOXtRO I'T. 2007. ~ArllRt' AM) ~fUXlSS Of ALiL/\ PLANT I"VASION, 150 
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,C"'"IA"PC'"F".R~S, ___ ~A~'\Jrw FR.6,MFWORK_fOI\..fL." 1\1' IlSV ASI()N 1':CCl[ rX;y 

bel"~~11 State I ant! S(al~ 2. Ti"Ic Slate changes rnn} be described 1'0,. th" spcdtie case bj 

the invcstigmor. ~Ild lilul ~rc ub,lroded in If-k, moJd (~mrlak to r"rn"~11l any ~X iSlill g: 

(Stale 1). aller~d (Stale 2), or de,ir~J Slal~ (Slal~ 2). For "xmllpk. til,' change in ,tatc 

'ml} be described al tile chonge from an lLn-illvoocd state tn a wlllplelcly lransf(>rlllcd 

,Iatc, or fr(}m 011 un-itlvod~d to lightly invaded state, depen d ing Oil lh~ il1wsligminn III 

lhe framework the agclll of chang~ is the alkn alld poicntially invasive speck,_ rile 

Jeg.n.:c and manner ill which the potential illv~ dcr \\ill chonge the state from Slute I to 

Slate 2. IS c(}I1lroll~J hy the interaclions belw~en sr",ci~, charader;sl;cs and system 

context. The c()mhined oulc{)]\1e or Ih"", inleraction, is thcn controlled bi lhc s}stem 

susceptibil ity_ In "tiler words. both (he sp~ciel charact~risties arid sy,tem contexl will n<.t 

up()n the po(entially invasive spe~ ics (0 ddermine ii, ilwa,ion polenlial. Howner. this i, 

lhen modulaled by tile systems su,,,eplibilily. !(} dctcrrnill" lh" de~,,,,, to which eh,-",s" 

will b.. afkcted beiWeen State I and Stal" 2. 

llnf()rtullateiy tf>.;re on: few cases where it i< pOSlibie to return fr<Hl1 State 2!(} 

Stale I, and d'lhen: is, it is C{Hltroll"d largely by management ill lhe carl) stag"'_ On 

some tim" sC.l.I", it ma) app"ar that an i,waded Ilate return I to the pr~,'i(}us, uninvaded 

,lat" without lhe inlerventioll of mallag"m"l1l (S imb..rloff & Gibhons 2004)_ I lowe;-er. 

(),'er a I'Hlg time wale this may b.. con,idcn:d an un-succ~ssful im'ad"r (naturalised alien 

>pecies). because the species wa, un~blc 10 sustain itsdf(rig.. 8. I), 

Relurning !(} my exomple (}f 0. Slri<'la in KNI', I used the model template and 

specify the Cl}lllpOnents for Ihi, C~,e, III a ,ludy all"mptillg to deterrllllle lhe "au,,,, of 

ill\'a,ion of 0. siricw in K~P, I concluded ill Chapter 6 that tf>.; invasion was larg.dy a 

functi(m ofpropagulc pressun:, H()"",,,r, as I ha,,, ,ho"n "arlie" propagul" p,,,,,un: is 

all aggregale functiOll of di,tonec to source, nn1(}unt of sc~dl produced. connecti;-;l} of 

be,th the source Jr><i riCw C!lvironmel1l and hahi lab a"""s, the n"" environmellt and, time 

, inee arri,'at I'h rough tf>.; usc oflhe n1(}dcl (he interrelntedness oflilC modd comp()nents 

"all dearl} k ,,,,,no 

(l1\CKOl'l. :l)ln, ~AITlRN ,~ND PROCESS OF ,~LlEN PLA""T t"JV .. \SJO",,_ lSI 
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~otentially i"vasi,'c 
speele, 

-- Species 
~hul'o~teristi cs 

C " System comext 

Sy,km , 
sus~cp(ibili() 

, I I 

L.1_S<.'''_l---'f-----*-R-~'__'_'"r''-' ---' 
L __ ----------~ 

Management 

Z Point of lTK>dulmion 
C Ag~nt of ~han!;~ 
I:J Slate 
D Controllers 

Figure 8...1: An inv.%ion cco lc>g)' model template. This gcn~ral model IOTIn suggests how 
the ~au,~s ilbuilic:d in lhe inva ,iun framel,ork (Fig. 8.~) can inlerac\ "ilh (~1~ ano(he, in 
ony situation where invasioll is to b" analY7cd. ['he model idemilies two states oflhe 
system or of a sy,tcm m two lim~ periods (SWle I and Stale 2). Whdhcr a potentially 
inva.,j,e spe~ies actuall~ can shilllh~ ,ys(ern [rom SlaL~ I to Stale '2 j, det"l'll1jll~d by the 
Ihrtt KinOs ofcontrolicl's. "hi,h cotTesp{lnd to the mid-level processes in Ihe iova,ion 
rram~"orJ.... In adJllion (0 1m: nh:chonisms idcmiJied in the Ii-anwwork, lk modd 
recognizes lhat oMllagement COll h" broughllO iJo,ar (~1 on altel'ed system (Stole~) in an 
allempl IU re~~rl il to Stote I. Sp~citic models oimed al particlLlar ,ystcm, ur cunditiun, 
would 'pe~ify how th" g~ll"ral mood cumponents ,howlllrere can r,., paramd"riy~J for 
lhut speciEe ease. This general mode I formal follows the s!tu!egy of ceo logical nuw 
chains a, pn:'~nt~J hy Jon", <'I ,,/. (1994). 

FOXCKOFT clllr:'. PA lllKr--; A'-.O I'IZOCE% OF .\UEN [>L\~T lr--, V\SIOr--, 152 
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CILWllR ~ ,\ NEW I'RAMJ;WORK FOR PI.ANT INVA5.IQl\ Et.:QLOO,( 

Figure !J.S (al An un- or pr~-inv;l(kd sL~t~, clwr;Ktcris~d as thc Sabie/Crocodile thmn 
Ihickcts, (b 1 An im3lkd ,11" " ilh sC3\\en>d ind i "idllal, and impenclrable th "k~ts of 
0rumi<1 slrie/OJ. (t'hot()graphs: L.C I:oxcrofil. t h~ slute ehunge oh,erved In KNf' is Jron] 
all lIn-illVadcd to IlIv()(kd ..tat~, "ilh lk ag~1I1 of,h3l1gC tt.;,ing 0. I/riClo. I h~ challg~ in 
~hmacler 0 J' Ik area i1\\ aded is from Ih~ <;ubie/Crocodile lhorn thickns (as dGscnbcd by 
GCrlcll!:>;lCh 19~3), \\ hich i, dominmcd by In A cocio nigrr:,IC<'!I-< / Comh",,'l/m ariel/lamm 
~ss,>c Lal'"'' (Slat,' I; Fig. 8.5a), I" a patchwork uf sCaILCfG<] Lncli vidllals or "n pcnC'lrablc 
thickcls of 0. ,r/rida, SG'Tra I hcctares in extenl (<;Ialc 2; Fig, 8.5b j, 

IhG inhercnt charoclerisl ie, of 0 .. Ilri<"la thai promOie its in vasion sllCC~'S include 

the production of lurgc q ~11l1 ilics of highly v iab Ie seeds (I.ottcr el al. I ,),),), R"inhardt ~I 

al. 19(19) and an ability lO rGProdu~c \'egel"tiwly (Amhony 1954). The I1cshy fruils ar~ 

uttr.lctivc to hal:>o<:lns "l1d ekphants and thus ~asi Iy disp~rscd (Lott~r & Hotlinann 19(8), 

ThG plant is also WGII prOlected by sriny thmn' ~nJ hus a bitter la,k thut diS'-"'>lLrages 

browsing 

Thc systcm contcxt illciudG' tk intentionul pathway, lhrough whi~h th~ plant wu, 

intmdoced illio K.'<P as an ornam~ntal plant hy humans (Loncr & HClftinanll 199~), 

FunhGr. th~ VGCI,,.-, arG highly effl'Ctive as they are mobile alld '~Il mClve vast distJn,~s, 

stall ing n~w invasiClll tc.ci (Chapl~r 6 and 7). Tlw comhinmion Oflhcs~ cnamClcri,tics ar~ 

then controlled by the ,usccptibility of thc syslcm, which is climatically suilabk to 0 

,·/ric/o, ha' nCl consum~r pre,sur~ such a, brm"ing: ~Ild i, freed of al least cight 

associated natural enemy ~pcci~s (F o~croft 2003 ). 
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Rd,','a n "" of the i nva,ion ecolo:.:y f r:lnlCwork and model 10 managemenl 

I 'h~ i'l\'a,ion "f a plant inlo an ""en elicit, ~ number or manag~m~llt rC'[l0ll'~'. 

' t he ,~ ol~y r~ng~ fmOl no "clion duc t" ~ I.~d " f(lw~rcncs" knuwl~dge or reWUl1:e" TO a 

coOlprchl11si, e colllrol operati"n. How~\'~'- an appmach "",using on the method." 

chl'11111-a l, and lO<Jis lor 'pl"<Oic, rt:lllo,al is thc l11o,l Irc'luel1l respon .,e (Yh><xly & \--1ack 

I ()')l(). (Jnly 'Tlore r~c~ntly ha\-'~ dt<>tts heen made 10 pr,wide a JOur<: hulisli.- and 

,ust~in~hk approach to ;nv~si\-'e sp~ci~., l11al1a~~ment (see Wittcnberg & Cock 2001. 

K N P 2(05). \\,h ich i ocl udcs ; r\TcgmlcJ pe>! man~gcment ur b iolugl~al '-Ulltro!. 

By applying the 'Tlodel ternpbte. I ~'n thus ~hJe 10 cOnle>.ll.aiJsc thc variuus 

rC'p<Jll'~S. Cvalu.1ling each l'<Jmponcnl ami pruviding insi~hl into ~ holistic l11~nagem~nl 

appr"ach specitkd r;) r ~ particul'l r pr,)blcm (rig, 3,6), I e>.pand Ull th~ mudd in mure 

detail hdow. 

The potellti(1l~l' jm'(1sh'l' "pl'dl',' - chamCleri-'"lics alld context 

t>luch may hc done to ~nhancc thc capacity lU pr~diLi im'a,ions and thus cn~ct 

r r~vent~iiw mc~"'re,. Allhough the .'lIl-ce-" of a pre, enlati ve progr.~l1lrne may n,)1 I", as 

visihle as that "I" a rem,w~l programme. Ihe r~sulls (lrc undeni~bly benclkial. Ihis m:", 

be a~hicvcd b} ~umparativc sludies onlhc pUlemially i",'a,iw species' hwaJ hioclimatic 

suitabilily (Rouget ~r af. 211M), or through combining ~n 'ltl(\et"tanJing of Ihc ,pecies' 

inhercnt clwraclcriSlics, and the ,)StCIll COniCAl in "hidlthe specie, i, lik~ly to be luund. 

hir eAampk ~d ~r ,,/, (2I1il4) describe Ih~ ohiective development of ~ list of JtlV~si;-c 

alicn plants Ln Suulh AIi-iea, u.,ing a, ailablc quantllalivc dma and ~xperl knowled~~ Oil 

current patte",., "j" distrihution and ahulld~nce, life-history Ir~iIS. and I,t,)!, cmerging 

invadcrs) clwract crist ics of p0lenlial hahimt. 

Although .,hort of hre~ding or genetic ellgineer ing. little may be donc t" dirccll)­

IInpacl Ihc trait> of an in v ~ dcr. thc m~nagcmcnt uptwns tu control the species may be 

enhanced hy d~\,d"ping an understanding "fthe "pecies_ \-linimising tbc dlkaq ufthc 

lrail, or the invadl"- lhat make il mor~ ill\'-asi,,~ i, largely the \\",k ()rbiolugi~al cOlltrol 

~geJ\ls. For cxamplc. minimising cithcr seed pmJllCti"n or c"mpCliliwnc>s alonc may be 

sufficien llO l1l~nage the invader. 
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Figure· 1'1.6: A modcllcmpilltc for man~gcmcnt respon '>c to invasions. TIle management 
rc-sponsc is llpplicd to the [nodd templme (FLg R.3) to provide an explicit linl between 
manag:em~nl option., and the jn~a,ion pr,x:e,,_ 
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,\ r-..L\': FRAMLWORK FOR PLANT INV..li1jIO!':l FCOI(){iY 

Trun5f"rm~r sp~ci~.< and I1l1emalive _.Iable-Male,,-

In cnt~in cas~s a thi nl sTate may l>c idenli/l ed ~nd de,crib"" ~s un alt ernali,~ "slable-

'l~te" (F i ~. 8,7) , Th i;; clc~rl y links l(l Ihe inv~s i "e m()dd t~mplalc (Fig., 8.4). but is 

dir~d~d at lhe manag:emenl or inlcrvtnl ion re'luired 10 mo\e Ii-om this alternat ive slJte. 

I hi, may l>c the imp~Cl ora lr~l1,former typ.: speci~s. " hich according to Richardson d 

,,/, 12(~~1) is de,cribed as "A suhset (I f inva,i,c planl' "hich chang.e lhe CharaCler. 

c(lnd itinn. form or n~ture 01 ~cosyskms (),er a , ub;l"ntial area relat ive 10 the ex tcn\ of 

that eco>,skm", 

ihe chang:~ in slate bel,wcn Slate j anu S t~ lC ~ rnaV laKe lhe lonn or~n clast ic 

res[,onse (Re). "h~rc. (kp.:nd ing on ma nag<:ln ent strJte gi es. such as removil1 ~ the il1vader 

or bl(lcJ.: ing Ihe p~lhway ofinv~si<1I1. a relum t() Slat~ I ma) m, p'",ihk A [,,,,,,islem or 

rb>lic rcsp'>n~e IRp) "iii resu lt in a Transition 10 Siale J. and j; usua ll y as a result of 

lcgJcy ~ffccts nfthe invad~r. l.q::~cy ~ffect, Jre chang:es ill tm, ah iotic <'nviromn~nl as a 

resu lt of" cumulat ive effect ,,1' til<: length of time Iha t the invader h;,s been pr<'s.cnl. or 

allemativdy. ch~mica l ()r struc lural change, hrought ai>otLt by the i",'ader. 111 

Iran;ll){med systems. C\":n where the invasive , pecks is removed. wilhout re·engineering 

()i"some kind il i, unlikely lhal th~ system will return unaided 10 a Slale i'C,embling State 

Figure ~.7: A ;1ale change model f()r lhe impucts of invasions nnd legacy dfccts. Th~ 
model ind icates the degre<: to which manag~"!lenl JTlay bc elleclive at reversing the 
n"ga ti ve impact; 0 r in, asion . >: and I' indicale e la'l ie and pi astic I) p.: re>pons~s. 
I'~sp"clivdy, 
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Condus;on 

l','nccptu.11 f.."mc\,'o rh and model. ha~ ~ lorrned all i L1le~ral ~omp,,"em of de,dnrin g an 

Lln(lcrST3nding of man)' phcnotn~na in ecological sy'l~ms. Th~ rdalivdy ,low 

dc\doplTIClll in lLl\dcL<taoolng the ~omronents d,iving pl~nt in,'a,i"n, ha, han'lx'red 

pr~dlclioll ~nd has limiled lhe ",imlilic flos;s fo.- m'na~~m~nL I'h~ v(lrious tacto'.' lhal 

h~v~ b,,~n propos.cd ~s driwrs of ;n,asion cI~arly n~ed to be comidered logelher w;lhm 

~n integro!cd frJmewor~. Adv,nce.' in lh~ understanding of ltl,aS>OIlS wilh,n any gi"~n 

plncc n~~d ~xplk:it ~on s ideralion or tile sp~cie, 1,,,;1,. [h ~ r",,~i,'m~ environmenl and the 

conn~ctl"ns I:wlween th~m. I'h is rost"" of factors is a logical ly ~Oll1plel~ ;;,;1 "f Iblur~s, 

__ hich rdy Ol\ e~plicil wmporal ~Lld .'palial ddimitm;(~l "flhe .'ystem of inter~sl. 1'0 date 

modds have failed To succc.s,tili ly d~\'dop gm~ral undnslanding of tLlvasio,l>. The 

,'"ggc-,led Iram~\\'mk provide., a .'Iruclure 10 lacililate synthe<;cs across s c~les atKI 

,itllation, that ,",ght promote ~cnc,al;LatiOfl . Il i, S~Lleml eLloogh to provi<k a COlTIlllOn 

undcr'lalldin~. while al the .<aml' lime. providing 11K Illc~hani.'m.' lhal can he sp~ci tied 10 

an,wer questiol1s aoo"t r~niCll la, in\'~,iol1" 
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()1; NI; Il.Ai, COr-,Tl.lTSIO"l 

CHAI'TER .'1INE 

GF:l'o'ERA,L CONCLUSIO:>l 

[<'ological th~olJ-' lIml ma"ag~m~Dt applicability 

ro ckvelop som~ in<i[;hls into Ih~ l11~chllnisl11' behind al i~n plant invasions in an AI,'ieal1 

savanna. I have considered a nUl11berof aspect< which I heli~\'e to play an impOrtanl role. 

Certainly Ihe range of imponanl compClnents that requir~ in-d~plh in '~'li galion are 

heyond the score or Ihis Ih~,is. However. I have tri~d Il1 highlight some ofthe>c and 

rrovide a ["ram~work for cominucd research and learning. 

I h~v~ nlnsciously lri~d to u<~, and advllnce ,<-icoce (wologicaJ) lhwry. while 

dcveloping userlll managcment outCl1mcs, and similarly. u,~ mllnagem~m pmhlems w 

dcfin~ and devel"p s<-i~n< __ e Ihem), {Tahle 9.1). Ckarly, irnporlallC~ or dil1Cr~nt spatial 

s~ak, and lhc imer"llIlkagcs belv'ieen lhese emerges as a erll<'iul issue. 

In the immd'K'li'ln (chapter II J relaled Ihe variolls ~ompon~nls Oflh~ lhesis to th~ 

'naluralialion-lran,IOrrnal>on' model (Richardson ['I "I. :(00). Willie thi< appmach 

provides 'm ~ way "f viewing Ih~ r~ Imionship "f various a'pecls lO th~ i nva,ion proce,s, I 

,uggest un alternative, hut compkmen\llry, framework lind n",deL which was discu"ed 

in chapl~r 8. I di",,,", my lindings and ~ondu'JOns rn relation to Ihes.: ne\\- ~on~eptual 

wok 

J argue lhal to dcvelop a gen~ral ulllkrstand in ~ of invasions requ ires invcstigation 

oflhree linked components whi<-h logether wnslitUl~ th~ invasi,m pmc~<s. Ihcs~ incilKl~ 

,pe~i~, chara~t~ri'li~s. Ih~ sy,lcm conte"l and lh~ sy,lefTl ,u,""cplibilily (Fi~. 9, I). Ea~h 

of thes~ high~r level ~ontrihuting proee<ses have a numher "f spec itic causcs or 

mecilanisms. "hidl mayor may nOl oc inv"keJ. in a parli~lIlar ecosystem. J have lor 

example e~ pl"rcd. e~pliCil ly or implici tly. the following 'pecies charucl~risties: 

propagule prodlldion, Ji,po.;rsal mo<k, lkli:ncc,. re'OllrC~ demand and c"mp~liliv~ne," 

(l'ig.9.1) , I ilave considered Cl1nnecti"ir:-', pathways of ill\'asion and W<.:lor efljcll~y a, 

I-"alur~' or Ihc ')',lem wntexl, and re""urce ~vailabi I ity. patchiness and "ther fe~lUre< "f 

syslem sl,"~~plibih l) . Thus, al!hmLgh J ha,'e nO! nm,idereJ all the 'p"<-ific mechanisms 

potentia ll y impli~ated. I have still occn abk 10 ~on lri bul~ 10 an overallunder:standing or 

invasions in savanna ')"iefTl'. rhis <-an be appl i~d to ~ n-..xlel (rig. 9,2) \\hich pl~ce' th~ 
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lhr~e conlribulillg processes Lillo colll.'.'t wnh .'ach otocr. irJJicaling lh~ pOint at "hich 

actions rnay be [ak,'n tc' ~nilance management stralqdes. 

I 
Spl."" i.'s charactcristics 

• I'rop~gllic 

production (6) 

• Dispm;al mo<.le 
(2.3.4.5.7) 

• Ddcncc, (7) 

• R~s{)urce ,kmal"l 
(5) 

• COtl1pet iti\'cncss (~) 

AIM: To in "~~li:::" l ~ Ih~ j' 
pn>cc", oj" in, 3,ion oj" ~n Afric~n 

'aY"'"la eC"'y.tCI)1 b~' ~ tie,~ pb" ~. _. 
, 

'-______ s.'.'.",'.".'.'.".'.'.,., ____ -'I LI ____ s.,.'.'.'.'"-,'.".'c.".".'.,b.'.'.".' __ -' 

• C" nllccli, il y • Lncal vcctor 
(2.4.5.6) rre",nc~ (2.4,(,.7) 

• Path""~ s (2.4.5.6.7) • Rcsollrcc avai labi I it~ 
• Vector etfic.ICY (2.7) Illc. di'>1l1rballc~ 

regim" (5). empty 
nichc (7) 

• Palchine" I gap' (7) 

• Ilioci imatic 
suitabi lity (2.4) 

Flgu re 'J.l: App lying Ih" vario"s lhe,i, chapler> 10 a general framework for plant 
J IlVaSiOfl ~",olc'gy. ,",un,bers i 11 bracket, refer to thesis cilapters in wh ich tlw panicutar 
aspeci "as explored, 
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~I',,,ic, cha"'c"'n>!,,> 

i 
S)',"'m ""0'''' , 

S;,""m 
",,,c"pl;";I;l~ 

t '.<I.>fOml<(I 
'Hann. 

(aJ Ma~"'8eme", relate 
scioot,f.c uMer"tandi 

, , 

X l'oim "fmodulation 

" OJ A,gent ofchang~ 
C Statc 
D Controll~r' 

Fj~ur~ 9.1: A mudellur cxplllrLH~ llic conlC.\t and n)le ot-llirec composite processes in 
the inY3sion proce,,_ :md th~ implicatiuns iur m:magement. 

Clemly_ if m:mag,ernent is 10 he sllcc~ssf,,1 in the long-te,m, plans need to ~un,id~r 

'p"CLC' ch~rac!cristic>. systcm "Onlcxt and >~stcm susceptibility. Ch~ptcr 1 indicates Ihc 

irllIXmance of assessing the ri,k of surrounding are:l, both on " species- and area­

appwa~h, :J.nd thus mall:J.ging bOlh the potenti:J.] invasion in the most slr:J.l~gic areas, "-, 

wcll "-, thc mllst importan l 'pecies :J.( spe~i fie -hUl-'pot, Chapla 4 consid~rs Ih~ hum3n 

di 11l"nsion. dearly m~king a casc 1e)[ the managclllent of intentional I mrod unions of alien 

pl:1nl' as :J. focus of invasion , ·\I(hough hurll"n Jimensions of biological ,nva, lons are 

I (, I 
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well recogni~eJ, I ~xp lored these problems in a special microcosm" ~ projected ~rC~- ami 

wggc,( thai insights from lhis work might he applied to other proteCTed ureas before il is 

IOu blC. I ass~s,ed Ihe dynamics of one lcrre~(ri~1 ali~n plant (Of'''''';'' .<trkta), at two 

scales. numcly Ibe l~mlscJ Pc- (ch~p(~r 6) and local->cale (ch~pIGr 7). 1 Wi" ~hl~ to draw 

On this experience in formulating the conceptual frum",,'ork and model (chaple, 8), and 

c()nlcXlUali~c them "i lh a r~ al cxam~~_ rile work on ripari an invasions fol lowing a 

large inli-~'qu~nl J"(,,,b~nce (chapler 5) pr()~id~s insights into the role of palches ami 

difrer~11lial res"urce dis.lrihulion in p<11che" in exumining tllC riparian systems' 

sus.c~plibilily 10 inva,ion. SpeciJi~"lIy a".:"illg ~Ii':ll plant di'lribution data at mulliple 

scales (chupt.:r J) provided the sea l,: eontexl and n.:c~ssary understanding Ihal wOllld 

all"w the ahove d~"'ribcd work to k pbced in ~Ollt~"t spulially. 

rhese componenls IMus provide som.: insight ill10 Ih~ rnedmni>ms invoked by 

alien plants in vading a savanna ecosystem. while collectively. prov iding som.: 

understallding necessary to formu lule more advallced rn~nagcmenl piallS (Fig. 9,2~ and 

Tahle'l.rl. BUlthis needs to he tahn fUlther. In applying an adaptiv-.: management 

process. rnuna gemenl .:xperience must also be used 10 define re'.,.drch question,. and 

>ci~ll ti 'ls net:d to be adaplable in the way Ih~y design Iheir research and Ihe ecological 

paradl glm Ihey ~ollsid~r (Fig . 9 . .::'b; ,~~ also app"l1lii<:es 1,4 & 1.6), 

Scale ronsidcratiOll' 

Why worry ab<1ul seu!.:? It may be argued Ih~t scale is ~n intuitiv.: background issu~ in 

every ",-""logical invesligation (se~ the discllssion in Wiens 1 'JR9. p . . l~5. in his argumellt 

for careful e,,~ icit cOl1s ideration of spatial sculing), I would agre.:: il most oft.:n is an 

inHmive part of ~c"lo~ic~1 rcs~~rch. I ~ I so argue Ihal instead of king a backgroulld 

issue. II nccds 10 come 10 the tore cxp licilly (as argued by Wiells 19R9) li)r Ihr~e 

importanl reU><m, 'I"'cliically. in con,iderillg alien plant il1\asiolls. I·irst, if an 

il1\cst igalOr does nO! con,"ler the grain, eAten! and lime s~ales carel'lIlly ill the resem~h 

design, the design might he inappropriate for the panicular arguments that are being 

inveslil!:al~d. TnlS wou ld lead 10 in~orrect concillsion,. For eXample. th~ debate 

surrounding the issue of "-nether native species richness leads to incrcas~d mVa'lOn or 

suppresses invasion (SWhlgren ~I 111. 1999) cun be resojved to a large exlent by scale . /\.t 
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CHAPTER R _---.0LNLRAL C()NC1USI()~ 

a ,mall >calc (I m' plot ,ca lc) il Lndccd appcar, thal arCil, of low plant sp~c i es richn~" 

me 'l1{)r~ ea,ily invaded, and at a landscapc or biome ",ak planl inva,ion, gcnemlly 

oCCur in arCas of high >pL\: ies richnc>s (SlOhlgrcn a/ al. 19(9), Sccond. thi s wou Id ililow 

r~plication oCtechniques and thus direct compari,ons in mher area,: or. all~ast ailow for 

carefully con,id~red cro,,·,cale compariwns, l'h ir.1, a good understanJing ofth~ ,,,alc 

i>SlLC' arc nccdcd to appl} ,cicnce thcory 10 conservmwn managemclll, Managem~nt 

problems and boundaric,. for cXillnplc the sizc of protectcd ilr~as. vary ~normou,ly imd 

applying: strUlcg:ic, at in in~{)ITecl ",al~ may lead!o E1ilur~. i'u,!mlion and pnhap' I{)>s of 

tru,t in ,ci~lKe or scicmists by managcrs. 

Condudin:: remlrrh- ,1 per,'"",,! per'IHxril'e 

I'his rc,earc.h h", he~n an intensc. cha llcn gi llg and immensely satisfying leaming 

cxperlcncc. will forc\'~r be indebted to my sllp~r'i s{)rs and various collaborating 

scientist, lhat haw play~J a ",Ie in \'arious ways. While developing ~ per",nal !h~,is "n 

lhe inyasion of alicn plant ,. I hav~ been dmllcngcd lo bruadcn my horiL{)ns and thin).. 

widely a~ro>s "-Lb-di",irlin~s in ~cology_ I'hi' has be~n eXlr~mely en-ilillg proc-~", and 

a fouMatiOll On which I look forward l{) blLilding, 

I'oxe Ill'll ' I', 2007 PAlTeR!' ,-\I\D PROCESS OF A I.lE"l 1'1..-\ ~T T"lV ASIO"l. 163 
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ClIAI'IIR'1 (;FNFI{.'II CONCLL1Sln~ 

_!_~hlc 9,1 ' TI~~_ rd~\ti"llsh ip bd" ~~,~ the th~'~' d!~rkr" i ,upl i (;<.llions for rc>c:arch, ill aJla~"'~lCIl I a''':;'';';'';''~'';i'j'';'ii''Jg:.",~;;;;;,;~~ 
Chuptcr t{~'Scarch illlplicuticons l\-I,,-nHg~m~nt implication'___ l~lonjtoring implications 
2- Ri_,k ~>S<'ssm~l1t of PI'l\\ i,\c, n IlLW framcworK Pro\ idc> iI 1j-,1tnework 101 P,m idc" Lone> and arcas (llJs~d 

3- Patl~m' at IlHlll ,pk 
,patial ,c~lc, 

-I. ()rIlJlTI~n(~1 plJnt> u> 
il"d,i,~ ~li~l1 ' 

5 -l'an~m ' ofriparbn 
lIl,a",,,,, 

,,·hich can l>Cl1~r,1 ti-om 
,~lineilWlll and t~still'; its 
applicdbilil)- ill dit1i:rcnt 
silUatil\lls. 

Argue, for thorough 
wllsiJcmtion to \", given 10 

tlw s("ale at which al i ~l1 

plums a,~ in\'~'ligakd 
ccologicdliy. a, wcli as for 
mal1agcmelll al1d monitoring. 

Assesse> the humall 
dil11en>ioll in il1tfl\Judng and 
1;lcilitatil1g ali~n plal1t 
ima,ioJl' Ii-om an ccolo,;i(;,,,1 
perspecti\c. \Vl\uld be a 
u,dul ("a,~ study ~, limher 
exp lore Ii-om a ,,-...:;olog;[,,1 
~pprl\ach. 

Pro\'id~s ~ IlCW approad 
~s>eSse8 (he roles ofp~(dws 
in a blld,c~pc a, ~ith~r 
promoting or inlnbiling th~ 
pot~n!i~llor inva,ion in a 
ri\'~r ianJscar"', and ,,·hich 
coilid b~ fllnher I'cscarcheJ 

assessing area, oi" i ll("r~~seJ 

ll1~nagenlenl inlportallcc, bOlh 
fnN" d .\rca- allJ ,pecic,· 
p~rspecti\'e, 

Pro\ id~> lIndcrSl~nJillg of the 
impl\l1ance ohp~("1 1 sc~k ill 
as>essi Ilg alicl1 plunl .Ii >tri\>utiol1 
and a Ill~nll~r in ",hid 10 

Jd~rlllill~ lh~ b~sl ,rak of 
rc>olutilHl for cxpll\ring tll~'C 
is>u~s in ~ pattic!lbr sc~nario_ 

Pmvide, insights into the 
managc lnent and policy 
procedure> tilal were put in place, 
and di ,cuss~s s"m~ 0 i" lhe 
high ligh t> anJ ,hoC!- fall>. 

'1ualL'rnary w,ncr,heds) "t",,, 
monitoring i> r~qujr~d to d~t(."("t 

all illflux ornew specie, or 
ch~llg~' in ahunJ,ulCc. 

Same as for nmn~g~m~nl. 

Indicate> the illll)()rl'lIlcC of 
ml<.liting Illall"g~mtnl "f ali~n 
pl~nt> in known al1d IHgh 
priorit) I'Ki_ 

Indic~les import~m patches acr05> Simi lar 10 m~llag~mclll. 
a bnd,cape that >ilOlLlJ b~ 
m~naged J!le to CUlTell1 or 
potelllial i,,("r~ased kvel'oi" 
In\'d,~)n, 

FOXCROFT_ ~OO7. PA TlLR~ AND PROCESS OF A!.IEN PI.A~T IN\'AS IO:-' 1M 
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C! !AI' )J',l( ') 

6· 1h-~'.'>t,,,;Icn~ 
(i"",,,;,, .~/rI("/U IIl"a-.ion 

7_ L .. ,.:al-s.:l1l~ d>nam;cs 
of ()pIHllm ,"lncta 

IIw a~'O)j 

~ - A ",II "'HI"cpi",,1 
1;-;,m~wor1 fur iIlV"-';"lh 

10 relin.- thi, undL..-stamJ;ng. 

f'[\" iJ.....J d"lai b inlo Ih" "'k 
"f IlI'oJ{KI!>ule I)re;.,;ur~ In 
~ltI."'lurinll panems Dnd Ih..: 
J)",sibl" pnx'CS5 and mte of 
;n. "",i"n "Wr lh~ l:w 5U 
y~a~ This ""Il ~onlrihuIl'l.i 
10 Ihe e.'1'lanal,,,,, "r Ih" 
~O,,,,cpluaJ louis dcvdoped 
in "hapl~r ~. 

rm> 1deu d" "ik-" inSight' 
jnl" Ih~ irnpf".t3l"'~ "r 
vc,lm-;., nu""" p l~I1 's Jnd 
mla,,·dimil'e ill 
cMahli ,hmL"fl1 or Ihi, ~P'" je,. 

IIJd;.:al~S 111.1! to COl\lpk!~I ) 

lLL.ucr'>lanJ a rrobkm, 
ltclailcd 'll.Ji~~ ()fit~ 
ccol" gy ,11'. lIeedeJ , 

l 'fOV;d~> 11,11 loo ls Ii". 
~~p l(lrin g all)' i" \' il , iyc Illa"l 
';i u,:!li"n.l!~l1eraliling anus, 
.~:t l'" amI ":~"JriQ.\ and dlUS 
<Ie, clop",!! g:~." . .,-ality in 
io\a.li"n hl.llu~). Althuugh 
<I<:>:illUlxl t,)fI)(a,H ifl \ a>l<>!ls, 
i, ""0:;1 lild} appli.ahl~ 

K~jnIUl'<:c.s th" ,n'I"''IlII''''" "r 
tllall:lgiug oUII}inJ;' fud:l. Ihe 
dri' I"g f:relnr iUlhe in\·a~ion 

1'"",,,,,,,;;. 

(' oillrihllies I" lilt 0\ cmll 
unde",,,ndinl! of the PI\":~SS o f 
Op""li" ,'Iriel" in va ' ;Oll, ",hid't 
alJo\\s impr.\\'eJ m~"~g~lllent or 
th~ problem, 

f> ro\';J~s i,,, i ~ hts into 'h ~ 

il1\r"n~"t 01L .. ;. h ~llI.m it, " 
pa"i~lar >c'coari". a ' iu ibu. Ih~ 
imp.ort\mt atlrio!ltn Ihat o'-\.'<! W IX" 
~oll!;i.kl1.-d in f'H mulali " " 
m'll1ag~m~fll r"~po".c~. 

rm' ,J..:. all iJo.\1 "r "her.: tu 
m"nUor ~ "ell ~s b<L,,:f ine ,j~I~ 
10 a~_..." ..:ha ll~ In distrihul lm, 
Md ,jen"I~ of O. \/ncUl. 

lJ)' higill ij?hling lh ~ imp"rWl11 
alLr ihu l..:.) "fa r~rl;cu la.- " ",'a",,,, 
prnhbll , m;ghl pru. ide ail 
Indi~~1 i'lf! .'1 Ihe asp.:<.: t, liliit 
II~-ed mu"iluring. 

~~rU!i> t:u.ooom ic !l<Hl{l!l. .. 
I _ ~ld";"Jri "S is rel~rr~-d 10 h .. 'I': ,,~ Ihc ahi lily III detoxt d"",ge~ ill Ih" d i~lnb,,, i ' MI and ahUIIJ:IIIC~ <If u ~11C ... i~~ 0'-.. '1 I;m.:. 
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APPENDICES 

Plants in '-'ittional Parks: Persp<:ctivcs from South Alrica and Australia, Tn : 1'1,,111 

Inmsions: hu",an p<'TCCl'lioJl. <!Cn/ngicai impacrs and "w""!l:cmci1I (ed~. ~. 

Tobrsb-GuLik. J. Bnx:k. G. 13","du. L. Child. C. Dtichkr, P. P)~ek). pp, 391 

.1117. Il~,khu}, Puhlishers. T,eid~n, rh~ Netherlands. In pr~s.,. 

I .9' I;"xc-mn I .. L & F reita~-RonaldS()n S 2007. Seven de.:ades of in,t itutional 

karning: man~ging: ali~n pl anl invasions in thc f..:rllger Nalion~IPark. Soulh 

Africa, Or;'x..\1: 160- 167. 

I'art 2- Alien plant list. for th(' Krug('r ~ational ('ark. 

This appo.;ndix is bas,--J on Foxcrolt ': l al. (2003), and SI,bscquetllly updated I'ilh data 

managed by LCI· ill lh~ SANParb Conservation Services division. I he aim of this 

"ppendix is to p"ovid~ ~n ""crall I"t of alien plams for the Kn,ger )\ational Park. as a 

ret"r~'l<:e pOInt. 

2.1 1'3 hie: Omamenla I al icn planl 'pccies r~co"leJ per camp in Kruger '1atioml Park, 

indicming the number 01' camp.' in which eoch specics has h'en r~corded_ a., well 

as mode of imroduClion (Chapter 4), Specics names, authorilies and indications 

of natural izalion are ]""ed on ]-'oxaofi L't al. \ 2()03). E videnc~ 0 f c-ullivation 

mC~n, th~t the tUX(}I] "as intcntionally introduccd. p"opag~1ed. irrigalcd and 

lended 10. E, idence 0 f natural intio" m~a", thal the 'p""i es has nalurali,ed out 

side of staff gardens and tourist r~sl camps . .it might happen lhal the species 

nmuralized (naturalized. sensu Py,ek cl il/. 2(04) in the vi l!age em·i ronmem. not 

ne.:essari Iy in Ihe natural landscapes, • inJ icaks t.hat thc specics is i nvasivc in 

K)\P, 

~,2 Ta bk: Disl ribln ion and nCSli:Jn ess of al i~n plan! ,ped~s bel'>\ ~en ca mps (Chapler 4). 

2.3, Foxcron L.c., Hend~rson L. r-;i~h()ls CUI.. & Mani" H.W. 20iH. A revised list of 

al .... "n plams lor lh~ Krug~r National Park. K()I?Jol?..\6: 21--"\4, 

2...1: ]-'oxnon LC. 2007. Cun~nt LiS! of Alien Plants forthe Kruger )\ational Park. 

SOLJIh Africa. South Afrie.an Nalioll1llParks, Skukul"l, South Africa. 
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i\\d",bt:t: 

Al l data used in th is the,i, i, in [h~ pUKe, s ofh,,;ng <'atalngued in the Kru ge, "atinnal 

[',Irk dala (mt:i"d:t[a) reposilory. :tL1d i, ""':tilabl,, Ii-om Illt[1: /,,'d atalnr.s~llrarks_or ~_ 

In add,[il'n. lhe rncl"dma will :tlso be "al:t]oguud in th" C~nlr" f()r ]n,..a.,ion Bi() logy. 

Stdknbos"h Uni,..ersity data rq)ository_ wh,~h is a,.."ilah l" Ii-om h ltp ;/iir.sun ."~_zaiL,b. 

A Itematively. you may omta£! me at I .Ie,,"] h'n I . "ii',anrarb,otl::_ 
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,\I'I'ENDICES 

P'lr1 1- ~lmml(e",eIl1 i",pli'·~1i<'n'. 

I. I : ,, 1\ I' I'ol in'i Standa rd " p" rat in g procedu rc on ~ licn sJh:ci~s malldgcmCnl (l"il"plcr .. ). 
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Al'pl'mJi~ l.l: 

SOI)TII AFRICAN NATIONAL PARKS 

THE CONTROL OF .·\Ln:N I'LAIH SPECIK"i IN IH:V~:UlP~:D ARK~S (W 
THE KIU'GF.R NATIONAL PARK 

June 2004 
Prepared by: Lle\,,'lIyn Foxcroft 

1. I~TRODU(TIO~ 

I'u rpow of this <locum cnt 

This slambrd opermi ng procedure, whi~h Jalls under the alien species po I iC}' J,)r 
SANParks, provides guiddines I,)r the mnlrol 01' alien plants in all developed areas in 
the KJ\P, Jl provi des o~~upants "ilh inionnation on the )'('guiali()ns, ,md indiGlleS 
"hidl spe~\es may nol "" ~\.\ltivaled in deve loped areaS, 

Scope ofthis document 

This documenl re l"r" to all pbnt species within devdoped areas in lk K:\I'. This 
indueles all developed and dislurbed area" namely, resl camps, pers()nnd villages. 
mnger ()uIP()sts. enlnm~e gates. ~on~essions, oni~es and any mhd ,imilar areas 

2. B.~CKGROlND A~D DESCRIPTION OF TILE PROBLEM 
ReSC,lI'~hers h;l\'c est imated that an effedive progrJln to cont11.1l ill'asive alkn plJnts 
in South AflieJ would cosl approxim,uel) lISS 1 Oil million pc r y~ar for the ncxt 20 
) earsl A Ilhough a proporti()n 0]' i nvasi, c plants ti Illl lhc" way i 1110 Jreas il"cidentilll) 
(as hil"hhikerx on ()Iher Iransported goods) inlemi()nal inlrodun;ons ol' planls lhmugh 
o,-mulIcntal usc. ~()mmer~ial iorestT)' ,md olhcr means, a~C()ulll I,)r " large number 01' 
ill\'a,i,c specks worldwidc. Invasive plants ha\'c elc,uly been shown to have a ,erinus 
impJct on biodi'ersity, production ~hility and ecos}stem services (sud] ,b "aler 
pro, ision and purification) . 

Cnfortunatdy, mOSI invasions are c'hara"teri7cd by a '"IJf"phase" during which time ~ 
'pe('ies may nol invade or causc any disrup lion at alL Further. this lag-phJse mHy t;I~C 
up 10 200 years bd;'re the allen species l:>e~olTIes invasive Jl1l! is rec()S'lliYed as J 
serious problem, B} this pOlTIL colllro! ix C"Sl!y and Iix:'luuul) nol elficlen!. Our besl 
defence is to bc' p",·adi,·e and rc'mOve an} sJX'cies that d() lint be long in Ihe area 
beforc' they havc' the opportunity to invaJe. 'vIan} ()ftlle sJlCcies mrrently rcgardeJ as 
serious invasi\e sp",eics illth" KJ\P include species that \\crc uscd commonly as 
ornamental garden plants, rxamp Ics include the Upllfllia sir icra (SOUI' prickly peal' 
in\a~ion cO\ering RO 000 I",c~lres Jround Skuku7'l and still sprcading). L<IIllana 
camam (which has in\'a,ded almos l all the main rivers in the Kl\P) and e,en l'isria 
simiiore.' ("aler ]cltuce), which I')]'lll<ln) years ha, been a problem on the SJbic river 
and Sunset dam, A II lilese p bnls were cultivated in the Sluku~,l \i llage (m>d Olhers J, 
and were not initially kao ,vn to be invasive - just ,b we d() not kn()w whi~h species we 
now cultivatc will become in\'a~i\'c in the future . 
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This ul>CUlnen\ s.:Tves ~s ~ I()mlal re(;()fJ or the prohihition of ali~n plam speci~s 
\\ it hill KNP personllel vi Iiages alld rest camps. The dOcun)('lll "ill also i()rm the basi s 
or the K"<P Cou~ olTondu<: t -Alielll'iant sedioll alld proyiJ~s ciarilicalion or lbe 
r~guiatiollS SUlTOLlooing ali(;ll plant spc(;ies in the KI\P 

In general, the practice ,,1' prnpa~ating and dispcr,ing prohibil~d al icn planl spec ic, in 
lhe KI\P has cominLI<'d in comrawntion oflhe Kl\'P Code of Conduct Jnd in spite of 
lhe Alicn13iow Section', efforts to control th~ s..-: _,pccic_,.lvlJny ofthcs..-: specics hJve 
invJ(kd riverine Jnd othcr ,lrcJS oft hc K~P or have the potentia l to do so. \1illions of 
HJnds (up to R(' million pcryc,'" in the KNP alonc) arc he illg spent ;",nLlally on 
rCm'" illg thcsc pian ls (lu lsiue or re,t camps and slalT "i llag~s, "h ile other pOient ially 
invasi v~ speci ~ s ar~ \Xillg "al~r~,l/ilTi gated (mallY "Ith higher waler llee,ls lhall 
indig~nous sp~ (;ie s) allJ (;ulLivate,l_ 

rhc lon~-t~ rlll aim (,fillC (;UIT~nt alkn plant poli9 is to promotc a corpor,ltc 
"n,l~r'tanding oj" th~ ,langer, a,S(",ia t~J ",ilh alien ,pecic, an,l to ~nsure long-t~rm 

prot~dion Ii-om th~_..c sI>cdc, by aiming I()!-a KNP where on ly indi g~nou s specics ar~ 
us.'d in the rest camps and vi llages. 

J. !'IUJ\C1PLES A~D DEFINITIO"iS 

J.l I'rincipl"s 
Sout h Africa (,md tilCreforc KN P) JS signatories to thc Con vcntion on 
13 iou ivc rsity, under A11ic I e 8 (I I) hilYC an obi igation to : "reno t the iotrodudiu" 
of, control or cradicah' tho,e alien specI'-' which Ihn-aten ecosystems, 
habitats or specic'. 

• In"asi, ~ alien _'P"c Les are regardeJ a, one or the grea\~st lhreats to the hioJi versit} 
ofth~ K:"P, 

• The Kl\l' shal l striY~ to removc all ali~n specics whcrc possible. and to rcstol'~ 
prcviously invaucd or planted arcas, in ol'uer 1(.>1' thesc sitcs to I'c sembic 01' !('1'1ll 
pan 01' the functioning landscape anu ecosystem 

3.2 Guidelines 

• No notions of"natmalizmion" are takcn into account. 
Although all alicn species arc undcsi rablc and tllCir introdlJ(:tion prohibited, thc 
control of species shoulu be tradcd off Jgainst thc impacts anu costs (ecologicJI 
and CCOllomic) of controL 
Fconom i ~ henet; ls to pre' cnt.ing thc intro-duction of Jnd for cont.l'olli ng spec ics 
should be Je\'elop~,l wher~ver possible (c.g_ Working I()r Wat~r). 

• t-:fl()rts shoul,l he made lo remove an pr~vi()us intf()Ju~tion' (i_ ~_ the r~mo,al of 
alien planl, in rest ~amp_, and la\\,n grass~,)_ 

• Ccrtain alicn spccics ne~d to he ac('.eptcd a, part Oflh~ KNl' ~co_'ystcm. Although 
undcsirable, it may cillICr be impo,_,iblc to r~ll\()V~ tlIC,c specics duc to thc ,calc 
(spatial and/or temporal) of invasions, lhc c haractcristics or ccrtain ,p~cie, or duc 
to it being cconomical ly too cost ly 10 achicve. Wilh this in mind il is OUl' 
obligmion to continuously stud) tllC long-tcml impact on biodiv~rsity and 
UOCUtllCnt such impacts 101' the bendit offl11\ITC gen~rations andmanagcrncll1 of 
oth~ r arc as. "here the invasion is not as advanccd. 

• The in lelllional in troduction of Jny alicn species into thc K. ~ P is pro hi bitcd 
(unle_," an apprm'e,l spe<:ics, e.g_ biologicJI control or approved pct). 

2 
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• ent"in Sp.:~il·S may h~ appro"cel tilr imporilltion inlo th~ KNP, ,,·here it has h~cn 
pro\'cn tlmt thl' introeluction of su~h 'pecles i > I)l'n~ licial lind pose> no, or 
mimmum Llu-caL For ~x "lllplc, hiological ~onlrol I(,r tl", lon¥-t~rnl nlJllagcmenl 
or a parti ~ular in v"si ve <II icn plan 1 

• Any n~" inlnxlunion or an alL"n sp.:~i~s shoulu I", r"porteel and elispo>cd of 
illllllcdiakly (m a sllit"hl" mann~T). 

• It is the resl"ln,ibilil Y <If all SAl\" Parks pcrsolll)l'1 (and 'my other al1ilial"d wnlracl 
employces) (0 ensurc lhe implcmemalion "flhi, poli~y_ 

• All applicable kgislation will be lIdhcrcd t<l as a minimum guidclin~. with th~ aim 
to further improve (hercon and providc an ~xamplc l<l all South Arri~,ms. 

• For those specie> req uil'i ng impo11 ancl export permits. thc Slate veterinary 
services lind thc relevllnt imponing or eXl"lfting provincial c"ns~rvalion 
or¥ilniO'll\ion> should be consulted . 

. ~.J Ileftn iti"n "f "indigenou'" and "alien" in thc KN I' context: 
The j(,llowinf! <klini ti ons will inui ~"le ll", 1 ype> of sr><:cies thllt mlly be plantcd in a 
particular ar~'t: 
Large rc_'l ~amp', jouri_-t entrance gates: 
Although landscaping and culti"mion arC allow~eI. "II planl' <Ire to be r~slricl"u to 
thosc known 10 bc indig~nou, within the landscapc in WlllCh II", mmp i, ,ilual~u_ 

Small eamJ1~, ,ueh a~ prh'ate ,md bush ~"mp.~, concession_, and wilderne._, trail 
camp' etc: 
\10 lands~aping or cLlitivalion allo\',-.:d. Therefore only ,pecies c,ccLlrring inlhe 
inml~diate \ i~inily oflile ~amp lire allowed. IlleS<: plant, arc to gmw naturally inlhe 
camp_ Planling 01- sr",~i~s may only be done in ca>~> ,,·her~ the camps ha\'~ occn 
ckarcd 01- vq;d"ti<ln "nu th~n only wilh pl"nl.s oj' lh" speci~s foun d in the immediate 
,-icinity "flhc camp. 

Villagc~ and ~taff ganlc]1s: 
T re~>- any (rees fO\lnel in thc K:\ P may he plam~d. H"wcver. phlming 01' trc~s ,hoLlI u 
pr~kmbly be restricleel to types founel in the vicinity ,,1' the \'illag~. 
Shmh, ,mu Ilow~rs- in g~n~ral.lIn) shrub or flower from the K~P, I()\\"vdd and 
cs<:arpmenl ,,~o'y'l~ms ar~ a II ow~d. 

-I.I·OI.J(:" 

L II is Ib" responsibil ity of all SAN I'lirb per>annel (and any olh~r atlliiated 
conlract ~mploye"s) to "nsur~ the implementJl ion of (his policy. 

2. /\11 apph~ahle k g:isbli<ln kg:- '\PMRA and CARlI.) will be adocred to a> a 
minimum guieldiT1l', with Ih" aim to I-Llrlher improve tllereon anel sct a goo(i 
cxampk I" "II South j\lii~",1S 

_, _ Thc introuuction, pr" pag:ation and ~prca(j of any alien pl'lIlt Sl)ede> 
"ithin the KNP i_, _,jrictl~ prohihited 

4. All vacam gard~ns will havl' all winl sp,,~ies r"moveel, r~ga relks ~ 01- lhe il 
appar~nt im-asiv'Cne,s. 

5. All occupied gardens will have tbc NEldBA i C.\R.\ li'leel plants, "s \\~11 as 
olh~r well known invasive specic> anel fruit trees r~m",,~d as a minimum. 
Plea»:: »::~ atla~h~eI lisl (Table 1-3). 
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6, Rdusallo compl" wilh the regulalions as stipulatcd in thc ~liMlll\"" tARA 
j\C\ is Jil of knee Jr>d full co-operillioll is reqUired, Th~ Fxccutiv~ onkn, as 
defino:d l>y tho: reguia1ions may in~ped p"'mi~e~ to ~"Sllr~ lIw,~ regulations are 
king adhned to _ 

7_ Th~ m.ain S(}ur~~ orall plants li,r cultivation should Ix: the Skul..uZ<\ Nursery. 
'\0 othcrplams "ill 1><: all(",~ d into the K};P. Insp.:c tions at the ~a\e should 
includc d,.,(l..ing for plan1 malCrial LO prevent the introduction of al ien S\'l<!ci~s 
lhrough 1he gates. 

g. Prohibitcd spo!cLes (i,e. specks li st~d in tnbles 1-3) thal are grown in pots wi ll 
"01 bte aliow~d (Illckr any ~ircl\msla,,~o:. Any mher al i~n plants ~rowing in pots 
will only I.,., allowed provid~d th~y do not produce an)' sced or vcgctative parts 
which WIll allow >pCcies to ~>cap.: Ii-om pots and hanging baskets, 

9, 1\0 alien plant material may be distributed between gardens nnd bo: allowed to 
e,tablish. 

10. No alicn plants may be dUlllp.:d over fences or in any other place other than 
that designated for that pUl'pos~. Thereafter. the alien plants shall k killed at 
the disposal sites to prevent them from estal>lishing and escaping. 

I I, No alien plant may be planted ~gainst or ~nwl\[~g~d tf) grow on and Into tre~s_ 
l~_ the Invasive Species Section or th~ o:x~culiv~ onicer (a, ocsignated by the 

re i>ulat ions) may inspecl the premIses for plants species al any time. 
1_1. Clearin~ worl.. is an ongoing process and temns will be required to revisit Ibe 

i>ardens on an on:;oing basis to remove re-grov,th and follow-up previous 
operations, 

14, J'be KNP reserves the rigbt lo change the declared status of any plant ~l any 
lime. 

6. RELATED POLICIES A~J) [)OCt:1\l ENTS 

• KI\I' \Vater Us.: I'oli cy. :>.ll1ny im-as ive alien p lants use considerably more warer 
th,1I1 indigo:no us plant s. I n flddil ion. i rri gation of lawns '11"1<1 m~im~i ning watn 
intensiw ~ard~n plants r~"d ts in j'\lrth~r waler W~Slag~. Sl\ch lawns and gard~ns 
,hould be r~placed with il>Jigeno\ls species (reSI nllnp' ~hould Ix: planted bael.. to 
il\digel\(l\L~ shmbs anu trees 10 r~seT\\hk the mlllo~pherc oj" the I",,,, cld 
ecosY,\Clll)_ 

• Code orConducl- Kru~r I\ational Park, 

7. REI-EVA:";T LEGIST A TIO]\;" 

• CA RA - C onserVallOl\ 0 I' Agricullural R~sourc~, l\CI (.'\C'I 4_1 0 (. I 9R3) 
• '-<ational En I'ironmcntal Managemcnt Bindi versity ACI (Aci 1 0 of 20(4) 
• '-'lItional Environm~ntll l MlIllagen-.ent I'rotected Areas j\C\ 

• TI"I\! Conwntion on Riologi~al Diversity. Artick S(Il)_ 
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P"rt 1- jl,bR"~"""'Rt il1lpli<·"t~,,,,. 

1.1: I'o-xcroft L. & Richardson D,\\. 2003, \1anaging alien pl''''l inyasion, in (ile Kruger 

National Park "outll Afri~". In' l'faJ/1 ill"asi()m', EC'()/()x;,-al Threal), "",1 

Managemen' Solution,' (~ds. I .. F. Child . .1 II. Brock, C. Bromdu, K. PI'"ch, 1'. 

Py~ck, P,M. \,:ad~,«: \\. WiliiamS<ln), pp. 385 .. OJ , lJad:!HlYs PublLshcr,. 

Lcid..:n. Tn..: ~c(bcl'lall<h, 
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ArrE:-.IDlCES 

I'art 1_ ,\Ianag"rn"nt impl ications. 

