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RA:tNF'A!,t., ORIENTA'J:ED MANAGEf.tEl"'1' Fl')n A MULTI1.iERBIVORE t::lUAZING
SYS'rEM

Th1s dic.jse:r.to.t.ion inves·tigated v(~lJetation-he)r;>I)iVOl"C intet'.actions

and formulated a et~at:egy for managing nUll tiherbi "lore systems

tmder vat'yitltJ :rairlfal1 regi:me$. Specifically, 'the a.im Wat1 to

maxil'nise . spriragbok Antiac:tt'cBr1 ma.rBl1i?i.al~iz when competing wi tIl

blesbok Danral:lsc:us dorcas [)]u..U.ipsi and black wildebeest.

In the face of the complexity of mult.i,1Plant-multiherbivor(~

into!:'C'tcticms, a dlscrete diffeJ':~nce modeJ. was ccmc1titl~~;~d to

~~JCpress interseasol1al changes in an QrJisod!.c arid zystem, whe~Q

vegE:ltation and h:)X'bivares variecl in zesponse 1;(','1' rainfall ..

The mCJdel was USf.Jd to identify importt),nt paraJueters in
plant-herb;!.vo:re oYDtem and its sem:;!tivi t.y analysed a,d

the
its

output cor:t:'otJotated" Rainfall was spatially and temporally
'I

variable and tmprodictublo. J0gst.at.ion growth ~;)as tho slng),(J most

G~nsitj.ve var~.abl(l wit,hin t.he system and vegeta.tion bioma.$s

(~hat1ged :r.apj,dly in J;'ooponse 1:0 climat.i.c faclto:t"s.

Tho concopt of h~rbivore functional re~ponse was a useful mean~
fOl' Q)~pressir~g:in'ters11~cific(1iffererl("~s betwe(;31'1herbivores and

waa practically nppli(~1ti. Tho model pcn:'fO:f;''i,1tccl plausiblj wit.h data

front the fiElld whorl?, vegotat,ion bJ.oma.ss allf~ herbivore t~opulat:i.ons

11



were seasonaJ.ly (J,etermined. The mOflel output was used to discern

popula1:.ion trends under different rainfall re<;ri.mes.
,\

Under conditif.)!'lS of low rainfall herbivores werEr~limit.ad by .i.Otl1

VCget.at~on biolU1SS~ Under medium conditions of i';'ainfal1

interspecific cO!llpetition was ev:i.dent whereas u:(lder high l,'ainfall

faciJ ..it~t;j.~moccu:t:red.

useel t.o fotnmlate a management strategy that
\)

maximised springL:)ok ul1der diffe.rcmt:, rainfall. reg:hnes hnd plovided

a 1l1y!1flll 1':.echniqt'ic') fttr imp.:r.o~/in9' managt1ment

systems.

iii



:t (~€lclare tha.t tbis (lissert:.a~!ion is my own" unai(3ed work, ,e):cept

~!7il"~1~eO:th~I'tJ:l'''l(~stated. It is ~rinq SUb!ll1.1ltedfor the degree of

:')cctor of PhilGic.'1ophy in the Onivernity of the Wit.{'ila.t~rst'amlt :)
\)

JohanneGbui'9. It ~~.s not been (;'I,1bmi 1~tedbefore for lial1Y deqree or

examim5llt:Lon i~) any other Univarsity.
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Thi(.'I thesis aimed to inlpI·ove knowlEM.:lgE2 . and under'stnndifl(J (1Jf

vegetati.on.",ht;}lb:l.vore systems 10. Th:l.s was at:l.:empt.ecf hy ~,eoki:n9 to

find a sc}l1..ltiol'l to a :t~,';laJ.luaraagemant p:t~oble:i'!l through Q

eCQ;log.ical modeling.
)'-

II,

d,ata t.Jith which to the 'model,
1.,;.sing t~he model to i1"Ne$t.i9a't~e vegetatit:l,l-llerbi vere intera(~t.toiul~"
.\
arl~l fil'lal.ly fo't'llluls:tin(J a c~'C:r.a.te9Y.

\\
1}!,!lveloping a m~ldeling phih)sophy and Glvolving the model dt1l\'lando£d

'\~ C:1equent~ial and logical approarlh .. '1,'0 facil:itate this it was
'I

\1

argument.
p:t:uclent 't:o UZf;.~ the sl.1b:ject Ii tera.t~ul:~~ tc; supPQr'~

,. (. (, f:

The 1i terat:I:.t'i..e t~lor:efot'e was incotpol"ated u tnto

thA
the

honsidet<ed.

"relevant ehap1.:.ers <UltJ. not~ treated acpar.ately i11 a sI~'f~,c:t:f.J.e

revi.e'ill.

'/ .

rn oreler to rJt,a.tn parsbltmy and aid 1bl1ti""1ty, appendices Were

used to separate dai;:a complem~ntary to the a.rgument.
''',
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c

l.'lle 'broad objective of th:i;s study was to 9tr~a:i.nth(}' infc,rmat1~on

and 'l.mderstand,ing t.o de't:e:r;'mine a ~mal'lagem(mt st,l'l').tegy thClt''''' would

maldlnlso the number' uf spr:l,ugbok, A1l't.i.do:t:cas ma!"'su:pia~'Li.s~ on a

\ili ven ·v-egetat~.i.\')n type known as rrhe Pan on a game.' reseL'va I

Ri:'Joipoort.

An important "(':cll'lsdderationc,)f the st'ldy was t.hat l.t should be
\\

di:rt~Gted at. a real mana9'~:m('mt.l):t:oblemand that~ it sh{'n.~.1,d neek to

flru:l a solutj.on that had praetj.caJ applj,cat.ion~

11II

The occurrence of paaveld 15 l.i.m:i.ted.~:"Idf in addition \to being

prj,me - spr:i.1'lgbok hab:i.:tat, is also the p.;'-Jt:e):red ha.bitat t·ot' t.wo
" () !

f;)tner lle~,'h).,v'{)respecies l1uU!lely bl,ftO]t wil.deb~~est:.COnl1.0Clh~et:es gnu I'
I'

Pl:ir.n:' to the :in'ttro,~,u.(jtion,,£ b1.twk xdld(~beest and bl~r';bok,
~~[

springbo){; w~~:c, ~aem')r'::lillg tt:) histO:t7ic :!:ecords, numezous and)
~
\\dominated

WE'S u(.::eompanicd by a decline in 'I::henunber of spr:ll!wbok.

I)

!l'lle hypothesi.s if I that~ bla(~k wlldeb'6est and J)lesiJ(jk ',i~~e 1'l\o,:re-, " , ~

\)",...~ec:cs~lfU], tha,~\ spr,i~'j,gbok in cc.lmpeting :1;01-'th{,1 ho:Y.'1)8ge remmrGes.

():i: 1lhl! I'an and as a :r:emllt.·the.ir) intI'Q(luctiml has lei_i to 'Ule

doclinfJ of spr:i.n~11:cJk. HOlf.If'Ve:r.', tho ~m~:hHJbQk i!.. an il'!lpor.t:.ant

(;~omIJ~'Jr?ent ()f the U'(:i:U.snt~.i.cil1spect.rum a:ld ·the ()b:lact ..iVQ of



mall€i,.~ement is to ldm1ipulate the herb! vO~.'Opopulations in such a
o

1 ..2 ~~peci,fi.oob:jec,ti V~1S
o

II
T~(.':oval'all ohjel;~tj.ve of thf.l study wa,s bt'(Jkcn, down into a number

..of spCt1ifi(: ab:jectives t;har;, ident.i.fl..ed the !t'tt'9"~ ccmpqnent:s of

(i) study the inters(,!usonal };:d,Oluass (Jhan.~~e~:ill :r~s~t:mse to

vary:tng t'alrd:)lll and temperai~u:t'C
c,

(11) study the herbage. .b:i.()macm chi!U'!~I~S a~; <1' result «)f

),~eJ.~bj,v()fh utili.sat,ion
,..'I "

(iii) model th'e v~,ge'i.:ation and

II

varylng rahlfall j' ,.(~nd

(iv) devcrop a st~~l.'1tcIJ,Ythat would best :meet t:he overa,U.

()l}jt:\.:tive of' ma%imisj.l'lg SlJringbok ~lmji1:J()rs.

C)
The spe{.~if':i.c (.)i:>je(';ltj.ves, wet"'o achieved tfirl;'luqh" a numb(i)::,~o~

St~quent:i al st(jPS, namel.y

I· ...
~.1..1. J

evolving a :mcd~li:rlg npprcmcb

identifying .tmport~ant. par.amE~t(~:r:SQ:f
1\

(i)

"
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, ~.\

1..:3 'the .odCilil~g:approach

A :model is an int~llectual tbol used t."o detim:~probl.ems, organise

thoughts,' undersi::and dat,", and to cOltnnUnil1ate and test thi.s
~')

lmders'tl:lnding (starf:teldl & n:ti~loC'k1 1986).,,. EC',ol')9,~.,(mJ. models are

!~i't;her th~m:et':.,il1al 01' t-'~;.;!dlet;:i.vo G~r,t'are der.;:tqi~ed' to c()mpare
"

(i

'1.'heoretJ.c(')l models ',' are aimed at ilnprov:i.l'1g lmders1;anding ,and
• °1qa:',ti ng

/,'.(

sric!~iI arc

ins i.9ht into' how e,,:ol(lg!cal proc;:ess~$ func'l:ion and R as
.:::,.-'~.' ()

amilyt;ical. Pre.t;1ict:i.ve mc)Cials are designe(t to pwoject

behavioUl' ~tnd outcome and" a:t:e used s:l.:mulate ecological
I~ predict:lve lnodeJ.s, it is the pe.'t'~.:.1~m,~~~CfJand not.

of 'the model ltae~~ that is of conse~~Jhce.
,\

Inevitably both
n

:moMls ' inc.l".ide
f_, t~heol',"eti,{~alcompollen't.~,,, H()wGver, whereas predic:tJye In,,,cielJl :may be

~" 0
validated. and. varified, theoretical modelS',at'..') .pri.marily

"
heuristic (ai:medat discovery) and"are not. eaf.dly valj.date(l:,

In thi::') study ill tri~or~tir;:al l'j\,\}(lel was empl.qred to ar:vllyse the
,,!i

i-mpox:t:unt conpenencs of a Plan~rherb:tv'or~i,~ ,~1ystem. Once a.n
) ~ ,

unde(~;~t;;t(lndinghad l:Jet!ngained, the model was \\~~ed to l;tredict 'the

a:PPI'CH1Ch mir.)pted foll()ws that o~,> S~~~fi,eld ,lie Blelo(;!b
- ",;,

(1986)
fir~~t stop bu.ild. a t.ent.at:.i.ve

(I

of the m.<~delwas e~plOl:ed tlS;!,rlg hypot:het~tl;j8.l (];Ci.i:a:



,V_)

'they l.ac:k both data a1id understandi.ng. However,,,

management dec;li~ions s'tj,,11 have (I tel be made aespi te th~~f.':)o

shot"tcomings. 'rhe procedure and
identifies illlPo:r.tant pare meters whlch in tUt'n refine the modeL

1:1

I)

This process of adapt.i ve m(,)deling tl1'1.~:lrnr:ite ly

management decisions.
improves the

o

The ntOdelin~l of a sj,ngle preY""13in'11epredator relat:ionsltip isO at.
best oomplex (: ;,;?"'Me:i.r 19P.:t). The task of eithe,:Y.' detailed

i'

" 01"analysis ,,)r ~"I.ccurat:e Sintl~l.l;tticm ;t
\\

oeosystems is ul1attain::i4ble. (-!!'; ~t'\y event tIle usefulness. of such

c.:~,()liaplmf models :Ls oftl'2!n quest:Lonab:f.e tlue to thei;r.- tturne:tiO\lS

,assumptions and lack of :t'eliable data.

therefore obliged to simplify the syste~ t" manageable

components and to a single objecti ve t in 'this st~lldy p maximi.sing

springbok. o nThus the foclls ls all a part ()'f the system",
I)

not the
(~cosystem~s 'a.whole and. the level of rlJsolut.if':m is appropriat.e

to the manaqenent; ohjecti ve , Th.if3 is a cOl'llpromise between tCjtal

r::iyt:rt~1\S modeling on the one hand

m(matlelt!enj~pr:Ohletns on the otller.'.

an~ the need to solv'('!

11t1:1e data

Ine~'H:ably the ouueemo walil a s:i.rrq;)l.t.f.:i.cationof. a

(}~lltj~nd.sat:iJ,mal pl,'ohlem. Howevex'8 tills t\t;prox~cmati{.m, W{)ul.c:t at

lea~~t :pt'(}vide a \\1orkahl.e ror;z.rateqy frCll\\ which\. t,f~\mana{}e whe,t'e, at

p:t'H~u.:mt;,no sucn fJtrategy t'jx:i.~~rt(\ld. \

',

\

\
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u

1.4 I.porta~t parameters
u

f!'l1epU:t'pp~H.~of 'th:i.s section was.,to nidentify thog.~ paraml.i~ter$ that

were likely to be relevant. ·to the ItnderstanCling and development

::ta~heT::de1O:::.'C::~S :::ida:::.1~~:~::ed00,~:e~t;:::hl:::t~::: '
shortcomings and inadequacies" in r~1(~existd,ng duta' an,} therefol;e

'/

help to determine the appropriate t·t~~o].ut.ion a:ecessa:ry.

daylength) (Noy-Meit 1~'rnof wh:1,chrainfall. ;is tho domin~nt:.

tmntz-,olling factor (Barnes & MCNeil 19'/8: BOlct!:.ton at ez , 1988;

Sl'leeva 1932).

\]

precipi tation is h:l.~}hl:9'val'~iable both spat.tally and ·t~e'mrf~:t'allY

(N()y"'~leir 1913: Seely 1~'la1 ZU'L1Cbini & i'~da:nlson 1984) and the

variability Inczeases with i.ner.et\,sillg r.l.l':idj.ty (r.te HouerQ\l 1994) ~

Different qtTiGS (~pl'J;ci.esexploH:. differ(mt ra:i.nfal..1. events (Dye

19H3; Westoby 1979) and as a result exhibit
episodic ~1l',,")wtilbohaviour it'! l'()f;pOnSo to l~·a.i.l'lfnll (M:Lll1et" &

HU~lhe~31,9(8).

number (If is n

hi~lhltv
I

(Jol:relat.ed with rainfall (J.)oHhmuktt1986; Dy(~1983: EmsU.e 198'*
I

Phi. 1 l.i.p£on
1983).

ei: 01 b :l980; Noy""Me:h: 19'1:~; OwerA-~\mith
1/
II

1975; l«(}sonZt-lei~J 19GB; H.utilm:,fc};r:d UH.~O~ van d(~u

,
1.984~';

r----...,
-,
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, ,
In the S.~rengeti ~ where 'l;he 'temperature wa~srelati v'ely , constant

II /1 '

throughol.lt, the year I ;9!'ass producti,"m on an~~~line soils of
(( j)

Vo.1'y1n9 depth ~~~)~ndodon :r:uinfall alcl:ne (HiJ.~)()l,~n « Sinclair

(",083) fCfJ2"r)ld thi~{ (: beJ.""··~ 700"".... ',,'; o
.J ;;> l(u ..._' ...'''' "U" of annua;1919) • McNaught.on,

'~ ">: ,)
rain\.all, grasslaml c~ommunities were distributed parallel
rainfall isohyets L, a, short grasslands oc(mr:r.ed below 700!!ll'!\of

rainfa.;ll Otndt.all. grasslands ~bove 70'Jmm of' am1uaJ. rsinff.lll.

:Rosenzweiq (1,968) f(;)und 'thC'lt photosyntl'J.esis w~s a fUt'lCti.f)ll tJf
«

water availabili ty and IsoluJ.,' ra,diat;ion anti tbis fJ2:'E:'C) a s'trong

relationship to tho evapotranspirat.ion rate. coe e~ ea; (1.976)
l; "

~ilcri.;ed 'that In arid and l.1om!·..ax-id environments 'the pt>tent.ial
'\
\;,

evup(rt~ranf.piration ex6eedeci ar::t.ual ,~recip,:l:tation and thel"'e1;or.e
o

the syst~:mwas wat(~:r.l.tmited. In these en,ri:ronmsnts growth
"

only

took pla.c(~ when there was suffioiant :moj,sture fot"" p,lanta to

evapotransp1re. D Thus primal~Y production depended on

evapotd{.~sp:tration which in t':urn

I-t~,nae p:t:(1c;i,pitnt:i.,oll showed a significant rclcltionsnip to pr:tmary

produGti~")n and was a llseful index as such. In a reverse proeess

Seely (1.9780) used production to calculate precipita:tion in very

ar.i.d areas ~

Where la:t'ge temperaturo fluctuations oeeuz plant growth is

1973; \)
1982) and prodl.le:tion iN' ,)(,)oth wat.er and

\'
temperature

limited.



pointed out ~)rodllctivlty is ~quatad with both pe.ak: bioma.ss and

peak standing crop when, in reality, 'they are dec.id('clly

different. l"or (~'}rt:ilnple he fCl1.md that net: aerial' annual production

(.NAAP)was 2.5'1 times 9'renter than peak biomass.

confusion the
unr~liabiJ.i.ty

found tha't;.,

of px'oduc.:tion measu:eemen't:s.singh E),z al", (1975)
:' ''-\.

df.~pentl.i,n9on the metp,ociused I both peak: ;,_~tandin9

c.n.:'0l' o.:no net aerial annual pl'odu(~tioti::~v~riedby no much as 90 per

cent when appli.ed to 'the same data set. Furth€ll~mOrt1!1 productivity

vari,ed with plan,;c f5pt1c:i.es, plt.1nt flivorsi ty, fre{,.{~Oi'1lcy of s~llnpl,i);lg
iJ .

(Singh at al. 1975) and time of year. (:t-IO:r.l"is& Haller 19'70).

Given {~omparative estimates of produc)tiotl, the Uli:iSUlilpt.ion that

grot.Jth of intermittt1)ntly cui; swards is related ta t:b.at ill grazed

c.,wards Ls inappropriate and inaccurate (Cralol1ey :1.983~ Johnson &

Pargcms 1985; 14cNaught:on 1985).

A number of authors' have noted that primary production cannot, be

estilnat.ed from hat'vest data alOl'le and this ~1ives r:tse to an
l.mde:t~es.timate(Deshmukh 1984; Des]lnlilkh &. Baig 1983 i GrUltOtol at al.

19BO # l<uthe:rford 1980; W:i.l1iamscm 1976).

Wit3g0:r.t. & Evmns in Singh at' {1.1.. (1975) found est.ime:t:eF3 ()f NMP

was

Elsewhel':e, the inclusion of mOl·t.alj.ty in<;:reasocl NAAPolWt:imates by

:ninety to 120 pOl' cent (Deshluukll 1986; Donaldson 191~7; Scboler;]

19134) • MortalH;y ~gas found to Vi:lry w:1.th soil tYIJ9 t cl.i'lllll'lte fmel

€jl:azing intensity (J'ohnson & Pa:t'SOl1S 19B!;',; Scholer;; 19B4)"

7



The quality of the gl~~asiSsward <talso varies with rainfalJ. and

there is a close corr(,~J.ationbetween monthly !'ainfall and J.)rotein

cencent; (Afolayan at a.I. 1978; strugnell & Piq:ott. 1978). llhis is

attributed to a decrease Ln the protei.n cr.nl'tent wi 1:1'1 age_, (Braun

1973) • Rainfall stimulates growt:h which resul.ts in y01.1119 sh<!-?tf.':;

wi th a high ~l'otein content which declJ.nes as the: plant matures

(Owen-Smith lSH2) •,; t)im:i.larly protein conten't is maintained by
"

freCj'!.u::lnt cutting (Br,Tlun 1973) and g'l·uzing (McNaughton 1985) us

th~)se ad;iorls stimulate the production of young snooes h:i.gh in

pro1::e:t1"l.and lew in fibre.

In j!.annmaryI the most importal'l:t parameter. in
herbaceous p~C:l(;J.ucti(n'!(is :f';'ainfall i t.he effect of whioh is

tcmpe:r.(:lJdby extremes' u;t' t.elllpCl'.;a'cure. In spite of the edgnificant

relationship between precipi tation and 9'l"owt:h,' production :ts

highly variable ·j~nd its :me~lzur~ment both d.:i.fficult, . and

unreJ.iable.

!n terms of tbe model.ing-approachI therof'ol"G c the focus was on

seasonal prOdtlction.. HoweverI tho degree of resolutiol'l r,~quired

was one! whet.'adetailed and accurace data were not jur1't,ified dt\o

to the \lnrel.iabiJ.ity and var:l..abil.ity of t':his measuzeaerrt ,

1...5 tmproV'ing uncicr~~r~~andinCJof plant.-ht.1lrbivor.e I:clationships

It has already bean r~lo1.:.ed even single plallt-b.orb:tw.)re sYl::Jtemsare

in:trloat.e and theix' d.esc:ription in t~he form of a raathemat.ical

model oomple~,. In t111is study the purpose' of modeling t"a(~not to

umimic natural! but :!:'athol' to explore t.he mechanisnls and improve

understancUng of !)lal)~"lle~'b;lvo:r.0 :r.claticmshiI<H3 whi.ch, in turn,



(/

would aid the docision process.

The amount of vegcts.tion re:mo'lred by grazing va:t<ies considerably
'/

(Boutton et al 198f.H Deshmukh 198e~ ()wen-S:mith 3..982; O~)7a9a 191'5;

stl:ugnell & l):i:g6tt 1978). Oeshmukh& :saiq (1983) f,ound the

terrestr.,tal herb! varas i:yp,ioally' consumed Ie,,:' than ten per. cerrc

of primary production. In the Serengeti c.~on~m:mption varied from

fj,ft(~en '.' per cent (~raun 1973)

(!-1cNan~~j;l'ton1.9fH).

to ninety four per cent

Most herbivol;~~S a:l':e limited by food supply (Crawley 1983;

sincla:b: 1979) and ·the intcl:al":tiol'l botwee.n plant.s and Ii her.bi\rores

i,fJ, a cOlllplexone (lloy-Moir 1981).

Intake was found to be l."elated to plant l~eigh't: and not herbage

y:teld (Al1(ien lie Wlti.t.taker 1970). He:r:bi.vorez generally have a

preference. for plant species wl.th a high feeding value (Mentis
1960) wl:dch results in a diet~ overlap (Gruno1o<! 1980; Pilqe (.(

~~ac\lkor 1918; Sinclair 1985; van 2y1 1965j I Hant:;9n et: aJ.. 0.985)

found that th6n:e was a 71 pel!:'eene ovel.1~ap i11 the bot:.anical

composition in tho di.et of 't;he 10 major herblvo:ros in. the

'llbJil qUl!)st~ionarises thil~~ if ther(~ is such a high oV~i):!;"lap11-1

llcr~ivoro diets atld a p:t'(oferenc:e :i;o:t.~ tlle sane hezbaceous species

how might intersl)ocific t~om!)et~ition hJ :r:cd.ucdd. or: overcome'? In a.

similar way to which different plan't species arc able t~om.::plo\it.

9



different rainfall events (Westoby 1980) so herbivores exploit

ispatial and tc;mpm.:alvariances in ll(;.~rba('~eousgrowth which result

in d·;iff~rlent grazing str~tegies.

stelfol: €It al. (19B6) found 't.hat grazil"lq patterns depended on

rainfall. Gwynrle & Bell (196;9) and Maddock (1979) described a

grazing suceessf.on (fa'=!ili ta.'t;ion) ,\;Jhereby different herb1vore

species used different levelj~ in tbe herb la;yer and different
I·

proport.ions of the plant palt:'ts. These strategies led to a
tel'llporal reSOUf.'Ce p'f'.u:otitiord.~19' and niche separation (Jarman &

li
Sinal.air. 1979) because lcn~ge:r o~1gecies "were abl.e '(:.0 utilise lower

quality

de Boer
sw~:rds (Bell :t,971.; Ja~rman1974). contrary to the ~~ove j\

'I

J. Prins (1990) could. find no evidf;;')nce of f'acil.:tt.atiol'l

l')etween buffalo Synerc:us ca.fet,', ~ebra .Equus burahell:i and blue

wildE3beest connoabaetses talud:JJ.us. Ov(arlap in zebra and blUEJ

wildebeest diets was cOl'lchld.eq to be an anti""'predator symbiotic

relationship (de Boer Ii Prins l.~90; Si.nclair 1985).

Where herbivores co-existed ~dthin a more or less uniform

habitat, i.t waf::; commonto find t~hat they differed in body size or

in tindng of. feedingf thereb~r reduc.ing competition (Crawley

1983). Dublin at al. (1990) f<~und no competition between blue

wiJ.d~beer:;lt and ThomsonIS gazej.le Gazella tllomsoni. This wafJ3

attributed by I-tCNe.ughton(J.9S5) to the fact that gazelles

concentrated on short vegetaticrn with low starlding crop, wher~as

blUe wildebeest selected for areas of hi9'h biomass concent:.rat~i()n.

Grazing l:,'educed canopy height to produce a qra:r.;ing lm1lill tdtl1

increased food tlUality thr.Ollgh. preventint;l SEH10011JOn(~e and
sthr.ulating growth which ga3el1f~s were able to ut~iJ.i!30 and honce ,

gazelles concentrated on m."'oas 1.)l:'Elviously grcu~Eld by \oJi.lclobeoot

.10



(l-lcNaughton 19<76; Maddock 1979). In spite of these strat:~9'ies

Borner et al. (]981) faun.a that the I,:leclin.e of Thomson's gazelle

Alt.hough tempol:'al zcscuece parti ~:.ion:ln."J is <dpparent the
mechanisms involved are uncle&r.

IlliuF.:'l & Gordon (1987) contended that energy intake al1d body

weight 'ttlere a function of bi to dilllension and biomass density of.

food seurce , Th0:.!':.'tore, larg(~t~animal.s wel"e obligee} to s~(.;k

taller, low quali'l':.yswards whicb, led to r.iche mepal'a1::ion. Theil:
I

by Gt~ynne and Bell (1969). Grazing expose(l smaller food i1.i~m!s

and stil'!l.ulated dense short regrowth that. small animals were

adapted to utili~e and that could not support the large species.

This was confirmed by Mills ami Retief (1984a; 19S4b) who . found

that sprin~bok exhibit~d the most rapid response to rain as their
small mouths enabled them to orop sprouting vegetati9n at ground

level.

Thus there ~ll!;:; a st:r.:'onginteraction bott4oen grazirlg animals v

grO't'ltb and utilisat:ton of. t'.he gt'az~d sward (Johnson & Parson~

1985; l.fcNa1.lghton 1976)" Anb~al concentration€:-~ created. grazing
lawns which benefitf)d individuals thl:ough greater food yj.eld

(l·fcNaughton 1984). schijf (1978) foul1d that gregar.i.out3ness was

the most ilnport:ant factor influencing springbolt dispersion and,

calthough he realised cooperati vo foraging 'VJaS benefie!j,al, he. did

not attrihute this to the benefit of. 9r~u;ing lQ',l!lfiE: which had
.\

h.lgher productivities and ~lere of a higher. cjuality (UcNau~rhton

,11
, i
v, i
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1984). 'Bioma!3s (J<!:Jndentrat.ion also Benefited 'the grass tnrough

inoreased Cal'lOPY refuge. {l.fcNaugb.ton 1984).

Spri:ngholt pr(;1ferred young' grass hi~n in protein and low in fibre

(IJiversidt;j'~. 1,~72) and thorefore had a high grass cornp(')~l}ent in

their oiet in spring and Sllllimer: in the absence of rainfall
browf':H~\:'was lnore importan't and cono~6it:;.utadthe major part. of thai.r

diet; in autumn and ~inter (Bigalke 1.972; Schij£ 1978). Jarman &:

Sinclair (1979) sim,ilarly fC,llhd that ill impala t A&pyce1'~S

melanll.nlS I there tiaS an irwerse rel.ati.o'l":ship bet"-leen browse

utilisa.tion and rainfall.

Tho (t:i.et of bl.ack 'li'1ildebee~l!lt was of predominantly short qras;3 bt.t1:

irlcluded karo:Ld shrubs (von Richter 1.9'71b)" Guthrie (1913'1) in an

analysis of diet components found that blesbok and black
wildabet.:'i!st had very similar d:l.etai1\1 winter when the diet of

)

springbok was similar to t~at; of otl')9t:' browsers namely kl.ldu
, \

strepsiceros and elt'u'ld' :t.la:Il:J:otragu3 oryX'. Blue
tqildebeest were found. (owaga 1915) to be highl~l selective for

,I

grass leaves •

The sJfect of nutrit:trn on productivH:.y is well e~tablished (Moen
I'i

1.911<J ~j,nd botl1 dt!lvelopment ra.te and fecundity arc affected by
! {

fo6A availability (Crawley 1983).

Under poor clim.atic conditions (,tow food avail.i1bili ty) the onset

of sexual nlilttlritywas delayed (Crawley 1983)~ Clutton-Brock at
8.1. (1982) found that in Ired door cervue e1aplms p fe(JmHUty p (';1l1:f

r.lurv:.tval correlated With



in buffalo were determined b:lt the plane of nutrition (Sil'le~luir

19',7) ~

In sumulaxy, :i.t is apparent thla:(; grazing herb! vorotil sf~leet £01:' t:he

same. herbt'iocouS specic"ls.which result in a high degree of diet

overlap. Herbivor~s mnpl.oya grazl.l1Q Iljt.rategy that leads te a

teml')ora.l part.itioninc)· of the re:i~ot\rce and little iltrtersp(?\:::i~=i.c

compet:i.tion. 1'1.complex intoraction oxists between ~reda1;orr,
r ,

:i

a'tten1IYt. to :modelcomplex qbosystenlr:e is inev:ttabl~f disallpointirM;
//

due to lack af :both data ;'and understanding. High :t"()solutJ.on is

therefOl:e ncrt warranted ~

This comple:dty of mult.iherbi vore-rolll tiplant . relat.ionsllJ.pS

that; i;lle (7:;ystOl!t1 b0 simplifi.ed.. The high. overlap. in

diot pel:'lnits the mult~.I;)lant"'mI.lJ.tiherbovoresyst.em be redu©ed to

that of a single plcmt.-singJ'.e herbivore. The lack of data on

in
compensated for by some daea ~4 ,l: selectj,on of plant si2c.. 'It.hE~re

Ii
is also reasonable \!;:xder~3t:and;U~g of the offec'cs of nutr.i t.ion Of!

animal p:rt:Juuct.i v:i.t~".

evolved
and motile x:elevttnt data idontlfied. The degreo of

Gluit.ed

G8t~abli13h~d. J:t i8 now possll,ble to p:t'oaood to <51oV191opil{ilg' the

model and applyin9 real data tC') e%lJloro ,tho coneequences ,

13



Tho aitas of this chapter w(~re to describt!;:-t.hesi;;udyarea and the

abiotic and biot:lc elo:ments found there.

This was ne(.~essary t." detE':rmine 'V3hat info1:111atioi'l was aJ.rt2Hldy
c.

available ~fhich :tri' turn identified inader:{uacies in the existitlg

data ba.ne.

'.rbe study area ft'l.11s wi thin a pri vaee natu:t"e remervo, Rooipoort I

s1tu~ted some 60 k:mwt.nst of KimberHW (280 40'SI' 24°, lO/F.:) Ln the

nort.hern cape P:i:,ovi~'lceof .:south Africa (Fig,. 2.~.). ,!Ibe reserve is

42500 ha in ext(~nt and the stu(ly area c;!onst;i,tut.es apPl:'oximately

600 ha ()f a homogeneous vegetation type found w;i3:hin this

The reserve is divided into an exclusively wildlife area t~taling
34500 he. and an area of' app:t~oldraatsly 6000 ha whe.re domestic

stock ((~at.tle) ar~ grazed ~ ThClgame area is bounded by a. gamo-

proof fence on threo sid€:s and. the Vaal r1 vel': on the fot.rth f!>ido.

