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ABRSTRACT

RAINFALL ORIENTATED MANAGEMEN? FOR A MULTIHERBIVORE GRAZING
SYSTEM

b
This dissertation investigated vegetation-herblivere interactions
and formulated a strategy For managing multiherbivore éystems
under varying raingall regimes. Specifically, the aim was to
maxinise - springbok Antidoreas marsupializ when competing with
blesbok ﬁamaliscus dorcag phillipsi and black wildebesst

Connochaetes gnu.

In the faca of the complexity of miltiplant-multiherbivore
interactions, a dlscrete differsnce model was constiteted to
express interceasonal changes in an episodic arid system, whezo

. vegetation and herbivores varied in response to rainfall.

The model was used to identify importent parameters in the
plant~herbivore system and ite sensitivity' analysed and its
output corrovorated. Rainfall was spatially and temporally
variable and unpredictable. .sgetation growth @he the single nmosh
sensitive variable within the systom and 'vegetatign "hiomass

changed rapidly in rcoponse to climatic fastors.

The concept of herbivore functional responss was a tzeful meana
for oxpresslng interspecific differences betwesen herbivores and
was practically applied. The model porformed plausibly with data

from the field where vegetation blomass and herbivore populations
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were seasonally determined. The model cutput was used- tn discern |

population trends under diffarent rainfall ragimasﬁ

Under conditions of low rainfsll herbivores were limited by low
vegetation bilomass. tUnder mediuvm conditions of rainfall
interspecific competition was evident whereas under high rainfall

P
&

facilitatiﬂn ocouryrad,

The model was used to formulate a manaqement strafegy that

'maximised apringbnk under different rainfall regires and provided .

@ u*@ful technxquﬁ for 1mpraving management  of multiherbzvoref
i
systemns.
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This thesls aimeﬁ to imprave knowledge "and understanding of

vegetatmon«ha;nivora systemsa This was atbempted by acckan o

find a sslutlon L@ a real management. prablem thrnugh qymneﬁuﬂ_f

“F

' eag;ogiaal modeling. - &| 

i

Tha process was ene of develnping the philosaphy; &volvinq a

_\_ﬁndal, sé%rchmng ; for data W1th whivh to explnre Athe model ;

. review. £ ' : i } :

' ug:ng the model to 3nva$tigata vegetaticnnherbivnre 1nteraut1¢n5m

? finally fanulatxng a _girategy. : : S

R

Z_mevelnping a mndellng philosophy and avulving the modal &emanded
? sequantial and 1cgical approach. To facilitate this it waéi
ﬁnnsiderad prudent to use fhﬁ subgect litﬂraturﬁ to support the;

argument._ The literatuie *ﬁerafare was 1ncorparatad!Jinto ‘the

ralevant 'uhapters and not twéated separately in - a spacific

. '
t °

i
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it

In~nrder°to_ré§gin parsimdny“and ‘aid ﬂantinuaty, appendiceg were

used to separate data complemeéntary to the arqunent.. WA
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- Reoodpoort.

- pripe - springhok habitat, 13 alsu the p:ﬂférrad habitat - for tﬂﬁi f

CHAPYER -1 @ INTRODUCTTON: S
- 3 . . = 1
L .

1.% bhjnptiva'mf the study ot
' ' ; ¢ "o
t'\

The broad objective of this study was to ag#axn the infarmag;on

-3

and - undetsﬁandinq_tp detefmine a management strotegy that™ would

maximisa the numﬁer of springhok, Antidarcas‘marsupiﬂliﬁg_ on A

_given vagetatiﬂn ﬁypa known as The Pan on a game res crve,

7

NN o : .

An ampnrtant ﬂonsﬁdaration of the study was +that 1t should be
y

directed at a real managenent prnblem and that it should maek ra ‘

-£ind a sulution that had practical applicatzon,
S L e rru

The mccurranca of punvela is 1ngted aﬁd, in adﬁitiun*>tn haing'

other herkivore spacies namaly black wildebeest cunuawhaaées gnu,

and bloesbok Damaliscus dorcas phillipsi.