LJ: Frci tag-Ronal J sOfl S. & Fo.~crott L.c. 2003, All\hropog~nic ~COSySlC[Jl in llllcnccs 

in the Krug~r N~li"r1U IParL In: 7"~ Kruger F.xrai~n",,: F.'olog}, and 

.. II"''''Xe'''t"m o{S(}"'ilino lfelangent"ily (~(k J Du T oit. K.l f. Rogas & I I.e. 

lJiggs). pp. 391-412 , Is land Press_ \\Qshingtol1. D.C .. USA, 
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l\lanaging ali en pla nt invasions in 01 (' Kru ger ;\h1tiumll 
1':1 1''', South Afr ka 

Ucwdlyll C. l'oxnoft ' and lJa , id '-I. Rk h"nho,,' , Alie" il,,,,,, ""('(io,,. /;ru;,,,,,r '\'(Itil:;""II'm'k. &>urll _J},'icml N,ltioJ'" (t"{,L PBug 
X.ln), .I'1'.'IJ.";(1, 13511. SOI)lH . .JFR{C{ £ -fil",1 U",,,,llmF1i!(1ad,,'"s"'((!.Z" 
{"-"til" ,,, for I'!anl ('0"-'0 Imio", ill!l"n), Del)w'lm""I, f..'n i''CI',\IA' '1' Cupe n'll'n, 
iI()I")"bo"c/1. ill!} SOI'THAFJllC-' . e-I>wii ril:!Jli;bOlOOO.""'.", .. c" 

.\ b,1 r:,," 
In''''''' o.h, ri o,,, ""', 1 ,,,' , .. ,,,,' '" " )",",,1,", in ,be Kn,~Cf ~"tio"'1 1'"",. K ~I') ," I ~]7. S,,"C 
tben. ,I" HUm"" ,r i""."'" ,I,,'n """'" ,,,,,I '}'!'O' of i:llp.><" ,Dd ,II< o,,", oil ,'''~'"'' I"" be,,'''''',' 
,,~i"ly 

Ill" """ w~lq""",: ' '''''-,'''',] ;" ,'",b. nc: L"",,,"" C~"""" L (If,'''''''' s'nd" 11""-,,,,," 
(l1a"""I" :', , '}",,,,",~;~,",, "dol''-''~ (I .. ) II.. '-1 KJJl~ I:. H 1(01) __ ., ,,1 Lh ,,,, S,.""" ,["Gie" W"'e"l",,.d 
a~,,,'''' "t~, D~h)"", "" A",I/e ,,~Ii<""'d,/," L"n Vcid.-",,,,,, """,'0',',' 1M,,., , j S":",;,, i'",,,,, ," Im_ 
!i"/;",, L "",I ,~' ,i''''' ' i "",I,,"'~ " S, ~flcch. I 1\-;0« ~,;" 1""0 ~ ;,pt"<,.;J ,,, .,, [he p"" ,I",,~ II " 
'"', ''' """ ')-"'"'' ,),." o"~"mc (..,:':8 ,II< I',rl;, 11.,1";"< 'Ilr""gh "g,,,,,,lIw,, I. t;,"~")- ,,~ I "'~"" _ 
, .. ,,,' I,,,J. n" ",jx~ mom l'I<,i"""y "f,p,.,oJ "'" I,.on iWlll ~""U" i" ," Ir, i:hlg'" ,"Ki ,,,' 0","1',' 
",,,I,,,, h I()-;P, ~ i nr"';'" ,',gc,"'""" ,Jom "",,, ,;y"" ,oJ n""'" ,,, ~ .,,.,.,,', ,,,,,"I , " ." ~."" 
"'''',,', ~t" ,;' " ,h", i' ,-.wk"", "" wiJe'I,<c,J ,,~ oo,',r.J;,u\t "' ,I" <atel,""". a,-o,,, '" II" ""H' n ",,, 
","""1<,.,, y,<p _",1",,,, 'h""tcn '0 ;" ""ko thc l'Orl; ""'''-

'"me I"~r<~' h~, 1>;"" ",_,J., '" "''''~nLh~ ,II< m'm""";"~l1 "f lIl"" ;'" ,I i, ,, .<p-=';" with 
'~ocr n:all'g""' ''"L ,'""" . "" '" ,I,e 1(1\-1', , \ ""'"'.'''''0''' '0" "'" 1"",,1 " , , li~"","<"r" (,!' 
l'h",llo ldl of I',,",~;,I (,<"","", \TPC,) I~" b,oo llC4l lcn:cwed. 'ILJ i''''~'M "I"" 'l"'e'" """ 
r,,,,,,ly ""IL,1«: ;" Lk 'y,"''' TPC. 11>'-'-0 hern ""fmc.! v. It" I"",,, of .0rer,,,,I, ['),,"se !Dr 'I"" 
,,, I ,,," ''',,~,",' I ,,,,,k;, \1,,,,"~'''''''' ' ",tio,t> 'ore i"",iM~ "'11<,, Lh<" I;",;" ,'" ",,,,,b:. n~ 
"]Co,,, ut' ma",~",,,,,,,' &.l',~" ,ii,,,,,,·" "' 'ID-',,,ivo ,1e,,1'0 ;pcd" ,n tl" "", <1'1,,,><1, '" " S"'''' 
""teot cw, LI", "1'",,, ,,,' ",~ " i,d m'iJ"'~""XT" o""I""r .. Ie. the ootch""".' .""'" "I' tb e ";;-,,, Lh" 
~<"'-' '1''',u~I ' tI" P,,,k, f ;,.." orl,,, ,..-.-"'ili,-"", rlll'lc""mc~ ,,' ,41"".< :h, ;"""""'-"g ,,-,\: "I' .h[ea" 

I',,,d hy "",'";''' "I ,,,,, ~" " l; '''''' "I,,, """'L10,,1 

1111 rndll CI io n 

Th~ Krllg.r NmlOnJI P"rk r "Ik K"IP" OT "the I',,,.") i; >It\~,,ed on th. ",,1"11 ,id. 
of t l,. Lim]1a]10 ",xl \-1]1 lll",,1 '"~. plOY inl-'" of Sn,,,h Africa, OL1d i, t"",-d",~d "long 
its emire ea,kfrl ,ide "l' \twi<mbiqu ~, rhe 1',,,K. extending 3hO km ["<Ih ","'th ", 
,outh and co"oriTlJ? 2",(~fO k111', IS on" oftb . iJrg:"Sl ",,,.,,,;n Ule: ,,'arid ""","god pri­
nlMill' for' he eO",eT\-'Jllon of bi(''I1iv..-sity. Tile KNP ["lis ;" lk ,",',m"" hi",,,e of 
' ''''T hem ,\ /iXJ (Schaic, 19~T,- ]I. h'l 0 [ (ho lCgion c;' p<:\"," e~, " bot w~1 ,~aOOl1 of 

Pi"".- {""a.<i"" .'-- £""(>'fic,,,' 1'1""",-, ,","' M,'",,~,,",""' ,,,,i"Ii,,,,~ -"I'- ,H5-.(~,' 
{:,(,"',( tJ' L.E. ni.'d, JH Bmc',', C, fj,-""J", /(~ l'l'(d.-, l' i',-,(,,'( i'.\I, 'Ii,d" "r.d,lf, 111m""",,,, 
\l ;~!) llucl,l1Il' P"blt,h,"',', LdJ",,', f !.-.' Ne!hd".-,d,' . 
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al'proXJLnat , ly tOil' IO eight months JUfatLoo. "nd ~ ""'lll dry , ,,",,,-In , 'I hl ny.fivc 
"landf>Cape {y!"s' (G , rtenb,,,h 1%31 for m:h;, ho", lor divldmg II>,; P"r~ ",~, T1l~l1 _ 

~geahl . ,eel"". Th" K'-JP " cro,;ed hy ",,,en m".I"r ri "", systems (hg. 1 I. "" o r 
will ch ori[,:i",,:,' 'n tl-.: "", t nt ,h.; l'",1: ;mel drain" combin"d "rc. oi" ,~)o ", S~/,()() 
;"11' Large [", , (io n, of the,," d,-,,, nage area, or" """,I ror 'nd 'dLr}" u!(l ic"I :""" COm ­
mer("ial li"e,:r)" and human ",nl.m' nts. All th,,~ rivers tl"'" through Ih" 1 '~Ik . 11d 
min MMall ~"4"e, Bec",,,. or the Llnp<ll'l~l,,'e of :he liver:; os m n<imts ror dispcT,,1 
,'f mJlIy IT" '''''''' ali"" 'f"'C' "'. Lk P"r' "ClS '" a "filler hel wee" South A Inca Jnd 
~ lO/""lhiquc'. \1 0~""lhlqU " h~, Ie" ~"p,,~il y :0 m"na~" 111\-,a"Ve ' pe,'",s lha" South 
1\ Ii"a, so th" K.." r I"" all lmoon"n! Ie,plJll>lbl h Iv to pre"""nl Ln" <rlead or lIwasi I'e 
,pe("ies through th" rork "n~" j" e""".-n ""rel", 

c £co{""'., ".t_. 
• f,I"n c.""",. 
• 'J!!-c-, (;;0 ,,..,. 
• H"""", Po ,,, 

N M.", Po,'" 
SccoM..- , R~.; . 

~.e"e" ROO<] . 
LJ KNP ro.,,,,",,,,, 

R".'$ 

J') " ---

, 

¥ 

• 

..•. ~-;\, 

-. 
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Tll~ r~c~nt de\'~lopment or" tll""ive T ran,!i"onti~r Pork I illCO'pDrJling tlle "'<P 
Willl (;onerllao u and (;iVa parks in Z i rr\b"hw~ and \1o~aTILbiqlle) reL ll forc~, tll~ 

""P', 1,,,p,,n,ib,l ily in [hi, "'gard 
11,. "'~" I h~t " )l OW d", K N I' WH' ()('C'1,,~J h~ gr()up' ()ffl()m ll J ", "· .. I1 '.r_)'"lh_ 

er.:rs for lhollSaJ1J, ()f,. • .,., bdc.-.' Eur"P<'aLls aniwd m the ~Jrly 171l{J" The hlT~" 
I",rd, of game attr:>ekJ Eurofl""" hunlers during Ill~ "'"lmer months "h~n Ih~ rISk 
ofm~hr ; a Was 10""'1. Ih" d"'''~ll;ng nUII'b"" "r" ",mal, In Ih" I'M IROO, led 1< , 
lhe 1' , ,>:; la maliru, ",the S"h,~ (;J'"~ ),:~,~n e ' now the K~l') ill 18%. TI,,, e,l"h-
1; , 111 ,,,, '" ,'f Lhi , re,",f\'~ r~g"I:Hed ,,,,,,,s, to til<' , .... 'a. D\,vclopm,'nt wi t hIT, I he P,,,k 
wo, confined to r~'l comp, to.- ""nors. small Vlllag~s for ,taIL ~nd" 1'<",,1 ',,"SIc'[ll 
Thls prevented the wiik""read introdl10,ion and dis.;emLn"lion 01 "llefl ~iJJlt 
'Jl<'Cl~'. O\>e m"'li ~r ( 19371 m.1J,' the Fir't oh,,,rntior,, or c!li"n rhnts ,""";"s In Ill e 
J..:NP ,,,,J li ,,~d ,i" 'p,'oi", ("I "{)Llh!e;.o"", ""ed," Cnl"Wf"J<lium wnJ,m.lwid", L. 
Ti1i?,,,NS mi""/,, L A,"f?'''''''''' n1(.'Xilmw L , Grm,,,im'no (-d".I'II",I~.\' M:!rt .. 
Bo.'rna,';" .Ii/fum L, <l nli r()C(:ulll'< hirs"fus (L) Diehl. ,\ gradu. l H1"",~,e ill II", 
tkveloplTl"TlI ()f ,,,,I ":u "[" ""J stJfl' vii h C;'" wnhi n the Kl\P, ,,00 tl ", '~r iJ ll)(·,,,.,e 
1E < l ev~lopn"'\lt ,,"<1 ",h;\lu~,"illll ill til. ""t"hm<:nts of ti,e major ri""", "ntcrmg lhe 
1'"" , l."j t() a\1 \',cahtion ill th" wte of mtrud ll CiJOLl ofalim plJllt 'pc"'~' . I h " . ")ld 
the TlSmg Jwarc' "'''' ot lIlV1lsrve plant opec,~,. tllei!' Impact, and the HlCr~JS~ 1\1 gC'll­
erol wlJntc·al an d ,pec tf ic a"~ " ria nt ,urv~ys kd t" an in;:; ,,, .. ,,, in ,11" nU l\\~' of 
reco rds or ali~n riant 'JlCc''',. AI the end of 20() I. :lM "Ir"" pktrrl laxa w"re blown 
W ',"cu, in lh" J..:"". Thl> IIUl ll h"r iT, ol,,, Ic, rral Llf" li zed "TI<l " ,..,,,ive la", (rig. 2. 
Ri,·I, . nl",n .:1111. 2000. Tahle 1'1. "" wd l a, taxa phll ied H' r"" camp' arrd \111.~'" 
hul 11,,1 '''{)W" '" b" n"I,,,,,I1,ed ([1 g.~) 

;~, )-----------------------------------------------------

;: I 

~ ')<l ':'­, , 
' ,,' ~------------------_r~» , , 

". )----------------------------C------------. ~_t----_t_t 
,0 

" < < 1 , ,. 't j ~ ~ 
,,, , J. , , ! , , 

> > > > 

\ ' ,.,., 
~ 

I'ig. _' The ",mbo, of i",'''''~ , I"," pl",'" T<:rOO,d in ,I>: K",i'" },'"j ,.,,,, 1 p,,,, in '""~Y' he,,,,,",, 
19.1' ,n,l 200 I, !. Ot>.-""""jcr 19]). 2 (, .• kl I '); I, " ,'," de, s..;'ij If I 9, 7, 4. """b Sdij IT I %9. 
' ,G,,,,,,,,",h 1%5, 6. \\",loooid & (3c~I'nh,,,h I'IS" 7. ,'.1>0<' I')');." An "n I'N7., 9. 'o'"ol'[ 
1 W~. I O. r,.,,,~,.,n 2()()()", 11 Fo'<;",~ ;:or, I 
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Til e KNP curren,ly maLL\{ains 13 marn re;;! camps ~d 133 'nlJ Ilc r ,,,rnl", 
raLLg~'\ OLL(f!'''l< "LLd o{ he, 1I1ii-a'lrlLctLLre The tleNUl'k of ",sds, compn>Ll1g gn 
k111 of m"m/p""ed .naJ" 1 ,72~ ~rLL "I ~r"eli",conJar,' mad<, and 4.22~ km 01 
managemcl){.'im:brc"k n"ck,. tNm i']1por(" nl pJthw"l" fOT I", ilJlmduc(iorl and 
d"sem",stiun "j' alJen species (Fig t) '>.;Nable example, of "" '~"V" ,!"'c," , " IK1'" 
cunent range" Jnnbutable (0 the deve lopment oi 't"lfvtllag,,, "rc Opwllia I''' 'il/a 
(WUT p,-,ckly JlC" ' ) a"d Pi."'''' ,,(m/lOln (wale, lellu",,). 0. ,I/tier" now C'<CUI, '" 
llh"HO ~" n>:; " l un;" ,O" Cll Tlg "houl 61> O()\~la ccmTed "n Skukuza (Lolle r and 
Hoifmmm I ~Qgi "sl>'IIIiOI<'5 "as mWl<bl <evcn,1 Tc",h"s of {ile Sah,e and 
N' ,,",Sl'dt S(){mO Rtvers and se\'eral ps", and d"m, ttl Nhcr P',r(s of lhc I',uk (l,olle, 
I 9'Pj. L,"liWW wnwt{L the most \< idely dimic,llted and aggr"''''" inv",ive "lien 
planl in tile K"<F: Wa, also gh"HI in les! ca",!" ulLld 1951 (~locdom, ld I ~~), I h" 
'prc;. 1 "Ithl> ')XCIC' '" prob,""ly Tn"n; the ,""Li{ ofdi 'j>l:r>al illw tile K.c'lP alo ng 
r"'",, mJm ,kTl>C ":tn'~ in The ",, (, iI men l "n;", Iha" lO 'prcad If",,, [.,>\ camps 
,\00,,1240 al,cn plant >1""~lc, "ro "lin-m il l' known lO OC,lI' ill ' lalT "ilbge, in lhe 
K.c'lP; ~O of the," SPC"'"' me eon"<kr,,eJ to be polen,,,, lll' IIwJ,;,'e (",,,,,,m",,, 
bs'ed Oil reproduCTwe polent",] ",Id "hether Ihe SP"ClCS '''" known 10 "" del.: III 
Nher P"ItS of'he woclci With "mihor climme and other em'lTOnIDCll LOI condition,) 

TIl i, chap<~r des.crol:>es the ,,·olLLtiun of a <n~liegy for managmg p i",,, 1 """"on' 
ill lhe I' . .rk_ Spec i"1 otten!","" given w descrlhing "nempts to Ultcgrotc alie n p lant 
manage ment within 'he u,""r~1 1 m"n"g~me"( Ibme",,,,." lor (he Park, and 10 regu­
la" the 'l'","J or'p"e;", lutO Ihe Par< by l"'ge:llJl! m11"Kl"nl mvasion pathway, 

Early cIT<JrL~ ill alien plunl conjrol in lto(' KNI' 

The first dh,,"1.< In ~Ol1lrnl Ih" 'p£"ad of "Il"n pl"n!> hom rest ,"mrs w"," m i lial~d 
ttl 195 ~, "hen tm enltlvmwn oL,ll alien pl",,{ ,peeies m smO' g'lT'k;o, ,,,,,I r"st C" 1l1 ps 
ws, prohib!!ed. In I ~n a Ii .. of ali en ,pec;', (incllldmg n,M""",,, emssipe", 
Lam""" """,um. Aldia a:::"dwtlch L and Op"",;a 'Pl'-) "'", publi,hed in th" "'KN r 
Code of CondL:~("- A ""He mmprel1ensive li 't. j1 LLbl i<hed In I 9S4, lII('lL.Jed ,pe~le' 
li,{",1 LLnder the C"<l,e"alion of AgricLLltLLral Res<mrce, Act lAC"! 43 of I n3). The 
Code of C"ndLLc{ ai<o reC!lglli / ed lltilt [[K"( <>t. lhc Il1LporLam I n""der 'IJecie, fQW1d 
in Ih" K1v1' had 'I,,"ad fru", gardcn> and th"1 ""'''''tT"' applo"J l() C!lnLml {he", 
~Iant' "ere ,O" ttlg Ihc Pork 1"l'ge ,ums of mOll. }'_ In 1m, "n", a ,,'rv")" "j"1.he 
"lien plmm gW'''ll1! in the Skukuza btaH \'illage. a poli,,, ,\:xlullent prahl "It i I]~ Ihc 
use of in\"a,iv. 'Peci . , in rest cs m P' and ga,,"'ns ,,," p"'Jlosed al"l accep"d hy tbe 
KKP manag" nl em C!lmm ille~ (fOXCfUt\ 2()() I )_ 

The \I i"ion of Sfl<L(h A theal\ "\Ial ;(>1\"1 PoT" (SANP.!rks) ;s " to mainD!It' bl<"li­
,"emt)' in "II ll' llalll""1 f",cl. ,,,,d flu"".",,·· (KJv I' M"""gC"'""! I'lan. 19'17). ,\ liell 
phml lO'·:l.,ion, dcaTly t<;,I. vJI Ihi, "im, Invasive "I",,, plants "TC l~OWll 10 h"ve 
slmllg neg"l",e imp""!' on hwJi,'ermy in llW'{ par!> of SOllth Ainc" I Rxhi"d;on eI 

,,/. 1997 "'UJ Wilg.n el al_ 20()1 k and are thl" cleol'ly in direct conili<t Mth tillS 
~li"i ,~,- A """,hop 0[1 "ioJi"e";lY C()ll,"rVal l()f1 held []1 the KJs: P In 1997 rmed 
ill,'a,;,'e "iIc'11 'I,,",e i"" W," ~r""I",1 Ihrcat 10 K.. 's 1'-, bi,,<liv"r,ily, ahe",1 of:"" ",ell-re,,­
ogniz",1 thTe,,!,; of ,.,,:,ching ,n,.,1 fugmetliatio n I A'''}fl I ~7b), De'pit" Ihi " n","" 
more aneLLt ioll Iw, I,"ell given {o lhe ,,,her f"elMS {hs( :hremen hiodi",rsity u, (he 
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'~T~:;'u' ~""Il JO or )llo<lV 'i I OO~ P' '" .""~ l'l/ ~, 'S~61 P' P PI"J".Ai "{)(,f,1 OWl 
'~ l "' 'lln1ld n.'I" ,\q pope,,,,, ," p.><ld~w ,e,,, lll 'W'l~)r" "lll J '" ~,'"flln'.){jr I"'" 1U.m, 
-'101110 l."<idn "'II ,It 1"1""'"' ""'~ 'M''I "~!~:>d" ','''e,\lL! (It 1,n.ol IV '1'nJ ~'ll "<lll! ," 
'. '1 PJl41 ll~)W><J . '1' "I'll) ''''''ll~),'~ '1l\l)q" ~l.O"'"' 4~" I \\ 'llL",\l'l~ '~J J~'''l:I pilES 
-."I~S .l[l "O~ d:-.L){ ~l[l JO ''''.1'';:' Ll1!l )l, du "'J '.I"\inIOJu llI"1U U~'IF JO .~J110' 
"'PH< ' lj!', ~,,,", Wl[) ,~.,~ .'~\Il '11 ."'PUr[ JOM' I"JW"" Oll " 'I J .\[){ "'II puu SJO~U 
10[",U '~l JO ",~.re lU'Ullj"'leO O'll liT d l~"'U"\() puuU '" 1lI.OH~d "'ldlLi(),' n '! '-'-~l].l 

'~U L UO)!PUtlJ lltO",';:"",' .[OJ ,UULI 

-"" 'I d,u! ,lm)Jlxlll1! 'II! ," ' ''' Il'JtllUUlO'' p~)"l1[wnp-"'!I" '.olnlc..in"J"I' 'pm."Ol ~,'nW 
Sl'Ul "I'''1 ""'1' LL L "nOU""lLlIO" jll" ld "OLlU~,'l"IUL llL.lU~:;"" " '" l'" lun''I"S )nO~lI,'YI 
'S.L'~' 1''111) In '1""".1.;; .041 '''ILLI'lL ~lll"ld ~'II JO ,'U~'" Ll! ' .OLp:;'uO, 'U '''4)u JoI.!l~ 
JO ~" u","1(1 .'1.l ',P<X'U 1.1J~ , . ,,,:x)s "'01l:;;" 'P:O' URlI' ,oVlnh '1"I'jEl'. pue '''" " '''' 
-UTI '''1 "I'lr ~u,:;.q ,lUqd H'IIE iillr LU ~))," ', ~"m-."~j .101 lIOTI[l;rlLU "~ P'lIP 'pnl~'" 
J .'D! O~l.l0 "><I'''Z UEu" dll U1 'l1()]<",\UI l'll'ld U'I I" ' I)) ," P'l"p."5Il sm"lq''''J 

<-l.TI .o~l 

U! '".om .o~""1 ,';:l.OA """',' n-"'IIIw ,.! "" lPtl' , ,,,,;,,h JO 'P"TII' ~suC'( I "lu"ld .0,' !""'~' 
10 I U.""-"l[~I 'lm" .o~, 10.1 ""' ''l''4 1"'1" ;'p ,Aoltl <;U"'ldpo,)U plL>' '1 LlEq"'-'0l '(lL,.'" 
-~ UllllJ.~\j '~l~lmu L)' pu" '~"~qJ~ __ \lJ. '.plllL"!' "~l llo~d"o<l .,,~bp q''"'I'') Slll~ __ \O 
1"-"-'11 "'1><"1"'-»)' ",'f~\lI " ' I "11"0'l"":x) pll~ " I"->O ll ,'OUllU __ ' 'I P"',I'11)srp ,(!lu, nb""J 

IIO]lllHj!J" ""!.I~dm 

"lOll'l"l[ lliOll! ~4 ' 111 ,"o"~·""-I'" "'-lIUE~t IU'1]'" 
"'lllO'.'I' ~ __ " 1I0!I"~S <HII 'J I 'dN){ ~"ll lTT ' 1'.0,'" j",uJoJ"mJI"" p"fl1n~~l ,(plL'llLU 
~.[" mJU)" 1J,IIIJlI</O pll~ ",,,,"V.l vruJI""') '''''"1 0.", 'IlL." 'r. .'l.~11"nw p~~ ~'U' .O~J.4' 
' Il!," '''.'l.H1 1'",!.1'11'!1' ''''''ll ,,'!.t ~l!," ,r.;11" ~lIn n l~' 'n~"l ~'" ~ IL." ,n.','" ~p!' [l''')j '''''' I 
~\ll U 'I" '" l>JO," IX.OU '~1 ;\", '''OJ'' 1""'ld:) >l"l!'IF'llLElJedu ~~1 ""'E,'U ' Plno~ (u<m 
l[l ,' " eLl] 'I'''~ '' JO '~<u) ~[ U'~'llC' " '~OU III.\ pu,· ,,It\lU~ l'''l:! '([ " Iq~.l :p",,1100;)J 
~XlJ lljt ) P~I"'.-\ll] "I.J~ __ \.' 1>0(" ~41 ""J ,(q ""u '"u'" lI ouud" lH'I " lll'lX. ilur,(,"' 
Ol p~pR.'U' 0"" 'l1'l"IO'1 ~'0411lV 'd.'!)! "'II ur ,dum, ~UTpun'''.1ln, pur ' l "-'U lIu'''ln 
'hl!,",mr -'," 1" ' 1'" ~'I ) "\\'''4' f 'i! I,[ 'j I olqq I ,r,,-w I"W ldn poc '''~"]]1,\,'dlUEO I'"' 
'""j11l~1 .>pl'l"-)()l ~qUOZ 1l"UlX1u ""OJ" lH'''lU ~'""-H' p;,qln),;IP ·1<m,,1 WlnWU 'sump 
t" !"!.I'"'' '.1.0,')11 ~!lnnl'" <>, I',,,uofbl"" " I ' I~n"J "'l "''' V"d ;"I,LL! "TI) Lq~ ~ I''' I'''''U! 

UU!sr.\U! jU S~J'!JI'I"H' jUJ1XJ 'S IUJHI':,I 

([.'-!)! "'111" Epu~ile lH'W 
".o~m""u "'II \lO mrlU~U" "-" .llLL p.>pJ()lln u~""l ','''4 ''''.mn.'m IEOliioIO!q 'lOA"-"'."'! 
"!n';; ,,,.oJ 1<"1 .0 41 "I '<";;"l"ll' 1'''" ''''' 'l oci , ,,,,u.o~"'mliJ. I'u no< In Lu,wdup,'''I' 
.'11 I' LL" 1I0!lU~lIL.' p'U'n,n, " 1 P"'"'" ' IlL.-\', p!LL p 'l p~iij("1 .o,'U 4 ,,,,,:;.U, U~ LI \.' 

I ~66 I ' .~I;h'-'d p ~~ <£'';-' £1 'LI.3I',\\ ""A II':;'u '''I~''''P 'n~ "u ,,)';,"o"~ ~ u 
-lIK'~S lIT ~1~Ll0""'OJ ""Il.I''' il urpllE1SJ "Illrn O'll '" P~,\\0h' ()';P' 'he'\.[ lJEJ ~41 Ul »011 
-;\lUU Ill'><"OO"mml "l,[ '(('&'I 'IV M 'l--'~ ,'''\) ,:xl'l uOlinlOj'A I' "" '~I,'c:<b: )uI1[d ~n'-1 
"'IL.! u ' ~I . .",,'q .0'11 .[oJ (ilI",,,uj--" ViU"r(),"~! i "(l,,~dOI~ JO 'um"'I"dnJ .o~H'1 J" ,,,,,,d,u! 
.,,,wi."" " IL riLLLil\'''"LL (J() P"'''lJ" '''nIJtu, ;\.1:>(.1'" '~,'1'= 1 """'"I0'l'~ (""" ~-i",, 
UJ."~'" 41"''' pu~ 'I"oll "".I) ,LLCM""J 0,,,, ,~"'u&:.~'" d:-.L)! "l[1 '''1J \!l~<~ ,''-':I '""Ed 

M( "".'"j, 'I""~; "1"',,' I''''''.'''','.' """"J){ '-'~.' '" """,,,,'w '''''I'' ""'I" ,~",_'ln""J\ 
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na,'e alreaJy e<tahli 'hed in til e KNP. n" upper reach., >Upp • .>T! f' imls 'Hl d 
F.u('(li1'I'''''' plalllali "n" many 01' lhell' hIghly ,,\\'a<leJ with Sol,1!IulI! "'''lII'iriaJlun1 
Sc"r., Cues"ipi".'(, d~(''',wlahl (ROlh) Ahl,," ,mJ ,,, her ali en ' pee ie" Th~ midd k 
reache, com;,! m'l111ly of commercial agricul1 ure of sub-lropical frui l and in lhe 
low~[ [each~s ,ub ,i ,t~n ce ElIllling: In dellsely lX'pU[;1I ~d COl]1mllTl:ol ly O'A,,,,,J rural 
areas_ Th~,~ .r~a.< are 'OlliC~' of many "llen plam ,peci~' f,n-the K.J'\"~ Kcgu Lir !l i,­
r~n,al " f p"'paguk ., In lhe P,,,' j, a m:ojor ch"lleflge I'"r m""ag~melll_ 

Threat Index: 
Ne-;l ligir. e 

Very low 

Medium 

Ver y h igh 

, 

hg. J U"trJblltl,,, of j ll,~,j,'C ,lim plllt1l' in ,h< Krug<r Netiorul I'o<k. Ace", ""X(' <Vl<I" __ ,,,-') fix 
number of '1"'('",' P'"'''''' ,"d dcll,~ic, of ,II .Ii,n 'I'ooic,. For ",h (dc'mity cind ""'-",), 'c,,"' 
\\~, ,llocated ond lilm ,'Dn,bj",d to 1"""Id, the t"'~" .,Id" for lilal ,e~ioLl 0< ri'~r. 
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",hi" I I i'" "["''''';;0 , I .. " rl,nL ' 1""'''' ""w,j"d '" 11 ., ); ru~" ~"',""I raft "'~ ai", 1;,1eO in 
ll" (,,,,,,,,,,'",,,,, " I' '\g"",il,,,"1 R ",~,,,,e, AcL Ihh;.". ,,><I .... ~~ ~"".;." D, ,"mlrkJ """ 
\[< - m",,' """" Rr - ";PH"", R, "','~"<k , RV ,,,' can'I.\'-;II'g<, I J> 1l1>Iot,-,jl t."o.;on,1 
CI",If,o.' I,," ,',"10" 8,bw"", (,pirh:, ,~ ~ c. "'1''''''' ,; l"" " ,,;,1 '), L""gm'), I.JlJlu, 1 " 
l''Tcnm,l - p:: j :.-,"",1; ,~,;,b!c). 1I.,bllllpn~lJL _ ',c ",,,"od,,,' "(,!'-"'I"'! c flo.';"." lire,) 
- rln, ~""' ''l: ("'h,·",,il - [("l) (.,(\c, R"';""i>co ) d aL l OCO). S.",", <A ,1I"n, C ",,,,,i, K ­
n"",-"ilLe<\, 1 - ""',, We (. - ',"",[orn"" 'I""",i (aik' Rjch,,'",on" 01. ,lU I) 

.. ,-,~,'" ,I..-all",," Un' 

',.-b"""r"., ".~"' .• l 
."",,' ,'~;I" •• l'w;"" 
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~ IK";"" I.,.;!) II , ],;'., {;,,", II.· 1 " 1\( .. 10"". L ~'''., 
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Villag~, and , ",I ""mps '" tn" Kl\"1' comain Indtly specie, "",o"n to he inv",i"e m 
mher are"s. , uch '" Hedychitnn ' PI' "nJ 'pecle, L,r (o",,,,,, Ii,," ce,,,, .nJ 
Cra"u l"".",,_ \-1oLlY al ien sp<' cic' ",\' uscd fOT n ",lgm~ all(ll-""aUlificalion, wiln 
r~si<Iance In The;, removal be ing mel" illl by l"'''OlUH:1 who hav~ Ix:~n living in 'he 
KNP an d l"l\ding In lhe garJocno for a long time , n""c l"~" 1"'>-<: , [hTe" lL' the sur­
rou"ding ar~a, and Wilh II me may invade tbe riparian fri llg'" "r lhc Ti," r, on whiclt 
lhc e:nll rs are Slt LLaTed (Fo,~rof\ 21){) I ), 

Uplan d J[~JS are wel l smte,l Ie' inv.,,,m by 'I''''i,,, oflh\' COClaCe lle, and 6(,,000 
h~cla,.e, in lite SkLL~ "za II", . h eady oceJ1 inv,,,kd by 0 "'ri",,, (lL'tler and 
110m",nn I (~)8\, Integra:ffi Il\Jnag""'~lll 1'1.,1' havc 1x,~L lrtl plc,,,.,lled 10 comain 
,,,,(I ,,,,,l lIcc Ihe ,k""ly an:] JmpaCl L'flhe weed l'-'lng hlOlogical aOO cl-.:m,,',,1 wn­
tro!. Uther 'l'(:.;ics, "lC'h" r, "~"wm, are alS!' slarl iLlg lO sltnw the,r ab ilily 10 ",r· 
Vi\'e 1l1Ih~," ",","; Iney , urnH' lhmll~h rl x: dry l",riLxis and jl"'liferat~ du,ing " 'C'l 
cycles_ 
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rour of the fiv. Trl:'JOT "'I"'''''' we"d 'p"Cles in SOllth ;\frica (Cilli~" I ')'-) I ) erre pr~­
"'tll In lbe K.."W (A /iliculoide,<, E. cras,,-fpe,\, P .""!llfo/e,1 a ri d S n",ie<'!,I). \Iost of 
Ih" inyc>;i"e "'ands ofthes~ 'I>ee,e, originated from ,,,tiT C'a"'r' rl e"r rae", A fe,,· 
lllva<ir.:h ha\'e ",uited f,-U '" lIL" 'pr<;:l(j ofpropaguks fro."ll mlt,roc the I'ark "long 
riv,,-,. Srrmd within lk P",-. I"" " 1",-' oc~n ",d~d by IlUl11all ",tintie,. for exmlOple, 
the in l" . il LClioll of L. (T(I<,npe5 illtu the Letab" and '" b"'qnemly in Engelerrdt Dam 
," Gemo,. r",t e"mp was ll'IOug,li tbe lise of plLlnp' and nlJlch i"e,y t,-ansf",,,,d n·", n 
Ib:: e"",,'<!ik to Lemb" rive" during th. "o I1 SlfuC'tion of Slou uLlwelL i "" ''' r . The 
In\'asion of dam, usually occn""d vi" rivcr" eh"",;c" 1 c'Wl1rnl ba, large'"d all 
ex,~pt A.jihculnide" ovcr tl" rast 25 y"ar, al ,·"nOll' p l"ces ill th e Pari, ~" l no 
POPliiallO"" h",,, be,,, 'mdtc'"lcd a11 d hi,' I ",,~," 1 "o"trol I"" oc"" lI1Sliw"e'd 
(C 'lli ~" l'NI, Cilb'T' , / dJ<T alld Suyoom I~ ')(ji, 

[ll3tUIlx-d "reas illclude gravel r its _ ,iLl mplng ",ca.,_ [l,"d" C'" rn r'_ u ld ",llk m, nh 
and ~ther ,, ['~as "hieb hav, beel> ""r>',c~e d 1>, "" .. , ' W"Y by hum,," "eli"i !.i" 
RlIde"a l/agricllitu",1 weed, g" n<:r"l ly jrl"il(k dry riverocd" di<lurbe d on a ,eason­
al ha'" hy quid flow ing "'a 'c', " ltll'HJgh 'pc,i" ,uen as Xamhium 'P1'" Dmura 
'PI'· an~ Siam' ,pr, ~,e well "'p""ente(1 "long ",",i"d"" Th. ma d 'l<'twork In the 
K'\P (F ip-, I ) i, [tIL i"'p'-' ,- I'<nl p",hw"y lor the di"emilloti0n (If al ien 'I',,,,e,, 
I ) "tu'~al>c'" ",,,,-,C'i«lCil wi th ro" d bll i Iding Inovid<>s e<1abl ishmem OI>p.1r!Ullltie" 
" ri d ma"y 'reC'i," .re' dupc"ed 11\ ,and iLlsllal ly C\'llect~d Irom river beds) ami 
othe', 111a""i"is. 

Moist area, 

"·jo i,, area.' are " 1,0 f'C 'l "enll), " ,,( ~,,","d with "illages ,,,xi rest ,om>", 111 'hal 11k­
g"~ lc n, "'"y I.ad "nlo ' 1mll ITi 0:11 "ri:, ,' r ,1 . "",10' ,h"d<>d are", wh,"11 may "1'0 be 
","",,,,d ~y J;"nicn w"'~nng and thus remJ;n mo i" I,nlnng perrnd, oft;m", Th"e 
,irC"" In turn, fre qLJelltly l. ,od onto til e rip,ori an ZOlle, ui the larger tributaries and 
lll"Jor nwrs, 

l\lanag~mt'nt sys tems of the KI\I' 3nd inregrali"n ul' considerations 
fur dealing with alien plant in'asioJl~ 

( h"n~ing a[JIJn" "'hcs tu 1"" management of alien Illan, inva, ium in the 1(;\1' 

The arrOillHnCI1l u f the first w!ln l ... on of ll" "',bi" J;"""-' ['e'ocrv" 'n 189~ ,tarted ,m 
era of man'gwLcli t 1'0],c;" h"",d ,,,, " ''<'ol11mo" "",e" appro i,"1 utO the , ihlalioll 
w;thou ' ""y ";':;" ,,fi, in p", (\hcd~naI J I %~) . r olicies largely h".:useJ Oil i"ue, 
relating TO p'-'Jdm,g and [he ",,,d [0 i' [(Tea,e ga 'IIc ';LUll"''' by cOnl rolli.-.g C'.rni­
wres (l'i~naar 1')82). Th. m""ip'-d"'~m of large-11l"nl",,,1 l"'rul"t;o l1 " 'Ll nk". 
water rJ'mi,iol1, al1<1 rrc'c'nk: d i>;:;rning tu m,m"J;e ' egel,,,ion ,'omp,,,,i';ol1, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

r>hmagement was ~,pliCII ltl Lt , acc~ptance of ti" '-halance ol"nature'- pa"'chg'" 
rRogcI's anti lle'thi",' 1,,,)7), Th~ I~,)(h saW" dLama( 1C "haLlgc in '.1" approoch (0 
111arL"gClllc~LL (Iri"ell r lllllJ rily lb"'u~b ~x l.,,-r"ll lrtlluen~e, ("""ag""",'" deci,ions 
DC1"g ",rutl" ,zed "', "gellc,~, wnglllg Irom imr<,...~ri,hed r"" ghbouring ,'''nU'hL Il1 
,,~, to anima I w.lfore (){gamz",ion.i_ In th~ pa';t, m\'a m'. allu, ,[",cie-; wno "ff""I­
~ I,)w priority in '.1le K};P wiIll mall"genlcm en;)f!s heing dLrecred ',,,"VOId, Olhe" 
m(.-e l,-,,,liIHm"liy ,e"ogn i ,~J pn"I"""" an<i,mp'lCl." !'hI> ".",,11,·<1 lTl an " "-,,ea'e in 
'P"""' "'lJl1kn "'lei (h:",ili~, of L"'<:':J(lOll< in til<: Pork, wbil~ limitc~i "';<Jun;e, 
w~re pro\ii<ie<i for "lien plant d~aring, Until :he early 1%0" wh<:n the firot "po 11,,_ 
tion c,)ntr,))" ,Alicer was al~"'iLl1ed. range" were r~'f":""ihle 1;)1 cOIl1rol lmg lin-a­
sive Illam, in lheir socli,)!h The ,nilial I,",u,; of -,he """Iy lormed pollution ,',)nuol 
sedio" wa, (he l1lechm;t~"1 Hlld chemi"41 "(~'Irol ,)f variou' pi all(s, mai dy al,)ng Ih~ 
Sabie Ii., ,'C"- la' well a" " ,liJ wa,le rnalla"un<:n!). 1 ,"ler_ ,I><; u,<: of D;O h ~~l,-:>1 ~"n­

Iro! al:c'I\l, ,,,,d Ihe J,,-el"PI1l~n! of 1l11~gral eJ ,·",,1'-01 S\T"I~~i~, .,I,,,I~,I ',,,k ing fo,-m 
I" 200 I, follow illg II><; lnic.,-nal;OTL,1 In;T)'I" ,n IcrrrLinok"~y, IOC ""Cli(~, ,ttI"rled -,he 
name of If><; In,,,,i''e Alien Sp"cie, Secti"". wilh 'he aim 01 ,levdoping re,,",cil 
and mOIUloring programme, to sUl'P,m and ti.urile, ,k\'elop maMgemel1t ,tml<:gi"" 
Th" fiurh~,. ,mllhe. the m,)ll!toring ,)1" Invasiv~ llc)n-plan( 'p<'Ci~ "1>0 h"'Ollllllg 
pwblema(lC ill ,ho pork. 

Simply all ocatmg rLLr..:lLng wJ, in",rri~icm to ha w ae ;mp""l flO' lhe ali en 
,pecic", presenc~, For ima""" 'P.~i" Tll"'L4ge",~m 10 he "rr<:cliw "",] roco'5";,,d 
a, a Ih"'"1 10 Ille l'" ,k, il "ce,h- LO h<; ill(,O'l>Gf"leJ in'o" 'y'I~Tll "h""by lh~ '0',. 
km fo,.<:e, re<'ognHion to be taker, of the prohlem, al II", ,'orre,'1 k\iel of m"nag~' 
melli. Til<: ,lrJkgic ",lapllv~ l1;allag"m<:m ' y,tem ado:.ll\lc<1 hy Ih<: K.'H' pro\ii<k;" 
framnwrk I~' <ettLLlg (and rnismg/updatmgl goals and JLLciLllng the e.,tent 10 
"hidl 1hese goal' are reall.ed (See apllelld ix I li,,- (he Ohie~li,es ot {he lln'asi\'e 
Aliell Spe"ie, Se,·""" to]' 'k K'\PI, Wilhi" (he KKP managem"nt ,I~re wa, aho 
,eef'll"I"''' or Ll ,,, new I"r.d'gm; '" eeoic'!o;Y "",1 coo>CTw,ion Di"IO<I,)' a"ti (ito 
,,";alc" n~<:d to, li~e("_m',"hi I it, ;lnd llamp,,-n;nc.,- r Roger; and fl""bi~T I 'i'l')), 'n'6e 
pTl",es;~, hi to {he I-.;",ion of Ih~ KNI' l11"nagumn' 1'1411 ar,,1 (h~ ,,,iop["HL "f 
,u-a(egi,' ",,"pli.e manage'ment processe" Salient femure, of 'he new munagcm~'m 
p]'(x'~" are di ""m,~d b"low 

nJe KKP\ 1l,""ageL"o"t 'y'lem " ba,od Oil a hierar~h)-' or "bittlives_ fml11 'he 
eoar"-"l/bi-o,,,.k;,, objedl\'~ lll<: \11 ><'Jon ,W',ement ,lowl1'o fmer, 'I><'X'1 fi~ obie,·, 
{i.e" Th~ higll<:r-kvd "i,ion an,1 obJ~cl!v<:. ,erv~ UPp"f manllgemcm k\d, \\,'~, 
Slatemenis of ; I."'t~~'" ,,,tem, "'hile I,)wee-I evel %,,,,15 pro"id<; m'mag~', wlth 'P<:­
cofie, 'i'""uJly ami t~mpora1Jy bO<lllJed end point> (RogeL, ffild D~"bier 1997) 
ThwCLgh a cOIl.bination or the." objo>cti,'e" a ,trollg mulli-lilceted JI~ll'o""'h " taten 
""~ (~'e r. ll c<",lroll"")gramto,,, Th<:,,, 1"",_1 .... '<:1 "hJ<:dll'''' ,-epre"'n l ",,,,,,,ahle 
goal, wb ieh "'" rldi',,"1 '" I hr"hol<i, of l'oknli"lil'rob" bk Con,'",,' I PC S), n,o,~ 
I'PC, n;pr"~nl 1 be "rp er ffild lowe',. jlll,it> of ac,'el't"~l e .:haJ1~~ ill wosyskrn ,I rLL~' 
tme. lunc[Jon and compo,;{ion ,)vert'm~ "ttl a( a ,!,~cil"ied 'l'otiJI scale, A TPC i, 
leached \\t~11 Oil" 0' n" ... of 'h""" limih are ~,"eed~_ \f"nil(~;nl: &lermincs 
,,),el1 Ihe ?,e"ric.eJ 111l1i" have been e"',,~dcJ_ Allh" ".~e, l1, ''TPC ""eeeJed-' 
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nnl i fi~"liO/l m"y l>e subrnined to the Kl\P (,,,,,,,,"'" Ii,,n So,V,C", ,\l~l1ageme" l 
COlllllllllBe, T.ble ~ <Iww' lhe lYp"> orrrH,nu.~em"" t ",llw~"-l)' "nJ ,"'ue<, ""d l"hl~ 
3Ii,l, theTPC, lahled '0 dale 

To ,1I,,,trdte how Ih~ '~~nagellle nt 'y,tem wo rks, W~ di<om< , ,,me exam rl es 
T~IaLillg I" fir<: m"n~gement, ,illce rnLlch olt,mion ha, hee" giv~" I" d~fl\'ing 
,'bj~~ti\'e ' I PCs for til" ,pher~ of m"""~~lll~m, TP(;;' de,,!(n~d for f ire manag~­
ment COll(,~"" ltl the KNP "1e J c;i,' J>CJ to in<il catc limit> in Ihc [ire regll"'" Ihal 
would ,ig"a l IKlLe tliial impac t, on b", .. hver>lty TI>.: l)feVaLllOg rln loS<.'ph)' " th"1 
v;mar"", ill fire re~ im e IfTe'l"~n"~, ,~u,on Jnd JIlt eru.l1 ~' or fires) momlain, blO<il ­
""" ")' (.<on \"'il ~Y'T), thgg, and Potgieter 1()9~), TIL e TPC, o'~ Il\~a,ured throu~h 
f'"'IIJ~'T)~y. i,e. I>ow rreql;enll~' i, H r "rliculJr ",'ea "'i" ~ L>u,."ed and v.r,.,., hel 'h"" 
i, an "~~;;]ll"ble \;al1nti~n In frequency, ,\IIOlhel Tl'C LO~m" "Iil" l ,'f "BLLrnin!!. 
drou ghl and fnrag~ a,;ai labl illy" Th",,, are mO"'thly '11'Cs which are ",I anJ lll ea· 
.'med tn Mlermi nc'. a, 11,. ,~a,on pr",,:"';""', whcth~r ,"inial! ,.,d yckl ","<,,"ery " 
,"l1kie", 1<) alhA firc' 10 rw~oe,1 c" to lllJn"ge hre, tll.1t "re ,eeLl to b. delelen· 
pU, LO veld ,;oll<linoll, fi,e ie ,,,,n tl\e~sure, th e ratio of fil ~s he",,,en ble " Ln· 
"'r.',," rll' 'r"n ~ ,m<i lalc ;pring/<umm e r, l'ire "Mmily TPC\ "r~ I"nl ~"ed in order 
In "va 1" .1-: w[)·.;tl>:;, a ';lnge of in(ensiti~, arc re"cr,.,.d, ." ~ mOl""'" nf ,m~n,iti", dre 
rC'g"TJ~J to pro",de I' Dr tncreased "rndiver,,,l', (ll"", 1]'(', li,"L "'" dcfi~"d ,no lude 
fir, ,ilO di s1TlhullOO, eXle nt of f ir e, many ),"aT. ",,,1 ,h~ ~"u", nf fi"" a, de,criheJ 
Tn "till Wllgen. Btgg, ~nd l'<>lgJ~,.r ( I ')'18) 

Currently, TK', ,\e" iLng "'Hh ;n,,>o;"" ah"n 'pecIC' "rc lxl,c<1 on " "'''''''' 
a:l l)l'Qa.oJ1 lUnii ti~hL ll' ddi tlc<i moniwnn;; rrog r;munc, "Ie e<whl"h;;<1. 'I 1'C, iI,led 
at thl, ,;tag' L::::a}' ," pre"~t1l a fln>1 ",,,orJ for a n"" >J1"~lC' in th" KNl' or a [i(01 
rewcd from " n ~" mar,a~~'l]enl emi1, The IlSt ho low ind icat .. the TI'L , draft, d (or 
mnll;I"""" lnV",'V, "lien 'P"cie; as "'el l J, tte TPC li,ting' fo, invas i"e ,peei" to 
dale 

fPC, rdated to di,tnhut ion: 
Any new occurreLloe nfan ali. n 're~l e, in Ihe KNP 
Imrr.inent nl~rn" l threaL hy an alien 'r-.:~ie, to Ihe K1''1' 
Extcn"o" of ra"g~ (fin;.[ ~\'''r ropO\t from a n,,'1 hlock, or fi'om bloch nOl ~on· 
lig .... "" wilh ""'gO \>oU'lllg hlocks) 
hr""lin" o[blo~b, wo ich repre>em, mOJ ~ 110"" " 5% increa", in ,liwih"linn 
DV'" lhe l1um~r o,hlnck , i"fcC Led Ih" p",,,;nuo F"'. 

TPC, relale<1 to incl'ea ,e in (len,iLl': (all """" infesled block, are m~a,ured ill 
modifi~d ""''''ry uWeI e>lllnatcs to a"~,, rlum Mmi,y TI;"" den,iti., a re 
arra"ged "'in a numb·.;r of dJs'"'J 

An in",,,,,,,, Df JmSlly two cla"es llllWaI(i. i" any hlock 
Overall mere",e in dw,ity 

TPC, rebting to Tm~ of ' I""e"d \'s. at~ of dc"ring, 
Nnll1l"'r of "cw blode> iLlf"led ~real~!' 11 "," " Lllnhe l blocks ~kared. 
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TobJ, } . M'"''i:<''' ''' ' "" ."n" 'Jl <i '1 ",,,h<>!.i< of 1_".,,] ('"",',m ITK',] fco< ",01, "" ,Ily, j,·,\] 
g""p. TI'\', '''I"e.." u l'"j,,,, i,,· "cr. Ln oo j'<"cd grl'Up ,,, y.tic~ '00''',"", ~")~. p" '"" ,,1 ],y, l, of 
''''' ."." I'm ,,'" ",,''',,'',, '''"' .,,1 ""'".00LOCIU JK"'" 10 'Ullome ,he "',,>C. d,lv"'~ H" ' 'I''' ''' '0 'h" 
!"Jon, uf ,'"",,,,,, "",11",,,,,<1< """'~,,;;.' " [tee" , LOC lldari"", 

~"" ";0" 
l."~' " ~ ,, .... , "<'1"''"''''' 

"m', 
h~ ;,,. ",.] Ll'~ ;'" 

["m" L,I . 1 
"'1''''' ":<L"'f. "'.,"}' 
r~, 

Ro",,~, 

''',' ,'; "" ~ """'iI,,,) 

1.''''''.''[>' ""'" 
~,,,I,,,,' ""j,,, 
W"'« q<"";'" ~'" ~,uli", (,,' m~") 

~', ".mlo'"'' '''''''i'''''' """"y,~ ',-""~" Ly """ ,,,,,i,:,,, 
~ .c>. Ri" , '. WII~ r.'i:< "," "'~""", 1'.;,., ""oj, 
COlO"" >i,,.,, '" """ ,1.10 , "'" " ,"" ,;,,] ' ''',''' (fo, "1",,," "",,~.\ 
("",,,,~..,.,,," ""~.'.·.o", r", .~"""" ~.:= II" ",nd> .,,, " ",", ,,,,,," 
('~"", ";k~("..,~, bu Li" ,1 
~" ,,' ,,,,,, ~,,,,., 

HI><,,, ... iRi,ori •• ,,, .. , "" .. j" . " ' .-l ..... rl' 
""''' '.' ''' 01 ,~"'.,' co''''', .~,"',.." I I ,",~'""",;,y" r ""."j " , ,,;,,~, 
!l;""Lio<" .,,' oi'"rl,o<, In ri'."", ,,""'i"''"'); 
''0",,1 "IC" "''''"'''' ., r 'o}' n ""I ~ , '<"""" r"",,,bl, 
f{ct"'''l," ~i", '"'"'' ( - :",w.'~,,,, ~"" .• " .. ",) 
'\Pr"·~ "'y."o:~;'" l '''"'''' '.q. ,.,., A",. 1"*"1 
f,k" "I ... ,h,",,,, " KI< P " "",'"'''' 0' ";~, ,",,"'" 
'"""",,;n """"". 
r" ,' M.,.",d ".', '~'J;n-, 
L""",·, vOl ,"O<l,~ ~ 'Y 
r)"."'l< ,,,,,, ,,,.,.t< 
S·,,,,,,,,,:, r" ,~, ""Li", "''''''''" 
]'11 ",,;e.,,' "". ,,.,,,,, 
""" ~,' ,~",," ",,J ,oo,,,,, ""'Y ,,, ,,.~;,, 
'-"." 'II ,,,,L,·,,., ,"" ror I,·.r"" ",~i" 
fh,,'m k; •• ,k • • " ;, , ;" ".n",. , ... "''C''''', .... "t<~' 1 
5,1, ,~ .. ,,-,, ' 
_ Loo-ol_Lerem [,"'. "' ... ,. , I" ,d',., p<'(i""') 
_ l._m_"m, """.~"",,, "" }' ,.,. ~>e ,.,,,"',, 

ill,,_ "CO" """" "f '" "')01" .. , 
_ I", .. • 'ere., ,i", ,~", l'<L ':0" 

1.." ''t'-,',",. ' ., 0' "n" '£"kd r;,,, 
""""-""'''' or "'" "",t ,,," ,",. "h_ "·,fl'. ,,,.] , YC.", " ",b1c~ '0 '.'"­
m"" 
1e";;I;Ly "I ",,,,N·.I< 
~ . l;;'\ "'",., '''''' 
OJ" ;'*.11' "f " ", ; "'",,,,. , ,""" 
shin I" ,'""""" ,",' ''''~'''' Li ~_, 
Sl,' ;" V'~' del",.", 
Si n"""," f " ,~,. .'''''''''' 1 ""'<'_' 
,,~ fL;o ''''''''~''Y W ",;"'~ L""" 
SO i'I'n """~, ,; ~'''''' 
Sh,·i"h.~ '.,f ,b ,il"I"," " ''>' 
' l>f,', "',' '''" .. ,}' 'oo""'~"" 
; ~fL 0, ""''''' id,""" 
",," "''';'''' :>"." "oo.io., 
R",o ur '''''~ [" ~" I "'" ""',, 
1<1'""" .., ,,," 1."",'1'''' '' ,toM "I' .,,. , .""".' r:",;~,.~, ,"'''f') 
F'"", '.;" Ii"" ",ill, I''''" "" _«" ,,,1,,1 """'""'! & 
ljc"I",' '""''"''''''' fmcl. d,,'m~,J "",,,ilu",,,,,-
h" .... 'H ,,;' ,.r", I"~,,, ~ (LIr." "WI> Jr, "] i""':'! 
"'":de"" ". vi.. h,,,)' "f ;,. I,~",,,,''''~ 
.'" '' ""lUlic'" 
Un" 
1',,1'-,,· ""11<""'" 

_______________ :'_':~~><~-_'_'_'_"_""":,~,,:.:cl,"c,l',, '''''''''';10,_',','':':' _______ _ 
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Tool< .'. KllJllliJ,-" Ii" ~f ul",IO<N! lunr .... ,h ,,11 T'",,~-.-.ht< or 1\,,,,,,i,1 C (' '''em (fPC" " C" 

.'1 ~hv2(1<JI 

I PC 

'>i]- cooc".tc.r; on' 
Oh"" R"", 

1\><" ",ater qllolity 
""'O<" n y C!" ,,,,,,ont--· InJ"""t) 

(""""'>/"""" ", I"m," 
rein", ,,,,],;,, ,") """ 
(~'~", ' ,",e 

n . ", " ;,,,d ., S"mm,u" 01 j!'"~"'_" 
"""d;,,~ e",", •. 

FeI, ()~."\f ,' nJ, '/9 _~"' I'" "",cpt,He En,.,,,,","",,,,,] 
\\;lll'J'"',"" Pkm im n Lepel e 
1','"" 

)ul/ lli 

Oct 'N,S-C)'" 00, 
M,,, (!1 

.'·".-,i' d,'",i",1 -"I"'" "",I "~'(HI>­
,,,,,,I,,d ".h,·"b]" <i"",''''' n 
·."I" ~ "r .I, ," ,,,,,,d';"l' 

(",,~o l ,nd "lOnll " "' ~ ,-ct,,,,, 
Hi ng I'llo, ;nciJ, "." )"" 
",-t5l([o K.~ I' " I'l",],I><,_""',, 
n~w ,1>0 belc,w h.'lg,,: lmJl 

~',,, d"d, ­
puin l 

\h/ cl~': 
"-qgo,-< ","', dar< 
,n II;hl c,f j,~ cr,,,,,, ,n r"n,< 

\"m ;r. Lml~, 
::---;-c--c-:::------:~=~~ .~- .-~.-~~-~-
J("e >",01"", Iroo ll. \1M (I(), ,,"t.oi,,~ p"", ""'n,, col",,,·, exclO>lJfe> .-\flO' ,r.'·' (,I ilry 
,<,",'cOc '" "" ill,) "",>on ,001 

,"""""!,, "'f",, ,"·;;.';;" 
< 'd''''('.,n , ,,t:fk-..,,;r) 

_·]zuli,. -,.Ii".do"d", 
(cc'd w"or torn ' 

; ;, ,',', '" .i"('; C,"'" i 
1"0"91~" "';",) 

-j",·,d,. ;,,,,,,, "'.-li, 
(Tndi"n my",,) 

A,'",,,!,, ,io""" 
re~" ' ",oJ'1 

("""""P'""". ; '"' 
,'"!".-"ml~'", 

OcL ..-,. 1.-,,, "Q 

J-c'" 'J'! &. '<v",,1 
,,,ttlI"" 

t-.hl-l' .~"' O<I 
<lw'-er s"Nci atA 
J,o 01 (l,~"nati) 

M"l,)j 

(.,,,, ,,,,·,,,1 c<,,, ,,,' oIf"" 
C,,"',,hl;' Ri,·(~ 

,mp hllC'" bi",-",woi 
<,,,'n,,.; "~"""i 

R",d,,,kd"'.-er I'i),,'"'' 
,i,le" ;~l"",,"o" ')" "m 

C«,,~,II,d,' I.,".,'", S"l>;" 
0; " 11""",<1 r~~" Ta\" .... L; -
owo ito, 

"r"" (..-ci Q" ru;;])' 
;(" """, '''''' 'J 
I,,,,, "m 

r",ll.rtr).' 