2.2 llistori©o.l backg;t:ound

• 14
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inception t the ::reserVf~ provid.ed recreational b~ntin9 p:r.:i.mi:1rily
i)

.of 9'al1lebir~~ (g'lti:neafowl liumitia melfulg:r.is r aandqouse I)t(.)J;·':,)c1e::'f

namaqua and P. tmehe.Il.i) and $pr.in~lk;~kfor guests, At. tho turn

of tbe cl(;mtury seven largo herbi VC)J::'osspecf.es were tr..) bie round em

the reserve. :t'rom 1960 onwa.:r.tls othel herbivorfll: spe'~:i.es that

species are today found en the reserve.

\\

2.3 Geology

ridges of quartgite .,C(Ventersdorp superg:nmp>' fi;tf})
., !

( ....

found. 'J~,~elo~ver lying' a:t:ectS are C;Qvlll;"ed. by pe~~qerdc (~~lcrf)'e:eof
\'

P?[)sible \~arl.Y Tert.i.ary ago and aeol:1.an (Kalahat'i, Sallds (De Wit

pe:r:s w com11l 0..) •

'rho study area (The Pa.n) i.s~ situated ,ie'~ a broad exhumed gJ.acla.l

valley ~J.(m!1d(')dby andmd,tic :r;'id~Jt:Json (~it.bel;~side (De W:i.:t l:;Jet:s.
\\ "

con.tm). 'rhes() ri3\':J. stet~ply on the l'lOl~tl).o!!:'n fl"irltJes of lJ.1he Pall and

of pan linleston0l3 (marls), calcl1;letl ~~ilts(:.mdt:;,\ ane:! muds, Irho

f¢):emer arc e~rt::r.em(~l:fhard and i:mpor~!tea!JleeloBcl to the f1ut'face p

DO ~vit I' l-l. Uogional E:h':plorat.:i.on Managor, De Boer5 Conso15.da.t,cd

Uinof;l Ll:mi1:Cld, 1).(.). IJlox 61.6 Kimbe:t~l~~y. 8300.

16



are depo(~ited on dinmicti tes and shales of the Dwyka l?ot'mati.(m
\- (l

(Kal"oo sequence). 'rho diamictitas a.J:.'O beli(w(1.d. to be glacial. in
(I

o1':il:;1i11 '\De Wit pars .. t,owm.).

204 Climate

~,.4;" 1 Rainfall

Kilnberley is the nec,\;ri;CjDt .. weather rJtat:Lq)rll for which long 'tel:'tll

x'a:Lnfall recox'us aze :av,\5.1able. r,Cher'~ it3 ('widenc:e (Bert·" & Crowe

1.985~ that althc}ugh t;he ~pan annual. rainfall f{lr Kimberley bas

ium;;'OaS41?dmarginalJ_y in recap)! {"years (1950 to 1982) the nur.ibE!t' of

dec:t;'easedw;L thin a year on which rainfall waE; rel~o:r.·de'" hasdays
(J

ma:t:kedl!( d\..\t"iug t~~e earns period. 'rhus rai:nfa:U f<n: t.he last 3S
I'

years 01;11y I'rlascon~ddered.

rriha mean annual X'ainfalJ, f01:' l{;i.fuberley £Ol: this per'iod (1951 ·to

1988) w,~S' 421.9 m:mu Rain eecura mainly In t!ha SUlnlT!el'" months (ing~

2.2) wi'l.'k:\ t~ht1wettesiC ~nonthf.;l he~n9' Janm.3,ry tb.l':'OU~lh to Marcil e

r:H~CI fi frs:qllene:y distrit:~lt~ion of annual rainfall over

pet'iod was! bi''''11iodal (Fig. 2.~3)~ith the hi~jhest

betw~~anl 2S0 :mro and 350 :mm and «~o mm rmd ~l'~O nun of

same
fl':eguencies

ammal

.rainfa\l L !l?hifJ st.l<Jgest.ccl that thero was a t.emlenc:¥Y towal'ds e.ither

(try --.yei(U~G or Wl~t years rat;lH~r tht;\n unol:mal" (approximating

annual metln) :vaal's ~

n

1.'1 \1
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1Figure 2.,2Mean monthly rainfall (mm) Kimberley 1961 n 1958.
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rigure 2.3 Mean al"lnual rail'lfan flrequency.

lB



2.4 ..2 Tempera.ture

Kimbel'ley is s1lbjec't to la:rge seasona; b~mper.i.lture fluctuations.

Summers are 9'Elncrally hot wi ttl the maximum te:mpera:ture oft£m

The winters are cold often with sub-zero
minimum te:mpera'tur.'es. Mean,\moll".~hlymaxima amI minima are given Ln

, '~.

Fig .. ~.4, ,i.e" the mean Of ..~)lle average daily maximum a.nd minimum

f(')r that ;mc;nthfor. the pel~:i~d 1951 to 1988_

2.4..3 Seasons

{-;,

:E'er t:he putpoSe of t.:his study four seasons were ide:nt.i.:fied on the

basi.s of temperature with the hottest: month beinr;r mid"·slJ,l)i~r and

the '::ol.des't.monthmid...willtel' (AnonH)57). In conjunctj,on wlth

rainf.all the seasons were described as follows:

spriJ1<9' sep'''Nov hot dry season
summer Dec,-Feb bot wet season

autumn Ma:C',,'May coo1 wet season
I.)

wint~n: Jun-~\ug cool dry season

Veld and K€!lnhad. Th(;)rn\ral.d invaded by KarCh:'.! vegetation

~t'hese a:r:e livex'y broad t;i(:)se:r:':lptioXls of a vuriety of
•• II

Gomnn.lna:t,l.es llfouml on tht~l'€~se:t.'vo.

t,yP'F.:lS.

plant

Bigal:k;c ami IJ€dstner (196~n dCC3t;!:.i.bed. ~)le·\re!1tl:i.f:t'erent \!'eqetatio:n

types en Roo:i.J,)o(')t:t (Pi~T' :::.5)" Cl'.·o'!/J~',ficl'djf and <;uhb (1981.), on

19
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Figure 2.4 Mean monthly maximum and l11inimumtemperatures.
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the basis (Jf 1.l0rist:i.c and abiotic physiognomic character:ir;.tics

9:t~Qupedthese int() foul': major habitats, one of ti U:!bwas d.iVl.d(~~d.

into fOur $l.lb"'hab;i,tats~
:-;{:-

"(dY was "conHned to a single veqetatSan type known ". \\The
Pan.

\)

Th.is perennial g.t'asslartd was an area som,-:a500 na in extEjnt..' ")

,J!

nut:.:r.·l,ent sumps and as a result herbaceous ~ft'owtb on these areas

is of (\"2 :hj;~1:rf?4ua).ity. Some species e. g. blt\c)\: wildebeest ~nd
.- -~ --. 5· 1/ ,:_-:

hlesbok. were nlso attracted to The Pan by j, ts Pbysiognol1l}i' j.•e * " n
o

The soutlte:r.'11.parts of 'rhe t"an thnt were period.tcally inundated

tended to ba b~re or had a sparroiO cover 'of Spa.roba.Ius alb.icl'~ct1s

and ax-ochlos Pi!lu:coides.. The northern areas of ~rhe Pan w.ld.ch were

subj$ct to flooding SUPP0l:·teda talleI' gr~$9 conumm:tty of
"Eragrosti.s b.:icolor. The remai..nde:r of 'I'he Pan was a Inixed

~.:l6mmun.ity and
Enneapc:>.gcljl des.,rauxii ft S.. lud, Cg.i:i. tended to domirlate on the

,\

tncdsf:er, low J.:yitl9' s()i.ls and E < t::rU1.!Cattf dol1tinat~d on the samj;Ler

soils towards the lni:ll:git'l o~; T.he P,'in" l(i;U:.'OO shrubs C().Inlfton on 'I,the
1\

:Pan were Lycium t)kJtt~l,adum, l~'eJltzilJ, im::ana ahd 1;)" tl'.ir:td.in 0

2: ..6 HerbiV-Ol;e~,:

:2 .6.1 Ui.stor.'.i.cal

r

[rIle earliest !:ec(rr.ded census on Reu:.I:irlt)cr:t was In 1.903 when the

!mmberfl, ()f largo h..~;t'b.ivoros wel:(~ ~~s'cimated at 400 ()~t.r.ich

J;it.rut:Jtio call1elus I 500 il,n~dhurtebeest Aj~.CteJtlphU5 bu,salttp:tms, l!:IOO
II
(I

II
21

( )



, s!,l:7iugbok artd,,:3 I~!~,dtlTr;;;,ge).a.PQus strep$',icoros.
u ,(~, '( c I,:

\~J ,_ ',\ !

Il'hese ariiri'lals ~~~;.' rlat'ur:alJty. indj.genml~ to the zcserve and almost
',I

sylvicapra

IJrinlmia
II,

(,)ccurred bu,t,

t.l~ewere pr(~sent on
(:'

is no evi.dence to suggea'(:.that. 'they were ever
" introd.u,ced.

\\
/1

pl,ace Ln l.9H6

1.\wildebeest (1959) p gemsbQk, ory~ gazelll.l

g:ira:ffe

(1965).
Gi:t"lttta cameJ.oparda.l,ts (1964~ and 'blue

\\
wild~beest.

Aerial, censuses co~enced in 1913 and thereafter were :repea'ted
/,

at two Yf!.a.f inte)':vals until 1984. Since 1984tbe aex'ial census
(_/ .

han been t~ar1::led out, annua.ll'y. The ~ounts ff.'JX' ma.jor spoc:ies

'from the f..b:'st and the most :cedent aer;i,al censuses a:rl'l given in

Table :>. e 1',~
I:, r

sp:r.lngbl;)K
llfp:otelme:-st
"'~t"'··:t('Ih~-t..",,;;,;d •." ,J.. ¥

~1.;;J,ml
kttdt~, .
9<'~'lJISb6k.
blUe wi:tdt~bee::it~
~11,t:\cr~wi l.debecf.rt
1h(,.~.bok

1871
"1'14
164t
5'7
~5B
25
65
14
92
9

:1.498
86i
218
4156
:\~26
'/42
425
;(,05
),'7]
188
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~J;. 2.1 Black wi ldebee:st

Black wi:Ldebeel'Slt ar-e associated wi.th open treeless plains and

prf'~f£'!:r the short.cr. "1j:t'Clsslands (von iUcllter. 1971b) • They are

gregarious
~n:lmals.,

and are found in hel'd~ of ';farying $iz-e up to
I!

thirty
II

\\
\)

Historically they oc;curred on tho open ~.:1ra~~sveldariti dl'OO

regit:ms of t:entra:J.. and northern Cape P.t.·ovinee I the orange Free ..

State, southern Transvaal and. the foothil.ls of the n.rakens~~n:g

motmtaina (Von Ri,ohter 1.971a; Skead l.9S0).

Soo.ia.l ():rga.n.i.sa.tion t..:onsists of breeding herds maKe up of an
adult tQrrj,t:.m.;~ialbull,· adult arld".Yub ...adult females and calves;

lone t.(~rritorial malGo and baehe~9l':' groups of fl0n-territiOl:ial
""',~....._

n ,.~

adul.t and sub''''adult males. nulls a:i:th~ugh physically m~ture' at

2·...3 yeaf~ of age (mly ~nt.er the breeding seglnent at 'the age of

f·(,ju.r t.() five veara once they aro able to maintain a te;t'ri.tol.''U' •
.6 ~ {.r

c~ \\~'\ ,~'s~:"~ 0 \
-\ ".--"" \
"j \o.~ \,'rerritorial bulls were found. (vorl R:i.clltet· ~~~, r~()l \~t\\theil"

,;/~ \~II\ to:"
t.erritories thI'<Jugh<lu't the yeal: which they ..ri1~i~~~ deb.JUded

during tb~'lrut G !.!.'erl:-1t:o:t~iesappea.red to be stable .~:i the saM~

hull l~eturned to tho sane 1:,e:r:ritol'Y in successive year!~ • Female
II

helxls wandered throughout thei:r;' hone range a11l:11/·teI'I'i.torial bulls

ag~fL·ossively tl':l(~d 'to \)r.etl'iin these femalE) 'herds ~:.'~~hin",their

t~en;'i 1~m::v dtl:t' .i:ng the :t,·ut:. Horne :fan~Jer;;var~.e.;l w.i.th he:td s.ize nand
.l~)

(Jt"az:i.l'lg co:ndit;o'ltll but:. we:t:e 1.1sually cif t.:.he order. "f 100 J,a.
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Females
\normally I

concef ve t'or the f:t:rst ·t.im~~at the age of 28

months and cal.va f'or t.h~' fit:st t.ime at the age of tb:::ee years.

Von Richter. (:l911b) recoJ;',~eti a smnlJ. percei;tage of' females
i".'

J under fav(')\1rable"conditions cancel vet! at sixteen months f01:' the

first tim.e and calved. at two yea(j:Sm

;\\

Black ·w.:Lldebeest are sync,hroni.sed seasonal breeders. (Sltillner .:~t

al .. 1.974) with a gestati.on per.i.od of 248 to 261 daye (von nichter
(\ 11

II

1.971b). lJ Cal,\7oc:; are born wit.hin t:.he h~t'df are preCtOeiOlls and

follow t.hei.t' mothers sno;r:tly aftf!~ birth. The major:1.ty ",f ca.lves

were born at RooipoQ:i;:tbetween the mid(Ue ant1. end of .December

each year.

Three age groups wel'e easily distin9uishable by tliei.r body size

and horn shapt:~ in the f.iel,d. 'l'ilese were ad.ult.s (> 2 Yl'), sub ....

adults (1 to 2 y:r:) and calves « ], yr) ~ Adults wore al,~l'

distinguished from sub·~udults by the: (',~ol(:~urof the bait' on the
\'- ,

fpreh~r.4tl which tended tol, be. brown in sub-ad",l to and black in

adul t:.:~A
o

Bla.e"\ w:i.ldebeest are \:'~tmcentt'ate grazers (Ment.is 1981 ~I and pr(, ,:~~,
\~J

Zy1 191.56) ':selecti:'II"ely feed on short, palatl'tble grasses (van
"

to
wl.th pe.:;~k c,p:az:i.l'lg l')e:t;iods

\:)
af'te:r::noon/evenillq'. .p1.111e specles

/ /

dl::ink.inq at sunsl!t... wU:t'ing t!u~

morni.rAq and late
are water dependent I ~1enel:a.lly

mi.ddle .;)f the day I.:litimals rest

1C.);t,ther ly.ing down" ttl~ standing- Q Blac:k wilde:beest:;. nhow o:r:ientat:ion
("I,

tt.) t!;ll~sun, an ada.:ptiol'l bnha'Flour ·that allowu tht~m to strJ.nd Ln

t.~hel~\:i.d"'r,mmml.~rsun without seeking shade (von R:i.chter lSj'la).
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Van Zy.l 0.9(5) found that the',diet C'ont:dsted :mainly of grass (63
-

per: ,-:en't) in summer and 37 per cent~ kat'c1id bushes in the winter

mont.hs. l}re:F.erred st"lecies included .9 •.. 1oc;,lades and. l'{pnt;zi6'l
\'

iJ
spp.

~:nj,Ch also dominated in this ilitudy area, Von Rich'ter (Hfl lib)

noted that the sedentary nat.ure of the spec~es was of
<::onsi.(lerabla e(:Jolot)ica~\ sign.i.ficam;,":e as blat::k w;i,ldeheest were

<.,,} !Ill '.'

able - to mqdify thlf.alr htab:i:tat to IJ:t'odl'l.ce faVOt'il~ed 'Jl'ar&ing.

HoweverI thi.s area Helect .Lon has

prOble~~.
<)

ro 'I

!llhehabit(1t :t,:;;iI-iuire:me;Jl1.:s ,of :Dlesbok are in l1U:hlY respects

'I;tl those of black wildebaest wi th a pro1~erence for

!.dud.J,ar

grasslands" Blesbt)l() are\) also highly gregarious and

open
eXh.tbi t:';;

silnilal: terrH;o:t'ial baha.vic)Ur and soc:ial. organisat:ton.

,fJ.'hrce sex...age classGs were dist;i,nguished on bOQ:'l[(~J:t2ey horn siz~'
ij .

and sha.!:l~e'_,., ;1ult lIlales werG readily (~is'tj,~lguirjhodby 'th~i., ~enaJ.

sneaen,

1,;.7

La:t.4ge bl~eedinq berds co.mpris~ f~male~J and ;juvenLl(\ls and ere';')

pl'cdomlnant,ly y(,n.mg:mahl!:';j.',[lerri't!lorial males 11ve a sol.itary l.ife

on a, rest.!.'icted 317€C'" O'l,tsi.tj(;) th~. breed:ihg seasen soli ta.ry :r<lnlS
, I ~
,(

cease to be te.t;;'l.:'i tOl'ial and join' 't~b,e? l:l:;'ge br~.edi\rHJ}ler.ds ~(Oll
I

Ple8f£liR, 1972). \)
o

ma:lorit;y t,Jf



Dn l?:t(,or;1i~:: (1972 ) found callJ:i.nl',J co.i.ncdd€.\d IIJith growth of ~f~·(~(tm

gr.'c:U.;1S in (:"!a:r.J.ySl.l:m~ller. Not:'1 bOY-'ll J.ambkl toJO~0 ab:lo ·to zun ~'I7ith.l.n
, ,

fiv£1 ~1\imltOGil,~tEl)j;;b:trth and wet'o WOanelj [ilt. fou:t' montho {"t:. ago 0

1983).
(l~)1() f(mm:l"in gl'agsvold blesnoK gl;"'a.ze.d e:!tt'Jlusj,vely t Wher4.:H'tst

van ~~~!lO.96~j)fC1'luulth.at~ 21. 5 POl' cent of the diot Ct)l"i.f5ist:ed of:

kar(Ji(i $ht'ulx,,, B10l:_j:b~)Jt d:t;:i.nk re~1lila.rly,
(I

"
))

hubita:t:D tho~rhave a l)rerforonce for epon areas, luo:t;'e particul.i\lrly

pan Bynt.enUj (B;i.~}aJ.lte :t9'J2ff S(.;~h:ljf ~.D'f7).'

1-)

bac;x' ::tm;' borde. Ad.ul·t, '!I.la.loEI Ilr.e t;.errH:.oX';J,al dl.u:'inlJ the I"llt but;:

Join large bet'ds ()u.t.~ddoof tho br(jodin~l scaoon c



and. juverdles ell~S:Uy
Ii .

idcnt:i.f ied"
\\

dis{;~1,n9U~f~ilhedfl.~o:mfeInal~p by t,hci:r. heavior lyrate horns ,

contt'<;LJ:Y to tho f:i.ndi:rH],s of S:mithC!,79 (190:3)~ in this study

fJp.r.'j,nqbok were found to exhibi t a bi&llocial Galvinq I),j'£lak as;

1?opm~1~e.dby Di~1all\:e (1970) and t\i.~~alJ!;,eEyt ~:tL (19nn. Skinn(~l:'

I;'

(Ej~~p~"'Je:t)wi th 1ft :n:malJ.cl;:' l.amb (;rop :txa alTt~lmrn (l-!£u!'ch) wbi(~h 'VJiSH'}

;l~:hailartt) the :f;'::.nd.llM;,fS~fB:tgalke 1\(JJt el., (19nn.

J?emal.es n(Jl'mally laf:'~bc~l ()twa a yeen,"frOll t~ho a,ge (~ff 24 l'!lotlths"

Howfr~ro:t'p under favoll:t'abl0 co:nd:tt,ionz ieWQls·~ fi"~t,artetJ breeding a.t

f;:l,ve month5 of uqe (Sld,l'mor 1999) and lilare l ..eeord.ed t() lamb at.

the a~f) (J:f.' one year and thl1rea:t:'ter. at r:d.x lIlontih ill'ltor''lTals
!;

"a~4e of aix nonehs va:t::iot~ f':t>f.:nn20 pel~ carl'lt:', to 80 per cent and.

dep(;ll1(ied em veld (~;ond:ieian ~

C'

Li.e 111)for tb.o f~,l.~~J't'ten days after l:'lirth

jli.')in th(;J bj~'et)d.i,t19 herds ~ tierming takesj place at the age (.)f thr(}s

m@;:.t'tbsalthough lambo :t:oadi1.y f(~od from t:XiC a.g~~Q:e thl';'oe weeks.

Sp:t':ln~)b(.~kal~e t('l:t'mf3~1inte:t'l\i.mliate (m:i,,~ed) f:Qsde:r:s (Mell't:.is 1.9(1) ~

:::BBee::S ;::::1:: ::!I:~~t::t~~:::o:e:: ::k::e:o:!ld,,::;W\~J~:
pe~:lf"tk; ;Lll the ~::itnnnu)rlno.nths aft~t~rrain (Mil.lf~ & 'aet:lc.)i'" 1.!HMa)

I"



sh:r.~'hs.F' e ..q_ P(:.mtz:i.a. sf/po arid other oavanne t~le:mEmt!,;viz. Rhus"

Ol.fJtJ.and Z,izypltuS (B.ignl.ke 1.9'l~H Liver8:id~1e U~72)"

the ~"rtudyarea ~l.Leswithin a CQlnpJ.ex and
1/

!)a.n its{~lf: :1~~by (;:ompa:r.:lson r:elati vely
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CllAP''vER 3 :: MOLlEL DEVEr.oPMENT, VERIFICATION AND SENSITIVITY

()

'llh€? purpose 0:, t.his cha.pter was to irlvestigat(:;) the model's

Pl'opol:,ties and Q(-:Jte:t:minei1; the model was arJP,:ot)riat~ to the

(~bjeetivas of the study.

This was {H;;llieved by starting with a sj.mple exp:r:esE3!on that

could pJ.aur:s:tbl:\! model tho plant-herbivore l"l£llat:i.onship. tl'his

CXp:i:.~ossi(;)nwas expanded and refined to a more cUll1plex model. '11h~

their. sensitivity on 'the output.

:model and the :i.nadeg:uaciesin th~ data and, thro'ti~h st:'!Ce!~f:Jive

rfL~fine:met1t,to e\:~tve a model that displayed the dC£3CriF.yci',rt9 ana
predieti:"lCl p:r:operties :t7eqllirecl.

3..1. Introduction

The uaes and benef:l.ts of; eeol,ogicm.l 7110delil'lg have been discuCJsed

by JEnf:f;'cn:s (1932) I s·tarficld and l'Uo.loch. (H~e6) and Swar'l:,2lUt:l.n

(1~~79). Models have been used oxtensbY(Jly ill ecology and w:1,ldl.i':fe

mrmagell1~Itlt, (Caughley 1982; Dye .1983:, Hilb,orn & Sinclair 197~);

~1enti$7, 1982; Noy"'M(~ix' 1'975; :t·'~l.l~t.,1983; stat'i:ield et. al. J,!)S2a &

to fa(~ilit:.ate

dccd.sion making Whel':~l data and 'lU'ldarstaadlng WC17(J) defloie11t. I~'l

Sl,ite Qf their use .i,n preda:t.or~prey re.lat:;i.OtlShipo (Blf.::l!och 1982:

<;:uu~1hley 1976: ~rohnson & Parsons 1985; Noy""I{~;i.:t' 197H; }loy-Heir

19B1~ Owen=Smit.h & Novell.io 1982: Pol1m'1 l.9B3 ~ Starfi.~31d (!.)t al.
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197t); Swart at: a1. 1.936; Venter & Hopkins 1988) the role of

herbi very partioularly for large herbi vorer5 has x:'ema:lnedpoorly
\

understood (Crawley 1983)&

ProIa the outset the modeli,l'Ig'appzoael; was heur;i,stic (servin~l to

discover) as there were lim!ted means of validating the model in

the normal way by testing with \ldepend.ent data 0 Rather I t~he

model set out to dete:t'lnine tbe data :required, the f'unctionll!19' of

the system and the role of ma~agement.

starfield & Blelocll (1986) have po:i.ntedout. that the quality of a.

r~Jlation to the purpoae for which.it ~vasPtdlt. :tn this case the.

:model tolaa specifically developed to me(~t the descriptive and

l')rec.lictive noeds of the pla.nt ....hed"!vore system.

3.2 Model development

highly variable.

COl'Aseql.lontlyp the apPl:.·oilchof Noy-Meir (1975) and the use eo£' So

logi::;4t.ic 1...0<'3.91.wa~. inappropriate fox' ll\odeli.ng il1terseasonal

changer:; in vegetation· grot-3thwhen~he effects of rainfall and

herbivory wer.e large.

Furth(::lrm~,n,"ed the logistic mod~~lassumed that the gro~Jth x'ate \cf

in fact, t')lant:s wox..e able to use below ground. reserves and

l~at:)idly even at l()w aorial plant, hiorno.ss.
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stax'f:i.eld and :elel.(;)ch (198S)

modeJ, was qi'V'en by

(iV/dt t.~ a ... pv (1)

where a was the m!w growth. and p, was a decay constan.t.

'\
1\

The g'l:owtb, a, was a ;funcrticm of rainfall and ten\peratt~1"e and was

independent of the value of V.. '£bo model assuraed that the:r.·o were

always sufficient reSt1J:ves to respond t:o :r.a:Lnf'all and that there

WetS only one vegetat.ion 'type.

'l?bese a~st1mptiomJ t·J<.Dre not; unreasonabt.e •. Arid adapted plants have

ew~'t\v:ed u J.~apid :t:'t-::lsponse to :rainfall thollgh the use (,1;' below
I

fJ\'r(;)ul"1dref:)erve~ / (Westoby 1980). '.rhe high overl~p in herb! vore

Q,:i.e't «(;::=uno\.>.1 1980; Page is! Walk(:'~l'1978; Sinclair 1985) to the

ext;fJnt of a sirlqlt:'l preferrml Spet;;3,em (Us.nsen et al. 1985) p,e:r.mits

t~heassumption of a single vegetatiOl'l type.

The model was

dV/dt Cl a "" pV - C (2)

1\
\\.. \\

!"
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The propertiel<-; of C under fluctuating r.a.infal1 regimes were

e.}tplol'ed }JY Starf:teld & Bleloch (1986) and j.t was shown t:hat

provided consumption was less than gl:'owth there was only one

e~(uilib):ium point which was always stable.

The ability of the herbivore tt' meet :i.t:8 consumption requ:trement$

(0) depended on the quantity and i;he quality of the vegetat.ion

(V) , 'tor example, grass length t lf3a.f to stf:JtI\ ratio I patchiness

atc. ',ilhca :modoJ. was improved by al.lowing' the consumption to be

modified by the state of the vegetation and this was terlued the

functlonal zesponse f (V) (AppemUx 2).

The ccnsumptdon :I:ate ,\<1<:U,,; thCH'l qi von by

c 0 cf(V)H (3)

Fllnctio:iAuJ. rGsp<)nso Wf:~1Sa complex concept that; va.ried witil

herpi voze speciels and vegetation composi tion '" HCMover 8 th~

resolut.ion of th~ model 'perll1i'1:~tedthat the concept; be sim.plified

and used t,o g'ood effect in herbivore population dynamics. '.rhis

~.;as so becaune herbi vo:een prod-uoti vicy was dependent; largely on

food mrailabil:tty.

In ()reler to use the nlodeJ. '(';0 invE:stiq;:.I.'t:etb€! changes f1'011'1 year to

yea!' or season to eoascn the differential equation (Bq" ),) was

changed to a '.diffet'oncc (~qlu'tiolll a for,m that was eas.i,ly sol ved

nuracrical1y and, therofore, ccmld. be btdl t. into a c{nnputel'."

pro9rant~ That:. was

Vi Va .,.a ...pVo (4)
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Here Vi was the new vegetation after a given peri.od t + 1, vo waE';;

the vegetation at the start of. the po:r:iodt~a was the growth
'. J

between t:tme t and t + 1 and t) was tho fra.ction of tho ()riginal

vegetation that was lost during this period.

The eq~at:lon was rewritten as

vi ~'J a ... Vo( 1 ... p) (5)

ancl~simplified by substit,uting It for ]. - i~

Vi ttl a + ltVO (6)

'.the vegetation equation (Eq" 4: ) was expanded to, include

herpivores

Vi Va + a ... pVf,) cf(Vo)}l (7)

This is tbe di8c:t:'e+;~ :modelof Stu3:fiaJ:d & 01eloch (1986) • 'rhe

11\odel rcp:t:es~nts net gl~ow·th over the pe:e:iod under cOllsidcJ'!'at:i.on,

not a growth rate and hence is capable of
inte:tseasona.l chanqes i11 the v~getatit'm.

'J:hedizcreto forril of tho mod(')l was well suited t~{) the resolution

m~i1 object,ivos of this ~Jt\tdy. Veg(~tation 91:owth if I $emi ...arid

systamrn waG event. (rain.fall) driwJn. Furthermore4\' herb:tvoro
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was b'Z~stexpressed in til",~ intervals of sevezal, lnonths.

The s:hnple llerb:i.vore eql1i~"alent~modeJ.to Eq. (1) was

dH/dt ::::1 bIi - rnH (8)

where H 'VIas the herbi.vore population, b thl!) number of births and

:Ill tho numbp.l:of deatihs ..

It to, \t:.7£..11 efJtabllshed that h~.""';:>ivoreprod:uct,ivity is a function

Of t , food avd:t:labili ty (Crawlej' 1983; MCK!!n J.973). Therefore, the

concept of functional resp'on~e(Appendix 2) was useful for
manipulatl.ng the. pcpulat.:i.on dyna.mics c.~f a he r)':)i"ore.

If the number of: births and the number of deaths in the berhivo:i:'e
1\\

popultttion were a fu:nctj,on of the vegetation and tb(~ horbi vares"

ability to meet thei.r food requirem.ents, then

dH/dt .~ bf(V):H - mf(V)H (9)

"ihero f(V) was the functional response of thf'E)Imrblvol~es.

was more appropriate for expressing this seasonality than was tho

di ffeti!:ll'ltiaJ. Gc.1uati em ( :Eq • 9).

Iii n Ho + bf(Vo)HO - Inf(Vo)Ho (10)
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the herbi't,ore popu~ati()n at time t.

The scope and limitations of the vegetation-heLbivorc model

7) w(~re gov~rned by its assumptions and. thes6 are listed
\\

below ..

1. Vege~~ntiongrowth was variable and dependent on rainfall and

s~a.son.

2. Thel~e~l€1re always ou.fficient reserves for vegetation growth 0

This assumed that gro~th occurro.d in the absence of residual
vogetation~

3. Tbore was only one type of vegetation and it was all. gra2able
i .e e woody cOlnpOfjCnts wet'e ignored.

4. rrhe veget.ation loss affe(~ted all plants equully and was

dellendent on the amount of vegetation os Vegetation lor.im

varied with season and rainfall.
s ~ The 9ru~able biomass was equally availablo to h~:rcb:i.vQres on

The )?"Ul Lah it was of equal palatability and quality.

6• Herb!vor:es were expI'ossed. as a single variable.