.’:;:_,

wh

Prior to the in raduatxan of black wildebeest dnd bleahok, _

! A

springbok wqya, acgnrding to nistoria rerords, numerous angd

dominated the arsa, The estahlxﬁhmant of the other two spndmaq”

o .

was accompanied by a decline in the nunber of springbok.

j . : : B ﬂ

Tha hypctheﬁis is that black wildeh&est and hleshnk e mope -

Rwé&&@ﬁ&fu$ thau spriﬂgbmk in cmmpetxng for tha herhage rogources

of The Pan and as a result'theirnxntrqductian has lad to the

decline of springbuk. Howevey, the spéinqhak is. an laportant

vomponent of the utilisatios spectrum  aad the objective of

1
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management is to manipulata the herbivoie populattons in auuh a

1

vay so 4s tb maximise the number of sprlngbdk.

]

1.2 Specific objectives SR =3
. : = i} o . . . . Y
e N ! ” o . .
whe overall nhjectave of the study was broken down inta a number
“of  specific obijectives that 1danti£ied the majf eamponents af
e .
the study. Thesaﬁwere to =

e * = .’. - =
B "\, _\\:.
o ~ o~

(if studg the 1nhers¢asnnal biomass nhangas in rpspcnhe ta
Ivarylng vaingtall and tempara%uee _ ' 

(ii) atudy the herbaye biamasu ehang@w ”as“ aljresﬁlt nf.
!Jﬁerhivnfh utilisation “ g

&
i)

{iiij modal the v»gataﬁion an& herﬁivmre resgoﬂaés ]
- varying ramnfally anﬂ . o ‘-;\=
" (iv) devolop & atrategy that would best mect the overail

p objevtive of @ maximising springbok huaders. \
o e . o Y
The specific objectives were achleved thirough  a . number of

seguential steps, nemely

(i) avalving}a'mm§eling approach - &\ o
{ii) identifying iﬁporﬁant”pafametﬁrﬂ of 'tpe modé&
'giii).gaininﬁ.undégstanding of the plant-herbivors system
tiv)J seaking real data in the fisld

| {v) rarining the model in ter ¢ of structure and Anput :

{vi} cﬂrrahcratlng the data, and

f (viiy using the mardel to determine a ménagément styateay,

o
a

T
v
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1.3 ‘fhe npﬂﬂling approach - . ST,
o o oy

n o

& model is an intﬁllavtual tool used Es define prahlemu, organise
thoughts,‘ understand data and to . nﬁmmunicate and  test: this
undératanding {starfiel& & Bialaqh 1985)» Eanloqacal models ave
aither Lheurah;cal or predictive and are des*gred tc compare

ideas with reality (Caswell 197G). K ’
. : ‘l‘ ) ' - ’ | o ) . :
Theoretical -models, ars aimed at imprnviug "undar&tanding and

gaining xnsmght lnto how euolggical proceaﬁ$a funekaan and, _as'

'sﬂ%h, are, analyhiual. Predictive madels ﬁra desiqned to pwo3act

. pehaviouy ,anﬁ autcama and’ ar& uaea {Hal almnlate ecological

processes, In predictlve mndels, it is fhe per*wvmmwﬂe and ndt_

jl,the véality uf the modal 1ta¢q§ that is of . cqnsgqgéhce. "

] \ ]

i”Inavitahly : hoth kypes of rodels 5ncluda predictive ° and

_thearetama‘ components, However, whereas predictive mudels may be

ety

va;mdated and _varified, thegraticnl p@ﬁals are . “primarily |
heuristia’{aimhdvat discovery) and;are not eamily validated:

In  this otudy = tﬁharﬁtiaai madel was emﬁld?éd to analysé“ the
important campwnents of @ planirherhivcrq ﬁystem._ Onae an
undevs?anding had been gained, the mmdel was 1&&@& to predict the

entobme of vardious sconparios. 4

The  approiach adopted follows that m@)s§§§£iatam& Bleloch (1986)
where the firgt step was to build a  tentative ‘wodel; the
propértieu of the mﬂurl were then invastmgated. the p«rfermanae
of - the madel was explmred asing nypaﬁhetibal datas Ilwautimus

conaglusions were dvawn and sypportive evidence was 5auqnt3

o

© g
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: Eaelogical 'modqlm saldom,:if GVefgrpravidé definitive auﬁc&ﬁégz
_ bdcause  they 1a¢k= both data aﬁd understanding, - However,
"mﬁqggémaﬁt decisions still have® ta be made dé&pit& these
¥ shu;tcominga. The prmcedﬂre-g -advances understanding and
identifies important parameﬁars“whicﬁ in turn refine the model.
This process  0f' adaptive m;aaling ultimscely  improves the

management decisivns. :
: . y

", . . ‘{\-.