"b}' cr, i, 
1"",,,.,,1", "-cd_ 
1",,"'--' "I'" 
il,,>c ""'''y "'p_ 
r;", '-",db",,'" 
,ilould,,~ c,",· 
"doc , dlltc for 
cI"'llT") 

C«m,,'od-··'·'·'·"-"·'-'·'··'·'·'---'C-,<- ,·,··,·,·.-­
'. Ia'" fo"" 

C~'>:"'.'Jg H·. «"i,,, ,·;O~" 

)'-lh:d",j "aIY, ,k HiI' ''''''. nJ 
.".'".'.h_)l~"; ' ''') ___________________ ••.• ,_ ..... ____________ . 
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110\~ev" .. , ,efinement and cJlihra!L()fl of the Cl\n~nt inv""w Jll en specIe, TI' C, ar, 
ne"deJ lo r"I',,,,,ent r~al and meani n!!Jul 1'<'il\[' of c<",c~rn, TPC, nee..! '0 ,bow m 
,,10"1 m"CS uf ;""a\ iofL, ,~ ;nc,.""", ,,, den,i ty, manage"'''''t n"eds l<, hec"'n~ con­
"",m'" " 'HI inil",tc n"' JJJ~,'rl1"nl "cl ion, 10 ", Id,,,,, Ih<: 'P"c ' ''c l"ohl "lll, 

The 11>1 of"'''ncJos~d'' (mm;wlved) 1 1' (: , (Iabk 3) give, 'he rmpr,,,,,'" <ha[ II," 
mJIll man"gemenl wnc",,, ofth" K"I' rd"te to l\",a,",'" ahen 'I"'~l"', ,,,,Ii liver" 
Jt "I'pea,s .hat lhe KNP ",aTI3g""' "J11 'y,t"m al1J pc!",e",,, ar~ no" slmctmed ill 
,u~h a Ill""'", "-' a, tu "OC!'ll n, s,' "" J r"Cflnl the ,en<"" iml"'Cl' In hi,,,livers ity con­
"en'"lion ,~ ,d ," ,1 d,,' I", di Liu" ally I,'c'"p" o<xl illlp"cl, v."fr'ch are T"-'rl",p" nol pf ,och 
cmicJI InlPJrt'oce in "00'1'5tcrn proce,,", 

Ilillova fions developed for Ihe m allagem ellf of ill\'3 , j \"C alir II 
,pecie~ inlhc K\P 

In ,on d{nCi to "n l" ",c" tlw c" ni,,, lufi'''''',,,rw >[X"l~.' II' a 1 ", I "li~ n",,,n"r, " few 
hy "'P'''''\; w,r;: i,l<;nlLficd "' k\di rl~ and dfnrh ",T, n'~"k ~) impl.'nl'lLl me" ­
snre, to r,,,"lv tnc",' "I\J"tron" 

SOL11~ ~fll", aspect' cmTent l~ r.elllg tJrg~l~d Jr~ 

1) An "PI""ved I'" licy go"",mng .he sy,t"lllalic 'en,,}\," I "I' "h""i,,, ali en specie, 
from In' ca,nl" " , ~I siall ga"I,,,,, 

I n I <n'I, " poh~y w;" ,,,k'p'.,,,1 by II ", K Nl' r.lanag,,,,,,,nL CorTll nr lIe" for lhe contL 01 
of 11."""1\',, ali " r, I,lan['; in II", KNP 'Iaff "ilbge, and ,",I C" 'H I" (,ee Foxcroft 
21j()l). '[ he p', licy <lncul1lc'1\ l lTld u<lcd " our""y of ,,",'a,,w al;~n 'Jl<'cies in the 
Skllku", " aIT vi II :. ge. '1'1", ,pe~i", ""Cll ,h!:.!;, "1'''''''''e<l any ",,,,,Jer r ,n Olh",. , ul>­
tropical 1""'1> c"untry", id, ami w'" of ,"rious c""ce",_ 'I t-.; """I ,,,, ,,,u, 'p<,c i ~,_ 
"rn"" "soapc into the '"TTuuTI{ling ar,,", w", irnmlm,"l \v<'TC J iviocJ iT r In Ih,"" cm­
"gorie, "",I prlori","d "cc"nJing tu ,e"d "" J (llher dlSpe"", l. numl",r, of pl:ill " '" 
the VIllage, and on ,imil ar boehJvimr r porlmy~d e(""wocr,_ Tbe,,' 'pccie, "TO "1"­
t"ma,icJ lly r~mO\'"d h",,, :he garden<, while illdigeoom "It"rn"tlv~' funn Ihe 
Sk uluz" nu"ery J r, pH.noted. The pol icy d"cutH~nt~d 11", current "pplicable kg­
illalion '" ","I I "' utner reg,,(a linIl , relevanl h> tlte prop''ll"tlOn "f plams ill Ih ' Kl'P 
AItI~lrl!~h l1ul wel l r"c"iv",1 hy " II r",id"n L~ .. In" 1'01",1', co>Tnh il1ed I'-Llh an ag~re,­

,ive "W,,,elle,, c"mpaign" IlOpcJ to ,Ievdop an nllJ~ "finJig""",,, ganicning ,,,oJ 
[e,tor ing (he atmospl,."-,, ofth" Lnwveld ,~·'tem, wl1i k prot"ctmg the "lJr,~md' rr g 
"re,,, from ",caping invasive 'pecie, 

2) J m l'l ~lllentmion of a mOHi,,,,-i ng jlrogra"'m~ Jnd J CJS b"ed ""!Jbas<: 
Prc"V iomly .. all [L'C()hliIlg and kno"l~dg" of Ihe dL strii>Ulion of im'",ive ali~n 'pecie" 
ocn,ll y r,'p"TIo<" "" ,I I~e irnp:1clo of ci""mrg '-~x'"l i oIl ' r, r lh" J.:NP "'''''' incom­
pkl<' "Ild p(lurly ,hx:ul11"nk,l, The Cllrr~~i ,k;vclupm<:1lt of a ll1 UL H'Ol1TIg progr"n rll," 
for lAS ill the K '-'P aim, 10 'is''' '' alld mnmtor IlK' ""Iellt ofin,,"ive ali "" pl"Tll' in 
'h" K},"P "ccnrJ"'g 10 def il1"d cri'eri" ITPCs) 

A. Iher" aI'" cllrr"ntly :;~~ ali"TI I'lall l 'fl<;cie, li,bl in '_he K'-<I'. ""d managing 
Ih"m all corr"cll"ciy " all ~np"",hk I<,,\;, ,1<;1>" led "~lwkJg" oflh" <ii,ln hUl ion and 
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denSlty oj lhe m",t ",r;<Nl< sp,,,,,~S" es,",otial, H'1l1h ",'",1 "..1:>.; cr.,,,,,, \,.; sdy 10 
mm ,Illi", heLld';l, ",,1 1 1111, "ILT /~ imIMC!." l:tt ,'n , w1ll ix m"lk 1c, m"l1J\"'- th,- m""­
SLLf""l", .t nr "hallW in lil" abun<bl1c , ""d c""dl:,,'Il "f weed pupula:J"'" "ver (ime, 
rh~ d11,- I-ohjed,\'~, of tb. llwmtnring ,UJT'gy arc I" tiMi1 ,1,. r~quiren"'ms of th. 
I ~C, 'Os del'"eJ by Kl\P maLlagemenT. Th.y 0"" 

'1'" 1]\'",11m lh~ "l,Wl<bnce "nd cl '"<lt,~, "t.1 '~11 vc'gdH ,on IT, rdili"T' l,' ' mli~~­

nOll' w~elalJoJ'-

T" m"ni",r t), ~ ;mracl or "lien 'egd:l ti L," on bi ".Jiv~'''ly 

I I ',~ ,,, OUL ",~,,~, sh,,,,ld rnw1(k Jn llldica[io" tn as",t rnanag~m.nt 11' ("t~rm;"iLlg 
sl,-en~lhs ,,"d weakness", 11\ the phy,ical dellring I",~r",\\",e, [it,d rn""""'~ lhe 
r~"l'L)l"e' nl' I he wocd lllr",tatwns In lh. 01 ear; " g ol",ra Li"" , 

.i I ~arl"''T>l:-ups w,lh the ,"1\L,"I.l1 m ,,'ki~g /01' lIili'''' ]'1 ' lg""'''''e 
I ~97 "'w 11>" l" unch ~f lh" f irsl I 'Yi' '"' " lhe' louTIl'1o nf tl", fo"l P'-O I ~"L or llw 
Lkp"r1rn~l" of Wmer Athir, ~"d f'H'~'l'y '> IIi)riing P,y lliller pr"~nmm1e I"ill 
WlIg<'Fl, L" :-'bi1I~ and Cowlin g I<)<)g) in 1.Iw ,,~'~", f>c~}S1 II" Park'> ,,,,n alien 
pl'lnt ,'o" trn1 i]:mativ", L~t"r the P",erL y ~< lrd l"( ~" ,,,,,)L1L1e " I' w" ~outh Af''''a11 
G,".rt1l,,,,,t l"u!I,'hd a rLLrd,,,," rml~cllTl Ih e p",* with 'u: ."'1(1l1111 of it (, nnl li,,", 
Th« r IOJ"CL ellnily), "d i (I()(I ",orl<", ,\ llOUt I{ 2{) llllliLml has ll een ' 1'''111 ' " tt-., KN P 
by l he /J(" kil1!:li>r )f",'"," 1''''"''-'''-'-'11'' t,) .1,,", ,'11 "lien plant cc'ntroL Ill",tly al",,;,: tTho 
,,,,~or n",., 
4) Co-nl""'aLi,,n with "w~ed mter",1 ;,:n'<lps" "nd ilxal go,."rnm"nl depanmenl' 
(""1"''''' ''''1'1 ""it", ,md ITI1,in"ullJ l1g the IlW,;,entWIl or. ime,.," gfnLLP' im'"h'ed '" 
11 "."agl1l)( a l o.;n pi" nt" or "rea:i,,'?, "'\ .. r~n." nf rmhl~m, a~'Ol,i • .I.d "iih "Ir~n, T' 
all ~"e"i i . ll'ac1 "fll,~ >tJ'mcgy f~r managinj2. i[\,'a" v~ ~I, ~n pl;mh m Ik KNP. All 
""m 1,le "r ""~ ,'~"lU P with which t)" KClP i lll~"il'" 1S Lk Saf,i~ H Lv~r en, )L'(lmalLl1r( 
C'HILTTliJ ec (SRCC), The SRCC Jnilial"Li i" 1'>91, COLl1pri,,",,, lex'a l g'WC'TIlI'II<01L 
aUlho1ities, ntUl:icipaj authoriti". 1",v,!Ie l"01 Jn\\'"","" f",-",!.ry alltl c,,,,,~n-"'.Tl'l' 
"Lltho,-ine, and Nh", int"",tcd parli~" 'lh< L'."in milt "r Ihe SJZCC i, 10 on"f' the 
"'-kil l "r im""iv~ ali~n plaLlt' a1..:i '" ,,,,-dil1ale " ""l11ml pCl""ramtlle throughout \h e 
"utdllll"nt with the ,u:)I~)ft ,,,~J l1l,'oiwmem "I' ale varj""" la,~lown~r'. Uther 
"'I"CT< I;,c il , Lal~d hy th~ ~HCC aIe imtiJtiw, 10 i mrrnve wakr qu ality "mi qll'"'' i­
t::r ""lLJ"r~1 d;ve.-,ity, ill< PWID)linn or mn1rirl" land "'" throllg h tou ri'm a"d re~,~­
at;nn, al1d tlw 1~",\m"l ion of em'iwJun~ "tal dh 'c< a]ld aWa'-~Tl "", 

A IlOLI,~, mle,re ,t gr,'up whJ ch "-''' 'nll',aled on 19'!7 i, [he Alie~ Jl:\'ader '1'",10 
(,,,, )J,~1 (.-\ 1'1 (i, http /iwww .• l"\..u.i\..inL .•• el. ..... I)..-fn .... eLl1" in.J.lmi. a Ill"ional project 
of ,)'" SA"ParL H, .. ",,,ry Range,., """"'w L"»L 'I'''e AIT(J h"" b ec ~lll" one ,,1'1 he 
m,uLl pwj .u, "I' the JJ 0'" .'ary RH'.~<'''' 1110ng,ide the ganle c" p"n~ "nd rel ,,,,mi,,,, 
pfI)granll'" and anti-l~laclLl1Lg I,wj""'!.;' '11", AlTG ,uPlx.n, lh~ K:-JP Ali~n Bi"t' 
SenoLllhwugil [Lm<i'ai"ng, awaren <,;, a"d "de""Ui,,,,, p""idiT,g ~qu'i"M'~. a1,,1 
phy,;caliy ,'I~a,-,"g ""'1L<LV< alien 'pec i" i" J'~" "dllll'" n~ A I'j (; "(,0 ,ta II, in 1",_ 
,,<'lion di'play, and p"wid., rmnphbs ,Hill ,,,I'er lll"tenah Ie' Ihe gw"iJ:g g"n"­
""neil inJ1N'Y 
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]0 '\40-"',T"~ " ljl.1O lU'lUdo[~,,,,p ~'II puu u~ld 1"~lll~ji~,,~W d,,2l ~'P.10 "Ol""~l 
~~I ~Ol11S 'P"lruU,l11 'UOll"" "'ll 01 1""lUUO IL'll. ""II .10 ~,uod,~J .l]1 lTp!l" 01 ''''0'1''~ 
lU.'ll1~~r.u"w jjWll1~1ll"1ct"n plle ,~", <xj"u ~url""l"'. 'illHJOl IUOUI "~[U", [P.TjUU, 

P"~ I "lOdw~1 1.AO (. _lJLl spl0il p;lllIpp .10 ~lTTII>' 10) ',W'[IU l11~l'A' ;)Ill ')l1~ll11!o.I 
-,,'''~ ~ uL)""p n U " UI 1"'W~~"Wl1U , ,\))J "PH JOJ ',"OTT" Imp "'.'1','" " U1 lu""'''~'''m''', 
pliE 'p'S,,"'JjO UO!I'u:'i~ILl! ~~' I UO '")1" ,I."-::l "'I' "! '11.L" ld H~)[" ."''',\ll] ~llI~"''''f'll 

SUO!," I;lUO,) 

UDT)"IS • .1l11 .10 ' I ~ ,\~ I ~qLlld~oo~ 

puc ",mu)",w 01 ~l"d ~'ll lTlllll,'<'. ,{p"~1]" ' . 10;)([' ~0'll u",)unml pl'" 5'}f"",j, '''4) 
-l11J J 0 UOL""U! "[1 l'lL'!1 0) l[""old<l" u.' llO ,J"'I(U ... \~W V"d ~ljl 'lll~l" "~"U"Ul lll"ld 
~,\lS""Ul .10 ,]O~rlw _L'''I~' pU~ ~""p JO UOL'l"'''4I.LL''~ ~ 4:'ino"l l 1"41 P:.d"'1 '! II 

-'~''' I''' I Il'' ;;LllL~"I~ "'I' ""')[Ul" 
pUll "Wll1 P,,.,-O .. 1 0) 11011~ UE lI1 P~' I<ld" "C" '~I(\LJuud IOJIUOO 1'~)"'1 \i,mn 1"'~'" 
'41 JO 101)000 ~lll ,1O'p""O~ 01 I'u" VIIU('!"-' -oJ.1o 'p100~' 1jl',,, ,,1= P~I"~\lI"~.I) ~)"l' 
·' I ("UO~ 01 <1.10.1.,1 'llOril>J .1lll1 ~ ~ lll J~!'O All~"'WlU~l'A' "1IJ.'''I'o 'J "11""1 01 ""'I 
-",,~ .'"llllJOI"l' 01 '~ll1tm1Lirl.1d 1,mo)il,>,1 meUl TT" "'4 1~rol ~uuq 01 "P"m .,~," '1-'0.101' '' 
~~'lJ~oJ, 1 'IU~llJJJ~O" I"'" PI~A-""'I ~_LL"l.' 0~1 "I 1"~141 " '01IJ.IOPU VU,>DIOUlIJJ.!I,) 

.10 d.~ ~1jl '" ~"u,,,~:xIJs 1U~0"J "II '1111", -"u)llO~ O\lL"I'WUc\ X'J " "'Olu ~A!I 
-~.fqo "" "pL\OJd oll 'q )nq '(HHGI ~""'I'\I P"" '(P()(Il'(1 'jL"}W~jjLJ~JJ" 1~~Ll'IOOI pus 
'~lo,d, '''! I'' ;lLLU"~I" X'J ,~!pm 110 "llOOJ '''11''')<1.'4 <U"ld 1".ll1~~'''''''-'' IU"ld " ;)I I " 

~!IflIU"ld ,1tilOIP.W 
[LmOf"",' pilE ,~ol)o~"1 lU~lU,oeU~lll )':><j ],U. 10"UU~ ~'''I'~_U' "'11 \i""<lWOJd IS: 

-fit ".-" -1 ~ 'II'" '!,' '~, n,r Ir-", ~1 "'_j '-:''''')f "I' "! "''' ,'" ""',' '" .',~ I ""'!I" ii"!:;"''''11 
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""0<\ WJ)h. M"j"!''''''""L '"' "'" "" Il ,,,h',,,,'y (\m""VU , .,,, JI\ Io .. yugor ;;,tin,.,,] P" . , Sc",,~, I]e 
""".,,,,,, D'partm ,nt. Sku' un L npublL",," [""on" S"",i' ,\tTi",," X,lic"~ I Pd." 

C, 11",",,_ (' I. 1'i" 1 n:oI",,,,1 ",.,Lltr,.,1 of \\'",,, tl)'" in-',_ £'<""'.'''"' ,.m"-;J_" (P .. ,L,<1o<'''oe,el, ", 
S,.,' h ., r""", '\~,b,I"""_ L,,,,,y<!m,,, "Jd t m'iruruE<r< 30- ~ 1)7-) 17 

C,h",_ C,J" Zelk<, LJ. ""I '''y,t"n, (;, I Wi" ~ ,"'m~ .nd I"",,-tefln (QnrC"! of\~>_k' teLL,,,, II'..,'.'", 
,I""[,,,I. '.'-) ,.,,, .. ,,,,,,,1 ,,-,>.-.- Mie. ,nO on , riveT ;y,km in ''''' K n'~" \lahH~.1 r"k, ';..,util 
Af,,,,,- H" t, ,,b:uIOl';' 340- I OJ j 7~_ 

('oJ<l L. E. II' l '!J I lre", 'l\~ ".nl~' of :he Kr'_=- l""jo""i P.,,';, I\QI,Hl",,1 s,""l' M,,,,.,', fO.;, 
,". Ll<1~tr"n""t or A~ri,"IL1fC_ l'nioo 0['><:<.;,1- Mrb. 

h"""fi, Le, 1""", .~Lcn \)i(," ""co!on r(,<",J,. :>,;""" 1,, ""'""',, lJoep"" olCn,. Sktlkll,", 
L np.Jt>;,);cd roc" .. "', ~"'\lt'l Mri,',n " " ;"",,1 p,,,',, 

h",,·oft, L.C "11<)1)" Ali,,, F""I., <"'cl '(", """"h, S"'''" 'i l" Sc IV;"", l"I"""\le '" :>+C'"'",", 
V[(,,,",,bc<1 ro« ~J', S(>J lb\hi,,"'n l\ " '~" ,' p"" 

h",.ofl , , 0(( 1,_.-\ "'" ",,jy "I'Lloo hu,,"''' ,I",,,,,,,,·,,,, '" ,nv:><Konano control or " i,," (",L, '" 
I r" 1"""'""'1 "1:1»:;"' "" K",~el N,,,,,,,,,] l'><k I" \1c''l , dy_ J..'t, ("I. I T);c, ~r"'" ""l""ill"'g_ 
"u",," d,,,,,,,,,,,,,, "i i,,'c ... h·< . Ii,n 'I'<c"". Iu( 't-<, Glr,",!. S',i,."I,,,,1 ".1 r"nbc,Ig<, I K. VI 
,,,,,t 2421'1' 

i'o,,",ot. L_C 2(JI, AiLen J<J0I" S" ',,,", ",·,m!,. "',,,,, ,, r,, """.,,,,,, LleI~"'""O''' ,kc:<ll", 
L "1'UbiJ~\Cd ,~,oHb, S",,,h Alr~"" l""io",' P .. " b, 

(kortCll loc,_ wP.n 1%3, (">d,e .. ,!',,, of ,t.< " '-lI~cr kL"",' PM A. ~,,,,,l< .., 2,,, ~ 1::1 
""rtc""'-d. \'r:l'n. I""' ,\I',on I"'nl Sc,~oo ",wd •. 'Xi,n d ic ,",,,'.o,, llcr"rtm<nt, h,uk,,,, , 

Unr"lo l i~,"') ",,,,d,, S".-.I, .\ I, ic"n ""_",,,,1 p,,, :.,,_ 
Knl~"" 'I,,,; ",,,I p",). ~hr<'~o"",,,' PI,," " i'J7. An «,-=eL;'", 'li,,·~.cl(>' fo,- " _0 m,j"iIC,,,,m or ll~' 

Kn ,!!'" ~""" "" P ... ,l. \,,,1,,,,,," h',LI" ww-..:p,d.<-,-<.,O."," 
L< M';tr<, lJ.('_ 'con Wil"o, I) \',' _ (k]d,rI,k,m, C'.M., I),iic-y. C. O"l'n",,, R_,' , ,, ,t l\<J. .1..-\ 

2(J! l",""i ,., "lic-J\ I ;ce, ,,,,;I ,,~, or ,,; "''''''' ill S(" I h .\ I ri ell ' ";1 '" " '" ti" ",' L'>= 00." a"o ben­
,fi" of m"n'.~'nl, fOT<'", r ""I('!IY 'In,; ~hll'~"rn'"'' ""~ (1_ I", 

L",,,, I\-'.n I 'N7. \.1Ull',Cn",,' rr'1~''']; I,,, ,'" ,Ii i," ,~ . ~" , b'"I ''I'.i c,.d i,w,.,j"", of rhe- hrui;cr 
,,,(~,,~,, P,,,l. 'ic ""Heic R,P''''' Jo:l-"n ,,,i,,,,,,1 POll', I ~-,,,J. 1('I""bl i,' ,-,f S"urll ML:.o., 

L,,",r, WO_ ""d Hotlm,"n, J II. 19%_ .~I\ ; ""g""oo m'''>l~"ocnt phn fo< ,n" "0"' ",I "I' ()l',,""a 
,'ri, -,,, (C'.c!.c<r"'i II , th, KruO<l ",,;oml I':d;. Sou,:, .... if"". KocJ(~' 41 63 -&: 

\ \,,,t,,,,,'I, 1..-\ W I"H! l~ hi,,,,,,. iml"'c" '.,xl contro_ of in",>dllC'c(1 ;f'C" '" i. , Ll" ~mc"" 
~,'_( ;o,~ 1 Park, SO·.lt', M, ~', . ' l rar_""-'t:Oll< ,-,~ the It"i' ] Society or :>.,,, 11, \ t~" 46: I' 1_201, 

~h'4omlJ, l .~. w. """ '-'monooch, \\._p n 1988 ..... I;,t of , ]"" 1"""'_' in I'" K "-'8'" l\"tl,,, ~ l l' ,,rI,­
);,oed,·,, } 1 117 ' ,0 

Mvo oy. ML",-JJ ~h":,, R,'I. InS , rool1,01I;"~ ,he '!lTC' " "r rbr< i,,·,.-..., io-''' ''' '>= ;ml""""" uf 
"'.""0[1' foci , jour",i oUp!,",,,1 [",Io';;y "': I fIYJ-1 (1;0 I 

Oh<;",,,,ijc-r, .A .. ~ ':)10. ~ rn':i,",,,,'Y li,l,-," II." 1'\"*' """,i ,II ,!'" ""'''''''- ",",)ml I~T"_ Am,,]' 
0:'11" T r"",·,;11 ~\ ",,--,,11\ 17( 4)0' ~s_ "n 

Pi ,"""" \: 0, V 1~'2. TI:e ";Il~ p,,:, ",!,,,. S-,,,).,,.., .• _ \Ia,,,,,,;, 1 Pa,'k, I),'",rd of ~oo'h Mr~'" 
R~'lu" f«"" n M., ~h"&, ,, , ,",i lAW .. lI ol'ii"."" .1.1 1. "",l ll ,"Jcr""" I. 1"')7 A'i'n Vh" 

I'~·"":H". I,,· V'~e"tiu" "f S""I,,~, Afri" . (hoi. IU!. C'",-lill~, D.M, "". :,,",b,," & S,~I 
I'LCr,O), 1'1'_ 1)5· ~XJ. C"mbrid~(' L" i,,,,,,;:; Pr,,,,,_ Con,OnJI:' l K, 

K",,,,,<lIO)(I, tnt., 1),«1;_ P .. Rc:n-..il\,', M. IJ.<mooT, _,Hi .. l'men" FJl. ,,,>d IV,,1. CJ 2 ':X~1 
""u",i i",,,,,,, . n" in,~,i,'''l ,-,1 , li m 1'1""" ('0""1' " ,nJ ,Hini'; .. " Oi ,·".,,,)' "_lld 
[)i",rihu,i ",; t: <;3- 07 

R,,!(c<>, K,H ,me &O" ,i", R. 10/)7, Ocv,I("""",,,,r, 1"01,,,,,,1 (". I~" "<" "i """ ,, 1, ,>= ,I,<ir,d ,,;t, 
o[ Ii,,,,i,,, 'y,"cm, ill So,,!!, Ali,,' •. l'l<T"lrh-,,,"' "[I'm'iro",,,,,,,',1 _\ II, ;" '''AI T"'~' '''L I'r~_od, 

<'d:ol,~, R.,l, I'N', S'H""'1. h rowling. R.:-'1. Rid,,"(i;(H], n,M, '''Cit Pic,""_ SV ,,"'.j: 
Vc~, ""i,,, ur "', '-' l"", A Iric, C"",,.,,IIi' l:n"·,,,;IY P'·c". (,.,,, "n ,lg' 

Va" (h Scl:i,iT. II.P I '!i". FUogi"", .. ,,(h<; V" ,tie Ih, """ ,t" ;;,,_"",",< K, .. -,g,~";ldt,,ill_ n-;.; 
the,i;, l\,,-I',c(,,,,, .. ," F"i,·\-,~i')' [OT Or' "in IIi ~I>.; , """"",,,,,, r,"cI" r>l,,~,m 

Von "".- "-<l"jlT. H.P WJ. A"'",,,). li,l "I' ph"" orl1>.o Kcug" ",,,,,,,, ,, 1 P.,t. P"Ni'r.< i" '~Il ,II " 
I J~i "<)"lio', vr", P' ''''''' , ~'UWe ,',<b OJ_ 1-1 ':X> 

V"n Wiig'''' 11 W. I.c ~bi,,~, rH'_ ... ".1 C",'h"~, R.\i 1"", _ h'''y>l~: '' ""--.,,"_ effi",, ~y 'U'­
"in;,I,ii ily ... "d oq,j,1,-- "'lUll: \ I,~'-, W"'.'"~ I-,~ \1,'"" P"'d'""" ' " ['"",h il lc" ">ly , no 
r"',,:,,",,c 1.1 17, 
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v," ",jle"''' IJ.W !jj"~" II C. & PoIii'''T, ALF I'!<IS Fire ""'mw't'''' '~ .,, ~I ,,, .. ,,,,', in 11" 
,-n'l!", N,~oru;l Pnrk, with "lI!~"tion' "n ' he de,""'i",., ufTl""ho~b "I l\>Ie",I;,,1 ( '",,,-,,,, 
,-oedoc 41( 1), "~.!7 

v," I\'iI~'n, ~_ W Rich,rd"'JrL D,M , L< M"o'o, D c.. Momil, C. & \\'K, ulok IJ. 2(0) n", <'o­
" " ".c .ooo>C~lI< '"oc, of ,I"", pl:mt i",,,,,jotH, """mpl" vi imr~" ,nuow"",'hro fOT "'~""­
"h i, m""'_"JOC,,' jn '"""" .-\!n<" ~",iT''-'l1'JU, r..vcJ...,pn;;;n, ""u &"t.illOf< I'Iy -'; 1-1 5- I Nl 

Vo",dd. D. IL Lc \l'itro, D.C u-.:l ('""I'm,", R..-\_ I tI&8 .-\lj," jr",.",n_~ 1'1,,,, ,nu "",I" ""'"'''' 
H' S.Il"h ,\ Ir", , I'r<iim; ,my ,,,,,,,,,,,,,,,- CS1R 1J,,~joo of IV",,- Envi"'ctllcnt ,mu ft",c"" 
k,hllC111>1;Y, S,dknl><.""h Wl((' R"p'''' '-1«, TT ()9iq8_ (SIR '10 H;V,'S-C '171 ;4 

Whyoc, r. Bi~~,. H" G"yl ,..-d. A ;nJ H.;,,,,,', ITO, IQ'I9, A pl" 'f"J"d [,<,I;':y ~~ 'he '''''''>g'''''''1 
or 'oc ckrlunl 1">r"I;"i,~, "r Ihe K".,.". '-1"'i",,,, 1 p,,,, A ""':'"'' ,,1'1''''' 0' tltO M"".g"mCL~ 
Phn I'm L', K""~,,, ;;,It,,,,,,1 P,,,-k, V"I"me~, P,,;cy I~0l"'""h R'g"rd inB I""" Relalil,!, '0 
Hi " h,,,'Ly M,in1<n.oc<. \h"'",,",,,' "f Wikkm<", qu.,hii« ,,.j p,'",;,,,,,,, '" til"""" 
&""1'.,, 

Appcndi-'. I; Ob.ie~th' es of the l",a,j, e alien S IJl'\'ie~ ~edion in (he 
Kruger ~atioDal rarh 

Alion Imp'c! Objrrtin 

To "'l':i('ip,", prev,,,, '"try, e",uie"e , .. minimi,o loc infi"",," of r.-,,, ,,~I' J:<"""' '''l:;mi"ni ~, ," 
,~ ",oi"I,i" the j""grit-, "f n"ivo biotliv",ity, 

Sn b-obj""tivcs 

Str,"~k "oj.e';",· h.I"",< ,0< o,~"ll <c.-d" or n,," ,,1 "I' ,I;"" 'f><ci,,_ ~<,e" org"'''''''K,,,,1 ,,,d 
inl'''_''''",',,,,,1 "'r,,,il~ '" ",I.",," 10 "",1"';0 ne"J" , .. HI ,,-,,"'" "'''"'''')' r ... )u"" ,,) add"" '"y 
,hmlf,11 

I'",,,n1"'" oh,,,,,;,<: '!o a>"i';r"c ,min",,'", or rotc",;'1 r;,k, of '"",)' vi alie" 'rccie, i,"" Hoc 
K~'I' ,r>d '''_''I' ,Ik,,;, 'o mool,an"m, '0 ,,"\~n( ",.oil elltry 

<.r,dk.ji"" ol>j«"h-~: Pb, ,,,d irnpkn<"' ""Ix'''''''' "",I'OT OO lltrul "'"~ii;:I1\ I", ,hen ~"""" 
,Irc",", wJth:n ,ho DJ~ 

l'rol'ibitiJi.<u"n'~' ubj,";'" "rob,"" '" Ill" "I ,"V""'" ,lien 'P'''''' "n<! d"",;.x-.~e Ii", ","t>_ 
h>h-D,m 0' ";"',.-"n/",,,,,,',,,,,I ",< M "ny .ho" 'p"e,"" In ,," ,a,,,p> 110< , ,-, Iy ,10:11 """,,'" ,m· 
",,~Iy ,1i",,',,1 ,YC n"Ch-!"'-~'w'", ~""Irul",'. ,I'"-"u1,hmlw,, ,Iimidi,,'"m ,,,><1.1_ ,'~m",", "'''' " I""," 

'f'''''' 
II.<" ... ,~ ohi"";'" [)cvoi", a" "rodcr<taLxliL'I! of 'iloe ",,l.ctlC,,lly ,,"vont ""PCo!, of >!'C";"i, ,I>:n 
~I" and 'h<ir ,~ ,~rol, ",mil}, Jil II", fol;;,w;ll~ ""S: 

,\ ,,"-"">\!" of ,1;';'0 ,pec;",_ c'l'"i,ll}' rcp,odJ«jO" "nd dispcr",,1 
TOe ;) ,tfect 00 b>o<ii\'c~'lity 
Hfic"0'" concr,,1 IllC.1<Urc;, ",eluding "'" cifc'<tiw""".,d ,"v,,,,",",,, .. 1 '~~'p1"h,b')' 
~lw"'x.<l1 ",',1 irnl''''' ' ,,{ ",""or ''1''''''';'''' " d pm"i", 1<",,",,n,,,,,,,,,,,,n, In ,m!"ov" 11" 00.,,, 
"f ,mtrol 

.\'''''''.'' ooj<dhc T 0 l'f')n~","" """"" '.'" "I "I.xi,')ly It.o I",-,-,:_I,,,'m ,b,~"" '" aii,,, 'I'''';'', 
oy mn""",,'I: I"'''''r<iun, of ," IT ,lid puhl" in ,,"'], " ~'" '" ,,, .,1.;':", ','l",,~ . Cl",c ""'I"-'!' fo] 
'~ll"~C' m'"","'" 
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Chapter 19 

Anthropogenic Influences 
at the Ecosystem Level 

STEFANIE FREITAG-RONALDSON ANI) 

LLEWELLYN C, FOXCROF'J 

AnthwJ-logclIic changes arc many and varied, exerting different levels of influ­
ence at differcut sc~les. In the global environment these changes cause complex 
responses strongly linked to ecosystem proces~e, aud "re leading to unprece­
dented changes in global biodiversity. SaLl et ,ll. (2000) identified the main 
agents of change in sa\'anna eco:;~'Stems as land use change, clcv"ted CO2, 

inClca5ed nitrogen deposition, cl imate ChZlllgC, alld ,liien biota introductions. 
At the same time, aquatic systems arc t:xpccted to be hugely affected by land­
lise change, alien invasions, and climate change. These dri\'ers increasingly 
affcct Kruger, which is also influenced by regional am! loc.l1 anthropogenic 
impacts that act at finer sca les and over differim; temporal time framcs, 

Kruger, the CruWlI jewel of Sllllth African ;-.J;]tiona! Parks (SA~P;]rks), pro­
vides considerable financial rcvenlles, Since it> inception .md sporadic devel­
opment, management has becn driven by a desire to minimize human influ­
ences and maintain "pristine" characteristics, no dOllht shaped hv the 
fO!nanticized El!rupean yiew oftlle nahuallalldscape hefore twentieth-centllry 
modemii:atioll (Carruthers 1995). Howeyer, even without over<lrchiug f;lobal 
influences this nohle inkntion is contr<lclictory bccause the Kruger ecosystem 
ha~ been and still is affectcd by human presel!ce, direct and indirect usc, and 
management policies and actions. The myriad positive and neg<ltivc human­
induccd impacts have all played some p<lrt in shaping the ecologic;]l >lnd _~pir­
ituallandscape of the Kruf;cr \vc have today. These arc overlaid on the geolog­
ical klllJ-llate, geolllorpllOlo~jcal history (Cl1<lJ-lter ;, this mlllme), prevailing 
climate, and ongoing spatial and temporal redefinition throu gh thc force~ of 
nature, which in tllClllsd.es ,He heing shaped indirectly hy humans. This chap­
h:r explores the varying human influences not covered by other chapters and 
examines their influences on heterogeneity. 
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Humans <IHcct the environmcnt through phYSIcal presence amI III an ml<lllgllJJc 

soci;d nl<lnner through cleci~i(]n making, induced conflict, religion, and other 
factors . I.ow poplll<ltirm densities Olnd low-intensity resource usc by Stolle Age 
hunter-gatherers probably would have constituted a low-impact period in the 
Kmger's prehistory, and It IS accepted th;l\ early hum:m; did not shape the envi­
ronment in a permanent Wil}" (I ilble 19.1) . A.ltllOugh savanna burning regimes 
would have h<ld some influence on the Kruger :,uea, little is known (Chapter 7, 
this volume) . A 1l1ediunl-impact period followed dllrillg the Iron Age, dominated 
by meta Iworking skills and a n lure Ie~idential hfe~tyle based on hllnting and P;jS­
torahsm (Plug 1987; Carruthers 1995; Table 19.1). Population llumbers in what 
is today Kruger arc thought to have peaked around 15,000 in this period, result­
ing in localized homogenization of the ecosystem through agriclllh1fill practices. 
Nevertheless, Kmger is considered to ha .... e been a marginal or tr:msitional area 
in tefms of cultural-historical occupation and farmlIlg, with populalmn tluetll­
ations driven bv climatic f,letors and disease C~·1ever 1986). . . 

From Colonialism to Conservation 

The first non-Africans intlllencing the Kruger area were Arabian traders lip to 
the eighteenth century, followed by the Portugue;e control of the gold and slav­
ery tr:lde through East Afric:ln ports and Dutch and Voortrekker pioneers ,1 cen­
tury later lPienaar 1990; Carruthers 1995). The tsdse fly, carrying blood try­
panosome.>, no dOll ht slowed dO\Vll explor::lIion, exploitation, and settlement of 
the lowvcld by Europeans in the nineteenth eentur}". Although thc tsetse fly 
\vas severely decimated dllril!g the rinderpest epizootic of 1896-1898 and ensu­
ing drought (Smuts 1982), malaria and hone sickness in the wet Sl1mmef 
months also posed a significant deterrent (Chapter 17, this volume). 

The development of Kmger had its bcginnings in the recognition tlult the 
imp,wts ofhllmans onlowveld game populations and hunting prospects in the 
late 1800s and early ]900s were llnsu~tainable aud that the game needed pro­
tection (Chapter 20, this volome). Illlpacts of profeSSIOnal hunting in the erst­
while'rransvaal were enormous I Carruthers 1995}, alid the decimation of dc­
phallt populations must ha\"e influenced struehlral heterogelleity in tIle region, 

but to what degree IS difficult to assess. 
Establishment of the Sahi Game Reserve in 1898 saw the hrst separation of 

the hl1111an component from the landscape when scattered villages were reset­
tled west of the bOllndary (Piemur 1990; Chapter 20, this volume). Over time 
Kmger became renowned through its wildlife research and management pro­

gr<HllS, mirrored by staffing structures. but the h.1Sic philosoplty of protection-
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Krugff <!c(J.I,),stf'm_ 