7. J.t~o()dprefefjc.mces wet'c not affected by sex 01" age of

he!:b! vore •

S. Herbivore productivity was only determined by diato

9. Only sprin9'bok 1 blesb©lc and black wildebeest~ consuaed the

vegetation. other herbivores were ig~ored~

Itl oi:(ier t.o rQdl\Ce unnoeoceary deta:i:. J. "the modol wafEl constructccl

as l:Jarsimcmiously as possible t Tho aim tJas to include no more

than was absoll:l't:~ely fH::Jcessary for the ucc'lire('l d~scl"iption and

pre(U,ction. }'.lthougll th(?!vat"iables, like lumped vegctatj,on aha a

single het'bivore laokod detail, 1::1)..:)y woro adequate to model tho

t)lant"'h~'t~biV01"'0 system a.t~ 'tl'1(;) desJ.red resolution.
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3~3 Hodel verificat;ion and s(m~itiv'J.ty analyr1]S

3u3.1 Introduction

The purposes of this t~ection Wet-a to (i) ~xpl()l:,e the propert;:i as

01: the IRadel (Eq. '7) O.i) determine the f;;\(ms:i.tivityon the outpu'c

of the var;;tous input pa:r.a:meter's, ann (iii) .ve.r:ify the

plausibility of the output.

rl'h;i,g was aOhieved by means of a sensd tivi ~~yanalysis whex'eby eaeh

parameter was systematical,ly chanqetl and the effect on Atodel

output observed. Ttlr..S i.dentj,fiea those parameters in 'the mode.1.

that were important, gave a'feel for the model's performance
and allQwetl a comparison of r·:~':IdC)l.output with what: was l)erce:ived
to be reality.

In order not to confound the outcome, the model was simplified

wherl.~ver possible. Thts reduced the number of va:d.ables and hence

:l:mproved hlte:r:pretation. The model was t~hen elaborated with

success! ve senst tivi ty analyses and the output stt~d;ted. III tho

simplif~.ed model the effect of each pt\rametel: ,'las mo~e :readily

apparent than in a more complex f,l0del wh(;u:e it was ©ften

difficult to discern which parameter 'WasIROSt. affet..f'j lllg output.

change.

~ .:rt w~rm. ~"'t:ey:~mj.n"'·~,fo·.......,\V""mt"'l ...... wh<"t~.A..,..C""''''A••ot>i'' O.lt~'''' """""'i.1'i 1j'ri'lr't'~I!>'''''' .,b, /-- Q~ t..,J,'W .....,...-..,...,lln.. ~\;\ . .L vA("'""!t r:' ~ v ~ h.! ........!r, ~"'" '4)"(;>1 "~.!t" .. ,. '~\,.~ .: Jl.lVoL \iJi ac .. ,,}.1\» , t:-J'j". "t"l.~'l:i ~"

'. ~
'.' , "-'_', ,(

than senceeence , an{;l irA what way h~rbivo:t'~Q ';;~:fi;i;'<;)[~N!1Sd rn;o{il,q~,C!{1:lo11 c

This arse avoided t;he lnistake 01t gathering b.·~elt;)'\J'ant datal :in the

fielt~ and t.hUD lJ!cncontrated 'l~hcrOGcax'ch effort.
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3 {J ...2 Methods

I,

.The aim ":'l;~\~o dete1'1lliue whl.oh of the ve'l<lta'i:1on facto>J!I, '\'Ir~j:b

(a) , sendl:"cen(:e (p) or resid.ual. ve<Jet,at:i~on (Va) m.ost. affee;'.ad

net primary productivitYG

'llb.e • ~i:mplif'ied vega'cation which
b.erbivores was cQnsitiered :(;:trst

vi a 17 kVo (11)

The vegetat.iol'l at the end of the sea5oi~\\ Vi .was th('~ growtll during

the season (<;I.) plus the vegetation remainhp.g' fram the previous

soascn , The El(luatioi.'l was linear and psrntittcd a diroct comparison

of the difft:l:r:ent par.atne1:ers in th~ model.•
Ii

For t~e purpose of verification it was assumod that the starting
td.oTanss eVe» was 400 k9.htl-1 (eyeba.ll. estima'te) and lth.~

proport~ion of ! 'Vegetation remaining was 0.4 (after sta:t'fie{~ &

BleJ.och 1986) • The maximum 9'l~owth dltring the season was 1000

kg'ob.a-1 (guoss)o

'11ho growth (a) ,in each S€}GJ.tnonwns de'i;_~eE'tiined hy applyi 119' a

ttg'x'owt,h facto;r." t.o the maximum possible g:t~owth (lOOO }\;;g.tm.-l.).

In tel.'ItlS of the model aSGun,ptions, thiS! t;:JJ:':owt.hfactor was a.

pr.·oduct of raj,ttfall and temper&tur.e. 'rhcr(~ff)re growth was hi g11'l)l';

in sumIt'!erWht1Jil tomperattlt'f~6 wm:e l'li9':l and :r:ain t:ell and low in

winter when tlle:t'~ was 11tt.l(;;\ Ot" !'A€;) rain anti ttlmpera:tut'f-)f~ were



lQW'~ In spring- and autun;ll growth was
\ '

internled:tate. SimiJ.a.rly

more 9l:'ow'th occl,trred ill we~ years thah in dry year~;.
\,. (.. f)

I)

'.~hi0 reasoning was arpa/itl to tlavelop a set t)f \jl.",wj;ll

d' f' ~j \\ d . " '(Tabl-e 3.1) for. l.f :~:r;!j~ntseasons a11, dJ.fferen't;" 1:~)'Jnfallf! ' . .' . . " ~ Ii

fa..::tOl:S

~=,~~:~"'=~o:-~~,".::-;:,--~'~~~~~:.::::~~..=.:.:..;..- ~_ .,__.=r'~~~~~-';;;~~="=--"-~~~:
'l'ebl.a 3.:t Seasonal grow'th fQ.et;::'~(5for slcnsitivity anf:il.ys:i,S.
'~'~I"'"" __-=_,~.""~_.._""_.w__ ,~~ ~,~,~._ .. =,,=,,,,,,, .... _,"_,*(;l.. __ ~.~~,., ,~~__ ~ .

• _ _ l

Ral..nfa2.l Season
opl'ilj\1~ summer aucumn \:·:d IiI1'\>_:cr

low 1'1 0 • :~ 0 • t! 0 •3 0 •0
:medium 0 •5 ()• '7 (J • 4 0 •1
high , O.1 J '> 0 0 •6 {)•2

-=_ ...,....,..:--"'""'"'~,t __ d::a"~~~"!.::-=::=:::'...~-;~:~~..;,...-::' ...!'*''''-'''''':;~:Z'; -.-""~~ .. -- -_ ""- :."--.~~ ....'=•.?'..::'!;.~.:~~ ..........!~;. ~-...:~ ..~_

j(

The 9')!'owth (a) fot' spring dut'ing a higb. t'ainfall wes
"

0.1 X 1000 Q 700 kg~ha~~
'l'he px'oduct.ion was (iete:r:-mined using fJq. 11

:<_\

(3 mont~ ) with a starting biomass (Vo) of 400
each time, and

~_.'

\:.
iii) annually for each rainfall re •.}':i.mewi.tb a DeasOlu~l ti.me

!:;tep (:l month(~) i.e. (the cllJ1lulati.v€ aeasonat pJ:'Qduot.ion

(12 nonens) with a zt:erting biomass (Vo) Of 1.00 k9.hu"'1

and 'the del~ived V,i \'las used us i:he ve for fol~.ow;il'lg

sea.son.

Th(~Simplified v(]t;Jetatj,on r"c~~,l ',~Etl. 11) was exptu~ded to lnelUile

bo:t:bivoras and the itrtpot''I;r.t~ce of, ll(~rb;i,v{jrv and its effect on

producticm was det.l~t'm:tned using



\\

V,i, c:: a. + xve cf(Vo)U I!

o
t.t,} fac:ll:U;~t~ :l.rrl.:erp:r.etation the herbivor.'e

,'1
\f

:model was

t_'ilso simp'Lifi(ld. :tt: was aasumed 't11,at the herbivOl"es were. abl<9 to

£ul.1,,:y fHlt:.:i.sfy ·,\;'lM:d.:t'iutakf3 :.r.egmb:(~!ilelltB i 0 e. to sat:i.at;;i.on, in

wllich. t:..mSIJ, H: 't98.t'3 t)osfcli.ble to Sil111,:,:li.ry the J':unqti,onal. ,resport~~

~© f?(Vo) c:: 1 and Clf(Vo):H .~a$J simplif;i.(),;l \'t') Ibn. Tbot'(~fol~e

vi \~
1;

,'i
A l'ca'lis~ie c::31:::b,!.ate of fl~he nnmb~';r.of h.erbivol:'es was made frora

hm:bivol'(:) evJ,tJmt&~cIlrr1ed out; on Tl~e linn bctwQcn 3,982 and 1900.

The throe .h.o:l;~bi~J"orespe~~i€lswere consid~~rorlas a single: mp'e(:dcc~,
.'

to 1:ulimal unit equ:tva.lentm (AU) (Appc~n,(.H;g 3.) and u vulu@ of :1.00
11

extent I thU~J'tho aseunod $to'~kin~J dcnt.;it.oY t11:1S ()c;(l.li valent tt' 1 AU

to €,) b<1 ,,:c Q.1" l?I IJG1~ ha e-

conSl1':·.lpt:tOi~, per. ,i\U "'7£\8 aSG.nl:med to he re ~tl'1d.lty lnat.ter pe:t~ day

craintort 1981) 0 IrhEll:f:):t:ol'e eaen un:haal u:rd t (hOl~~::d.vore) X·0(lu:i.:r.ad
.\

apprc)xilllat,oly 3600 ~t:';J J;m:e:veto.!' (10 ll:g S! :,60 day,~). ff each ll~t1

t!]ra3cd 6 liw pot" tlnnum than (;lac!'! ha bad to BUP.PJ.Yi.GOOkg ©~e :foro.ltl0

'rh.o. Genoitivit.y analYGio WQScarriod I out ~~!t.h.}'.;,;.ud.o '\yal1'l.~~J tlmt

at"ll):t'ox'hnatod 't:.ho.so in the fi(lld. Thoit.> at'!cUt'[lcy waG 'lu;11:mf.;'oJ;""'l:atlt

ft)!." tho nnalYfJio. SenGH;.hr~1;ky wa~)det',:m:mincd by "'/a!'yi~liJ oaen

"
1\
'I

"



para~eter ovel:' rea.list~iG ranges and obsc:c",ving ht,)w this affor.:ted

production with. a s ingle t~.nl~step (one cseason of thre.e months).

Each inp!lt value ~jas vari.etl separately 1.e. one at a time '!iJi th

all other vn.:t:iables held constant. and the pergentage chanqe in

thE: output ~Vi) noted" The model was linear and therefore the
variables were cOlltl)ared dil7(~ctly. ',ChcJsev8.1:iables that g;.l've t.he

g'reatest pe:r.cati\~~~!~ochange in t.ne outpui: t-lere the most sen~i~'lve

and the most, importa.nt; in detel:'lllining pro_ductJ.tH1"
""~' c:'I.

(\
!I

IJlhel/t~Xl)allde(.l :model (Eq,. rl) was theu. sltbjected to verific~ation and
I ~

seri~lt.;i.vit1;) a!.'mlysis to tletCt'lltine the i.nteraet.ion of ·all.

variables i'l! 'the U\(')del,. In thiu case botrl tlle :r:es.i.dna.lveget,ation

.from the previous season (Va) am:l tbe functlonal rosponse [ff'lTc»J
\'_1(/

'Of t:he !ler)liv():t'08 were "lao consid~~rad in :bt')njunctioll with those
II

pa:r.ilr!'\f~tersl) already examined.:Ln the. s.i.mplified. It\(,Jd~l (Eq" 13).

/)
U

l":lnal1.y, the se~,s:Ltillity of t.he(r:.~rbivoro model. (I:1q. 10), was

:tnv9st:tgated ..

3" 3 ..:3 'ttesul'ts
(',r -

wint:O;l;'. 1,lbo pI'oduction :In t3pring W~lOmil...~inallY h:l.ghel~ than in

au1~t1mn.. '11h 1£:11 does not G@om unronsonabl0 qi'l,em. that SIJ.t":i.ng

tenl'perQ;turo~; (j'(;:ne:r:ally tonded 1;0 he 1'1igho:l:" ~lll(1re was a rlet

for. all
p:t"oductiem. under high. rainf:811 was nppre.~ximllt(;)ly twif,~e t~hat

under la~ rainfall.
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Table 3.2 12laasorialr;produi;.!tiofl in kg; na -1. • ' 'I "

~_.>~·,.,...~.~~~~_~ .....",,"_~~.~r~_J..\..·_O;·*'~"""""'""~#""'';''_',.,'''''jl'_''''''''''''''''lUi:~W-"~i.,.t;tn.~;:;'."'·'!£~"""iM'I.~~_~;;:4_'~~~_d,'l'iI""._"""~·"