r 0w ' o

e i . v
L (,_c:___-\ s . “ . : Ay

% The médalinq of a single preywsingle predator yelationship ig® at,
best ocomplex (i y-Meir 198@}. Tha task of = either deta;led

analysis wr acourate &im&.atman of multiplant—mnltiherhivarﬂ
acosystens is unattainqble.f¥w any avent the usefuiness of such
complex  models  is ‘wEoen questinnahﬁe ‘due to their numercus
dassumptxcna and lack of - raliabla data. Tha reaearaher is
therefore obliged to aimpli:y the aystem to' manageable
campbnénts .and o a single objective, in this study, naximising
spgihghnk; Thus’ the focus ig on & part of the-ayatem; nat thap
N acosysten a8 a wholes and the 1ega1 of resolution is appropriate
to the management objective. Thiz is a compromise between total
systegns modeling on the one hand and  the need to solve

managemenb\preblems on the nther.

The approach was therefore one of sucvessive iverations . from
1ittle daka and lack of understanding of the plant-harbivore
systen to some suppartiva;data and imprmved understanding. ) \
Inevitakly the outcome was a &implification of a mulki-
optinisational ~prnhiem. 'Hawever, this approximatian wonld at
least provide o ‘workable strategy from which\?@ manage where, at’

i
4

present, no such strategy existed.

\\ . ) L'_.\-.

. L .
o g ‘1 * \
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° ghorteomings and inadaquaaies in

~ data, The exercise was also

. oL . —_— - ) ‘
o S, | - Iz
. . ® = ’ a

1.4 Important paramsters

A iy

The purpose of this section was, to identify those parameters that

were likaly to be relevant to the

of +the model and thus avold the iisk of mollegtjng the wronq
h . tended to hmghlight " the
; 8 existing duta and therei@ra
help to determina the appropriate raﬁulution aARCesSary.

]

In arid and sami*ar & climatea herbage proguction is primarily a

fqnct%an of mmiuﬁ; 0 tralnfall) and" season ,(temperature an&'

ﬁfderstanaing and develapmant“

fro.

- daylength) (Naywueir 1&?3) of which rainﬁall is the dominant -

contzrolling factor_(ﬁarneﬂ & Mnﬂgil_lg?sf Bnuttan_qt al. 1988;
Sheeva 1932). B ﬁ Co

- Another characteristic of arid and semi-arid climates in. that
precipitation iz highly variable both spatially -and témpdrally

(Noy-Meir - 1873; Seely 1u78:; Zucchini & Adamson 1984} and the

variability increases with incresmsing aridity (Le Houerou 1984},

Different ugross specles exploil ﬁxfférent rainfall eovents (Dye
19837 Wes tnby 1979) and as a resuit ar&d ‘xqmmunmtles exh;hit
epxsodac growtn behavinur in ragponse Lo rainfall (Milner &

Hughes 1968), | | | 1
no "
: b

A number of authors have noted that ﬁfadnmtiv&fy is hiqh£§

' cexrelated with rainfall (Dashmukh 1988; Dys 1983; BEmslie 1934

Le Houerou et al. 1988; NGY“HH}K i973; 0wan~5m1th 1983.
Phillipaan '19?5: Rosenzweig 1968; Ruther#ard 1980 van dan hex%
1.983), /

-



In tna s?rengetl, where the temperature was relatively constant
thraughout the year,i/g*aaa praductzon on al llne soills of
varying depth erended.nn.ruinfall alqne tnxiﬁarn & Sinclair
19793, MbNaughton (1983) f?ﬁhd thak below ~700mm oF annual

rain%all, \grassland communities were distributed parallal tn

rainfeil ‘isohyets i.e. short  grasslands aecurred below 700mm of

”rainfa}l and tall grasslands above 700mm of annual rainfall,

o "

Roaenzwﬁig {1968} found that phatasynthe&iﬁ was a function of
water aVailability “and Bolay radiatinn and this boro a strony
relationship to the evapnﬁranSpiratian rata. Coe et al. (1976)
noted that in arx%\and semimarid enviranments the patenhmal
evapﬁvranapﬁration sxaeeded amtual precipitatian and  therefore
the system was wator 15m1ted. In these environmenta qrowth only

took place when ;here was sufficient moisture fax,,planta to

‘evapotranspire. Thu& primary production | ﬂepended' - on
"evapotranspiratmon which in turn depg¥daﬂ - on  precipitation.