=-:-=--~ 
IH·lSJ11.E ,\."1> MAIN 

PIIRlOIJ RFSOl;RGICS "SFD PRHERREl> UAllllAl 
~~="'"""= 

KJWG~_R OCC U PATIO" A"D 

FS"!1~HTED NUMBJo:RS 

~~~=c'-~'. --
Slone 
Age 

iron 
Age 

HUllting :md \\,D<lded. hilly, 
gdthCl jug. using game-rich nrca~ 
wild foHIl'" ,m,] do,,, to water_ 
Hora, lirewood. 
and pf(lbably firc 
to drive gamc. 

Il!lllting. faITning , 
metalworking. 
allf1 trad ing_ 
Would have llsed 
nntural ["l1Ila ,md 
Bom. abo for 
mcdici nalu,e,. 
Started 
dOlllc.;licati!lg 
phnts jlld 

animals and used 
firc"-()od. natnral 
huilding >n~teti,11 
(wood. thatch, 
.~t{)lle, soil) , 
mincrals (iron, 
cupper, gold). 

Cuod f;;r,u ing ~,eas 
"lth ,uitJt>le ~Olls, 
w~kr> ~ 1ll1 dim<lte 
for agricultllfc 
s1l"h ;J.' 

riverbanh . 
5mb.blc pbces for 
\'dbgcs, with a 
prcfCletlCe for 
hills and Ii 'e, ~. 
.-\v~ibbility of 
'H)od <:r1lCi31 fur 
domc~hc and 
"'Ct;, h'-0I1"'g 
pl.l'pose~ . 

I'referred di,cm,c­
free area~ lor both 
human., and 
alllmals. 

Probably tbe whole park. but 
;(lllthern Kruger concentratiolls 
est imated at I grol!p per 7.000 h<l 
[i. t. , approx. I pcrwmf7()1J ha l­
\-lmimllln of 150 ,ite, !applUx. 
J,SOU persom,l Jlld nlaximUIll of 
)(){) ,ilc-, (applOx. 3,t}I)O pCIWIl.I). 

Almost the whole pJrk. with 
.Ii'ltlcment pattern., centered on 
cattle a;ld 'taple !1~in prooudio!l._ 
Sdtlemcnt., consisted of villHgc5, 
callk PO>!_" and somdimr'> 
capitHls. -~50 rez'olded sites 
spannjllg - 1 ,SOO yea,,_ G,mit.l31 
increase ill lo\lm'Hl number, to 
-15 ,WO people. Orcnpatioll 
COllllllelltcd hy mi~r~t!On .l lo!)g 
thc main rivcrs_ During the earl ier 
perinJ. Ii,,-, lligh-rlemity e"oters 
werc \oc@ted Tlwinl" m "a!lc)'~ of 
the Limpopo, Let"b;., ~nd Sahk 
nn:r, (:Vkyer 1986). Lak r, thil er~ 
was charadcrized by cQnflict and 
for~'ed migrations, with 
r~sdtlcllle .. t in the l8(\(h in thL' 
\\'cskm pmtl, ill~ludillg 
Mabh;me, Masorilli . Prdorillskop, 
and NSlkazi and CHJl'ooilt ri\"tr\. 
'I'll" mici"1800o;-1 ':J()O were an 
unstable period, with tribal war~, 
droughts, and raidl rte~lIlting in 
only" few r"m~ining k!JIjX-.rM), 

Vi!ldgCS. Low hU1!Jali densitics \\-ith 
jmp3cis of tsetse Aie, amI 
rinderpest 

-

i~m prevailed. Nahne consen'alors set the ~tandards :-ll ,eI norms ba~eJ on biotic 
and abiotic associations, generally excluding the fltull3Il cOlllponent from the 
historical or management landscape. In contrast, il was soon noled thai for con­
servation objectives to he met, the pllblic h;H1 to be allowed access to Kruger. 

This resulted in the development oftoumm facililies and illfrn'>tructure, in a 
m,Hlner alilleo a\ maintaining the natur<ll qualities of Kruger a~ far as possible. 
This essential paradox continues to this day, often with knsion between adi\'­

ities (such Js road cOllStruclion) and the ill tended philosophy (minimum inter­

ference) behind them. 
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Vn'lCIJl1lall0n ot I\.ruger om! Its tOTenmncr~ re st~! on two maUl dnvers, PO!­
iti c:> and concern about the ow:rexploitation of the region's wildlife (Carruthels 
199.5), although pOpUlatIOns of species such as eland and buffillo were decimated 
by the rinderpest parlzootic. not huntmg pressures (Cbpler 17, tillS volume) . 

. Th i~ Tcs ultl;'d 10 hOllndmy definition, fencing and protection, and ro~d and fire," 
break development to facilitate much-deslred control over the a.rea, Since th:lt 
time the Kruger ecosyslem has been shapeo by evolving g31lle m<lllagemcnt 
practices. including water prOVisiol1 (Chapler 8, this vo\t)me), nrc management 
(Chapter 7, thi" volwl1C), elepll:l.ot m,maljement (CJ1!lptcr 16, thi~ volume), and 

disease (CIHlpkr 17, tIllS volume). ChanglClg management philosophies have 
aftected how these impacts were dealt with :md the intensity of their outcomes 
in lime and .~p3ce (ChJpter 4, this volume). Tvlanagcl1lent paradigms evolved 
with increa ... ecl understandmg of the ecmystem, scien6ti.c advances, and theo­
retical developments. This includes th e nohon of ,<faille sbltes, the balance of 
nature versus fluctuations, and the implicit goal of m:lnaging for ecosystern 

hC<llth and hderogenei~' rather than homo.!~eneity. as well <15 a perceived notion 
of untotlched primeval naturalness ami wildness (Chapter I, tim \·olume). 

BOllndaries and FenCing 

The Sabi and Shinpveuri re,~er,es ",,'ere characterized by low species densities, 
Jocril extinctions:. spmst': settlC!nenl, and seasonal use by hllm;m s, In 1926, procla­
m!lhort of tIl e Kruger National Park resulted in western bOllndlf)' ddinition 

thTfJugh negotiations with bndowncrs, without cOTluJer'ing ecologic.;!1 boundaries. 
l\1ain drivers ofhotlnd::ny fencing were the protectionist segn::gation philosophy to 
cunselVation (Carruthers 1')95; Chapier 20, thb volume), veterinary control 
requirements (Chapter 17, this yo]ume), and political boundary definition \ .. ir!J 
lvfm..al1lhique :md Zimbabwe. B\' 1971.1 Kmger was entirely fenced, although seg­
ments lVere agai!l removed from the mid-l ~)()s onward as ncighbonng c()mef"'3-

tion-ofie,nled holdings wellt into dgreements with Kruger, Although somc bounu­
aTY adjustments and land ~\'aps have had political implications only, othCl's bave 
rn\\lted in biodiyenity losses, Of significance were the 196(1--1961 and 1967-1968 
soulhwestern bound<lry change~ rhat e:--;cised areas west of the Nsikni River, 
inclttding Numbi Hill. to facilitate provincia! ro:ld comtruction. This resulted m 
loss of unique bJbit:l[s &om hrugef, including th~ last permanent refuge of red 
duiker. the only suitable h>lhilat b! m,bi, and Wl1lC of the l;e~:t grey rhei>uck and 
favDred roan :lI1d sable habitat in Kruger (Pien:lar 19(0), Fencing not only affected 
these locally rare ~p~ci~ s hut :llso affected e>lst-west migr;JLory palkrns of wilcle­
~c.<t ilnd zcbra populations (V\'r!}te ann , oub~rt 1988). 

COllljJolll1ding imp>lcts of fencing include highly ioe:!l effects H1eh as injury, 
maiming, and de3th nf indiyidu3.ls, 5ub[..lUIJulatiun extmctiom (Joubert 1986), 
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individual. Ihey are nol hlg when considered a t tne popllJanoll O)'llaJlllCS scale. 

In contrast, po,itJ\'c spilloffs inclurle f<lcilitaliTig bUl1nrlary patrols through ;]SSO­

eiateJ road construction, inhibitioll of poachill~ activities, pre\'ention of straying 

or luring of rare or Immall--('(Jllflid species, ~lIlcll->arricrs to spreacling of disease 

(Chapter 17, this volul11el. l\e\'erthde~s , effectivene.'>s depends on ,Hlequate 

fence ttl<lin\en;lIl(:e, whieh often i~ not tl Ie C;l~e_ SiHlilarlv, the exact po:;i! iOlllllg 

of Kmgcr'51eg<l1 bOllndary is 111 defined along ccrt<lin river\ and remains a c:on­

tro\'crsiaJ point of friction bctween Kruger and riparian neighbors. 

Fences have separ<lted land \ll,IIHgeTllent practices, r('5ulting ill sJlarp [ellC(.'---

111lc contrasts. Thes(' are gencrJ.l1y unqualltifierl in the Kruger eonte:\t, ilnd 

yi~ll<ll interpretation or changes in heterogeneity may appear harsh, <lltllOUgh 

phmt divcrsity (<Ill species weighted equally) Illay be higher in adiacent eOIn­

IJltlll<lllallds (Shackleton WOO). \Villt or without fellces, the effeclive sizc of 

Kruger IS gradll:llly shrinking in ecrbill HIe,lS throngh land-lISe ch'llIge and 
CIICI"O<lellillg de\'elopment, \\·hcreas the "Cre<1/er Knlger Park'- e:\pallds III other 

areas as priva te <lnt! provincial consen'ation areas are illcorporated. 

Animal Population M:m::lgement and Poaching 

Thi~ has hisloriCillly been a central focus of eomcn'<llion :mcl research activities 

in Kruger. I ~Irge herhivore responses to protection measures defined maJlage­
Illent .'Ictions, ,l1ld by ]1)12 it was believed that most populations respond("d 

well. Stevenson-Hamilton's gamc laws prohihited illegal killing of Wildlife, 
r;mgcrs were appointed to cnforcc legislation, and by 192:; herhivore pOPllla­

tions had recO\crcd to pre-exploitation leveh of arollnd 1880, Ilcrbivore pop­

Illation Allclnations were mOflitored dnd <l~cribed to envimnmental comlitiom 

or lllanagement adi()n~, \\ith severe population declincs or increases resulting 

in population marngclIll'llt adll'itH;s (Joubert 1986). 

Poplllation i\uglnelltatiol1s 

The Came RC';erve~ Commission made pro\'isioll for reintroductions <lnd :uti­

fieia1 regulation of g<lllle mllllber~ in 1(}1 S, with no formal policy until 1949, 

This policy V;iCliUll1 reSll)kd ill cOlHiJeration of e:\Otic specie~ introdllctmtlS, 

although these proposals were not implemented became funJing was insuffi­

cient. Later, numcrous illtroduetion~ , reintrodudions, alld transloeatiom, par­

ticularly of ililklopc specie~, look pbce (Table 19.2), r-"lost ocellrre(l after the 
advances ill wild ,mimal capture and care tedllliqnes oCtile 1960.1, which p,Ntd 

the wa~' for acceptable and safe wcans of effecting translocation,. Rhino cou­

SerYatiOiI has been at thc [ore[rollt of these efforts. ' I 'he last naturally occllning 
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SPt;Clt;S DATE RmN'T~OI>l'CTlOl' ~V(;l'E5S 

- -.~~~~==~---;~'------;-;----
\\'11 ite ;mel NUmnollS Numeroll.l Highly Slleces~fuL 
black rhino 

Crested 
guinea fOl',1 

Lichtenstein'~ 

h;lftehecst 

RO;lll 

antelope 

MOlllltaill 
reedblJd 

Grey rhehok 

Orihi 

Aardwolf 

1930 

1986 
Unrecorded 

1984 
1974-1976 

1978 

1962 

1972-1973 

1962 
IY79 

20 sent to Kruger 

6 from i\lala\\l; 

" 12 frolll /.imhabwc 10 
Hlangw'lllc camp 

To Rictp~ll alP;! 

370 from l\luuntain 
Zebra :"-lational Park to 
Stoh:nek 

20 fwm Colden catc 
lligh lands National PJrk 
to Kh,m(hzwe pbteclU 

29 from Ihdpla<l> to Fay; 
camp (PrdorillSkop) 

98 from Badp1a<ls 
released between 
Stolznck and 
Prdoriuskop 
Badpla~, (with the orlbi) 
:; released at Punda 
M<lria from Natal 

AppMently successfuL 

Successful hut with mu~h 
effort: 65 released fmlll 
Nwatshitmmbe camp, 50 
hom Hhmg'o\ille cmnp_ Still 
hreeding in Ihe call1p~_ 

j~ alXlvc, 
Unsuccessful; did not adapt, 
primMily hccall~C of tick 
burdellS_ Populatioll 
dcplc:ted by anthrax and 
drought in 1960~ and 1970s. 

Unsuccessflll, 
Popubtion llcalthy, often 
seen, 

Limited success. SUItable 
habit.l! is J11nikd in Kruger; 
tbi~ is prob~bly the o11 ly 
,uited area (west of 
MaJdanc). 

Unsuccessful Umuitable 
llahilat lNovd!ic awl Knight 
19(4). 

UnsU<Tc"E1L Did uot adapt 
i)Cta\lSe oflilllited ';Uj!able 
highvcld gwssbnd habitat 
and fire regimes. 

Unknown_ 
Unknown. 

(continued) 

white and black rhinos were SCCll in the rcgion in 1896 and 1936, respectively, 

anci reintroductions of white rhino hcgan in 1960 and were followed hy black 
rhino reinrrodllction in 1972 (Pienaar 1970; Pienaar 1994). Krugcr's healthy, 
exp.mding white rhillo population, estimated i1t around 5,000 animals, is noW 

llsed for transloci1tioll to othcr areas as part of the white rhino conservation pro­
gram, with 40 to 100 white rhino mo\'cd out of Kruger annually. Most other 
Kruger rcintnxl11dion efforts have hccn ul1:mccessful (Table 19.2). Althollgh 
this can be attributcd to exclusion of suitable ha bital by bounciary changes over 
tillle in some installces, limited data are aV<lilablc to adequately assess reasons 

for Sllccess or failure. Success rates Jrc hi~hly dependent on habitat suitability 
:mci size alld composition of the fOllneler group, but documentation of dates, 

numbers of animals, and succcs~ r<ltes remaillS poor in conservation circles as 
"",h"lf' (1\.'", · .. l1i .. ~n(l Kni",ht lQQ+\ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

sPECIES rn" IllilN1'RontrCTION SUCC[SS ---
Suni 1982 4 rd",a~ed at Punda UnknO\\'JI. 

Maria from NatHI 
1%9 20 from l\at~L 9 hom de Did 110t do wdl in captivity. 

Wildt to SknkUl<1 I><:Jl'i 
Red duiker 1972 27 [renil Mancpskup to lI11kllOWll. 

Shabillkop, "Ncwnkop, 
and S<lbi~ Ri"e! 

19R i 21 released between Unknown. 
Sabie J ilt! Sand ri\fCI~ 

Nyala 1980 21 hrougbl rrOln '\Iatallo Sl1('eessf\l1 Regularly '~ I;'n 
Sabic River al()ng Skuhu;l-I,ower Sabie 

tarred road. 
Eland 1':171 27 fWlIl Adon Ekph'.lIIt Vulnerable to hio;h tick e(l\l1ll~ 

Nutinllall'ark (" <III<] few c~]vt~S raised; 
l-llangwille l'~mp rdc~~cd from tile c<lmp and 

supplcmcnted with bulls 
from lIl)rtllC'TIl Kruger. 

1972 6 from ~'lountain Zthra As aoon' 
National Park to 
Hlangwil!<O \:~lnp 

Sable uno 19 from Crocodile Riwr 11 wle~sed ;1I1i) 
antelope Estatc.> at Ilo~dspruit to NW'-lsillt-;llmbe carllp brcd 

northcm Kmger well, aud G4 animals wn~ 
rde:J,ed lJl 1976. 

Sam~lJgo 19HZ-1118B 95 from Entakni ncar Somctillw~ ~ecn in tIlt Pafllri 
monkeys LOlli~ Trichardt released area. 

along the l,uvuvhu 
River 

Cheetah 1968-1969 H from Namibia to Very limikd \11Cce~~. 
Tshokwane, MJit'lanc, 
alld Cn:x:udilt' Bridge 
areas 

Tscss~bc 1972 Unrecorded ull1ubt'rs Heavy mortalitics, but 4 
taken from the norl!! of sUIvl\'ed, 
Krugc:r ,lIJd BoerlspTllit 
to ll];l!!gwine end()mr~ 

197R 2 bulls from Percy Fyfe LTnrecnrd~d. 

R"sr-rl'e to Il!augwiue 
camp 

Population Reduclions 

<With all e<lrly approach to management described as pragmatic intervention, • • 

:population reductions of various species were <I rcgllhn fcatnrc. rniti~!!y this 
,targeted predators (considered 0\ erabund,lJlt vermin, lhreatening stock human 
~ives, and COllScT\'ation efforts), with control peaking in 1911-1920 and 
~1951-196n in response to concerns about Sln311 or declining Ullgl \Iate popllla­
:tions (Figure 19,1), Aims and ohjectives of clllliug changed under the influ~ 
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tnee of different wardens (Smuts 1982), officially ceasing in 1975 . Impacts of 
these actions on lion and other predator populations in Kruger arc specul<ltive. 
Allhough they Ilould have led to reduced POPlllations at specific tillle" high 
reproductive mtes and hHllO\Tr may have buffered the population frolll extreme 
impacts, ami knock-Oil effeds prolxlbly were not significant in changing her_ 
bivore densities ,md ,tructures, This conlenhon is based on the outcomes of 
mtemi\'e hon and spotted hyena culling between 1975 and 1980, which 
resulted in negligible popnlation impacts on lions and their prey populations 
(Smuts 1978; \Vhyte 19:13; Chapkr 18, this ~'oillme). Today, carni\'O[e popu­
lations OJI Kruger's boundaries resuit ill :mlagonislIc encounters with neigh_ 
boring communities_ Costs of repatrialion of ;Jnimah are high, and often "prob­
leln animals" are killed or hlll1ted {)ll or along the boundaries. This edge effect 
probably is symptomatic of the Kruger source area nol having <l sink 10 I\hieh 
excess animals can migrate and naturally be removed from the systew. 

'J he 1960s and 1930s were characteri,.;ed by large herbivore population conirol 
(FIgure 19.1). In 1965 the board <luthori1.ed artificial control of elephant (Chap­
ter 16, this \'olu111e), buffalo, hippo, giraffe. \vildebeest, zebra. ,md impala, based 
on the principles ll1al large herbivores an: limited by water and grazing during 
droughts and that high-demity species could ;]ffect hahit.lt and spcocs diversity 
and compete with rarer species. Silnilarly, culling during higlHaillfali periods v.--as 
motivated by the {'Ollst:mt fear of drought. From 1985 onward, an alternative to 
culling. providing financial relllTll, became slandard practice thro\lgh the capture, 
sale, or donation of specit's. Numerous animals have been Iranslocatecl frorn 
Kruger, increasing the budget available to SANParks for land acquisitions. The 
lnost sigllificantly affeckd species is the while rhino, with an llllnllal sale and 
translocation of 1-2 percent of tile population. Black rhiTlo arc removed Oil a lim­
ited ,mel ad hoc basis. usually to boost populations in other national parks or for 
political reasollS. Although elephant translocations have been limited in the past 
l!(;(:au,e availability of altemati\'e ranges is limited, the recent tnmsfronticr agree­
mcnt llas resulted in lile initiatioll of large-scale tmnslocation of thi, species to 
Mozambiquc. Impacts of such actiollS on the overall Kruger ecosy,tem are 
unknO\vn but are surely limiteu in tbe current framework of operations. 

Poaching and Illegal Exploitation 

Poaching has reeei\'ed attention ,inec Sahi Gallic Rcscnc plOciamation, with 
Stelemoll-Halllllton estahlishing the ilr5t antipoaching unit ill 1903. ConllIlon 
practices of smlring .lnd fishiJlg became ilkgal with the protectionist approach 
at the end of the ('ighteelllh cenhlfy and resulted in conflict around act:ess to 
natunll resources (Carruthers 1995; Chapter 20, this volume). '1'lltSe practices 
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FICURE 19.1. ' [atoll rCC(lI(led numher.; of ~nimals culled ill KTlIgCJ (excluding 
elephJnr). Data from joubcrt (1986), 

would have hJ.d all insignificant impact on game populations, but this ch'l1lgcd 

with the advent of organized rhino and elephant poachll1g in the late 1970s 
and early 1980.<; Poaching incidences have fluc(uaLed in [cccnt til!le~, 1 inked to 

increasing poor populations 011 Kruger'.; borders and a high dCIIl<lml for rhino 

horn and ivory (Figure 19.2). 'lixlay's antipoaching ()pCr:ltjOll~ are highlY orgQ­

nized and logistically and financially well supported ;lJl(1 playa deflective and 
proactive role outside Kruger's bOllnd~lfics. Sticces.1 11;., been achieved through 

infonller neh"'orks, general education, and counlerim::enlives, with poaching 

operations well under control at present (relati\"e to uthcr conservation areas in 
Africa) and considered to have lilllited population effects (Figure 19.2). 

EYen ruugh cstimates of illegal exploitation of plant resources in Kruger are 

difficult (Buill<] 149tl). Although Botha et a!. (200 I) alluue to occasionall1on­

commercial han"csting, it is speculated that .mhstantial <l!!lount\ of medicinal 

plant materiab leave Kmger. The annual South i\frieau trade in medic­

inal plants has been estimated at around $500 lllillioll, with an estimated 

494-741 tous from 176 species mcJ ill \·1puHlaLlIlg<l per year (Botha 199.'3; 
Botha et aL 20(1). Some resources aTe harvested ill Kruger hecame they h.-!\c 

become scarce else\\ here, and others me collected bv re'iident staff with caS\' , , 
access (e.g", bark in Ski lk117.a sbtf yillage). 118rvesters genera Ily select for size to 

iUaximize their returns (Rotlu et J.1. 2001), which may affect popubtion 

.recruitment in rarer or slow-gruv.·ing and maturing species.lncreJ.smg demand 
for sneh products will exert increl'iillg pre~snrcs on wild pOpUlatiOIlS if long­

term resource mJ.nagement programs arc not e~tabhshed. The e:\act Impact of 

these practices is unknown nut h;JS thc potel\tial Lu lead to local ,pecies extinc­
tiOll, as has happened in areas out,ide Kruger (ButlJ<l 1991))_ 
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FU' IIR I': H) ,l. (0) Kruger rh i!lo poaching incident<; bet"-ecn 198U and Octoher 2002. 
WI! ite l!lld hb('k rhino n\lmber. ~ re i n dic ~ ted by gray and hhd:: Dan, rcspec'lh-cly. 
(b) j~ l eph ::L!lt poaching lllddcnts in Kluger hetween 1980 ,]TId O ctObC1 2(102 The 
Conventi()n OI l Iniemalioml Trade in bldangcred Specie, bml calile illto !"ffe(.:t in 
1989- \<ND 

Tourism 

Kruge r's <ll-'p"a l :l~ a lomi:>! dest il);llion is ellQrmOUI>, dlld it is a ma jor (h i\cr of 

econo mic de\'e!opment in tJ H~ region . This, togeth~r with ih ,1l1l1llJI net 
illC0111~ . has led to Kruger being per'cch cd as the goose tbat lays th e golr1en egg 
(Ferreira .md HanlHc 1(99). Economic' find poiiliC'al rrCS~l!p:s \0 inc rc,\~e reV­
enl1e geneTotion, attrad morc visilm~ , pro\'idc benefits to neigltbmillg CO[[1-

lllllllities. and hecomc more accessib le of le n are iuxtaposcJ to maintenance of 

aNral' lion integrity and long-Ierm sU$tainahi lit)' of economic and e m ironmcn-
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sti mulus but carries with it imp;Jds and c n\'irontlle lltal costs that COllstr;tin acti\·· 
ities allJ m ay result III (legw dation of tile Tt'!iOurcc has!: on whid! tourism i~ 

cC ll tc led . Sustainable operations must do morc than merel)' sIC.l1I ;,tnd mitigate 

ncgati \c imp.tcis; c ritie<ll ii nks beh ... ·r,cn touri~t numbcts.tlm:shold$ o r use, ;md 
envi ronlllenta l illlpa C'bi must be cOlIsiJ er!:<1 ;lIId understood . 

Tourism and its m it: as revenue senerator were en LTellched ill Kruger in 1926. 

The opel ling of SkukuZJ, SaIM:I. :l11d Preloriuskop (";Imps in 1928 followed the 
Willier opening of the Prctori uskop section for day trips in 1927 . I lot water pro­
visiOll W;t~ comidered in I <)i ~ only after long debates over wlu:tl, er Ihis consti­
tuted <lll l!nnccessary luxu ry . ..tnd pit I;l trines were replaced by \\ <1 terbome sew­

erage ~ystcllls in 1% J. Since 192t\ touri~ 11I lias increao.;cd dnl1natically, with peal.: 
figures reaching atnlO~ I lnilliot l \'is ilm~ per annum in 1997- 1998 (t'igurc 19.3) . 
.... a cili ties :lnd infrdslrudure ha\'e cxpalldeJ . :m <l services and experiences ha\'e 
di\fe r.~Hiecl in :J.ccordanct! wi th the ;'\l;:J tional Parks Ac t (;\)0. ;7 of 1976, as 

amended ), which J.Jruvide.~ for st1Staincd lise of national parks "for tl lC benefit and 
en jo)"mcnt of visitors," a provision Ilt dl b",~ been Jch:llcd ovrr lim c (Braack and 
Mar<lis 19(7) . Throughout Kruger's hi~1o ry park Illallage rs have expressed con­
cern that louri~t pressures were ,lpprnaching capacity kvch ((3 raac k alld \-brais 

1997: Ferreira and I-brmse 1m), inciuJing issll e~ of trafti c congestion, over­
use of f<l(:ilit ics, .1nd impacts on \'isi to r cnfoyment. Peripheral develnpme nt and 
social carrying capacity pri nciples w\:: rc fir.~t considered i.1 the 1940s, a imed at 

siting new dC\'('lopmcnts close to bOll nda] ie~ and avoidi ng enhlrgt'ment of cen­
trally located cam ps. Tourist number cOlllrol stra tegiL's were ~ Illended O"'ef ti me 
and ind llded limiting camp si"£\::, tlc\'d nping ad'-:lnce booking systems, lill1 iting 

overnight and day visitor nun .hers, implementing veilidc:IO<id lengti. mhos, and 
lonillg Kruger for developllIe!lt and m e (Ferreira and Ha rmse 1999). 

Balancing Conservation with Tourism 

The importance of halaneing cOI)$ervation achi(. ... "enu~ ll t, sc ientific value, eco­
nomic viahility. rmd cultural va lue was recognizetl in 1%2. It was a rgued that 
consel"\'atioll success cn t:libi economic rdu ms and tJl<lt na ture conscl"\<ltion 

was for the benefit of IHlJ llans rathe r thall for its own protection . 'rite impor­

tance of rccH:3tiorw.l valu e in it ~ widest ~ensc included !ipirittl<ll. in tellectual, 
and physical rellewal. Therefore, in thc mi d-1970s interpreti\'\! services' role 

incl uded disseminating knowl edge and increasing Vi sitor st'nsiti\'ity for comer­
vaticm isslles, arguin g that the ill cfTed; of lourisill cOl1ld be reduced by rciluc* 

ing visi to r ignorance (Jouhert 1(86). 
MOle recently. the needs of t 01l 1 i~m <l nd conservation have been addressed 

th rough .zollillg lechniqut's. Nen·rtheles .. , zonill~ has been a source o f d \:: batc. 
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nFIGURE 19.3. Nllmhel.l of aHlltial visitors 10 Kruger since 1928, The total includes 
all foreign, local, OycrTlight, and day vI~itor5, but foreiljll l'i~llor llumbers are included 
in both the o\ernight and day categories. . 

with l'Ullielltion revolving around the ha<;is, dcfillilion, amlsil.e of zones, their 

desired qualities, usc, ,mdlllanagcmcnt (Freitag-Rollalrlson et <1 L in press), Per­
ceptions. expectations, and interpretation of Wiling no doubt ha,·c rcsulted in 

much of th t: dehalt:. \Vilderness ruan<lgement and zoning have becume a cor­
nerstone ohjecth'e of the Kruger management fHlrue\vork (BraCick ]0(]7) and 

resulted in the Rccre<ltiolla I Opportunities Zonin~ (ROZ) policy, which guides 

infrastrudural <Illd ecotOllrisnl development. This provides a heterogeIleous 
template for directing levels uf lIl:mageIllent and tourism activilies. It is based 

011 the premise that grades of wil(lerness experience and opportl1l11ties should 

he made Jvailable to visitors withollt impeding bio(Ii,·ersity management goals 
(Venter et <11. J Y(7). Thi~ policy is under review became of ongoing challenges 

;md a perceptioll hy ~Ollle that it rc~lrict ~ tuurisIIl cxpallSioIl. 

Dealing with Tourism 

An annotated list of \,lsitor-i!lAuellCed wildlife impacts in Kru£;er points toward 

~orne effects on the ~trul,tl\f81, [unctiona!' and compositiol18l ;lspeds of biod.i" 
vcmty (Frcitag-Ronakhon et;)1. in press). Although <3 percent of Kruger IS 

directly disulrhed by iIlfrasLfllclurc, the o\'erall ilIlpact of tourism activities on 

all d~pects of biodi\·er,ity is poorly understood and of tell is nut recognized 

explicitl!,. Although ciIrect rewurce lISt: (water. wood, gr'l.\-e!, waste gencmtion) 
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is measur:JDle, It IS otten nor taKen IlHU s(! rlOUS COIlSIUtlaUOIl \vlIel l IUtli ''''Ii 
activities or infrastructure I>rojects are plalmed. For example, thc practice of 

providing firewood from the field j-"{)T \,isitors reacher! stlch t"llormOll5 propur­

talBS that it was comidered Ilnslistainable and was repbeeJ by liquid pdro­

kUill gas. cOlllmercial ellareo;]l, and wood from exotic species. All mdkation 

of the scale of sLIch IlSC IS reRectcd in the 2000-200l J iquiJ petroleulll gas sales, 

\\'hich reached more them S27 ,000 at picnic spots alone. Other unqu<lntified 

side effects of tourism in Kru gel include [(md nctv.'ork development, w<lter me, 

waste generatioJl, :md electricity consumptIon and may even illellldt, vehicu­

lar emissions . Smtainability or development is being investigated holistic;;tlly 

through evaluatioll of the oycralllllllllan ecological footprint (resources COI1-

smned alid \vaste gener~lted) in all p:Jra<itatal eOllSclvation :-treas. 

De\dopmcutLlI and re\'enue generation forces inercas!llgly threaten the 

greater S('ll,e of place in Kruger. Added pre.~sures arou lld the horders impinge on 

this conservation area, effectively re(h iCing the Ilonimpdcted core area and the dis­

\Tiblltiol1 of wilderncss attributes ,;o\lght hy visitor~. A zoning ,ystelll alone will 
!lot prm'ide a holistic appro<lch to the protection of touri.,>m quahti es, an inte~ 

grated environmental managelJJent approach is needed. Krtlger must comoli­

di1tc a balanced pl~n to gll1(1e furlh er den~Jop!lIent, combilling societal wllllc~, 

hiodi\ersity COll$l;r\'ation, plcur.ulionary principles, and sllstain;lble development. 

Roads 

Road ecolog)- (I'orelmnl and Alexander 1(98) has recei\'ed little attention, even 

though the cOllspicllOIlS presence of ro.lds fragment, Ilw Kruger iand::;cape. Road 

impacts operate 011 Iwo primary le\'eb: thc individual, species, and popnhltion 

leveJ alld the ecosystem plOcess and landsclpe level. The former ilnpacts influ­

ence abundance, distribution, mortality, and coloniz~ltio\J rate.~ (Tsltigllvho 

2000) and includes [()<ld kills (v..-ith spates of mortality, probably ill seasons \\.'hen 

vulnerable species forage more frt~qllelltly Oil roads or night traffic lilte~ are 

higher), road <l\'Oidallcc by animals because of noise, and barrier effects with 

possihle deIllographic and ~enetic eomequences of population ~llbdivision (For­

man ilno Alexander I 99H). At the process level , hydrological. ero~ion, ~edimen­

tatiolJ, and chemical effects, nutrient cycling, and dlien immion impacts are 

operating. hom obsenations in Kruger, this seems to be limited nl<linly to the 

road edge zone, although this is worthy of Il1vestigatioll. Similarly, little is klJown 

about the Wider sCCllt" effects of habitat and landscape fwgmcntation, which llJay 

affect a \'ariely of species, l'0I11111uuities, and ecosystellJ fundions. Certainly the 

impacts of wads \vill be sl>tcies, ecosystem, or bndseapc specific, varying with 

ro~d type and associakd char.1cteTistics (TshiglldlO :WOO). 
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FI (:\lRE 19.1 . Krugel road de\'dopmcnt over lilne. llIt"amred ~s a Jength :ullil are<.l 
(km&m') mtio Datl! taken fro m Jouber t (1986) auJ informaholl ~ lIpp1ied by Kruger 
Technical Ser..-ice$ Di\'i~i{Jn . 

"1 llere \\cre no H:hid ts in Kruger in J926, lind the Selah railway. pack donkeys, 
;lnu hon,e, were men for transportatioll. The need for roads accompanied increas­
ing Ill<lna!,;cmcilt rcql!ilcments <111d the ad\"Cnt of tourism, with the first car tracks 
opened in 1928 <.IlII.lll1e first road tarred in 1%1. Since then, the fo;ld network 
(indllding fi rcbrc<l l:.s. management roads, and aiThlri~) has expanded to 7,926 

kilometers. d r:llnati t-ally increasing between 1956 aml 19iO (Figures 19.4 and 

1 Q, i). I !ere we consc"'i3!i\'cly estimale the immediate roarl verge efft>d br buffer­
ing rO<lds by twice their width (an arbitm ri ly ,<;elcded buffer wklth, wilh gravel road 
width = 6.5 maud tar r0<.1d \vidth = 12 lll, coulp;lred with mmdlllilm mad verge 
transect widths of 2() 111 in the Tshigllvh o el al. [1999] ~tudy). TJ,i~ rC~lIlts in a cor­
n:sp(u Illillg immediate mao-affected arCa of 29,75 t ha, or 1,) percellt of Kruger's 
surface area. Cenerall,. these effects operotte.)1 tllc local ami inJ i\·id l.i<ll scale, with 
IIcgalivc effect:; ma inly on ill\'crlebrales, slllall mammals, .mfl lilllid game slx-cics 
(Piel1a;Jr I %8) and positive t::lTecl~ on spce i~ snch as scan>nging anbl: (Tshigll ~~l0 
2000) ,lIld plants (e.g., ColophOSfX'mrunr mopanc. DichrT).~I(/r:lr;,~ (jIlCfC!a), which 
h.lVe encroached road \"crge~. 

Of greater environmelltal cU!)SCljucl lce are fwgnlelltation dfects, poorl)' 
dT<llllccl or badly pb lilled roafl networks. and erosion prob l ~lIls 3S \\c11 as the 
ilnpacts of m .. intcll;uICt: allo constnlction <l{' li ... ities sLR'h a. .. gr,]\'el LISt:. Although 
no qualltit<lti\'e udta exist. a high proportion of onn<ltura! cwsiol! is associated 
with road-hllilding Jct;vities in Kruger, must severe in duplex soil types. Cravel 

pits refled the erl\'ilOlIlIlentai costs of IOJd building in Krngel , with Illore than 
12.5 million m' of gwvel excavated (wcr the years CI~lbk 19.3). l\nlIlUlll!l:Jin­

ten:lIlce e~timatc~ of 7 1>.000 Ill' of gr,l\'el are influenced by minf,Ll l ann flood 
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FIGURE II}.5. lourisl and managcmellf Hmd networks of Kmger al (lifferent limes. 

events; almost 500,000 lIl' gravel was llSed after the Febru:lfY 2000 floods. 
Approximately 1,000 gravel pits of differing sizes, depencling on gmn:·.! content, 
constnlction tleeds, and locality, are brgcly nnrchaoilitrrteo. 'fhey are unsightly 
and have other detrimental effeds SIIeh ali withholding water amI acting as 
unn<ltural water sources throllghullt the year, sometimes in arens that animals 
would ha\·e otherwise vac:lh;J. in the dry ~caSOll (Chapter 8, this volume). 
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size, with three or four old blocks now eomtituting new burn units. However, 
not all roads have the s;nlle ecological impact, and fragmclltatioll levels !i\ay 
become meaningful only if con~idered ill light of ~pecifle policies (e.g_, fire 
policy) or ro.ln type. At fint g\;mce Figure 19,5 Jppears to show that all dreas 
of Kruger have been developed with roughly the same density of roads ;;illce 
1969. Ho\\"Cver, if main pavcd roads are considered to have the highest 
impact, the southern arca has been affected longest and has the highest frag­
mentation lcvck Therefore, homogenization of spatiJi processes probably 
has been greatest in the south. Road use for fire management has also affected 
the system. Aum blocks and fire regimes and policies (Cbapter 7, Lhis vol­
IIIne) no doubt played a part in I'egetdtion homogenization in blocks (espe­
cially during the perimeter burns placed around blocks) with sharply defilled, 
linear burn boundaries. Even point burns are affeded by firebre<lk and tourist 
roads, which will contilHlC to shape burn bOllnd,nies, although to a lesser 
degree. 

Road networb and gravel pits haw' a variety of ecosystem impacts that may 
be of extremely long dum/ion, even after decommissioning and rehabilitation 
efforts. Therefore, Pienaar (19G8) urged the utmost care dming road construe­
tiOll, noting that '\vherever a road is built through wild country, this area can 
never again bc the same, and whether the influence ot such a road is beneficial 
or detrimental to the ecosystem, it is bound to be profound" (p. 1741-

Limited research efforts have addressed the {'ffeet;; of ]lowerlines, or the com­
bined impJds of ro;lds and powcrlines, ou Kruger biodiversity. Overhead po\\'­
edim's are llnattmdive, and ongoiug preswrc against any sueh expamion is evi­
dent. Reticubtion lines may result in raptor electrocutions (V811 Rooyen and 
Crantlulll 1998), dlthough ,'iOll1e remeelial action (design featurcs or additions 
to prevent electrocution) has been Laken. 

Kruger would benefit fTOIll d{'velopment of an overall franl{'work on TOad 
impacts and road ecology research, designed to better quantify and understand 
these effccts, particularly with ongoillg pressure to build more roads and tweh 
ill cOllccssiou areas (Chapter I, this volume). 

Invasive Alien Species 

Invasive alien ~pecies pose the second greatest threat to global biodiversity 
(I UCN 1997). Impact'i include replacement of diverse systellls with si ngle (or 
lllixed) species stJnds, alteration of soil chemistry, geomorphological processes, 
fire regimes, hydrology, extinction of compositional diycrsity, dnd threat~ to 
indigenous fduna (Cronk and Fuller 19951, displacemcnt by competition, 
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Conservative estimates of gravel qualltitie~ 1.1~'ed (or com/nlctirJr/ 
alld maintenance of the Knlger mad Jlenmrk (a,~ ~!lP/JlieJ by the 

Kruger Road.~ IJeparlmenti, 

A\'E~~CE ~H;)(AGt: ClTMlJIAHV,,; 

DI~'L\."CE WIDTH GAAV-.;J, DEP1H 

!lOAD l">:"l'E I ~lJ C\\) "~F.n on,Jo( IJ~Ir: (M) 

Gravel tourist roads 1,768,000 0.5 1125 
Tar roads 885,000 12 0.8 
Graveled m:ul<lgemcnt road, 717JJOO 6. S 0.25 
(firebr('ab) 

Airfield, 12.800 30 OS 

1btal 

--
GR}.vn 

VS.;D 

(M ') 

2,873,O()() 
8. 4 Wi ,rlCl(J 
1,196,000 

len.DOD 

I") r"' 100 .c . )I,l. 

reduced structural diversity, increased hiomass production, and disruption of 
prewiling vegetation dynamics (van \Vilgcn and Will \Vyk 1999). Fllftherlllotc, 
Richardson et a1 (19Y7) suggest tbat in s()llthern Africa the destnlctiOll of ripar­
ian habitats is a key impact, and aliell plant invasions havc directly n:sulteu ill 
thc extincLion of spencs. 

Kruger has Leen illvadecl by numerous taxa, particuhrly plants. Undcsir­
able effects of alicn plant species were first recognized in 1937 by Stevcnson­
Hamilton, who stated that the in/roJuction of exotic types of fauna and l10ra 
"should b(;! religiously a\'oided" (StevensOll-Hamilton 1937, p. 2(0). ;'\I everthe­
Jess, policy proposals over time (prohibiting cultivation of exotic species ,md 
supporting tht'ir remo\'al from Kruger) did not significantly affect resident staff 
attitudes toward thei r gardening h<lbits or the growing threat of alien phml inva­
sions, The first alien plant list of six spccies was compiled Lv Obermeijer in 
1937, and the current Krugcr estimatc stauds at 367 species (Foxcroft ;md 
Richardson 2001; Figurc 19.6). Most hahitat types have been invllded, with Jis­
tmhed hahit ats Joost affected (rivers, rest camps, staff villages, anu road verges). 
,In 1997 invasive alien specie~ were highlighted as posing a great threat to hio­
diversity COIlxp,atioll in Kruger, highlighting the gcnerall<lck of institutional 
learning aud recognition over time of thc long-tenn threat, posed by al ien plants 
(l"oxcroft and Ricll<lruson 200 I). 

The ()vercl!lpilasi~ on compositional di\'ersiLy h:ls hcen 3c:compallicd by an 
inadequate awarenc~s of structural and fl mc!iunal di\'ersitv and the role of inva­
sive species in driving system~ into more hetcrogeneous or homogenous slates. 
Simil<lriy, Kruger researcb surveys are not Jesigned to spccifically explore direct 
,biodiversity impacts but implicitly assume that such impach are negative alld 
undesir<lble. Onc measlIred him\iversi!y rcspome came through;m experiment 
on efficacy of control methods for Lalltl1nd camara, which showed that there 

'"Was <l significant incrC8~e in biodiversity after its chemical removal (Erasmus et 
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FIGORE 19.6. Tbe number of invasive alien plallt, reported ill Krnger ~Ilrveys 
between 1937 nnd 2001 (d:lid from 01x:rrneilCr 19")7; Codd 1951; V~11 der Schiiff 
1957, 1969; Geliellbach 1485; :VlacDonald Jnd Gcrtcnhach 1988; Anoll. \995, 1996; 
Fox('Tofl 1999,2000,20011. 

ai. 19<)3). AI this point l.(lIltana camara is considered the most serious riparian 
invader, c:o\'ering an area of 30,028 ha, \vith some patches havill!:; attained 100 
percenl co\'er in lhe past. Ongoing cuntrol efforts and frequent flooJillg limit 
its prol ifcration, althougll propagulc pressure from sllffoundillg areas facilitate~ 
reestablishment. The impact ofterreslria! invasives ~l1ch as the Cactaceac (spe­
cifically Opuntia stricta in Kruger) is pronoullced. Tt has been shown that 
Opulltia sincta affects vegebtioll structure in densely mfested areas of Kruger 
(Lotter and Hoffmann 1998). Experiential evidence indicates that III a fire­
dominated SOj\iOjnna such species disrupt natural ecosystem cycles where they 
form dense infcstatiollS, excluding other plants such as gr<lsses, affecting fnel 
loads, fire frequency, and intensity. \Vhat we don't yet know is whether species 
with allelopalhic properties inhibit esl ablishlllent of indigenous spenes ill their 
close proximit}', illerc;Jsing the distllfbdllCC cffect and pwvidillg a niche for 
other ilw<JsiYe species or for the e.\pamioll of their own range. 

Control efforb initi;llly were aimed ;Jt eradication, be~iuning with ,I.vfelia 
rlzedarach ill 19,6 (Jouhert 1986), Er<ldicahon attempts generally have been 
unsuccessful. Control efforts now recognize the more realistic target of main­
taining infestations <It acceptahly low levels (the definition of accef)lahle is not 
rigorously defincd but varies by species and refers to the logistical reSOII[ce need, 
for controlling alien plant populations). r-..'lanagement operations invohed 
mechanical ami chemical means and were improved by the use of registered 
1"",-h,,.,;Ap< " ,ith initi;ll Tf'sl".'Irch .'Im1 fllnuinp aJdressil1O! herbicide efficacY and 
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people to re!l\O\'e ~Iien plants) have illje<:leJ llJ{)re than $4.2 ll)illion (at IC)(}8 
exchange rate~) into Kmger since 1997 and deareclmore than 8 million ali(~n 
plants by 1999 ;md !J2,700 illfe~tcd h3 since thcn (this changc in lllcasuremcnt 
of effectiveness follows the changed nomenclatme used ill the progJ<l1lJ). '~\'1ost 

alicn species occurring in the field and >l Iang ri\'er COllJSeS (i-e., excluding those 
found in rest camps >l1l(1 shiff gardens) h>lve reitched close to maintcn;!Ilce lev­
els, necessitating alllllwi follow-up treatments. IntJOduetioll of biological agents 
by the Plant Protection Rescan:h Inslitute bcgcm ill 1985 to control Pisfia stra­

tioles. Since then <ill aJditionallti hiocontrol agent, have heen introduced, with 
varying ~uecess rates, dnd have provided an additional tool now !!Sed widely in 
integrated COlltrol progr;::m1s in Kruger (Lotter 1996, 1997; Lotter and Hoffn1<lJJn 
1998). Nevertheless, biocontroillas But always provided the short-term effects 

.de!mooed by management (Box \0.\), with fluctuating cycles of plant die backs 
and recovery <IS bioeontrol agents track their host population demographics. 

Management by Objectives 

Until recently, charismatic aspects of wildlife mall>lgernent received dis­
propurtiollatc attentiUl1 and budget alloc<ltioll, with allen control operations 
receiving lower priority (Foxcroft and Richardson 2001) . The 1997 manage­
mCllt-hy-objcctives approach in Kmger sparked a strategic adaptive mdJ1dge­
ment response to invasive al ien reseJ reh ,md conhol, integrating science and 
management Illort' tightly than before. A monitoring and goal maintenance 
sy~tem (Bcstbier et al. 2000) provides d ~truct\Hed approach ellablin~ mlllti­
tiered threshold of potential concern (TPC) assessment (Figu re 19.8; Chap­
ter 4, this volnme). The first-order TPC state~ that all illVllSiollS into Kml{er 
are undesiGlhle and must he prevented where possible. Therefore, TPC noti­
fication follow~ tIJe fIrSt n~cord of an invasive dlien plant JPproaching or enter­
ing Kmger. As these pi<lllts clisperse, second--ordcr prevention--of-spread "J"PCs 
are activated, aimed at reducing the dispersion of the species. Thesc arc fol­
lmved up at the thnd level, \vhlch strives for sllpple~sion of plant densities 
(i.e., TPCs corne into effect when densities increClse hy a predetermined 
amount). Consideration is given to priority taxa mo~t likely to Deeome trou­
blesome, mailltaining them at minimum levels, whereas other species are not 
controlled Jnd fluctuate without intentional intervcntioll. Sulic issues 
,are illlportant in successful control program implementatioll became the def­
. inition of prioritie~ changes at different sCiclles. Species slg!lifieHni at the 
Kmger level therefore may not be as important to eOlltrol at the regional OJ 

1I<1lionallevel, nnd ,"pecies reported .1t the level of a rallger sec:tlOTl may not 
carry mucli weight \\·hell liewed across the entire park Jno weighed agaimt 
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BOX 19.1 

Hi%gieal Control in Managing Alien Plants ill Kruger 

LL EWELLY:-; C . fOXCRon Al\'D JOHN I-I. I!OI'FMA"'_'l 

Biological control has heen llsed to manage seV{~ral alien invasive species in 
Kruger, inciliding 0pu!ltiu stricta, 1..(1l1tal1(/ camara. Pistia stratiofes, Saly;nia 
mo(e~ta. Ji.ieh/wmia erll.'isipes, and Azolla {ilielJloidcs. O. strictu is the most 
problelllatic invasive species in Kmger. with more thall 30.000 ha in the 
Skukuza rcgion invaded to various extent, (Lotter and Hoffnl<Hlll 1998). His­
torically. the invasion displayed a typical lag phdse, with plants rCIll<tinillg 
scarce and limited in geographic distribution. Uowe\'er, in [Ceellt years the 
disJlersal and uellsification of the species have been rapid despite intensive 
cOlltrol efforts (figure 19.7). Initial control efforts relied on chemical herbi­

cides, but they f"lilcd to prodllc e satisfactory rcsllits, large1r because of the 
extent of the illfes!<ltion and shortage of labor. 

Area (ha) infested with Opuntia stricta 

"""" 1 
6(lOOO 1 
;;0000 

Trme (years) 

To illlpron; control and limi t e:o.pansion. bIOlogical control \V;lS initiated 
III 1988 with the introduction of Cacloblastis cactonan (Lep idoptera: Phyc­
itidae). The release \vas successful, ,1Ild the moth readily became established 
in Kruger althollgh, for unknown rcasollS C . c(/ctorum has not reached e£fcc· 
tlye kvels of abundance for O. stricto control (Hoffmann et al 1998a, 
199Rb). N everthdess, C. cadorulIJ plays a ll1ajor role in curtatl ing re~IO\\'th 
of O. stricta in illfesbltions treated wi tli hcrblcides. This strategy provides a 
rare eXalnple of the sllccessfulllllegratiol1 of biological and chemical con­
trol methods and has achieved substantial savings for Kruger. 

A particular biotype of cocllineal, Dl1d)'l()pil1~ optl1llitle (Hemiptera: 

DadyJopiidae), was obhlined from Austr;.Jli,l <lnd relelscd in l\by [997 into 
Krugt'T, where it re<tdily eshlbli~hed in the vicinity of Skukllza. Large, deme 
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clmllps of caclus were cOlllp!t:le1y deslroyed within 18 months, although 
cochineal populations declitlCcl dramatically dlHing I)!e extreme rainfall expe­
rielled iu2000--20(]!. Cochineal poplliJtions ha\'t~ recovered slo\r!y, but prri­
odic hca\)' rainfall and limited di~perd ;ilJihties of the insects have slowed 
progr~~~ !Foxcroft ami I l()ff111~111l1 2000j. 

To date the cllllluined llnpactllfC. Ct1t10TU11I ~llld D. oprmtia has !lot he(~ll 
;lhlc 10 prc\"cilt the sprcad of 0. stricto (Figure 19.7). IIowever. thc insects 
hav~ curbed thc rate of long-range lhspnsa I ,md densifJcatioll of O. stritla 
(Hoffm,llln ct al. 1 (f)S<I, 1998hl. Precedcnts elsewhere indicate that cochineal 
imcets effccti\ely dc~lroy target weeJs Jmillg periods of belo\\"-a\era~c raill­