Rainfall,
spri.ng

')season
SU!llmer a.u't:umn

(i

winter
low
tnedium
hi9'h~~",,:::_ "

~~~:'::=:=~~':~:'~':1'!~=-~~j:"t.~~~~~~~C::;;:~==:-='.t~~~

460
,i1 660

eeo

UGO
1360

1160
460
560
160

1.60
2tj()
360

'l'he seasenat and annual \')'productions using tbe biomass of the

prev:!.t>tls

'I

::~~..::r~·~-=~~Z~~l.~_~~~~.",.,===-=-.....;~,:~'!...'!~~~~~~ ... !!

Tabl'c 3\'..3 St~ascmal and annuat prod',lct.ion j,l1\ kg-. ha:"'1.
~~;;~"'.a!~_~~~IJi~~~}'¥.'¢MI.~-a"'\!'F_,.Idt"-~'.'~_""_;:''''''''''''i''''1P~:;'''' ..t;I-·.~ .... -=~ ....~~.'<."'_.f_;:,;~l_r~~.,i.'.I" ..~~uo(~,.....,..~ .........-IlI! __ .;,.I.!;;.;.""

Ra:i.nfall Sl.unmer Aut.umn Total
:tow ~~, 460 sse 534 :t13 1191
!iI~t.Uum 6430 ') 964 786 414 2824
high 860 P I 134~ 1,1:38 655 399'1

r:~~~~~~~_~4'~""~~"'..=t'-=-!'" ..~-==::~~;:.,,=,,,,,,~~~::~~==~ .....~ __---~;~~

'l1h.et'E! Wt.t13 an :tncrease .in seasonal ll:t:'oduc'tioll using- the previous -,
\.\

seasons' product..:i.cm as the sta:r.tin~ b:i.omass. This ifif not
surp:r.:ising as the net seasonal prodl.wtion was higher than th~

fixed va:Lue ;:;(}X' all seasons ex(~ept wint:.er. The "annua:1. pl~odul.~t:i,cm.

'lnd.el· hiqh :t'ail'~fall (399'1 kg 4 ha" 1) was slJ.qhtly more than I.iouble

Assuming high annual

I!'ho t:jensitivl.ty t-.:nalys!m with J..::hesilnplU;it!Q hel'b:lvore. equffth,n

( ~(.1" ra ) demcm~l'tratf',l(} that ve~1tltntion par'amO'~el·s were :mOt'l)

import,nnt than herb:i:vore plu:a.meters (~abl€: J" 4:)" F11rt~ermore, t.he

ntfJdel, was In.ost. sen~sit,ive t,{,' cha.n~,es<itl I'rodu~:tion. l1'hi8 was

tUJI.~f.u.l '1;~n,~ it :i.ru,U(."Mlt.ed tbat t.emp(~rr:\'i:~"F~'·eand :t:ainfa:l1, p l~a'th~~:t!

tht1.~'! fJtart.:tl~{J ~)iomasti} i:'illd dc,,,'my, woz'a mo.t'u ilnt)o:t:tant dete:t~.mimmt}j

Ii



of ',egetat,ioll change.

I,}:able :3 ..4 summar.'y of pe:rm;mtage change Ln "/cget.ation biomass (v:t)
for So .5x· c:h;1nge :tn input r,arantetar for simple model.

Parameter Val:.i.ation % biomass challge
~ ...~-;:..-~"1ti<~tW~,~$~!t;j~~,..:;u:""-.l"';"'<li."'U:'""-''-t""~--=i~'~'''''~'''''''~'~ __ .-;o~,~~~~~"""",lt.,,~,!;!.t:j~~~~_,_.1ht

,production a (kg.he. 1) 250"'1.250 223
\\ starting veq Va (kg .11('\'") 250-,;J,250 6"'* vaqlassk 1 0.1-0.5 52
herbfvore a (AU~h~- ) 1 0.1-0 ..5 29 .
c.:o1'lsumpti.t,in c (kg.ha"'· ..AU....·) 200-1000. I 16

~ ...~~. ~;;:::,;;.~~-:..~,~,-..~:,;:.-=.~'~~;__~..;;:,::,.=--~~:::.-=-,:~!:,,;t.r;.':!:,~~~s:=--:_=:;~~;-.::::::=;:,,"!.7:':!::..~-z.~-:="~~~!.~~';.::: ...":!..-=~·.<,,f

9av~ a
sinl:Ltar t'csult to tha.t f(,1tmd abt)T/e. Growth, and to a lem::e:r.·

extent; ~>ta.ndi.n9 biomass ~ 't..rerot,be mos1:. impc1rtant pal"a:nlErtc:.rs

(~['abl.e 3..5). rl'ho effee't of llOrbivory was m:tal1 pa:t:ti(~'I;llar.ly when
('

co1npar(:?d t;o the sensiti vi ty ()f pI'oduet.ion to cll1tUlge M

ll.c,c,<

Table :i.S Smml1ary of perc~nta~le change ;i,n vegetation biomass (vi.)
for 5:x:cha1:~"gein inpu1~ paralneter for: \r'~xpand(},;.l ,;e\letation modeJ.~

t biomass change
p:t:,c,JdU6'tian a
Bt~rt1ng veg VO
% Vf~~1lOG:';) k
h(~:t.~bivo:re H
eonsunlption c
ftUlct :r:eop f

!_;:;..> 167
9:::i
26
24
13

Ii
\
\.

In the :h.e'r.h:l'7(')1(,"0 :mod(.~lt mod,(~l outpu.t, wm~most. s()m~d.t:i:ve t:o tho

xn:mlbe:r of hel:bi v('u:e~~ at t-:he st~(u:'t Iio ('l'tlJ:>le 3. t). 'I'll€.,effe(~t. of.

:mo:t:t.a.lity 011 the herb! '\701"0 pOEml.atif.:m. wa!j :m(lt'~1irmJ.ly higher 't~h!ll)'

t,',1'l!v b:if'i.;;'~ oH?ect whe:t'ea.s mO:t:"tal:i.ty fum:rtional ;t;"'espclUt3e aff:eotr:d

output t;he least ~

4.'a
\\



;l'able 3.6 Sumllla:r.y at: perCi:lntllq8 chango in herbivores (Hi) :for a
Sixchange in inl')ut pa;eameter for berb:lvorc ltlOdel> "

(' h.erbivores lio (AU)
(,.._'v:::I bir'th ,'rate ~,
_.,-lno.r.tali ty rate m

birth f\1nc 't'esp hf (VO)
IlloJ!ttality fum: res~1

SO-2~)Q
,0.1"'0.5
6,,1.-0.5
0&:!-l. o
O.:t-l.a

400
410
53
2],
'7

:3,. 3 ,,4 DiscUSBior,,\) .. ~

;!:,{ genera,l" the model's

seasonal arul annual prQdudt~;.,onreflec·ted relat.i"lE! :t'oinfall and

,~1 (!,
norms for" scmi-at'iu e.nvir(.)n.ments. ~ha @utP1.lt of the elem(~ntary

model was n...'t very different fr9~ that of the complex model wnich

illustrat(-Jd -that 1'I1uch·can .be ''Jleaned evon frol\l simple equat.tonj:l.,

':Che s'Jllsi,tivitj' analysis glea;t"ly iden't.;i';?ied r:Jrewth as the most.)

hnpo;r.·tant pBralneter. The e1;f'ect.) of t,he h.erbivol\·es·" '<m tl)'s

'tte~"etatiorl was small even a'\: 8. ·,dens!ty ti£ree t,i.;mss, tll'1d a

consumption :t'ate almost double, t~hat consl.der.ed normal.. e:l'h:J.s was

fortuitous :in t:b.at 't.lle two ml.1st \'l:i,f:f:teult. variables t~odtli:i,ne and

response
(Crawl.ey 1983).

\.\

it sug~le:st(~dth::l.t the In.ana9em('~n'\: Should ruther be aimed at

manipulat:Ln~1 t.):r(Jduet~ion tban at rua:rt1p',ula'J;.iuq he:rbiv'\'~:o rmltbe:r~s"

U~)wev'e:;.:'I );)l'oduetion was pt~ilnat'11y tlvo~e:t'ned by !;'ai:nfa~ll i}Jh.icb.,
\

of'

mailto:@utP1.lt


C)

'\1

importance of grti'1rh in det.ermining
\,r

(.) .-;)

o. II

indi.cated
that the model could bo improved,by .,i.ncreasir,9'

"
derivintg

'J (i

this parameter, perhaps b¥ separating temperature

rainfall in developing the growth factors.
1\

i'·"-......",\.

'the" annual vegetation production genel·~'t::) by the lnt.,del.

and high ta:lnfall va:r:..ted fr.oIn 702 to 8.0 kg.ha-1.mm-1
undez low

rainfa,Ll ..

~1tse.where it hal'J been found 'that in semi-arid rangelands' above-
c

~lround produet,ic;n va.rie~i from 5" kg.ha-1 "rum ...1 (Rutherford 19'30)

and S k9_ha-1,..mm ....l, (Deshmukh 1984) to 20 kg.btt"'''1$mm-1 (N()y""Meix'

1913~• o

iJ
"

The high produ{.~t:tQnin spite of littlla residual, vegetation is a.
Ii .'. . I " '

feature 0:1: ar*d adapt~(i plantr;; that rapidly expl.Oitc' conditions
when favoutts.ble (Westoby 1990). The medel sesmed to :inc(;):'porate

thts,,~~ssential {~lement,of se.nd.·..ar.id t~nvironm"'\t(ts.
,:::.

(1985) has noted that herbivores
leGS thall 1.6 per cent Qfo prima];."" productlon. Oeshmukh a.nd 1~;:~..i9'

I';,

O.9f}3) found.· that the remo'/a,l by herbivores was neqlig'ible.. The

resu:Lts tho • A.' • tsenSl.,..:t.Vl Y annlysls
\(

(,'

ii •

conC:Ut'retl ';~'.l:t:h these

II:! tJt:JrH~ll,tsion, the objefJt,;i.ves of thjl? chapte:r Welte t.o devel,op a
,_- 1,1

model, v~):'i:ey it and atlalys6 its sel:\si'tiv:i:t~~I'. :('hi,s was, by and
\\

la:t.·ge, at:::h.ieved and,:in t,he p:roc~:;m.l,~Sd:mf! understamH,ng of" a

plant-herbivore syst.em WaG ac(!uired •. T.l~(! irllpt:~rt~an1:' t:,ara~leto:rs

wo.t;e jAl(mt,t.r:ied ar\cl the Il',mphas;!,sWClS t.han trJ noJ.l.,~(:'!t,the :t'alevant

data in the fleld~r
C\
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4.1 Introduction
(';/'"'\..

R 0

The PU:cp(')se of thIs" cha.pter wrfu t:.o collect accurace cli.matic dat.)1.

relating' t(.) telttp'V'~ratul?eand rainfall.
\)

I) !(

Tlla senS~tiV.itY analys,is (Ch~ 3)
"

single<f' 1ut growth. as 'the :most
! f. ~'

lmportallt parameter :i.n t:he In~dcl.. This corroborated, conventional
r -'..-\

wisd;;)ll\ t.bat qr<lwth is deterI~il'ted pri~.: " ~y by rainfall (Dss'tl11l'ukh
, '<-..." "

19~f6: H.ilb::lrn & S:inclair lS79 # I.e Hat"(f.!:t'OU et: a.l. 1993:()ROsenz''leig

19(8)' and t:.9 a le~ser extant by tempet'atu:t"f! and daylength (NOy-

Meir: 19'13 )1'
(,)

dta would' improve the
model I s performa:n.cEi si.nce t1'l,~ 1I1odel'::; output bad, a seasonat time

'~-.~_t ,j \"; (,

step which was larcjely (~on:trol1edby r.aiti~all and temperat.u.rCi') •

..A

Il'he llypothe,ticaJ. :i,npu't:s used to verify th(; model and test" its

with

II

o
\)

alt.E~l';'XHl:tJ.V(~
I. i



',,',.-,

(,Ol

nel1ref4t official weather' recording statiQn was Kimberley, some 60
k'M east of the study area. Monthly maximum, minimum and me;ln

'/

Bureau, pret:.cr:ia.o"
c:>,~

/1

Tempcr"c~t1.1re was used to det.ermine ~ea'sj(:.m with the hottest month

beb~'ij,; mld.-sunnna:t;and the coldest month m:ld-Wi~t~l~r(Anon" l~957) w
\\ . ,,'

The. ycar. was divided il'lt~ four seasons (Section ~.4.3).

4.2.2 Rai.nfall.

o Ra,ir.lfal1 data were requ ,,'od to .;:::lassify rainfall :C"e~rimes l,nt<t

h:t~'lh rt.ltnfL't.l1. (WEft) t medium x'ainfa:l1 (:antIlaw 3';,a~nfall (dry) ~ In

~ddition, moiit~lY'rainfall f,j.gures w~rreused in p17odnetion (11;~t.

aet.h"l plant bi()Jn~u#ll~'Jain) trialt.{"whElre the standing biol11ttss of
i1'

vegetat~_?rf was peri?dic!~lly, determineq with rt:!~t~,u:t:alreinfall and Ii

1'l~~tifiOial ir):.Lgttti.('m.. '
Ii

(, There was e~r.idence(Ber;ry &', CrOWQf 1985) that f01: the tll.irty
.11

(:three year;period '1950tC) 1.982there was a(,~iqniftcant. decline ttl
" '

the number of day,s "em whi(,:h rain was l:ec:!orded' when cOMpared with
{,

a simiJ.ar periodG (')t' ;1.901 t(~ ,1.940. J:t~was theref\'):t,·s deci.ded" that~
.r·,\ (~-..\

alt;,h"u\Jh~ 1:eb6rds :r:"'':'om'J11$9'1 J?Ol" ,Ki.ml;ie:r:ley WC".t'eJ El'tJ'sil(-t1:de ,it: was

:mOl:e·\ ;1."~aJ.j,stJ.c tQ use dnly those t'e(~ol:dg i!c'I:t" the last .th.i,r.t,y
o 0

l:eg:hnes. ,\

"
o

'<I

(I



Rainfall data were a",yai.labla: from three souzeaa:>

,I)

(i)" Lonq term. data fr()m 1951 - 198~, from the offi~ial

weather st.ation at. Kimberley sene 60 km east. of t,l1e

study s:i.te ..

"(i1:1 Rooipoo:rt data fr:01l\ J.980 to 1938 collected some 1.0 km

east, of tile study ~;.ite •

(ii,i) Data cC'llleoted at the study ai'te trolU September 1961

,to April 1988wh:lle the ir~iqatj.on t:t'ials wEtt-e in

{ !,

The ah$enc~ of "l~)ngtel'lTl deta from Rooipoort neeessi tated t,ha use

of rainf.alJ, ~ata fror(~Kimber,le:t ~ In (')l~:derto test th.e rel,iabili ty
\\
~I

of u~ing i(i,mb~rlay rain.:f:all figures, ~~i corr.elation was carriee
# ~ I

(Jut using d.a.ta '~ets for tbose period:\) for which rAcQrds at. both
\.

,)

r.~~ree rainfall regimes wet, medium and dry and wex'e de~ermin(]

us:i.l-..gmoan annual :t.~ainfall (se!:,"'Aug) for the\\J.ast 37 years (l.~!11

tu 1988) (Anon 1951). ~Ihe totnls for mean annual l~ainfall (Sep'"

, C:lt::r:p::a:::d1:::e::::::n:i:::::·i::: :::i::u::Sp:::::in::
:'\~.~yeat-,s eaeh giving four. pOl~i()(ls (~lllartiles) ~ 'l'he }lppar quat'tile
)

, was thou d.efined aa "w~~t··8.!n:tlthe lower. qua:rtj,le a.s udr.yU an.d
-1\

'.'
th.t.:l 'l/ear~.jb(~tweell the upper and lower quart:i.1es we:r:eperiods of

'..

fl'l!tmiil1lnGJ l"a,in (Anon 1,951). The ranges for. each rainfall req:i.xne



["'Y
11

Using the satte dat.a se't (1951 to 1.988) the mean monthly rainfall

was deterr.tined and express~d"as a. percentag\\ Qf

Mon't.hly percentages for ~ach quarter wore then. \\seasbnal. pereenta9u. ThlS p~:rcenta9'e was then

the annual ~ean.
added to 9ive a
applied to the~)

value fop each rainfall regime to det.ermine seasonal vatuss t.G::;

wet, rnedi',lm and dry ye~rs (.)f raj,nfall. '.(lhasat~ere roui'ld.edo'i7f t~i.~~,;..
the nearest 5mm.

(I

4.3 Results

I~onthly temperatures varied f!;,;,;XI\ very hot (maximum'> 30 "C)

in SU1\\lt\er t.Q I::old (-minimu1\1.< :}"O' (IC) in winter (Table ~.1) ..
I, \\

<\\.
)~~~

~~""".MliJI::==="~Jl'.:1.~=-~~~~":;t::.~!::,~""..I.._-=:::~~~'II:'~IIt1:."~_

Tabl.e 1Il.1" Monthly maximum,min:b1lumand mean templ!ratut'as (' G)
for Kimbtn;l~y19E1 t.o l.9HS Uieath9y.' Btrt'·~,'t1) ..
-"~~'_"_4~<'H'__""_-""-"----~ """",,,._,_""f" ' ""•__ ._,..__--:c_ ..~_,,_

J.ionth Maxim1.1m I, Minimum l-!ean

~1an :~2..6 11.." 25..2Feb ~j,.l 17~3 24 ..2Mar 21.3.8 j,5.1 22,,0
Apr 24.,8 10.8 17vS ((May 21~1 P. t;" 13&8;..) .. l:)

,1tu'l. 18.2 3~2 10..1
J'ul aa.a 3.0 10..9Auq 21.1 ' 4..'1 1:~~S
S~p 25.6 8 .." 1,7.2
(.'let \I 2'; 0 9 11,.9 19.9Nov 30. ~~ 14..6 2.2.4
nee: :31.1 16~6 ;:~4"~~

yfiuHug the" l.at~~t' pal~t of; tb.e(~!3tud¥ per:iod (~:ep. ~~Ul"l ..., Ap:C'"
,r '\\
19a~l) ~\Ihen irr.igat:lon t.x·ials Wert'l in progt'css, the .summer ·WilS

pat:ticuJ,arly dry and h,)t and the autumn was excepti,omlbl y wet"

((



r.d~;ordecl In December and January and the lowE~r than normal

te:mperet,ures in March and April ('l'able 4.2).

fJ.'able 4~21.fQnthly Jntmlmum, minillium and mean temperatures «(Ie) for
Kj.m)?erl'a}"September 3.981 to April 1980. . )

Month Ma>.:imuln Minimum .Mean

Se}.:)
oct.NovPecJan
Feb
Mar
Apr

21.4'
28.1~n,.4
33~O
35.6
28.6
26.9
20*9

8.5 15.0
20 ..3
23 ..3
25..1
27.1
23.3
21~3
15.0

12.4
1503
17.1
18.6
1890
15.8
1:•• 1

4.3.2 Rainfall
\

The long-term meanfor K~.lnhe!rleyp.951 to 1985) W~lS found to be
.,
"422 Ina,,· It is well estnbli~h th~~~ . an eas't;.-weot grad,tent. of.

decreasing rainfall exist:s 1\ over c{m'l=,ral South Africtl (Anon
\\

1957). 'l'bere.fot'c.;, it wa.s assu;,.~,edthat ·t~he long t~rm annual mean

for RooipQOl:t was ahout 40r~mm..

Rainfall. data :for Kimberley and .Rooi'pbort for t~e poriod 19S~, to
1989 are listed in Append:lx 4. A eorrelat.ion analysis of annual,

(Sep·"Allg) l;Uld :monthlyrainfall data fr.-on,bc;tb sites for thi,s

period {faVe correlatir.:m coeff';"c:ient values ()f O.95g:(:) (P <: ()~OOl)
, ,

and O.f}660 (P "~ 0.00(1) ",.)spect,i',ely~

as well em at the ea!1:torn it'riqation tri'll isitea :tt was a.ppa:t'ent

t:hat a ra;i,nfal.l grutUant {~xist.ed.on 'rho PtUt:
l
with )~'ainfal]'

det"17easinr1 f?ro:m ea.st (Stone Dati\) '~it;l \'~,,~st (l1o:ffrna:n, I$ I1rul)

(Table 4.3).

49



Table" 4.3 COl'!lpt\r.i.son of :rainfall (mm)at three sites on The Pan.
_S-~~~~~_""""'''''''''~''''~_'''''~'''''~ _ __'~~~_~~_,~'''-~~~~-' __

Month stoneDam BlockA Hoffman's Pan
Sap
oct
Nc)V
Dee
.Jan
Feb
Mar
Apr

117
20
711
42
9

288
50

124

no record
16
!.)'l
32

flO record " .
222
41
~4

76
18
20
30
8

Ut:l record
no reoord
no rec(Jrd~~~=~.......-==,,-_io'''',!.''~~~="::':'-'''~=-'~~~~~~''':==~='':::::'!!r='-''''-:~~'''=''~=~~~'''';::::''_~:::'~=~'l~:':.!

t,

On average f the western el'lU of The Pan (Hoffman IS p,an) recei v~d

sa per cent of the l:'ainfnll :measured at StQ~le Dam.The two rain

gauges were 5 • .5 km apart and it 'Aas ealc::ula\t.ed that. alock A

received 0.71 and Blo~k B O~69 of t.he st~na Dam rainfall (Tabla
4.4-)~ A paired 't··test found there was indeed a difference

between ra.infall ~'t Bloek A and Block B (to. 95e1l2.73,3; dfl'J::l7).

Table 4~4 Calculated rai.nfall ('rom)at irrigation plots Septelnber
198'1 to April 3.988.,

Mont:h B:toc~ A Block. B
September
October
Novenlbel;·
Jjecambel~
January
Ij'ebl;'uary
~%arch
April

90
15
57
32
7

222
39
94

a1
14
51
29
6

199
35
06

DI~'te:r.mirlat:i(nasof rainfall ):egimes for the last 31 year~l show('ni

that. "wet" years had an annual (Sap-Aug) rainfall ©i~ greater thall

lay between th(~f3e two ValU(~D4 GIven these values tho Elear50nal

rainfall feH:." the (~,i:ffel'ent~t'ogimof.!l waf; (JOll,ll)uted ,,(Table 4. u 5) c

('.'

J

5Q,
, i 'I



I
~~.....L._,~~t/ ..._~~=~~ ...~~~':'''!!~-==-~~"_-=--·2.'''!.'''~~M~.:::=:'",,,;7 ~~~~_'-~'~.....!?''::::''-''''''''--=~~~~

1 . "",11 ( )..t: II J ' t 'd' d d~~a.ble 4. .. 5 $cal:'lOll0.. raan ....a rum 'ILor,' ,,(~;ta, 'll\~ :,tum an r'lj

::~;;'--;;;i~;-~ ;---:\~~-\~"wj;t-;;--;;;i---
Wet >90 >210 >14.5 >30 :>~17S
Medium ~10"'~)o 13l)-21~ 90"'1\~,~ 20-30 ~100-·175

I ,

Dry Ii<60 ' <1'1() <90 <20 " <30Q,
=::!=-';!~~~~""::!';~~~-=-~:--=-'",--i~-- ..-;::~~"""""~~:=:"~_~~~-"::!":;!'t::~::-'-:::-~~·~::"'~~t~~~~:--~~.t::::~ ......~~

" \(

It was ~:t)\md tf~at ;'iUi.nullarwas the wettest. season (4.1-%of annual.- ,
:rainfall) f01.10~led ~Y autu,lt'!;n<' (30 * of annuaf rainfall). In

v,' 1

addition to J;QW t\~m.t)(\~~~t:Ul:'OS little rai.n fell ill tho w:i,n'b~r.
\ -.. .

4 .." D:Lsmlssio:n

I. ;1,

:it'bf.lre was a gt"adien't of i ,lcreasira~1 temperature from east. tt.~ \'3e:'''lt
- 1,1

(Ano.'l 3.957) and it was probable that tempei ~ure~;, at Rooipoort

WJre marginally h.ighor (1 t~,~ flegr.$os (J c:) t,ban nt ~i:ml:Y' '~::t~~~ '.' If
, \ \ 1\

grot7~h was ili1paired at teI!lpernt:ll:t'c ~x1~~rem(~G(Osmo!'l.d at, £i.t ~ 'i~ 9&0)

then tomperature wa.a~It\ost lik~lY< 1;:.;) lind.t gi'owth in .mid,:.tlunllnet>

, and :mid"'w~1,kil'l1;.... In any' event ~t'owth in wil'iter was wateZ!.""'·limite(~o
Ii

All tht'o() ho:.s~L)ivore~:;p~~eieshave dj,st:lihct an~'1Jynt,-:hronised birth
, I

PU13SS that are hiyti:l,y jl}}red1otable for ~i g:tvon tllree month
',I

period. !'I.: was e"l.dde~~tthat qllfu·terly ~~S\~jonsderi "Jed from
"

telnpet'ct);ure proviclod hi, -time st.ep 1;ho.t waD ~lel1 mui.tec.l ttl tXjC;n

bioloqical parameters of tho h~rb.i.vm::tm in ella s'tu(ly ~

'1'110 atJ~;E:mCle of f.\f'jt.ualtip.:mperatu:r:·e ana :r.'aikAft~:U. oi':ri::a fo).: tho
i,'

higbly



terro data fur rainfall and t,empe:r.atur.e were pree:tss and reliable.

The derlvatiol"~ of. a climatic index t<;) provi,d€i a reliable growth

facto!: is extremely c'Olnpl<'1x (Rutherford & Westfall 1986) due to

the diffl.cult.y in det:erm:i.ning effl1oti'ltity of precipit:artion. Not

only it" so:l1 ''tIoisture affef::Jted by temperature and wind, but also

I'l..m-off.t soil cha:t'at:lt(.~:t·istio$, aspecc , etc. I'{:, was therefore

impracticable to accurately rer..:o:t:dtilese '\rariablt')s at (wery

rainfal.l event.

l
Rai~"Jfa]'l in a:d,d and se:u,i-arid arean: is eha:L'actel"istical1y

unl)l.~od:lctablespatiallj, temporally and in terms of (,!uantity (l;.e

tr9)twrOu 1.984; 3t'l.ctrbini& Ada:m::~on 10(4).
\:

'rho t-uinfall gradj.t.~l'1t cxhibitt~d on Tho Pan, therl'o1f.ore, 'I1(1S not

unusuat , S(.~ely ( 19'1.8) found a chango of 360 Pf)1" cent over a
\\

di8tanCt~ of eight k.lli and Noy-}.{oi:r (1!)73) report~ed a d:~ffe:renco

of forty 1,e:r. cElnt with:tn ens km.
! !

In '~lUmma.ry 1/ the ~lj,matic data provided a tlf:H.:)fu.l, objecti ve

mothc,ld :for dete:r:m:i.nj,ng seasons and idont~ifyin9' d:i.ffm;ent :rain?'1l11

re~lillt~Q. It. was evidell't~ that tho climatic reginu;"J was (me of

adequatl~ to compar~ both '\T(~90tiltion and hmrbi V01:G r,J!'oducti vi ty

Ilnd thei,,:, i.rlte:t'aotion in'CoY.:'''''and. int:r.a""f)t')ascmally ul'ldel,~ different



5.1 Introduct.ion

'1lh(~ purpose of this chapter was to rofine the vegetation model.

iliput(~ nameJ.yQ standing hi.amass, growth and senescence.

'r'lle :r.>esearcllsffm:t. was focused on net aerial, standing crop aha

how above groul1<.t veget!1lti011 responderl to varyin9 ra:i.n:falJ. and

season (teanperature and daylc1I!gth).

It has been shown (eh. 3) that vegetation parameters :i.nthe modol
we:t'e the most inlpox·tant in determining its performance. It was

therefore necessary that the ul'ulerstandj.ngof these, particularly

th@ ratQ of process, be improved.

5..2 MetbfJds

The herbaceolls standing' crop t'1a.s deter:rnined wi th and wi t~bout

91':'(lzi.ng using tho differE'mce method Otilner & Uuglles 19(8) •

GJ;~aZ3JJ'!.9by herbiv~')re.s waG est:.i.mate.d fry comparing ea~J(~d and

';}ncag~d. biamat,s p tho diff~'::}r.Emel;'J being ella herbaceous biomass

removed by grazing.

During tho summer of 19B6/B1R 50 circular cages (Van Dyne et al.

19(53) each with EU) area of 0" 5 m2 t-1ere randomly pla~ed al.tmg

£'ive transect lineg (10 cages },er line) randomly . selected C}V~t"



\\
II

t.he study area 0' ~fter a p~riod of one month the herbaceolls

biomass under each cage a.long one of the transect lines waz

harvested. It was intended to ha:r:vest the biomass along all five

transects after one morreh, However, due to the pauoi ty of l."'alnno

growth occu);'redand the tri.al was contili.1led for a further tw,o

months. At the end of thr.ee 1llOl'lths the herbaceous biolllass under

the ral1tainitl<1 cages was harvested ami a similar sample 1:'0.ndo:ntly

col] octed that had not been protected from gl'.'azinq...tj!~o moan
bioT.U.!SS after. one :month(ungrazed) and after thr¢c months (grazed

5.2$2 Irrigation trials

An i:l:;ri9ation trial was set:. up to dete.:rlnine the potential hal:ba.ge

produetion in qm.m-2 ~nder differont moisture regimes during the
growing period (Sep~Apr). This wam intende~ to show how 9r~wth
't,roul.cl vary both seasonally and llnder. hi9'h I medium .'normal) and.
low rainfoll .•

J

An area approximately 30 x 15 m was fenced ~ff wi~h a wire
net.ting fence 1. a m high. The wire nettirA9' (lnesb s;tZt9 SO liun) ~I]as

such that small herbivcrss ~h9o r'odent5l and in~;et'}::~would have

aceeaa , but the largf.u: herbivore.m (urHJulates) were exclu(\edo

Each i:t'l"igat.;i.ontreatment ~raB appl.ied to a. 1)101: f.i, x 1,0 :m
tJithin which t:.en 1 x ISm Gubplots \-lere 81tuatec.~.only ohe 5U1')plot

(5 11\2)wh~AehwaG randC)!(11yselect.wd was treated each :month" Tt1e

t:.r~3utment plots l:tlere 1 111apart. and fe\u:

rcgi.:mes (troatments) wore used,
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(L) Cumulative irrigation'" 25 mm applied to all,[Jlot.tI in

that trial, at each success!va totle.tel:'ingfor the entire

groWi~? season (Sept~mber to April) i.e. the April plot

redG.i ved 25 mm (applir>rd twi,ce a month) from September

thrQugh unt ...l the plot was harvested at the end of
April.

(ii ) 25 mmonly to tha't pl.ot harvested in that month.

(iii) 50 mmonly to that plot harvest~Lt in that mcmth.

(i.v) control (no irrigation).

~;j'_;X1'Creatment was a:pplied during- the /first and third week of
<'I

the month and the pl.ot was harvested at the end of the fourth
II

t-Jeekq The 1:rial w~s repH,cated twice (Block As Block B).

Water \t7aS drawn f.rom a ne(;\j;'-by r~f',;o1l'voir that f'laS st!ppl:ted by

windmill f~om a borehole. The watoYo'was transported in 210 1
drums which ,(lere marked off in 811C;h a mannez,th{lt 125 :U;tfes~.

~~:quiva.lent to 25 ront, could be accurately aPPlied to the plot'

tmdElt~go';'n9' treatment. An earth wall sarne 50 :mm lligl'l was made

alemg' the border of each plot. 'rhe area ~1ithi,n this walil was

.flooded, u~in9 a hosepipe to siphon the. water out of;' the d~um.. In

this manner the water was ul'lifor:lUl~lapplied o'flOr: the enth:a plot.

Tl'J.(..' 125 li,tres of wate:t:was ap1::Jlied once to tr.catmonti'l (i) ant'

(H.) and twice to treat~ment CUi) at irriqat;i,on t.'lmes (:I!ir.'st and

third \>1Oeks).
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Ha17'vesting 1:o~J place at the' ,~ndof the fourth week~ The ar'ea. to

pf.) ha:r:v~:lf3tedwas :marked wi tll string., ',('his was pla('led 50 ltlln inedde

the border to allow for edge effec·t. Thu$ '-thf1 area har'11ested was

o • ~ x 4: ~9 m. All grass wi thin this arei'i was ',~:. to ground level.

'llh0 gl"aSS samples were ~la.eed Ln plastic 11ags, tf,~ l:,,~(l,1ic',~It'to.istllre

1(l$S and loss of dl:Y mat'erial. (Milner & Hughes, <~'·\6S) .md sto:t'od

in a deep freeze for subsequent tlna1ysiso

C'At an, appropriate tilne -the 'Sample was oven dried· to constemt mass

at SO ItC for 24 hOUl:'S and the dry rna:.t.(eJ: st:and1n\l crop' at.

haJ;~vest was deteltmine:d.
(\

, \

\\

In \

order to detfi}l:'m,inetile impo:rtant~ paralueters affecting-

an analysis of variallcfJ: was e,:u:'rioti out; ~11itb. resul.ts
1.\, " ,j 'j' '\

the irrigation tr3.al.. Pq:t·i:Uiletef.~ 6xam;J~e(5f r were
, ,\

g:r.c)wth
q

o);)t.ained

from rainfall.!

amount of il~ri9ntioll (treatment,) , ~el'npel:at:u:r:e (month) and
replic~tes(block).

Because of the wid(.:l!d:1.ffe~~tlCe in monthly raInfall the tl.nnlysis

wa~ rpepeated with the log of :both producticm and rai.l'lfall .. It WIZl$

obvious 'I::bat the effect of r.ainfall was not; inst~t1tar1POUS (higll

ruin:f:all In ]'ebruary only p:.codl.1cedgrowth in MGlct'ch)" A £uz-ther

analysis was ca:r.:r.'5.f?dout G~ith the 10\<] of th£\ :rainfall lL~~gedby 1

:raonth.



·5.3 Results

5 •3 .1. to Herbaceous biomass

At the,,(i\'tart of the tx:ial (J'anuary 1ge'l) there was virtually no

above ground standing- crop on The Pan~ The
-2ht.u"'bacect:\s biornar:ls was found to btl 0.12 ±O.1.4 q.lrt (1'1 c:: 10: .95%

01) whj,chis equivalent to 1.2 kg.ha""l. In half the (.~amplesthere

was no vegetation at 81J •• Rainfall dUf.·:hlc.,J the previous month was

31 m(,1. Thez'e being so' little Ve(;fet.ationon The Pa"l it was dc;;f;~ided

that t.here was no pairrl: in collectinq 1?Ul·tl'if~f?samples until. smell

time as ret.\s';mabl.e !.'ain had fallen 0

Afte:r a period of' three months (Feb-Apr) 112.5 mm of rain
were recQt'ded in the study area and the remaining plots were

harvested. The mean herbaceous biomass was found to be 1.44 fl.6~ ,
. '~2g.m

Ul'lca.g~d and (~age('.tplots resI,octl.ve1:l-'. The difference in l'larvesl:ed

b.i.oma8~-)between grazf~d and umJraztbtl pl,rrtt." was 6 .'5 per cent ~

s e 3,,2 Irriqatj,on trial.

The trial period (September 19tVI to April 1988) walE; cha.racterised

by oxceptj,ortal1y heavy ra.:iI'ls at. the boglnning and th~ ami (fJ:lable

4.3). 'l'ho dry matter pr.odnc!tiur!under caen treatment is go1ven in



eo-· ~ ..~~'::=._-~~~ __ ....:-.. ~,='\:...~--'_ ,I:..:::e:=.t ..~~':!"..~~~r.==-- __ ...~~'"ti!1iF-...::

Table 5 ..1 Dry Iftatte.r pr6dllction (q.m-2) for Ijiffer~nt tl.~eat1i'lents
on Rooipoort Pan ~eptembe:s.:' 3.9B1 t.o April 1988.. I}

Month Block. pry mat~~r production
cumu). 25 l1t::t1 50 mm control

Sep A
"- 7..4 12.;), 11.1 12.3

sap B not sampled 15.0 14.5 1'3.1
Oct A 10.2 22~5 10.7 13.8
oct B 14.9 11.6 6..5 a~3
Nov A 79.2 91. ,. 111.6 5705
Nov B 63.7 85.3 1,00.0 GO.?
nee A 125,,;3 86.3. 131.8 4!~":3Dec n 84".2 S2a5 45.2 26.8
J8n' A 44 ..3 49..0 21.1 29.')

i,I Jan" B 49.3 20.3 113.1 :1.4.9
Feb ;\ 67.5 29.5 11.1 10.8
l;'~b B 59.6 11.4 26.2 6..2Mar i:1 105.3 53. " 44.1 37.6

'Mar B 204.2 8009 69,,5 96.1 IIApr A 02.0 33.8 46~1 3Ju.4 '/1Apr B 120~3. 3'P.8 2(;1 .. 1 36..1 rI
t!..~...=-~.:::~.,__.-...._"..,,_-----":":..~~~:,~ .........._..:.._.!::;!;:s~_~:::~:::~~..;;,~~7!a~ •.li~=-~V!::::':'..;,~ ..~~~,,--"!:::t ~;"'_::'~~~"'=-_~P

monthly "mtpan 74~5 44*2 45~O :n.5·
95% CL ., ± 51.2 ± 29~,2 ± 38.9 ± 24 ..5

-. \,
ql'ow1,nq season aVQ3l1:age 595. a

Stand:ing biomass peaked at 204.2 g.nl",,2 Ln Mat·t ..l~~nder cumulative
\

supplement.al by 22~ tt'.m\ Qf rain In late
/'/ \'1)( ~

Febrn,ary. Th:i.s was lTtt):t:c. than tll'/!I.ee the t"rcjdt.tct1ton tUld~r 50 mm
Ii

(8009 9.m~2)and 25 rom (69.5 g.~~2)irrigation and was a 33

increase over the lowest bio~lta$S (6.2 q.nt'2) l'ecol~ded on

:i,J:rigatlon of 350 mm

foh't

the
co:ntrol. plot tlle p:t'elvious month ~

A comparison of mean rhonthly 9""owtb. sh~~ec1 little dif:fer~nce in

produotion between the 25 mmand 50 m.m. t.rea.tlilents~ anc(\ cumulatl.ve

production was some a. 4 times grea~er than that c)f the control.

In 25:mm

tr{lmt:ment and 'ther~ WI.lS lj,ttl(;l diffo:fr;'enee in prodnction f:o;£' thG~

oarly part cd; tl'lt~ t:t'ial " Uowev~r, from Ft3'b:t>ua:r.y o:nwa:t'ds

pl:oduction uncial' ec.m,tinual :i:t:ri9atiQl1 "laS c~;msj,d~raro)ly more t.han
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Under cont;l,rihal. irri9'~.tion the total aver~~e p:rodu.ctiotl\; tmonth

mean x 8 monthS) was 595.8 g.m-:a which is equivo.1Emt to 5958.

kg eb.a-1. The t.otal pt'oducti(.Jl1 £01.' other treat1nents

2523 kg'.ha·"l for the) ~ontrol (523mmrainfall) to

varied from
3600 ! kg.ha-1

t'lith 100 mmsupplcment.~~t'yirriqat.ion per month.. The production on
\

II

eaclll. E»:tot anu' the mea;{\pt:'oduction for botb plots is expI:essed.,

I'd spite oZboth rain and :i.rrigatiol'l, rela't:iv~l) lit.tle gro~'th
teak pl-;ae il'l September and October« 'l'his can be attributed to

low temperatures. E~en though daily air tempera~ures had risen;
n

it. is probatie that ground te:mperatuJresremained 'too low for

r.t"lpiri q'~milth. The lixniting effect 0'2 tempcratut:~ i$ further

evidenced by '}..,belack of differenoe between irrig'atiOll tl'.'eatments

in september and october~

Aceo:rd.irl<.;Jto the literature a. )i.nilllum amount of moisture i~)

reqtdl~ed for grow'til to commence (Dashmukh 1984; La none-rou 19S4~

McNaughton 1935: Noy··Meb: 1973) ..

'rll~) highest '~ail'Afall event rceorc)oli at thc l$~ri9'ation plots in
\
\'

October ttl(.;\~l 14 ltl1ll and 9'l"'owth t.za.s prO:b€lbly limited by :i.nsufficient

tJ~oun:d ruOiffiitU:t'O as ~lel1 as lCJtoJg:r;oul'ld ten'lpf;1l:t:,utllres. G:r,owth Ln
,I

omnm(~r (Nov, D(,H~) tV'atJgrea1~er than in a~tt\lm~j1, oven though

CC>tls:l.t1.orably loss moiat.Ul:;"(d war:; a.vai1.an:;le" .How-ever t growth in

mid-s'Ummer""ISKl.:t'ly aut\lmn (Jan g F.i~:b) ap'!')ea:t~e!j to be H.mited by too

high a tempe.ratu'if't;) at the avo i1o.b1e nloh;,tl1.l'(;~ levels.
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When mQistti~(\ was limited and under conditiotm "9f h.1gh

temperature (DeC, Jan, Feb) 'there was a rapid 10GiS in herbage II '

\\
()

/1
1/

'/

The highes5 herbage losses (p:a:r.'(;ent:ago decline in aerial standing

~, =- d "... ) d d .' '. 1 th hCX'f>P or': !l:t'tWl.il.lUS 'month t'ecoJ: e an a SlU9', e mOll, Vi e:z:e
\

i:t:riga't;~.on was aI}plied were.)l4 per cr.arrt followed. by ss l"Jer cer~t.
However,
va:r.ia'b,illty bet\v(~lm plc)ts sampled. E"/Em whot'a rainfall was

relatively bigh (;:-)'2Qmm)ther~_ was a net loss of hex:bage the ne){.~\
[', ""

month which was (,m11r h~lted following the ~IEU~'1bi.gh rainfall" of

" February. /,'t

A:n artalY,sis of ,,"ariance for. pr.aductipn (Table 5~2) showed that
·1~;) ,

thero' was n(') significant di,fferonc~i betwoen blocks (p = O,,!)6U8)

and it was therefore co... ,11ldod.that the two blocks oould be

emnside:r-cd\l:t'eplieates.Month'had tba mos~significant effect and
rninfall the least sign.i.ficant in determining growth" SOIue 3:1 per

cent of t,hEl '/arianoe was not:, 'i:)redicted by the m.ot\el.- '~

Tabla 5.2 Analysis of variance for production.

eovariate Main effact s;gnif. Ie ','31
_~"..:,-.~,~~~.~,;oZ_JZ:IPIl';:~~*'>;;t"~~~\"i~""""-""'-'-"T"",-. ...._.."..;-~~,~L,~,,.~"'~~~~~.)Ua"~~r.;: _'"","·!>O-_i_'I";~""·."""""''''~_'''. \,-

l~Il:l..n \\ 0" 0361treatment 0.0005
raonth. o ..0000
block 0.9688

61



MeAN PRODlJo"nON
160

140

120

100

au
60
dl!)

20.,

200

reo

60

• lUJmm

O"~,~" ,.'nfall /?

Pl2(g.m ) un(ier different
()

60

RAINFALL (mm)
'~O~'CC~'~=~'''O··~''C~·'~· ~""~~'~'4,"~~'04 '''~~"~''~ ~'".'126~~

!
,12.00
'\~

Ji50
'1

~,t ;0-0
""'-"""""'1

ao

40

control A

t':lguro 5.4 Monthl,y pr'oduotion withm.'l.t irr.igatir.:m (control).

62



As expected the lagged lOfJ rain was more significant (Table 5.3).
This model .pl'edicted all but B.:3 per, cent o'f tbe varLance,

Table 5.3 Analysis of varianoe for log of production.
'.i

_~~\~,,_"'r.~,""'~~"""_ __ O;"'__Jl'j~""""_~l;~"'_'~ __ o~_·~."''-''''''''''''~'~'''~i''';''

CQvariatte Main effect Sign:Lf ~ level

lClQ rain
lag ltl9 rain

'treatmentmonth

0.5943
08000t\]
o .OOU,J
0.0000

The ,month o:ffect .in the me)del. was lat'ge ,,!52 o:~ per.t~ cent. of

varinnc:e). Month in)}itself :i.smeaningless 'til'lti it ~las probable

th,at" thi.s was ma.inly a temperature effect al thO~;lgh pra$'lJ!-;~b)'y

day;~J.e!lrr.9th would also have affected growth. An analysis ct
varian,ca for. l.oq p.rotluc~tion a.nd te:mperat'Wre :YlhQw~d m.1.1'1i.mt.un .:ant?

() •. -_,)! ," '~. l
maximum tempet'ature to be 't.he most si~~ificent f'?a.ble 5 r 4y.

I,,)

-.:

T.ahle 5.4 Analys~.s.of variance for lotI Qf pr6d.uc:~t.ion•
........... _,..,....__ :i',.~~j:t-_..,~.._.., ..~_n';"'I>It~~~_.~~~n..~~~It-~;.j<:;~~~l;r:.t~~·~:>rn:::v,'1:I*w-~~_1

C()varia.te Mairi effect \\5i9' level

0.0002
0.0006
O~0374

treatment O. 0389'i/
/,'

t-~~~"';:~_!=~'":'--=,~~ ..~~~"'~~.· \7.!:=:-~~~~~~~':--~~~~'1"1~!;...~:,..::~'!"~"=~":!

I];omp min
Temp 1l1aX
(rampmean

A mult.iple l."Emge analysis of tbe log of pl"oduoti.on and 'treatment
"

showed
<t;~

that there wasno s,i9ni:fic~;l'ltdi,f:fe:t.·91'M':!Et ;i.n
(1 )/

plot~J(thui;.\:t.~ecei\fed.)~5mm and 50 mrn. Thet'e was a

prt.>~uct,iOR1

diffel."erlCewittl

between cUlIlulat.ive i:t'J:'iqa:t.ion elml th(;) 1(- 'irlltrol ~ lilher.e was a

reasonable co:r:t::elation of p:t·""duetion:i.none month with tha't Q f;

t~hB pt:'twious mont,ll (r ~ 0.54; p <. O"OOOl).

II

,I
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/)
Herbaoeous ,p:r:oductj.on waS negli9ible at low' ground moist:ure c, and

the grazing effect Wtl::!:; small. The,'t"o were considerably more

herbl vores pre~ent 011 The Pan than could be maintr.drH::~d by the

low grazeable biol\I~SS at the ib:tmo (summet- 19(87). Given a

he:d.:,j.vore illtnl~e of '.:~okg~,?1.U-l eday'-,;t (Ted.nton 1981) at ,a s'tanding

h~r.bac~QU? biomamG of' 3.5.4 )t~T.ha-l it would require 234 na to
\;.

maintain one- animal, till'tl t.. (luring the period ~.~heherbi vora bi~')mass

avel':agetl 58 Ia AUcr :tll.':! .. -2 he.Au-i• ~;li$ S~9~j'~sted that herbivores

were supplement~.ntJ iL\:;;:ke f:r:om areas a"~l::'!~C~6nttC' The Pan and the

At It)w stocking ·l'<l'~e~~; tho uSElf'ul:ness of oonsumptionI,
<b

dE:itel.~miml't.ion:,; is!< g.U(:.\\~t,ionah1.e (Deshmukh & Ba'iq 1983) • The
\ -: (( ,

I \ '; /... Ii
grazing effect (f'o5 ['$Jet cent) was ~lna.ll even at low 'nm:baceouG

I".

bionu\tsf\t ~ 'litis 1Z.':ompal"(-)dwith htfrbj.voI'e (:;onsumption rat;es ot' 'J ~5

per cent/{lJw;::~9'al,980) a.n(l 4 pet' ce.nt (Deshmukh 1986) detO:r.l1\inc:~~d
c:.~_/

elfJewnere.

'.)J.'h.o{.lt1Eu'.tlati'Jfl t',l'(~atnu:mtmuounted to 528 mm r.lli:nfall (avera9~ elf

two r;J~t.s)I)lns coo mm ~rrigation and would be ~ deQ:tdedly wet

season (w(~('. ret;.tintc to: annual rainfall:> 4,75mm). Tbe d.t:rrat~lon of

the 'I::.r;i,a1 wan ·.e:k;Jht months and covered IttQst, 'Of the

season (SP:t;'I'l~c;t 1;1."1 tl'f'·;~:ll'itn). From ra.i.nfall di.str.ibution :Lt. was
\ I

9' :',i,mated tb.",t! the rertlt\in:tng four m(mt~hs (May t;o Aug1l8't 1 could.

account for 9 per cent. of anilua.l pl'oducti.on. (!Qnsider·:i.ng the,'t~'the
"

cUlTlula:t.i.vetreatment {gave a p:t:oductlo1'l of smn~ tmoo kq.ha-1 th.on
,\

the tc)tal annual. producti,on l'1oqJd have been of the o,,:-det· of 6500



,-1
:1 kg,.ha ' • 'llhis mm'Jt apprOX~lV~t~.U the potentia.l maximum a"riual

\ '.

libe lnmdmuI\l poten:tial p.t'll'i"clm~t:in!~ of: 6500 kg. ha-1
\\

and was
s:t:milar ()bta.:lncd. elsewhere

(I

(Rutherfo:t:'d 19'/ll J