ggnge preaipi@ation showed a significant relationship to primgry
proguction an@_was a wseful index as ﬂudh. In'a raverse praeéss
Seely (1978b) used production to célcul&t@ precipitatinn in very
arid areas. i |

i

Where large temperature fluctuations ocour plant growth is

~ Lnhibited ok oxtromon of hnth high and low temperatures (Noy-Meir

1973: Snoeva 1382) and prcduction iﬁ Hoth water and tenperature
Limited. |

There is considerabie confusion in the libterature with respect to

the use of the term fproduction’ and as Grossman (198%) has

i
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pointed out productivity is eguated with both peak biomass and -
“paak: standing crop when, in reality, they are decidedly
~ different. For ewample he found that net aerials annual praduction ’

I
-

{NAAP) was 2.57 times greafer than poak b;omars.

The confusion in ‘the torminolegy is ﬁamﬁbundeﬂ by the
unraliabzlnty of production measurements. slngh ek 311 (19%5)
found that, depending on the methoad used, hoth peahy gtandxng
crop cnd net asrial annual productiolf varied hy ag much as 20 per
cent "when applied to the same data set. Furthermore, productivity
varied with plant mpecies, plant divaraity, frequancy of sampling
{(8inghk at al. 1975) and time of year {ﬁorris & Ballexr 1970).

civen comparative estimates of brbdﬁetion, ihgd assumption that
growﬁh of'intermitténtly cﬁt swarﬁs ié related to that in grazéd
swards is inappropriate and inagcurate (Crawley 19837 Johnson &
PArsons 1985; Hcﬂaughtoh 1988).,

A number of authors have noted that primary production cannot  be
estimabed from harvest data alone and this gives rise to aﬁ
uﬁderestimate (Desﬁmukh 1984; Deshmokh & Baig 1983; Grunow ot al.
1880 Rutherford 1980; williamson 1976).

Wiegart & Evans din Singh et alg (1e758) found éétimates'af NAAP
increased by hs much as 4.9 timps when mortality was Included.
Elsewhere, the inclusion of northality increased NAAP estimates by
‘ninety to 120 per cent (Dmahmukh 1886 Dmnalﬂson 1957, Scholegs
1984). Mortality was found to vary with soll type, ‘elimate and
grazing intensity (Jobnson & Parsons 198%; scholes 1984},



i

Jp\

Tha gualjty of the grass sward“also varies with rainfall and

there is a close correlation batween nonthly raingall thlprotein
content (Afolayan et al. 1978; Strugnell & Pigott 1978), Fhis is
attributed to a decrease in tha-:proteinnﬁqntent with ago (Braun

1973). Rainfall stimulates growth which results in youny . sheots

with a high vrotein content which declines as the plant matures
{ Owen~-Smith 1%52). Similarly protein content is maintained by
frequent _cuttihg {Braun 1973) and grazing (McNaughton 1983) as

these actionse stimulate the production of yourig shoots high. in

protein and lew in fibrs.

In aumhary, the ﬁast impoxrtant parameter in determining
herbacaous pruﬂuctianh is wainfall, the" effect of which is

temperad by extremea ot ‘temperature. In spita of the szgnifican* '

relatiansth betwaan precinitatiun and growth, - production -is
highly . variable gand its measurement both- difficult and

unreliabla.

In +terms of the modeling approach, therefore, the focus was on

sa&sonal production. However, the degres of resolution roquired

was one where detailed and accurate data were not justified due
to the anreliability snd variability of this measurement,

L

1.5 Improving understanding of plant-herbivore melationships

It has already baen noted even single plant-herbivore symtemﬁ are
intricate and theiy description in the form of a mathematical
model cbmplax, In this study the purpose of modeling wae not to

"nimic natura" but rather to explore the mechanisms and improve

understanding of plant-herbivore relationships which, in turn,



W
1

wéuld ald the doeision pfacesa.

The amount of vegetation remaved hy grazing vanias considerably
{Boutton et al 1288; Deshmukh 198&, Owen-Snith 1939, nwaga 197%;
strugnell & Pigott 1978). Deshmukh & Baig (1983) found the
oftaka wwuw“fipgligibléﬂ and MoNanghtor (1985) noted  that
terrestrial herbivoreg typically- consumed 1&* than ten par cent
of primary product;on. In the Serengeti consumption varied £rom
fifteen per cont (Braun 1973} to ninety four per cent
'{HﬂNa?ghton 198%).
Mbét herbivores are lﬁﬁitad: by foed supply (Crawley 19837
Sinclair 1979) and the interaction between plants and® herbivores

]
]

is a comﬁlax one (Noy-Melr 1981).