fall C\chlf<Ul e! ;11. 1987; ,\ioran ,md Hoffmann lli87), <1nd it j, anticipated thJt 
the .\.1 me \ ... ill k(ppen in Kruger in thc next ell)' period, Currently n opuntiac 
is being mass reared Hndcr hothouse Cllllrlitions ,1llU releascd throughout o. 
stricta infe~tahons in and aWHud Kruger, 

In general, too little effort is expended on u' sean:h to evaluate the effer:­
tiveness of control strJtegics for alien invasive pLmt .. <II [[I other pesh. This often 
remits ill inappropriate allu ineffective control method" with an enorll1O\l$ 

waste of timc. effort, and reSOlJTCtos. The development and impkmentatiOll of 
a work<lblc integrated control progl.ml agaimt O. slricta irl Kruger ha\"C been 
possible throngll research Jnd management integrated in a targeted HlJnncr. 

the overall priorities, Therefore, malJagers Illust match scales to achicve 

appropriate prioritization and reSOIlrce allocation. 
Implicit in invasive species control are mitigation measures focnsing on 

vectors of dispersal and, where possible, limitation of propagulc distribution. 

It has long heen recognized that riveTS are the main vectors of invasion into 

KlUger (MacDonald and Ccrtcnb.:lch 1988; Foxcroft ann Richardson 20011, 
. with heavily illvaded catchlllcnLs prcssuri;--.ed by increasillg development, 

COlllmercial farming, and foresLry. Until infestations III uppcr catchments 

are better cOlltroJjed, control efforts in Kmgel will, at best, remain an attempt 

to maintaill poplllatiollS at the lowest possible levels. However, internal 

. lOurees are also important If long-term effective control is to be achieved. 
I, Propag\Ile Illovement by anilllais and birds implies that before dispersJ.I of an 

exotic plant species can be successfLllly lil1lited, all flowering and fmiting 

Popuhltiom must bc c()ntrolicd and toil owed up before the next se<l~on of 

aetting seed, as is done in the management of Opuntia stricta (Lotter aud 
'Hoffmann Ili9S; Hoftinann eta!. 1998<1, 1998b). 

HurlJall-ilssisted invasion in Krugcr is disellssed bv Foxcroft (2001), higl !light­

ing the role played b)· stJff in illlT(xl~lCing species into reslcamps and gardens for 
ornamental alld other uses. In ]915 r~ngcr I Ioart~ objected to the p!Jnting of flam· 
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FIGURE 19.8. The How of thn;~1101(h of pOk"li<li concem (TI'es) inr1ic~!ing the various'J 'j'C 
Icvd~ for inva,ive 'pecie, management, 1, 3!1all'ze; 2, nOlif} "[,l'C reached; 3. 13kc management 
~ction; 4, proVide feedbad; 5, measure; 6, contract; 7, cleaf; 8, monitor; 9, follow Ill'. TPC lev­
cis: I, !JICI'ention; Z, measuring d I'pe [>ai in Kruger; "3, mcasurmg dellsity of speCles. 

boyant Delonix rcgif1 Jt Prdoriuskop; this is one of the first efforts to (lctivcly pre­
vent an intentional iutroduction of <.10 alicu species (Jouhert 1986). l\.lacDonaJd 
,mel Gerkllbach (1988) stelte that 13 of tlte 156 alien species recorded were in cul­
tivation in gardens and c<lmps, with 2 of those ~pecies (Lantana camara, Alelia 
azedarach) considered to IKlve high impact Oil the Kmger system. A survey of the 
Skukuza camp anel staff gardens in I m listed approximately 240 exotic species 
and culmiualed in a policy that prioritizes species for removal in <I phased 

approach. 

Spatial Structure, Lag Periods, and Uncerlain Trajectories 
[nvaSi\'e species spread depends all point of origin, transport, and ability to estab­
lish and spread into new habitats. Riparian systems are especially sensitive to inva­
sions hccame they comb inc higli disturbauce rCltcs with high fertility and propClg­
\lIe influx (Prieur-Ricl!ard and Lavorel2000). The February 2000 Hoo(ls altered 
the structure of the Sabie and othcr rivers in Kruger, affecting vegetation stnIC­

hlfe and alien veget<llion composition. The initial ripari;m aliens were quickly 
repbced by stands of anllual herbaceous Af',cratulIl cOllyzoides and A. TiallstOlll­

alwm. followed <Inc! replaced bv others. In addition to wpid colollization, the 
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including Mimosa pigra and Chromolaena odorata. Chromolaena formerly was 

found only sporadically in smallnUiubcrs in Kruger and has now become wide­

spread along all nwjor rivers. InterestiTlgly, Krngcr scicntists had already been 

warned of the threats posed by C. odorata beC<l11se its habitat is compamble to that 

of L. camara (considered the greatest threat to Kruger ripanan systems after the 

1984 floocls .1. The ad3ptive management framcwork adopted in Kruger, ;Jnd asso­
ciated TPes, provide a struehued ami :ldive approach to ensuring that such warn­

ings are taken seriollsly in futnre and proactively addressed. 

Humans have contributcd to hiogeogwphical migration of species (Hodkin­

son and Thompson 1997; VitollSek et al. 1997). Alien species began seriously 

im-ading the low .... drl only in Ihe last 100 ye;Jrs, which is late compared with the 
invasion of cO<\still areas (Henderson and \\lells 198G) and is linked to the iuhos­
pitability to settlement ilt the time. Temporal i.,SlIes have important implications 

and comequenccs in long-term invasive ~'Pecies impacts and management. A.II 
apparelltly bcllignlag ph<lse precedes mpid di~persal amI invasiou (M<lck 1985; sec 
Box 19.1), after which invasive species rapidly occupy all available niches al the 

greatest density ollowed by phpical aid eTlViroHlllclltal constraints. This sequen­

tial trend may l>e hroken ill certain case.~ hut is the exccptiOil rather than the TIlle. 

HYJXlthctically, wllclI all available space is occupicd and a dense monocnltmc of 
invasive species exisb, the system sholllJ be regarded ilS transformed (spacc 4, F·ig­
ure 19.9a), with little chance of reciaillling it to former composition and function. 

With Kruger's history of alien pbnt control, geographic distributions and demities 

of invasive species Ilave hew limited, but whether this will hold in the long krm 
remains to be seen. If left unchecked, invasive specics exhibit abilities to move 

ecological systems from natural hderogencil)' to homogeneity over a lmge scale 

and time frame. However, seriollS aliell illvasives (i.e., tWl1sformers and others) 

that are controlled effectively ~ho\lld be suppressed to maintenance levels \vith 

tolerable impact, effectively staying within or reverting to Ule lag phase cOllClitioll 

(Figures 19.9b, 19.9c). Species not cOltlroHed \vill Ollchlate as environmental COn­

ditions dictate, switching bem·em scattered and locally dense infestations. 

Variations ill tempomJ invasion are not always fully understood, p<trticu~ 

-larly for seasonal species. Di~tinctive cycles of recurrence have long been 

noted, \vitb extensive stallds in some years followed hy a complete absence in 

others (e.g., Abutilon Gilgulalwn, Zinni(1 peruviana, and Nicotiana gJauca). 
Are such species responding to environmental parameters that ;1.11ow thcm tu 

flourisb at some stages but not oll]ers, and, if so, how long are these cycks? 

The exknt of species dispiaccmellt aud rearrangement of floristic patterns 

during in\'a~iv(' cycles are 1I11kIl0l'''-1i but woulJ help management asses~mcllts 
maximize Ilse of limited resollfces. The real question therefore is whether 

fluctuating infestations of some species such as N. glaucl1 on sand v stretches 
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FICURI': 1\).9. SCell,JI;O A: Trcllcl of phnt if1\ia~iOlI ()ver time ,mel space, will] Auctua_ 
lions bebNccn heterogentity alld homogeneity: ], lag phase: 2, trend line (tending 
towarcl4); 3, Invasion covers a wide area as a homogenous stand but can fluctuate 
wIthin certain paramctt'rs on a local or heterogeneity sralc; 4, transformed system 
wi I h hOnlogt, neans st<lll d of iUYllSivc plant, over <J Wl( 11' area, wi til 1 itt 1 c fI w.:h lation 111 

homogeneity (Ructuation would h<Jve littk imp<ld hecause of propaguJe pressure and 
the seed bank in the entire area). Scenario B- Trend of plant invasions o\'er time with 
mechani(;<Ji and chcmic~l control options: 1, trend line bC<Jding for transformed state; 
Z, illlplementation of mcchanic<li or chcmical control operations; ;, trend toward 
altercd state whcll olxratiom stop [or any reason. Scenario C: Trend of plant illV,lSion 
over time wid] the release of effective biological control agents: I, introduction of bio­
control agent; 2, establishmelll ofbioCQllt["ol phase;;, rapid collapse of host plants; 
4, tcn(Ii"g to central point of fluctuatiolls through seasonal variations of low impact 
allu densities ojhosl plant. Circles represent spatial scale or extent. 

of the Olifants and LeLlba rivers warrant attentiun other tlJ<1ll for aesthetn; 
rca,~ons. The cyelic nature of these invasions and our lack of understanding 
of the main drivers make effective control of these species difficult. Control 
efforLs may be better applied by focllsing on plants e~tablished above the 
annual flood line. with the rest of the illfestation following eyel es dictated by 
environme ntal intlllences. 

The overall conclusion is that disturbance (both natural and hum,Ul­
induced) drives alicn pLot invaSIOns in Krug~r.lmportant for managcment of 
this problem b an understanding of the temporalldg periods that are botb 
specieS depcndent and eIlvironmcntally driven. Research and experience in 
other regiolls assistl1lanagement in rlistillguishing between the long-fuse-big­
bang specie~ al1(l those that arc 11I1lUlportant, with limited ecological impacts. 

RankingAnthropogenic Agents of Change 

Illfluences on Kmger have been many and varied, and the majority of thelll have 
an <llithropogenic origin. Teasing ouL the exact influcnces of cadi agent on land-
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scape heterogeneity, whether this is a direct management or an nomtentlOual 
side effect, is difficult, but a nonquanlitative evaluation i.~ prm'ided in 'I able 19.+. 
Landscape-level hetcrogeneity has been significantly and diTectly affected by man­
agement policie~ dealing with fire management and water provision, Ilowe\'cc 
similar levels of impact ha\'e come from altered river and catchment cUllditions 
arising outside Kruger. I\Jedium·level impact activities inc1mlc im'asi\'(: alien 
biota, which, althollgh considered to have had a mild influence to date hecause 
of inicnsi\-e ongoing management and removal programs, ha~ the overall poten­
tial to cause signiflcant eh<lnges in savanna heterogencity, Also, Il],my anthro­
pogenic agents of change have had cumulative ann s~'nergistic effcds, interucting 
with each other and with natural phenomena such as droughts anJ floods. 

What has been learned over time is that management of this ecosystem rmlst 
go beyond the fence and incorpor<lte new parddigms of boundary soften ing 
stich as buffer zone comanagement (e.g., i\.l<lkulcke and t\1clluli Contractual 
Parks, !\farietta Buffer Zone). Newrtheless, Kruger cannot be expecleo to bear 
the costs of external impacts and reWHrce use, and techniques lllllst he devel­
oped tt) measure and predict levels of impacts ;Ind r~ltes of resource /low. Quan­
titative esiilliates of tile economic value of the conservati011 l<lnd·use option 
must <lbo be made anel V<lhle assigned to the hnman benefit~ flowing out of 
Kruger's continued existence (Chapter 23, this volume'), 

The Imperative of Responding to Global Environmental Change 

Although not specifically discussed else",.·here in this cbpter <Inti 1I0t ranked ill 
. Table 19.4, Kruger recognizes the potential paramount importance of glanal 
environmental change. Unprecedented changes in global climate and biogeo­
chemical cycles have resulted in collabol4ltive initiatives at both Kruger (Chap­
ter 22, this volume) <lnci nationallevek At a wider level, Ollr participatioll in the 
Assessments of Impacts and Adaptations to Climate Change in Multiple 
Regions and Sectors (AIACC) initi8li\ e will lead to improved understanding of 
the impdcts of climate change on the biodiversity sector of southern Africa. The 
project aims to enhance scientific am1 technical capacity am1 pro\·ide scen;nio­
plalliling tools to project climate change vulnerabilities anel test ,1Ild facilitate 
adaptation strategies. Linked to these arc the wide-scale land use and land cover 
changes and biodiversity reduction. Htre Kruger is involved in initiatives aimed 
at addressi Ilg destrtifieation in South Africa and in a earhon emission offset ini­
tiative for n<ltural resource rehabilitatioll ill rllr(li areas, Although this is a ncw 
response to an objective of Krnger (see 'Table 4.1, this volume), it is starting to 
attract the requisite attention. 
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Fire 
m~ Il;lg~llIent 

\Valer pro\'i~ion 
po1icie~ 

Rivcr flows and 
catchment 
Illall~gcJllelit 

Alim hiota 

Tourism 
adivilies 

Ranking alJlllropogenic agent.1 of change in Kruger, -=----
MAIN t;;FFf:Cl'S """ID Ot-"'1'I:OMES 

Rigid tricnnial hUll) polk-ic, 
hetween 1957 amI 19Y2 
led to homogcnization of 
vegctation. ~hift from opcn 
to do.,ed \\uo<lland in 
higher-nllnfall "rea, 
through e,lTlitr lire 
$lIPPfCjsion; encroachment 
of <;(1111(' ~pecics; structUJal 
changes to mopant: 
[cgiom; dcdinl:' in large 
Irees. 
Ik~ultcd III changcd ~pceies 
composition and structure 
III immediate area of 
MtificiaJ w"ter and impm:ts 
of elephant in [l,uticular 
on the "oodv vegetation; 
incrc~sed patchilles, at 
local h,vel hut uverall 
hOlllogcni7.ation of Krt1g~r 
'y,tcm. 

Upstream alY;lwcliom 
Icducc Krugcr mrface 
""ater, with some pcrenni"1 
rivcr> becommt; seasonal 
in SUIlIC year~. alfeding 
ripMian vegdJlioll and 
recrUitwent pnKCSSe.l; 
effcct:; of clltrophkdtioll, 
~edjmentiltioll, and 
decre.1~illg water qualities 
affect do\\"mtrc~m (Kruger) 
biotic respon~,. 

Has high homogenization 
potential, hat thi~ has becl! 
,c"erely limited by control 
efforts, ~IlJ infc,hlliom 
have still been 
prnlomin.1ntlv withill the 
latent I'lg phase_ 

V;lncd effcch througll 
ass, ...,ialed iliff J,trudurc, 
although higge'if conccrns 
Jre em-ironmenllll costs 
!lot nece5sarilv associated 
witll hekrogeilclly impacts 
(throngll uircct ~lId 
illdircct re,Ollrce u;c)_ 

nt.TEROGF.~£rn 

,,,'CREASFO OR 

[}F.(:R&\WD 

Homogenization al 
bndsci!]x ~cale 

Inerca~ed 
heterogcncity at 
fine scak 
homogenization at 
Kruger seale 

Homoljellilation 
thmugll biodiversity 
Ims and struetural 
Jnd hahit"t 
reduction 

Increased spede., 
diversity (although 
undeSirable); local 
and habitat 
1J(llnogellization 
(espenally npallan 
,ystems) 

Somc local 
homogcni7.atillll 
(e.g., wood 
collection), sOllie 
10eJl heterogcneity 
(e.g., etTeets of 
~rtili~iJI wdhmcls) 

RfCUl'TVE 

M~U-,,"I1'UDE 

l-!igh, qx-eially 
ill conjunction 
With cffe("j,1 of 
Ilcrhl\OIY, 
notably bv 
clephants~ 

High 

! ligh 

r,·Ieaillill to dnte 
(but ver, high 
potentia'l) 

1.0\,\ to mediulll 

(contillllcd) 
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KETEROCENI\ITr 

INCIillASn> OK R-";L.~T1V£ 

AGENT OR L\fPA(~T 1\1AI:"I EFFEt:TS AJ>.;D OL'f{:o~m~ DEGRK-\SED MAGNrTUDB 

Popul<ltion Synergistic effect with fire Local-scale Mediulll to 
management management; st:lbili'lcd variabililv high (in 
ilJ1d clilling elephant !lumbers had an increased, larger- coniunction 

olera11 homogenization ~t:<-lle v,'ith fire 
effect at thc hroadc.,t level; homogeni7ation pohciesj 
population reductions of through population 
herbil'ores and carnivores st~ bi Ii za t iOll 
had uncertain effects. 

Disea~e and Natur31 disease assists in ECOSystelll effect, l\ledin/ll to low 
di,ease T1la;ntcnallce of patchiness linked to other 
managt"mcn! by its cyclic nJture, drin'rs and Inay 

opcrating at rocal, Im·a!, or then act 
[egionallevels: alien synergistically in 
disea,e generally has Increasing 
homogeni7ing local effect> patchiness or 
hut mav eOlllribu!e to homogcnizillg at 
l~rge-sc'alc heterogeneIty. wlrious seaJes 

ROilds Fragnlcn!ed Kruger 11110 Loc;:rlized Medium to low 
blocks. homogcllii.ing hom ogen iza ti on, 
within blocks hccame of although larger-
fire effects. Small ,md scale synergislic 
localized barrier dfel'ts, eff(,rt with fire 
but large implications for management 
r;ravcl mc and effeets of 
resource use. 

Fencing ami \ 'lainly affeds I~rgc Humogenizing Small to 
boundaries mamilla) movements ,llld effects medium 

cuts uff mig[atm), routes, 
resulting in llllll"ltmal 
pressure on vegetation. 

Poaching L'uge dfed at turn of Limited effects Small (but 
century by extirpating possibly 
dominant herbivores, but medillm 
more reccllily ha, more beforc Km<;cr 
lo{:alizcd effects with proc I all lation) 
limited impacts on 
hctcfOl!:eneity. 

POJ-'ubtion Resulted in increascd Ne~ligihle S Ill;lll 
augmentation species divCT,ity, bllt often 
and attempts were 
reintroductions 1ll1successfuL 

E<lrly hum<lns Heterogeneity diects Increased Assumed to be 
through b!lmillg ~md loc31- heterogeneity STIli}ll 
scale enhancement of 
patchiTle<;s. 
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In a rccent study asscssing effcdiycne~s in protecting biodiversity, Bmnner at OIL 
(200 I) noted that p,nks were generally succcs:;ful at mitigating the 'llllhropogcnic 
impacts ofhmd clearing, hunting, fire, and graLing. Park effectivenes~ was most 

strongly correlated with density of guards and invt:rsely with levels of illegal aeb\,_ 

ibcs in parks. Thesl: findings appear to hold for Kruger. They will ;:l1so lead to 
incrcased lllOli\'aooJ)$ for more field ~taff to patrol <llld C0111 bat activities s\\ch as 

poaching alollg hOllll(larics. Howe\'er, this narrow fOCliS lllay re~l1lt in short-term 

protection but longer-teml bioJi\'ersity loss. fiar greater threats thai tenu to be 

overlooked are already exerting their invisible forces on the ecosystem. tvlanyof 

tllelll are lillkcd to glubnl change ill its bromlc~tsellSe allu ale changing the com_ 

position and f( Il1cliolling of ecosptems. Of immediate and direct consequence are 

tbe escalating biological inv<l~ions. Threats from global environmental agents of 
change prohnh!y will dominate in fuhnt ;md ;lttrdct illcreased 8ttention and focus. 

Human-induced changes in atmospheric depusition, greenhouse gases, and nitro­

gen deposition must be afforded greater concern and considerntion to fncilitate a 

pragm.1tic and adaptive approach to attaining: cOnSerYOltioll goals. 
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Pari I_Management implications. 

1.-1: Fo,xcrort L.c. 2004. ,\Ll ,\d"l'tiv~ MaLlagem~n[ Fram~w')f"k I('r I.,nking Se,e",',c aLlJ 

~lanagclllellt of Inva" ive Alien PI;",[s. Weed Tc<'hn%gy 18: 1275-, 1277. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Pal't ]_ .'lanagcmcnt implications. 

I.:": I 'oxcrc>n l.c. 2005. Al i ~1l Impact Objcuivcs. In: ,-1 f1ierardry "I Objecli"" ''fur Ihe 

Kruger N,rli()nai Park- KruS;<'r N"fimrol Park ,ifarws;ement Plan (ed. S. c'rcitag­

RO Ll~ kbon j. Soulh A Ii-i ean "alional I '~rks, Sk lLkuz,,_ Soulh A rri~~. S()Uth A li'i~~n 

"atio tl al Parks, Skuku7a, South A fri,,). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Symposium = ___ ~=====_ 

An :\!lapli\c 1\ 1:11I: lg l'lI!t:1I1 FralllC\\lIl"k 1"01" LiJlkin f.,: So:i('lICC and l\lan:lgemcnt of 

I'1\-a<;in.'- Alie n PhUlts l 

LLlOWI:LLYN C. I-oXC":OF I"' 

..1.1"" """ 1: The dc\"d''f''mem of ~1Tn:li'c linlr."l'es oow""" ""ic""c and m~,,,,sc"lC111 (:CIIICll' "" lhe 

.. n onth "'I~£' al")n or threc ptll~1'!o ~ct~i nK co",,,, .... objeni, ·c •. Sci~nn", rrKmllorins. and man~&~m(nl 
aU pLty " ... oe i" Ii", ,,'e ' ~J i ' ''''''''''-$ ..,i "",,,~.,,i,,l' nam,,,i 3"'3S. '::: om mi 0' !R~a"i\'( allen sJ'Ki~. 
(I.-\S) has genera'l)/ follO ... erI ';.&id 1 !O ;oc;l>l~ Im ilt 0" a fllUoo:niOJl of ,It-,,(klf',n.:; nlC'(:h;ulisn>s for 
re--;;eln·c. r hY!>l~"'1 conu N lechniques. As 11'", mllnbeu 01 lAS conllmo:: 10 gon,,·. prcdOCllnllS ;ue 
.. ...:d"" I ... JJ\:ln~~~ Ihe n~ 1ICCl" u:, ' P<"-"IC$ ..,nly. lhis apl'nloch ,",;uil es a ,,,,,,,:O/;('II,enl r"''''ewo,k 
tOOl .Ho ..... =Y"Cfll 11,,\ au.) lll"'~ ac~'Cprant:c of mv;<.loi,·c spe~)C~ ,,~ pari of CCo:.y'ICll\ dyn~uuc$. 
The "'an3,~tlne"l ~)/.,elll mu,1 ~ 11v ... ' chal1l!e ..... " hin AI) en,'dnf''' of pre,\cti nr.d "mils of (loI.:ccphblc 
chanf,t b UI II1U<l eJ'fechvely hi S h" ~ I" poWl., e.>.c~~dif12 the"" "mit., A ,u;I.1hk f,amtwn,k needs 
fl~~ihjhly In i'ICOIpnralll neW , e~~are h ;lIld thln~ inll In a DHlfIDeI that i, fundammtall y PIO"~li v~ in 
apprmeh. This oniclc f llJCldllC. Ih ~ ~'·eJopll .. nt of Ihe Kruger NatlOnall'JI'" ' IIJwgi~ (ld"pli,,~ 
m~nalle!1lent SYStC1n. ullnwlng for 100 dntlnpm~ IK uf. cO Llceptual tramcwork for exploring: ,ciCIlCC 
"nJ m"n~l:Cnl~ nt lm h fur InVa~l\'e speci~~ IIl:m,tg~ll"'nL 
Addi(io,,;,1 i"oJ..·~ ..... ..,roJ" Mr~h:gi ~ LKI;lp!iv~ '''Hn~£~-meTlt. lilrc<hoJd, of po'eli(ial cou-::cm. 
Ahlu'e,1atl ()H<: K"". Kr~g.,-1' Nn li OI'~! P"rl. SAl\'L """I<otic .daJlti\'~ mo"agemc"t "TW. thresh"ld 
of l'<~e"1101 cn"cc .-n 

INTRODUCTION 

A CO"']J·le~ Sy&km Vie". New p~ra.li~:"'l ill ,:(,olnr.~' 

~n,ph;isi7'; =ul'k~ l>o13l1[n'e ~>'~tenl< ~'k1 1".{"""!I~'''''IY 
at nlllllirle {~ml",ral ~1I<l ~p1Il ll\l .c~ I ~. {,-",,, .. I')'!") ; 
Pirkn C( at 19'11). Within Iar!:e cun.<er'·311<'<1 :lI=. 
mllld->d ch:.ngcs nrc r~llired ~o r( " ec~ oew th inlcing 
"nd tr.m"at~ rh.,;OI inlO rnIOn31:~'I\"'n~ :)l·tiOIl1. In d~· .. mnir 
CCOS}st .... m:; ... h~T<." Ou>oe$ ,...., i' ...... ,It.b!o.:. 1I1."~~~1~ "U'S~ 
,"""lL"o,,~I i7.e new p:>ra.:h8"'L re, ,,,,(,," "S lh"m..<.;I,·cJ 
.hl<-"'Wr ptotpO<e(ul ];oM.wledse J il f ... <io". ,I co"u ol JIl"f>-
f raJllS :1ft 10 be dlidenl 'n lhe 1 .... 11;;. ' .... m' (Bigp und 
Ro;;. .. , 100~). W","ru I""~;' .. "J)' {h¢ " b~la '",e <>f "'" 
IW'';;' w"" II>.: fO~lh' Will>l~'1 ~'I 'lidl I'd"",,,,,,, In seal.:, 
acupt:m"e of the "/lin of M IU,C" I" ",uhf)n. over mill· 
lil,lt <ra{;OICm[lOllJ "k la'c"I<!.' <> ,k'w ..... 'lu tr~,l ( B~' I' 

b~r ~I at 211(0). M~"~~IlI"~ "1 l"\'\ """I~' IIm'ed !O 

""'mma;D b:>b", .. "e" ' '''W!:/I., · .. ·,,"11\1." .. 1 .",d conun)" 
'ppr{).1ch. wher~ 3lbp';'·~ "'.1"";\""",,,, '" " 1~3Hl by dv­
in.,r i. nnw c",,~;def~d U".I r"~"Ii" c. Inrward-tll;!!I:;"1l 

, F,,,,;,,, t", [',,"''''.,'''' ).'''''''1 ". "., ,.",., ~ .• ;"'" ("'''' 'b, (;, -, "''''''''''''''' I,,,,, .... , ).,,~ '" """ I," "" ~''' ''' ,",.~," l.c~."1 R .. 
",.,d , 1; ...... ,,. ,,. x" ' ... " N""~, ' "">, So .. " M,. ~, ~ , ...... ~ P""'., 
Il~ S ... ,," A["". c ... ,,,",, , .. ,,, '" ",.,,, • I '" ,,1 "'''' ' ''r" F<h''';''' ~'''''1 

apl'",,,,-il (Be,{b i"" ct aL 21JO(); RoSel" 2(1(l]). Hnw~vCl, 

"' .. ""nll: hy "ni"s ""lu;"ly <I""" ~ ~inrl'I)' Imp!y mal 
3!ld err(l( maOIl.,ll"l"e"t (W:tll"'.' ",,,j Green 1'.197). Ar­
I!Ullleni$ demanding mote daLl "don: (1ecl~IOU~ ,~n be 
madc:trc of!"" urucali\li,. Ihe "-'ICroat"'" ~ml: 10 phil."': 
empt.am "" ",hal is :ll",ady /mown, tlocrehy 1110"1..:/1111: 
a t:;,,;i. for sl.1rtin~ 

Conll'ilcy II> this. In V"",.e opccies m~'"em hl~ ~ 

""" ned In a 1"'''''Iij!''' of <."OOlIm~"'" ~n!I ( "",, ro l. 3< ~ 
'e.<.Llh of 8 lcgacy of cud lClll iOQ JIlogram<. M:Ul~£tn do 
JIOI cmWd", in' -"",'c ' fl«!"" .... 3 "",I uf Ihe s)':Ilern ~ru 
~IOJe at" , o,,"r ned only hy rules of wnwl IKlinm 
Hu",,,,,CI. <.-",,,/ence ut The failure I>f ronl"" p" ..... .,...>In~ 
~ of vano"" r~~I'>, "" ".-ell a~ Ihe ' "Cf\;aslftS 
pr<:~.ur" flU'" new Hn'a,;jon>. force. maD3ltt:men l lO cnn 
<id ~r the 1ll0, t .ldetcriOlIS 5]><-"1:;(5 nnly &",1 Incu~ Ihe re­
o n. Th;~ hrt""""h implies Ih31 ;1l>'OSIVe ~rJeci~< \1' 111 >leN 
to he ~"'~r'''') .. , pafl of Ih~ ~Y "c"" m"in lalned. hnw­
c,·cr. Ihwugh contro l pn:>~ra"" ~1 m;""n~l levcl~. I,here 
ll>o:ir ",jninl,"~l c1f~...,!s will f (l1'" pan of Ihe .• yf.!ern 
fnneli",-

TrUll,btiDg Sci~"tjfic UDdcf,t,mding i"li, Mml:lge· 
mCll! Practicc. C()g"j"nm;c C~fl"j" l y need< In I.>e hbcl~ 
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vf ,he r";;"h;,, rna"y i".lilU,H"';I] ,Ic'lj:"n. ~n' 'o.}f ,level_ 

,'V'--d 10 I"omore ~" Jdam,,·t" 'Mnagc" 'c'" cull",.' ",,,I 
~,hic (H op'" ~1 ,, 1 2(1)11). In,''l .nl.mal d~;M." Ind II\: 
I>eh~"01 0 1 ;OOi,'i.Ju,,15 I.U1d 10 1\:1;>,0.1 lhe ptnCCo;s o f 
adIp1lve ,n."ula~~I1ICIl\. p,d~'ITms h.> .dv on "!lied "",1 
1m,,""" [J .. ~I'l<J.J~ ,,' problffi' w lvln,S IH.~&cr< 2lX(3)_ 
1:C<11')::;~1. rn.~IUe,,"Y h~'" J '1I. .... 1~ ~Ut" 11~'~hC.!l un_ 
.Jcnta",lint' of d:0"-.k",", m.llh,l'~ , .. nl,W;I""I ... " h , h". 
anjbbilil~ ,,' .n.1I"'l;~rf 1()(>ls a"d '~<(\O'I""'$ (RuG'll> 
20(H)_ 1'Ius ;151",,1 i. de." lr r.' iotcno;l.J h~ Ihr rd al1 .d}' 
,,<"II ~1"","I"fl<'!I lInde.·sl.lllJina " r 'f'.ct<.'1'I' of "'\"~'''Q~ ~< 
"..,11 3< efiec,~ ,ho"~,, _ ho_'"eo, 111' a~iO'lS ~,<! e<caJ"' rng 
and 11I'''iIG""",,,nl rlU);!_,l1ll< nre nil! cJl'ablc o f c""aiHn~ 
or ,u~,·~",f" lIy ""'n3l;lrtg lhe prot<lelll<, 

DISCUSSION 

!.inking Sdr"c~ " "d j\1 ;on; ' GC UWnl 1111~ U l:h S(T3(e~i e 
,\"apli' ~ 1\-13""::;,- ,,,,·,, 1.. '\ibpl"c lIl.<".Jg" Ill(ll! j" PI'!)_ 
,:,'" of "'lna£~ 1 ~~r)Jln~ ,vh,,-I, ~leclS ,1 !""~lcl:]C "",io" 
I,) "chi~ve de,it'.d ~nd(>Oinl' ill n e'''Ilj'lex eco,Yb tcUl 
(B i1gs ond ]{"g~" 20U '\. Alrl1ou!;h there 3'~ ""n,' '-'a 
riell,," ,,{ ,,,bp\]v,, ",n"~g~mcu l . (I]e '·cr.,ion used in ] h ~ 

Kruger Nal;"n,,1 l"lk (KNY) i, Id~n~ '.1 10 "~ $ [f"t~_fP'-' 
"dapli.c w,,"a~Cn1~n l IS,\)"!I. l!i .~Il~ ~nd ~')r~r. (2LO..(1} 
pr,)\idc ~ d"'~'k'\ de~riPlion of Ihr Ikl .-l,;~t]~.:n! of!~ 

."S,\M sy&!tm in 11o~ "Nt'. who:r.:.<$ Fu.,c ,o.h .m'; !l.icb­
ar~.<l" (1(001) a",j Fren .• !: f!"na ldsvll al)(\ h.>"cr,'[t 
(2(I().l) detai l 11", /~,dor'''~''1 of u~· ",,·~!j"e ~p'ci<,. 
awed!>. Con<i<lrm 1I\I'(ou_)I0111 lhe-e fr,ullcw,,,I.< 'Ire 
fecdb-..d, l<",,~. wi nch provwe vrl""umlty fv. ~,mnn"· 
<>US sclf .. ru.sc-:I!'mo,'nl ~I .. I n·' ·).;.I..>!]. o.. ,doping ~Q ~ 
.j,'C'S hi.,...,. .. 'chy "'I~ ~n achi",· "'-"e <.:1 .-.f g..>,ls IVI' ~ Ir.~ ".e 
d~,,,eJ 5t.1t: ihe "".doo,'Knenl of "t;,,"-1 '\~" hegll\'> .. illl 
!he ... 11m£. of a m'!&Jon sl:UclIIoem. l "hoe IIj81 .::< . - I~ ,d 01>-­
Jecti, e, Ih~ ... i»Siom. .~ ~ ~1 ... t( lll(ll! o r .W1\tegic i",~-.. I ~ .. rI 
!'uoth.-'< :100: dewl"I'''ICftl 01' Ihe d\:(:oi kd ohj::-.--ti\'t;S. TIot: 
loi&h~r- I~.cJ ollj':': ',,'''' ~ , ~., fCn ¢ct ''''CI(I~ I "nilles, 
",,,",reu the lower )e"cll f~JlI ·~,_ .n <c(entilic ,,,odl""IlI~ 
""'''I'-.tiblc ,,·jlh lhe ,·.Iou of (he lri~hcr_!C\'el .<to.!c 
"",nl •• " ,t!;<;h '.-:llb!a!>' illl" g<.>UOO-Ie ,·el " n",cr"atinn 

j::o~ls. Tile objcw ,'c, at"<: :I!1..ln;;c.J i~ ~n inl'<:lt...'Il II'"". 
d""o<ll .... ~'n~ Ii, liu~r ooj<"<'I;'r:>o al Ihe I'.>"""r ,,"',<;1. (U" 
Toil ct ~t. 2(3). 

-I'u'eshold l or " ~lcn l i~l CU ' !I~'r1\ , A ke;. cnmrH''''''] '" 
,be lunt\]Q!\111~ ,,{ ~A,\I i~ 1hl< l\lrr, i:.ol.J 01 f"'tenti:o I ,'",, ­
,'em (TPe). TPC~ :t1'~ 11 ,t>lie 'Ur p<.'l" "" , I Io,,,~" In.-l, 
along a C()ntlll1l']]10 of eh" to g,' in ,ekctw tnV ,m. ''' ,,"Ilul 
jnJi<;m,)N" (i>iCg! lnd RO,o("r< 2(03). They 11"· ,. 1,,.-,­
provide a kl or (ll~,.,l'inll~ 1 ~Qal. tlo :'1 .kllne .mi" Iool i", 
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OJ J""~">~~" ~ " 'r " I u ... h NP ec"~ySI~"'. vWr '~\1l1"1')e 
Sj>I>", lt\ ..... ~ .. ~ "1 ".]1,', iIJ '::':" and ROll!'"'" 2i l1HJ, i l'{;< 

'""" I"~ I",~" .. I _" , " ,,':""] ".~ "PJlIoo<h '" SAM hecauo;e 
Ikey _It~ II\v;,n" I,ry b'·I~'lh,·.-.,~ of hl1lu~ of ae.."C[lI~hlc 

o:h.u.,,, j " c<~"Y'lt'nl """,,",,' . r,,11<.1I.-"I. and cO'''I''-''i 
!lOll If!"l''::'~ 21 ~ OI_ 'l1 o.;y '](I' Ih~"'!01~ ~ cl.'Illp11l1ble a,o;J 
wdJ .. ,m.""I,.h;o1 ".-1 ,-I ''''~I'I ; '''' manD8~n1<'111 goa" anot 
eoopmnl' I ll i~"-,, .".1 Ihf~n' ~l) A~ " .. h. ,he .. < •• 

I;;lu\' ~nd al'l"''I'r;alc''',." d'" alw&~~ <>lie n 1<) ~hl'k,,~.(: , 
md 1~~ ",,,-'ol lor.: "'l .... " ; ,d~ ,,,,,,,\olinl a$ ",,,"',,,,,,,,,,,I,,,C 
auJ e~l"'"cl1C'" ,,( Ihe "f~CI1l bo;,o;; ",,111_,::«1 ;, ... ·]l:lt"", 

{lI i4" ,,,oJ 11"1;'''' __ --Hf\L .\" ]I1I\1Orlanl ~'1""'1 of Ihe 
-( 1'( ' .' ,h Oi Ihey "'e prt'.lg"""J ~o.~I~. alld ,1".$. con"""",-, , 
h .... al("'''''~ b< .. ~, ,,,ad,,,,r "" 1""",,1)1<> ""I~ N [nlure 1lC­

!Jon', oc ... '" (~ TPC " ".",,!>cd_ n".' lM'~!or~ "nl~'~ 
tl\.,' "'."]a!';~mem " I"e\'~m~d from st:l l"n~ nr pmcras­
ti"atJ1]~ at <urn point_ When a iPC '" r~.KhN col I"" r­
~,"bly ,,'k .. m(ldel ;n~ predj'Th t1"" i. w,1I 00 re:ICh ~d. it 
p,nm rT~ an ~.'i;"""''''H' (OJ' tlk' ca\l"' __ ~ or til<: "~tC,,t "f 
c hange m,~~s and R"2~" 2(:(1.'1). III I I ];~ ""lon"" <lie 
~~ceed",l TV, rer"",~n :s on~ d; ", ,, n$io n "r The C" n]l" '8-

,[" de ,i '~d cllwlupc ''' 1",''{''1\''~ bv ,,11 11i e ob.it .... li,~~ It>­
get her. 

F""CR'[( and H.ic!wnh",,, (20031 ,k>l"t:)t'n]e,1 the I'se 
0' TK.:, f", ,"'~""C ailen "fJ'X,i"" in 11", "-"'I', Hllw ,·\"cr. 
,ir>re thl' p"l>I"'''''fm uf Ie", early TPC.,. furUl u luming 
~nd relin~m"m tu. I~l.,·n 1'1~c • . 7l"w:: f'.~\'io", iPes 
fo ]k!! to u ral ""'I>ibly ,"'illl "'1"''' ' m""_"U1\ ';'·~ n1S. "'Iolel) 

w~-rc oJ~~" "" '''''1'''' cr,u,e ,"'r ""necl"ll I I:l ]Cg.~ and Rog­
ers 2flOJ; Freil~g .. 1«m.1J,,,,, an<ll'vn-roh 20(3) The dc­
\"~],_'P"'f Dt "r ~ mlll"l;ered layer of 1l'C$, cI~]y !o!­
low ong Ih~ ",,'3,;00 pI= rR1¥tdc~ 1 .... a m~ tunc­
!IO""J "s~ or T I'(-,. Lewl J TPC~ dc:iJ " ' ,III .~w Ill­
"-a!>I<'RS in It.., KJ"" or !hose <pe<:,c<o likely 10 ift'-.uk ill 
I b~ nea.- fUlur.:. "owe'·~r_1:ecau.", "'~ •. <:t~ unh~e]y 1113. 

3 spe;:ies, " 'hieb ma~ ""," a hi~. 1''''I~t'' l~ .'OUn:C ~I"..e 
10 the K.."IIp. will be ~rad",,"cd. ,I ]~ <'nunl''r1~ 'udllCl'''t 10 
I,,, 'l'K < o a ~ conti,,1Q\ .... ~$. 1100her, ~ se<:o"d "n,J ul ­
lim.dCly ~ third I ... ", of [t'C life e.'drxl. ""alilll: "im 

"k""''''' in ,Ir_,~ril",u"" a,,'; lhi;n den,oily, 
rh,' """,-,,1 I,H ,,( 1I'C< is ai foI1D"'s: (I) Tf'C le~cl 

I _ 'n '( ', U",! ,k,,! ""Iii new ;""""ion. 01 a .lloe.;,el; ," 
'he KN1' ':0) j",,,,,,,, ,,1 eJ.h,.,,~i U"cal (3 ~pecie~ 011 Ihe 
I~~,,,.l;;,) "j,' l"1.,. I" i",'.Id~ wi]hl" I~ 1I10J ~nd (!'o) I 

'P'S',", b,; m): "'l""t.-<I a., 1\"';n1 in"J<Ic<11h,' K.NI' f'lf 
II,,: 1,,"1 I",,,,. 1~1 '11 l{' I<"d 2- Tl"Cs th"t de~1 .... " h ~I\ 
i'le',,·,1"· '" .I;, ],-;: ,,,]i, .. "r a <p<><: ios. (3) Any II,~W s nd 
"' 11 '"' I • ""T ';~ " "\I;, wilh II;Q l'''~''i, .. ,\ diWlhulioll. (b) 

"'1 """""" " I', ''''''I'''''''' grid "dl, ill" , ""l,,-e.'~"t ""ire 
,I, ,,,, ;, .~ ' .',. ""·'V.N' "wr ,I>c "nmtx'l" of ~rid (;<:11> w-
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corded as inl'~ded Ih~ rrC" inu, ,·akoJ1d,., yCltr, "", I (~) 
(uta! numkr of gri d ~d l , d~,<red "~. tolal number of 
new grid cell. inva<kd; (3) TPC level 3·- TPC. th.L{ d~al 

v. ilh 'ill ,nc rease i" lkn;;i{y of d "I"""ie~. Ca) Any i'IcT~"'" 
by two d~n,ity d n%e:; upw"rd in Jny ~rid cell Joct ',b) 
any ill~rease of one d~nsi{y ci"", upw.nl of m.,jium in 
any gnd cdr 

The use of Tl'C, m ge '!erallla, j'a"jjil,'l~u a nllgrmiun 
in focu~ or \r"tiLli,'n.1 wildlik m~ll'g~n"'nt ",1l~' 1",­
cau,e TI'C , hJv~ been rJi ,ed , w hich highlight ntrrent 
biouive"j \y cuncu l\, (Bigg' and Ro)(c-JS 2((fll. Tb" rIl1-
jori{y of these TPC Jisung' haye COllcefllC'd ~1¢ ,n v ~,ion 

of alien of~nlli,ms. bringi!],'; about a ch~n"c i" Ihi: ,,,I,· 
lude and a pprnnch to ",\',,-'iv~ .'pone". Ill"",;,," organ­
lSllL~ arC now '''l;"rrkd as Me of !h~ great.,t Ihrea{s to 
!he imeg:rily of Kt"I' blOdl\'CJ,i ly aud a, ~ ""'jo.- driver 
of CilOT lgC. Funhermore. ltie KNP i, app[()achll1g m.m­
agemenl of iM"sive organisms in " ,,101'<' $U,luj,,"b lc 
mdllt'~~', Wllh strOllgcr link ' [0 f""J pom" uf co-occnI 
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Alien Impact Objective 

To anticipate, prevent entry and where feasible and/or necessary control Invasive allen species in 
an effort to minimize the impact on, and maintain the integrity of indigenous' biodiversity 
' 1I1d lger>O\IS' :>0110.1 or u.1der5!~.1d;ng d indlgL'flC<JS tG ce devebped In tne reg ion81 KNP context 

NGW (,lien trTll"'-'t Gcjectl ... es inClude all 811e1l org8nisms and diseases ipL3nls, dise8ses, fish , b ~ds, il1sects etc.) 

Preamble 
The IIIcorporalion of the 'Allen Impact Objectives' into the 1997 objectives was the first high level recogllltlOn of the 
seriousness mvasi,'e alten species III the KNP. This was a milestone in tile KNP management's history and a critical step 
to ensuring fulure developments on tile invasive alien species front It has also been stated thet one of the main reasons 
thet the issues of Invasive species have been embraced by management is due to the fact that invasive species were 
sireamlilled IIlto overall KNP menegement in such e manner so as to demend ettention from KNP managers, and not be 
considered as a sideline issue 

Although stated es "elien bIOta" objectives, they were largely interpreted as being alien plant orientated The 
current objectives heve incorporated all forms of biologicel invasions 
The 1997 objectives w~re also quit~ far thinking in thai they embodied, b~fore widely discussed and apprecial~d, Ihe Ivide 
range of issues necessary in a comprehensive invasive species plan (such as found in the Global Invasive Species 
Programme book. A toolkit of best preventiDn ad management practices). The current objectives have strived to evaluate 
the 1997 objectives and couple those with the emerging strategies, to provide for a more holistic and complete approach 
to invasive species management 

The emergence of the basIc philosophy that invasive species are undesirable in a national park as filtered 
through most of the KNP even to non-conservation onentated persolls. ThiS has assisted management in control in a 
number of develop areas (nolably residences such as Skukuza). Acknowledgement of the fact that invasive species are e 
par1 of the system and will remain so has also been accepted and allowed, in celtalll arees, effor1s to concentrate on the 
most diJmagmg species only. not tiJklllg a broad and costly approach to ettempllng to control everything, This is embodied 
in tile ClliJnging of one of the higher level objectives from "e radication' to "contro/", and acknowledges both long-term 
maintenance and rapid res{XJnse control. 

In the 1997 objectives, IIle "eradication", "Prohibilldiscourage" and "awereness" objectives were reasonebly 
well engaged, with the "strategic " perhaps a bIt less and the "research" sornewhet less (until recently however where 

rnUCll energy has been placed on this). and little done on the "prevention" objective. 
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Alien Impact Objective 

To anticipate, prevent entry and where feasible andlor necessory control invasive alien species in an effort to 
minimize the impact on, a~d maintain the integrity of indigenous' biodiversity 

'Irdlgenws: not:er or urdecst~r>;ling of ir>;l 'geooLJs te be d,weloped 10 toe "egioral KNP cootext 

No:e: Al: en I"'pact ob_'ec:rves Irclwe ~II alien ergar,s,'1S and diseases (plarts, diseases, fisc, b:cds, il'sects etc. :' 

Strategy and Support Prevention Objective Control Objective Research Awareness 
I Objective 

To anticipate and evaluate To ensure the effective 
Objective Objective 

To develop a long-term imminent or potential risks and timely To promote and To develop an 
strategy for the to the KNP, as well as development and develop a awareness 
management of lAS, by pathways of invasion and 'Implementation of coordinated programme to , 

evaluating the current and develop effective integrated control research inform and 
projected future overall mechanisms to monitor, strategies, in such a programme In order educate o~ 

, 

scale of threat. addressing manage or mitigate these manner that both rapid to develop a clearer especially the 
organisational and respo~se and long- understanding of the dangers and 
infrastructural capacity, 

Identify Pathways I 
term maintenance dynamics and conseqlle~ceS 

developing policy and goals are met impacts of alien of invasive 
building sllppon for 

Exclude, prohibit, 
species invasions alien species, 

co~tinued high level in order to 
commitment discourage Implementation facilitate global 

I 
Impacts I invasive alien 

Early detection 
Best management species Long-term strategy I -

I 
practices Efficacy of initiat ives 

I 
Risk assessment control 

Contingency planning 

, 

I 

Ecology I I Activities I 
I Assessment and 

priority setting 
I Trai~ing 

Buildi~g SLlpport I I Funding I 
Polic develo ment y p , 
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Alien Impact Objective l 
S"'''gy ,,' Sopport Obi""" ~ 

To develop a 1000g-term strategy for the management of lAS, by evaluating the current and future overall scale of threat, 
addressing organisational and Infrastructural c8paclty, developing poIIC" building supportfor continued high level commitment 
and by being Informed by advances in invasion ecology I 

Long-term strategy 

I 
Conll;,genc, plamil>g Assessme<1t and 

To deve;;:p, I~ To oovacp 
fX (;r;ty setting 

consolation with other co~tir)gency plans in , To 8SSesS 8nd rank 
reg(;n811~iti""Ves, a order tc adCress tr,e o~:-. procacilltles 
comprehensive b>g- p;obierns i~ the shcrt- of alien sf>'!cres 
term strategy to diroct term 8nd allOW for outside the KNP 
future werk and flmding m8,imizing long-term IrlVaomg 
requirements, managernoot 

response~ ar;j 
resources 

To devebp a 
To devebp caOo<lC ris)( assessment 
on tr.e over all lXotoccl ar;j 
Icng -tllfm stmtegy, To a-:;qurre Impleme<'t 
si".ort- and medlum- funding tc suwort screeni"'9 of 
term strategies ard implementat,o" of species risk 
annua l pl an~ of contingency pl8ns profiles. In terms 
operatkon at si"crt notice of dieses lialOoe 

\'>ith tr.e state vet 

I , 
rc develop long- ser'KOes 

, term stcategle5, 
aW8reness al'ld 
cCmmLnic8t,cn 
lXo;l rarnme~ fo' 
diseases. espec.ally 
those With no 
atlmtKJn to date 

XR. f ,,,,, , 0"''' '. d,.,'S" 
XR.of: Iog".r>J ,:.:,1"'1 

&iii (j "'9 SU pp:xt 

Tc develop a supp;ort ~etwork at natonal 8nd bea l 
scales, irdud'ng, governmootal, private i~~tltut(;n~, w 
as to further awareness c< the pfcblem~ a~sOGiated 
With invaSive SpeCIes and tr.e aims of manageme"t in 
the KNP 8nd surrourding ,.;eas 

I~stl tutlons 

To deve,op and malnta., a network of speCialist 
researchers frcm a range of institutions to 
prov >Je adVlce ~1'Id input into researct'. al'ld 
manage,ne!1t issues 

NatOn81 and prowlc:al gm'e'nmenl 

To devebp ties with govllfn moot to support ,AS 
i~sues i;,side ard ootside tr,e KNP 

Awareness ccmmlttees 

To oo,'e'Cp apprcpri8te awareneSS at all levels 
ineludi r>;l ,;Glent:fie and general prJ blie levels 

Scicn;ifKO M'~")(y ,)COllPS : 

To Q·ew.op, wh"," n"c"ssaJY, ~ roups 01 ~ 
,,,,,,,,,,i'[s to pro';"" ""vic" and support Icr KfW 
"" lIalll'es e.g. BT5: LA.h 

i G.n, .. al ,Marene," em"" it,,,,,. 

To eIl",r. bel:e, co ordil""on cJ "i"tng 
bJ"",n;cd ,)COllpS.no;; ".,fell" d'<ci i> incs 

I 
relatin9 to ",,"",',9 5;)ec,es. "nd identify a,>;j 
.pp'0P'," [eiy addre" spocir" wgel groups 

Pol ;;:y 
Oe"eiop m""t 

To deve 
pol>::y 
framewc rUo 
gUKle 
manage ment , ofim'asiv 
species a "' di""a~es 
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Alien Impact Objective 

Prevention Objective 

To antlCipatn and nvaluatn Imminent a.- potentia l risks to the KNP as wel l as pathways of invasion and develop effective 
mechanisms to monita.-, manage or mitigate these 

dentify pathways 

o Identify those 
athways that may lead 

o harmful invasions of 

, 
p , 
, 
p 
e 

nlmals, plants or the ir 
athogens, and set up 
ffective measures to 
eo m '9 etherisk 

associated with these 

, 

, 

Exclude, prohibit, discourage 

To, where possible andlor feasible, prevent the 
entry of new potential alien invasive ~pecies into 
the KNP 

- ,-- --,---

To ulilize exist ing iState veterinary serY>:es\ or 
dev~ lo p ~ffectiv~ ~ n tlj'/exit pennlt systams 

To, ","erever pnssib'e, preven I tOe entry (and 
e,in 0' ne,\" alioo species into the KNP and 
manage t ll ~se ap,.-opriate1i 

To prohlb<t tile use of alien species and 
I discollrage the lise of otOer species In adjacent 

Iona ,uses IT In the KNP In favor of more local 
speCies 

To InfiL>erX:e notbna I~g:slaton and pol>:! in the 
devebprcent of preventative t"O',;8sures 

-

I 
Early detection 

To detect through 
regular surve'lllance, 
monitoring and 
other means non-
indigenous species, 
to assess the ir (,SI< , ' artd e act 
appropriately 

,' ' '' lOlO ",,,.~,,, 

, 

,<-", "W .... "~ .. ,, ,~ ."",,~" .. ,..,., 

X'" "",,,,,_, ., ~ .... ,_ "''' "' 

Ri~k assessment 

To assess and rank 
the ri~I<S of invasive 
species already 
present In the KNP 
or lia ise with other 
Institutions in order 

<0 ~,oe""e ~em foe I 
management. 
where thiS IS 
possible 

x ... "'.' ~ •• ''''' " , "",' ~.,. ''''' ,. ,~,~"'" ",.,. ,~ ,~ ~ c·_" ,,' ., .. .." ,--,,,,,, ... _. ,-, k_ """ 
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Alien Impact Objective 

Control Objective 

To ensure the effective and timely devolopment and Implementation 01 integrated contro l strategies, In such a manner that 
both rapid response am long-term maintenance goa ls are Il"'tet 

r Best managenent practices 
-- --

Implementation 

To p",n ard impleme<1t appro tyiate control rneasu'es, in <xder to miri:nise the rnpa ct, distribution and lIensHy 
of invasive alien species 

velop '0 " erad; cabon 

'" e feas;l::ie 
s~raleg 

wher 
and i 

~" 
preve 
terr1 
Impa 
,~ 

or speclf~ 
5, to 
nt bng-

fllture 
cts and 

v=" 

To determine the 
moBt efficient 
conta irrnent. centrol 
or eradication 
options thrOll gh ooSl-
benefit analys:s of 
controi VB. rnpacts 
On biodiverSity , ,- --

ra develop ecoromic 
r1 centives and 
benef1ts to preventing 
IllvaSJOOS ard for 
control prog 'ammes 
€I.g. Wf'.'Vor 
oompensatioo fer 
con~roled disaases 

To de','e:op and foster 
partnerships betele"" 
socio-political needs 
and benefils. I'oith the 
cootrol of invasrv€l 
a >en speci€!S 

n To evaluate 
the invasior 
progreSB or , 
spread of , 

IllvMNe 
alien spec,es 
in ard 
around the 
,"0 , 

To ensure To develop " centlnllOliS rap ;d rehabOital€l 
deairg'" centrol resp::;nse , whe re 
over a bng-ter.'11 progra:nmeB necessary 
per>od, 'M th the ood provide ard feasible, 
~irl of nainlain irg ,", sites ater 
the dislribut(on necessary clearing or 
and de1sity cf rescurces to popui~IK>Il 

invasive a ~ en &lJppo>t COIltrol tc 
p ant at rl·" i.11l1.11 ,~" faalitate 
levels i1itialives colonilat.on, 

re-nt rC c>J ctK>ll 

"'" To facill;ate and enable BUCCesSK)rl 
'1VFW ard State veterinary 
s€lrv>:;es in partnersh ip with 
SAN Parks te inplemelll 
OIlgcing clearirg, 
su rvellar>:;s, detec~ion and 
COIltrol1n the KNP 

To actively SCU T e addilonal 
furding [0 'll'ther the lAS 
oonlro. tyograms 

I 

To observe. develop and 
ensure use of the best 
a-wronMB<1tal Management 
pract,,;es in all"" CO/1trol 

To snsure th e 
integration of 

·Slocontrol 

·Vaccinati on 

·Cherical control 

· Mechanic~1 control 

·PopuL3.tbn 
manlp lJaX>n 

·Scund scoioglcal 
tylnciples 
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Alien Impact ObJoc:tlve 

R(!5Can::h Objective 

To promote and develop a o::oordinated research programme In o'der 10 develop a clearer understandmg 01 the 
dynam,cs and Impacts of alreo spec,es Invasions 

Impa.etS 
To (le1a'm,'\e Itle Imp~ct 01 a ;: "wasrve 
aloen specres In the KNP .., lerms 01 
bIod Ivers ity str-..:otu,e, composi tIon and 
fvnCl lon 

70&, • ....,. ". 10 "11-"""' "..,ad' of i"""'~ 
""n specie< .. .. 
To .. I""'" "'~ _ aHood<-<>n ~;., I u_ .. ·"", ... 1>O<tS 0(1_ ._'" 

L 
I 

To _"".'e ,0- .".."'" of "","'OQ"II 

"tee"" """"',,.;,.,, on hi,hor """"'" 
......, .. mdud"'9'ho= """""'. ""' 
a."""I' Inloe<l b ...... ~i.., 011'" '1Ij 

-

I To "'.~ ... ~M ~ ", i~"", .... :.J,." 
OIl """" 01\ ot, 'Y'''' '' ICN""" , 
70 ~",.,,, ~. :roo~, ,, t",.,,,,. ,. .. , 
.~ o .... 00 ' 0"",100 II""""",, , '" ,,,, ,obIo 
._ .", q"" ,,','y tho 0"" '" '~h or< 

' .... . ,,-<1 . 
lq <I01o' ''M. {t,o 'mpoc!> of ." .. .... ."..... 

0' c-.",. " ""'".,," ~J"'" "" .'" 
~:IOUIO,., "ai, ..... "'~ (1;«1, ............ 

To~al"' . "=-of"" .. .c _ 
14 .... ' a,<I " .. ~ but 0"') ..... , ... .....-. 
" .... ~ 0""'''''' f"»iIel ... g u_ , ....-yrg 
oc.><r ..... """" ... 5"",. 1 elm ... cII""'}II. 
• .,., .. " ..... IOb~_ 01& 

Ecology 
To p'OrTIClle a,~ Jndilfstd,~d ,"'\I and p'ed ClIve tapaClt, 01 tt>e 
ayr.amcs of inv"," ve all en spec.es sl"ld Integrate shori-tefm 
practical and strate(jlC 10 ro:J, te "11 rasea re n 

.. . I 

I ""a""" dy "" In c. 