The total prOtltu:;lf.ion (monthly :mean x ei'gbt months)
,

1 'kg .h.a"'"· wr,ts ~. 92 times ~.l'r.eat~·'the p:3ak bl'dmass of 2042
/i

rec::ol:'de<d which was

5958

cl:mparable 1;G.:~~thefigure

(1902). ~'h:Ls ill.unt:r.at(~d

of
.by degree of

and the
(\

imp..:1!rtallce of :l~s

consideri:1ti():rl when def.:.€~rlni:rl~~·lIJPJ~oduction v

\ThEl ability to lose above 9r~Ul'ld st,'n'lding biomacG Ls an arid

climate aclapta.t.ion whore th~ l.'apid 10s(;) of photosyntht'lltic

material redur'o(J mo.isture 1('1 through tmnspirati"" and thus

censorves nlOistu:r:o (Westohy 1.9~O~.

\
The lm~w.lilO!: heri)aoeOU6' lJio:l(l1a:.;s bas ~eE:n reft~r:r.ecl to ilm :mortal:i.~y

(Do ',klID!.lkh Ii Eaig HH13~ Dcmald~;"on j~(~') c seneecenee (J'ohnc5{m t;

ParS()llS 1.985) and dccay (sta.~f j,eld ~ B.leloch HH3(3). It hat; been
( , \~

t::lhOtvl'~ to m[u:k6:dly affect pl';'Odllct:l(j~'~\(r:>(j~l~n1UJ~h;1,986 t ~l:tegfn:t &

estimatr-ld fror(\ b.;'X!;VCGtdata nlol'uCi due to scneecence arid resu:l'.;tant.

loss ()f bionll1Ss. Scboles (1984) fEhml7edthat :mortality wat~

6.5



decreased by ]~oil ~~oi,sturl':Sand grazing.
((

(I

Mt.:!.N'aU9h'con{l985) :r:(~I::c.'Il:dtGt1ra,pid ra'tes of change ill gl'ee,n b:i.Ojll~SS

:from -ao g,.m··2e,"a-1 to -20 n.m ...·2.d-1 In tht' serengeti,I"l,Vel~" short
" ";J 0 11

"j
O'ndet~st:imates of net

~
pro<iu,ct.ion .may l)e as n:1~:1has .1.20per cent (Deshm,~~kh1986) and 490

(1 week) •
-'j ,

per c;e11t. (WieCjP.::r:t& Evans ~inSing at I';l,l., 19'75).

111 spi.te (')f' large losses in bi~:m.a~;~.t,here was no accumulatj,c.'m of

litter W;!,th:GAthll!! plats .. !.(ontana at al~ (1988) f"'ltmd t'ha:t under
1::::::,

a:r.';,td t!ond.ittons ;'urf'ace ;U,tt,er was lost. t.hrl;:)ugh weathe:t ..L),,'J /. "and
U 0

physf:t~al fragment.ation ~ if

!'t: was ev,id.ellt t,hat. the veget,r:l.'e;tt:?p system was wat.er and
1/

temperabl:r.e :Limit.ed. Growth was teduc.~ed at, tempel::at~rre extre!nes

and when plants ~'el'e: :mcd~\t.1.lres~;resserl. Wh~nboth tempe:t:ature and
I' (~ t'

:moist,ut"G {"tond!tl~ms~.ge17e ideal 9l:70Wth i:ook pl'ac/a :ri;~pidly~ T~ni3 is

...;:ha:r:acter:i.st.ic elf a:t.'id acl~:p'1:edspecies that
/1

s}l:p1oit "fa"l1'(,ur;ible

eondi.t.Lons when '~hey OCCUI' (Westoby 1980).

(;l'()wt!t\ j,n f:i!at'ly SUl!lml~r. (i':fpv q '1)e(;) was great-.eX" than :in ~utumn evan
I ~,'

"thotl(,~11 t~mmi.dm:abl¥ lEms F '.l.stu,re waG avallabJt;;i" ll'his slo\'l:ing in

veget:.atl '1/(\

Ul.ltu:mn 'When "~iuter
"

I

t;o hiomass ;:u"c:um?.llnti,dn"
'\\

~
MGNaughtou 1985) al~;;o'rlC')ted that grassland f,1rodu(:;ttvity was lI'Io.t'\~\,

s(;m~);:l::i'Vt) t~o :r.·tl:l)"~,f~~ll(;"" ly in the wet eeason t:.luu] "lat:e:t' In

scasen. l'ye \'(l,Q~':l) llemcm5t~'ated, 'thnt: some g:t'ass SPt~{;:j,es had, a



quleseent pet-j,od Qf growth mid-sJ'ason even whll!n :il\oistu:t1a was not.

l;l.miting .. II

o
"Lack of growth lI\a~r, nave been :";4S a result insuff:i.cient ground

(! ;"
:moist.ure for 91:owth to commence" Deshmukh (1984) found th.at ith~~

minimum r~q\ti:rement t)'t' RiZ('lro il}tet'cep!;;f' f{)I' growth was 23 mm of
', ,

repot't:ed values of 25 to '75 lnm;

'\ II
,. I

amoun't of

I'~"'ke$idual ,oV'egetatlon pt'eser~t. Th.i,s was evident. in l.ai;e ~utu:mn wh~n
'I' (} () ,

hiqhet'

50 fCl.m ,irr:iqation ..

: proportion of

q

Tl'r1 r'; W&.G thOi.Vlb'1~ tt,) be .f\ resul.t~ '. ~\\

green (phc.'tosynthetic) mater.ial

01; a

wit,h

undor

, .'
1\

whell,oonlUtions of high '(>..oisture r.~evai.l4iJd.

In h:L't'ulsight the aXp'e:t'im~ntal des:i.gn of the i:r:ri,gation 1:r.ial waG

poor. Withip each b:lo'~k., a s.i.ngle nqUat'~hlot would llltVe bf!9n

pt'eferable to the four separa~;e l!SldJ<"~)lot:s In each :t:epllcat::-s'. In
, " CJ

o:f the at tee havin~l bean ~{:lect~~d" for tbe.:tr. al)IJ~~rm'tsplt.e
-c
"\,

h:::)ln09'~he:i.ty s , b.iomass per unit. area varj,ed l)V'el'" H sbort.: "d:istsnoff

pl,otf~ '" With.in each plot f.iva se3'~rate sa:mpl~;'~oj; i x 1 m rather

confoUllds.;i by tho ex(!:epti.mm.],].y high ~a:lns

and o:~:i~?th6 t:t':i~l and b(llow ave1::'au~~r~lln

t..:en<lml to mU~Jk.t;~t.'let;'C~~(;lbtlt'f i:rrigQ.t.;t:1J:r~,.



lIur:lbert (199W)!' demonst,t'at.ed that supposed replioates were not

neci6ssarily statit!;tically i~,dependent «:1]1'.\ that pseudorepli(:ation

ocourred in many experiments where ANOVA was used fQr testiri~

wt:d.dh was

irc\te:t'~p~rsiQn_
(\

an at;wiepI:able approach for g1vinq Gpat~al
(' i,' '.' \"'

i{o\'1ever, sl.J'me seqreqation aid occur" vithin each
r;,

treatment", A further disadVl-lntage (:if the me'thod W;;;]C, "that',.

aecor.ding to HUt:,lb9rt"':-(:1.984) 6 as ~~Chas 'ti six"'fold replication. //

Yias necessa~y before could be
de111Cmstrated by E,t, '1.• ,0 statfst::i:cal tc,:ot:s.

Ii. { \J

l:t~'summar~ r 0 the data t'eqJired for.i?tnpu,t into thl!! 've?ot~tj,on :model
u

have been refined. The prodttotion was higher than W~~S anticipatecl

fm: the
1.'5system but 5Q'was the rate of vegetation loss. The

If

estimates of high growth in SUlIUller end low 91','Owt~\in' winter were

conr :trmea.
o

\\
c \j\ ~-=:~:::=-<~,

COntrary to what was el<p;:ted qt:"1~.~'IShigher j.n autumn tjl;;''j)in '

sp:r:ing probably due tv 'low SPl\I"jlt] temperatures. ~esidual
I. (.

vegetation was important but this MIi'~1thought 'to be as a :t'esult

~"f quali ty (rp:ocames£: 1 rather 'than quantity. The effect of

herbivory wassmall, and th:i,s ~.so cp.;:':r:oborat,ed what waG :Emma in
"-"oJ I) \_" (I

the ~pntdtivlt:v ar~al~,sis.

I

frhe responue of veget.ati~Jn (rapi~i ..qr8w~~ll/"rapl.d-l(;)m~) illust:lt'ated
',I -,' '.

the episodic nature of f.',hesystem <;ttld~\,~affj,:t'megthe suitabil:Lty.

of "tUsc::rllte model with a s..asenat t+.. I't..p.
I)

68
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The purpose of th:i,$ cha.pter 1i7as to ref ~ne the herbi,vore model
(/ ~\

th:t"'ough s'tadying the "popul.atiort dynamics of the t:ht'ee\, (~erhi,vol-e

apec:.ics al1tl to .tmprOVEt\Uliderr..;tandi1l9 of the ve<;fatauioxl-herb:i.vore

il'lto:t:,8,(.: ems on Tb.~ !lan $ '\
,. .<\

It. Ls wiultd y acknowler.l9~dthat
!i

herbi'i1'm~'e pe.rf():t"mcmcJ~ is a

:tt. was reasoned that heI:bivore population and sex..·a.g8 struoture

were appropriate indioators of ~,regetat.ion state. The pc;pul.at.ior..

dynam.:i.8sof each species wert)! illV'(;Istigated under va:r.yil'1~')'~)rainfall

Y,;egi.mesand the seascnat vegetation ...herbiva,re inta.racticmlS' on The

Pan analysed. t

. 6 ..2 Mothods
.~

II

Populati,on estimat.es WI(!!:re dl:v"id\!d in'to three part',s 8

(1)
I',I

Total counts wXi:Lt.·'1,,) were est:imates of tho
!I

o Ii
populat:i.orl 't,c;tal 1'?n the entil'~e :t'esetvo.

" I
Ii
I' \\
:t

Sex-age ccunes whlt,b, .w~l.,:~det.et'.tduetl from sllmp::.ing "the

11

(:i.i)



'<
(iil) l)an counts which were monthly ~stl3..mate(;; of the number

()

,p of each species in the study area.

6 If 2, • .1 Total Counts (I

r,t'~1ta.l counts were dear!'fed "from

carried out annually :hl !"ebl:'U;;ll~:y

(\

aer:Lal

l~eason for th;i,s t:Lma of year was that. the probability was hi~Jh ()i

hav:[,hg a 9reen backg1::'p':.md 8gt.:dnst which the animals, pa1"ticltlo.r.ly

spring-boku were more easily seen. llerial counts wax'ecarried out

in '1982 f'"" \yearl~l from 3.984to 19S~h
\..,_ ( IJ

",,_,~_J

'J!he helicopter contained. fonr observers I two j.n front (j,ncluding

the , () I~) .,

pilot) and two in the ,paek,."lJtile ft'ont observer recorded all
observations made by bot~h h;i,mself and t~he pilot.,; The back

it

observers recol':ded ilhdeponden'tJ.y011t.hei:t'side only and the:i.r
.,

tr.)tals wt:rG added tO~If$;ther. This res'll 1ted in a total fQr the

front obserVel"'(3and a second total for the back ohservers . 'l'he

h:ighest count; was used 5 All the censuees were carried cmt wi ti1

tho same observers ~ittiX1g in tho same positions in ths
helioopter.

The entira ;t'CSt';'U:VO wat~ di videa into f ive sel1a:tRate bl.t.)cks

appr.mdmating the major V'eget:,ation types. Within each bloek,

fli.ght 'path,;; SOO 111 apart, were marked and numbered. 'J,'ho

he'.icr)pter :flew at all alt;i,'tude "f. '10 m above ~lrouml l.evel and at.

a g~oun(.~speed ("g 11Qkm.h"'l.. All animals,'400 1\\ eith~t' ~litle of

t,l1!f:) flitJh1~ path were reeot'ucfi (~ithar j,nto a ta.pe t'ecorder (::It'

tUJ:C(Jt,J.y onto data. sheets. 'rh~ 35000 na game a:t'i;l(,i was 60unted In



a
\1the

\>
single day. counting did not; take place during the :middle of

day from llhOO to 15hOO when animfls were
~\

inclined to
resting.

1/

/j

n-uring c/ tht! study period a rtlllnber of E:m;i,malswere " eroPl:h$d from

t,~i.lne t~Q time. This took placa during the winter mOI'lthr~ O.fSiYto

July). Croppin'3'was ~it~hev by ],ivQ capture or by huntillg~

6.21.112Sex-agB counts

'110 determIne the sex .;:\g~ struetul::e of '~T;~O pcpula·t.ion s~;K''''ag~~

counts were carr:i.ed out in 'fa.m,ary and February of each \·~ea:t'. At:.,

that. tims\\,juvenilas were atJproximately three to four months old

and sub""tl\d.ults 15-:1::'6rllont}ls olel having been born in september
(sp:r:ingbok), Novembt'lZ'. (blesbok) . and DeC(m~i.,er (.bJ.ack wildeba()st).

In I'the. ease o~\ black wildebeest and blesbok J1S many

wex'e sitllrplt!d PO!)t"·caCjving. Wherepossible,

(aduH::., sub"'ad\llt and juvenile) and t,he

as

possible th're)~ age
classes were
determined using body Si2(!1 C010U'f and horn shape (Section

Springhok wel:e diffieu:tt to sex and age due to the lal;'ge f'l:i.gh, t.,

d:b:3tan(~eof t~h:i,sspecdt:ls on R,Qc)ipOO1.'taIiowevcl.', irregula.r sex"'d.ge
courrea wO:t'e dc.)t'1e. 'l~he population struct,'l;o"':.~ of SPl','iflgbolt Oil ot:hex,·

'II

l<imbel'.'leypropel~tieswas determined. Elnc.'i ttHlsa data were used for

'l~he Rooipoort populatj,on. Due to 'the ra!)id growth I!)f. spr:i.ngbok

ollly two age clo.s:s.es (adult and. juvenile) liiex'c distirtguishod.3

'71



}'" total of forty eight COl1nts of horbi vares an The :9~n \<Jere

ca.rl~iad ()ut front a ,,"'ehicle pe:.t;-lodically. for dj,fferent months of

the year between Augus't 3.982 and Jtily lssa ~ CCJuntm were

conducteq. only when an.i1n(1ll.s were act! vtJ duri:ng the late afternoOl'!

on days on which thGre had. been no prior di~tu:t'bance on The l?rln.

entit·s cil ..oumferenc~ of Tho :Pan was Springbok

irdmcdiatoly. Blesbok, and black wildebeest were sedentary and
dist:lm:~thords could be identified and counted at leisu:t'e. A 20-

power 'teles~::opemounted on th~~deol' of 1~hevehicle was used. for

determini:ng sex and age. Data we:t'e recorded into a tape :r.ecordel.·

and later .transcribed.

'l'ht1 herbi '\T(ll'S totals were converted to a common h.iomass using

animal urdt equivalents (Ar,rpend:Lx 1) and cor:t'elations sought

between herbivore biomass, rainfall and between ~.:he different

herbi vora speciet3. The ceurres were not done a'i::t,be 15d.l11e time eaeh

:mont~h. In order to get a better appreciatiol! of the correl.a't.ion,

the rainfall. for each of the fOUl' woeks prec:eding tho ccunt; was

corrolated separa:tely and in t'!Ombblation~ Irhis was repeat.ed with

the log vnlues of weekly rainfall.

A !i·time series analysis (Groebner & Shannon 1989) of herbivQre

llunil:;e.rs .en The lJan wa~~carried. out.. The longi ..term tt'ends,

seasonal, (.:lyclia"d, and! random comrJonen,ts were exa:rnj,l~led.

Ii

Th.e Pan counts were carr.iod out perj,odioally and the tim(~ sarlos

t.Ulalys:toapl)ronch of cryer (1986), whi(~n is bettf~:t.·suited to 't.he

72



Ii,

analysi.s of discori'tinu()us data, was used to test si\jril.fic2n"lce.

6..3 Results

6..:3 '" t f.fo'ta.l count,s

I
; I

II
frotal annua), counts and corresponding removals for bla.ck

w11d{3l1eest. (Bk) 8 hlesbok (Db) and springbtvk (Sb) frtn.r,' aerial

censuses ar.e sumraari~Qd in Table 6.1

TabJ.e 6.1 SUfllma:ryof 8.(~rial counts and removals, Rooipoo:rt
198B. (,
''-''''''',lb~tt~_J.~ __'_I'I''!'!~'':e.-,-_ .•~\n..-ot..:~ .......-''''=~"......,..~ __ ~''''•...__,••~,,.._._ .. .....~u ... ~un.'""".- __ ~~-.h........._

'\

~'e~t' 'I'otal count
Bk Bb Sb

1982-

Removals13p---.~~----~,.."*'(~~~~~~--~-~"-~~-=#_..,.-~--__..~~~~-......_
1!M2 ~63 '194 22'07
19a:l no count,
1994 231 18S' 1207
1985 lsa 153 989
:\.906 1'/4 235 1001
1907 228 120 1185
1988 205 171 1112

9 l~ 30
42- ;:,' 390
84 20 75
6S 6 486
14- 43 42
76 5 73
5 B 79 \:

Populrnt.1.ontotals .rt~maj.nec1relatively consuarre with the e)Ce.:i~tion

of hi.gh counce f<'}r black wildebeest and. spt·:l.n9bt~~in 1.992 and
1)1(:!Sbok in 1996. ROluovuls vat"i(~d with species and yea.r in

aecozdanee with the objecti vas of manag€l1n.ent (i',t t.h-e time.

'!'he j.solatiYn Of pc)pulation t~end Ln th~ time series analYGis

showeC:, that, over tile study t)e~.iod., the zprin~bok and iJle~bok

populationt:3
t4ildebeest (tecH.ned (F19.. 6.1.).

'13



HERBIVORES ON PAN (AU)
.60

40

. . ~ ..

36

/!

40 46 48

30

F'igl.ll,"e6.1 rrime series tmaJ.ysis :l,solating population tr'f.:mde
,_j

20

1& 24 21
TIME (mo'oth$)

• I) 0 • .0 • • .. .. • II ,

10

o

blaclt wildobeest " ble$bok
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· ',\

1/It /:was fonnd 'fshatbli:ickwildebeest had a slope eo-efficient of
'II

-0./3863 were seasonal (p -c 0.01) with a,significant trel'ld (b=:.,.

2.9067; df=JO; p < 0.0:1.). Blesbok had a slope co-eff:i.cient of
!

0.1328 were seasonal (p < 0.01) with no trend~ Springbok had a
slope co-efficient of 0.0529 were not seasonal and have no trend.

6.3.2 Sex-age counts

The results of. sex-aqe counts fc.,r each species are s\amm&rised in

fJ.'able 6, 2 Summaryof black t...ildebce~t ~:;ex-age courres Rooipoort e
~~_) ·~__"'.>11;1_~~, ••,..t!c.__' __ .-aa.·""""'_~~~f ~' ' ~""'" ....nst_

Year <: Adule Sub- Juv Total FIf,!
M 'If adult

% sub-ad % juv % juv
of tot of F of tot

~.

1985 23 50
1986 19 50
1987 19 83
1985 25 54

1',
J.6
40
16

31 121 2.2 14 ..0 . 62.0 25.6
23 108 2.6 14.8 46 • .0 21.3
31 179 4.4 22.3 44.6 2'0 .. '1
24 119 2.2- 13.4 44.4 ,

29·2Ii
I

K::i:;_~'_' 1t»:W .... _ .... ,~_,~'F'T"'* Mt-t= __ ~(~~_

115 527 1\
2.9 16.9 48.5 21.8

Total
l-Iean

66 2:37 89

Nineteen. eighty five to 1980. wert;) dry yeal:"S thus one would eXpt;'f"~

similar birth rates a.ndsurvival ovez this period. It se€'n~ed

p:t'obable that, breeding hflt'ds were ove!'-sampled j,n 1967, hence the

hi.gb: p:t.·oportion of adult. females and sub- ..adttlts in the count.

Assuming that sub-adults normally luade up about 14 per cent ,q:f;

t:he total and if tlp,~ 1.907 adult fmnales was
proportionally I' an adult:. sex ratio {)f 1: 2.7 waG obb:d.ned. 'J!his

was j,n l.1.no w.i.til other yaarB.

'15
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TaL .1.61 6..;; sununary of blesbok sex-age counts Rooipoort.

Year Adult Sub-
M F adult.

Juv Total F/M % sub-ad % juv % juv
of tot of F of tot

1985
],986
190"
1988
'll(.')tal
Mean

83
47

26 49
28 81

9.7
1'108
17.6
14.9

23.4
25..0
22.4
29.2

12
3,6
22
29
i9 13' 14.8 65.4 25.7

A l."elatj.vely wet summer was experienced in 19136 which resulted in

.i:mp:t·ovec.l 9raz:lnq condf, tio:us. 'rl1e availability of green grass in

early su:t'nmer is believed to increase blesbok lamb z;;urvival and

this would have acc~''1ntedf'ol! the high percentage of lambs in
that year.

Year
TablfD 6. 4 Summary of sp:t'ingbok sex-aqe counts Susanna.

JtlVAduli::.
M F

% juv
of F

% juv
of tot

1985
1986
1987
HH3S

296
353
157
185

_~-",,~.~._- .~. ~_·It ••~~ _

981.

99
160
52

:L08

204
262
95

146

2.9 ·71.7 34.6
2.2 74.2 33.8
3.0 GOe5 ::n.3
1.7 7889 33.3-- -_.
2.3 12.1 3346

Tot.al
11ean~-.""...--~~ ..".,.._-~.. .._._ .. _-----

539
775
304
439

419 707 2107

=====- - -.....~ -.-.''"'--.- . - "'--"--_ -_,.._ ........ ---..

Irl 1.985 and 1987 saiilp],ecounts of springl.,ok on R~oipoort gave a

lamb pe;:t'cent.ngE! of 31 Q:2 and 27.8 per cent of t.otal Q . on othe~'

properties lanws constituted 47.3 p0r cent of tho total ~prin9bok
populnt'.:i.on after the ~1oodSlJntmeu;.... zad.ns of 1988. This lambing

percenta~~e was 1.33 times 'the nul'!1bet'of (MeS whicb sa.lggosted that

ei thor It! proportion of the sub""adul t. segl!lcnt lambetl o:t;' a number

of ewes lambed 'twice ..
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6 ..:;•3 Pan eounea
Ii

Avel':a.ge soa~1on~1biomass f~r each species (Table 6.5) showed that

lI'~ack wildebe.est biomass remained relati veJ.y stable throughout

the year with a. marginal decline in winter. Blesbok k:d.omass in

summer was roughly four times that in winter whe.reas that of
springbok. wa.s app:r.oxiInat.ely two times that of winter biolnass.

,~",

--....~.::-~'---.::~1:::: __. .......__~_4Ii;.oo __~, __ ~~=
Table 6.5 Mean seaeonal biomass on Pan 1983 to 1938. \_\

Biomass (AU)spring sun~er autumn winter mean CL
black wildebeest
blesbok
spril1gbok

26.2
9.4
14~4

28.4-
25.1.
15.7

29.2
18.5
10.9

20.6 2601 ±3.4
6.5 19.4 ±9..9
8.1 17.0 ±a.9

A correlatit'll analysis of h~rbj_vores and rainfall. (Table 6.6)

showed that there was a ~egative correlation for all three

species and t.he rn:i."lfalJ. dUl;;j.n.q the month. However, significant
\

cC'rrelations were obt!ai.hed i.,,1l." both blesl)Ok. and spr:trlg'bok, but
not for black wil.debeQf.it, for rainfall. in the lttonth preceding the

I

cot1nt~

'1'a0112 6. t> Correla~i(.m of :monthly ra:lnfa:U (mm) wi th heJ:b:i vorc~~
(AU) on Pan.

Rainfall Bk Db Sb Tot. AU

Month co-eff -.35 -.16 .... 23 .... 35
signi:!? .0244 ':\';'}o 414:4u "O~H)6e _ ......t'..lr.1

co"'off "".20 .40 • 4:1 .20
signif .2202 60097 QOO~O .1~81
co-eff ....03 ..54 ~37 .33
signif .8484 .0003 ,,017<", .036'1

Pl:9viotlf3 month

17



!)

the fi:r:st or £on~th weeks pl':ece(;ling the count ('rablo 6o~J). Bc,)th

blesbok elml sprin?I?~Jo}:showed highly si"JnifiC!ant corr' 'II ations w~tth

rainf:llll two weeks '!~)r.iorto the eoune , Blosbok, and to a lesser

det;:r.ee/ spl.·ingbokjl ohcll1Jed correlations with rainfall three weeks

pr~cedin9 the count~

Table (}.7 co:t:relatior~ of l{)g' week.ly l:ainfal'il (lnm) w:i.th he)';i1ivo:r:e
biomass (AU) on Pan.

Week -1 ·co....eff ..."23
,signif .14.51

Week -2 co-off ....0:1
13ignif .9623
(.~.o""eff "".05
signif .7701

~iloek-4 co-eff ....12
s;lg!'lif .4563

(
.'

.17 .....04 .....OS
~3037 .$212 .6::3'70·

.48 aG6 .44
.OOle;: .OOCO .004:'1:

.48 ,,28 .29
,,001"' ~O'765 .0719

.13 ..05 .... ()O
o~6a2 01430 o90~2;

considering the wi i<~.;t.ts;In combination (~('able 6" ®) a similar :r:osult

was obt!iinod ~1.:t1 that blaok wildel'Jco~t W9r(1 not eorl~elated wit,h

any (:~C;:j'a\billation.. ~flesbok had significant vatues (.,\11for
combinations wi th t.ho lli,ghost correlation being rain two and

three weok(~prior to 'l';ile eeunc, S:i.milal;"ly sp;;:.i.l'lgbtlk numbers Wf):t.'O

significantly correlat.ed with all cOillbinat.ions except t':7QElks t~o.tce

and flOUr, ~ springbok showod tlle highest (':or:r.-cla·t.io~two and tl'iree

weelm after rain.



~==-,,-'-~ -~ .. ----.;--~'": ..~..:=:.~._...;;.....:.. ...,..;.;......~..-.-.:....,,-=---~.;;:;._-.....:=:=::!".:'..;:....-~~~---~~~-..-..._.,..,._.... ..._. ..._...;.';'-"....., .- ...~

~.rable r o. a Correlation of 19
1
9; accumulatlve we~kJs (p:l:9ceding)--

rainfall (rom} with herbivor.e biomass (AU) on, Pal'!.

Rainfall Bk Bb So 'rot AU

Week. 1-2 co-eff .,.,.1.1 .41 .47 .29
sig.tlif .4949 .0070 .c 23 .0765

Woel\:. 1""3 e:o"'t1ff -.0'1 .56 .41 () 2);-)

sig'nif ~6764 ;~0002 .0082 • f)243

l'!~eks 1-4 co-ef1; -.05 .49 .37 .32
signif • 74J.4- .0014 .0199 .0474

t'Jeeks 2"'3 co=eff ""'.01 •.59 .56 .46
signif .9361 .0001 00002 00032

Weeks 2-4 co-eff .00 .49 • ·18 .39
signif .9977 .0013 .0018 ~O133

Weelw 3-4 co-af£' ....06 .43 .22 024
signif • '7286 .0056 ~1148 . .1411

=.~::~.::.:::'" -- _",__ __"",-=~~~_ ....r"" ----"'-~~'" ~~--~~.:-- -~~:::-~~- --- -----~---- - ~--

Correlations were ulzo carried out between the biomass of each
species (Table 6•9) • BleSDo], and spring-oak numbers were

signif;i.cJantly and positively correlated.

Tablt~ 6.9 Correlation between biomass (AU) for each species em
The Pan.

13b Sb

Bk cO-f'Jff
siqnif

.25
.1142

• O~l
..8248

Bb co-eff
signif

.54
~0003

:t~t')l~:ttion of the seasonal trentl (Fj.q ~ 6~2 & 6. :3 ) showed tho.t

qonorally number-s for all thro~ species were hiSih in r!lummorand

low in w.intOl:'. F,lack tV'ilde.beest wero most ccmmon on '11he Pan in

autumn d blosbolt: in sU!l\mor land spring-oak in spl"':Lng. Wildobeest

numbers fluctu;;.d:.ed 1::bo l..enst !lil."~ bl(lsbok ntlmbors the IllOSta
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Ir"ola.ti,on of the cyol:tcal ci)mpont~nt (l<'~\ltJ..6.4,.) sho\ved a. peak ill

August for all three spe.cies.

6,,4\Discussion

Irho black wildebeost and. blesbok wek.'O JJ()\'V'l!riablyfound In open p

treoles('J habit:atr; on RooipoOl;-'''t:and" were cOI~side:r.ed high.ly '~lisibJ.o

from the air. The counts :for thO:DO ,two Sl1~Ci,tlS we~a l:lel~l~ved to
I,

be consistently mo~~ aecunaee than tb.os'0. for other spt":~oies.

Conversely, all veget·~tionwarliJ witlol~" di$p.l$:~~~~Sledi~
. I \ / 1

and notor:tously tl'~:ef1eulV:; .'~ f~Q~'l
. ;' I~'..'

for spr.ingbok Wt~:r.~ .aJ.l{:!:),~k rftta~.lill''h.j t1nder""estimo,t.es of" '. 'it \
\ ) .' )1

ThiS ti'l ,~ t:!~L1:!I1.Cm(.;}X'ror ";}g'. a2rial'. ;if:em:ruses

the a:i..r .. '1'hetypes

the, ,true I>opulaticm~
'-'-.-,' 10

q _,-)

(Melton ;,,9'(8)•.

No measl.\f.·sof el-.r:or in st1xing and ~,y:;;dn9 waG d(;lte:rm:J.ned but. it

waG thQught to .be small, in th!~ C(!De of. black wlldebeest. Error

was more :Likely to a:r:ise t;,b.t'ou.ghl1on-l:cU1doln sa~:nplin9 of
\

the
var:ious berds than through incoJ:,'re©t St~X identU'icat.ion.

It is w.tuely acknowl,('dged, that under higi'l raj,nft'lll the plane tlf
\ '

improves and tbis :t'esults in hig-hel'."

percent.ages throllgh ,i:nc;rcflfilod fertilit.y,.' higher concept.ion!

sho:r.teneQ lc~mbin9' interval.s ami ine;reased sur·vival. of Lambs

(Cr6:i."tJ!ey 1.983; J.~o~n. :L973; S~.flclab: 19'77).

'rhe low t:Jalv.in~Tsuceess of black wildeb\£l:t3st i.n tbis atmly was

att,ribtlted to t.ll!':!pc:mr g:t'o,zing availab:i,li,~.y undez' low 1;ai3",fall

cDnditiorlr:; (von Rieb.tel:' 1971.a).
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P,r.-edation on 1;:,;pringhok.lambs on RO(Jipocn:t was thought to be

higher than on other rJropertien and~, as a result of d(.~creasec1

6u:rvi va.l , a. lower reCI"uj. tmont ra:to was expected. f'l'!r,'thermorcf

the R!;)(Jipoort spring'bok populat,ion warl not managed and only a

small prOl)Ort:ion (4% to 7%) was removed anrl.Ual.l.y durin\T the pmat.

t;hl:ee years ~ihicb. resul ted in a higher: proport.:Lon of ma~~s "in

t.he poptllati.on. This, in turn, the
percE.. 'i.;a9'(~c:;,f Lambs in the population.

w:i.ldebecst ,\V~'ll.~e residE~l\t on The Pan tmd unlikt'l the (.reher tWt)

C') .'spec;l.es d,'1d not move CJ)~1 and off The Pan :bl l:e131)OnSe to the amoun;r:;.

of green grass. It was ovident thut green grasa was really only

avai,l.abJ.e in the second and 1::h:l.rd weeks ~\fte:t: rain. The high

c"I'I:eJ.ation of ~;;pril'l9i)(;.k .in the second week confirmed 'i;hat th:i..s

species was able to tak~;:1at~Vanta9cof tho £ihort 9l;"mmg:r.ass ahead
~>\)or ,the blet3bok. By the ,t.l"drd week blesbok were sti1.1 ablo to meet;

their gra~"!ifl~f requirements probably as the species was bet.ter

able t:'t' cope wi1;h th(;~morEl macure , clr{~er gra~l::1. By the fcmrth

Wd~k 1 the g:1:aso wa.s eltlmr t(>JO dry or wafOl t.oo rank ft'Jr both

bles})ok and springbok. Al'l~erllai::1vely the 91"OI:;)!1 flusb had l.)een

removed by gra2itlg"

.<,

'llh10 would Sllt;Je_JC:)S't~t.hat: if i.nt(;'Jrspecif.i.c comp€lti 1:.io11 for ~Jl"azitl9'

1:'uBOtlre(i~S()~",iGted, it wa.s h.ighest b~tweon blcsl.)~').k and f3pringbt'Pk

't,'lto:r:o 'watl 110 SU9~je::rti©n in ·tills study 'tha.t hlaek wi.ldebe(~st:

1:C1t',:d:U1;nted sp:eiil'MJbolt gl:azing i.n t,he d:ey season Q '1") the cont:c:ar\'



sp:r;'ingbok biomass declined relat~ve to th~t of black wildeb$e~~t

during winter (Table 6.5), The abaence of' ariY cQrrelation
I'l)

indica'tive 6£ competition between wiJ.debei3st and 'spr..inqbok

Stlgqested that the h¥pothes is (Section 1,.1) that t.ne introduotion

()f black wildebeest has r.esulted in the declir.e of springbok was

qUGst,i(;'mable. It s't04emedmore l.ik~ly that, blesbok and not bJ.ack

w:i.lt:lebeest wece competing wit~h springboke

The accuracy of aerial. counts varies ~(,msid.erably wi.t,n t,bserver

experience, spt!cies and 'tlegetllt,ioll type (Caughley 1971) and 'there
n

a tendel'1C!{ to unacrcount rtlcil~~Yllngulat.e species (Mtalton

1918).

'Jlhe PQPulat:i.cmtrend was :more ,i:mpol:'tant than abm:)lute numbers.

It was assumed tha't the degree of orror in these populat:!.o,~

estimat.es remained similar with ~he use of ,thesame observers
Iiand presumably with consistent. bias.

'l'he 8aJ,f to adult female percenta9'~ found fol." black' wlldebeesit

WafJ low and (1ompared wi t.h percent:a(~ee. for black wildebeest i,n

ma:r.ginal habitats (von l'dchter 1971b). \Judet" J.deal condi tiofM]

pet'ccntn9'G~ CIOhi.gh as 19.1 an,l 85.1 per cent. ll.ave be('ul t'eeo:r:dEl;d

(",1011 Ri.cl'r~e~"10'no).

'11he bl.mibolt: annual. ca.lf ree:rui tlr,ent :i.e , the calf (':l'OP expt'essed

as c!l percentage of the pre"",r:_:alfpopulation, averaged 33,8 per

cent (l:'ange 29. 9~!;t!~IU..3%) ,r1ieh eo:mI-'lu:ed well, with the aVllJl~a9~

of J3 c,er eene found by Ml1rct"t (1987). The bigll ..st retl.t'uitlllent

t"ate J;!'e(;:!ot'ded by Marchi3.nt I (19H'J) was 53.9 per. ,,:hich was

comparable wi'tb values f.J:e 55$ 0 pel' cent. and 52 ..1 per cent g.i.vml
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by Ou Plessis (1972). Lambing percentages greater than
cent have beer, recot'ded. elsewhere (Marchant 1987).

80~' per
';1

It is known tha't under good conditions springbok ewes , lamb at
~

the age of one year and at s:i.)t monthly irltel,:,vals (Bigalke 1.972:

Skinner & v'al1l Zyl 19'/0).

Mills & Retia! (l,ge4a & 19S4b) found sprin9bok sbow a rapia
c,

response to rain and were f()und t~,be s.i.gnificantl:}~ correlatf::d to

rai.nfall ot the previous :moritb. whereas blue w11debeest were not

significantly correlated. They conoludad the rapid response by

Spl:'.in9bokt4aS their ability to Crf)p spr()uti.ng veqet.aticm ah38.d of

other specfes ,

MQNaughton (1985) aloC) found. the ga?ell.e poptfLat:ion to be highly

COl"related (:r:=;:0.986,p < 0.0001) with. pri:mt\:t'Y produ(:tivity and

that t.he gazalle J/ Jpulation ir1Cre~lsa(l and deex.:'easetl wi'ttl increase

and. decreaso in green biomass.

'Illlis con(rllr~_l.,;j.ththe findings of Vo:~.!Zyl (1065) who found that
::J-'.' - --:__-:_.. \ \

blesnok .and sp:r;i.ngbok bot:h selected for green let\ves in /I w:i,nter

and ther~ was greater overlap in p:r:of-orred$pecies by blesbQK and

springl:mk than blesbok anti blaok wilclebeest*

In ~~beSerenqeti I Maddo~~H',(1979) found that fac:dli.tlltion cmcurrcd

between r.rhol!lsonIf S ga2sJ.IG and blue wiJ,debaest.. Ga21elle pruferred.

areas already gx:a.zcd by wild~beest wh;tch exposed d,i.<:otyledonous

I)lants favoured by the gazel.les (M(:':NaUf:),hton19(16) 0 'In the IU!'Elsent

study :1.1:': Wl'1l':3 probable that tb.e hClIr.l:.ulCeC)U8 biomass·was tOD sparse

t.tI impair m;;cessibl.li t,y ;f(.)f.' the springbok.
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Hansen et a1. (1985) found a hI9!'! d.iei~ si:mila:t'it.:y (lb~t,ween

wildebeest and tc>pi (70 per ,cent), .bet~eetl wj,l!iebeest and
"

Thomson's 9azelle (70 per cent) and,r'Gtween topi and 'rht,nl\pEH::m's
IJ ;:::// \\

gazelle (68 per eerre) in the wet season. cant:r'ary to ~hat. w~s
o ~

predi(~ted the Qve:r.'lap declined in the dry season, It ~~eemedthat

facilitation occurred during the dry se~son but .interspot';:ific

c:ompetitiOfl occuxred in the wet season (Sinclair &: ,Norton

Gr~~~t~thS 19112). de Boer & Fri.ns p.990)· found no ev:i.dence of

fae1:tit;.!t,;ilon cr that one species bene.fited from tIle 9r".2in~ of'!

~nother spec.tea t'arlier in tile sueeeaai.en.

:tt c~n be c,:mcl~;udedthat the Afl·ict.n ungul,ate ct"~mmunityis shaped

by ~ cOldplelr :.l.nt~raction of inter- and ,lntr.aspecif!c competit.iofl,

facilitation, predation and dis~ase (Dublin at a1" 199t',);

S;i.nclair 1985; Sin(.-:la:.i:!::'& Norton '~t'iffiths ;198~n.

In aumliUt:r.y i' the parameters, re.qu.1red, for the herbi vort':) model were

investigated in c fiel.d and reasonable data on 'popul~t,ion

numbers ami strUt~ttlre Wet"O obtained. Further ins.tght.. in'to

llerbi:vore-hex'blvore and ve~1eto:t;ion""harbivorA i.nt;er:at;;tions wa~l
,J

. gained.. Thex'o was now suff i,cioll~ kfioW').e~.~J'et~(.j replace crude

in1)uta with real data and exami1I,emodel (tUtPtlt.
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'1 .. 3. l'ntroduct:i.on

,)

The purpose of thi.s chapter was tl!') explo:t>ethe output of the

\regeta.tion-herblvore model.

~'liis wfils accompl.1.sherl l:JYr t-lhere avai l#l')le , replac.i.n~~~rl'udeva). i1es
" ". \\

wit~. t"(,,).l data obtained frl)m field ~~tueUefJ (ell.• 4..t~) en, 6).
II . "

Whet:~ !10 such data cy.isled the crude data were r.ef.i~li:d in the

light of the f~t,':ld e)Ctzel:~:le1lf;e4 Th.i,5was achieved t.h:t·o1.tgha series

of 311I.~C~ssive :i.t.E':lT.<ltj,onsl.mtil i.t was thQught the oueeone wa~i

p~ausible., Thes~ real and rE!tinecl data were then ;~pPlie~ -to fhe

model and the consequenees examined.

\
It was necF.!ssax'y to evol.ve a rE<!a£~onablyc;~ompet.ent and rea,l, l,s·tH

:model wit t~ wh:i.ch to develop a mana~l(~l'l1elltst.:rategy tel lueet th(~

objective of thE.'study.

r:
'ihE~ uata lnpu:t;.!'C. to he refined werf?;Jg:t'ovtth and aeneseenee in the

vegfJt~at,:ll')n i.i'lotlela.nd popuJ.a1:.i.l"ltlsize, bi:r.th and l'llOI'tality rates

c:·

Ii7..2..1 Methods
()

l?:t'Olil the i:rr.i~~~.!.tton trlal G (Sect:i.on 5~3..2) tile a.ppli,ed irl'i.gat:lon

()f:
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"itotal pr.ecd.pitatlon (mm)~ The high l:ll:i.p,fall total of 528 11.n'11

included !\Jome200 mm that fel.l in the space of a few days and was
not considct'ed to be effec:ti ve due to cl.'lnsiderabl,€l-jrun off. The

11
rainfall total was tl)erefm:'e reduced to 400 :l\11\\ wh.i,chequated wi t.h

'the lonq term annuat meal\.. There 'was no differ~mce in

production betw~en th.e 400 ,'11mand 800 XlU" irrigation

l'}.e:r:baceous

treatments
f)

a:nd the) lower f iqu:t"o was t.herefore tlserl. 'l!hus the total.

amounted t;;;, 400 mm:t'sinj;clll and 401;) In.m ir~'igat:ion •

moisture

• /) C'

The maximum
ii

f 1
p.;t'oc;,uctionwas estimat.ed to bc ()UOOkC7,ha- " This was

I)

~i{e tota.l :a\O:istU:rIf~to g.1va a. producti(.'JJ1 rate individed by
';\

kg ,,11a""l.mm-1 ~ I~his prad1.'tction rata was thon
II ';;:1

seasonal prec~i.!}it:~~r..,1.r,;nfigu:r.es for {liffer'ant rainfal~,;;r69i:me$
; ,~-

apI{}ied
to

f)

was «lso found in i:triqation tl"ials thll',t senescence resuli..~d
'~"

\

in do herbaceous biom~css l.oss that. increase(l rapidly under. dry
~"'>'-
'~'''''~'

condi tions • This loss wa'\: of the order of 50 pet' cerlt of the

t;otal biomass in tbe contrel and il'lcreasad to over 80 per ael'lt

where biomass was hi.gh .. The loss of: he:d')age wa.s ameliorated by
. ~ ~
rain:f'a.U. and/or irrigat,io:n.o,t\ '~~J:!e w~~ (~onstract~ed of' factors

for vegetation 10s9 (8eneS('J;~!?~\~rO\"\Vl\~ cd wl't;h seascn and
" I~/ ",iI\, el}: •

rainfall ""9'ime. :rho qreatest rnt..",~C!~;,.,""",",on ttlmp~'atures
wers high (~ummcr)and when mcoi~t.tlr'ewas \~ow'(wj,ntar).

'l~he'ltarting 'value 1i,,')1'~each bel.·b~~vore ,weGies was the m~anof the

annua.l total for tim past, f.ive yeaz's fot tnat r:,p"cles, Irh:f"s was

detc:r.":m:ined((from the ::;tel,':lal crensup data.

98



G

:)x age counts (Sectif.m 6 ~3.1) the percentagE! juvenil.8s inFrom
the populatiorl was known. ',lIhls par<!Elntage increased ~ due to

o
increased survi.val an<Lredtll::ed m,oJ;:'tality., under favtlurable (WQt,),~
cllxn211;~C cond:t;fions. From th.e pcrc:entaqG juveniles the

recruitment rate r to.,.t\~e popula·tion was C.,alCUla't:ed by
, r, l' ..'

~
r = 1 + [j/(P - j)]

,)

whSl:e r is t:he"recrnitment jtate, 'j t,J'le number Qf juvc:miles and, .p
~,

'l"heability of each> S';;JecJ.es to lne.et. its consulll»tSon requirementS'

depCf!ndsol'l,the 'Jogetatcio1\ biomass U::rawley .1.983). There exists a

(:;,.'azi:ng threshold which i.s defined ~s the vs'getation biom8S's
o . .

below which (= rnin:bnum grazing thr.eshold) an-1 above whj,(:h (!!II:

ril.a~:~illl1.lmgrazing t.hrpshold) a hex'b:J.voX'$ is unable 'to feed. At a

point .I,ntermediate 17letttleen tninimnm and maximum li.es'" ail optimum
,

vegetation bioma~s tit which t~leherbivore i~ able to :nteet all its

intak,e :l:equirexnents.

The
grazing tht'esh',l:t.ds and thU$"

a q

(Appendix 2) of' ~nch :;~poc:lenunder variable rainfal.l r.~gin\9G.. 'l'he

£(V) V"1l.ue was used to de:rivo popu:tat.i.on f(P), birth few)
I)

and
h

:mortali~f'", 'f(ln)
(!

(App.:~lld:i.:l): ~~i,

c. ,I

functional re.spC:tllSa ,values l~pecies
;/
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c;

o •• '1, -1
'rh",,*avcx;aqe prod\.\cti,on :r:ate }~as found to h~ e ..1 kg ~hi;\ '.l!Utl • and

the dex,*ivedseasona~L figur:es for. diffel~en'G rainfall regimes Pare

9'j,v~:nin Table 7.1.

~_~~~~~..==~.:;.,_~:,- ~=~~~~~'~':':!=~""=:: =~-!:,,,.;,,:=~:~~~~'<~,~:t'~!i..-=:"~:l~

Table '1.1 De:t'i1fettseasonal and annu.al produc'tion p~,q_lla-l,} f't')l:"
varying rainfall on The Pan.

Rainfall
reg:Lme spring

StH1Son
sammlJ':;"~ aueunn

Ann1.ta.l 1\
total \

wet, 120 '.,680 1160 240 38(M)
mediu.m 600 ~(360 936 200 3096
at'¥' 4tlO 1040 720 160 2i~OC;r);\

r~~::;::;:tJ ... -~~~::::;~~= ~,="-=~l::':~~!~~~"":.tr;::.L.'="~~~~~_:S~~=':=-.::':::"::,=l~~~~~

!!

Given v'
that. senescence was ameliol:a't:ac1 by mo;isture the