-intake waz found to be related to plant height and not - herbage
vield (Ailden & Whitbaker 1970)., Herbivores generally have a
prefarence for plant species with a high feeding value (Mentis
1980) which results in a diet overlap (Grunow 1980; Page &
Walker 1978; Sinclair 1985; wan Zyl 1965), Hansen et al. {1985)
found that there was a 71 per cent ovexlap in the botanical
composition in the digt of the 10 maij herbivorea in the
Serangeti and most ungulates preferved a single species, Themeda
Erdandra. ' N
Y

The question arises that if there is such a high overlap in
hexrhivere dists and a preference for the same herbaceous spaéies j
how might interspecific competition bo reducsd or overgome? In a f

similar way to which difforent plant gpecies arc able to explojt :



- different rainfall events (Westoby 1980) st herbivores exploit_
“spatial and temporal variances in herbacecus growth which resuit

in different grazing strategies.

Stelfox et al. (1986) found that grazing patterns depended on
rainfall., Gwynne & Bell (1968) and Maddock (1979) described a
grazing succession (facilita%ion) whereby different herbivore
species used different levels in the herb layer and different
proportions of the plant parts. These étrategies led to "a -
temporal regourca partit;onmmg and niche separation (Jarman &
'Sinclair 1979) becauae larger wpecles were able to ubilise lower
quality swaras (Ball 1971; Ja#man 1874). Contrary to the above,
de Boer J Prins (1990) could find no evidence of faailitation
between buffalo Synercus cafe# zebra Bguus burchelll and  blue
wildabeast Cannaahaates taurinus. Overlap in zebra and blue
wildebeast dliets was concludeq to ba an anti—predator symbiotlc
relationship (de Boer & Prius 1990, Sinclair 1985). ‘

Where herbivores co-existed within a more or 1less uniform
habitat, it was common to f£ind ﬁhat they differed in body size or
in timing of feeding, thereby reduuing competition (Crawley
1983). Dublin et al. (1990) fqund no cnmpetition botween blue
wildebeest and Thomson’s gazelle Gazella thomsopi. This Was
gttributed by McNaughton {(198%) to tha fact that gazelles
concentratad on short veg@tatioh with low standing crop, whereas
blua wildebeest selected for ar#aﬂ of high biomams concentration.
Graging reduced coanopy heightlto produce a grazing lasn with
lnereased food quality throwgh preventing senccoonce ang
stimulating growth which gazelles were able to utilise and hence,

gazelles concentrated on arxeas praviously grazed by wildebeest

10



(MoNaughton 1976; Maddock 1979). In spite of these strategies
Borner et al. (1987) found that the decline of Thonson’s gazelle

in the Serengeti was, in parﬁ} due to interspecific competition.

Although  temporal resource partitioning is -apparent the

mechanisms involved are unclear.

Illius & Gordon (1987) contendasd that energy intake and body
weight were & function of bite dimension and biomass density of
focd source. Thevonrore, larger animals were obliged to gseck
taller, low quallty swards which led to niahe separation. 'Thelr
model alsn accounted for the graaing succession first aescrfhaﬁ.-
hy Guynne and Ball (19€8). Graa:ng exposed smaller food jztams
and stimulated dense short regrowth thdt small animals were
adapted to utilise and that could not sﬁpport the laxge species.
Thic was confirmed by Mills and Retief (1984a: 1984b) who - found
that springbok exhibitad the most rapid response te rain aé their
small meuthe enabled them to crop sprouting vegatat;?n at grouand

leval.

Thus there Was a strong interaction between grazing animals,
growth and utilisation of the grazad sward (Johnson & Parsons
1985; MeNaughton 1976). Animal concentrationb created grazing
lawns which benefited individuals through greater ifood yield
(MoNaughton 1984). Schijf (1978) found that gregariousness was
the wost important factor influencing sprinabok dispersion and,
although he realised cooperative foraging was benefinial he did
not attribute thig to the benefit of grazing lawnﬂ which had
highex product;v;ties and were of a higher qualaty {McNaughton

§ i
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1084}, yﬁiomaas condentration also benefited the grass through

increased canopy refuge (McoNaughton 1984).