To ~<:f> an u~anding of 
I:I'lc dyna l~"'" d ale" I"""' ....... 
~ . ... 

-I.i'" ' I 
"' " ; • '. < 

:~ .- • ., , 
I ~ j= • , I I ,I " I 

, • !l ~ h 
, , , " • ., • • , 

I' · " • 
! '" 

, 
" d • • • • ~ ,~ , 

• I' H • • 
_ 

< • , " • 
'l • 

I ~-;.; , , 
r~ I .: , , 

• " . I 
"' , • .. " " • 

I l' " • • • • , 
" . , , , • • , , ,. 

" • , 
• • I 

~ .- ~2 • I .. • . ' .t " • • E! ~ • • • , • 

I 

" 

; 

I 

, 

AUlIOOOIOQY and di. ea.e epiOOl1'i o»QY 
Tn o.v.q, ,,""""'dge t:<, .""",ir" 
weo as. <!ajldllol ti nd ~', 'W OIl I e., a 
U.","!8 f I'nw 10 b~lI~ m.m 

"" • • g , 
I , ! " • • , • 
• ! • , , • , , 
• • • • • • ; • 

I i , , 
• 
I , , • , • • ; • I • 

, 
~ II II • • 0 • > 

, , , 
• 
! , 
, 

Efficacy 01 Cootrol 
To enhllnce tre Io.' g-lerm 
i m~emel'ltat l o.~ of co.~t fo l 

programmes thro J9-~ deyelop L~ g an 
" nder'stsnd lng of too lSsociated 
nega ~ V8 "l1pacts of C<lntru and 
fu~ her develop ing te<;h nlQues fe<" 
'''''P'0W<l ccrtroj a"Id reh a t:< litabo, 

. 

10 ..... 0Ie ... ~~ Ihe~""""' .. 
... pact. 01 :om",1 0' ""n -"'9"' 
(o""'\If""." ......... 
T~ .... _ """ ~ ... ...ry ·h~ etr.::>cy of 
"''''''', ..... ..,c. .. .... 
To CO1'\' 0 ........ 'ben"'_ a •• ~ .. of 

ton"", "0'''''' 
"" 

T~ 0'1",''''. 0"" quonll!)"'" irn;» ce, I 
""",,,, 01 ,""riO 00 <PO" ;' fl ·." 
",, ""' "' '',ol .'I<l ,t..- cootrol 

.. 
lq ... .,." ~ ''''I~'''' ' ''' ",,1010"" ~ 
""'" "'" ,'It H ,. "..~ " .. lie the <o<>q.-

I :e<"'~ffi< .. ,y ....... , 
T~ .... " .... , . . ... 1$< ........ 1 ~ •• 
... """"" 01 n ..... ~:>tog <001 contrnl 
aQ ..... rot_'Q thO, ........ 

70 <IOI«m"" "'~ 'o~_'""" ..,pooeto 01 
~"""II':'>I corrt'O- .--.<1 q .. nbIy ill 

"" .... IbuT". '" hl"Y""" ...... f ......." 

I 
I 
I 

I 

! H. ., , , , 
• ., ~ oil · , • , • ... · - • _. -

• ·0 <lD'<OIOP doOl<<I,~ d' ~ '<»oc '" i • • , • • , "00""'''' 01',", ...... 1".1 "'. ,. ' . ".." ,,- .... ""'. 
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Alien Impact Objective 

Awareness Objective 

To devtllop an awareneSS progr~mme to Inform ~ nd educate Gn especlall~ the dangers and cGnsequences of invasM) alien 
speCies, In order to facilitate global i nV[lsive al ien species initiatives 

Activities Training Funding 

TG develop and offer a range of information To develop train ing opportunities tG provide TG acquire funding to 
dlssemi n ~ tion ~ ctivities , that will prov >d e an relevant perSGnS the necess~ry knowledge tG f~ci l ltate and maint~in 
interesting and meaningful mar'ner of prov iding , effective~ communicate the threats and the various awareness 
re levant inform~tlon I problems posed b~ invasive al ien species initiatives 

f)lsolays Manage', i il1lpl&roo:)(alkl:l faCII'lalO ," 

' BDcontroi center Ranijero - sectb,. fiekf and gell€fal 
'Nursery wol,e" 

-Olit door classroom H g,,~ " S I 
'letaba. Berg-en-Dal, ", 

---1 Ke1 pers.on, I 
Video 8. talks 

'Varous talts and videos at 'est camps 
---.j f'onomr)' ra"og" '" I 

Par~lnets 
L{ ,~ppGlnted aware"""" p" ,"on I 

Distribute to camps gates, staff etc 

AJler, pla'lt t:.LiS.·' C<l"1',' walks 

'Inoited busb carnos for target gl(}~s-
lir,k \() acq'Jin~g fumlr.g 

'NQcrnal xtiVitles increasealen 
awareness arnx>;lst KNP gu>;les 

Educator. & unde-star'ding 

'Slaff orientatKll and schoos 

""i Ir'ternet cnj il tranel 
.. ~ 
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Alien Impact Objective 

Posl view 
Although perhaps presented as a WIde rarlglng Irst of ObJectIVes, resembling "remote asp.rahons·, if an overallinvasrve 
species plan is to be successful. the objechves will have to be engaged on atllevels, rncorporatrng atl oblectrves. The 
·control" objectives are relatively well developed for invasive plant species and should nOllequ.re as much energy to 
develop further . However. much needs 10 be done hefe on other invasive species ·Strategy and Support' is at vaf)'ing 
levels of development and needs to be unified In its approach and across the various problems (e 9 invasive plants and 
diseases) Much ellergy is being placed on research across all ironts. anhough charismatic and animal related research 
are frequently disproport ionalely resourceO. Much energy needs to be placed on developing the 'prevention' objectives as 
thiS has been neglected almost completely to date (perhaps due to the complel( lty of the i!.sue). There is also perhaps 
much dlspal~y In thiS issue across fields (e g. disease -state veterinaf)' deparlments and red line corridor$- compared to 
plants. were not much has been done). 

Much energy will however have to be placed on the KN P In the regional conte~t , as an ··Island' approach will 
not achieve much success. The objectIVes will only be achieved if there IS commitment and support from all involved in 
the KNP. FlIrtller, invasive species management will need to be strongly embodied within the adaptive management 
framework of the KNP. if future learning and development is to take place. 

Invasive species management in the KNP is widely recog nised and efforts should be made to maintain and 

Improve that status, due to the important posit ion of the KNP as a pu blic Icon and role model. 
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,\ 1'1'1': i\' n ICES 

Part I-Management implicatiotl'" 

1 .1'> : I :oxcmli L.l" . 20116. 1k .. "',,,),,,,,, rhr~sh{)Id,' ()IF()I~nlia/ COHce,." For ft,v<1si,'c 

Afi"H Sp.!ci~,< ,I{(",il"ring. Hvrolhew.< wid C()m."~pl"al L:,wcrsla"ding. SOUlh 

Atri~~Ll ~u li<JrI;) 1 Parb. Sk ll~U La. Suulh Africa. 
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APPENDICES 

I'art 1- _\bnagcmcnt implications. 

1.7' I'"oxcmft I .c.. Lotter \\'.D .. Rlinyoru V.A. & Mmtay P.\I.C. 2006. A rev;cw orlh~ 

;rnrorta"l'~ of inyasi "c al ie" plants in the i'; gorongor<l Cons~rvJtion Area JIJd 

Scrcngcti Nat iunal P"rk. Ajr;can ./ourno/ 0/ Emfo?]' ~4: 404----401i. 
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DEVELOPING THRESHOLDS OF POTENTIAL CONCERN FOR INVASIVE 

AUEN SPECIES MONITORING: HYPOTHESES AND CONCEPTUAL 

UNDERSTANDING 

Llewellyn C. Foxcroft 

SavanM Ecological Research Unit, Privote Bog X 402, Skukuza, 1350 

Tel: +2713 735 4125, Fax: +2713 735 4055, Emoil : LlewellynF@sanparks.org 

Key words: control. mOMgement, objectives, hypotheses, 

Abstract 

The Kruger National Park has developed and refined a system of 

management called Strategic Adaptive MaMgement. This is built on the 

construct of the Threshold of Potential Concern (TPC). This paper describes 

the TPCs developed for monitoring invasive alien species. More Importantly 

though, it describes the conceptual understanding, principles and hypotheses 

adopted as the foundations for setting these TPCs. In accordance with 

adaptive management practices, as the conceptool understanding of invasions 

grows and information is gained through research in the KNP and elsewhere, 

the TPCs will be revised. 
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Introduction 

Thresholds of potential concern (TPCs) are similar to the term 'limits of 

acceptable change' (Stankey et aL 1985). However, the TPC, as embraced 

and developed by the Kruger NotlOnol Park (KNP) provides a closer fit to the 

manogement paradigm in use in the KNP, namely 'Strategic adoptive 

management' (SAM). Strategic adoptive management is Simply a variation on 

the widely used concept of adaptive management (Biggs and Ragers 2003). 

However, on important philosophical departure of SAM from standard 

adaptive management is the focus on 'forward' or strategic thinking and 

assessment. Thresholds of potential concern thus form an Important 

component of SAM, representing gaols against which success of ecosystem 

management can be measured. Biggs af1d Rogers (2003) provide a succinct 

definitiof1 af TPCse "thase upper af1d lower levels, alang a continuum of 

change in selected ef1vlrof1mef1tal indicators that pravide the basis for 

decisions on the acceptability of that change". The TPC approoch allows for 

fluctuations in the ecosystem, but highlights e><ceedef1ces If1 ecosystem 

chaf1ge over defined space and time scales; thereby defining the desired 

state of the system being managed. Thus, TPCs if1 effect provide on 

if1d'cotlOn of whet her manogemef1t actlaf1S ore currently, or preferably, will 

In future have on unacceptable biodiversity impact . 

TPCs form the basis of af1 inductive approach to SAM, as they are invariobly 

hypothesis of l,mits of occeptoble change In ecosystem structure, function 

and composition (Ragers 2003). They are therefore a compatIble and well 

articulated set of adaptive management goals af1d endpaints (Biggs and 
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Rogers 2003). As such their validity and appropriateness are always open to 

challenge, and they must be adoptively modified as understanding and 

experience of the system being managed Increases (Biggs and Rogers 2003) 

An important aspect of the TPC is that they are pre-agreed goals and thus 

consensus as already been reached an pOSSible sets of future actions, once 

the TPC is reached. This therefore implies that management is prevented 

from stalling or procrastinating at such point. When a TPC IS reached or 

preferably when modelling predicts that it will be reached, it prompts an 

assessment of the causes of the extent of change (Biggs and Rogers 2003). 

In thiS manner, the exceeded TPC represents one dimension of the 

composite desired envelope represented by all t he objectives together. 

The invasive species TPCs, while already having undergone revision (see Biggs 

and Rogers 2003, Foxcroft and Richardson 2003, Freitag-Ronaldson & 

Foxcroft 2003, Foxcroft 2004, Foxcroft and Downey in prep,) do not yet 

fully incorporate biodiversity impacts. Rather, the current TPCs represent 

management or operational TPCs, which have loosely been termed "tracking" 

TPCs. These TPCs follow a concept ual understanding of the process of 

invasions (Rici1ardson et 01 2000) and highlight changes in distribution within 

and on ti1e KNP boundary (Fig. i). Ti1e invasion of an alien species into an 

area follows a general pattern, overcoming a series of barriers which impede 

the invasion of some species and result in a smaller subset becoming 

transformer weeds. Each stage in the process presents the KNP with a 

particular threat and suggests appropriate management actions. Therefore, 

ti1is means that the TPCs are focussed on the alien species rati1er ti1an on 

ti1eir biodiversity effects. This therefore means that the negative 
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biodiversity impacts are implied and the presence of alien species 

unacceptable to the biodiversity conservation values of the organisation, 

Management by objectives 

The KNP management plan is arranged in a series of objectives, cascadIng 

down from the higher, coarser level objectives to the lower, on-ground level 

goals (Du TOlt, Rogers and Biggs 2003, Foxcroft 20040), The revised 

objectives provide for a holistic approach to invasive species management 

(KNP 2005) and inc lude all alien spec ieS. We deliberately use the term 

"alien" as opposed to various synonyms such as "exot ic", due to the potential 

confUSion it creates, Alien speci es that actively invade are termed "invasive" 

and the most serIous invaSIve speCIes that change the character or function 

of the system are termed "transformers· (Richardson et 01. 2000), Falling 

under the 'ecosystem objective', the main aim of the 'alien impact objective' 

is "To anticipate, prevent entry and where feasible and/or necessary control 

invasive alien species in an effort to minimize the impact on, and maintain 

the integrity of indigenous bIOdiversity· For the purposeS of the KNP, alien 

species are defined as " Any species or organisms which have been Introduced 

into, or entered the park on its own accord, from outside its borders· , The 

implication of tkis would therefore be that: 

1) any specieS from outside the boundaries of South Africa would be 

considered ailen (except in the case of the MozambIque and Zimbabwe 

sect ions of the Trans Frontier Conservation Area (TFCA)- wkich is a 

ootural extension of the KNP ecosystem), 
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2) any species that may be indigenous to South Africa, but not occur 

within the KNP ecosystem, would be considered alien to the KNP 

ecosystem, 

3) ony species within the KNP, but moved from within one particular 

landscape to another where It does not naturally occur, would be 

considered alien in that landscape, 

AlthoLl9h the list of objectiVes is fully described in KNP (2005), the five 

main alien impact objectives are summorised here. These objectives closely 

follow the principles advocated by international best monagement practice 

standards (see Wittenberg and Cock 2001, 2005), 

L Strategy and support. To develop a long-term strategy for the 

management of lAS, by evaluating the current and projected future 

overall scale of threat, addressing organisational and infrastructural 

capacity, developing policy and building support for continued high 

level commitment. 

2, Preventlorr. To anticipate and evaluate imminent or potential risks to 

the KNP, as well as pathways of invasion and develop effective 

mechanisms to monitor, manage or mitigate these. 

3 Contral. To ensure the effective and timely development and 

implementation of integrated control strategies, in such a manner that 

both rapid response and long-term maintenance goals are met 

4, Research; To promote and develop a coordinated research programme 

in order to develop a clearer understanding of the dynamics and 

impacts of alien species invasions 
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5, Awareness. To develop on oworene% programme to inform and 

educate on especially the darogers and consequences of irwasive alien 

species, in order to facilitate global inVaSive alien species initiatives. 

The current TPCs link directly to prevention and control, In that acceptable 

limits of spread are set. The research objectives cover the development of 

programmes to evaluate the impacts of invasions at various scales and levels, 

Scientific prinCiples for the basis of TPCs 

The principle that the KNP is not an Is land and is substantlGlly Impacted upon 

by actions beyond its borders is a central tenet of understanding and 

managirog alien species invasions (as is river management). Working in 

concert with thiS is the acceptance of the paradigm of spatial and temporal 

flux within the ecosystem (Pickett, Caderoosso and Benning 2003, Rogers 

2003). This needs to be embraced In the context of invasions as well 

(Foxcroft 2oo4a), AlthOlJgh desirable, the eradication or control of all alien 

species is neither feasible nor practical. Thus fluxes in invasions and alien 

species populations must be accepted as well, although this is contrary to 

most alien species ideals. This means that most managers concerned with 

alien species would strive to eradicate or marooge all allen species and 

suppress the populations to as close to zero as pOSSible, We contend that 

this approach is not pOSSible in the KNP, due mainly to the size of the KNP, 

and the number of species present. We suggest that management will be 

more effective by placing its resources on the most problematIC species only 

and in the areas where they are becoming problematic. As lang the species 

is present at below acceptable thresholds, for a determined period of time, 
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the species should not be a management priority. Thus, the TPC system 

allows for the system to fluctuate, including allen species, but highlights 

critical 'turning points' of concern In biodiversity effects of aliens (Foxcroft 

2004a). 

The first invasive species TPCs (Foxcroft & Richardson 2(03) provided a list 

of various criteria for evaluation. Experience however highlighted the need 

to adapt the system due to repeat exceedences of the same TPCs. In other 

words, the TPC system wos not able to senSibly deal with repeat invasions, 

which were no longer caUSe for the same level of concern. ThiS led to the 

development of multiple-level TPCs to avoid raising 'false alarms' (Foxcroft 

2004a). 

The basis of the principles adopted for the development of these TPCs is 

captured in the 'barriers' model of Richardson et al. (2000). Using this 

approach, the 'points of concern' are reflected as the barriers or filters to 

invaSion, and overcoming the barrier invokes the next level TPC (Fig. 1). As a 

species approaches the KNP , the management response will be to prevent 

the introduction (point a in Fig. I). This will entail, where poSSible, the KNP 

controlling the population itself, or partnering with institutIOns such as 

provlrlcial alien clearing project (for example Working for Water) or by co­

operative agreements with landowners. Once the SpecieS has invaded the 

KNP, the next level of TPC monitors The spread of the speCies, where 

eradication (if pOSSible) or containment strategies are called into force 

(point b). There may however be examples where the tabling of a TPC would 

lead to a well considered "do nothing" option. Theoretically at least, the 
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next level will be once all available habitat has been invaded At this point 

the main concern will be the abundance of the species (point c), However, 

although a species may not have expanded its range to include the entire 

available habitat in the KNP, it is assumed that at a local scale, patches will 

have reached a density that Will have some level of impact on biodiversity 

(composition or function) (point d), 

Although all the TPCs are nested within the framework outlined, the 

following section discusses the hypotheses and theory behind each of the 

individual TPC criteria, 

Levell TPCs: TPCs that deal with new invaSions of a species in the KNP 

Imminent external threat (a species on the boundary, that will invade 

within 12 months) 

First ever record in the KNP 

Principles: 

1) The introduction of ony new alien species IS contrary To the mandate 

of SANPorks (KNP 2005, Foxcroft 2005b). 

2) The potential negative impocts of biological invasions far outweigh the 

risk that the alien species will be benign (for example see Mooney et 

aL 2005, and the numerous references therein). 

3) A 12 month period of likely entry into the KNP should provide 

sufficient time for developing management strategies and controlling 

the population appropriately outside of the KNP, ThiS should however 

be considered per species and adjusted accordingly where necessary, 

Although this is not stated as a hypothesis backed by 0 body of 
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scientific literature, this is based on experience gained by the author 

working in the KNP managing alien plant invasions, 

Level 2 TPCs: TPCs that deal with an increase in distribution of a species 

(or all species combined) in the KNP, aver a 12 month period . 

First ever record from a new grid cell 

Any new grid cell invaded that is not contiguoos with the previous 

distribution 

Expansion of invasive species through contiguous grid cells which 

represent more than a 5/0 increase over the number of grid cel ls 

recorded as invaded in the reference (base) year, 

Principles: 

1) The early detection of new incursions of invasive species will allow 

timely response and potential for eradication, This principle is widely 

accepted (Wittenberg and Cock 2001, 2(05) as a standard procedure 

for the successful control of invasions, Further. studies suggest that 

once an invasion has increased to on area of aver l00ha. the chances 

for eradiation are minimal (Rejmanek & Pitcairn 2(02). The Increase 

of propagule pressure will at some stage reach a critical mass, at 

which po int management will be compromised. This is based an the 

"long-fuse, big bang" theory. which states that although a build-up of 

alien specIes may be slow initially, this is followed by a rapid and 

exponential increase in the population and propagative individuals and 

is seldom manageable once reachll'lg this point (Wilkinson 1995, 

Chapmon, Le Maitre and Richardson 2001). 
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2) The eradication of newly farmed invasion foci will increase the 

probubility of containing the Invasion at its current extent (Moody and 

Mack 1988). Although the criteria stated above were already 

determined In the first iteration, only the 'first ever record from a 

new grid cell was used' . 

3) Although expansion and contraction of alien species is expected to 

occur through natural processes (the acceptance of a flux paradigm), 

the total area of the invasion should not be allowed to increase above 

a stated maximum tolerable "ceiling" level, from the buse scenario. 

ThiS level IS currently stated as 5i'. , but is a guess and requires 

ref inement. 

Level 3 TPCs: TPCs that deal with an increase in density of a species (or 

overall alien species denSity) in the KNP, These TPCs are not yet operational 

however, due to the lack of data and efficient cost-effective monitoring 

options to date, They are nonetheless described hypothetically and may in 

future have the potential to be used as surrogates for biodiversity impacts. 

Any increase by 2 density classes or more in any grid cell 

• Any increase of 1 density class upwards of "medium density" in any 

grid cell. 

Density is currently measured in the followir19 classes, but will be reviewed 
as monitoring options are evaluated: 

• Rare: The species is present In the area but aT very low densities with 
individua ls being seen here and there: denSity = O,Olio 

• Occasional: Plants are widely spaced, occurrmg here and there - on 
average mare than 10 canopy covers apart: density = 0,02 - lro 
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• Very Scattered: The plants average 3 - 10 canopy diameters apart; 
density = 11 - 5'Yo 
Scattered: The plants average 1 - 3 canopy diameters apart; density = 5.1 
- 251. 
Medium: There are clear and plentiful gaps between the canopies of the 
plants and other vegetation is still present and vigorous, plants average 
0.3 - 1 canopy diameters apart; density = 25.1 - 5010 

• Dense: There are small gaps between canopies and no canopy overlap and 
the other vegetation is still present; plants average 0.1 - 0.3 canopy 
diameters apart; density = 50.1- 751-
Closed. Plant canopies are closed, touching or overlapping and other 
vegetation is generally suppressed, sparse or lacking; the plants average 
less than 0.1 canopy diameters apart; density) 7510 

Hypothesis: 

1) The increase in density of invasive species will lead to an impact on 

indigenous biodiversity, in terms of compOSition, function or structure. 

However, this hypothesis has not been tested in the KNP and only 

arbitrary density values have been assigned as evaluation criteria thus 

far. 

Future work 

An important issue that will need attention in the next five years is 

developing an understanding of invasioos in the KNP context (in terms of 

ecology and impacts). From this we can then refine or develop new 

"biodiversity Impact" TPCs that either directly, or through use of 

appropriate surrogates, address the issue of negative biodiversity impacts. 

ThiS waS highlighted in the 'postview' of the objectives hierarchy as an 

important avenue of future research (KNP 2005). A start has been made on 

this through research that aims to quantify impacts on selected biodiversity 
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indicators. This however clearly needs to be expanded to measure impacts 

on other ecosystem components such as ecosystem services and provisions 

Useful stud ies have been done on the water use Impacts of various land~use 

practices (commercial forestry using alien trees) and naturalised and 

invasive plant species (for examples see Versveld 1998, Le Maitre 2000, 

2001), Similarly, we need to develop an understanding of the relationship 

between abundance, distribution and impacts on the ecosystem. Do you mean 

you need to develop the ability to express impacts in terms of biodiversity 

loss? 

The ideo of 'rate of change' and 'buffer capacity' TPCs has also been 

suggested, 'Rate of change' refers to the speed at which the system is 

approaching the point of ecosystem change. The concept of 'buffer capacity' 

should address the ability of the system to respond to the sui te of potential 

management actions before changing to an undesirable state. Thi s is a 

philosophical change in and refinement of the 'old' TPCs and requires more 

careful consideration and modelling approaches. For example, if we gained 

an understanding of the time it takes to reach an alternative state, 

dominated by alien species, we cou ld model potential invasions and set TPCs 

according to these rates. Following control or removal of the invaders, the 

legacy effects, for example persistent nutrient or soil chemistry changes, 

would determine the buffer capacity of the ecosystem to recovering from 

Invasion, 

Conclusion 
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The development of TPCs for managing invasive species presents an approach 

to management, which is fundamentally proactive in nature. The system 

allows for natural ecosystem flux, but within pre-defined thresholds of 

acceptability, This represents a pragmatic approach to a substantial 

biodiversity concern over a vast area. 
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Spread 
In KNP 

I,,·crease 
In denSlty 

I,,",rease 
In impact 

Figure L Model hypothesis underpinning the development of TPCs for 

understanding invasion process in the KNP. a) arrival of a poTentially 

invasive alien species at the boundary of the KNP, b) invasion into the 

KNP, c) successful invasion into and spread Within the KNP, and d) 

occupat ion of all available habitat, Increase in density and Increase In 

impacts on ecosystem services and processes. However, due to the 

patchy nature of species, an increase In density and impact may be 

observed at any scale (thus the broken arrow line) and not necessari ly 

only once densities are high across the KNP landscape. Substantial 

impacts are expected at this point though. (This framework follows the 

model approach by Richardson et 01. 2001). 
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Ali"" r'.ml ;n\'",It"" ('urcmti), a[k'('~ W'LO,,-,·.tion are .. 
0" (''''ry CO<lt"" I" e,c('pt An,..-ctie. (Crook 199'1_ 

.-\11 "c"")''',''''_ Ind,.Ii ,,!, ,h ",,· 10 ,,,,II-1', n',·,,,,,] ",110",1 

p,,,~ ",(' !X'kn"'" II), I"",,~bk (\\,S(~'I ,. ,t "I.. ~n(lI)_ Tlw 

imp""'> ol ilLva,i"" ak(,11 'I"'C~" ji"4lK'11ll), "II,,-' mor" 

tll "" 01" .<p'c! of , ,, arca, "-,,Io'-"Y, cau'in ~ a lirrk' 

,fIe", lhe« imp" ct, i""lude tl .. "'piacenlent 0/ di\~~'" 
ecolOi:ie,1 ''Y,"te m, with ,",and> of "Ii<n ><, ,,t<, th(' a~ 'l~ 

,b"" 0( ,oil chemi>try, g,omorl~loIOl\ic, 1 pro,,,,,,,,,,>, fir(, 

r<gime" and hydroiOllY_ an,1 'h, ,·xtincti,m 01 indigmom 
f,un, (C,,,,,' t'.. I'ull<r, IW.i1. llichan,hOll" "I. (j~971 

,u~g,"'.d that tl .. d<,tructinn "f ripo,ia n habitats in 
"lUthern Ah:, " a b ·y ""1"'" 0( i,,,,,,iv, ,Ik,n pl,nt!, 

IXh,..- impact' nokd "'" 'fX"." 10<.' "":,~,,, ci diL·ed 
""nnfX"i1.inll, ,d,"",,] ""oct,.-"I dl",..-l lly, incn,<,,,,d hi"~ 

,no" [<",],octloo ,,,,.I ,li""l~lo" of 'h" J'C<"'"ill,,~ ,.,","­

, ,-,,,,, .1), 0'"'''''' ("'0 Wd~"".{ .,, 0 W)1_ 1 ~~~I 

Tr;"k- ,,,,I "m',, 1 ,~: ,,,,II-n''' ''o ,,;,,:<1 I'"h",ay, ,,( ,.,,,1_ 

"'n'~1 I,u.-".I" ," i""" 01 I",,,i,·,· ,,1.,0 pia"." "nahlm~ 

'1'''''' 'n m'NC",,,,, ""nO(., b,,,,,o,,,p!\"_,, II )' i><Iiot,ng h",_ 

""" .-\ 1"""1l1,, ,"'" ,,, <i :"""']""' ''''' "i .,11,,0 'pr."''''' In 
,\ CA" ,hhlUgh ,h. ·,,"" ..... "10" 01 ,~""'ruclio" mat, ri, b, 
",pr.x'iall}, ,and lrom Karatu Alim ~ «n: u-equm'i), 
oe...rv,d «t con,tm"",,, ,it",_ mcil "' building, and {'ul­

",t, (let- "amp!, j), "',TOlor,;"", L. and A .,,,,xi,,""" L.j, 

J-'urthe<, in"nlionai introductio", mal' ""'" in th, '-K',tI 
through Ile",loping e,ott.: ~ "rJ.,n<,t ,h" lodge< .nd "t 'he 
Iwr!l<S d .t,rr and oth, r r<Sid<nt!. M,ny d 'he,,-' in u'o­

doc~io", ,oot pl.", at « 'in" whe" th, ir ,rrea, and 
con,,'IU'lX'", "'e!'< nnt w, 1I knnwn, 

Following « 'ut've}' of th,· ima,i,',· .I;',n plants in and 

'''lUnd tl>" ",L'A hI' I. tl,,,~],,=,, in Nnv, mi>eo- 2(X12 

lHenl"oon, 2(J02) . LeI' c<",du""d , funh,.,- "In"}' ther, 
and in th, ,'>Nt' during I ~II' 2(~H and provided mamg' ­
m<nt I<c"","",·ndat..-.n, kK-IX>4.h ah'" [Foyc,oft, 200.1"b) 

(Jming S"f'l<,,,,b,..- 1(~ 1l. \VIlT, f"I,tk;f"I'''] in , Rh"w 

rna o"~''''''' ''l "n,hlwp '.~!Ill, "I "I., ./ (XI):., l"'''''Ii,,~ 

"1<11';, .. ,,,) """'nrlw"d"'io,,, (T. <o"cr .{ P("crol" ~(Xll.' 

fl (""-",,,olL 12()()l.., li""d 19 ,>,'cie, in <he :-;CA ,,~I a 

rml!"..- "kV' 11 'ped,,,; in Tanzan;a 'jl", rnaj" r<iori!lr:' k.­
NC.1 indudl' M".,,,, """,,jl 0. \\,iid, IAwt,"Ii"I, C"f"·I1~"",''' 
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,J.,,,I"""" IHothl .~),o;to" IA,I,), l'uc')'It''''' ,',",""1"",,,"1, 
lJ.-l",b r.~u"",linl nnd 1.",I",m k'IJOOim TI~",h "or 

1", (:"",,, ~ "'I.., I , 11,:.,t A<i", 1.11'.111, Kor.", Chin,,). I" the 
S'IP, r,,,o,.-:.(' 1~1I01 h l ""k,,~d tJ .... """t ,.-.,. " " 1' '''.1<1," 

rl,,," ' [,<"''''> , ,, "" C~li'"h'l""'lJ« ,~"J'''4' 1,\, r""gHI 
Fl<ocko, (l ",,,I,"" \"If I)il.'",,~i ii,,,,, G",,'II Hn~· . () 

""'''~''' .'ll"'' flow ""d n·,.., ."~"i"" I. 

III ordn to lYIaxOmiz< tbe ben.n" from man.' ~'"nmt int<!o 

;-""UO' l' "n<i ,he , haL1C'~ 01 >UC(~~, ov,~ the Ion ~~('[jn, " 

, \,.tc.:", plo Ll i. (('IIl;m! \0 ,'n'<U'(' ,c,,-,"m" arc '"'l'Io}'cd", 
wo..ly '" ~oosibk It i.> h~umtl)' rccc"'d,,j tn.1 muchm"r~)' 

.,ld d'",t;, ('xpcooc<i on II><. "'d1['i~oc .. of co'~rolli, 'iI .,,1 
r<mo~in\: im'''';v" plont;, w I><1e lit,l< atlmllon i, l'"id to tl><' 
'tt."'~ic I'h' nnin~ of coLltrol 0l'<r arto", ",:ill"-' 01' "=lre<-"> 

,Moody &, M ,~", !9881. lypk'"ll)', emph"'i'" r<",'d " 1[0" 
,ol<ly on k>\:i>tk .. 1 rl"nnin~ ,,,Jd " iix,,1 "mou,~ ()HULxllt1~ i, 
pro,'xl"d on on .. lL1u"1 ba,"" with ", mucll worl; b<:in ~ 

",,,,,,d ""t "r<~,>b lt- - "",;[ ' he IT. ""''' ""'" ""L, SUL h ,H' 
'PI.-,,,,,,b I, ,,," "'H<l"d.·, ,,, "",'"I,,,bI,' ,, ",'m! r<"­
~""M\<"' . "h.dL m,,,,,,,,,,, ,CLe"" '"' i,""'b~,"", 1\"1",,, 
,I" c"c,,, or,l", prol~cm "" 11.1 ,, <1>,," , .. 1 k,~"'.~ I ,,,, ,\,,d 

,'\(X,d '0 '" ). n"wn. n"'",,,lb. ,,,J ,,) rlann;" ~ "m 1>.' ,"r­
'K-d 0,,1 o"II ;" , lIy , LI." r,,,,d1n ~ ",ug l~ ,,, imr)m~'n' ' bi> 
pi" ", T" ,,';, m" ",,,. I( 1.I,c rlH'.l; ,,~ I, 1, ,, ,'II l''''' ,dd lo;o " ,1 

rur"", " II " l><' ,,,&1 1"...- te. C'''''ct' ,II ,,,,-. LX"-C" ,")' """it., 
"'" ,.:b"'\,,,j 

It I, '''gg'''''N I til",- I.-i" ,,,,,, .. .-C"-'L 0)' gn '''ln ''~ ll~' 

II Ik"n "f""-I c, a",,,,II,,~ '" 1.1 ," r"," ,,, ,,,~ l< "" dw "'>c' ,;,.0 ; l", 
l.~!c~.,.ly" ai. , ll ~ I1I ' 

• th o <un <nt <xt<m "r tl .... """do" '1r1 ,,.. ,"'," ,I", ,ore,">, 

• <ULunt and ",,<u'I ,,1 im p."lC" (or th" 'f"""''' 
• the' ,' "lllc of the' habitat, thill t ho 'fl"ei<> h", c-r rna)" 
im'cod< ond 

• ,I", uiffiwll), or {,o"trol, 
n it, follo"'in~ l<!'" rcwmm,ndod. 

,\1;011 'p<ci<> mann~<me"t o\:1<cti'"'" ,"'mid I" "" . 
wh'b ore' ill nn,' with til<- 1""""lor mn",r.at.m ob1<cti~ .. 
of th,' ,~C,\ and tl", S/OOI', An "", Iv d,l<-ction nnd n~,n;' _ 

C<i,,~ "-OI:ramlt1l' ,houkl be de"l'<lorod cUld impl<m<,,'cd 
(("\:Ill" , mrwy' ,_d '0 be conducted of kno,,"n illl, ,,, ,,_ 

tiom .. xl k,'y or,'" or h,Ma" dwulrl b< mOllitoral Tho 
i,~rodllClioll 01 kLlown onJ l>O!ontinlly im',..,;; .. ali<n '1'00_ 
ck~ ,""ould b-< prohibiteJ ,1l>.l n l<Llng ,"'" ph,,,,,J "B' 
Simulta"""",ly, aluoatim",1 """or",,,,, f""W.1IM"" 
,,[wuld 0, i",titut<"i ,,, <urh fu"h..,. il1w.luctl"", ,,,,1 

.11",,1.l c{wer ~CA "'oK, m<mbe", or oth,'r i",ti\u'io " , ,,,Jd 
'I~, h,~den' ,,,umu,,i ,i",,, ]'.-Alowin~ til<- runfi,mation of 

m.ln",~emmt ,.-ioriti<> tho impl<m<r~"ti oll 01 DJ,~,ol ,c­
,I",,, 'l ,ou~1 I", "'''grated, wher< "",,' ible, witb "i>tin~ 
,,,,,n"g'"l.('nL (X",!:';"Ml.'" ,ueh .'>< col11r.-Alcd burning, to 

"""' I'k"",,' ",,,,,11",, ,,,,,,,,- "fk>rt,. (\"" I.-< I"",i'"' .,li <n 
phll~ Jno ""~"n,,'''t rl« ,,, , 1~ , ,,ld ~ "("~I',led k" b." tI, t h< 
,~C!\ o<x1 SW, "'1\11 <"X'""",I c' l"'" 11 ... ,1' il' "N·'",,,.,-. ,' n<l 

with, ""x'ial r""I'''g (X'"'t,o,,,1 ',1' ,1\";I,,b" huJW" or< 

li,,"tILl ~ ~Iolo~~'al co\~"d ,,,,,I,,n.' , 1"",.11" 1I1\''''''i~'''NL 

in colM",r.tkm w~ h apV'l"ill'" ir~" I."tl",,, , "'1>'cin lly 

r", hlgl 'l)' iLl V"i,·c '1"'<',," I " '"'''' '" l"I """ p'",iml'y tD th" 
SNP lind 1I ~' NC.~, Arpn, .. ;11'" n''''' .... oh , 1.,ul.l I" ron_ 
ullct,'d '.0 ,d l" .. fOf ,,,,d i"['(,,m m,,,,,,~cm" "t 

" \ckt"'wlcdgcmcnt~ 

We' " 0\<1,1 lik" t" 1.I"",l 1.1", lIeA A"tI,,' i1 )' '"'If. '''I'''''iall)' , 
.Iir .~nlL)''' 'T'I", AmiY", M, II",,,), S" ,,,ldy " no.! Mr M.,.nay 

Ilt"" Mr FI,I",im \I" IIngom" "f %1' ,,,,,,,,,1 I.cr d"ei "g 
b~ ,-,,1' ,,, qP. Tb" ]'"""r",", 1"",)~"" , 1 Soclet)' lor 
>fi<"",,.-I"g"" ,-",wi ,,, a ,~ 1 rm m T,,,O"'~.' ,,,d, in I'ar 
""" 1,,, Or P"W , ,<l ~1r< r,,~,I1< ~I",<'l. ror inviting an d 
"",1,'.: u< a' I\C~ m~llJr Simon rhirl100d ond lJr ~l"rku, 

fur"", 1'0' I""'''''g I.Cf , ,- 3<,-", ,,,,,,- IV" 'hn " , Ilf Mlc "mho 

1'", l,,"p h,1 ,""'''''''' ''' ' "" 01,,, ,na"""'''I''. 

c ....... Q.eR rJ 99,) ~"h<'''''H' wO<).1, ond ,- 11<"",1"" .. «J, '0' 
P,,,,,,,Ji,,,,,· or LI>I 8CK """"~""'- W,,,,,, j" " ,~~,.-~ ' ''' U-,"-". 
(Ed,. C, S"'=I 1'<illol\ ~''''' p"""""" ~"U",-", F"",' .m, "4. 
)-ll. 

('000;0;, Q.n, & "«D, T .~, fJ ~?':, p~," ',~-a."~"' ,Iv n,,,,,, to 

,'",""oj "-"" ,,,,,"_,, Ch.opm .n " H>~. r Dod",. 

>',~, .... ,- r "c. 11"'''» ""on" ,,,,""'''''' ", ... 0;, ""'""",""" 0[ 

"" .. ~.~' ... "k",,...,,, "'" "'.,,""",.,,',. i","",,"'" ""J ""''''' i. ,),< 

,"""ro" .. ~, """.«'m.,",,, "',," ,'uO.",,", l'm .. 1 Rope. L wH'!>'I,d 
.',~'emk,- 1m 1 r", NCAA .u," rr.;, L 'O.,Tort, Soulh ... 1>';'-" 
., ,, • ...r Y..-'" yiU"" X'U2, ,.uku,,,- 1 3>0, SO'Jth Ab-" 

H:.....,><r, L.{' , ilIm,:, (""m",;,.,~..,,1 ,,,.""'"" .... r;"'" I", 0 .. 

"'''''''''"',,' "r I ,,,,,,j,,, , Hw ",",; ' !,,".i<, j" s.,."",,, "'",,,-,,1 
I',,,. H";oI K,,,,,, ",mpd,..! .',,"'em"', " xU r", NC",-~ ... ,d ''is, 
I """,ell, ".~b Ar,,,, ~"LI,.,.1 "..-b. Y/lIoo; X'02 , ,I."," ... 
1 <;0 . ,",,,to .~~I" 

f4:"<r~"lf", L \1"'21 heNrm ,.l, ,,,,;,, ,"""'","","",' C",,"~"'~' 
"',,"" .. ,,,;01 ",,,",, Com"IcJ 29 '''H''-mbc~ 2001 n ~CAA "'..:\ 
"lS . L ",00..,,,,,, A","',d.u,;oI K",,,,,-h Coo""il PIa"t r.v 
L ,~'"''' ",,,,,,,,h hL~utc, """"".,j"L )..""",," l""..n~-;01 ,,,«,,,,'", P,lv.'" ll., x un l"",w,j, ();)()l, ","l1 Ar,,,., 
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Part 1- Malla~~m"ot impli""tioo ." 

I,ll : h)xcroli I .C & Downcy P.O. 21H)7 Pml~cting I3jooj'crsity by ~lm",~ing Ali~n 

I'bn[, in "aliona l f'arb: f'er'pectives Irom South Africa ,1<...-1 AI"lrali~, In: {'fun( 

IIJl'u,\'i"ns' IlUnnm IWy<"<p/iol1, eco"'Kico/ IInlwel.< und mWU1g~m~nl (cds. fl. 

l'okarsb-Ullzik. J. l3rock. G. Brllndu. L. Child. C. [)a~hkr. P. Pysd). pp. 39 1 

,.07. Ila~khIlY' Publi,hers. l.e ;d~ll. rh~ Neth~dallds. In p'·css. 
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,\I'PE'lJ)[CES 

Part 1- \Ianagemenl implicatiolls. 

1.9' Foxcroft L.C. & Freilag-Ron~IJson S, 2007. Seven J~cade, oj' in,lilu(ional 

l~arnirlg:: LTIaJ1as ing alLen plam inva,ions III (he Krug~r Nmional Park. South 

Africa. On'x,U: l6ll-167. 
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rrol.ccl.ing Riodive rsity by IVlanligin g A lien Pl anl s in 
]\'a lion al rllrks: Perspectives From South Afri ca and 
Ausl.rllii a 

Lle ... ell)' n C. l'o~crorll.lJ a nd Pa ul O. I)(mne.v' 
i. insriwre for Plam CO>1S,,''Valio,," Holal,,· !Jeparlmenl. Universily ol Cap" low,," 
Rondebosch, 7701, Sowh Ajriw, E-mail: Ll~wdlynF:alsa"r>a"'s.orfi 
2. DST i NRP r~m,.~ };'I' lilFU,lwn Bioh"J, fk!l~rlm~nl or B(lI~ny and ZooIOKY, 
Sidlenhmch University. Privule Bafi XI. Jfalid~nd, i~n2. Sowl, A/i'im 
.I. Savanna t:col"-,,,;,:al Research Un;l. SOlllld/i-ican Nall",,,,i Par/;s, Krtlg('1' 
Nalim",1 Park. Privale Hag X -/U::. S/;;"ku;;a. 1350, SOUlIlA/dca, 
-/, Pest Mm"'gemenl I)IIil, Parks alld WJldli/" !Jivisil»1, Depamllcnr oj 
Em'il'onmem und Conser,alum (NSIt], 1'0 Box 19{J7, HUi:w)lle, New South 
flaies, 1.187, .4USllll/i", E-mail: p"ul do~',,,,y(djc"vim"me!U.nsw. gov.,,u 

AIl, lra "1 
C'''''~''L'''' Qrb",li'T"'''~, in ,II i', r"c"" 'm<l 110>",. is , .... vrim")'llWtiv,,"iQll r", 1"'-' ,bcl"J>­
,n,,," "f I' n~"",,1 ''''~,. II, "'~""'. ,le",~, .';n g I.n, I " , [<'" <"le<l '"'' ol,,,, ",,1 "'''"'' "i I)' '" u II 
i" Lh ' "",,,,,,,,1,,", nn;"I"'"";Ly. ~, , '""ge "I' 11,,,,",, In h,.I""";I)' n .. ~ , Lm be ",L"e. em "'_ 
.mple, i,~'",i,,< ,I"" "1 "",, 1'''<. "~n;I",'nL tI""", 1" I1<LXh"";L)' c'''''I",~im'- ",",1"", "",I 
fund;"''' ""'1",,'i.o "f I'fD',,",,1 .1d <L.l"<. TiL", the Lh"," "f ;n,,,,,," 'I"'e;",", h_"I;""";I)' 
nc,d, t." addr«"d " ]\"t of, hol"t>c con,crvat;on "",to;::, fo, ''')' pfO(<ctod >ro>. Soch , 
)",l ;,tic "rr",,,,,h ",",1 ",,1 ,,,,I)' CO"",'" 'h, ;n,",,, 'f'<c"" ~'''h;n ,,>cn ="' "",.b, 111<,," 
'I""'"' II"'L """",,,.1 p",l 11<,",.ia"",. I b " "-', ol,,,,,,",< Uo< 'f'1\"'''''"''' ,"",,1"1"<1 h)' '''0 
,~~.,"" .. "" [I. " "'''''''g< 1"",«1<<1 .1 ... '. ,,,,moly. ,.LUlh .\frb' K,"~<' N"",,,,I I'.rk .,..:1 tbe 
1'''',0,,,,1 1'.", of No,,· Sooth W,I" ,\us trolia. ""d .M"I 'h,ir [<011 1"" to.,.,roo [h, In.",.~omc" 
elll of IIlV.,,,,,, ,lieLl Vi",,, fu, cOllwv.1Loo. Tbe l:oy COI1'4'O,,,,,'" oftl", ,-an"", m' '''g,m' L>t fr.­
mow",", .co prc>l'L"od ",-,,, to ill">1,,,,, lIlm' o"h h", ;L-.dcpcL.ocLvly :>d<h,,,,d ,be problem of 
. lim pi"" lmr>.1~CJn,.-"t "";I ",,,,,' COlTIjX""'Il" from ,,,h could b, = OJ ({)l1c<t;"oI),. 

Introduction 

Win Ie m',IO< pen"," of b"~live,,i ty 10,-, h"ve ""curred pTc"ioo,ly• for c,,,ml''' ll1c 
f,ve great extm,tioo e"ent' between 500 and 65 million year, ago, the current f"le 
uf los, is ,ub,tantwlly higher (\'iilsun 1~92). Human oclion;; have occekrated the 
loss of 'pe,1e5 (\Vilson 1<J-<J2) and are th~fefore a major contributor to the decline 
in glooal biodiwrwy (\VRI d 1/1. 1<)<)2) . Several ",ajr>< lnull.n-"",dia"d c.use, 
haw I>ec"fL i,l,mi ri~d namely hah it.t ,l,wuction (10" and fn.gmemati,",) and ace.l­
.rated introduct ion' "r.li"" 'f"'C;", (WRI e' al. 1992. ICC\[ 2005). P,.,licl;,,,,, of 
lmp"ch 'HC ,IiI,. "'l"'ci""y whcn (iJc ",,,ler Impact' (e ,g, al\cmtion u f sOllnulnclllo. 

Plam l"'~'io",. Xuxx, pp. 0·\1(1 
EdU"d by X<= Xux" 
C 2(J{11 lioci:A""$ P"b/i,he'S. bid,"" [h" """,,,,lomb 
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a1mo,ph"ric COl alld alt"r.li<.~, of di,lurhan:;e r"gime,) Jrc incorporJted (Tilmall 
& Lehmall 2UOI), 

Or., "pr<oad, to blOdi_e"ity protection i, to desi)!Jla", land '" a pmlcc-led arca 
(e.g. National Parks). \>':hile the ",lection of such Jre"" tYPIcally oa,,,d on 110 , h", .. 
dive",ity "al lOC 11,,,y cOlllain. oot oll hiome, "re "venly repfe,ellled. For ex"mple, lhe 
",,,iv, ~ra"bnd, 1TI,\u,lmli" (Kjrkrat,id.: IlN5) and the ,ucculent Karoo, ya,,­
h,,"]' and fy"oo, towla"d, or ~lLlh ..-\ r"c-a (Driver d "I. 20(5) Jre un de r-repre­
, e med " 'hik ""',,ma ,y"em, are generally ,"ver-rep,"",,,,,,d. 1""'I",,-live 01 Ihe 
seleclion pl'''''"''_ such cleSlgmnio"" do not !'l'aralllee !:H(){liwr,i Iy pro\cOClioll_ a' the 
processes that thre aten biodiver,ity are onen stJll pre",n!. Of Ih""" i",·a,,,·, "lien 
,["<-",ie, rose a SlLb""l[[l,,,1 tlHeal (Mooney '" ~1. 20(5). Encompa"ing all taxonom­
'c grou!", ".g ,',r""",'. flml\i, a l ~a" 1110,"-"-", f"rn" l"l\her plam,_ ill'v"l'IebrJte" fi'h. 
amphibi,m" reptIle,. bud, ,m,1 m'Ullln"l, (Bright 1445). 'Uld "ilh aliland,care' 
hcing lX)lClllially lnva,ibk (Loll",jal e 1'J9~), the """"'1\~m<:11( of al;';;l1 're,ie, for 
bI()J,wr<ity c"'''~Tv,~il\n r<"",nl. a Hmg" 1\1' ch,,1 '-:11).;"" 

A va,t ",,,alth of knowle,lge h" beell "ccllmull~"d in 1h" fj"ld of " I", ,, 're"ie, 
management since the SCOPE (Scientific Commilt"" 1\11 Probkm, 111 1he 
Environment) programme of the 1 ')80s (Drake eI ai, 1 n4) a,;l",1 \10, 'l",-"'H}n<; 
which specie. invade_ whIch habitat. aI'e Invaded, Jnd how can w" m,mag" inv.­
,ion," How"ver_ the nnm ber of al ien 'pecies on all conti nent, continue, U" i"K".a"", 
In "",ny co'',, lhi' increase has been mlLd, bster than hi'torical inva,ion patl"m, 
(di (a,ln 1484, Re1d,,,.-.1 & Ha111l lt()fl 1~~7. ri.""" & Hosking 1~~81 . Such 
11lCte"'"s pla"e f,glher dem",'].; 0" "lr,ady I1m1 ",d re,Ource" outp""" re,earch_ and 
ill millly ,-a"" limit c","wl optin",; in ,Kklinon, "11my ah"" '[1<"-1'" mlrodu"li",,, 
ur" irrevcrnbk, wllh ",aJic,ul\n nnly j""sibk for n"w in,·",,""H" (R"jTl1imo;k 200 I ) 
or Ul"i<;r 'P"cial circ"n"t"''''''' (l>lyers eral. 2UUO). Wh,k Ih ,r" In,w be"n ""ver" l 
,ucce",fi,l erJ(hcallon progwms carned out on i,land, (Veitch & Ck,ut20021. kw 
such >llcce"e, have occurred on continents or for \\iide'pread ali"n ,!",ci"._ 

If the illvasion or alien 'pecie. cannot"" h"ited or e,tJbli"h"d inva"on, "raJi­
cJled then we tleed to uoo.;,r>tatl<] how 10 limit their "11reJ<i proliteratioll ",,,I 

impacts on invaded ecmYSlelm. Such kncw. ledge is needed to filrther develop man­
agement strategic., a,xj rnonitoring protocol, lor protected "re a;;, winch are otien Ih" 
I;,>t h",lion for "al1 Ve 'P<'c-ie, or population< 

This dlar<'" rO'-lL,"' 011 Ihe TI1anal\~mo:'" of .lien rl,ml' for Ihe proleclion of 
" , di~"'''l'' oi()div"r;j1y wi lhin p'o",cled "reas, l)(;'p,1;; 1llC man"g~mo:lll of ,,11On 
rJ",~, in prot"cted area" being" globul need few d<;lail, h,""" h",," publi,llCd nIL Ll", 
C'"" rar""v, approach e, of ditferent management ,h-uctu,"" h"ro: w" rr,""llI bolh 
an Austral,"n and South At,ican perspectivc. South Africa and l\ ew South \>':ale, 
(NSW I Australia ,hare a Similar cl irn,t\C "!xl "over sirnilar topograt~r .. (e.g. coa.,t­
line, temperate range\:tnds and ,ern i-a",1 '''l\io'''I. f urlher, lhey have rnany of lhe 
""ne inva,i"" ah,," plall1< (".K r"""m,, camara L), ," well a, alie" rl:tlll 'pecies 
tl,,~ a,e nal"·,, II} die Olh"r ,-ounley (".g , Ihe ",-,,,II, Afri"a" ph1lL Chry,ml1liwln(}id"" 
nWI1i1i./i'm SlLO'P' ,-ownd("" ())c.) I. Nor!. and LI", .'\""",Ii,UI ali"n pla" l Acaci" 
cyclops AGlnn ex G.Don), 

WhIl e we pr",ent two different ma1la l\"!nenl approache.', "e do not believe thai 
th" ,cale oj' til" org,misotio", tone larl\e rark_ Kruger Nation,,1 Par\; (KNP) H 
ma"y s,."alkor par~ ,_ l\S\',-"; Fig, 11. or the difti:relll "",»",,,,,,,, ",xl cultur"s "f ll", 
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cuLLnlric",_ pr~\'" nl' ~c."~r"h,..'li,,n ,>cn,,, , Yokn" I h, Tn"n HgClllC"Ilt fWill","""" 
and strak"g le, pre,ented are gcnen c and mony "r the coml")llClllS c,," k ta, Jorcd tor 
more ;;pe~ifi~ . ih.1,,,;on,. 

" 
Kruger National Park 

"._.",--,","""';"'--'"' ........ , 
• 

South Africa 

• 

-'" '"' "" •• ,n, 

-
# • 

~-
'0' , • .-. ,..: 

" - . .. 
• ". '\. -

\ , .' Au."all~ 

• 

New South Wales 

'''''_ >01) '"" 

-----. ------' 
Ni!_ I. (') A map "I K"j~er N,,,,,,,,I ~m. j" ",I.",,,, 'c' Leo, ,,,' 01 ",,<tI, _\ 1,,,,,, ,",I (OJ 1\",1" ",,1 
Porh Wi~HJl j"e", ,,'ULi, l'i,Ic,. I\U,trlh, . 
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~~~ ~ 'I. 

~- ~:J' .. '~"". '" 
, ,,,,,,",,,"" ,., , " ,,! -, TPC, 
1 1lOn,q",-,0<~ ,_0 .. 
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J. c·;:; .. ) -. ~ 

Cy~(~ 
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Vn,<I<'OI,," -"""'" "' '''"'IC'1_ C,,,.,-,ro lto,, 
,,,,,,,,Ie' "''''''I'''''' j ty cI <>" teo me 
01 TPC " ,,,,",, of v~.~, " 

I ob,~'i,e, 

,,,j,,",, ,,,,,_,,1'_ "'''J~ I k< ' '' 

"-""'""\lemon ' OiCI"_," 

, , 

""TPCoy<"'; 

So< " ' e> 
'"' T»C, 

0.'1)'*'-' '"'~,,'" , 
E.,",al. TPG, .J 

'" '''',' 
"vol ,", o 

, 

Fip. } Th, Stmtcgic "'Ixi" ",o.nag<""'''' ,y,"'m a",1 """)'><"''''' l",k,,~c>. " "",,,I in ' he KN~ The 
f'OJ,,,""',,,r. c"""-"",nuH,,, tbe \'a ,~"" C<x"I""""'" "rln, ,~,Ic, n'llx'i}, ; I) The KNP ""FCliv", hi" 
''''l~i anJ J",licy ~l rh,~,I"I," ,, ' IHen,,,1 CD"'-""', J) ~fo(lilorin~ I'r""",xnc •. 41 RC!l'ondin~ '" 