~~~_~~~#:r,,~~~~~~~~~-.!~~~
r.(!al~l.e ']" 2 Assuln.ed.Gf:~asonl';i.ldoc;}8.Y rater? for bf;1rbac~ous '<naget~t~ion
on: 'l'h.e Pan expx'essed as a fractit'm of\1 the vegetat.ton ~fJmaj,nin~.
~,;f~·""~ __~4!~""·_.""l'\,ct"""~~~lr.",_l:.''''~'( ...~~_~.r_~_-:;''''''-'''''';J._r __ ;C.t~t=''~~!t:~":~~"___Q'I;;~~""';;ti~ .•~"_;J:t=,J:~~P'P""~""~~~

Rainfall
l'e9'.iml~

factor
sp!',ing
0..70

s(;a.so'n
summar autumn
Oe6rJ 0.75

winter
0 ..55

)

1)

Vegutat,ion loss was highest in winter (low moisture f lnw

t,emp~rllt.UI:es )

nl{):i.stu;re) and f':pri!lg' (low '[~ompe:ratu:r:esi 'i.'ned.:lntll ";1 mo;1.stu:te) and

autumn (.mild t(~:i.rir)el:,atur()sl high :mo.~Gr';):'. e) .. ~Dhed.eml.Y rate~ varied
- "\ ~,/,i

frai\\ a low Cif' :32.!) per efint. (100 ....6" ~S) in a, wei:, autumn" t.(.'~:i 61.5 iJ

}~er cent (100"'38" 5) in \\~,(~t>y w.:int.er..
, ,~-.~
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The starting p:opuj,aticl', tot.al,s £01:' C:.1C'M.:h

springbok, 1'10 bloDl:i.::iSt and 200 wild(~becst. 'rho "pel:'C~nt:r.HJ\~

~juveni,les (actuaJ.) ir~;the POI)'I.llcrtit'Ul and ·the l;'ecl'"ult.1Mfnt. rates

«(~aloul(\ted) for ouch spee:ie~~ f.u:~agiV(Wl ,in ~l\lblo "1.:3.

Table 'J. 3 J?e:t:'e(mt~a.gc:ju,vmdJ,es and :r'EM"n;:ultmen:t. rat:eeJ 1:01.:' eaeh
l}e(~ies unde~: dH;,fertm'r;,: l'ctl, flfal J, :r.oq:baes 0

perClent.tlgo jU\.1'en:Ues
dx:r modium wot.

Retn:t:td t:mf?lnt t>at:~e
dry mc(3.;i:mn \f1t~t-:.

b],ac'k (1~beest; 24 29 ~1..3f1 1" 1. 3f~
l;llesbok 2·~ 2'7 :30 q C:)" :1• 3"7 1.43,~" () ~]t0

s:pr ;1:n~Zll')I)k 30 :35 10 1.43 1.£j4, a , G'?

"I!

ji'l'{''.t'th e>f' :~~!'Illenil.(:ls for all. tlu'!'ee st)eelos war;; syn('$hf.'Ol'l:i.sad ahd

[lmlsonal" sp:>::ln9bo}Ji lambing had t,WI';} seasonal 11ellkG, one in

I:.ip:id.nq nnd r~nt,,·.belt ttl. aueuan, F()t' the };)urpo~je of the !oloc.cl 75 pel:
)1

(;('::lnt of UW~lbm\Jere bO:t"'llRin :gpI'irt9' [md ~!5 ptB.t' dont. ire; autumn!>

Blesbej'k'. gave birt~l'li ~h~Novembol;' (~)p'1';1n9')and black '{-;)U.tlebcest in

Oer.;:embor.' (Dummer) ..

I(h.'.e minimum and 1l",,:iIllUIR grazing tllr"stlollis for ,,11 three
~'(;)t'e est::.i:mato{l ('J~able 'I" ~l) based on the ffJed.b19 type of an,imal

(l«euti~J til Duke 1~),16)" :mo('i\th \1ize (:t:tliu!l\ & Gordon 1981) and body

size (van seast 1962).

"";,.ll
11.'~~t-~~.!.'::':~~:.!"~~~;~le":'~;::':-:'.e:::::.':'."~~~~~:=~,~~~.::':;,:~~.;~~~~~~:'::""'':'~!?:'';;~~'''''''''- ...'t~-.:~:::::~~=~-:'t'';~-:;=~~::;:

fJ.~able...? 4 M:hd,nlum8 opt::lmulU a.l'):d max:bmm veg'8tc!.t~lon b:!~t:)t\at~f:j
(kg" he. ,.) utied t.o l'l~'l(lol fmu:ti<mal response.

~·,_;:,·~-..rc~;:;v=~=~;~:¢t'",",~,;J.>;;!Z';;t." •.o"=~~-";.;,.u:t::;r~ .... ,.;"",-,,,~:t·~~ll;;~~"~""'"",",':::~:-f~"'''';~'4cI==~"''~"","1.H''''i':::;~,1,':*~~~:;;;:'''tt;~·.,·>~·=;;~-~U;;'<.I1.~ ..-1~:~'.,.',::.';=~:':'~'~-~~":0::4:.""'=;;~;;:;'-\~~.\'.>.;.l..<O.~:<:~:::J

, Bio:h1,\\!3>S (k~.1"na" 1.} ,
In.inimnm ~.)p't:,imllm :max:tmmn

400
300
200

:woo
1000aoo 1,0000

600.0
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The ab:U.ity 1.')£ G. herbivore to ha.l:.v~~stvegeta'cion is related 't~t)

:mouth{blte} size Ctll.:lus & Gt'\rd.or, 1.9B'1).

:t:t. was :tt'easoned that; springbok wero 't.o eX1Jloit:

explo:ited,

sh©rtcL~

Gho:t.~tcrth~n blesbok :which ;I,l'i turn

opringbok had n. ')higher
Convol."{H')lywildeb~ost were lJst.tet' able 'thcH'l bot~b blesbok and

sp:r:tngbolt to u'~.;iJ.iS1.1the t:c'\ll ve~Jetliil"tio,n~
Ii

t,a.n1f(;31d VC(1e'!~at;j.'m. (SIn:}. t:h.ers 190;3)"

rai.nfall t;,baj,i;> f (V) 'f.'a.lua ~."o,!Jld

'llhcrefora;' un(le:: high. rninfall wil,d~hnf4(1t had a high £(V) va.lt1a

ami sprlngl:ok a low \ralue 9 Ble$bok were .i.ntet'mec.liate ~

t.~=~~;~:':::!\~-.':;1~:::::-"".:~~~';:::'!::~~::=:"~":''''-~~~=~ •.~~_'; __,,:,,~':;,~:~..:...,-::!:..~~.:.~==:.t ...'":""..=-::'t"' ..~~~~-=~
fl,lo'})10 'l.f.'l Slle~ieS\ fUl~c;tJ,cmal :t?cspcmse f(V) :for d1,j:fet.·ent :t:;,.iri:f'tl1.1
l':'egj.n:'~~t3• (.~"-'~:i~£Lt~'·-·::~I::;·-:::~~~~:k-:;;:;::::""~

'VJet
:mlOdiultt
da:y

O~4
0.6
03(1

003
0.6
O~8

(1 .,2!~
0.5
0.:\1.

})J.a(J]i;; wildebtmstft Fort:the same reason sp~il1gbs;Li.: pt'.llul.ations
c

we:r:e

I)



The spet.:des specific f (V) values were used to estabJ.it:;;h mc')vcment

onto ami' off The Pan.. 'I'his was known as the 'popula't;ion

'fuIlCtio:iUl'. r€!(:;:~FOmM)t1 (~:~able 1 ..6) and detol)!!ti.ned. that proport::i.on

€.)f tht:l t.1:;tnl pIJPu18t~:!.on t.hat ward :i';eeding on The Pan.

Ta,bl(~»,« fC:P)~()l and lnaxi:mu:m [f(P)=lJ ~e(v) 'values used
t~o Q(irt~e:r:id:b'le Ij"plllat:.iol'l ,functional response.

~lpecics f(V) value
Il,dn:hnum roax:i.mulll

1,\

bl.tH~k wiltleb~~~i(:;t
bles}Jo}r,
sp:r::tnght)k

Oo(J
0.1
042

o .2~$
c).50
0.75

'rIle .bre.ed,ing Sl1CCel.;;ISof each species t,ms also detel':xa:lned by t~he

;f(V) value. :alae}: wildei:ui:lDst WO:.t,'O tbe least. s~.al~(;;tivo feoders a.nd

f (V) value than either.' blesbok. spring-bo};:"
they

/"-:.",-,...- ~i
( (

iOt17jl~pd a maXinl'lUfi b:i:·c;ec.~di1l9 rate (£(11.1):::: ~) at a J.owor

than blesbok. atl!';i spl"ingbolt~" sprillgbolt were the

:f (\l")

value :most
$el{)c1~ive of the t,hree sy::;;ocdf.)s anti otal'tC!;l to breed and attaint1d

maxi:ml.1m at. higher i (V) val t'tif~Z$ :elo~:3bokwere :tntE:':lrmocl:l..Grtf) ('table

Tablt:! '7.', MiniMl.un tf(w)t;;":<OJ and nta:H::i.:ntum [f(w):::c:l] f(V) VU1U{lS
uE,EHl 11:0 dete.tl'(\1nt',~b:i.:r:th futlct:i.onal reSp(;)Ilse.

f;(V) valuo
minimum' max:inttarn

~"'-"'>T4~~~~~_I>='"'~"""""~~.~4i>='_oU"''''''''<O~.'''j~~-;=mt'''''''_''''~~~''~"''''''1-~#~"",~'''~I''_~~~=o!~_tt."",",·~~jO;l<!dH"~I""\"I:.·~~"~~~~""'·"'!-;::-'

.bl1lek .Wiltlcl;)eest {}..15 0 •50 . I

bleobok
:&~p'ringbok

O .. ;;W
O~30

0.60
n.zs

"For 'l~he P'I.lt"b'lOf;;("t of th~ rt\(')doJ.it was aseuned thai~ t~m F.xb:'tlu:e,\to
\'

off The Pan was '15 per cel'it. tbat on '!i}le Pan.

wi.ldt'tbeeot
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:t~(/.l£~pect.ively. ~tll1e habitat:. off Th.€'lPan was lllal:g:l.nal for all 'three

specd.es , Mo:etal,ity fen: ttnimalt5 O~if Tho Pan 11/aS fixed at 25 per.

cenb h.igher than that for anirnai'~~~occupying 'rile Pan.
II

The tof::.al product.Lon of 3300 ltg .ha-.1 undez IilErt conditions jl'1as

J',"(;;'Hl1fJI',)tmbleand fi}ind.lar to that obto:..,.inedin the i:t'l~igation trial

(aect.Ion s, :1.2) and elf,lewherc (lluth(u:fol"d l'~nn. The total annnat
(.

productd.on f,n;' (.h:-1'c~nd:i,tlon8 (2400 )::g •11a-1) generated by the

mode.l WtUJ hl(:lhor than that obtained c):perilue.l1tal1y but was

consistent f()l,~ the amount; of rainfall.

'Ihe pe.:r~centl.1.geloss of' hezbaceous l;:liolnas~ due to scneseanee was

c;!omper~b;to to f;'iguros ()bt:ahlcd. expe:rimen't,l'hlly.

,
\\

'l'hc funetional l~eoporise l,omr:;a useful meano

species npec:!.fic population pal"'c)meters ~ ,)~here was no way of

l!'.:stablitcJh:tng the. real value of functional responses fibt'" the

dif'feront t:;PC;lC!OCiI. 1111w values d(~rivE'ld rather t"eflccted thf;)

diffc:t't!flCO between spnciem and. not ab~1t11ut..C!values. In ~.;pit€l of

this inadequacy the }.)cmeJ:'it of spec:i.as GP(~cdf:ic f(V') estimates

wel;'e o£::'parent:. in the lU!Juel out:l)U:t, and fol': tl'd,[ll zeaeon their use
\

£;tudy
-1 ....1was similnr to tho vatuos of a. 2 l{g. 11a_.• )l1'nt .. f()lUlcl by st:.ugtloll &

~ "'1 ''''1PJ.gClt,t:.(l9'lU) and 8 k~t.ha .nrm' of O(~hnmkh (1904). :rtf.; use to

'cal~,:mlate Gt~a~f)nal !rt'CKluc1:ioll figures was .logi t:i,1\.\at,c.
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An assumption of the model was that conclitio:ns on 'llhe ,Pan were
nlOl,~e favt)urablo and preferred to tho!;,.:je off The \ !Janq It was

therefore logical that 'the birth rate for animals on The Pan . "',~s

higher th~l't fOl' animalEI elsewhere.

sex-age counts wero ct)',\ried out mainly on 'llhe Pan but also on

other veg~tation typj~Se The data for rec.ruitmerlt ratos t.gere

rctJl."esontati va bf the. 'ffJholepopul.ati(m and not just that on The

Pan. Furthermore Q rrJ:1~e Pan population was not fixed and the

incorporation a '\ilariabl~ population into the l\l(H~elwas difficult.

and the dat.a we:t:eun:t·oliable.

The populationr, counbs suggested 'that ever the study period,

dll.::oing which dt·y conditions prevailed, ~d.9nificant mortality

O©1..;url·ed, in the blesbok populat:i.on I whicb declined and in the

epringbok ptl1IlJulation tJJh:i,cb remained virtually static N nigh

pe:!:'centages of blesbok and sp:d.ncybok 'C1ere rel'tlov~d in sene years

and th:i.s af:e(~ctQd pOI.')ulatiol"l numbers.. Ho'WevE~r, in o'thar years

the numbcr~~of anilnals cropped were inslgnif'ic:::unt. There were flQ

relia.ble mortalJ.ty fit:~\lref:; for ,my of the species and tb.:i.~)was a

fJpcoiOll under the va!:'iotl~ rainfall X',cgi;mes <> Marclul.:nt (l.9S?)

reClog'd~d grot~th rates In blesbok of 45 per oent, under gOOd

cort(li't.:it.mtZJand von Richtor (19<llb) recot'dod a black ,'3il\'~eb'Jt;3$'it

populat.:irJrl gro\Olth rO'\l;e of 36 pex' cent. sincla.b;." (1~'19) noted

that., Ln tho abacneo of predation!, cal.ves co~nprised30 pt1'l:t,"cent

of total. population in blue wild.eheest and this '~t)~ I~U',"9dwell

w:1:I:11the 20 per cent used. in t;h.!ln study ~



'; .. :3 Hodel stru.cture

The :I'llodelwas di',idocl into two sub"'models t flo vet;;otat.ion sub"model

and a herbivore sub·"model. The clim€~tic :factcn:s of :rainfall and

"herbivore sub-model was further divided into three different
models r one for each 6pecie:;~ ~ tlut this WI3,Snot shown in the

algori tllnl (Fig. 7. ,1). The l(.")opwas seasonal and the. vegetation

A spr.'ead sbeet (l,o'ttl:?; 1985) was used for the :model. The program

\.;as'i f'~;l1lndto be r)ar'ticularly suited to sequential steps and for
!I

f;i~easonl11looping'. It''u:t'thc1'.·ID.t'l:t''t:), it was possible to 'bu:l.ld paramet~~r

t;ables for both seacen and rainfall which conside:t'ably siJupli£i(~d

the :mathema:t.ics. 'lIb-a detail of the model is gi"!9rt\ in Appendix :3"

., If.4 Model outpul!

The Jl!oclel output I."JaD c~~plOJ:edin a number of ways

(i) vegetation ou:t:.:.)utunder var:~dn9 ra:Lnfall :t'egtmes

in the absence ()f he:!:.'b!vores

(i:l!) vegetation outp~,t under varying :r:a.infull under gra2.:i.ng

(iii) each heI't,);i,vore specie,:; in the absence of the other

i;'.wo f3pcc-::i.es under va:tyiuq l:'r.i:tl1fal1

(i v) nIl th:reo herbival~€lS t!.Jgether u:nde:r.va:t'ying :r:aillfall,

and
(v) a comparison of :model.eti and real populat.iollo.
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VEGETA'tlOHMODEL CLIMATE IIElU31:VOREMOnEL

D,~;;;;iv;;;esa~]~"-season start-~.-"..~~ ..

O
~miing w '''__

biomass .
~

I f~

vag, ~"'-"""'--~----- ivora 'herbivores
g:ral~e(.i pan off f'(~n.,~-_u~--=+---'·--=I-=:__~-·-
[.~~!~J ~i_Z [bir_:lIs

[--~ "=]'-'" net veg
season end

_",,~~=~,!xtr. ~"~..=
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1..4..1 vegetation output

In the absonce of herblvores vegetation s·ca.ndirl9 b:lomass

(residual vegetation plus net growth) f.lV'eraged 2200 l~g.ha-1

under high rainfall, 1200 kg.na-1 under mt~dium:r::ainfall and BOO

:k.g.ha-1 under low rainfall (Figo 7.2).

The high moisture figure compared well with the 2450 -11tq.ha

obtained i.ll the irrigation trial and the othel: outputs were also

plausible~ There was a large oscillation due to the loss of

biomaf~S (senescence) in wintl~r when moisture oonai tions were

low. '.rllis was also evidonoed in the field.

The vegeta.tion biomass stabilised at approxi'lluately700 kg.ha-1

with grazing under all three rainfall regimes (Fig 7.3). This

Ghot'1en that ':he ht~rbivaras cr.'op)?ed all the ' grllzable I bior0lCl.!3s

but weZ'Q unable to remove ~ll> the vcqetation due to tho 'min.i.mum

gra~~n9 threshold. This was realistic.

1.4.2 Herbivore output

The number of ~ach speci~s on The Pan in thG abse.nce of othor
herbi VO:t'0S and cr:opping is qi ven j.n Figs. '7.4 to 7. (;).

The! springbolt population declined under dry conc'Htions from the

startinq population of 1100 animals ,to around 300. under medium
:':'aill'A:2C!.11tl'~<)il l...._;ulation was stable at Ilpprox:i.mately 1600 animals

and undor wet conal tions t~he population increased to a. level of
some 3200.



300Q'

2600 .
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1600 •
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~".i.9ure"1. G Bla.ck wildebeest populnt:i.ons under different rainfaH.regimes.
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131esbok populatiQ,n~ were V:ir.tllaJ.ly absent f:C01'il Thl1 Pan under
\1

continual dry condit:i.ons, stable at about 1400 under. medium

rainfall after 10 years and were st:ill increasing after

ye;'at'S undor high r.ainfall. 'l:'here w~re large ()~Jcil~\ations a.t. high
'~:,-

i\\1opuJ.ation levels due to animals l:C?moving aJ.l tklC grazable
\ "

biomass and then vacating Th.e Pan.