Springbok preferred young grass hidh in protein and low in fibre
!{Liveraidg% 1972) and therefore had a high grass comptnent in

their diet in spring and swmmer; in the abmence of rainfall .

browse'was more important and constitutcd the major part of éh@ir -

diet in autumn and winter (Bigalke 1972; Schijf 1978). Jarman &

Sinelair (1979) similarly feound that in impala, Alpyceros

melampuﬂ, there was an inverse relatio*lnxp butween browse

utilisation an& rainfall.

The dict of black wildebsest was of predamiﬁéntly shéft grass but
included karoid shrubs (von Richter 1971b). Guthrie (1887) in an
analysis of diet’ components found that bleshok and  black
wildebenst had very similax diets in winter when the diet of
apringbok was similar to tbat of othqr browsers namaly kudu
Tragelaphus strepsiceros and eland ;aurotragus oryx. Blue
wildebeest were found (Owaga 1975) to he highly seleqﬁiva‘ for
grass leaves . | -

The aﬁfect of nutritinn on prcduct¢vﬁty is well established (Moen
“19?ﬁ4 ~ind  both development rate and fecundity are affected by
foé; availability (Crowley 1983).

Ungar poor c¢limatic conditions glow food avallability) the onsob
of sexual maturity was delayed (Crawley 1983), Clutton-Brock et
al. (1982) found that in xped deer Cervus elaphus, fecundity, calf
survival and conception wore negatively correlated with
a population giae](famd ave.lability). Similarly canceptiéntﬂratas

*
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in buffalo were-datarmined by the plane of nutrition (Sinclair
1.8977) . '

IIn summary, it is apparent that grazing horbiveores select for tha
same herbageous species which rasult in a high degres of dietk
overlap. Herbivnres omploy a grazing gtrategy that leads %o a
 tempeoral partitioning of the resource and little inéerap@aiﬁie
competition. A complex interaction exists baéwg@n predator.
{herbivores) and prey (plant) that has. numarous outcow % and any
attempt o model complex qbusyatems iz inevitably ﬁi&appointhg
due to lack of both data~and understanding. High resclubion is |

therefora not warranted.

This  complexity “aé multiherbivoreumu1tip1ant. rél&ti@nships
daﬁémdﬁ that the system be simplified. The high overlap in
‘diet psrmits the multﬁplant«multiherbavora pysten be reduced <o
that of a single plant-single herbivore. The lack of data on
preferance and “selectivity aW“ﬁna species level are, in part,
compensated for by some data ® fr palection of plant aize. There
is alseo reasonable Lﬁderstandlng of the effechm of nutrition on

animgl pﬁaauctivitv,

e e Sien, a context within which to model has becn  aveolved
and some relevant data identified. The degree of resclution
suited to both the data and the unﬁarﬁtanding has bsnn
egtablished. It is now posgsible to proceed te developimg the

model and applying real data to explore the can mqu@ngasu

13
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CHAPTER 2 : STUDY AREA . | 4

3

by

&
The aims of this chapter were to describe the sbudy area and the

abiotic and biotic elements found therd.

G
) [
1

This was necessary to determine vhat information was alroady
gvailableuhhich iﬁ1turn identified inadeguacies in the existing

sl

data base.

- 2.1 Goneral duocription

(%]

The study area falls within a private nature resexve, Rooipoort,

4

aituated some 60 ka west of Kimberlay (28° 40’S, 24°-10’E) in the

northérn Cape Province af:$outh Africa (Fig, 2.1). The reserve is

| 42500 ha in extent and the study area constitutes approximately.

600 ha of a homoyeneous vegetatlion <€ype found within this

reserve. . ' &

The reserve is divided into an exelusively wildlife area t@taling
34500 ha and an aroa of approximately 8000 ha whers domestic
stock (wmattle ) are grazed. The game area is bounded by a  game-

proof fenoe on throe sides and the Vaal river on the fowrth side.

2.2 Bistorical background

Rooipoort wae acquired by the prosenk ownhers, Do Beers
Consolidated Mines Limlted, in 1894 for its alluvial diamond
deposits. These deposits have never beon o nlolted and the area

* has been waintained as a private nature roserve. From ite

14
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DE BEERS' KIMBERLEY FARMS
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l

W/ roowoorr.