" 11'(; 1~"""IL .,xl 'I Impl=ment." ;on " I ""n"~'TI"'" '"'i,,,,. Th<' U1><.," ('2) ",,<nbc, tbe TPC 
dn'd"pu,lU. ;mple"",",,,,,,,, am! ""-i, ;",, 'Fl' w;'h", 10< "''''''''' SAM I'"n,wo<k. 
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,1111 n''I lIlTc-d_ rn, C'''lllI' IC, lh. aho n ' IICcic, policy tfarncwork pTO""k, ,,",'c-etuel,­
Itlg PrincipleS ,mu gUllkii"", for m"n"!~"[l10n l (SOC rn,croll 20()5), 'VhlCh Illch"k 
I) obligJtion, under '''l1ck g ( 11) of lh, Convcnlioll , "' B i!>divcr<ily. 2)lJ"",,j\;c 
alien s!,<,c ies beltlg regarded In the KN I' "' ooc of lh, g,eat~sl lh,.c'at., to biodJ\'e r­
,ity_ and .1) ",hor~ po,,'ibl~_ all al len species vdll l:>e TCJf\O,,,J :",J " hc," T",ce.<S"y_ 
rr~''' ' o\!,ly invaJed arOa, ,e'I"'o,\. 

KNP "' .. '~" 
" . . ...... ''';00 , .", "A~"",," ,,,,''T, '" "' ''' ''' ''-''''''A'''~''I I, ,j e, ,,"w'" ',_,,,. _n" 
"""'" x' "c"'~" ~ , """ , .. ,.,,,, ,." hLid • """-'" conoI"m<C' """ 'c· ""'H' ," '" 

.. , po .. _ " ,. "~." .. ,, ''''"'' ''" """ ,,,"-or'" '"co. ,\-" ,,"""""" "to ". ?". 

~'" 'Ie',..... -. 'I - -'::'::I -~ ~:::;- -I 
~,.~-~. "";""'"'' 
~c m.'~,", , 

"' __ "" """"'y , .. I. 
",'-"'" "CO",." 

ru". 

• 

• 

• 

"--

I r:.';~:. I 

• 

~I-· ,,··tri"-~i 
- ~'''' 1 

• 

':"~~ '>J 
Ot>to<~ .... 

"-",."",, 
Ol;l"'"""" 

• 
" .. " 1m ,.. ,' 00j00"" 

T(, O"'~ ' ''''C' " ,"''''-' ..-,,, ,,'" ,...., .... "",. .... ~'" " ... '.", .. ~ ,"'" " I~ .. _, """ 
.poe ... ~ . ' ,""'. " -, ~ ..... I', ,,,,,,', "", ""j ""-" " ,. ',"~ ,,,,,,'1,, ,,. '~""""'" J. 
""'~ ;c" ",,.. '" j ",,"" ,~ . """-,,, '" '" "'",,., ~"" '" ~~, one -'" to, .. , ,,.,,,,,,,,,,, • 1 " '" 

, ..,..,,, '.NP COrlex'- N",", Ahr: I"",,,,,.; "''''''''-''''' "lCl,~ c' " ~ .. " ""10~""' ,.,,' 
'.".,,,'" i",n, '~"''"'' ""0. ~ ''' , '"""''' .to·i ----- --~-

,,,. , ,,,,,, & ",,"',,' 

O<"'~,'''' , ----

• 
i' 

""'_Ion 
o "..,,~. 

• 

• Clf'~."'O P"''''' ' y­
'" • .-.-c • 

I 
"",.'Jm ~-f 
"",,"n 

T0"'''~_ ''' ;,,,.k,,, • 
"',. ..... , 
"'-'1"",.. . ., ,,, 
"', • • to "',""' , , ... "c~ 
'.'-""'''' " , ·.0:" .. ","" "'¥.' 
'"<', "', '" ,,,,,, 

.,co"," .~._'" 

,,,-1,,,, 
"",Od,,., I ,-- -, 

E""_ ' I EfL'Ic<Ic,,,,"<'<;'" 

• • 
n~. 3 A >amp;;' of the stn"tlorc ,no wc<din~ of the in"""i,c """,ie, "",p"",,,t oftb< K:\ [' ro,lOC" 
t",e, hierarchy 
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2, Thresholds oj POlenna/ Concern (Tf'CS) 
'Katmar variat ion or fluctuation, are allowed to ""cur will"n a pr~_'kt,lIl1ircd 
"P!"" alld 1"wCf 1m,,' (in sP"~~ a",lljm~), 11o~,~ limits or 'II'C , 'ep,e,ent enJJX,inls 
Jll a conlmuul1l of change, "t whIch point acme manage","nt " reqlllred (Blgg' & 
Rogers 2003 J, I n many H\",anCe, the data 10 ,upporl the,e lhrc'lwlds arc II mjled and 
lhe TPC, ar~ articulaled a, hypolhe."-,,, r~'f!,inn~ l~slnl~ and r,fin,m,,"l (I,ll~g' & 
Rogers 2003, T'oxcmll 200,1 J. Regular moniloring i, requ,,'c'd 10 ~"ahlish ,j' a TPC 
ha, i>c~n "Hp",,~d or hr,ac h~d , Onc~ hr~"~h",1, "n a"~"mml i, l"",,1e as 10 lh, 
mo>l appropriate ill,"rv~nlion, CUlT~l1lly 20 '1'I'C, haw lleen de\'eloped fOI Ih, 
m"jor d~c"ion area" mdudlng W"tOI flow and qnahty, fire and "lion 'recio" Ther~ 
are howe"n "0 I,,,,.-er thre'hold" lor alien specie" as alie n 'I>ecie. me a continued 
,ource of concern. 

TI>e in\ia,ive ali en 'I,ec"" TPC, me divided 111LO llo",~ di"illCl manage">e'" 
r~'JX''-'';~s, n;lalin~ to Ih, ,,,,'as,,'n PH";,'" ,'r palh","y, The hrsr TI'C Im.;e\> 11",' 
inva,i,,,,, or il,"""jons wJlhm Ihe Kl\l', as pre,'entmg new mcurSlo", will proieci 
l1JOOl\e"ity hom fumre any threm" Th" '1'PC " breached by either an imminent 
external threat (i,e. a sl=ie, outside KNP, that ha, the [>Olenlialto lIlvade wilhin 12 
month'i, Ol the l'iw occurrence or an a],~n 'J>ecie, wilhin the KKP. Thi, TPC is 
hased on lhe I,,-,bcy po,il""\ thaI, I) nc'", alieTl 'p,,,,ic, "",a,i,'n, CO"'Iav~nc 11", 
SANPark, manJat~ (F"xc,,-,fl 20(5), :2) JX'lCnlial Jll1p"d, faI ""twcigh Ih~ mk "I' 
all ali,n 'p"ci~s i:><;mg ocni.~'" (~,g, M,,,,ncy et ai, 2005, "nJ Id"Im~es Iherein), 3) 
Ilw po:;,ib ilj Iy of ~,,,,,Iical IOn i, ,I e",~a,~d with an lIl~re"", in foci <JI pO!>,-,iation size 
(lkjl11iUl~k & 1'1l~airn 2(02). 4) .arly intofvenll()Jl i, co>t ellective (Re}milllek and 
I'll.aJrn 2002). "nd 5) " 12 month timen-ame pn"'ide, sutt'cient time to develop 
management strJkgie." 

The second TPC large" I n~re"-",, in doe disuihUlifH\ o,an ali~ n 'fX'cics already 
wltilln tI>e KKP, a, ,uch increa",.' ar~ lilely ", r~,ull JJl a rallg~ o'"c'~ativ~ IIllJ"'C" 
LO hK><liver"ly. By ,hvJdin~ Ih, I'",k illl" gnd c, lls (lh, ;;iz~ 0,,,11,,,, J> ,'LJI",nlly 
hcin~ ~xr],,,.dJ Ihal arc m"lirel, '''''LIc kd, ~hange, in th~ (11"" ll"lion ,'I ali,n 
,pe~ie, ~an be detcct,'d, A breach ""~u,, whcn"n "iren "!>"CICS already pre,ent III 
K."I' i, n'colckd III a J1e" cell and the new wcord 1, ])"t in " cell adj"lrnng the 
s!>"cie,' "" ITent d"tributlOn, or new cell, represent" gremer than 5% II\C-Iea,~ HI the 
number of cell ' c>ccuried rrevlOu,ly, despne acti,'e ""el vention , Thi, TPC i, h"-,,,d 
on. I) the ahrli,y to dekctlhe ,p,ead of allen sJlecie, eally i, crucial for elTeetive 
manal\e nwnt (Winen berg 8< O.,d :2001, 200.'i), ex ,,,,,- e an 111\i""On C"''U.' an arca 
of ]OOha, lh~ ch"n,", for ,radialH)l1 ar~ minil11"i (fl.cjmilnd & I'ilca"n 20(2)' 2) 
"hlk wry fvw "lie" ;;p,~JC' IIoal ""Iuraille lxcome inva,we I sec W,llwmS<Jn 1\196), 
Iho,,' that 00 otkn ,'xpt:rieoce lag pt:nod, '"'" re,ult ofblOt]e bamer> I"lack I'}%j. 
So",", al ic'n 'recle, o\'erCC>llle ,ueh lags as a re,uh or proragule p",,,,we, wherehy 
J cm",althreshold in I~)pulahon '1"" l., reached (Sullivan el ,,/. :2(04), Th" PO"\[ i, 
follo,,"c,d hy an eXJ)<Jl1<:l1lial Jl,~",aS~ In Ih~ popUI"lll'" whidl i, ,ddolll 'mm"g~"bl~ 
(\"il" m,011 I 9'-15, Ch"pman "t "I, 20(1), alld 3 J th~ er""hcatlon 0' newly '''InleJ 
fc>ci w]ll mc"a" Lh~ prol",lliljly 0' "onlaining lh, m,'a,jon "I it, c"rr,n l nt~11L 
1,,1(}()(1, & Mack 199~). 

The third TPC targct, increase, ,,'lh. density of an alien speCie, 11\ lhe K'IP 
TIm TPC i, "ated a, a hypolhe,i,. "-, it is nO! yet """rational , due ]n I,arllo the lacl 
ol'dala "" a""~p'"bk Ihr~,j)<J1J, I~bllllg 10 J,n,ily I~lm~d impacl' "n(llh~ avail. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

"bi lity "I' ell, ClCTl I cn,(-dfect;w n",,,;wring pn>!"""I, t" (t..:kct such tlor~,hold, 

JrreSJl<'Cllve, rill' TPC w, 11 u"" a range of defined oom,tie, (!Je;ng ,c«1Ie ,e,~ 1",,", 
med1l1n1. and h,gh) to det ern1Lt>e !>reach es, as any illCrea,e m density of In «llCn 
piant can he use,[ os a 'urw~ate lTl.,,,m; for all inc ,e"e in 1".-><[iver<Lty Impact', A 
1'1>(: bT"",h " C"UT, when «n :, iic'n pi"nt ,p:;c;';;s in"",,,", il.> J enSlty by two density 
classes or mo,~ 111 "n} cell (1 e from ","nered to m"Jiu m den, ity), or meTe""" 
from medium den,ity III any cdl Th l> TPC i, h"",,1 on the ""umption lil"t 
incr eased d.rlSily " lihly 10 I) h",e negal1\'e ",,!'octs ,"I mdLgenollS biool\'erSl1}, 
2) he a ,.e nectioTl or a p",erlt1al Tal'](l e'I",1IlSi,"\ eve m, .') requir e inc,eased mJll­
ageme nt, and 1) hi gh <ien,ili es are m,.-e lik ely 10 ,e,,,it in changes to ecosystem 
rUTl<'1 ion "n{1 , e" "es (e,~. «lk",1 Ji ,tlJTh"r"'~ ,"~:imes; Mack & fl ' A """,io I ,)<)R) 

A K N I' re"iew or Ihe I"PC pn",,,,, ,hm,,"[1 h"1 breaches of th e I1 rvas i,e sl>eCt~' 
["1'(', 'lC"urr,,1 TT><lT~ Ii-e~l>.;nl.l :>· t h;in li,.- «ny oliJ;;r T11''''',~en1enl concertt (2ti or (he 
32 b,eaehed 1'I'C, e,amtn;.,d), hlghlr~hting th e thre"t "lien 'pe",", p<"C{1 In pm .. 
lected a,"a" whleh has enabled KNI' manJgement 10 g,nn " betler "pP<"""ilion of 
the 1""0111"",-

J ,.\foniwnnK ~",I "1'IIlullling TT'C, 
For Lhe '11'(' p1"<)(e" 10 rtm et;on ~fkClivdy, " TTHH1;lo nng 'y"erLL is T",) lli red Ih at 
,, 11,~,'s dala colk clion whi"h i, c'"";,lerll ""Ih Ih e T"I><lrt1l1g rl'qll ll e",enh or ",ell 
TI'(', 11lf()llgh an,l wilh m "l; tahk lT1on il oTlTtg I;merrarlle, (e g. g,i,[ cel ls) (~,nter­
"ak ",Dr ""''''pic, c~~ , ain 11>(' , m"y r"~ll;re annu al ,bl'l "olkCll(lTt, whlie olio"" 
rll ay only n~,,1 ri"e y~'" rntel"""h, " .. ch"ngcs in 1110'" 'y,kms >1e gradual, Ih er"il}' 
I,,","nlmg lutneCe~sary mOTtl!<"TTtg 

4. II"-'I"""/i,,i!. '" a ]'/-'(' bri'(lIch 
Wh"n " 11'(' is hr",,,h,,] or prer""hly ",h"n mo{ldhn~ p<"<IJClS Ihat il will be 
hr~oche,~ a nontle"tion pi,m i, pr~pa[ed detJLlmg lhe n"tu,~ oj'the TI'C, prexlickJ 
COJlS~qllenC e, o i'th~ hr~""h, and the ,ecomnlended action, ,~qui,ed to reverse the 
br~""h. f or exanlpl e, the alien piJnl Acacia decurrt'ns (Wendl ) WiIlJ ., « large tr"", 
was ,ecOfded just outs ide the Kl' .. -P hmtldary on (he Sahie Rtv~r and thm b,.~""h ed 
the fir'l TPC. As Iht< population eonsi'ted of a few mdividuab, a ,apid r~spon,., 
3.<Olion wos reco ttlttle",le<[ arKI rmmed iate eradicat ion wa, inilLale,[, In another 
exa mpl e, Ihe ali en plant Purlhen",,,, hy" lemphon ,s L, an annual herh. mcreaser[ it' 
,listrih llti on Itt KNP from lhe cl" re mly r"apre'[ a",1 managed area, and II"" 
hreached the ,"con,l 'I PC I'h e TC"0l11menJeJ ,,,,lion ""«, 10 1mme,[i al.ely ,e_"" .. 'ey 
;1, "lent with in KNP. 'I he , un~'y r~ve"kd thm ~ Iryperopiroru" w," w1d"pTea,[ 
,n)(1 Lh u, """ T)(,I " ,u; t"hk ",mJiJal~ 1'0' e,,,,he"l io,,, Su b.""quen t Iy I he 'pe"i", w," 
referred to the \>"Ofking for Waler Programme (,ee below) 10 co mrol and manage Jll 
the known populat Ions within KNI' . 

. ~ Conlmlii,,!? ~llen plan'" >t"ilhiu K NI-' 
The South ,Afncan Nati,w\«1 V"-oTki ng fOT Water l'f(lg,,.,-nme (V"-HV)" on, "f lhe 
J mg~'t "lien pl«nt co.m-ol imlwtive, to h<l un<krtaken, wo,ldwide (van \\ijlgen 
20(4), E'tJblishal in [')')5. the I'mgr:>mme's Jim i, to """tral a liell plJnl' in wale,­
sheds to ,e,'Ofe wdle, ~o",." whil e creating emrloymetlt Ii" a large nllm her of 
S.mlh Af"ca's tHlem pl":,,ed. The peopk eTTlploy"J 111 Ihi , proWanlT1le are gi,'e n 
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t~c",d area, and ,um'unding b n<J, (e.g "'~ \)enn" 2()(121, .1) a"~l management 
(e.g. culmrJI helitJge valu~,), 41 inn-a,truCtlIl-. nmnag~Tllenl kg. conlrollm.~ all,-" 
plants around plcnic area,. camping grounds. wa lking lracks, and w,..:),), 5 'I f",l<or­
,n~ I'esearch aim.,l at impf()"ed management and 6) <ieliYeling broader 'I,alegic 
'~JI,'O"-':' {~ g, ac-tiom m ,lrokg'c, like 11", '\atlOnal C ""mili/em 5trat~gy (,\ R~!­
CANI. el ai, 21)(H1) or the C', m,"'ili/em Threal AhaLeTllen! Plan (DEC lOOn), and 7) 
alien plann ,,~icb 1m,," p"le ntial impacts on hUTllal1 hcalliL Tn """"i011, ll'" man­
agement of alien plants in '\SW may al'o be governed by legi,lali"n (e,g, '\IS\'''' 
Noxious Weed',~clI99.l) 

11"',e or<: mnr~ th,,, I .1~1) nalLll'allz~d ali~n plant sl",cLe. m '\5 W t Coutt'-~mit~ 
& llowl1ey 2(~16). 31)) of ",Ill~h are wn"den:d 10 h" 1 nvade" of ""tuml ecosy.tem, 
([)(~vney el "I, in pre,,) and lhll ' ate of cOn,-cm for proLed~d ar~", managen"nt. 
Given , h<; large nun""", of im-a",'e al;~n pTanh and r~,et\'e" 'he manag~mem of 
alien plant> i, divid<:,1 into two componenb, nar"" ly, J) a c~nlral,z~d I"',t manage­
ment unit. resp"n>lble I,,, ,lme-" ilk flf'>granl> and p<.ll i~y, and 2) ,e~ lOnal and ](><oal 
on-grOllfld ope,anon, co-onlill.ated througb re~~ollal pest managemen l ,lrAI~gJ~' 
and dedicated I"" t man.agement olficel'< . 

\Vhile the TPC ,y'tem bas not been u""d in :-'S\V, I~ e im'a,ion pathway, lh" 
TPC s al'~ ba,ed aroLLnd Ila\'e been addr'e"ed in a less formally conceptualized man· 
n"" lhrough a W-o)l<'rallYe gowrllanc~ approacll Fol' ~xaml'le, t~~ ~SW 

\)e parl""-'Tll ofPr1mary I ndu'l''''' a"eSSeS n,-~,' )flcLLr,ions ii.e , f il'st TPC) acro" tb~ 
"ate, and de l<omline, lhe ~OlJT'" "f mana~~n"'nt 10 Ix; undertaken hy ntl"'I' stake­
bol,,,,,, in a'Tonlince wllh lhe NSW N,,,;,,,,,, m,ed, Ad N9.1. 111i, 'y,tem is nOl 
"I"'cifi".,lly aimed al I~'otene d areas, bUI rathel' the s1J1e " a w~ole The regional 
P' ''' managemcnt Slral~gi<:, m pan encompa,',," lk 'y,km <k",,.,bed in l~e first 
and ",coro TPC fot K'\P. by ldentifyin~ new oncLLI'sions that han the pot~ntial to 

impad On p~rk ,'al"",. Tlu.: lhird TPC i, nOl a<ldre"ed howeve,,", tk NSW 'yslem 
I"" m",,~,j aw ay from an a"umpl LOn ba",d apprmock 10 mea,uring impacts on h~)­
diver<ily (i,e. inc,e,,,,, in ("'mily) to an aclllallmpacl,,,,,", ,,re (I,C. th-" biodi,'el'sity 
at ri,k 1, especially /"r ,vide-spreml 'pcci,,, ("'~ below). 

I, Slnle-wide ma"agem<'111 
The focus for alLen ,pecies manag~mell1 at a ,tJte-wiM leve l in protected area, 
wi thin KSW is currelllly <lI1'~cted throllg~ t~e T~reat Abatemelll Plarllllllg (TAP) 
proc~" for wlde,pl'ead sl",cies (",~ Down~y 2ooJ, Do"",,ey & Ley, 2()()4 1. T~lS 
proce" requlTe" pnn,il izallOn of akn planls for manag~I"",n, an LLndl'r>(andmg of 
lhe ir imp""l Oil bindi "~""Y. a, wdl a, m fomlalion on lhe k't praclice manageme nt 
(,," hdo,," for fmllk, dis~u"ion'l. 

2, R~gi()nal management 
,\, re,ollrc~s k ,I,', lll"n~lary a,,<1 in-kind) are m,llffici ent 10 '·'lIlln.>1 all ali~n 'PC~l~' 
III all parks, a ,err., of reglOnal I"" t m"nagem~t1t mategie, ~ave been developed 
WllLCh e ,tabli,~ prioritie, and dll'ect resource, to area, where "XI"'Cled Ot1tCOll'" are 
lh~ gr~al e ' l (q;. NP\''''~ 2()(12. 20«4). 'J h~,~ r~gi"nal ,[,akg"" arc' "LLr"'"lly hl'in~ 
revi""d "sing an Improved ",,1 of cnteria, encompassing 12 managemenl "rc", 
<iivide <i into lOll[ pnoritil ed "ategone, (10'>'-- to wry ~lg~ 1. '1 he manage"",,,t ar~'" 
Lndude bLodive r<l1y consernlLo n. human kal lh, new incurSIOns, ,wlghooLLl' " la-

• 
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non" cu lluml hCT,lagc, world hcnlag, 'lTc''', n;en;alion and acs!llclic value<, e"rn, 
nmnity hacked prllgrams. co-ope,"tive programs, commumty education, pr~vlOU< 
p,,,gr,,rn,, alLd "Pf'<"tulLl'iI ,e cWllt, (c.~. "ncr wildrlTc') 

Ileveloping a ~ lrateg)' for managing alien plant impacts on biodi­
ven ity 

,,, a ",i, "-review "f " Ii o" ria,,, rn~""ge",elLl H' Au'lrali". Dcw",e}, (11'" vo lun",) 
argUI;' lil al irnr"e!, lllL nilldiv,rSll}, "fC TIOI "d,~u"lC Iy oddrc"e,~ w ilh Ihe e,cerl ion 
,,1' ""''" TCC, IL I ,,'ork M)' II>;: I'WI ) "" "Hje'prea .. 1 'I"'co<:" Thi, ,,"rk ha' I<:d I" " 
three stag~ a,,~;;sment ;;y'tem, b<>ing th~ i,lentificatlOn " I' I) the al;"'n plant 'JX'cic' 
po;;ing the greatest risk to blOd,versity, 2) the biooiwrsity at ri,k Irom alien phm!>. 
and 3) an elfecti", managt'lTk'nt 'trategy for alien plant ;;P<'cie, that pos.e lh~ greal­
e" Ih"al lO hi"d ive!';ily - each "' "hieh i, oullined hr ien}, 1>;:1"" .. 

1. idemir.'illg rhe alien plam 5p<'cies posills. 'ile glt'(ue5/ I'i:;k 10 biOili\'Crsily 
Of th~ 2800 namrahzed plant' in l\ustralia (Gf"ve, el ,,/. 2(03). about half OCClIr III 
:-ISW (",e Coutts-Smith & Do"lIey 11)("'). Ofth,,,". many do not po"" a lrucmlo 
PIl11ecied Ar~a, "' II",y "re, tor example. agricultural invade". An a"~;;;;ment ot 
Ihe "lien pl"1ll ,pecie, lh'l ale n"lu," li,..ed in NSv>/ wa, developed lo delefmine Ihe 
IlOlemia l jllll",-e! llf n"tll," li,..,d " lien plJllllO h iodive" ily. TIli, ";;.<,e,,rnelllllfthe 
1:;:>0 ""lllrali~ed "li, l1 pl"Tll' w;,h1ll ,SW rc .. luced lhi, '''Hllf>er I" 3t)(l 'I",cle, .. liy 
exdud1llg all "Iiell rl"l1t. ,,1M 0"1~' ro,ed" "li rc"" 111 "grieu lt ural. "",,,da ,, d, " ri d 
urMall (,.g. "",d,;,I<:.) .ilu" ,ioll', "l1d thc" " II 1.1",>«: ,peci" 'h,,1 wCrC cou,idored III 
be naturJlized but not a trueat or llnllk~ l y to po", a s~ri<>ll' thr~at in the tuture ,,"efe 
dinllnated, using the categorie, omlmed in n",,'es ('I al. (1003). The"" 3()() sP<'cies 
" ..,,,, rauked ""ing a model " hich ",sess~d current and IlOlent,al distrihutioo, tl'" 
'yre' "nd d,veT,lIy o,ecologic"1 commun ilie, ilLvooed "l1d Ihe "'"y 111 wllich bic)()i­
ve"ily w", imraeted (c.g. cco'y'lelll funcliolL, and ahi lil}' I" a!Tecl "" ,lLlire COtn-
11Hmily). I hi, W,", Il>;:n ,,"(:;ghl,d "gaill,1 II" tola I bio<liwrsil), p,"5(:nt on a rcgi'H I­
al Ii",i, (,," Do,,""y eI nl. III press). 111c mOi1<:1 pn;dictcd thm "Pl","ximaldy ~o 
"hon pl"111' JXl5(:d significanl eOllc,rn fll[ h-io<livcrsity con>tf\""1ll11~ "'gg," ;"g [hat 
manage"",,,t stralegk'S for prOleeted afe", ,hollld b<> focus~d on the", a l i<:n 'peCle, 
in the first imtance. It tnU;;t be noted that for many ot n",,,, alien plant ;;pee;"';; ,ome 
form of e<>ntrol curr~ntly OCCll". 

2 I )ele,.,.,inil1!< {he h,(}diven·,ly aI ri"k .from nli"" "Iants 
O"c "f thc prilll"ry llhicc1l"e, for lll"""Hi"g prOlcei<: .. 1 "'0>" i, to en"'r~ "hat l!O<: \,"1 · 
lI~S co"t"iro<:d ,,""hin ,uch arCa, afe not ~,ooed. \\,111k the major eau","s of biOlh­
,""rmy deci"", ha\'e been '''''ntilj~d (se~ WRI el al. 19'):n, little ha, heen done to 

delermine the native hlOdiversily that is at risk (D{)\Vll,y thi' volume). Given that 
p""ceICd a",,, "ddrc,> l!I(: 11"'111 C",,'" ",hi,~liw"it}' ,i(:cli"c. ' .g . Ilalii!"l dcstruc­
lion, hiodi\'c"it)' eon",,,,,,I;on ill ",eh "TC", m",1 "d,h\:" thc "cxl m"J"r e,,,,>I;, 
being iJ]"vas;w allen speck's. 

lli"orlc"ll}', aHempt' to delelmiJle the ImrOCI' o,""e" 'recie, lO "ati\"e hiod i­
veT,ily have he,,, ellher 11110ugh ,!",e,r,c , ei<;T1lific 111ye"ig"!io" (e .g. \-Vei" & 
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N"hle I ')g4. frend, & Zubo"i~ Iyn. VnlJ'ji" N al. 2000). "r rev,ew' "f such ,moJ­
ie, (~,g, (,flee eI "I. 2004. Vidler 20(4). I [,y",,·ver. "mor~ "'mprd,en'iv~ a"eS><­
men[ i< need~(l [hoc enc"mpa5Se, a h""ad ra nge ofbi,-.di\·e"ity and" I1mg:e of "Ii~n 
rlanl ,pecic, R~cenl work "ndcrtaken hy the PWD inv,'lving two di,lin,,1 
appro.lche, I,", enabled ,ud, a"e<""~nts. 'l1,~ fir,1 rn"'~" in,·"I'i~<1 an ",amina­
li"n ot threatened 'p"cie, lim (",e Comb-SmIth & D'~HI~y 2006), " hile th~ ,~e­
out! ""·,,Ived Ihe deve["IMllenl "I' the \Veed Imp"ct to Native Sp"~i~' (or Vil:\S) 
a~,e,,,nenl p""ces< (,~e D"wney 2()()(,). Th~"" tw" new approac),." h",," 'ignifl­
~"nlly incr<;a",d lhe n"mbcr uf nall'i~ sp~eies wnsidered 10 he at risk from ali~n 
pllInt mv..,ion, wilh!n ~'S'I'i (Downey. lhl> volurne, pr~""m, further dis<:u"ion of 
the", "wroades). 

3. Dderllli"ing an ejfi.'Ctiw manage"'~nt strategy for "lien JlI~nl -"peeie., thut pose 
the grf:ule.,r II/real to biodiwrsir.' 

Knov. in g "Iud alien plant> .re p<"ing " threat to prok~1~,1 '''',,'' and Ilw hiolli"er­
"l y mo,l .1 ri'k t"'ll1 ,uch lll\,mioll< provides 1 he auspi,,~< fnr de ... ·d"I'HIg: manag~­
me,,1 ,In"egre' , For ~xarnple, Ihe Threal A hatelllent Planning: (TAP) ,.-oce" de,,-d_ 
up~d under Ihe };SW ll",.'we",,,1 Srx',i",I' C(}l,-".'rmli(J11 Act 1995 (TSC ACli for 
"lien 'p"ci~, li,ted "" K~y Threakmng Proce"",,, (KTP) ha. led to ,uch a manage­
"""'t ,lrJteg:y. ,\ lme"L ,\l>a'm'enL 1'1 ')1 oll lhn~' a ,Lrateg) to ahale, am~ILnra!e (a' 

drminme the Ihre"t p'1>lC~1 by II,e KTP LoJ bJ(~iLve"ily, ",deJ'~n<lem ,'f land lenllIe 
Ba",d on 1),., only "lien pI,mt TAP to dot~ (i.e. C. mo"i/i/emTAP, ",e DEC 21XHi). 
'he TAP "ontHin , fiv'" b"",,1 obje~ti"-~,, whid, "im Lo 1'1 devdoJ' a 'tTal'gic frOllle­
work jor deilYermg ~ontrol of the Lhre,,' '0 ,or~"' u[' Illgh con'~n-Oli,'n vahle (in 
t~nn' of threat~ned I>ioo)ver,ny). 2) d~vdop "nll promn'e lx;,[ I""""I'~~ manal?~­
men!. -') monitor lh~ etfecliveness of contr,,1 I""0gnmllll~' m l.:mlS nf [h~ n;"u,·"y 
of lhr~atened bwdiversity, 4) tiiSter w1llll1u)1ity education. rnnllveJll<'nl and aw"re· 
ne", and 5) Hlentify and fililmowledge gap' wh~l~ pc-""ible. In order to "",el Ihe 
fi"l nbl~elive. Iwo 'Iag~ 1"-,0<:.,, was d~velol",d Ie, d~l~rllline and prioriti,e ,it~, 
wkr~ ,h<; ""nlml nf ali~n planl, will l"lV~ Ih~ greal~" h~n~ril ti,r biodLversity. Th~ 
first "ag~ ll<~< llw fnUT ,I ep \,,' I" S "<"",,,m~n1. pr'~'-', h",ng I) I ilerolure Ieview. 
2) ",,];el.:U wnrk <hop, In ,un-ey I ,u~1 m"nag~", :') <k:vdnl>rn.nt .n<l re,· '~w 01' a Ii,! 
ofnJti\~ 'p"~i~, "t ri,k, "nd 4) Im~I~1 the l'in"1 li,t (,e~ n""'My 200n f"r rurlh~r 
det"ils), Th~ <~~ond st"ge ""e,',,, Ihe site, ",hen; Lk,e 'p~ci~, n"CUr fnr cnnl",1 
ba'ed on II", I) ablhty CO ""hiew ~tk~tiv~ "unlr,,1. 2) I he aelu" I "npacL ,,[' Ih~ ali~n 
specie" and J) condition otthe spec ie, and tl,e loc"tlOn (I.C. oliler LilT""I, pr"",,,)ll). 
Implem~lllalion ofLhe C "w"ilijeru TAP at the 16') I""iorit,.- ,il.:, fnr L k cnn,en'a· 
!ion 0[' I ~ 'pecles and ~h ewlog ieal c"mll1unitJe, Il",olve, "Illeve], of g()'\'erlllllent 
and Ihe e,.r"nu,,,[y, (\K!Hnllf"ty g",ul" (e,g. Landcare gr"up,) pia) a p,votal rol~ 
in managenwm "f "kn pbnl' HI i\u'lralia. as well as helping t" mi,e a,,'aren~,-' 
across the broader commllnity (,~e Atkin, & Mnl10y 1993). There ar~ app"-'''­
m"t ely GOO c<J1llll1l1nity group , "orking along the c"astlin~ "I' },'SV". m"ny uf t lle ,~ 
group , "ork on the control of C moni/ij"ru , ub,p. rowndma "nd tl,e re,tonllion of 
Ilrev; olLs ly Invaded area, (l)olh ,,", .• ml "tT.par \;) 
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Comparison ofthr tl'!O approaches 

WI"k each agen~; .. dewlOJl"d a di [kr~nl app",-,"h to im'a,ive ahen plant m'lnage­
ment. cOInp.ori'lOl" flf the", awmache, tlhBtrate th"1 e"ch .gwcy ""n",Uy 
"<kire>seJ ,lmllar m311"g~ment compon~lm in a dift;,rent way, and what Cfluld 001-
l"<Cti" ciy f'>ln, ~ "''''~ comprei>en,i\'e 'lr"le~y. The KKP ",cd a [o"'",['z~,l mall­
"gernem slmClure, e"'ph"""ng 'lc""l!ng by ,Iomg', "heT" Ih.; specific manage­
menl '"'Jeclive, ar~ ,lirecle,l ltu-o ugh a ,erie, of Ihre,nolds ot potential concern 
(JI'Cs), The TI'C, "[e ba,ed JrOlK,d acceptable upper and lflwer lrmits. ",,,hln 
,.hid, 'mtural' vanatioll occur" "'1<i ", orlk' co delect b[ead"" "".,imllng ;, C,il­
.caL .... cme imervemlOn ,.\Iy <>CCUTS '.'Ce " TPC ha, l:>een bo-e,"'hed, I'he allen 
"",,,c ies I PC, arc an e""I"ing p""'e,,, a,,, II", ",,,e [or olherTI'C, "nd thm """e 
man"gernen l a -.pecl, "r all<:ll "P""ie, mallagemenl are yet to be e,tabl"hed lo[ Kl\ I' 
(e ,g, the ,mpad, OIl bto<liverSLty ofwldespreocl alien ,pec",,). On the orher hand 
the PWO opte,i lOr a llIo re lnformalmanagellle nt sY"elll. H\"',"VlIlg" c"mhLnatLon 
of ' tJte-wllk and reg,onal priorll"" which account for lll<: ''''.fcctiv~' behind the 
fi"l 1I",'j PC, dewl,~>cd for KNP, ,,;thoul ,pecifically i'o"nul"ting a ruhusl 1 PC 
fOr each or ad"plmg a i',,,,,,al TT""ut",-,lt g sy"em , 1'hI, i, proh"bly in I'arl l)Cc"u,e 
lh~ PWD ",>I I<, "ilh o(her agencte, in NSW I" ma""ge "I'en pbnL,. In addition, 
lhe 1'\,'1) he , pbce,l a gre"leT empha,i, on under,ta",iing an,i mall"glng Ihe 
imp"c" o[ "',ks.pre"d alien plant> 0\\ biod,,'emty, Ilm)ugh the development and 
'mpkm~llI"tiOtl 01 >trmegies to "lentii)' and priori!ise " io en plant ,pec~" the nat t\'e 
,pec"" at risk and "t~, fOr control Thi, proce>s i, not ha'ed 'K\ a"umpt;OIl> of 
impacts", is the case of ,he thir<i TPC. hut could be encompa,scd "·,l),,,\ a li,urlh 
TPC where :;'Ollle lIle",ure o[ (he 'f>Cci~, "t mk (~_g, ~ ,pecific llumher) init;ale, a 
breach and" TAP l> ,ie,'eloped aad implemented 

lrrespe<:tive, n'-my ~spect' of managelll~lll comp()nent, ~[e similar i>Ctw"en ,~ 
two organisa,ion>, ,!",c,fically the need Ii" "dd,lional (b~, (0 m"l<~ dec;",,,,,. fur­
ther ""eJreh (including the e,'al ualio<l of com",l program'), and "wol\, mg the Com­
mnn,ly and neighhour< 

Conclusion 

I'll<: Ihro,,1 po,ed 1,1' "hen pl"n" LO 'he ,'uiue of Prote"te,i Areas Jnd th~Lr manage ­
me", """not lJe owr.'t~teJ. This 'hreat ha.' resulted tt, dcveillpmem of many al"'" 
'pecie, m~Hagemcnt 'Uategic, ~s illustrated hy the Soulh Afncan and AU'lralml 
examples p,csc"ted here, 'tlmcd al doliwnng the ,ame outcome" flolh ag"ncie, 
h'",'e h"d 10 0\ """,,,e a rJn~e "f hurdks which indu,le the iLmita\LOI" ofthe "",,,1_ 
"ble ,ta'a. an increa,ing num!:>.,. of alren planl sl"'c"" "nd COlllp"tlllg pnontre, ;n 
onkr to re,ohe Ihe ,,",( management ~hJ llenge, assoclJte,i wLth managing bll'dl­
ve"i,), and Jlien '.pecles withi n pfOtected ~[ea' 

Thi, cOfl,pari,,,, of the I wo ~pp[{)acl"'" high lights th~ d,v~"ity of ,olutions th ~t 
)"",e h<:,n (1.:",I"pod [0.- ,nanag"'g "Iren pl"nL' in 1'n"e"",,1 ATe"" These appro""h­
e, ho<h lllilTo[ eac h nLll<:r a11<1 ''''"'~''P"'' i"lIes not ~<kire,,,,,d by the other. The 
,de", pre"" nted h~re "all be "",d a, a l1l<:Idel for e,tahlishing alien specie, m~n~ge­
",em ,.ra(e ~;es [or "lher ProleCled Are",_ 
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Ma[laging prOlecred ar~as in the I,IC~ of biodiw rsny los, 1'0'>'" , ,, b,,(,,nllo l dwl­
l ~[lge, . The solucLo ns to lhe", ~h" lI ~llge, ar~ equally as comp lex and roqUl 'C" T"" gO 
of J i 1T~,e[~ 'I"Mg l ~'_ It " ,, " lM;'1,"led 110"1 lhi s ~h" pl~f will he che heglrllling of eol­
laN"" '-]o", be l""""",, [h~ K ~ I' and 1'\\,' 1>_ ",m~d al de.-e lo pillg" coll ""I,,'e knowl­
odge ba,e lo r Ihe m.nage ment of ali en spec"" wi th in Prokct~<1 Me",_ 

Ac k nowlcdgClllcnts 

LeI' Ih,,,k; the DSTil'--Rf Cen tre ji" In.-",;o" BIOlogy fm J Phil ",hol"'/Oi p. 10 
which IhlS par '" " a cOJlmbulloo. Ol"i timdlllg travel In ' he 101 ... 1 A 1'1 C'><l rer~"c~_ \' ... ~ 
thank The South Alrlcan Nallonal Parks and the LkJl"Ttlll~nl of Em- )"'nl"e" t ",,<I 
Co n,ervaTlon (KSW; Auslrali , ) Ie.- pernmSlOO to , tlo"d tho CO" fer~TlC~ '(]"ll1 'a bn ,~ 
• .-"il "hle infor m.t ion 0[1 al ie n pl 'nt management I,,, tim publieallOn, 

Rcfercnces 

Ali<,_ V 19'J7. 1', ·.,,,hm""""II""" ,,,~ h«uliw Ioxoel\<,,'" 14: I" 
ARMC\]';Z {,\~"cultur' "00 RO"',"JC' M"""~cll.,,,t C",,,,,I of Au;!"li, ,"a ~ew loahL,01-

ANZHT {,\u",r,l i.n an~ ~"w Zcal",;1 En"i")"n"",,,1 ,,"d Coo<"v,,,i,,,, CooL""il) ,>r>d r"""try­
\l1O"t",_ 2fIfI(l Weed, "f~,t~'n .1I S~nif;.:o"",:e - biW11 bu~l ""I l~""",,,1 ,o."'W"","""k, 
nI"",hkra ''P, '0'"'"'"'" on.:! "'''"'/'';'''') S'H1'1''' Pt.o . " ,t~,,"d \\'".1, StruIC~)' E,.' ''' ,,·e 
(,,,,,m]l"',, T,."un'c,"", 

Atk in,. I lL. ""~ MollO)'. 1M_ 1 9~1_ TI", ,,)le o'- I""<1oa,, ~"~ll" in wo,~ '0"""1. 10: !\o..ocodltlll' 
of ~\C '!Ooth Au .. "Jj," \'ked, ('""fcf,,,,,e .na foorte,",b A"." p,~'iri, Wee(1 S,x'i,')' 
Coobencc, tlN~'. Il">b","c . pp. 454-457. Weed "'-",iocly of (:'""en,],,,,' Il""""", 

Bl~~', H.( «n(1 R".;cr, 1':..11. 2003 A" "I.'pll'" ,Y,"cm ,o liok scic",", "~,", , ,,';n~, ,,~I """"1."'­
mcol io 1"""""" In- do T,", i.T" R"¥",,, )( ,H. ,oJ RiJ:l:', T1. C ,--"I,." Th, K,ug" r,pc"."", 
r",.~y .",.1 \f .. , .~""n",,' or s.,·"." I [e",,,,~,,,,,,i'y. I'!'. l~_&(). I, I , ,,~ PJd'. W"-'IH,,~toJ\ 

Tl ' ight. C 1 '~)5_ I.il" (),11 or Tl",,,,J., Ri," lm'''''''' '" " 1].o,de,·I,,, W",I~. TI>e W",·la,..",h 
1-: "",'i",llll", ,, ,,1 S"i,,- ]';"r"" ,. h ·", y ,,,k 

Cl"'flll"'",IL\., I., Moio", Dr ""~ RIC""''''--'''', Il.M. "OHl Srcnario planor ing: undmt'ndJn~ ,,,d 
"\a"'~IL., biolo;:".1 ima,,,,,,, L" Sooth Mfi,,_ !o \\c'-kcly, JA loa.J. The Grc" R"huffliLl~ 
Ilun~'n Uimelll io,,", '" ]o""'11-e Ali0" Specie" W. 19J-Cf/@ IU;;';, G""" S,..itzerl".><1 ,no 
C1IuOri(l!!c, C)( 

("ul1>-Smi,h, AJ, '''' Do ... ,,,,),, 1'0. 200J. -rho im,,,," of .... ~c'"' on H .. "t'"cd bi, xiiv'"rsity . , "e,., 
&." h W.I" T,d",,,,, I Se,i",. "", II eRC r"r Au""h,n \\-"""0 M'n'~~""n l . ,'<kt.~ l e 

DFC (De!,""""", "r I'''''i","""", ''' 0 G,""~,·,t,,.,), :!f)I)O. A!,!"o"C(1 n~." Ao.LO,,"n' PI." r", 
tho H".~"" "r ,,,,,,,,., pl"" L ".,,,,,, ,oit"'" h,.- Ot 'J,","h,-,""~d,, ",""iN'''", 1M,,,, bo"}' ... "',"'_ 
,.,edl. ikl"'''"lenl ,,'- 1 :"",'i""" ,,,-,,. "".1 c,,"',,",",'" {"SWl. IT,,,,tvill, 

I)c,,_,i,. l.C 2002. Wo,d cootm l 00 t ", ['lbl>C-fl,iv.t< l,n.1 Ln"r!,," In ViC»LU tbe '(;ood 
l'ei:ohbou, [' r~"''''' In Sp,tffora hcot>, H .. [)odd J ,"d Moore, J.H. i ed,.). l'roccodin~' of 
the Th:neomh .\u'tnii," W"""" Conference, ~,U Septomber. !'erth. pp G~9-G~2. p,,", 
Prote,'tioll Society or Ww"o Am,mli • . !'cr1h 

(Ii C"tn, F. 19S9 Halo,.,- " f bl"k'~i<" l lI"~'~"" ,..il h an"",,,, on Ihc Okl W,~ld, Tn, h""",),, oi 
C""" i, F , G.-,~'", R IT .. K",!!cr, F.. ~h"",y. H .. ·\, Rcjm'; ",,)<, ~!, ,"(I \\(illi"n";,",, \f i"I;. •. 
lJiol"~i,,,, 1 I "v.,~.,>: A (;101>11 Pcr:;"",li"e, W 1-30 ),"" Wiley, :-;ew '\', 'rk 

n..,wne)" ~O, 211(lJ. n"", Ao,'01",,,t 1'1 """ w;;c",", "no pi-n' '''"'",,~ti,'n In. The P"",e"oi"li' "r 
the Twdllh Tli" ",,,1 ,;"""", \\,,,(1, C(.,f,~enl', H ,luiy ,00), T me, ~SW (1""<'"' ,,",,,m_ 
I,,,,,,o}. (;,."~,, T,,,c ( il,. ('OII1<Oil. Tue, 

I'"",e)', PO, 2001 B,wlIlJlI>h \fOL.1~enlC L~ ",d pi,n' ('''''>cn~ ' :O('' w.bll>bi,,~ pnon'i" f,~ ".,­
Irol, Tel; Si1>(ld, B, M 'no )"1,_",,,, S. (cd •. " The 1'",coc(Ii,,!!, "f 'oc F'~lnCC"'h Aum>li,o 
W,e~ c", r"~,.,, o_~ ""plcn,bc,. \\',1'" W,~~,,, 1'1', 6'1'_700, R,l; "",I F.), Rid""I"",, 
Mell .. ", ... 
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O"w'''y. ~o l(l()(i, ne Weed Imp,1Ci [0 N,, ;vc Spccio, iWN~) ,<.;e",,-.,nt ,,",I ,,,,, It< fnoll' 
tn,,] ["" .,id.<i (<cq'" (.isl'''m~tG aslXIlUgoiJeJ i L.) LlJUC<) >L~I ",ouL~1 "-'pal-'g"' (.~"l'""'!I"" a,,"fop,c", l.) '" ,,,,,them 1'= Soll th W"le.;, I'i>nt ['(o1<ed.", ()t""tel ly 2 1 H~_l lh 

l>c'WllCY. ~O, Th i, """m"" [)ctcrm;nirtj; and n"''''' l:iJ\j( the Ill'l"" of ,Ii,,, pl'''t< "" ""HI,,'",,;I'I. 
w- ,,-u. 

l>c"'"lCl'. PO .00 l ey,. ,\.R. 2004. Weo<1< '" My TJ""toning 1'""«,,, •. I", Sind,!, 1l.\1. ,"~I 
JOhll>Oll, SI! (e"'.). ['" ",cd,,,", of the ,.""",<olr. A",u,I",,, We",), ( \"']"""«, 6_9 
&optcmk..,-, W" lIIla W'~¥'\' PI' 454···W' W""d s,ocic,y of ~<w S.",UI W,b_ W,.,g.> Wagg' 

l>c'V.llCY, j~O._ Scanlon, U. and H""" ",~_ j R. In 1"''' ''\ ,,'''lll (,, ' l "''''~;'i" g lh, ""P"'-" " f _"" 
00 bJOdiv<tl"'y in ~<w s.octr, Wale<, I-'<partmem of h "-;mn"",,,' ",~I CDH.,,-'n.ti,., (I';SW\ 
HUr>t"llc 

l>",kc, lA, \\ooncy. H.A._ OJ (.mi, t , O,o-.'e! . R. H., l<.e"ll",', M. ,nd W;] I;"'",~ ",. M_ I')WJ 
llic,)Q!;i(,.1 1'''''''''01''; A GH"I Perspectivc JOhll Wi ley_ ~c",' Y or\;, 

Ori,""-, A, \\",e.!;: .. ROll~c", \1., Lc'mlx mi AT. ~1. L Imvic, 1.K., e",,·ling, 1\,\1 __ o.<Lnet, P_ 
(.c"",lm"l1,~. 1-1",;" J, J"~,,.l., Mc'YC"'_ IJ., Sin •. K_ ,ox! s,,,,,,,_ T 2 ,) 15. ~"i"ml Sp>ti,,1 
lli,~liv="y ,',,'c " ",,'~ 2004 ; Pric"; li,,. ro, Tlic>.Jivo"ity Con""y"tion in S",.h .-\inc, 
~<I iln" 17. S",~b .... Ii''' 'n ~,' ;"'n ,d Il;"')ivm i'y Ill>lllU\C, herori. _ 

d" T",t 1. T_, R"g<", K 11. ""I R, !'-I:" " (' (,,,J. .) 200;, Th< Knl~CT hpcri,occ: &,"o~y .00 
M,noS<""'" "f "',."." IT''',''''g''''';'y. hJ;.,,') P",,,. W"hi "lllc'll, 

I-:Itoo. C'.S 19l,_ n ,e I';'''!''gy "f 11"",i .. " bv ,\ni,,,"I , ".1 P1"",, ('h"pn~m .n,) H,,11. London, 
Fo,,',oti. L. 2'X~,.,\ """ ,,,.Iy "fll", r..m~H' di"",,,, i,,,,, '" i,~·"., ic'll ,Il') conlrol o["lien pl,nl, in 

the I",,,on,,ol "lug", "f K,"O<I' ~,t' ",,1 P.<I: II" \fc~,dy, JA (c(I.). The G,e;" R"hllrnin~; 
Hum"" i),m"",""" "f I"y",;,·< ,\ be" Spe<ie,. pp. 127_Ll4 TCeN. GI,,,~l Switm'Lm,) ,Il') 
C",nbl·i <%>c,I.·"-

)-,oxcroft . L ( 2004_ ,\n "Lo.pt"" man'~mcnt fl~me"" ,><k f", 1,,,",,'1' ,";e'k" ,,,~ I " ~,,,g"""'''t "r 
inv .. ~·e alien pi a,"'. Weed 'Itcr.-.ol""y 18: I 2','l_ I 27,_ 

Foxcroft, L.C_ 2,Xl5. Ahen Specie, ill Kru~e ,. ~"io '''l P",.k. 0\,,,, ,,'diin~ Pc~"y I),>c~,,"nt, 
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,Old Wi lliam",,,. \1 (,d<.), I'I,nt I",,,,i,,",' 1·;,,, 1''1' ,,,01 11",, [, , ,,~I ,,,,,n'J:Cm"~ .",1,,,;..,,,,, pr, 
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(;oo-oon, IJA_ IWH . htlc<1< "f i",·",;", . ,.",_i"di~e" ",, pi,,, , >[><e;e,"" e",,}~t'm 1",,, ,",,-.­
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",.0 lV"tcl+.""e. ~ \1. 2\1\13. Weed ca"'"o~", fo, JIOtu,a l ond 'g,;c"It",,1 ee",,,"'''' '" ""'g'_ 
mellt. limc..., oflttm,1 ScKOC"_ C""oc,-" 

1UC~ (The World (on,e"" ,o,, lI"lOO ) 20US Cau,,,, "I' bi,"li"""i" Ii,., 
<hit\> :..-hum 0 rg. 'bll 'bJ ° )0«. htm r,' 
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Seven decades of institutional learning: managing alien plant invasions 
in the Kruger National Park, South Africa 

Ab5tr"c:t r'-'"g·,,'nn o<-,->l"",'o l ",d ''('o,>o<~" ,u,;"in­
>bility wiD ultim,'dy deterrni"" the outccme t'f .n)-' 
CC'l"JSe"',lion m.n;]~'-menl pn-.gromm". I,w;],,,,,' "Ii,'" 
p l"nl" []"" re,'o,,]c,j in the I("'Re' N,lil"",1 P,..-L :::"",Ih 

Mr;"·" in 1937, ,re "OW rc"()puLed "" one 0< tho, ~"'""" 
thIe. 1s to lhe biodh,,,,,,t,. oi Ihi< I'"k. Such 1'1",1< hoov~ 
oc~~, mOI1 'R"~ in II", l'<"k """e 19"" with co"tml 
",1",!'Cin~ m.,in ly tim",~., proc",. oi If;o l .,,,j "",,, 
Refinc~'><'nl oi i,,,,,.i,'" pl.n' m.",~e""'T't ,t,,~'~,,> 

I",,, n·",ltc>d in '" unc\c,,-.,',onding 0< th" t~rKd l-iant5' 
1:>0010;;;' ,nd c,'oi<rgy, I>crbk"l" uf'C " ,d h"ml'-id'~I'I,nt 
,11l,"'''''Iion" '" well ., th,· l'",nt-in",<:t urlt'r"lio"", 

Introduction 

ne Krnger Nation.1 Park " ,i ",,,ted in 'h" ",,,Lc,n 
l . ml"'I'" ,n,j Mp~"M I.nl'." \' ,,,,;n,,.,. ,,j Storth AlrKa, 
b ... ,de'ed ,I"rr~ ;1> enli'e ea,teT" ,iJe by \l"L'mbi~lle 
( I 'i~. I). The 1'0,. e"end, JW Jan frem norlh tt, "-,,,th 
,nd w"er> 2(1)Xl) km', ""'king it one'" 'h" 1"'3C.,;I 
I---rutcel~j ",co" in Ih,' w.-.-'j. K,u~e' i, bi __ h,d OJ' ",""en 

mo;''' ,iver 'y,tem" "'igin~'mg in the highl'r.:\. Iu the 
we,t . nd draining' combined .n" of c. &V,ol km' I h" 
Pork 1,lk w; Lh;n ' h" ,"v."".h b~,"'" 01 "",theTn .-\fr;c~ 
(c.'heM,-", 1<;<171 . 11 ~ 1M,' l>een cl ,,,,ilied into 35 IIoOO""a"" 
Iype, (Gerlenb""h, 19!\3) 

Kn'ge' ".lion,1 r.rk, ,ltho"Kh largely , m,Jk= 
're~ unde, 1---ru Ic><Uon " no<' i Is d,-""""jon 0' , ""tio,,,,1 
P,,.k in 1~9A, 1M .• not "<l<,p,~j th .. ;IK'C."irog Ih,e," 01 

b~'I"gocal in""i"l'" IFoxcwft '" RicNrdsol\ ~I(I3; 
Freil'g-Ron;lld""" '" \'0"",1" 2lH\). In v,,,,ve ~Iien 

pi.,,,, (11"""Ii,ed .Ii",' 1'1.,'1> tNt pw~uce olf.;pri,,~, 
,,(ten in la'ge "umlx..-, a"d ,t oomid,,,,able di,'on<e 
hem tl>c I'""nl 1'1,11" ""j ,hu", wilh 'he 1",'cnti,1 tu 
'p,ud over ,.,,' ~,e,,"; Richard",'n ct "I" 2O«l), pm",,,b l)-, 
,I,,,.Jy pre.scnt in lhe KrLJg'" Nou"".1 Po rk "'gion p,jo, 
10 i" g',.e"c"",,,, h,v" e,'>bI ;,I>ed.nd ~;'J",,,ed a kmg 
,II m';"r river> and " .. I ,re"" 01 upl~rxI "egetoHol1 

l~""''' C '0'0'" ,C,'n~'''''' 0 ~''D'' ~ "'"'~"" " .. .-,. 
~ 'cd, "',~" " """,", Pm., 3 • ....,. £_.~" "" .. ~'" ,.,,, 
" . ... ¥ "'".''' P, .... P.'~"·., ,." ".-'''''. '''''' ~·v'" A""~ '·m" ~""~,."",, • .',,"," ,,' 
i'", ';,'.d ',' ';"';"-COO'" 1> .. ,,,."" ,~"",,, ,, , ",,,,",,.- '\:lX. 

-,-,,,_" J """.,~, 'm, 

"I oi""g;,.1 mn'",l. Ca,el,,1 j"tet'l'ation t'f ditierent 
comm! 11><'Lh",j, h •. < I)(o,,'d " ,,,~l\i<,1 '0 '''''''",' the mos' 
"pI""I"';"c " ,.. ot tKMiqu.,,; '" deli,'", 'he 1x.,1 ",,,,,ible 
re"ult> from the resouIce.' ."ail,ble ,nd ociww long­
~'''n .<u""n"l'lj,), IV,· ,,,,'I i,,,, tilt' ct,'ve"I"Mnt ,~ 

('<m'",1 ell<'II, ,n;:\ current control pro;;mnmc.,; .nJ the 
P'OC"'" ul ti,ci r ""'O'l"""'ion in'l) 'he il~.U'UI'O,",1 

11'<'1'><"." ,,( K"'b~" Nati, "" I T'.rk "", ... IIw I.,t 7 d"""<i,,,. 

Keyword5 Hio l"l\ic,1 ,,,nto ,,l, "hem ic,1 
'n,!jtll'il",, 1 memory, i""";lve ,lien pl.,nl" 
"ation.,1 P.1rk, mech.l1lc.1 ,'<'ntr,-,l, Sou,h .-\I,j,-,. 

S~,,,,",,,",_I [,milhm r"-~'b",ized iT]\,,,i" e , I,,", 1'1'1'1" '" 
, concern olmo.S! 7 d,,,,,,jc< ,~o (SIC""I1,,,-,n·Homiltol1, 

1931) when ma""geme"t w'" TX'I b.,."j on re",orch ",xl 
,ek~1Ce bUL on 0 pr,<tic.1 U,><j Cr<l.,~jin~ 0' LI ><' Clw,mn­

menL I K"",-.,., k II.;---,oie', 1997). ]Tnr"'''''''' el)" li'tk w, .• 
d,,,,e ~, add"", the problem nnlil the 195&, ~nd even 

,h • .'n 'hi' w" ""~'L~'ien ' t" "l'I,iI the inv., .... m'. 

nl<' Ii ,,' , i" , licn pl.n L ' J"X;c, w,," """"ded in I ~,,7 

.' 't"",b""",," WK>d,' (T~ble IA; Obel'rT'oei,.,r, 19V), 
,nd th;, inHiol 1;,;,1-"" 00c 11 PHiod i<,I I), u I'd,,,~j ITob le 
21· (:",,,,l1tly, 372 .Iien pl,nt ,"'. h.,'e b€€n ,,-,,,,,rded in 
the Pan,; (Fox<:mlL d "I., 2lX11; rol," 2) . '1 hi< incl ud,'.' lwo 
"',,,,'o,,-,'e' '!-"-"-'i"" (tr,n>I'''fl1er , !-,,-,,-;e; ''" i"v.,i,·e 
plan", trut ch. I1W ,I>c <h""""" , mndjl"'", form or 
",,,,'" ,,( K(»y,t,-"", u"e, a ""'",j,ntia l are" Richa,d ",,,, 
d ai., 2: 0.1; rol,,,' IH I, 12<; ;l1v",ivc ' J"Yic<, ""j 12, 
'!-""'ie,' tho ' ore either n,turalize.-..J Imeaning ,lien plan" 
lh., cC)"",d u,,' <on,;,tently ,,,d , u".;n J~'p~I.,jol" 

"Vel' ma"y life cycle. but dc' no l l"-"e,,arily i"",de 
n"Lu,',I, "~n i ·,,,,~,,.1 or h um.n_m,Kje ''':''')'''C11'') or 
,'a,,,,,1 , irens (, lien plant. 11"" m~y n"",,,h .nd even 

"'p,,,,ILH'" "':""il","I I), in.n ''''', but II,. , do., "", rorm 
>elf-replocll1~ FOI'"llljo" .• ; Foxcroit <I .1., 2!Xl31. The 
m"", l"e,·,lel1t i"v,,,,," >p",i"" il1elude tw" teHe""i.1 
im.de" ond Ih rce 'I"~'ie< or fm,-no.Ling 'qu.,ic 
mam,!-*'-y' ''' (Table Ie; F,'xGuit & Rkh"d ,.on, 2«(lJ). 

History of control efforts 

t1w (',,,, m'''''gem"", elll>rt" in ,I,.. I'",k we .. ,i"""j 0' 
ti,,, e,.xIk,liu l1 or 'JX":;'" «Ieh os p",.,i.n hloc Mdi.l 
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,", ,,,, . .,,,,,"~ 

,--, 

&, • • "" ",," 

s_",.... r-~~-\ 

",~f Cc>.v<' S_ 

<0 -

-t>e< ~-"'-Dol 

,""I",.dT L on Ihe Sob;', C",,,xti )" ,rod N,ikl,i Rin,<, 
I"i',i, w", do,,,, hy boti.", 001"" ;nt~ lho; ,,,, ,,I.< ,nd 1';lling 
lhe>< with pm'!;;n (loul,..,-<, J'>861 ",1 In 1'>57 tim.,gh 
"",,'run.',,1 ""'"''IS (M.cdc","kl h (.,til'nb.,h, 1%8; 

Fi~, 21 Chomk,,1 control of In,''';'' •• Ii." pl.~t, in Ih" 
['.,\. ;n;b"lly d"vel"",d ,)owl~ bu' lot...- I",,'"me LI><­
m.in controi m«rood ""d 'OCill of I"",orch, Durin~ 

'"c 1'1fO)'; ''''' "-;,bi<'id~ KPt' "';() (2,",~,-I') "'''' <" ... ~d 
and pro",-.j clLeclivo (jml]x,rl, 1\>86), re<llli,ng ,n ll", 

f,,,m.l i"t'odllctrun of h""oidd", bto tl>< control", 
alien planl', Nllmc.""s I""",-, ide 1,,,1, follo ... ,,1 over 
the em"in~ Y""'"", with I"",oicid", .1>0 u><d to conh'ol 
w()()(\y ,Imll,.., oquoLic ... "",1" bush ,hdl'" ,ng "",I ro.d 
v«go " ""rwclunent No" oI!h" "",,, tl""" cilm f,,,led to 

pm\"do "d"'l" .'. n,,'''' 01' ,"-; pl.n', ,,"d in "'->me "re", 

,,,. 1 M.p 01 th<' l'.I""" N""""I P,,', 
;"1,,,., ... , If. , m,'" ,,,,", .... , '''g'' ,,,,,,,,-, 
" "'P' _ AI", ",""wn m 'P'-~;'''' ""m> ",.I 
""'. """,Ii,.,,,I;n tl,,· ".,', Th' ;,'"" <t,,,",,, 
,,," 1.-.',""" '" LI", """ r"-NFI in Sooili .-\l"". 

,", ,, 1<,,,1 i" "n"''''" "nd 000e' impaCl>, e'p""i.lIy "long 
fiIc~rcob .nd fe""", Goubert, 1'>861 

Ill' 1')85 10 'peci'" iT"Ne lUI " ... '. ti""g"''0 h.ve 
bee n >1x'<'C"Lulll' ~radi""lcd, will, the "",dic.ho" ,~ " 
,urtner 1-1 'reci", w". id",,,d r""'"'J<. (\l.cdon.lkl & 

''''''e'~''>ch, 1"'%)_ Howeve" o( 'h" hJ 'pede> cOl1.>ld­
ered ",-,di<" tt>d, 'ix ,M "''I'''''' o"~,, i "g <'0""01 dl'~'" 
<,,j"Y' WOeLI"" f, il" ", '0 ~'.ldk"'o ,h"", 'P"Cies wo> 
W'U'O o! later Ioin!wductiom or, mco'" likely, " I,,,, 01 
((mit" "'!)' i" ,(",[[01 . ff",,,, " no( 'p""i ficd en .""il­
.~Ic reroI ~ (Foxcroft d ,I.. 2003) Wo \>eli" ," ' '''' I.lte, 
",.", ,, n.-"" pbll'iblc 0' ct.dko'ion L, o" 'Iem" l) 
difficult under .n} "'-'"'' ,ico IP"",,".!-. I'immo"', ~"J-l) 

Durin~ 198:'-J'n5 '~'ll<'" ore"ticon' " ... '" ,oml ,, ' led 
by 'h" I'",k', d",/K-"",d .lhen pl.",1 cJ<.;u-in~ te,m 
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' .... 1 '''"'J'''' " ,,,, ,, ,~,. ,'];,~ r '''' '<"''''' 'n n", j("w~ ]'.;,bon,] r" . ("""P' 01 'f"''''' '" , ''''' " ",,,,, r,,,,,,-,,, [" ' J"';!~ 

d"'"'"i"" P""'" 'n ," , ,,"_ 

,,,' ","""" 
];,,1 "1k,,, r 1,,," 'I'-~~' 

,<'COO' • •• 

'1'«'" ,-"""'"'' "' ;'" r"n,.,,,,,,, '!""~, 
C""",,", tl .. "~~ I 

I"'W"'"' 'I"""" 

1<) ",,'ac~ ,,,,,,,,",,," '" 

,,," . ,. "", m""'~" 
'" '''''' 

['l;"",,,~,",, , ... ",,,,,,,h L 
(' .-~,,,J ~< I,', ,~ ' " " . \ n;. i> 
.'l",,'. ;,~ ".-1'." 1. 

'-'''T~''''' ,.,""" ,,',, " .<t. 
"'i:,--~,., ~ " "."" l 
r",·"_' """" L 
I,,,,,,,, ,"'M" L 
u"....". ,,, U,, ",wa"" "",,'onh 
14"'''~ ," .~'" l 
(),'''''' ''' ""',, H.>~ .. " H 'w,,~h 
,-.,,,,,,J,,,,~ '""' ,.,', Il.) ~" K"'~ 

& H R", 
"-,,,~ i'-;""''"'" ] "" 

""'X "".~", ~,. L 
A , .. ~ .<--,n"" I .• " 

''';;~ ""'l'"'''''''''' (f,",,,,.) I'~·'" 
& B",,,,',· 

",,,""'" ,~" " 

'" """ .... ,'.-' 1-""'" J ""­
Coccd", 

[",·r " ",)"v" 
p""",., ,, 1-""'-" ",,,,.,,jO 
YoU"",_,,,,,,,,," ''',,'-,n P"PpY 
n ,., bu,~ 
1.".,1,,,, 

""''' f"""- ,,,,,, 
L,n""" 
Sc", ,.,,,kI,· r<'"' 
(,h,"",' , ... , .. 

w_,' "g ",","" 
S!,,'~ ",otti. 

I'~"'" 1-".",,, "'~ . 

"",,,,.1 
h "-'",,I 
K"d",] 
""d,,,.1 [{y,,,,, 
""oml , '''''''''''] 
T' n.~"~,1 

"'f''''' '' 
j"m~~"] 

"'e,'''''' 
j-""I'"tins "ly,hc 

"'" "'J"yr,' 
"',~lkM""'o "Iuo& 

""''''rio"" 
f",,,,,~ [ • .g "l""" 

mo",ur""" 
'",,' '''' 
fup""" 
R'r.,i,,, 

" '-""',"" '~"""~' , ..... ~ __ ) So.·h~'"". 
Up""~ .. "",, .... , ' ",jI 

1',,,',' u/ i>"b. d", 

_'" '"'''' cod ,,, 
_"" m>;; &c<v 
Wild ,,,',"'" 
\' , ,,"',, 1"';'< 

Wrm'" 
ro"",1,'" 
"'1"""'" 
R;",n..>n 

'1""-,-, rOO' wh o'" 
'pr"''''"Ci l_""",tr" 
't'"" ,,""'"""" 
n'k "",,; 

r~, ___ ""'"?''''' iL) R"h 
~.,,""'" ~,,,'. R.C " "ho m 
T"" .... , ~"." \l.:, Runt" 
''''K' 1"'«,'" L 
"'i,~,~ _,,,~ D.'. _'''"" .. " 

1"" "", ",,,~,.,, L, 
(),,',," ~ <"~,, H'w,,",h H'w(,~l , 

Pi,<"" ,,""'~'" L 

,·m"';,ti"g oj' W p<op"', with occ.,ion.1 ,,,i,t'Hlce from 
,"n~er< I.oour "'.,m ,_ W,-"k p",I,,,,,,,,,,,,.-,, ",os ",,,,,.,Ir 

m""UT"d ~} roc",din~ tll< munb", "I pl.nt ,toms 

rvrnc>wd, te<:usmg m.inly en u,,,t,,,," """"'-,! , ,,d 0P''''-­
lia .<Iri,ci._ I" Ihi ' periud, 6)%~51~ ,tern, ""ere ,emu>' ed, 

ard • furth"r ~,.i7'-l;'14 <;1.,-."" "',"" """",,,d du';"g 
19%----1 m (Froj,"~--Ro<1.ld,<" & F,,,o,,,, ,,. 2a B)_ ] i u,;ng 

the i.tte, period , ~e"Sr.phic It\lmm,lion ' y,tcm "'''; 
Ii", "",d t,,, '·.rtm. the e>tent '" de.ring ope,."o,,,", 
which aO><'lln led '" "pp,,"'molClv ni>''-~ h" l1,i, 
"T,,,,,,-,nt, only Jb~' 01 tho tot,1 . rea (500,20'; 1>,,) 

'mod ed OJ' ,Iien pl,mt> ill th€ P.rk ~ul i, ,t,ll e,,,,,,,ti,1 

to II ... long--te",r ,uo.:",' "I lI,,' ,'"n'rol ''1'"'"''''''' 

C omm"" ,h"im 
K.li1" ~,,," 

Lon"-"" 
Sc~" ,."..'JJ, pC'"' 
"'"". to"",-, 

"" ""'" 
"""",,,] 

[",. "-~' "' . "'" "ii, 
", .. .-H'f"'Y" 

,',...,Ib,tin:; """,no 
mO< "'f,];,I,' 

h«--I""'tin{; "lw& 

"'.'"''J'];,-''' 
Rip"'''' 
j'<IT,~',~1 

",,"-"""n1, 'q"'''­
m,,,,upftyw 

j<ed)"' "", '"' ''' ' " 
n""'~ 

R,l'''' ''' 

(Froa,~-R<'n"ld,<'n & F<,xoro"" 2In ,)" !l",<c ."'., ."0 
'''~~ ' k''lJ' tdlowed up 

I~ 1'1'17 tl,.. ,'·"lior .. 1 Woe'ing for W.'t'] (Wn·V) 

pr~r'mnro I,un"hed if< ,"M .I;en pl.,,! cr,"rcl prn;""" 
HL tb.c' r.", wi th the' <p<'n"",hir 01 Z;\R 1 mililOn jmm 
the ~y.1 Nethor1md, Gi'vonm .. nt , nd ZAR 6 millioll 
I,om the P<we,ty Relief lund 01 the So"th Mric,," 
CO""", ,, ,,,,,' I'hi ' m"oled th" emrl")· " ,.,,, , 01 up "" 
l,())) u,-..,mploy.d p""plo, Io.:u< 't\g ()nly OIl de'rins 
ill"."'-€ ,I",,, plant" 1be pmiKt h •• CDntmued to lhe 
p,,--..-n', "'-ith, ~,t,d ,,,1 ""und z,-\~ W mi ll,,,, (,- IISI) 
S.C, nriliL<,,,) heing 'pen' <'n ,,<'n'rol oll<'rl, ill the Park tu 
tn., end of: tl~ 2\Xl6/2007 tirliH-.:i,1 ye",. TI,e"" nlil>,i"e 



Univ
ers

ity
 of

 C
ap

e T
ow

n

T""" 1 lku,,'" J: "Ix," ,1.", 'P'~"'~ I" "n,"" ,"",,",,1 P,,,', 
""""e'''' 'h'oo~" ""Y if,,,,n , ,,"-,,," ,. """",ci<o", 2:m 
hrit<>g_Ron.,l.i.on "- """""I, MGt 

''',1''' ,,,1 
ToI. 1 "- , ,-, mob", '" 

01 ""_~'-~ >r"-U<" 

• , 
" U 

" " ", " 1 ~' " 1 c", • 
I"' ., 
'" " ~ ", 
" 

, 
W , , 
P l , 
372 , 

('t"'~"" '-' ,10'\71 
cod. (1'NtI 
"on "", ~jff ('''''' 
",., ,b "''"'iff """") 
(""'t,,, 1,.. h 11 ""'I 
""""",-.1<1 .. C."",b ... " ,1"", 
""-,,, ,,"'5) 
A, .. , Il'f>nJI 
'o,",mit 11 ..... ' 
eo" ,oft (:>x,,) 
"o'''m~ 12:.,,,) 
r,,,, .. ,,H ~ ~'. {2W" 
L'o",oIL (>:m,' 

m'''''gome'1t oftLO'b, bo"jlt UP"" tr.o fOUJ,.I,~oo, ot 'h . 
I '.tk', owl1 ,J lien 1""" c),""',ng prng'" m""", h,,-. "d to 
Lh., curren! <jtU'!lOLl in which inY"';,-" pI,,,, popuL1non 

.ound "'K<'> "'" ne"ing "",i"len ,,,,·. "vol" with ,,,,,,,,,I 
tollnw-up ''I'or.''on, l~'ing iLl1pk'n"'n~x1 How.,v.~· 

,h"" I,1 'h"", r'~kn"_"p ''P'''''"-H'> I,p,"", e'p"'""-"" hoo; 
,hOWLl tr", l Ihe ,y,l\Om will r,,,'e rt to it, former d""",ly 

m ... ,J",1 ,tole (F",it" ~-Ro""ld"", &- Foxnoi!, :!fl U) 

Biological control 

Eiolog:ic" I c("1t'ol i, the i'1""'ti,m,,1 "'" of P'-'P" 1"1,,,,-.., d 
ul'po, l"'l'h iL ","~l organi,,,,,, com"".,ly ,<t"trod Lo a, 

MILESTONES 

• 

• 
SETBACKS 

",.,""'00-
.. ~ , .b·, 

'''''' .. ''''; 
L~ '." " 
,~. 

'"'' , 

'0" , .. .. -
'" ''''''~'"''' "",",'" 

M. " .... "'" 
,""~ .. , ~ 
''"'"'''' 

,';"-;-" 
1 ..... " , .. ,., 

''''''';'''",' ;.-,ro,,,.o ,,,", ,,,,.,-

n.llu,,,l ",,,'mic<, to _<upp"''' popul.tior<; "I j.,~ 
inv.5ive .lie'1 pl"nt 'p"C''''' , Th" ''1'n,du<oion or 0 ""w 
'I,,-":;e, ItDm "n,' ",u"try Lo .1n"ther i, Ll(>t witlK,ut 
inh"",nt ri,k>, Ilowover, So.1uth M,ic"'" -"~';<ull",,'1 

t~",*",ch C"m,,·;( 11,nl I '".",-~;')(t R"""rch m<tituto 

(,WC-PPRl) " ,,-~,,dM "' on" of th" top l'~"'-",!rL>1 
r""".rel, CJrg.runtiu"" ''1 tl", v.'o,IJ IKlein, :!fllill ,,,><I 