I'1\
Blaclt wildebeest decl~tm~(lt" (t"'I):'I'J under dry conditJ.e:ms. Undc~

II /1
medium l:ainfall the poptllatj.~h Lnexeased f01" the fi,:st. 13 yea.rs

and thereafter stabilised at, 1000 Q '0';'" ner wet. cond! t.i.ons the

pOP\1l~t.ion continued to increase throughoT.it the 25 year period"

II

These outco:mP~.re£le'~ted t;.h~tlbility of spI:in~bok to crop short
1\" ,

vegetation and hence the spebies was able to survive ar:i.d

conditio!ls~ All three species l."€lauhedequilibrium' under medium
rainfall ~Il'hich suggests the acol,ogioaJ. carrying capac! ty was

reached. Had the mod,al :p~(:tnop~u."ated for a lOHqEll." perlod a stable
he:r:biyore population leve). would ttl timately also have been

attnin~d under. wet oonditions.

A comparison of herbivor(.) numbers 011 The Pan'under low, medimn
high and r&mdomlyvarying rainfal.l is goivert in Figs. 1. 'I to '7,,;L0.

Under low rainfall c;pecies EJ©pulnt;i,on levels "1ere similar to

those found by examini,ng each npocdes on H~s OWlll. This' suggosted

tha~ there was littl.e c(')mp~tition h~t.ween t.he three species wllexTh

vegetation hiomass was low. Only springbok were able to crop th~

vegetation and neneo WOI''3 l:b'Rited rather by raJ,nfl.l1 'i:han by

121tl1.01" blesbok or black w.1JJ.deboost.
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For ·the
(')

Stl!::sorh.d.

c~,)mparJ~Oll "of :modeled out,put.

l"ninfa:U frc,lD1982 too 1990, was

\vi t'i1 rea1!i:ty, (i actual

classified
'.'

ir.lto wetR
Co

i.)This actual rainfall
I':k luencEtwas then appllt~d to the l'lodel and the popul ..hion

(7-

/)
totals tor 1982 (Table 6.1) wex'e used as the he.(~J.vor~ '.,t':

\\ \')
o

for aU.t.umn 1982.. Ttt<t., actual numl:;lElt' ''Jf G8ch species,," 'l,,::lved
'~~\ () o 0

1 ,

(TabllJ 6.1)' each year WfJf:te a.lso included.. 'l'he IQodal was then A.'un

for tl1e periqd 1982 .,to :l9~Oand the pl.·edietnd f.)utput compared

with t:}l(t ftet:;ua.lcounts for each species.

The'lIh':>deled sp.ringbok popul~tion (~"j,{f. ? ,,14) C()lttpar.ed welll) with .-:.1
(~;..1

';:'1 o ~-,

acttu.\~.c:ounts over theUp9riod 1982 t.o l.99,Oe

"1n the ease of blesbok (f'j,ey " ? .15) tb,~ comparison was also
II , )

r.easonable. '{,he mode~,eonf:i.:rmed th(~ earlier.> sllspicion that ,the

1.986 blesbok count was all "o";',8.resti:mat.e. TJn,det,' cQndi:t~tctns" of
, c. . (_) 2.(~

hi9hr, rainfall 0 (1,988 '\to 1990) actual counes were h:i,gner thO'J
(,\

modeied output ~ 'rh:i.s Sl...~J:Jg'i!lst(~dthat I u.1de:r these con~i ti.ons ,

blesbo'k; pe.t',fofltted better than "what, ()the model predlcted .• \

/1

In contrast to spl',il'!9'.Dokand blesbok "f,'~utPlit, tbt) tttodeled: bl~ck
~

wi,l,debet'st. popu.la:ticH') U"ig. '1.16) c~"mpt\t'ed dismally with
I:' ., \, ,,\~j

'YI
t~o~nts. " TRO mod~l pt:adictetl bla(.~j~wil(lCb~est,dac:l.ined to ~e:t'C} In

l::HN, whe:t:.'i~e:J.,sth.(~ populat.iou, .in l:'eillity, has t"~maj,11ed above 200

"actual
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trnd(~rxnediultl r~'f.infall the exten'c of interspecU;ic competition was
i)

ev:i.<.tent in ,all tb:r.~e species. population levels of all ,three

species in! tislly increased with. improved gra:.r;i~'ll~'1condftiol"ine

Spring-bol!: peakeci at ],000 afte:it' about ,five

decl.ined as competition fJ:omother St18Cies

('U'ld :l,l'lcn:easedthrough the 2f) year

yeat'1:_:; thEm
\"

\)

in,,1:ea:tl9tlo lU,aek

were tll{~ most
I)
period at the

r,
,/

{/
rapidly :£"o:r.- the

wildeheest
?>

showed a similar trend. Bles~Qk
~\., ,,,~-.'~

Under high rai:nfall' all three .,f.;lpecieoincreased

first five years and t:heroa1;t,cr g:r.adually~ The' :blaok wild~be~:iSt
I;

pt'pulatiQn exceeded that of the blesbok af'ter about 10 years ~ t.t'hn
"model. ou'cpu1~sh(l)w~dall tht"(~e speoJ.es benefited from 'the

, ).,'

POllulcltions varie(i Ln response to

difterent 1tra.ndom" l"ah'ts. p:t:oduced widely d:i.ffet'ent l)"pulation

J.ove,ll:'J depondillq on the run IOf tiwett~ or "dry" years" This :i.fJ

'\ :!,11ust:t;.,~t:6(1in P:tg. 7.1,oa and l!'ige 7.10b whi.ch were modeled \'fith
\~,

eompoti t:ioAl (F.i~JD" '101.1to "<113) s:howec.\ t:b.at undet· d:t'Y (/Jomli tiOl'lS

opr:i.ngf)t}k nn1!lne:r;(J were ~1\a.l:9ina:(J.y depr(~saed tblcmgh eompet;.tion.

Uude:t: medi"mi\ :t·ain:f.all 13!):t"ingbo)t doclhled from l'?l)O to 400 aI'lilnals

105



\ I \.

,,
'HIOH

• bl .. bek
~.. ralnf,1l

ANIMAL NUMBeRS ("fhul,uumd.)
5

/ " Him.
M!:DIUM

LOW

1

10" ttS
TIME! (ye:!J((D)

raln't!!
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.,
1~4.3 Discussion

I)

Tho :nlcldel output showecl tha.t the spr.1.11gbokpopulation on ~I~he Pan

was !u:imarily li,mited. by vegetation bioma0'3s. I,1I11i5Well] .~itbel.' a
',\ (j

consequence t,t: low rainfall W~,iClh resulted in a low v19gotatiC'.Ill
,

biomass ot' cQmpat1t.ion w.i.th othel· species. competit:.:i.on W[YJ
o

minimal at lQWplant biomass because :blesbok and blat'tk. w:Lldebeest
'\~ ,I

were unab16 ~;o 9'ra~e t.be ,~1h():r.·t vege'tat!ic:m" Onder' medium rainf~ll.
\,' " 0

"
·sprillqbok on The rJan wet'a reduced conside:t·abl,y. At high p~"'{At

bimnass springbok benefit~ed t.renD the presence t:jf other spGGies

'~presumablyas a result Qf graz:i.nq to px'ol:iuce Shorts;;: green grass

as f''t''eferraC'l by spr:i.nq:bQk.

impl~ca:tions of the :model Ol.,tput inoluded that. there wa.s
(~

scope fo~~',uana9ing and increasing spl~ingl;x')k numtH:)rl'~· \~\1der medium

and high rainfall but t~\is was limited under low rainfall"

\! t,llile model also demQnstra:i!ed that inj,tial ou.tput was misleading ..

In Figs. '1.8 and 'i' ..12 springhok numhers increased for tho

first five years and thereafter deol,il'1ed. tt was therefC'u:a

importan1=,to explore the output for sufficient time for trends to

b{~esttlbl:i.~he~).

'.tthemt1del aesuned that zesouzees off 'l'he PaXbWfr,ll':e urtlimi t.od. Thls

p~:t"lTIitt~d the IJOpulllt.:i.ons t,,) i~,crease to unr€lalist:lca,lly htgh

nunlber~\. O~".lthe. one ha.ndthls was advantageou:] i~') that.v given

high popula't.ionsf thlj an:imo.ls ccmmmtrated on 1.'l1e l'an when

~!1:az:ing was ava:LLable. 'llhis revealed 'the po't:ent:lal f(~:*;' tho
,"'" ",.' 'I"'> I),.)pecu';k.. on, 'the ot.hor hanel it'i1!t;'mJ far ..·fetohed'· nnrt . B Sh\'):t't.ccmlinl'f, r ~

'1 'IN
J'.... _rG

))



:Populatj,on regulation would also have been refined :by introduci.ng

a rn"l!Iber ,Of a.ge ela~ses W~~h age E.:ipeci,fi,c mortality.

improve the her.bivore model but suen dot,ail is
, ~

reGolut:ton of the v0gct',at:i,on :m<.)del.
, ,',

.beyond the

The 0) widel.y

parti{~ular.ly

different outcomes under "rand'.)m'" rainfall were
)" j

',1\1

reveal,.inq and illustrated the complexit",}'of, pl.ant....

':.herb!vera and herbi vore-herbi vora interact.icms. In reA.li ty, overy
~) ':)

x'ainfall even.t, and therefore, eVElry rainfall rogi~e wat1 unique

and no two outcomes were the,same.
(1

The aornpat'is(,m of :modeled output wi th aet;,ual coun~,s ~ts a.

tautol(J9Y. f~enera1.1y. litodels are "'testod'~ 'j}i th independent data

a.nd not data. f'l.·om whieh t:he l\'1,odel is built. However, the

cOl\'\parisc)l1 remains an accept'able test, albeit a weak' one ~
':;:.:::.

The spr.in9bok and bless)ok. models predicted well and passed this

test.

The l\\odel, output :for black wildebeest wa.s diSappointing when
(~

compared with f,m"tu.ill counts. ThfJ :;t, that th~re was such a

differel'lCe }Jetwe~n :modeled and actual po!)ulat:lons was attJ:ibuted
, (!

to the t:~:bi.lity) of the species to :rCl.e~tits :intake requirements off

'l'he l~aIl.'J,"hatis, vegetation bi,omass en 4,tlhe Pan d~td not affe':t~

black w;U(iebeee:}tto the same as extel1:t as apringho]", and. blosbok..

?,lh(~ time n,,~:r.'ies analysi.s and (~orrel<ltion with ra.inf.all {';'x bla(~k
II ((

~i,lclebee~~ton Ttie Ptln (Ch. G) have d&mm'lstratetl this ..
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,In essenee , the l'(todel"l.1ndt!rer;)t:j,nlatedthe productivity of black,

wildebeest, particularJ.y under J.i'')c'1' and medium ralnfalJ.
eendd tions I which led to a prerlict~d population deal. ina when

actual :r.emc1vals were applied t.o the modoled popula.ticm.. However t

the model was easily refined 1)1 increasing the reV) values {nn(}
therefore r~,cruitment) fo1'.'black wildeb~est. under low and :mediw.n
:t;"ainfall. : which. ir.iproved :i.ts pcrfol:mance. In many respects the

:mode,Thas served its purpose for it has id~\mtif.:i.t9dshorteolln'-';1S

in the existing dat.a ami weaknesses in J1\odel design.

t.n general f, the perf'ox'maUfJe of 'the model concurred wi th work

elsewhere _ Alldon & ~"hit;tak~r (1982) found herb:i.vorointake was
related to plant height and van zyl (,1965) noted that there was

a high Qv,a:r.lap in l..ie1: between the three species ~ Gt.ttlu:ie (19.f:f1)

a:J.sc l,"ecorded t1t~J.:i~~':'·;lesl'Jokand black wildenaest shared sirdlar

diets. spr.illgbok ~,ere able -:to gra3(~ a much shortor sward. (M:tlls

& Retief 3.984a; 1984b) and were therefore lTIO:r.c arid adapted than
"

the other two species~

l'revl()u~ly described foll' black wi.ldebeest and springbclk,

faeil:i:tation has boon described for si:milax' speCief:l ('I'hcmmol1, s

gazelle and blue wild(~bocst) in 'the Serel'lge'ti (Mad:do(.!k 19'79;

l!CN'aught©l11'? 1976).

At low and 1'1l(t)I'Humvegt~tation biomass t:he:ee waG conspf.cuoua

cQ)!Ipet;i 1::.io1'1 .l;;etween Sl)l.'.:l.l,~l"jok nnel the ~t,hel'two spocies which

:t'mmlted in u dt:;clin(~ in sJiringbok nl1mhe:t·s.. competition has been

ropol'ted b(~·tween rl'llQmSO)i;~l' iJ\: 9azo3~~O 4uu1 .blue wildebef}Jst by Bort.1{~r

ot: alG (1981) and OllbLtu et: a.L ~1.'99Q)"
Ii
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The ability of Sp:t'illgbok to Increase t~overy large nmn1;')G!x'sundee

wet conditions without comp.etitiol'l suggests sprinqbok were able, ,,/

throtlg'h gra2ing, to beneficially modify the food res(')l.\1:(.~e~

Mc'Na'i..\gl11:,on(1984) has SU~l'!\ised thnt gr.ega:r:iousn.ess in grazing

animals increalsed fora9in~ efficiency hy m(.',difying ,,(~getation

str\.1oture to t'! improve food yi~ld .I)el.' tiite. 'l'he model s'l.tggestG<i

springbok emI>loyed sueh a strategy ..
I)

.' IJ
In, (;:onClu.fdon~ the Qutput f:&'omt·he \~c:;(.te1was both realistic and

l'l.ausi.ble~ I).'he rllodol :implicated bJ.$sb(,,,,;as a more imp"rtant

,~ompeti tor than black wildebee~t;. r1:his was contral'."Y to what was

f.irst thought but :tn h:i.rldsight .logical.

Th~ useful application of model:lnq was appar~mt, part.i~"11ar:lyin

dism:n:n:ing vegot.o.t.ion .....herbi V'or.e interaction,:;, and
....::,

It'mg term

tre.nds ..

A notable featuro of th~ modelt that sets i~ a,patt from other

veget.a't:i.on-herlJivt)):e models I has been t,he ineorp9rat.ion of
I,;;

val: 'rlbJ.e ve~¥etation and herbivo:r ..e inputs. Had t~::dGmodal t'emaincd

constan'l;:'-9t'owt~h,
.
cc:mstant""'r.equ:Lr:olnont mod(:)l, ...~....... its

, \

hoth veq€ftat:i.on altd 110l'bivoref.l would not ha'\Jl'l'.;lb3t111 £}).:i(:ited •.

'!Ihf:l model was suf'f:i.eiently ct)rroiJornt.ed "to now explore l'Ila.na~lement~

op'tions.

(I



8.1 Introduct.ion

'llh\'~ a:i.nl of thir; chapt~(,)l':was 1:6 formulate a manugemE'mt f:ltrategy
\

to maxi,m:ise t~hcnumber (~f spring-bo};: on Th.e Pan.

clearl.y i.dent:i.f.ying the ubjecti ve

(ii)

IX'!. this ".ray

ilUpal~tjally

Ii ('- \ !{'.
were def:iLrl(;'X\\\ ..•~n~.\

, '/;
Tt·e p:r:oces::J Pl:or~o;~Q..'d

t.he ~jtrate~JY !lIas

logical deci~~j,t;.ln
•

"

m.aldng by .i.d(Ultif~!· 1\19' the reaGOl'lS ~<1hy certai1'). a..::tlonn w~t'e

undertaken & ThJ.s facil.:J;co:tca a.daptive management ..

l:
1\

The overall. ob:jt~<;tiV€l of tho study was t.o 9a;l.~uude:r:standing c;;
tb\~ 11leeil.iU!j.sms that dr?ve a plant ...h,cll':'b$..verc 0)fGt;em so that~ th~'

sy:.:stemco\,(ld :b~.?l :manipt.'llatod to moet the ~ibl'lsof m!1Ilt.9'ell.u~r'A'"".
I

A l'r;i!lw.:r:y c:onGidcratiotl at tho (')utsot t-JtlS that t,110 r::;tratogy be

!J:t'aeti.cablo u Thir:. requirGd that, ~t}lO;l:;' f,laxmgement:. CO~lr;:;tl;'t\in~s bo

il1oo~~oratml iii def.in~.ng '1;1'10' \)b~lJct.iv(\.
, I

I>' /0
I "



(i) viable pOptllations of blesbok and black wildebeest

be maint~ained on the rE..\~erve

(ii ) c:;:;oPl~in9' be rest,rioted tc 't~'iewinter :months, and
/'
\( )1

;1

(1.il)1 incoltie be derived WhfJl':e posslbl.e,

Pr~vided reacJonable numbers of a.nimals were on the r~~sarV'ea high

pl:oportion of the population I;t]ould be on The Pan. r'cherefot'Q any

mr:magemont ac:tion on'!.\]\uld be ai:(/;<:::Qat tbe' total population and not
'_ I

"'Jht)];,eo.s the vegeta'Q;.ion :r:esPQnse was rapid that of t.he herbi".i'ores

was 1aqged. For m!;,unple, favo\i!:~ble v~getation eondf;tiol1S gave

rist~ to an increase in l>i:t·th x'ate cmly a yoar later... This

compounded. dec:i.sion mokitllj as tho fut,ure clj.lRatic regime was

unknesn •

(I

In the ctu:rent model 81}pl:i.dation the future was ignored, a:lth~'\l9h

with refinerllent.Es to tho' apprt:;}t1.ehl' it could b~ i:ncJ.ud,;:e:.l.

(b) expl<',t'o the ouecome of

ntd,nagelRont intt;)l;:'vention I and (c) dovise a praet.icable st:cate~1Y.

lJ:l



8.3.~lnterspecific competition
1;( .

Sp:ringbok population levels were (lxa.mincdseparately with those
of blesbol:1 blac)~ w:i.ld(~i)eE)stand both Sll;Qc;ies t.Clget,her under
varY3J(),g rainfall regimes. rn each in[l~a.nce the stal'ti,ng

population was 1100 springbok, 170 blesbok and 200 black
(I

...~ ::........;;,_~~~-:-_'""':.:/-~=,'.....:.::_::.:~~Co _:.._~~ ~=~=--==~.=:::~,,_ =
:;':':19~ B.1. M(}d~'lled to'i.:.,), sl)rillgbok popula.tion a.:eter 25 yGi'~rs \'lhon
competing "lith other f'l;)ccies under different. rainfaJ,l regim(js ..

Rainfall competing species
Ejl) oply sb+bb sb+bk ' sb+bb+bk

dry
:mediumwet

250 220 220 180
3.700 500 1350 400
5000 11000 6500 4500

ThfJ rosul'ts eoneuzred with oa1."lier lUDdel output from The Pan.

Under low :rainfall competi tioll was l'Ilin:bnal and springbok n'l.'Unbers

w(.~rci by and lat'(yap liinited by rainfall (vegetation). under

mediulll rainfa.ll:,' "8DOk limited springbok nU.:mbers to almost the

sane degree as "d,th both wildob~eSt and bles1:n.)k together"

COfiverscly p under high rainfall springbok Wt::l:;;el,bl!ted only :by

tho competitors.

individually b~nefitcd 1jpr,:'tn~bo:k', nurnbc~s to1hon wet c;ondit:l.ont:1

p:t'oV'a.i.led.
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r.l,lheoutcomes suggestscl that under low rainfa],l the grass ~ra.s too

'~;hort fot." either blesbok. O~ bla.ck wil.debeest to crop. UncleI:.'

medium rainfall t.be grass was at, a he.ight that.: favoured blesbok,

and the species competed with sp].~ingl:;\ok for tho available
(I

resources. In this 9i tua.tion the gra.ss was e.tther. '1:'00 short due

to insuffi~ientmoist~re
was kept short by bot~i bl.esbpl{: arid spring),')ok gra:.d.ny.1i ':)

t1,11~:t: hj;;ghrainfa.ll condition$ the grass height. favoured black

wildeb'tfJest and W!l$ to'\)) long fal" springbok. Ho't'fl\rer ~ gra2ing by

either blesbok 0:1: bIllel:l!: wildobeest red.uced· t;,he V~l!getation canopy

to a levt'l which pr9vided iInproV'e<.tgrazing :for sprillgbok. If bnth
\

black wildebe~st. and blesbok ,\>,I·!{re present together then the

vegetat.ion was depleted to such an extent that srJrinqbok nll&f~Trs

W(ll:'e reduced"

Several important lllanage:mfmt options ~.rere concluded from tho:::)€}

rer.:m.lto.

(i) Unclor low rainfall the:r.a was little to :be gained
by manlpulating oi tbcr blesbok or· blaC';lk wildebo9st

(ii) under l\\ed:i.urn rainfall spI·;i.rtgbokbenmfi tEla momt through.
control of blesbok.

(iii) Under high rainfall moderate ;n';Jm};'lorsof. blesbq)t antl

bl.ack \..rildebcest bonefitod ,$pringDok.

1~21
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The oUt.C01n£IS were in accoedanee with th~ g:r;>azinqtheory of Al1den

& Whittake't' (1982) relating to intake and plant height and tha't

of Illius.& Gordon (.1.987), ";bel"e j,ntake was controJ.led by bite

dinlension.

"The model was als~ revealing with regard to facilitation and the
establ:l.sbmont of grazing l.awns that benefited springb;:)k.

Confli.::tinq resul ts have been reIJorted by severa.l autho:t'G..

MeNaughton (:t976) and l.fa.dd©ck (1979) 1;ound qazelles concentrated
IOn att'(.:.iS' previously 9'ra~ed bx~wildebe.o~t,: Uorner at el , (198'J)

found gazelle were lb:tTI.tad by intert.w'~~cifie competitiofa f.tlith

other species and de Boer & Prj,fll!{ (1990~ could find no evidence

of facilitation

MeNer1.gh'l~cm19'76).

as reported elsewhero (GwYA'!ne lie Bell 196e~

In the light of the modol output it was appar~nt that all these
cases were possible b\lt the cm:t;.cont{~ depended on pl;,\l.nt height and

cli,matic condition. 1J.1hio e\nphasi2cd the compl(~xity o~ f)lant"",

herbivore syste~~ (Crawley 1983; McNaughton 1979) and predator-
prey interaction Oloy-Mei:r: 1975: Noy""l'leit'1981).

\

8Q3~2 ~opulation mnna90mcnt

The model output \>yasthen explo:r.i2ldwhen blesbok and \o,il(~ebe~st.

populations were cOA'ltrol1~')d. The bCfllt strategy \'1as theoretically

one that eontrolled blesb©k and \tlildobeost numbers under madi'llln

17a;i,n but permi tted t~hemto im'l'(01lts(lunder high rainfllll. The

unpredictahility

impi:acticabl0.

of ];,B:l.nfall :made sucb "
:Atrat(lg~'
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The:t'efore, i,t was docidit..... "=h~lt, in the absence of prolonged

droughts, blesbok would fl.G:)t be controlled below a population

level of 150 and wildebeest noc 'below 2000 Th,is would 11\Oet the

other objectives of ma'lagement that viable pO};l!Ulations of th.~se
specit:1s be maintained and that tho populaticns provide
sufficient animals for ~J. luo:r:ative safari hunting cntcn:prise *

The results are given in Tabl~ 0.2.

'.I.la:bl~ 8".2 Pv!~ulation £;)i20 and harvest for different ra.infallregimes"
Rainfall population

sb bb bk
Harvest

bb bk

U:I:'Ymedium
medium
wetwet

saa
2806
2554
:3293
47B3

Ul'lClontrolled
150 200
200 25f.!>
1EH1 200
200 250

o
13
113:r
43

o
1
l.

74
92

Sp:d.nghok munbers were ll:i.gher, even ,'~\l'lderwet conai tiona s , at th.e

lot'l€lt' populatlon levels of blesbt'i'~ and bla,,)k wildeboest than a:t
'I
II

th~ higher levels ~ This SU9gested Ichat at the 200 blcSbok and 250

wilc1("baost level competit.ion rather than facilitation was taking

place 0 Th~1lhigher level of pop~nation eontrol of b14!lshok and

black wilgebeest was thar~~o~e required to meet the objGctive of

maximising spl':ing'bok numbero.

under ~:lOntinual dry elanditions bl~f;Jhok and black w.ildebeest

numbers dt::JcJ.inodnaturally. If ch:y COi1di tielns eOrA1~ir-lUedfor. 30
\\

YCC:ll:."s the blesbok wero lX'oduc(;1d t;o som.e 60 C1.1ilbaa.lt3 and the black

wildobeeot to extl.nction. Nl'ltural (ltnlllCmo.ged) !)()p~llatiQn levels

frOllt the model. nre gj,ven j,fj Table g" 3 and t'1ould forll\ th.o basis of
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the recommended r:rtrategy during extended drou.gh.ts.

T.able 8.:3 Model output of population dec LLnes of bl esbok and
black wildeb{aest under continual dr.y conditions .

"* .... r+- -- ----:.:.:.'0~_,.. ". ~~
Drought peri':>d (yrs) Blesbok Black uildebeest

:3
6
9

150
137
126

100
53
30

Thti\l yield of bJ,u,~k wildebeest was too low under medi.plll.
conditions to matisfy the htmtinq ,?emand" However, under' wet

conditions there was an over supply (Table a.2).

r->,

On avera.ge \(dry r mediuul, wet) the annual har-.;est was J.5 blcSbok

when the population W;i\S cont:tolled at 150 and 20 bleshok when

the popula.tion was controlled at 200. Similarly, the ennuat

surplus of black wildebeest was 25 at the 200 level and 31 at the
250 level (~:.lable 8.2).

The a.ctual average annual harvec.;t between 1982 and 1988 (!t'able

11.1) was 18.7 blesbok and 42. G blac]:: oildebeest.

This suqge,v:::tedthat the model was under-l2stimatinq the productio!'l

of surplus black wildebeest and this could be attributed to

either inadequa.cie~ 1.31 tho model 01" tmd.ar-cot:!.nti:ng in tho £1.010.

1.t WA.S unrea.listic to oxpect to cont:,l;;'ol pop'l.11a"eion 1'1Umh0!."fll

prooisoly. Tho j,lntAelia.bili ty of counting and th~3 inab:U,i:~:I? tel

accurately ll\;:.miptlllate·popul.atir.ms;!procluded thl~ & :tn real.i·ty,

PQt"Iulat.ion levels fell wi th:.tn k':l :i:cmgc that wa~} practicable tel

liul:i.ntain.
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t.he r9commenclecit f.'rtrategy during extende~ dr{)1.lght~.

Table 8. 3 !4od~1output of population declines of bJ.es.bok and
black ~7ildebeest~ und~r continual dry conditions

Drought pe~:iod (yrs) Blesbok Black wildebeest
... ~~_.,.---~~~:~~~_~~ ..t;a""'--'-ft~~"~~~i<I=_~",.~""""~"~~_

:3 1.50 100
s 137 53
9 126 30

i}

toe) low under med:1u:m.

o;::onditiona to sat.:tsfy tho hunting denmnd. U€)waverI t!1'ldec wet

cOllai !!ions thtn:e ~f1tlSan over supply ('lIable B. 2) ,.

.,
On a.verage (dry, lneditlm, wet) the armnaf i'mI've-st was 15 blesbQk

when the populat;.on was c()l1.tro:U.ed at. 3.50 and 20 blesbok wherl

'the "P\')l)'lliation wa.s cont,:011ed at 200. similarly, the annuaj,

Zuri:l1U[·l of black wl:LdebeeGt was 25 at the 200 level and 31 at the

2$0 level (Table 8.2).

The actual average annual. !larvest bet,ween 1982 and rses
6~1)was 18.1 bl~sbok and 42.6 black wildebeest..

This Guggested t.ho:!:.the model wa.s under-of3tima:ting the product.ion

of ~:rl\Z'p'lus black wildo.bfJcst and thj.f:~could be at.t:r.:i.buted to

eitb.ox' inadequaoies in. the model Qr under~eotlnt!1,ng in the fielli.

It was l'!nre~l:tst:i.{~ to eli:petGlt, to C{mt:t"ol population hu:fuberD

procisely. '!Ibe unr.E:lliabil.i<!:,y ~f counting and the 5.nabil:ity to

accml'.'ataly manipulate POI:lula'tions pr:eeludecl th:ts.. In :t."'fHlli t,jf r

population lcw~)lG f('~11w;itllin a rang~~ that ,,,as !):tacticable to

maintaj.n.
))



The model.suggested that poptllat.j.on levels of 150 co 200 blesbok
" I:' \\

and. 200 to 250 bl.;;J.clc wildebeest WQul,d. best. mee::t ~he obj~etd.ve of
\\

maximising sp:r:ingbok em The Pan under med:i.umand hi.gh l"ainfaJ.l.
\~

Tllis was the recommendedst:t'ate~y l.U'l('lerthese climat.ic e~)nd.i.-

t.:i.ons.n (I

Dur;tng ext~pded perl ods of 10\U rainfall the pl':ef~rrli(:d strategy
'\'- "/Y

was tlu:!'t uU1nbers\ of blesbok be reduced to below the :],50 level and.

black wildebeest be reduced 1;.,0 below the 200 level in accozdance

with Table S.:.L. This $t~~~tegy wa.s airli~d and utilisi:n<;; sUl:plus
,I

fl!').imal.s that would ~.l'1any evell'c dijf na:l.~ul~al1y.
·f

Under fl'l.wtuat:i.ng r.ainf:Q.ll, the munber of springbok on '.The Pan

remained betwesl1 one ~'di two thousand when bl(;lsbok WerQJ/ kept

b(~lQ\01200 (Fig 8" 4:). If b:tesbok. were allowed ,to increase the

s'wrillgbok popula.tion temierl to be depl.·essml to around 1000

animals (Itl;t~r.3.5). rrhis again indicab!!d thEtt blesbok rather than

black wj,ldeb€lcst wer(.~competing with springbok.

lJ.'here was little d:t:ffe:r.ence In springbok nxnnbe)~son The Pa.n under

fluctu&ting T.'1llnfall when blesbok werd:.:maintained at 150 and

black wildebeest at 200 (Fig. e. 6) COtTl.pared wi t-:.11. mai:ntain3.ng

blE)sbok at 200 and black -wildebllcst at 250 (~li~. 8. '1) Q This was

'ltGefu]. for it. moant. tb~t a :r'igol'?ou.sz C'lllling Gtr!lt~~9Y Klich was

diff.icu);t to atta.in in practi(J0 was net; ~ssentiaJ...

Tho d1ffererl't. cullillg' strategies fluotuat:ing' :r:ainfall

oomplu.~ed iii :f'igure B. i3 • springboll:. :nllmberr'2l on '1l!e {Jan wel~O l.owest.

Ln the ab~S(~:tlC(Jof CUlling and highee" whon both blesb<Jk and blaok

wilclcbeef?t were r:ulled It



I,'

ANIMALNUMBt:::RS(thof.lunds) RAINFAL.L.(5 ~_~~:-..-~~_ ...~._~_~",,,,,.u_,._.,_,,,,,,,,,,-,,~,__ ......·~~~~~4·'_·_"""'="l":"~___".~..,..__~~'-

Figu!;'o t3 0 ,~. ~~Vt'.inghokOft The Pan undor fluetnat.i.!lg rainfall trlhen
~lesbok lu;'e maintained at 200.

//

l~igtu.;,e {t.~5Spr In9'bol~ em Tht-:1Pan u:nt~c:t~fJ.uctuat.in.g rainfall when
black w:i.ldbocr;t arc :t"'.einta.illcd at: 250"

126



-~~~ab ......- bb ~"'>"'.".b~ -E'J-. k'ilnfaU
• ;[,/;c~~_,,,,,\\\\

F'igu:t:o . 8. (; Spr:l.l1ghok'·on ,,~!:hePan undez ';t:.1tu:.Ituat,i:.ng rainfall , !hel1
bJ,Qsbok are :nmintained at 150 and black wiJ.!ll~boe[;t.at 200.