Figura 2.1 Location of Reoipoort.
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inception, the resarve provided recreational hunting primarily
of gapebirds (guineaféwl tumida meleagris, 5andg0%ae Prorneles
namagqua and P. kuchelldi) and springkok for guéstsvtht tho turn
of the century aevan'larqe herbivores species were to ha'ﬁﬁdhd-an
the reserve, From 1960 onwarde other herbivors species that
prev%uusly oscurred ih the areco were raintroduwecd and seventeen

f

speéies are today found on the reserve. " &
2 - 3 Gaal. m . a . () . i_:.
Ronlpcnrt lies at the baso and east ff the ﬁ?‘ o '*ﬁ&auf The
avea is undexlazn by several geolcqmcaﬁ Earn . E j'h@ppiea‘
"L ;. 11)' } -
are mainly asmpnsea of andesitic taua ;ﬂn?a?m Sep supé; Vﬁup;
“ith outliers oE dolnmi?a (wransvaal HLQanﬂa)a Seveial low
ridges of . . gquartzite (vantersdorp superqruun) B al&n to ha
found. fﬂa lower lying areas are ceversd by paacqenia calorate of
possible‘&arly Tertlary age and aeolian (Kalahari) sands (De Wit

pers. comt,}.

fhe study area {The Pan} is situated im a broad exhumed glacial
valley hounded by andesitic ridges on either side (De Wit pers.
comm) . Thege rise wteeply on the né%thern fringes of The Pan and
gradiuelly to the south, The Pan itself is a composed of a sorles
of pan limestones (marls), calcitfied siltsands and muds, The
former are extremely hard and impormeable close to the swrface,

which accounts for the absence of trees on The Pan. The sediments

w
. 4
Lok

Do wWit, M. Regienal Explaratién Hanager, De Beers Cotsolidated

Minos Limited, P.O, Box 616° Kimberloy. 8300,

16
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are deposited on diaﬁictites and shales of the Dwyka Formation
(RKaroo Sequence). The diamictites are believed to be glacial in
origin tﬂe Wit pers. cogm.).

2.4 Climate

o v . /
2.4.1 Rain¥all ' f

v | | J
Kiﬁberley is  the nearact weather skation for Lwhich long teunm
rainfall records aré°avai1ahle. Thera is aviﬁehae (Berry & Qrowe
LO85} that although the mean annaal rainfall for Kimherley has
~ incroased marginall; in receg#“?ﬁars (1950 to 1982) the number of
days within a year on which rainfall was recorded has decreased
wmérkedlv dueing the game periud. Thus rainfall for the last 33

yaars ohly was conﬁ‘dpréd. _ o 9

'-Tﬁe mean annual rainfall for Kiﬁhexléy for this period {1951 to
1988) w@sldzl.ﬁ mm. Rain accurslmainly'in_the sumper months (Fig.
2.2) with the wettest:ﬁmntha being Janvary through &o Marah..
The1jfquumncy distriﬁutian of annval rainfall over the same
period waé{ bi-modal (Fig. 2.3) with the highest trequencies

between 250 mm  and 350»mﬁ and E@u nm apnd  L%0 mm“ of aunnual

ﬁrainfalﬁ. mhig suggestod that.therelﬁas a tendency towards either

Idry ~yéara of wet years rather than . "normal" fappraximating'

annual maan) years,

17V
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2.4.2 Tempersture

Kimberley is subject to larage saasondl temparat&;e £1uctuations. =
” Sumgers . are gdgenerally hot w;th the maximun temperature often
exceeding 35 ‘¢, The'wintar; are cold often with sub-zero
minimun temperahureﬁ. Kean“monhhly maxima anﬂ minima drs given in
Pict. z 4, i.e. the mean af @he average daily maximum and minimtn
for that manth for the perlnd 1951 to 1088,

2.4,3 Seasonsg

Il

o _ . _
For the purpose of this study four seasons vere identified on the
basis of tﬁmperature with the hottest month being mid-sumfiar and
the coldest month miduwinter {Anon i957). In aonjunctzon with

rainfall tha SEasons ware desar;bed as fullawa*I

43

sprinqv © SepeNov - hot dry season
summer Dec~Feb hot wet season
autumn . . Mar-May cnol wet season
wintar . Jun~iug - oae) dry season

2.5 Vegetation °

Rooipocrt falls within acocks’s (1975) False Orange River Broken
vVeld and K%iahari Thornveld invaded by Karoo vegetation types.
These are Every broad descriptions of a vavieby of . plant
aommunitiesﬂfaund on the reserve. : g