p",m;"i,,, ,,,' bi,,,,-,,,,,-,L oge nt ,,'h',>«, L"",d, to be 

~;von by I".->lh Ih" Nat,,~ .. 1 Dep.rtmon t of A~'":"I"'", 
.,~ I !I>" Ikp.rhIlO'1' l~ b,.,-i",""'e'1"" -"rroi" 'Lld 
To",i,m prior te> 'eie, ,,, ,m),,,,h,,,,, ill South M,ic, 
IKI.in, mil) II", ARC-PI'RI i. U.., 10.<1 p.H\ner in 
biownh'ol offorb in Krugor N,til",' I Po"~ 'nd Ihe U,"-,' of 

an)' "",I. ,lge"L, i, nnly o)[l<ict.,,," , rtor .11 LlI'Ce5",HY 
Ll.!i"".1 r""".rdl, t",ling, >c""'nin~ "nd r<,m;" inn, 
h''''e \:<,<n g" nted_ 1'1""" ,L,;nb>cnl p re-rd",,,,, proco=-,,> 
1""-0 ro,ultcd in.m ,l:='1,e d noo -t.rget efw:l< on "ny 

;nJi!,"'''-"'' """ . ." i" eitl .. " tloc I'''~ 0< "isowho", m 
SouLh Atm. (J(loin, 20(1), 

In Kru~er lho fir,t l'le>lo¢c.1 umtn,l 'b"", L 
I",,,>i,,..tn"")m~' ",m,/i.o; C,-"",'pL.",,, Cur"ui>Onict .. ,\ w", 

intrMll"" by ,\RC-PPRI foc tr., C'l",tr" "t i'd,,, 
>lrMio!f" "' I.\,bmil. P,n in tl", 'M nmlh",n Potu ,i 
,eginn in I~ll.'i (GlIi"" ~ ai_, I"'''', M.rnn & Fl",cn~t, 
20(1), Thi, rn,,,koJ """tlwr ,i~nLfic.nt ",il",,,-,,,,' '0< 11K' 
",an.gcomenL nl ",,",,-, iv.- planl< .mct 1.x1 10 lho "" ... "Iop­
ment d mte~'"t"ct control prog"''''''e, i" lh. I'a,k_ 
Si""~ 1%0, l~ h.'Io);;':al .::o"lrol '~"n t' r",,-e be"Ll 
irtroduced ml'o tl>" r,,,. fur Ir.o control e>f ,."." " ,,,,, 
pion', {T.lole I h; Mortin I'< ""xcrofL, 2001) with r"",.Hch 
predominantly fom"."j on I""~-I"rm p,,,,t-re"'''' 

,,,,,;.,-,,,,,,,, ·'1 
~ .. "" ,M_". 
",.,..,, ~ " 
~-.. ,,,,,, 
"-" , ,, , h e-

" .... '" "",,,,' 
~,,,, 'C~'''''' 

",,'. 
,,,."', .... '0" 

1 .. " ..... , ., .• ~ .' 
'"" w,w 

1'1'_" 

~
---"OC.0_ 

""",", ..... , ._"" ~ 
'He 1><,,,,,,,, 
~'~')' 

WoW '.'N' 

2::'" 

o ':~_:;;-.I C,C,C",C_"." '-.C.C,'.'C.'.' 
""'''''". , pion ,,," 

" ",;." ,...,.-"", 
""" ... "" ,..,-,crOo, , """''', 

-"-:''--=-~ 

'''.2 r i""'l'n<' •• i.e."". m;).~'""", ""i """",,-, du,,,,< tho lTI""'!«OYJ<nt "j ,lim 0100" in "'''1<'' N,t>. ... J r". (nlr, oV" " " ,I, ,, 7 
,,, . .,;..,. lAP,. "' ... ,.; " . __ \l,. , "~"" \'-\'I'W, W,~Oi"" r,~ w"" 
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e\'alU>lictl of pla nt' uoo. r bif,lo~ical contr~l, .llowing a 
w"ate r u,xjc"i'"Jing u' the i~,",,:i_h..,. , inte,act,,,,,, 
(Cillier> f't ,'/I" 19%, Lott".-, 1,,97; HofhnalUl 11 "I" 
I'I'JI<,),), AlLluJgh ,H> 'p,,-;I;, ';'udi", we'e ""Jt>,tok.;" 
un wheH'ef oc f'o()/ th. re hay. heen '>OI1-targd <'If""ts, lhe 
b'g-lClTIl "'Ol1i'01ing I"c.gr,mn"" 1""viJcd '1'p,,,,u­
"ih", tu m." t ht> t)'p<'> uf ,*""'T,,tLUI'>S that would h,,'e 
d . t. ded .n" mch <'If",,,, To d.lo. ,"""' havo I""", 
'pp""nt, I'hi, wa, larg"l), f",ilit"t . J t~"ough ~ partner­
<lip bet", .. n lr.o Park, ARC-PPRJ M~j lh.UI1i"'''''' '1' 01 

C'I" 'I""",, 
I he inlrod"Cliu" ,;' bi",,,,,",1 c""~J I no, ",t I",,,,, 

wit huut proh lem" TI-.. oil"" ,low increose <i j,-.;.<c"" " 
well as lr.o cycl iC ""a,ooal ,'Iunualiom, I"" .. ",'eiwei 
,'.i'.'i,m f~"" tn,,_ nut wnver .. nt with tn. func­
lioni'lg <i bi()(ul1tr~1. TI,O ra,l hl< 1>C!ffi ~n II", brink 

~f ah.mdooing ce"ai n hkx'onlrul etlu," w h"n 1".''''''''' 
tu p~wj,J" a (IU)( k chemic.1 ,olutiun ha". been ov. r­
wn.lmmg, e,g, at tn. f""ured louri" ,,10 ~f Scm,'" 
l)am ')OM Im,'e r ~h", (1 ,_(" (',"""-./i,~, \l ad'''c!v"n & 

l:.J Cilli"." ''''puol d",a) Ne"erlhd""., biologic~1 

c()f1tml h.l. a,\d will "",\lim .. l<l playa ""')<1r rolo il1 
lhe ml1 l",1 u , 'G " atic ", ,,,oc'l, f.,g_ P_ s""Ii"I.~, ""oiJa 

li1;,.- .. I,,;'4> a"J "d,,'-,,;. nroi"t"i that are inherenlly 
a~gr""i\'e and diff"ul, '" coohoi Dioioghl c~l1trol 

h,,, provi,jcd long_'''''''' man'gen",n' up';',"'" ino ' 
"Hect;v~lv ,"'0 the I'" . ". I"t'"t;o l r~"""c~, "nd i, 
abo now reco~niz<d ,. ~ne of lhe mo.,t ,,-,,I-<'Ir,,,lh'e 

w'y' u; man'gi " g in"'";",, ,,I ,1,.." Fl.",. f ,',,, lVilge" 
,1,,1., 2iX1 I,' with >t'lf--p<''P''",a';ng pevul,';"", of I"e 
wntrol agm l INil1l';nin~ the abuoo"xe ~r the 1-00" 
w ..,d plan l at "'''F,ahle I,,'ek 

Role of staff in importing a nd distributing 
a lien plants 

P"rk ,taft pl.ye.:l a m.,~" ro!o in f",ililaling aliel1 plal1t 
i"v"iu"s in K"'g'" Natim,,1 t'"k (I'mcyult, za ll"; 
I'mcmft '" Ric""rJ"m, unpu" !. d.t'J, In the p~,t, 

Park , 1"ll unwilhl1gl" inlroooccd .XOU, "1"";'" inJ.o 
,,,Iti,',,;,,,, i" l,,,,,i,t camp' and , talf v;ilag'" h>< 
u",a"",nlal ,,-,J utile< u",",_ TI-..ir ",I""quenl ="p" 

into the surwundin~ iTl di~ou, vcg. lauo l1 highligh" 
lhe ",Ie ~I ini"n"",ol in!rod ,"-I;""" " h'; ul f"""" 
inva,iun, • ,i!toation ne< unique tu the I'"k, For e"",­
pIc, Fo,cmfi ,I ai. (2IXIIl) ,j",-umen,,,,j rum tco' ,i'll I",jgo< 

in tht> "g""ungoro Con"''''"i"" A,e., Tan:.:allL., ore 
land",,,,,,,d wilh orn. m. n!.1 ,I",n pl,ni "1>()Cics 'hal 
P''''' a .i);Tlifi,'ant fu !to,,, In,,,, ' to the ,urruuMin~ "e.s, 

Current control effo rts 

Kruger N,b,,,,al I'"k', 1'1'17 " i"j iw,""1' ",,,,,,,,,,at;,,n 
m"'''gem~''i '~"lew, u,mg ~ 5WOT-\}'p<' ",,,,Iyois 

(Sc",,,~'h,, 1V~0~"",,,,,,, I)pp,,,.tc,,,iti,,, an d I'hr"a"), 
ido nlified in,, ",i,'e ,Iion '1,,,-,e, "' ~"" of the greabl 
"cu"yo/em t"re.t> (Anon, 1""7a) ahei>d ()f oth.,.- trMi­
", ,,all y "":,,sma<i w"c~m; , IOcn as po;lcning, lir~.OO 
lorge m.mm al ,,,"fI', 'I his w', ",",kd hy wi,jo'l"ea,j 
evidonc. f" .. n ,cr"" the rark and , de\,. leviTlg 
lr""wl"Jg~ uf ilwa,ior, biol'''gy IFt'j ",j"", ,,' ,1., 2(X16)_ 
In "''''' ''ICC, lillio i",Ululi ,,,,,,llearn ing a,,,j ma l1agemenl 
,d'pt.tion tu im'""i,-~ , lien plan t thr. ats h.l d t.k. n 
p lac" i'l the 1'", ,inc" St~'·.n,on-JJ"milt"" Ii'o/l'ai ... d 
his ,'001' .. '", in 19>7_ ,'~,'o,'h"b" l"" 1\1'17 .-o"iew ak~ 
ma"'-"j 'he li",c wl-.e 11 'he ~rgal1inti"H1 ack,\()wledged 
,,..,1 intem.hze-d the fac t th,t ~h'en tim • • ,..,1 [imil~J 

'''''~''c'''', iJh"''''~ ,I i"n pl,,,t, wi ll ""iab l"n 'U 
I"" detrime l1 l ~f indige,\()u> b iodive"ily Foxcroft & 
Ri<" ",,,I!;,,, ,, (2I.I~J ,,><1 r",it'~~R"n'IJ"", & P",m'/' 
(2IXl3) I',rtly ,,,,,rib<d the I,i],oro ~f the hr' tu 

m""'ge e"l)' plant i~\' •• io])5 lo the lock ut lnleg"\i,,, 

,,I al;" " pl",t ,w,trul i"to ''''"r,ll ma"ag~",..nl ''''.'­
lu,"" which f,iled '0 r"'~~n i7C tl-.e if,n~-term lh,,,,", .t 
the tin", 

A I;'-" pl"nt> '''' ",rrenll), ru"tr"U"J "y • cu","irwd 
effort inv~h-ing ll-.e I'Mk (lh""'gh it< [nva, i\'O Alien 
~iol' >eclion aM "n~er5) dTld the n"'"",,11)' fuOO~d 
WFW F"wamm~, WI'W;, I'",",,, l.lrly in'''IIoMI1,>1 il1 
n"'l,,~emmt of rh-.ri". ilw •• iOl-". focuo;in~ "" cl-..mical 
,,,j m"'", ,,i, , 1 .. ", t,, ' ul '1,,,, i,,, '''C" .>< I '""""", 
Chrom")",,,," 0./0,.0 1, and o lhe", C~11wor.ltion w,t" 
p""'i""ial WFW oIn"""' ",, remain, ~"""ti'l in {'(mdi_ 
natin~ ope"'li"", at the ,alchmonl,oo I,,\d""p. leveb_ 

Tn. Park hl. do"doped a bkKOI1 lrul r."i~g facilily in 
~klOk=', prim,,-il), fm ",.ring tloe «,,-'hi,,,,, 1 " ;' '-D ",,,,,I 
il""" lJadyl"l'i"" "I',,"li"" (Hom'1"e", f) ,ct),if,pii,jae) 
lhal " m.,,'-reieas. d throughout t"e (<),rXlO) "" 0, ,tr;U" 
inva,;"" wnetin t"O I'" k ,,,d neigh" .. " dng "eo<, W I 'VI' 

'1,e,a([ ooal ' eam, h"ve a '''1'",d lhi' ""'" mn'ml 
op l",n as . n allemo,i,-c '" manual ly 'Pmyi n ~ f-.crbi­
cide_,_ lhi. marks a .i~nific. " t dO\'elevm, "t in In. long­
term df<c("'e m,n'gem. nt of 0. ,Ir;,'. in tn" I'.rk 
.nd \~ the .xpanJin~ >cop< uf WPW operatiTlg 

p ", .... d ''''''-
('~ni",1 01 ;",'a,iv" """'ie, ol;.u "''l', i'c< lhi' ", anage­

me'll, milig, lion a"d, where 1""Ne, Frew"ti~11 of 
I''''J,"glOle di"'ib"lion I'hu, r ... :o~,~ti~11 of the "".in 
v""le" ,nd pathw,,-, ~f dbper",1 arc critic.1. hl Kruger 
lhe i,n-",;" n of ,if,,,,n hal~~," f" ""ood, tho l ~t al1Y 
"'-I"'r hahil.1t a ,,,j i, di,ec ll " lll1ked l~ lhe o,len,iv. 

i'1\'""io,,, ill lhe IOlrc" ""hOlle"" '0 ,f-.c wes' of tn. 
Pork rF~,cmll ," a)_, 2()(l71 1,l1lil ,",u<f.clor), "nJ 

.u'~'i,,('d dtor" oro mack- In man .ging Ihe plant 
inVil>""''' il1 tn. 'L,"'-owned .nd prh·.te upp"r 
Inte"n.d "e"", lun~-term runlrol dfort> will, , I I""" 
unly pruvi(l<; tempo",r), r~liet 
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W"hi" """ r~,l ,",1111""""" >f>O'"K"> ""'Y be d"",,,,,t<o.:I 

"" ~.",,","~Iy "'T''''''''''' .... ,1. ;"'~'W~ I'''''''' '1"""""'­
"""""w, ... 1 a>""'~'\N IHnI"" .... '" C"wl,,'S- 1\1'97) INI II>< 
rurorl nogahl'C '"'I>J<b "" 1:».>,j" ..... 'Y NV~ nol bttn 
'm ..... ,'I?1 .... Il"w,>\~" ,I .,. '''l'I.<ttly .,,,,,,.....t I"" 
"WCh ;mrocts .,~ NI>I"''ftIIIR, • ....-I .te 1h<1ci<m> ,U\tb". 
~.,... 'n ..... "1.10, ... 1 f'~.~ ' ....... ,' UutN. 200t.~ ....... "'S· 
Ro.rWJ ..... ~ r""",,vf~ .10:13\. The lxl vf "' ... _h I" 
'1,,,,,1")' ,h~ ".-g.,,,.~ ""I""'" ,,( " .... ,;. .~ pl.ml, """ 
1>0 ... ." • <ho,Ie<>mlnl\ "I I"" ~ '~I\>"" N,,1on.>1 I"' ..... 
I''''!i''''''''''- (rul e ... , ,. ' ..... ,·,S·ft, ..... kI .. ",. 200." 

SI". 'u.~1 ", .. ,.".'" .I;,.,'''''')" .no h~J... ''''" .. "I ..... 
I>ohil.l. I"V',)ou"" N,J )lCn<flo .U""' u"" iN<>«. 19"\lC) 

,,.,d m'.,>1'~ >\ ••• "", h,,, •• 11 ..... " ' "ll tlw..- 1,,,·.1> Th. 
P .. l " .~,~.IUlolly . n .. I .n~ o",teI" '.<1.00 ¥. ry,"iI 
I.",J"·"I'" " .... ,',,~ h .. ""'.n in,·.,,,,,, 10 v"'ymg "'''''' ' 
by ntL"","'"" .lie" l'1>nl opec",", (1'0«"", 11< Ridl>,.J"",. 
""publ .. ,J,,")' tl. l ~·" pi,,,,, 'i"';'" ,,,, hypo " "",i,,,' 
'u <''''''' .11~r"'t1'·~ l,nd""I'" pallO"" kl """""""'. 
t"'q",'nLly .... lio ""'d,' 1" lI ow-<ln ..Ir,·"" J\llh"u~h n,,' 
rigo'o,o,ly ,.,1",1 '" ,)w P~r" Lun.r & 11"lIm:\I'''' II m l 
~,,< 0" ,,,<,,un' ~I ,I~' ""1'>" "r 0. "rI,," on L"" 
"'1\"1'';001 .1.,. ~'''' Tfwy .r.," .... d Ih,>t ;~ ." ""'" 
dm .. ·ly !nv.cI<:~ b~ I) ,,,,,'10 ,Il o "'~""'t.'" w->< 
"b~''';' .OI'ly ,,1'en!',I. W1I" 0 .. "hi ",.,'.n'" lIy "",_ 
1'LUrnbt:'in~ tt.c ,nJ!~~M'" rbn ... 10 , .. ",,1.>< ''''''''',~. 
'P< ,', ...... ,~ "I~'I',!,\,I1", r~'f'"""~. >'" I, :" r.'"~~';'"" 
P4"",,""'" 1"'.I("J4t<w~ •• whI"" h.:t . """J«! do<> ","11\­
,'m "t:;"n "f U", I'.,l, f'L"'~ ,,.,,,1'., ,.,. P"""'" • ..., 
""lahIhhn\Cft' vt "'''Jg>Inuus >10«1", In II> c ...... pro,i­
m,'Y (RI-... ho,d' " .1.. lU."~ 

1 .. £ lil .. li ...... 1 I .. ;a...on.g: i .. I .. ' .... li.ing I .... 

• • p ... i .... c. 
I. "'PJ'<'ll< II'M lIN'" Nt ,h~ ~,p«t"""" ~I>«I tIu,,~~ 

.h~ n'o""&~'",,,.,f !n\-~<"'. 'f'<" ,,-< ... ~, intN .... I" ... 1 ,,' 
K'''i\er N~Ii,_1 r., k IIlI ~. IaISI ' ho fir., 6 do.:~oko. 1lh 
,I\OW "",!,",n,.· ~, ,,.. """"'g "" ... ,""'"' ,~ ... "'''' h.,-. 
",",ulkd .J .... w,n ""''''''''' Iv ,eull '" a ",,,Uy .nd 
<<>nlon ... ,,,,, ,nonog'-"''''' p,,'S',mrro (j .... l~. oJuw. 

m>i.ti"". "'''''r>lCTl' 1"'1'><1> ~,.., """ ... \bo,'"" .. .onJ ~, 
.. ," g, .... .,.~ " . I ... · I"..,,~,,~,.,· .,n,1 ~"g~ """i"''''''' 'h,~ 

,i,,,,,hle inl''''IUCIII J",.v ,o..", .. oil> IP~...".. (f #1 • ro,.;,. 
_ ".,IHy \1..,' m,,,,",S,,, "",,' "" ... .. pli";"y ',f. ;no, 
• ,,~unL. I" K,u~"r 1M" ~r~,II1'lln.:,," .. , !1.1 , .. a"..-.' ... 
'''I'P'''' ,,~d pl_""Lng 10." L",ly ,,,. ,,,.,,,1 in II>< 1<>, 
HI ).,,~ ..... 

1-:/(0)1< )"",. bo ... ~ , ",,,1.0 ", ""',,, on .J 'h\"""'" t ..... 

""'.oi"" hi"~'y '" 'ho Por'" (XIW L<lU'g an 1""'I!'Ll' Kllt.11 

""'''''''y on.! ""I'd co, 1 .. ""inB t", '''''''' ~'"~'S.'" 
I J,;,w~,·"". Inc ie.""n~ "ki,,!! 1'10,-" 1>",,, wiln,n ,,,,. 1',1 ,k 

....... ;,'''-"''ldOO ..... U)' <>CCd. to be fun.." In'''rn,ILt,,,1 in 
om, tut .. ,., ...... 1 "' .. <0"' .... <1 II,,,,, ( I ) \1''''1\,'1",·,,1 "" .. , 

f .. lI}' ...wI..." ,t.:- L"lhN-Nll n<ks ~ntl <Nl~ ....... 

do.l<>J with b"'logi«tl 1[1".'''''''' by I' ..... ,"'~ ~f'[ ..... 
1'''.''' """"'''''''' ... , .... ,,~ Ih.' ..... ,h.-..!y """-II,"" 
alb""'''''- ('2) tI. ".~I <locum.·"",,, ,,'" ~n""""'N 

d.11.1b.>o.<- .nd .-ct=", ~ m • ." "" "..., .... " ... <1. 
,,,,I,,d ng .11 '''''.'';'''' 'f'o' ''''' d"'nbu,"'" ' .......... 1 ... 
......,.!>'-mNt1 hiW>t)·. """,.,<10. _lu.ing .n<! I .... 

myri-t<l otto ... och'·ib .... til., d'" •• k,,'g pt. •.. (1) -;'1' 1o'$, 

,.f '"""".i, .... liM'''' ,h",,· .nJ I""t;-U' ''''l , I r~f,,,>t:; 01 
i",pIo· ..... t.:Il • .,.. pI_ 1"""·,<",, """".".ing: I>"~ 

p.rn""", ""I """,,,,,h ••• ~t'J' i.,,, .... ,),,~ "'l~;'" 
;"""1\"'"'' "",j .d, ~.;'" f",Jh,d, 1",,1" ,,, <lovd,'f' on 
n¥<nll i,-.,tilu/i,""] ~ '" biult.'Ii" ,.1 "".,.,,,,,~ 
I(IU~ :\",j,,,,,,] ra[k h", m.d •• u .... ',,.,' ".1 .,,,~, ... ,,,, 

i~ i""11,01l"8 ,;". ,..~" .. ,. "n" ""n'~,.",,'nt ~f in'·o<].,' 
'''~,,~ ;"1,, • Icolmh,~ II.mewo.-lI (FuM:'~" &: 
il,id""d,.."n, 200", h.iI.~R"" . Id .. -", '" I·".,,~f'. 211('1. 
T, mIN S!r,tcg;' ,\d.plivc Manag<mt'nt. IIIe I""'''''' t. 
~"*,,,"·.d ,,,. r" n>l'w"rk "I ", ,,,,,~ , ·d I, ·"nl"~. "'hlch 
,!<as .1latC"j\ic .ctlorl to ",hic,'< d<,i,,,,1 c....-lp"lnUlln" 
ceo,,"I''''' t'COS)"tem (S<d,d • • y <" .1.. ;'Xl l : ~i~J)' '" Il<>t;,·",. 

ll( n). AdoptiV<' ""mo~, "l'\Cf\1 ],,, oo"n <"",c,,,f,,l1~ """.1 
on "",,,,,,1 ~ur"" "",n'gem.,,' i" ~","'"l ( .... I"f.l.y 
d ai., 21): 11; ~ itS' '" RcW-n. ~(\l1; Sm.i' l();)3) .nd 
"wa,i,'~ .»<ci<s IT'\;lN.j<;'O<\""" >p<'<:;!' ,U~ (Til, 20'1. 
Tuwn,. lOOlj I" K",&,," tn" '1'1'''''';' 100< n.'I ... ~' 
•• 1",,,1.>,,, olIId ,,,,",',,,, ,he ,h,,,,,-,,,, <->uly,., • "" ... ' .. r 
"",,,,,,,,, ...-ling. .nd '''1,1~'''.'' '' .rpn'p< ...... 1"" "'''xl 
""pun"~ ~, ;'",,,ion. '" .Iio.~, pla~l'. We <~AA"'I m" , 

",,-..owing: """ ""('tun".: (''''''''''' "'"'''''S~'''''''' 
_ •• 1<'",1'''. ,u"''''''''' • .>ruI I',.-b:!bty "IDle impJtt_nUy. 
fail" """ Off i~'l"O'b'" ''''f''' in Impn",,"$ lu"'''' 
0l"..-a lim"'-

\l~ It..n~ .,," ....... i, .... ·'" f ... pm' ,,1,"1\ ",,·ful «".","' ..... 
on !hi. n>.l[ImcripL 

Ret ..... nc .. s 

" ...... ('''''5) .;'.~H "" •• ,.,.,;0.. ~"'4~ ""I'~ ,,,,,,,m.. 
&«t, ..... ,~.~ ..... ,..."" P.'\' •• o;Io,,~ '."->' ......... AI ... . 

.""",- 'Il'97,,) M"~".,", ~..- "" __ ni,. ,.,,' ....... _ h> 
h.'Ii"" .~,;, __ , N~ ~; .... u" "'M,,,,, I""," • .....,' . 
~~" ., ,... ~""~ .~., ... 

.'1n"" rlWi1')J.Ix~ ~i.,,·, 5.<._ h,,,",,,. ~L ",,"b(i.""'" "",'oUo. 
s.,",~ "fm"" N,,,,,,.] r."". ~"k"'.'. !"o"," M>It. 

ll;g-!I". Jl.C t.. Ro"O,~ •• K.l1. :::;:' )3).\it , .... p,,, .•. ')~"'~ LC I;n~ 
"-;""". mo","mng.,J nw=g ..... "',"' 1"'«\><." ~,n.. 
K"'N" ;:"l~,.~""" r.'''''.'"y ,,,.I ,",,,",,,.,,,.'''' ''I s>~"",. 
Ih •• ,,,:!,,,,iIy «'d. loT. D" T,il. K.H. lIoS""''' H.C. ~'~'I. 
pp 5'<.,;(J. hl,nd r"~,, W'~)'H~bn. 00:.:. ~L~" 
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Cdh"" CJ_, Zclh, I) A. k '''ydom, ,;. (]'f''') ""'rt_ " ,d )ong_ 

"-~m "",'""I,~ "",", "'''''''' (I'd" " '""""'.') Dn ~''''Dn.l 
w,t<, ho";">.,d 0" 0 ,;,,~ >)','c", in t!-~ K",gc~ >..:",,,,,,,1 
I'",', ",,-"h AI,,-, H.oI_'1", >40, 173· l7" 

Codd, lEW 1!<61) Tm.. ""I S),mj~ "f ,i>.' g,,,,,, ,~";""'[ p,,,,, 
"""",ti",.1 S,,,vey Me-"""', No 2'" I\.'P-''''''c''' of ,-\~~cDi""e, 
"""0'; " l'oj"" 01 """ ,h "hi~' 

ruxc"'t LC {lffl) _~:"." D",. S.di,," R,',""d,_ U,,,,,",h<h .. d 
"-,,,.-do, ""--' " Afncon 1'o;,,""n.1 r " k" "'uku", ",uth 
A[,ic", 

"o,,,DR L.C ("'''" ,\i,," ""',, .'.,,,',,'" "w"d,. U ,~,u'h~-." 
"-,-,,,d,. So:>",h Afric"" r-;, h.m.,1 P,d, .. Slcc,",,,,. , ~th Am" 

f-o,,,oft. I.e. (!C')1.) ,vi .. ~H., "",i"" &0",1.-, Lnpllb."M 
"",..-d,_ Sm ,h AI,".n """""I P"h, "."k"" " ""to 
Ah;,·, 

fo",,,,,', l' ("' '' b) .-\ "". <",d. 01 tho hum , ,, ""-.-..."",,n, 
i.n '"""im ."el ,,,,.1<,. 01 ,lie., pl.",. m tI-.c- 1"'",,,,,,,1 
'iI"g'" 01 "",~e, N ... io")I],,,~,~, I,'~ ,,,'N'I R<sI<'"'ifi"'! 
JI",~" [~'''/,''''''.< '" !""~~',,, ~!i"," .'J~a·" (",I. I·A. M.",,,.-I¥), 
pp 1!Y_H4 IWN, (;I""l, 'witz,~I.",{ ",{ Cm"'n"g" {'K 

f'''''mf, l ( ("'~ I /",,~.~,'~ .'f""i<.< ",~ .. ,,-', I'",~'"",,,,_ C""',,, 
l,., ,. ""~ p"'""i-' /I" ~'"!,'T ,\',,"," .. ! POll. { "~n,bli~".d 
",",oro" x." (h AI,,,,,, >":"ho.,,'[ p",,,, S ... , h ... , '>-""h 
Ahi", 

",,,,,oil. [.C & rn';"g-I"""[d~,,,, ,. (!(l"l [)e,'-f:"'"," '" cf'" 
('"",di,.td I/,',"~,~ ,JI"'I! S!,~i" R,,,,,," I'",>'"'''''' i,,""~ 
""g" .~-",,,,..i I'",,, 1""",l i .,~ , Ck'wr u",j,',,',"d"'~ of floc 
D.",·,,,,,,,, '" N~" ["'~'""'" ~'''''''' f,,' Sou,h AI''',n '.:" 'm.,] 
f.rb. 0)."""', Sou,h AI"", IhHp J ,Iw..-w '''''I',,''.o'~i 
p" ",1 k",$'" ,I ",n,,",,', twm ,I" "'n ti I" ,I If ,I "'wemlr',,:"" '~2(' 
P" ""'5 2m, pi'- ,,,,,,,,,,-od _, ,h,h- 2" "1_ 

I'D'''''''', L c. LD"", W I), "un)'nm, "A ,. Mo , to)" P.~! ( 
(.'lA,) .-\ review ", ,>", iml"""""e ," i,,,,.,. .,c . I~" pl,n'< in 
'''' Ngo",,,~,,,,o Co"""",' ""Oa .~ "" ,'acl S'''<C'n\!c'L, r-;"lwa,,1 
P"k. Af"ic~" 0"'''''' "I' ''''['{I', 44, 4[t-1-1')6, 

"""01,, !..( _, HC"kj,v""n, [ ,Nic-ho ~, ,-.s. & ~l' ~; I\, ~ w 
(2m3) " ,",'i",d [i " "I . l;c" pl, nt< h the ~"'~" ",,""'" 
I'"k rod",', '-", !l_<o 

"om-of', l.C & Rid-,,,J."",, D.M_ (2Lll1) ~b,",ging ol"", pl."" 
m"""n> '" 'he 1(n ' ~c', "',ti"" .. I&,k, So:>ut)-, .-\10>"0. b p,',", 
J, ",~.'i",", . F.''''''~,i.,, [ J ';"''''.' ,nd !.'''-'''ii''~"' Sc, ,,' ''''-< I"" 1 E 
o,ild, JJI. B,-",,<, ,;_ ",,,,...-Iu, K. ['"ch, V.I'}""k, ['.M w"i .. 
&. M I,'illi.,n",,,t pp. JS>--4<.1. B.ck·",)·, I-',,'li,hc,'~ lo"i ,,"n, 
[,(" N .. ,I",1,,, J> 

fo"-,of,, L.C, R"u~,~, M & "ic""'(["''' D,M, (2<ffl) Ri,", 
" "",m .. n' 01 rip";'" I'~n' ;m'""." ;n'0 1""""''-'''[ "~",", 
"""-,'m .. ',,," ""[",-,, 21, <12-121 

"'" ~~- """"I"-o ", S_ k 'memfl. [ .. C. 1= ) .~all" ol~c'a"· 
"''''Y'to"n, ,nil",,,,,, in th .. K"'~"" ".,ionol f''''k r., n~ 
r" ,g" [""" ;MHC ['~'''8Y ,,,d M"",\~,","' if s",,,,,,,,., 
>i""'t!""'il,/ (o~, J,T, ,II- Te"', 1(.H. R¥..-. & H.C B<\!~'), 
pp ·m----<2'_ " l.n-.i p,,«, W,<h1,'1:'''''' tJC , I "'.~ 

,;..-.. ,,1" "0, ",.v , ). (19')1 L",d"'''r« 01 'h o 1("'$'" "',hOao[ 
P"k. KO<d"" >6, <)-121 

[;crt<nb""" "'.1'.0. 11981) _~;i," P!"" Stet,,,,, R,,,~d' 

L'nrub:;'I-,.,d """,,),,, So:>u'h Ahi~\n N,hO,.1 rod,,,, 
"',,""", "-, ,,,h At,;". 

HoIf","y" j.H .. \h,m, v.c. "- Zclc~, D_A. I]"""",, ""ol"",,," 
oi C",'oU',''', CIOCI '" ,"'" ([ _ri<lop'e,-.\· I'h) citid",:, " . , 

"',,10:>;;,,' "''',''' .~_n' 01 (\,"",,,, "'."'" ,e",--""""");I\ lho 
1(n'g'"' ~'.", .... I rock "",'h Ah·;" Hi"":l ~d (''''''''':, "', 
![)_2. 

1 klfl ",.n", PC \h,n, v C. " ~~I("-, rJ_A. {1'~"'") LO"~_'"m' 
I"--'pd" ' >o,, .;00;,.. 000 ,h., d,~'d"I''''''"' "I '" ;n'eg"",,1 

m""W'"",,, r"w,' ","'C' b "',,',01 01 U,,"'i,, "":1" ", 
""'gFT N. tio".1 [,,,)., So<"~ .~h '" , . ,h''''",1 cf ~"I," , ',l '--"'({I', 
,",1"'-\'" 

Hoh""', V,M. & Cowlia~. RM (1 W7) 11-., dlc'-" ul ,a"" "C<-' "" 

-'c..-" -"" 'ii" "" ,I", 6,';)d >lnK-""" ,' .... ""~"''''' ' ''". 
"p"b"""" 01 South M,i..-," fY''''''' ,Iv"b~ nd_ 1"",,,1 r{ 
.-1;1"'. [.,,!,,&, "', :;17_Hl. 

It 'CN OM) mCN Coi,vli"", for ,I>.- I'"" " ,.", ,,,, of ~ ... l""~_~'Y 
I.", (:,,,.,., "1 A:,~, J,,,,,.""-' ,,'''''''.'. rlWN, (;I.nd. '",,-,,,I.,,d 
j hl'y .' .' w,,"w .,"C" .<Wg,l , .... ",.,,1 "" .' rWhcotX .. ,,I )'olie)' ,I 
inv" ~ .'''" En~ I"'", """",,,,d " !."",u-y !<U! 1 

J"" I"", ,_C. J _ (I ."",) M"',, 1'1", . ,." ,,~, ."';"!,,,"~~, "f ,'" ""gel 
"" ... ",,1 P,,'.' N"tim" I r"" &~,d, ,,,,ku,,, Sm,h AI,i" 

K"n, H. (1002) I"." "'~'" (i Bi,~,,>~,! C(,,'~,!. i'Y"J [ .... 11. ' 
s..-i,,· "'..". L""""nle"', "0 1..), .~ "C_I~,,, , >'m'''''''~n 
R",,",c" 1o"Iih~c, p",,,,,," , "", '0 AI,;c, 

T ,,'''-~, w,). (Wil) ,,,,, ~,,,,,",,,,, I'm,,,,,,I, i~ tI" ,11;", '<"l""'i,' 
D'-~~!'.-" 1m",';"", of ,,., ~",,,,,. N",~""I ""t. ""enti~c 
}lcT"" No. 10;W, ,',tl-o<,,1 ]"ds tJ.mJ, >l-ul.u,", >ou,h 
AIn." 

[O il"" W.D. & Hoff"""",, ,T.!l. ',199il) .~" u" eW""eI 
'''''''g<"n ... ", p,.n f", ,1-.. ''''*''' 01 (\'""'" ,,,,,,, 
IC ... i.""",) m th .. Krugc" "'. ",,,,,1 r.,.k, So~"l-, "'~' r,~.j,,', 

·11, W 68. 
M,",,",..,h'. LA W. .. ,;",·,,.,,b,,,,", W .r.t!_ (,',8><) Ali,' DI al"" 

rha',", ,1-., NU~" N,';o,,1 P"'. ;;",*" 31, D7 I", 
M,,,",, BW &. f"xcwll L.C (2,m :, C-,,'/'t!'''''{ 8,-"""",1 

,:","1"" J"""".";"/,', ,." I",~"" .<J,,'/,' 1"""$. K'"ii" .~-"''''''': 
p", "",.."dic ~"f'l" ~'n. '/(lJ, " , ""n , ll'.,.k, L!eml, 
SO" .. ",,,, 5o"th Af"" 

1'0;'' '', "-"- (1 " All '"i'" "", h ,,,,,,i',,,i,,!; h",i;H'''';') • 
hlc~mh-"] ' ''f''o,,-o_ C""N.'''''",,, H;'-,I,'tV- t ...,0-.1". 

Clb.'" ''''ii'-"''' AA (l'm) .\ I'''-' ;"",.."v ];,1 01 , he 1'1",,, loynoJ 
n U'" 1('''$'' N,lim.[I'.,).. """",I., '" II>.' I,"""""" A] "",,,,,, 
17, 1~';-,27 

p,n""L PX I< hnmi .... , o.M. 12m l ) I",[ ,,"'''-': ,hc' le""i!:>_:; 'y 
of " ,.ik'.ti""",, Lc, ""'tr~ 1 w...-d ;"""C',,,,,,. 1'",/," I',,,,,,,,,, 
Q,,,,',,,!.., ' •. >_\1 

P'''''''''. \\., Mcl'"'gh:in, C.A" Ko'.my, K.A" ~'1P" KJI. "­
"""a',"", \\W I2Ot.6) Tk "rice" "I ",",-"nc' [",xl> Oa ,he, 

~''--'I'"y<;,,' h.,c'~c" ~"'Y 01 'i'''' "oo'<,\f'"<. I'.""~'" i" 
F.,niT ,nd 'h, f"",,,,,,,,,,,,, J, '87-1"·, 

' '''n'',''"~ CF, K"u,,~ .. \~\\'"",", ,m,mit, I.' ,"0(>1"', .... , 
L" & 11",'Ie, K. (2(0;) T h<- . l1.[,.-",-,,,, ... i p-',thonin i, 

""'l'''-~ lc' <c'd ,,' hi~h h·<: in ,." 1" ""C' """,i" " ,,'00'''''" ,", Ic" I 
,ulf .. -•. , of I'"·'"",i,,. -"~<'""",.,..,,, .. 10"" "'" of I""" 0; ......... 

,nd 1"'''/'-''''''', to, 7;:;_"" 
'''in'';'''', ~! .. ";e>,""eI",", D . \\., H;~~"", O;.r., p",,';"', M T, k 

'-"otl,'VP, E. (2' 0'» '''~)' of ;""."". pl'" '« ,t>tc ,,/ "" 
,,,,-]a 1<,""',,,,-,,-, A;,,,, SI~';'-"'~ .~',", Sy"'""" (ed, H .A 
M",--" ",y, KM Me")., j .. \. M,N<-<I)', L. No,illo, ~ Soh..-J & 
1_ \\' '' ~ '' I, PI'· 1[>1- T6l. 1",,"[ ]" "'<, W,\<h11\p,"", 0::, 
l.SA 

";ch."i""" I) M" ['}it<, P .. 1«;"",_, \\., B,,''''''''-, M ' ;., 
P. ""I; " I'D. I< W,><I, C.J. f2(l )J) "'H~,h,,' "' '' ,.-..1 ;n"",,,,,, 
eli ,Hen ph"," (n,,,-,'1"< • .,d d .. An'","". [""""i'_, ",d 
{)~',.,h'"'~, ,_ '),\_](17 

"'iI'""" K.I I k '''"''ti ..-, K (Wm [~"dm""'", <f. 1'>-",. '" fe" 
'",' [kfi.",'itio" '1 ,-',. o.,.-i,," s"" 'f ni, .. ,", 5",,'1n> in S,"", 
~","-';, ""ro" II" D","''''.'nl '~ [","~""nc'""[ ,,110;" "'~[ 
fo",;,m, 1'<c'W;,\, s.. ... ,'h AI,;'.-,' 

0..-,1'"'"" ', 1'0;., \J'''gol",,", K "- Redfocd, K. 12t.m) '<""'! ;,~ 
M"'';~''~I'" .' T,,'I,I'" C,"",,,~Ji,'1'" I" ""''' ""~,, fOo"i"."lIy 
'''Plx~t PIOW.n>, W"hin~lon, r K', l."'A 
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>d~'"", ~. J il 'H71 S"·,n,,. In 1;,,~'"'''''' ,f ""'"'· ... '·" N';'·" ("d. 
n.M, CU"' lio& 1)),1. " ~ t>.,,,,,,, '" S \t_ "."wl, 1'\' D!_:!'7 
C,,,,""i!>, l ,n,,'''",' r"", C.mI>nd~ • . CI( 

Sm,t, A~l (2l'<l31 J\~·;",i" ,>'bo""''''f' .~" Ui~".i<"; !XX: 
".,,"',- 'n l"", • . Se,'" , '.'I, '-0" /",I,nd I "T"'''''''' "f 
C"",..",. bm, Wdl,"~"m. "','w Z.. l. nd 

""",","""ll,-H,,,\,lt,,," J. (' ~r,1 ,<" ,1'" A,'~'" r"", r",~ s,.w 
(;",,, ",,"'" " K",,,- ~'""",II',,k. C""" I " ,0 C,m,p " 'y , 
u",Jo.., . L'K 

T U"''''. D n (X>1)1 F,,'<Y\ " ""II ",,,,i., ,,-. )n'"i. (, C,m",l ... ,] 
..... " I"""" ',<l .,...0>.-''' '"", I'",,, '-,w /~,I.",o ~ I >n <i< 
.~.,"., /"'"',,{ """,,: cf , ,,,,',,).',,, 30, J7!-J'i:< 

Tu, M .. IIu,u. C '" IWruJ.ll. j.M. C r.-H) '/i,~i C""',~' M",oo/, ".r.'""'*. ,'",. NoI"" (:"' ''<'''>'0''', Ad "W"', , O';A 
"'"" d", ",,'"II. H.r I' '(;/l [10"'1;"" ,I,,",, "''' di, n"" m" di,' 

" '''''-'''~ r'"f~""'f."i. DSc. ''''-,i,. P" ,,,,,Mn,,"\ 
l Il"'""ity fo' O,~,"'" 11i ~1"" hiu"""n, "c<,-hekhoron. S<",,, Af,i,,,, 

,-" "'" ""i f'-, H Y . (J%~) A eh .d ...... of ri'" ~ ,A In. Kn"l'" 
"',0",.1 r"k P"I;':".';" · w, d., Uni,,''''-'"; ~,. P,·.""",. 
.'/",. ~""" n , 100 

",'" W'Io;"~ n. w .. hhm""'. IH !.. Le ~h'",. D.C. \t,,,,,;'. C 
.. M'g.>JJ.J., D (:'(lll ) T"., ''«''0''"' m"" I="cc~ ", ,,1iC', 

"_'"" u",,,,,,~, e',">' J'''' " ',m r"''' ,m" '1'1'"",-0<, f,,, 
""t"""l'[, "'HUb" '"'''' in "'''"' Af," ,,- "n""",,,,,,,I, 
1" ;,;ol'~'" ,~,; """"n,''',')·.', 1<'>-1108 

Biographica l skfttc""C"=-________ 1 
,,,,,,11,,,, ",,,"-'/1 "" '''ge< tn< 'm . m.' 'f""-i .... ,,,,,-",,h 
p",!;"mm< Ie<- 'no S .... nn' Ecol<'gi" ,; R,,,,,,,,h Cnt oj ,,~. 

s.~,tl, ~hk,,, r-:" tiu<,.l P,,,h H" ,""""" foc"",. on 
ronn' n" '" '.",~","odi,,,, .-.f 'h, p'oc"" "xl ,..tt."" or 
pJ.nt in"",',,,,, m >ov. nn.h '~~'r''''''\>' 

Std,n", r",t' g " "n. U .,m " tn< "., ,,",," q,",·,jk,,. ""0_ 
"go., " n,. O"V,"' ''' ,ro",,~.l R,,,,,,,,h "ml_ 11", ",d 
d.".I. "," n the j"t",roce bctv,,,,,,, "'->Ln ,-" f""" ''''0 
,"."cop,,,,,,,t"' tnc ",f",,, ... 1 f" "')., 
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APPENDICES 

Part 2- Ali~R plant lists ror thc Krug<>l" r.;atioRall'ark. 

2. I "'ahlc: Om~l11~lltal ~I ien rlant 'reci '" ,.ccord~d rer cmn p in I\.rugcr ",uti(»)wl Par\;, 

iL1dicatill~ tl", nurnhcr ()I"eamrs in wh,eh ~aeh sl"'ci~, has ~cen rel'orJcd, as "ell 

as mode 0 I' introduction (Chaptn 4). Sl"'l'i~s nam~', authorities and indication, 

of nm\lr~ liz~tion 31"e hJscd on I: ()xcron et al. (200J). L\ i,knee of nllti., ation 

means that the wxon was illientiOI1~lIy introdllCed, propagated, irri~~tcd ~nd 

t~nllcd to. b i(knee of natum I iz.1tion meUnS that thc 'I"'cies has naturali sed out 

,ide of swrf gardens and tollrist rest call1p5. It 'night happen tllJt the spec ies 

naturali/cd lnalurali/cd, ,en", Py,ck eI at. 2()()4) in the \"ill~gc environment not 

n~c~-'s.arily in the n<ltllmllanJscapes. ¥ jndicUle5th~1 the species j, im asi\c in 

KNP 
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.,,-PPE.'lDiCES 

Part ~_ Alien plant Ii,t, for tbe Krnger ~atio"all·ark. 

2.2 T "hk ili,uihmi on und n~sledl""<;" of al iell pbm spcci~s 1""lwe~1l camp' (Chapl~r"). 
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,\ I'P,'", I i~ 2, L 'I alo l ~ , Onl''''''; ' II,,1 alim pl'llll "",',:io:~ ni:orlkd per c~,np ,n ""..g~' N~lion~1 I'~rk. ,nd,~alil1g the I1l11nber "f mmps ,11 " hieh ,'ach 
!fJI.'Cic, h,,~ 1-':':11 n:.:wdcd, "s " ell as m.;..k ..,1' inlro.]uniol). Sp"',:io;-s nllJnc~. ~ulhoril i.:s and illd,cal,on~ "I' " a1Ural i~3T'OIl arc lxI",d 01, r o.,noli i'l 
,J (200.1). h id~'lI:c of e" ll i~JLi,'n m,au, Ihat lhe taMm "as inl~11I i"n"IL)' inlrodnced. 1>T<'lla1;',led irripl(<J m,,} l(n<Jed In. E, i<lrn.:~ "I' 
Ililluralilalion 111.:IIllS Ihal LhI: >p" ell'~ h3s n"lur"l i!><:d 0111 ~ide of Slat)' ~.ll'dcll~ W)l11ouriSl Il'SI c~mp'- n miGhI l\3t)po.'n Lhll !.he Sp''C''·~ naluraliLc,J 
/nillurolizcd, S<.11Su I") s...~ i'111/ 20Q..1 ) in IhI: , , 113~ e,,, ironment nul 11,'C<.'Ssaril~ iIlthl: 113111/"31 llUlds-:ap..'S, 
• indj"'~le~ Ih .. lhe 'Ild'i~;" il1~ ... i,( in "NT'. 

. ----- --_ . ---
.'i.mm'r " f 
caml'" in 

1)3 1.: " f "lIk ll l .t 
lit"lll SI>ctlts n'15 Cul,,,':lled E\ ;tI ... nc ... " f , , . , r 

ct'1'1",r I ." 
A'g. 
ACilllfh~,~ "I(l/fl,~ I Ac""l1thaLc~ hcar'~ n,,,,,,,hcs '''' 

, yc~ N" 
A,IW'" ("lc,,~(lM ~aml-Il}~k Agu,x.:ac sott-Lcu\ .:\l ~ga"e ''''' 7 YeS ,,, 
Agll ... ' ""'/11'>(' J)~in,' ASH'''''""e , i , ~ 1 ' 965 5 y" Y.:s· 
Agl>'" "II"F"m L. (A, AgaHL~~c narr,,\' -lea ".:..1 ;i s ~ li ,m , y" y~s 

(/IlguJf!ii.!/ia mlSapp l,ed j~ '!I "1 celltury plalll 
Ag"I'(l/~ ," , '.m);,,,,k. L. A~";['3c"lI<' ill .. adill~ agcraillm 194Q l Yes Ye~" 

r /):,-r<l'"111 /' ''U.\'/ollillllilm Mill. A~l,'ra(,,;ac I>k,icaol ageratllm"" 200tl 
, 

Y~s Y~,' 

f1 os~ tl o\\~' 

A'''ft.tl rt'1,ltlll.< I .. I umiuc eJ<;l ca'JX'T t>uglc,",ecd row , y" 
~I"m,\/tl 'fl' Arac~J<;l elephant's car 1 QQ9 , 

~-~" y" 
. lip""" ;,'r~", b"1 (PI'fs.1 Oum Zingib<:mccae >hell gi nger 1999 " y~s y,:; 
8. SmIth 
AI"",,"tl :,'r'''NIIN " "ricl!~I;l' /in~ihcr~""'1C ,aricg~t~d 51", 11 '''' 

, Ye' \'.'$ 
glllgcr 

AI.<IT(><'mO'rr .. 1"''''gr;IItl L. Amary llida.:cae Peru , ian lily I ')119 y" Yes 
A,1,ul1llml,.,m (J,mllcH/I'W Am3ra,nl\x"ae large PIlJPIc 1003 , r ... s Yes 
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" Ik ah~rn.' nlhcra 

rlt,·rn/.lllll~-m j".",.Ii-" (L.) It Amamnrh3c,;-oIC pu, !)1,- /\ hCf1lau rh,-r", 1'1'1'1 , 
Y" y~ 

Or. e\ R. " ~. J.".;:ph· ~ C~>;tI 

A",,",mlll,....o '''''~ /I.' A rnar:lJlIhaC1."3'- lha~i bllT 'H.ru 1Q50 No Y L':> 

H.IlK. 
Am.""Of"Im • . tpinn.tld IH A maranl h"" """ 100'1l) I'igw('oo ]')52 No Yr,-

ARllntrtuH/ (lndI' .... (IIUm' I b '" II :IC""" flamingo li ly '''' V~ ,,, 
1 i.llkn 
~m;gt!'1()JI '"PlOP''' 11.& A. I'olygonac('"" cornl cr.:q'~' I 'IS , , Yes Y",,' 

,1fthi)llIopJro.-ni r An:<:""e","' k;ns "almi , .. , Yes No 
"u"m~lu,,,,~"r(, II. ",,"cud!. & hallg"lo\\" palm 

"'"'" ,1'"1(""'011<' ~'xl(;(IIIfII. . 1'31' ~v ","3C""" }d low-tlow=d 19.H , N" Y e,' 
~kxic"" 1'01'1''-

A')1rmor~' o<'hroJr"n. S,,"" P8I'Jn't"~cc:Je white- flowem! 19~ ~ No Yel ' 
<" Ils)l. nc/',"/!Ij'"m (- A M""i<:,," P~'PI'~ 
' uh(u.<ifi,n'lI.I G 1'I .0wn b) ) 
Ar;,rr>/".cIna j·/tJ((l1I.\ MI!>1. Ari,to lochi"c"",' D"khm~n':> pire'" l~j() • Yes Yes· 

ca li.,,, fl U""T 
., ... "wo (/"'kl.t 1 . I>o~c ,'ac giani re~1.l/ 19~ 3 V" Y~s' 

Sralli ,h rcc1.l 
; ISr/"{Jllh " ,ml!.mka 1 A ""I~p iadac~ac , "arkl LTli lb ... ~di '''' 

, 
YC$ Ycs ' 

hk><.xl I1"" 'T 
l bp"/I''Ir,, l"I(lrwr III. ( . un,·a l br iJ<:coc ~""t iR'n pbnti m i l~) , .. , Yes No 

"a) 
A .• pI.mllm 'UtiIOJ L. ·\!.!'~ n ia.c~~~ bird'" n~'1 f~rn 1999 , V" ' 0 
A""'''pll.l jh ,·,I<>J'/I' Chase (= Poa~~~~ ~arrrt gm'" 19';9 , y" V" 
A. affinj,) 
Ham!""", """ ',>a(l Ru~b. PoaC"C":l~ giant hambon! l 'J~8 , V" y~ 

2 
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balcooa bamboo 
Bambusa multiplex (Lour.) Poaceae hedge bamboo/ 1999 3 Yes Yes 
Raeusch. ex Schult. & Schult. Chinese dwarf 
f. (= B. glaucescens) bamboo 
Bambusa vulgaris Schrad. ex Poaceae common bamboo 1995 1 Yes Yes 
J. C. Wendl. 
Bauhinia purpurea L. Caesalpiniaceae butterfly orchid tree 1951 1 Yes Yes 
Bauhinia variegata L. Caesalpiniaceae orchid tree 1951 1 Yes Yes 
Bauhinia X blakeana S. T. Caesalpiniaceae fragrant orchid tree 1999 1 Yes Yes 
Dunn. 
Beaumontia grandiflora Wall. Apocynaceae Easter lily vinet 1999 1 Yes No 

herald's trumpet 
Begonia X tuberhybrida Begoniaceae wax begonia/hybrid 1999 1 Yes No 

tuberous begonia 
Belamcanda chinensis (L.) Iridaceae leopard 2000 1 Yes Yes 
DC lilylblackberry lily 
BMens biternata (Lour.) MeIT. Asteraceae five leaved- 1949 1 No Yes 
& Sherff blackjack! nose stud 

bur 
Bidens pilosa L. Asteraceae common blackjack 1975 1 No Yes· 
Bougainvillea glabra Choisy Nyctaginaceae paper flower 1952 1 Yes No 
Bougainvillea spectabilis Nyctaginaceae bougainvillea 1952 9 Yes No 
Willd. 
Brachychiton populneus Sterculiaceae bottle tree 1952 1 Yes Yes 
(Schott & Endl.) R. Br. 
Breynia disticha J.R. & G. Euphorbiaceae snowbush 1999 1 Yes Yes 
Forst. 
Bromelia spp. Bromeliaceae bromeliad 1999 1 Yes No 
Browallia americana L. Solanaceae amethyst violet! 1999 1 Yes Yes 

Jamaican forget-me-

3 
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not 
Brugmansia arborea (L.) Solanaceae angel's trumpet 1999 1 Yes Yes 
Lagerh. (= Datura arborea, 
D. comigera) 
Brunfelsia pauciflora (Cham. Solanaceae yesterday, today & 1999 3 Yes No 
& Schltdl.) Benth. tomorrow 
Bryophyllum Crassulaceae good luck plant! 1999 12 Yes Yes'" 
daigremontianum (Raym.- mother of millions 
Harnet & B.P. Perrier) Berger 
(= Kalanchoe 
daigremontiana) 
Bryophyllum delagoense Crassulaceae chandelier plant! 1988 12 Yes Yes'" 
(Eckl. & Zeyh.) Schinz. (= mother of millions 
Kalanchoe delagoense, K 
tubiflora) 
Bryophyllum gastonis- Crassulaceae donkey ears/ life 2001 4 Yes Yes 
bonnieri Raym.-Hamet & H. plant 
Perrier 
Bryophyllum pinnatum (Lam.) Crassulaceae air plant 2001 3 Yes Yes 
Oken 
Caesalpinia decapetala (Roth Caesalpiniaceae Mauritius thorn! 1961 1 No Yes'" 
) Alston Mysorethom 
Caesalpinia pulcherrima (L.) Caesalpiniaceae pride of Barbados 1949 1 Yes Yes 
Schwartz 
Cajanus cajan (L.) Millsp. Papilionaceae pigeon pea 1996 1 Yes Yes 
Calathea sp. Marantaceae rattlesnake plant 1999 1 Yes No 
Calliandra brevi pes Benth. Mimosaceae fairy duster tree 1999 1 Yes Yes 
Callisia repens (Jacq.) L. Commelinaceae striped creeping inch 1999 16 Yes Yes'" 
C. elegans) plant 
Callistemon sp. Myrtaceae bottlebrushes 1999 1 Yes No 

4 
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Callistemon viminalis (Sol. ex Myrtaceae weeping bottlebrush 1999 1 Yes No 
Gaertn.) G. Don ex Loudon 
Campsis grandiflora (Thunb.) Bignoniaceae Chinese trumpet vine 1999 1 Yes No 
K. Schum. 
Canna indica L. Cannaceae canna! Indian shot 1999 9 Yes Yes 
Cannabis sativa L. Cannabaceae dagga! marijuana! 1981 2 No Yes* 

hemp 
Capsicum frutescens L. (= C. Solanaceae bird's eye chili! bird 1991 7 Yes Yes 
minimum) pepper! cayenne 
Cardiospermum grandiflorum Sapindaceae balloon vine 1995 4 Yes Yes* 
Swartz 
Cardiospermum halicacabum Sapindaceae heart pea! lesser 1953 2 Yes Yes* 
L. C. corindum) balloon vine 
Carica papaya L. Caricaceae pawpaw! papaya 1988 7 Yes Yes 
Caryota mitis Loureiro Arecaceae clustered fish-tail 1999 1 Yes No 

palm 
Caryota urens L. Arecaceae common fish-tail 1999 1 Yes No 

palm 
Catharanthus roseus (L). G. Apocynaceae graveyard flower! 1951 11 Yes Yes 
Don. (= Lochnera rosea) Madagascar 

periwinkle 
Ceiba pentandra (L.) Gaertn. Bombacaceae kapok tree! silky 1999 1 Yes No 

cotton tree 
Cereus jamacaru DC. Cactaceae queen of the night 1988 2 Yes Yes 
Cestrum diumum L. Solanaceae inkberry! day 1999 1 Yes Yes 

jessamine 
Chamaedorea elegans (Mart.) Arecaceae parlour palm 1999 1 Yes No 
Liebm. ex Oersted 
Chenopodium album L. Chenopodiaceae white goosefoot 1950 2 No Yes 
Chenopodium ambrosioides Chenopodiaceae wormseed goosefoot 1930 1 No Yes 

5 
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L. 
Chenopodium polyspermum Chenopodiaceae many-seeded 1949 1 No Yes 
L. goosefoot 
Chromolaena odorata (L.) Asteraceae chromolaenal triffid 1997 1 No Yes· 
R.M. King & H. Rob. Weed 
Chrysanthemum spp. Asteraceae daisies 1999 1 Yes No 
Cinnamomum camphora (L.) Lauraceae camphor tree 1999 2 Yes No 
Siebold 
Citharexylum spinosum (= C. Verbenaceae fiddlewood 1999 1 Yes No 
quadrangulare) 
Citrus aurantiifolia (Christrn.) Rutaceae lime 1978 1 Yes No 
Swingle (= Limonia 
aurantiifolia) 
Citrus limon (L.) Burro.f. Rutaceae lemon 1988 7 Yes No 
Citrus sinensis (L.) Osbeck (= Rutaceae sweet orange! 1952 1 Yes No 
C. aurantium var. sinensis) Valencia orange! 

navel 
Clerodendrum sp. Verbenaceae 1999 1 Yes No 
Clerodendrum splendens G. Verbenaceae flaming glory bower 1999 1 Yes Yes 
Don ex James. 
Clerodendrum thomsoniae Verbenaceae bleeding heart 1999 1 Yes No 
Balf. 
Clitoria ternatea L. Papilionaceae butterfly pea 1951 3 Yes Yes 
Codiaeum variegatum (L.) Bl. Euphorbiaceae gold spot! croton 1999 1 Yes No 
Coffea arabica L. Rubiaceae Arabian coffeel 1999 1 Yes No 

coffee tree 
Colocasia esculenta (L.) Araceae elephant's ear! taro 1999 5 Yes Yes 
Schott 
Commelina benghalensis L. Commelinaceae Bengal wandering 1953 1 Yes Yes 

Jew 

6 
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Cordyline /rutieosa Goepp. (= Agavaceae ti plant 1999 1 Yes No 
C. terminalis) 
Cortaderia selloana Poaceae pampas grass 1995 2 Yes No 
(Schult.) Asch. & Graebn 
Costus speeiosus (J. Koenig) Zingiberaceae crepe ginger 1999 7 Yes Yes 
Smith 
Cryptostegia grandiflora Asclepiadaceae rubber vine 1996 2 Yes Yes 
(Roxb.) R. Brown 
Cyathea australis (R. Br.) Cyatheaceae rough tree fern 1999 1 Yes No 
Domin. 
Cycas circinalis L. Cycadaceae queen sago 1999 1 Yes No 
Cyeas revoluta Bedd. Cycadaceae king sago 1999 1 Yes No 
Datura ferox L. Solanaceae large thorn apple 1993 1 No Yes* 
Datura inoxia Mill. Solanaceae downy thorn apple 1991 1 No Yes* 
Datura stramonium L. Solanaceae common thorn apple 1953 2 No Yes* 
Delonix regia (Bojer ex Caesalpiniaceae flamboyant 1952 4 Yes No 
Hook.) Raf. (= Poinciana 
regia) 
Diehorisandra thyrsiflora Commelinaceae blue ginger 1999 1 Yes Yes 
Mikan f. 
Distietis buecinatoria (DC.) Bignoniaceae Mexican blood- 1999 1 Yes No 
A. Gentry trumpet 
Draeaenafragrans (L.) Ker.- Dracaenaceae palmillol striped 1999 1 Yes No 
Gawl (= D. deremensis) dracaena 
Dracaena marginata Lam. Dracaenaceae tricolorl dragon treel 1999 1 Yes No 

sanderiana 
Duehesnea indica (Andr.) Rosaceae wild strawberry I false 1999 1 Yes No 
Focke strawberry 
Duranta ereeta L. (= D. Verbenaceae golden dewdrop! 1953 1 Yes Yes 
repens) forget-me-not-treel 

7 
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pigeon berry 
Dypsis lutescens (H. Wend!.) Arecaceae yellow bamboo 1999 1 Yes No 
Beentje & Dransf. (= palmlbutterfiy palm 
Chrysalidocarpus lutescens) 
Encephalartos ferox Bertol. f. Zamiaceae Zululand cycad 1999 1 Yes No 
Epidendrum obrienianum Orchidaceae scarlet orchid 1999 1 Yes No 
Rolfe 
Epipremnum pinnatum (= E. Araceae golden pothos! 1999 1 Yes No 
aureum) marble queen 
Eriobotrya japonica (Thunb.) Rosaceae loquat 1988 1 Yes Yes 
Lindt 
Erythrina pallida Britton PapUionaceae pink coral tree 1999 1 Yes No 
Eugenia uniflora L. Myrtaceae pitangai Surinam 1991 1 Yes Yes 

cherry 
Euphorbia heterophylla L. Euphorbiaceae dwarf poinsettia 1950 1 Yes Yes 
Euphorbia leucocephala Euphorbiaceae snow flake 1999 1 Yes Yes 
Lotsy. 
Euphorbia pulcherrima WilId. Euphorbiaceae poinsettia 1954 2 Yes Yes 
exKlotzsch 
Flaveria bidentis (L.) Kuntze Asteraceae smelter's bushl 1953 1 No Yes'" 

yellowtop 
Gardenia jasminoides Ellis Rubiaceae Cape jessamine 1953 1 Yes Yes 
Grevillea robusta A. Cunn. Proteaceae Australian silky oak! 1952 1 Yes No 

silver oak 
Hamelia chrysantha Jacq. Rubiaceae fire bush 1999 1 Yes No 
Hedera helix L. Araliaceae English ivy 1999 1 Yes Yes 
Hedychium coccineum Sm. Zingiberaceae red ginger lily 1999 2 Yes Yes 
Hedychium coronarium J. Zingiberaceae butterfly gingerl 1999 2 Yes Yes 
Koenig white ginger lily 
Hedychium gardnerianum Ker Zingiberaceae kahili ginger lily 1999 2 Yes Yes 
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Gawl 
Helianthus annuus L. Asteraceae sunflower 2000 1 Yes Yes 
Heliconia sp. Heliconiaceae false bird of paradise 1999 1 Yes No 
Hibiscus rosa-sinensis L. Malvaceae Chinese cotton rose! 1969 2 Yes No 

rose of China 
Hibiscus schizopetalus Malvaceae coral hibiscus 1999 1 Yes No 
(Mast.) Hook. 
Holmskioldia sanguinea Retz. Verbenaceae Chinese hat plant! 1999 5 Yes No 

cup-and-saucer-plant 
Homalocladium platycladum Polygonaceae tapewonn plant 1999 1 Yes No 
(F. J. MueU.) L. H. Bailey 
Howea belmoreana (T. Moore Arecaceae belmore sentry palm 1999 1 Yes No 
& F. Muell.) Becc. 
Hoya camosa (L. f.) R. Br. Asclepiadaceae wax plant! Hindu 1999 1 Yes No 

rope plant 
Hylocereus undatus (Haw.) Cactaceae night-blooming 1996 4 Yes Yes 
Britt. & Rose cereus 
Hymenocallis littoralis (Jacq.) Amaryllidaceae spider lily 1999 1 Yes Yes 
Salisb. 
Hypoestes phyllostachya Acanthaceae polka dot plant 1999 4 Yes Yes 
Baker 
Impatiens walleriana Hook. f. Balsaminaceae busy Lizzy 1999 1 Yes Yes 
Ipomoea alba L. Convolvulaceae moonflower 1993 2 Yes Yes* 
Ipomoea purpurea (L.) Roth Convolvulaceae morning glory 1988 1 Yes Yes 
Ipomoea tricolor Cav. Convolvulaceae heavenly bluel blue 1998 1 Yes Yes 

star 
Iresine herbstii Hook. Amaranthaceae blood leaf 1999 1 Yes Yes 
Ixora coccinea L. Rubiaceae flame of the woods 1988 1 Yes Yes 
Jacaranda mimosifolia D. Bignoniaceae jacaranda 1969 2 Yes Yes 
Don 
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Jatropha podagrica Hook. Euphorbiaceae buddah belly plant! 1995 1 Yes No 
gout plant 

Justicia brandegeana Wassh. Acanthaceae shrimp plant 1999 1 Yes No 
&L.B. Sm. 
Kalanchoe beharensis Drake Crassulaceae velvet leaf 1995 4 Yes Yes 
Lagerstroemia indica L. Lythraceae pride-of-India! crepe 1995 3 Yes Yes 

myrtle 
Lantana camara L. Verbenaceae lantana 1940 9 Yes Yes· 
Leucaena leucocephala Mimosaceae leucaena! wonder 1995 1 Yes Yes 
(Lam.) de Wit tree! giant wattle 
Ligustrum vulgare L. Oleaceae common privet 1988 1 Yes Yes 
Liriope muscari (Decne.) Convallariaceae lily turf 1999 1 Yes No 
L.H.Bail. 
Liriope muscari 'variegata' Convallariaceae variegated blue lily 1999 1 Yes No 
(Decne.) L.H.Bail. turf 
Litchi chinensis Sonn. Sapindaceae litchi 1999 1 Yes No 
Livistona chinensis (Jacquin) Arecaceae Chinese fountain 1999 1 Yes Yes 
R. Brown ex Martius palmi Chinese fan 

palm 
Luffa aegyptiaca Mill. Cucurbitaceae sponge gourd/loofah 1999 1 Yes No 
Macfadyena unguis-cati (L.) Bignoniaceae cat's claw creeper 1995 6 Yes Yes 
A.H. Gentry 
Malvaviscus arboreus var. Malvaceae Turk's cap! fire dart! 1999 1 Yes No 
mexicanus Schlectend. wax mallow 
Mangifera indica L. Anacardiaceae mango 1951 9 Yes Yes 
Manihot esculenta Crantz. Euphorbiaceae bitter cassava! 1999 1 Yes Yes 

maniocl tapioca 
Marantaleuconeura Marantaceae ten-commandments 1999 1 Yes No 
erythroneura E. Morr. 
Megaskepasma Acanthaceae Brazilian red-cloak 1999 1 Yes No 
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erythrochlamys Lindau 
Melia azedarach L. Meliaceae Persian lilac!seringa 1948 1 Yes Yes* 
Mimosa pigra L. Mimosaceae giant sensitive plant 1999 1 ? Yes* 
Mirabilisjalapa L. Nyctaginaceae four-o'-clock 1953 1 Yes Yes 
Momordica charantia L. Cucurbitaceae bitter cucumber! 1999 1 Yes Yes 

bitter melon 
Monstera deliciosa Liebm. Araceae delicious monster! 1999 6 Yes Yes 

Swiss cheeseplant 
Morus alba L. Moraceae white mulberry! 1995 2 Yes Yes 

common mulberry 
Musa X paradisiaca Linnaeus Musaceae banana! plantain 1999 2 Yes No 
MussaendajTondosaL. Rubiaceae flag bush 1999 1 Yes No 
Myriophyllum aquaticum Haloragaceae parrot's feather 1989 1 Yes Yes* 
(VeIl.) Verde 
Nandina domestica Thunb. Berberidaceae heavenly bamboo 1999 1 Yes Yes 
Neomarica caerulea (Ker- Iridaceae blue walking dietes 1999 1 Yes ? 
Gawl.) Sprague 
Nephrolepis exaltata (1.) DavaHiaceae sword fern! Boston 1999 11 Yes Yes 
Schott fern 
Nerium oleander L. Apocynaceae oleander 1988 2 Yes Yes* 
Nothoscordum gracile (Ait.) Alliaceae onionweedl Steam 1959 1 ? Yes 
Steam slender false garlic 
Odontonema strictum Kuntze Acanthaceae frrespike 1999 1 Yes No 
Opuntia imbricata (Haw.) DC Cactaceae imbricate prickly pear 1996 1 ? Yes 
Opuntia stricta (Haworth.) Cactaceae sour prickly pear! 1953 1 Yes Yes* 
Haworth Australian pest pear 
Pandanus baptistii hort. Pandanaceae variegated screw-pine 1999 1 Yes No 
Veitch ex Misonne 
Pandanus utilis Bory Pandanaceae common screw-pine 1999 1 Yes No 
Parthenium hysterophorus L. Asteraceae partheniumlcongress 1991 1 No Yes* 
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weed! feverfew 
Passiflora edulis f.jlavicarpa Passifloraceae guavadillal yellow 2003 8 Yes Yes· 
Degen passion fruit 
Passiflora edulis Sims Passifloraceae purple granadillal 1988 2 Yes Yes 

purple passion fruit 
Pedilanthus tithymaloides (L.) Euphorbiaceae jacob's ladder! devil's 1969 1 Yes Yes 
Poit. backbone 
Pennisetum purpureum Poaceae elephant grass! 1958 1 Yes No 
Schumach. Napier grass 
Pennisetum setaceum (Forssk) Poaceae fountain grass 1953 3 Yes Yes 
Chiov. 
Peperomia marmorata Piperaceae silver heart 1999 1 Yes No 
Hook.f. 
Pereskia aculeata Mill Cactaceae Barbados gooseberry! 1999 2 Yes No 

pereskia 
Persea americana Mill. Lauraceae avocado 1953 3 Yes No 
Philodendron bipennifolium Araceae horsehead 1999 1 Yes No 
Schott philodendron 
Philodendron bipinnatifidum Araceae lacy tree 1999 2 Yes No 
(= P. selloum) philodendron 
Phlebodium aureum L. (= Polypodiaceae gold-foot fern! 1999 8 Yes Yes 
Polypodium aureum) rabbit's foot fern! 

blue fern 
Phoenix roebelenii O'Brien Arecaceae dwarf date palmi 1999 1 Yes No 

pygmy date palm 
Phytolacca dioica L. Phytolaccaceae belhambra 1952 1 Yes Yes 
Pilea cadierei Gagnep. & Urticaceae aluminium plant 1999 1 Yes No 
GuiUaum. 
Pilea microphylla (L.) Liebm. Urticaceae artillery plant 1999 1 Yes Yes 
Pistia stratiotes L. Araceae water lettuce 1977 1 Yes Yes* 
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Plumeria rubra L. Apocynaceae frangipani 1954 2 Yes Yes 
Pontederia cordata L. Pontederiaceae pontederia! pickerel 1990 1 Yes Yes* 

weed 
Psidium guajava L. Myrtaceae guava 1949 5 Yes Yes* 
Ptychosperma macarthurii Arecaceae hurricane palmi 1999 1 Yes No 
(H. Wendl.) Nichols Macarthur palm 
Pyrostegia venusta (Ker- Bignoniaceae golden shower! flame 1996 1 Yes No 
Gawler) Miers trumpet vine 
Ricinus communis L. Euphorbiaceae castor-oil plant 1953 3 No Yes* 
Rosa spp. Rosaceae roses 1999 1 Yes No 
Roystonea regia (Kunth) Arecaceae Cuban royal palm 1999 1 Yes No 
Cook 
Sabal palmetto (Walt.) Lodd. Arecaceae common palmetto! 1999 1 Yes No 
ex JA & JH Schultes blue palmetto 
Salvia microphylla Benth. Lamiaceae cherry sage! wild 1999 1 Yes Yes 

watermelon 
Sanchezia nobilis Hook.f. Acanthaceae noble sanchezia 1999 1 Yes No 
Saruevieria trifasciata hort. Agavaceae mother-in-Iaw's 1999 1 Yes No 
ex Prain tongue 
SchejJlera actinophylla Araliaceae Australian cabbage 1999 6 Yes Yes 
(EndL) Harms tree! Queensland 

umbrella tree 
SchejJlera arboricola Hayata Araliaceae dwarf umbrella tree 1999 1 Yes Yes 
Senna bicapsularis (L.) Roxb Caesalpiniaceae rambling cassia! 1992 2 ? Yes* 
(= Cassia bicapsularis) butterfly cassia 
Senna didymobotrya (Fresen.) Caesalpiniaceae peanut-butter cassia 1961 1 Yes Yes* 
Irwin & Barnaby (= Cassia 
didymobotrya) 
Senna occidentalis L. (= Caesalpiniaceae coffee senna 1952 1 ? Yes* 
Cassia occidentalis) 
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