,I

(/
.~,.~ . ~-bb

ra:i.nfa:U
at i3S0.

when
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3 "
/'

",~,. no wI! 'i

, ."".. bk 260 bb no oU[,l
~~..- bb 200 b~ ~IO em:)
,,1:1« IJb ~lOObk 2GO

\-1

l\
l":it,:.ft1:t:'C: 3~B Spi;t:~b)gboken The Pall undol:flu(.!'tuating rainfall and.
apply.i.l'lg dif:. (;?l:'ent rni:lrw.~le))li(:mt st~l:ategies.

/1 '\ \ "!"

lila



antl\\ 250
'il

,01,.

bl;'!ck \t];llde}.,eo$t stl~il...' "(~es0

- 'I~

This ~')earl.ier

;f,indin;;s th,\t Elpd,ngbok number9 on '.!,'.hePan \0,7eremost i:rlfluenced

by h1.estbok. The propOsed il\Sn,~g~...ment stx'atcgy was robust tm(tcre
\\ II

flt1.ct~uatirig :r.~'lj,nfal1. )

.~. of this study has been filet"
.::._~-

'-_

Tho :t'~x;;t)nlm(;'Al.cl(~d't;actic was not g.:i.(:Js:tm.1.1at"tc -I.:;h~lt cmployad in the
'<...\ --"....;,._i .

~:i1\\:1J ar
"'<\

important
/

s:m,1('ul1t1c:t'f5tund ..t..tlg of t:.hl.S

advaneed
(,

IllUl t\ "'her1:d'«JorCol t:JYf;,t(:lm illlpx'oved ~
\\
\

'£110overall objective of tllis "t"~ W'l>l to obhlin tllo information

and l1ndf~J:':":?;tand,~.ngof: a vqgota1;..i(}n~lv:)l;'bivoz:c: syg't,~~~:!t~h(rt 'WQultl

all<Jtol a !51)od.if:1c manl.lt~(enlOntgt;Ja.J, t:o \0 attll'd.i~l~d. T;l(:~ p:t;,~)blem was

"",,1 and the ott:ai;<)gy l'ikow.l.o" "li" r~ll:l.>''''l 'to be>praet.:leablll.

SUPt)ODmUy olmpl() singl.o pl:oda7f:t'''''Dl~'~J10 pr:o~' l:;yst;omn wcx'o

th911lf::mlv'o8 c{n!lplm~ and. thoir it.O:i:.at.i.()~'ha!.~' beun tlu~o:r.f:rt::t\~~ally

ls)K~lorocL X-.!ult:i.plall1: ....mttl t:iil(lr.b:i:vm·:o iut..;:jr(;i(~tionm have '.' rE;~ma;l.netl

C'

[I

8 e " Summilry

timjpi to tlhif~ '1?r.tIJll ex;;.t~y and lack of \1l'lci*)'r.mt,li~nd:i :rl~~
\l

it. was
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nn11t:therbi V01:'C
II

c> ,-I

'llh(~ Jf9ist~iti1 equat:ion whic;!). lli\c;

w:.tcle.ly u~'(~tl model -c- ·,for studyinij
/1

prl~dlltr;n"'''prey l'elations was fotmd tt' be inii:~pprop;r::i.a'tc. A {lir;;Cl;~t~te

(l:i.:ffc:t;~(Jnc(:j~(,doJ. was thol:·f.~fort:l adopted that: was well sul.ted to

!~xpt'ef;sing i:nter~'jeaf;ol1alohanqes withi.n an cp:i.sod:t(j arid syt;tem

IVr
,I

1\ II

The model \\13S l.~o.t'l:(''1b(jll;·atEiKl and s(mG;ltlvity anajyses WO~¥(" Qiil'l"led

out. ~l?l'Aeim~)(~rtiimt paX'ameto,'!:'s vea:« ide.nti.fied and the l;]odel

"

:::,,;piltlt;\11y and tenlporal1y h:tghly vo.:.:iable and

wet'e ty~li(mlly
II

cha,ract.e:r:il';';tlcal1y

sensitive

Veg[)'t;.ation pr.oduction vBr;i.ed in respOlH:'O to '::'climat.ic l:'egi.ma."

UmlCY~ :fn,,",m:rab1.e (!ondl.ti.t:ms preduetion was :t:(.il\:rtlvrJl~l 11'trgo~

Q' "1'" ~;'ut;),l1,U a:r.'!.J' ,
J\

undez UllfavcJ:r.:71bl'. co;m.li'i;.:.tons vc~~(;"t:a't:.:h)n, blonms$
~.

d(;1ClJliod vtl!);i.dly *

"\' J

'J:ll~~ ('.{)l1C(1ptof herb! '70:1'."0 f'IUi(!tim'ltll t'(WjpO~'lfM;ilf by and laf.'~l('), hau
;<

FUllctioual :t,"e(W()l'lr::~e was ~:()undto lJe I~U'l f,lxt~:'(llnsly llseflil i,,~e:a~l[;.~~,()1;'

e~prf~&G:trHJ internf:l(S{~lt'ic d:l,f:fel'(;~m~Csbctw(~en he:rblvl:):t'es t:u1(l waf.~

!)l.:"ucti,cally £1Ll.Jl:ted.

a so



'l1ll'e 1l.l()d(.l)1'bel:f,~rrtled plnu~,;J.bl:¥ and w.i'th 't'efined data .from the
If I ~/, \~,

field th'l "Olltput was l.Ealist.lc. Veget.ation production 0:oy '.' the

,.nodel was s,1.1n.jl.a:r. to tb.=·l't:, :foJmd ill t:he field and was S~'Jll:3~tiveto
~~

h(')th raillfall and season. S::1.:m:i.la'rly herbivore popul.at~.on~ were
,_,0

.detcr.rn.i.ned by 'sfr.:lsOnal ve~et.ation biol'l1aSBan~ spe~~S.es sp'el:;~ific

:r;·t.'mponsim were "eli.o:.:lit(~d ti.') changes in V(~getation. The model was

P~l;r.t;tcula:r:l..Y ut1(.;lfuJ. Ln eGtablish;i.n~lh')IrY'(r term t"oplllat~i(;}:n trends
()

under c:li.ffol·('!q.t,\ olima·t;:to :t>('~JinleS.,
,1

1:h:dted by 'V'cc,fet.llti.Ort (l'K.rail.ab:i.lity and not
co:mrJct.J.t.i(m. unde:t.:" medium 1;ainfa1.1 ~lpringbtlk . WCl:'(1 (Jbl.i{Jed tl.')

i" r
e:6mp()t(;; J?07[' the:) mra:l.1able r(~s(mrCt~fJand th{:!dl" ntilli.i;;,o(cs w.~ro

l.i.mlted primarily by ble~lb~)k.Whon eOtlditions 'Of' hJ.<jh :t:a:tnfall
"pl::evaiJ.EHl Hp:einghok benf.~:f.ited :)XHil 11:lw number-sof ~~l.eslJok and

.'

rairif'al1,

2?inally the, r,l(,d~~:twan used to fo:t:lil111ate a Ci~'l:;'£'l'tetfY ,.t;hat~ lllet~~x)'t.h.

th(~ ol:rj(~e:tlvm~ -;);f the ,.J'l:.udyand th{1s(~) of r:\anJ.9'<~:.:!t(mt. '1.~h:t6
I

i:nv(11~ll;~d a !.'1c:Y.::ibit' a£)p:rx)(tch gCi;;u:t~d ·t~€;l a :t'ainfal,l d:eJ..von sy(jtmn



It
"

(1

wris unrealist.i.c tc bxp.~ct a :modal thai'; lacked precise
o

deta,il

t.o baveo evol v'dij,)1 "an :i.nfal.lible strhtegy.. This was llot the
<-~I

:intention, and

h:l.ghltght. ctucial elements of t:he vegetatlon···iherb~vore system. (

proved but

:ldent;ify

\"\"
IJ

The modal. has adval'lced bt.1th u:tRie:t'~3t~andirtg and kllowletl 0:£

plant.-herbi voec j,lIlt.c~~~to:n::1 pa.rt:io'iharly u11der va:r:ying c.limati.c
II

:rn concf.uaaon, the ItJ.O#"el offers n l?l':act-:ir.!a.1 1\ approach to

lnana.g:i.n~~ d±ve:r.'f1e lill.tlt'.iherb~lV':ore sySl:.lelr.G~ It hal';' W:i.dC1' aplilicat.ioll

and can 1m a.darJted t.o other herb:t vor(~ 9U:tJ.ds and multi·"prf!da.t()r
C~"

(~():rnpet:ltQl:S·>-\to bCl'1efi't ci.~)riserV'u:t;i0l1 antrl :lmpr'ove wildlife
"

rr,1~·tnagelllt,'mt; •
II

\\



APPENIUX 1. : ANlHilL UNIT EQUIVAT"Elr.I'S
;1

'fhe purpose of this ar)p~ndlx lfJa~)'to do:riva the nnililal un:i.t I::::

equi val.etl'i~(. for '!:,hethr'ce her'hi vore sp!:wie~:;1 bla.clt Wil.dflbeest,
"bleshok and spriflg'lJok e ill the st.utly.·

An:i.1nal unit 11 (/

eg'l.1iva!eflts (AU) p:r.~vided a.common which
ani.lllals

unit ,:~)/\\ e
(~f Val~j1:i.rAg hody mass could b(;1 compE:u:ed and t3~,ch. a

'_'
'Ltnit

/~-~!

El'lCl:;gy requ:i.rem~:m1:~s~·)of homeotllt~rm:i.c al'lilnals 'Were (~onvetl't:tonally

propcn.",tional to l)ody nlClSf:; raised to the 1~hree""qual"t.cr power {Moen.

19'13.)• ~'hurl the animal '~\mite(~llivalentof" a he!:bi,\,rOl'O cdhld be

dete:t':mitmd provided ;i.t~~mu:ss is known (Mon:tis 197~/).

An 1iU')inl~lul.~it (AU) ~1a~def'il'U',::,d as a stee17 with. a maas of (~!50 kg

(oJ:ith an avorage dail.y ~Fdn (.AOe.}) of 0.5 kg CZ,!eif.1Ec1l'le:c,1902).

o

,.1

th:ls

that'l'll.01mey at

)

l
:i.nt!'~'aspeci.f'~,~;!tllyr w'tll:~neompnrj,llg' anintaJ"s 01: d.if:l?e:r.t:mts1 ~eE;# it,

ct.lub1'alent as
o

a z'e:mlt of.



in'l.::t~a:lti.naJ. d:LEferent;:es wh:l.ch e:ff(~Gt~d fill and therefore intake.
I'

I)

On vet·y where food intako
or'

,; (Il1ius
(i

& G("J~dorl1,98'7). FoZ' tho t>Ul':',P()SE: of the mOliol tho ani:mal

urdt equivalen.t

'J"')

l~major.' di:ffi('~ll1t;ywas tl;,.) dr~ter:m.il:1e wlla:t:. was the avel:'a~~emass fo:r

a s.i,;n9'lfJ ani.mal in the populatioll and at .best this o&tirntlte

amO'l.lntecl to an i:rl't(~J.li~!ent gllOk)G (Mentis 1970)" In ordel: t.o
II

Clccmrat:olv ,,~otex'lllinc~othl.:"l average nasa, the sex'-age st~'ucttn:e of
'( \ ':

1::1:1t2poplll~h. __Sn ami the 111aS~1c);f sex-age 'blasr!l must be known 0 B(}'th

t,h(;~ge parl1ln(;)tox"l? cha~"9'ed fl:'Om. YCEU' 1:0 :lear, depend(:mt on

population size and v~ltl()C()tlditiOl~. v'or e:;-cmnple,. in spr:i.nghQk tho

mean j,mlividual was' found to vary by· as lnu(;has 30 pOl'.' cent;.
'::.,

betwe~en yearD 'Of ~t")od and peer vE~ldcOlltUt;i,em with in t.hc same

population Bnd on tho sunle 1)t'rJIJI.1:t'ty.

1('.l\mg & t~agenol.' (1968) and Yo'tlng s ~l~o:nkhorfjt (1969) fOHnel thnt

tho average maEl$ I')f at) individual in tIlo 11ormJ.at:ib!'1 vfu:iex.l f:t~O:nl

0.'J£5 (impala) t,() G.HO (bl.m,'! w:l.ldcbC30St) of the mean '\dUlt. mc!le

c:m.l17;ulatod f'tl'Kl mean lnC:H;;S of a blElsbr)l~. to
\\\r'.'

U2•7 per cont. of adult', male ltHlSS 0 " A low(u'

A detm~l'!'d.:nHtlonof mean pl")pulat.il.)!l l"!mSEl fo:t~ sp!:i:t1tJb@l~" bas()cl ell

Itnown mean masa fOI: each tHJC class ,find the r:;cx""age }:;tructm:'~~ of
\

tho I~cprmlatioll, f]'lVC c., :fi~Ju'l':o {}f tt3.1 p..(:!t: tmnt of menu adult.
)



mass, ThU~ .the L~.cJttre of o. SOwas used for sp:r.'ingbok t blesbok and

l%lac::kwildebeest .•

Dr.Of2:S;5.1'19" out po:rcent:a.ges and
• f" /'11$P~cJ. .J.C8.L y. 'Howevcz' K sixty per (';ont was an accc~ptabl& averago

f.:i.g'ure (von 10. Cl1evall.el.~j,e 19'70).
</

\\

live lnnSG ..~ etrcssed carcass mass i o. (3

and
II.'

specicGJ n cal:.'ca.ss caliiJt.tlated mean An
ma~jr) (l~g) live nass mann equ.i,v

black wbecfJt 2:~ " '76 .0 126.7 101 :3 3 1• •
blcob()k 3,,6 38 0 G 64.3 51.5 5.1.
1l:1pril1ghok ') ~3 22 3 37. ::3 29 ., '1 '7Q • •

thoso b'Y & Duke (19'76) and
tQoGpecti vcly. 'l'hiG WCtSa rusnl t of these aut~horf3 u.sing a. hi~Jllet'

~[l(!arl :body naas for black wildebeest and blct;boL and. a J.ower body

1.35



mass for sp:l'..itl~Jbok. Mei.ssner (1982) derj,v:ed AU c(§uivalE.:mts from

gro\tlth curves and assumed growth was prop0J::·tional to ir.tako.. The
\'\\ "

AU equiva:Lent:s thus derived ,,!Ore als(t highor. than tno~~eused in

th,is study.
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APPENDIX 2 : FlmCTIONAL RESPONSE

The aims of ~=his appendix were to

(i) illtl:'oduce the concept; of functional response
1\

(::I,i) ox:a.mi:nethe various funct:tonal respotlEle types, and
I
i,

Oloii) use t,lie concept '1;;0 luodify population par(1meters.

A means waS required ,,111 th which to separat,C) th.e respcms(~ ()f

each herbi vore typf~ to the state of the vElJge'l::ation. rn th:ls way

the popIJ.J.Nl.'tion param(;yters of each species could be :lndividual1y

manipulated. 'rho concepti of ;tfunctiornal response" provided such a

trhl~ function~ll :t'espo1'lSt~ f(V) (Crawley 19831 Starfield & Bleloch

1986) is the ability of a h03:'1:I1"oro to l\\e.et its consumpt.Lcn

reqlliro!nents ~ It h-: also referred to as "grazing' eff:tcdancylt

(Nay-I·toir 19'75) and veri,oEl w:Lth the herni.vore type.

i.['he functicna,l .ou:-eSl'onsc of herbi VOt'9S to chanqea in plant

abundance tul;:®fJ~\lUray for:m~I.. 'llhz-ee t:ypes of cUt'W;\S (Appendi)l: 1,'i9.

:L 1) are gonerally rccogrdi.scd (Crawley 1983) and these) are l:i.rmar

(rrypc 1) I asymptotic (~I1YP~l~2) or SigIDO:i:t;" (Type 3).

In Type I l'O!:ll)Oflf:.'O, therEl~is ill~:::r..ensin9 intake w:Lth lnct'0Hsing

availgbiH.ty. In '1tYl)O 2 rcspcl!1S0, intake inCl!:'eal~QI] ulltil tho

horbivor.e

1.31



f{vl

II

Appendi)C J?igu:r.o 2.1 Types of herbivo:r:e functional responsQ.
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time for foofl hEmd.ling and processing. A Type 3 response occurs

t>lhen li h!iilrbiVOl:'e changes its 9razi119 preference in response to

plant abundance, e.g. when plant biomass falls below the luinimum

grazing threshold.

It is difficult to determine the functional response of
herbi vOt'es in the field (Cra\071ey 1983). The majori ty of

herbi vozes are thought to have an initial linear response that

lev~)ls of C; as an:1.mals become satiated ('J.'ype 2 response). Type 3

responSt':!s have l~!)t been roport€ild fo:r.·herbivores on a single food

source. Crawley (1983) has sbown that:. under most conditions a

Type 3 functional zespcnse mo(.~elbehaves exactly as a Type 2.

Species specific response

The functional response of black 'li.1ildebeest, blesbok allid

springbolc was determined by the amount; of vegetation on TIle Parh
Mentis « Duke (1976) classified all th:r:ee species small bulk and

roughage eaters. Hot\lever, the intermediate diet r.::f springbok and

preferencGl fer green nut:t':Ltious shoots (Bigalke 1972; Scllijf

197a) suggested this species was a concentrate selector.

The SllH'lll mouchof the springbok enables thiE3 species to be mora

selective and j.t :ts bet:('.or able to utilise short grass 0

SinlilarJ.y, blesbo){ are mOl!;.'G efficient than blac]t \dldebe~st in

meeting their intake requirements at low plant biomas80

In gr.azing ruminants th~)re :1.13 an 5.nv€!:!','se Z'ol8.t.ionship ba:rt;wc8 n

live lRIlS8 and quality of intake (van 5000'[:. 1982). Th1lS in ord(~r
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to mainta.in intake quality there i83 an increase in f~eding
selecti vity with deorease in body S:L~%l0, ,

A mi1'limum above ground veget.Qt~.©nb:i.omass is necesaazy before a

spr::!ciesis (.llOle feed 6 Thit'~ is termed 'the minimum gl':azing

tht·eshold.

Above the n'iil1imum grazing t,hreshol.d intake increases with

inc:t'easing plant biomass. ultilnately the biomass reaches the

point 'I[/her(~ it becomes too coarse and fibrous t.1.') satisfy the

demands of l)oth concentn-atie sele9tor.~ (springbok) and selectiv~)

feeders (blesbok and blc(t".1tfArildebeest). A't this po tnt consn:tm1')tion

peaks and thereafter declinesQ

It wa::, therElfore assumed that each spe.cies has a curved
functiomll :r.>espone~~ Th~ curve is e.xpressed schematically in

Appondix F.i.g. 2.2.

r.f.1heshape of the curve was 9i ven by

f(V) :::: 0 ,~ihen V <Vnlin en: >Vmax

between VI!linand Vopt by

"£(V) ""J (V - Vrnin)/(V'opt - Vmin)

and betwoen Vopt and Vmax by

f(V) ::':l (vnax ....V)/(Vmax - Vopt)

All f(V) values', lie between 0 (low) and 1. (l1igh).
I
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Population functional response f(P)

I'\: tll1as assnnsd that The Pun was the preferred habitat for all
three species. The number at animals on The Pan was det~rmined by

h(')wmany were able to meet their llutri tional requirements on lI'he

Pan. 'rhus, the higher fCV) for the species 'thegreat~r the number
of that species that wou.ld be ;?ound on the Pan. '1lhi~swa.s termed

the "iJOpu~a.t.i.onfunctional resp(msett or £(1') and was shnilar to

the "attt'a('!tiv91'HsrSs" employed by starfield et: ale (1982b) ~ "':'i'le

f(P) was express~d as a l:inearrelationship that peaked at a
given f(V) value and was sJ.milar to a Type 2 response (Appendix

Fig- 2.:3).

The slope of the line is given by

f(P) ~ () when xCV) < f(V)min
ano

f(P) ;l:;! 1 when f(V) > f(V)max

beh-lean these values

f(P) = f(V)lf(V)wax

The cot'relation of species bioll.l"lsS on The pan and rainfall

indicated trat th~ minimumgrazing th~eshold for blesbok was less

than tha'c of springho]t and that of black wildebeest was less 'than

that of blesbok. BlacJI: ~dldebeest were fourld to occupy The Pan
irrespective of grazing conditions and therefore were present
even at a value of f(V) ~ o. BJack wildebeest were less selective
than spril'1gbokand all available hlack ~dldebeest habitat on The

Pan was occupis~ at a lowor f(V) value than that of springbok.
Thee')gl'.'azitlgthJ'.'13sholds of blesbok lay inteJl,'rncdiatebe+,woen those
of spring-bok an...·' .black wildebeest.
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Birth functional response f(w~

The :rate of inorease few) is deterr,lin~d by hody nass and the

plane of :nutrition (Cl:t\tton"'Bj:·oc.~kot al. ':1.962; crawJ.lllY 1993;

Sinclair 19(9) ..

A minimum body c~ndition which depended on f(V) was necessary
for bit'thn to occur-, As the func'1:ional response for veg~tation

impl'oved so did tl1e birth rate and above a give:n feV) value the

birth rate peaked and was l'Ita.intained.

Thus f{\tl) ~ 0 \'1hen f(V) < f(V)min

and few) ""1 when f(V) > f(V)max

between these values

few) = (feV) - f(V)min)/{f(V)max - f(V)min)

The relatiol'lShip bett'1oen 'f; (V) and f (w) is given in Appendi~'

Black ~l1ildebeest were the least selective and were able to lnQet

their metabolic req:uic'G:ments at lower f (V) values than bott'

bleli~boJt and sp:t·';'ngboloi.. M:5 the t(V} value inc:reased blaclc

t'Ji Ideheest:: atta.1.nod max.imum birth :rate fb:st, followed by

bl('!)sbok and ffiE>rlngbok.. conversely I spl~in~lb()k were t~he Iaost

selective and only had a high birth :t'ate at a. h.i~~h. f(V) Value.

Blacl~ ~1ildebeerJt ~10r9t.11eleast sclo(~t;ivo feea.e:t"121 continued to

brood aft.er blos};)",I't and s~)1?in9bolt had ceased. b:t'cocling.
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\\

Mo:rtali ty is a functic.:m of body condd t;i,oll and therefore

11lltz:itio~':t and f (V) 0

f (:111) "-": 1 t"hen f ('T) > ~C(V)min

and when f(V) < f(V)mirl

f(m) - f(V)/f(V)min

At lOW~J:r. f{V) vnlues black wildebeost \'I'era!1\10r0 able than tbe

':"ther two species to llleet, thl'ilir eonsunptdon requirmnents .

silltiJ.ar1v, bler::lbolt ha(~ a lower mortali ty threshold than
:3pringbrl):. As vc?getatiOl'l conddtJ ons improved

decl ;i,ncd (~\r.Jpendi:' 1·'i9. 2. 5) •

so :mortalii:y

Conclusion

The USC1of fU1'1c:t.lona.l l'est:-'onso waG ccnvend.errc '1:,(.)01for &'egulatir.l~1

h('l:r.bivo:ce PGrfte~l:nltlnCain a plant'~he:.r.bi vo.'t~Crclatl(:mnhip. In tl1:i,s

"Jay the rlU~llbcrs of herbivores and the pt')pulaticm dC'l:!,):k:'milHlntr:J ()f

birth and doath \104'13 gt):;\~ad '1::,(;1 tho I?lt.:,t:~tcof
./

tbo '~!cqeta.t:ton0
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D1: 'SNI,SOfd
Cl: 'R(!.inf4t1
VI: 'SEASON
Eh ''i,'f:G S'l'.MtT
1"1: tpRODN
Gl: 'Spl"il'ltbok
111: 'Blesl>olt
11: 'Gnu
Jl: u ven !~'!'owtli
1<1: 'f(V)sb
LI: 'f(V)bb
lU: 'f(V)gn
NI: '~'(?)Sn
01: IF(lI)BI.\
1'1 : 'lI(P)BK
(11: ''PANS[l
Rli 'PMum
:13 : 'PANGN- ,;:1 : ''l'Ol'At VEe

,f," l1!; 'VEG REMtMm('I\
V/~ : 'VEG END SF.AS
1011: -sn BORtl
Xl: 'liB BORN
11: e{m DonN
21: 'SIl TOT
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Am: 'nn PH
t.Ell 'mm I'll
At;'1 : 'cm,L sn
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All: Ip eeu. so
AcT!: 'P CULl, nil
.t'ill~ : t t) (;UU, mm
ALl: I~.m1ilR'l'll
AMI: '#\» Dla'N
litH : '!"t~ nln'tll

A?l'ENDIX :3: HODEL DESCRIPTION •

B2: ],
C2: '[IRll
D2: 'WINTER
E2; 500
If!!: +E2+J2
G2: nco
112: 170
12: 200
.12: 1*@VWOKUPCC2,SPEAKS.@VLOORIJP(l)2 ,SSEASDN, 1 ) )
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V2: (+'1'2",tl2) "'@VLOOKUf'( SC2. SPEAKS ,S) f'~lvt.ommp($1)2, $STLt\SON. 2) -112
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AE2~ QIP($D2f~"W't'.:Tr..n",0n?(M2~'O .15,1 ,H2/0 .15 )'~S2?(AB2~S2P(). 75 ,An2)
A~'2: 0
AG2: @n{9J.)2u"WINTI!.fi\".@lF(AD:l>200. (;\'1)2-200) ,0) ,0)
11112: 0U'(SD2cJ"WINTlm""QXF(llB2'>25C. (I\.E2~2S0) .0) ,0)
AI:!; "'AC:!=AF'2 .
ll.J2: 4'AD2"AG~ It!)

l\l{2: "'AE2~AII2
AL:!: @IJLOf)1(!W($C2,SMSll. ,/).-tll$u. ~.11
M12: @VLOmmp($C2.MUS4 •• s. -% ,10)
AN2: @VLOOF.Ur(SC~. Shm,4 •• $A" ~l(.,11 )



APPENl)IX ~.'Aa:r..E 4.1 :ROOII'OOR,ll' RAINF.M:.L (nun) 1981 TO 1998.

SEt:' OCT NOV DEC JAtl f'lU3 Mi.\R APR MAY JON 11m. AUI:;
('"~ __ """__ ~""~""''''''''.':li.''~''"';'''''"""'Ili_~:';~~~~:jIo-~""_'.",,.,_,,,-_s'_>r.~~',~,__", __ ",_","_'__"_~~ ___ "'~"M'.H-""""·U"""",--'i.:.c'~~""""-~""Ik.lw"""~ ___ .~l:;!'~'t"""·"""""'''''~

1981/82 0 :2 lD 94 40 ~l 66 35 '7 lJ 26 0
1982/83 0 3:; 13 59 0 12 ,l3 J;l 11. ~~7 3 0:;)

1983/84 11 :32 () 12 34 13 15 66 13. ':?-2 I/O 0 0
19811/85 5 4~ 40 " 33 8 55 34 ~. 0 0 0 0:;)

1.985/86 9 33 64 11 49 15 3 9 0 13 0 2
1986/81 ,1.9 33 29 0 55 61 :~:;} 25 0 0 16 2
1.937/8a 64. :1.0 61 4'7 9 288 50 18 0 0 l. 0

MEAN 3.5.3 2;~",4 4L.8 48.1 24.6 70.3 41.9 38.9 5." 4.3 6.5 0.6

\\

~iBIJ OCT NOV DEC JAN l"l1lB X{AR Al?R MAY JUN JtJI, AUG

1.981/62 () 24 4" l.37 2~ 45 r 51 69 0 26 36 0
1913.2/83 a so Hi 1S 18 14 27 13 ~3 20 9 0
1.983/04 16 1'- 64 24 14 zo '73 11. 32 1. 0 2(!

,::,)

1984/af; ,0 4f;' 42 28 54 110 47 4 0 0 0 o~)

1985/B6 3 60 rs !)5 ss 66 43
'6

0 10 0 15
J.986/~3'J 16 28 26 ],9 31 63 42 5 o o /1 l8 5
198'//88 70 22 45 53 7 3:3;~ 9" 1.06 0 6 1. 0.;I

__ ,_;i:"'t.-"'·~li4·"',"".\'_'j~"""'~<>i_,_k~_C_ ",""""-'_':"'~'"""J.$.'-~<~"~i ..,-""",;"· ...... "_-"",,.,,,..,._¥, __,,·~_,"'''t""",._-.ML.;:, __ ·_tot;;.;!,,"_;".'-1.-'~::.J<'>.~"4;lr-,·=-< ..o;~~"",a"'''''.~''~l~'''-·_'''''..Io.~_.-~,,,,,,,,,,,,,~.:::..£.<:"","",,~,""'-":,,,,,"~~'~''''''''';rl-",,~.,,,,,,,~'_ ..~'''''''''''''''-''''-''''_I>

}.lEAN ),G.O 34.7 37.3 53.5 ::W.1 99 ..9 53.7 ~1'143 7.9 8.9 9.1 :~.2
';;;::;:=:;::';;:.~"'=.1!7::.:;;:";~;:::=.~:;;::=~'i;";;;;':':.";;::::,,;;;<;:.c.c,,,.~':!:"'-==-:;:'=;.::::C::::=="'·'-~::ef=~:;::::::;"'~::==.:;:~:'.::::'.~~=~"''''''':~''O:~'=;:,.:;;~.!:."_":Z:::;,:.:;;:;:e:-~-:::;;-~
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GLOSSARY

I
V ~g"tation
VO /V'e9(~tatioll

Vi
(!
t

t~+ 1

a

p

xve
H

Ho
ni
C

e

f(V)

m

f(P)

few), '

l?

n _,
biomass (above grounq st:anding (~t'{:lp) (kg.ha ~.)

,,\

biomass at, time t (kg.ha-1)

veget:ation bit')mass at time t -I- 1 (kg.ha-1)

time at start of pet"iod. (seascn)
(/

time after a g,:!'VGtl pCl:iod

v(~getat:i('mgrowt;h '(kg-.ha-1)
\ '

aenescence (f~actiol'1 of V :r:~~Hl'lai:ning)
()

propor.t ..Ion of '\7~gctat:iol1 170111il:i.rd.ngaftm.· senescence

hel"hiv'orn population (,AU.ha""l.)
''''-:1.}:'lE~rbiv(ll':(~populat.ion nt, time t, (AU .ha . )

"'1herbhrol'.:'e population at: time t + 1. (AU.he ' )

-1 . -1tot,a}. consumpt.Lor; by' hero:ivo:r.e population (kg"ha .).1,11 )

intake of each herbivore (k~J.ha-l.AtJ-l)

fl'!l),ctional l~eL1011se (ab1]"ity t.o :meet ifltak(~"requirement)

:related to V or VO

herbi \yore birth rat;e

lll~:d:dvo;r:e nortal,:ity ra.te

he:r.biv(U:'epopulat,:lrm functional :.ooospmme (f(V) whic;;l
det;o:t'mines the nmnber of he:r.:tliV(I:t'OG on The Pan

birth :eat,e fum:;1t.:i.ollal rE~spmu.;e (r(V) t>1lli(~h deter:illi:tlt:~S
the Nlul\'lbel" of h(~rb:tvorcc; t.ha't g1. '110 birth)

rn('l'."tali.ty fUl"wtional zesponse (f(V) wbit.:b (;leterlnlneS
the deg:r~e of h(u"hi.voYo·orn():ct'.a.l:i:ty)
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