Bigalke and Yeistner (196# deneribsd aleven different vegah&tiun

types on Pcaipnort {Fig. 2.5}, Crowa, Schiif and Gubb (1881), on

o

4
ki

o
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the basis of floristiﬂ and ahlotic physiagnomiﬁ characteristics
_grouped these into four major habitats, one of + ich was divided
into fﬁuﬁ;ﬁﬁb-habxtats. -
This agldy was cnnﬁined to a aingle vegetatlan type knuwn BS The

Pun.' This per&nnial grassland was an area some 600 ha in axtent '

and characterised by the virtual absence of traas.vans act as ©

<k
‘nutrient sumps and as a result harbacaaus growth on thaae araas
A8 of a_ higujhualey. Suma species e.d. blaek w;lﬂebeest and

tl

vleshok were aisa attraatﬂd to The pan by iks pnysingnumv i.e. ‘n

W

treelesa qhnrtwgrass plain.

The southern.parts of The Fan that were 'pariod;cally inundated -
tended to ha”bpre"pr"had a sparre cover of Spo?qbalu# albicgas
and Urcchloa panicoides. The northern areas of The Pan which were
subjsct to flooding supported a taller grass community of
Eragrvstis-.bdeélar:. The rémaiﬁdﬁr. of 'The _P;n' was a mixéd‘.
sommunity of Eragro#tis truncata, Sporobolus ludwigii and
Enneapngmn desvauxiil. 8. lud. igii tended to dominate on the
moisfar, low lying scils and E. truncata daminatéd on the sandier
solls towards the mawgin, of The Pan. Karoo shrubs comnen on The

Pan were Lycium okycladum, Pentzia incana ahﬂ P virzdiuu
2.6 Herbivores
2.6.1 Historical _ S

The earliest recorded <ensus on Rooipsort was in 1903 -when the

nunbers , of large hexbivores ware éaﬁimated at. 400 ostrich
. ; : I': " . .

Struthio canelus, SQGWred hartebeest 8jcelaphus buselaphus, 1500

i
B [

] B
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. : . . v : . . B i - . .
;'he” £lrst successful translocation took. place in 1956 ahen.
bles bok ﬂ&f& intrudueed. Thlﬂ was fulldhed by aland (1959), hlack

{1963).‘

‘springbok aﬁd 3 hndu Tr«gelaphus vtrepsmceras.'

!‘l v s
J

Theae animals ware naturally'indigenoﬂg to the rasarva and almost
aertainly steenbok ‘Rapbicerts: campastris, auiker , Syivzcapna

grismia and mountain reedbucﬂ Rédutica tulvorufula occurred but
B

- were not. menti@ned. These thfee species weye prasent . on the

reaerve ‘and thare ia na evidenca tﬁ euggeﬂ* that Ehey ware ever .

1ntroauced. S o W ] o . ~ . ¥

-

B

wildahaeut . [3959), qemahak oryx} gazella (19&1111 warthﬁg
Phacochoarus aethiapiqus (19&1},, zabra Bquus burchelli (1963),
givatfe Giraffa camazmpardalis (1964? and ‘blue - wildebeest

i

o

Asrial censuses ¢ommanued in 19723 and thereafter were repeated '

at 'twa yaaf inrprvala until 1984. Since 1&84 the aaxial consus
has  been earried out annually. “The counts.for major specles
From thaeﬁi:st'and the most recent zerial censuses ard given in
Tahile 2, i. |

mmwnmmw L. o Lt A e mwmm fr b et
Table 2.1 Species and numbers of animals counted on Ranipsﬂrt in
1973 an 1988,

species D 1973 1988

springbak 1871 1498
nartebeest - 174 864
ostrich 164 218

aland ' 57 ._ 456

kudh BB 226

" . grmshok ‘ 25 - 743
tne wildebeast 65 425

. .=§EaeP wildebeost 74 205

e o Mtanhok ' 92 173
o nabra : 9 lgs

22
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2,6.2 Eecology of study species

5.2, quﬁk_ﬁildﬂbéeat " " | e %
N | : | o

Black wildahéest. are associated with apenutraeiess plains and
prmfar"_ﬁhe shortar “gragsl&nﬂs {von Richter 1971b). They are
qregariaus“nand are found in nérda of varying éiﬁe up to thirty
'Qgiﬁals.” oy e o : E)
Bistafica%ly chay occurred on the open g&assveld and . arow
regions of central and northern capehPrnvince,“the Orange ¥Free
tﬁﬁaté; southern Transvaal and the foothills of the Bkakahsﬁgrg_

mountains (Von Riahtar 18718 Skead 1980},

: Sacia& é#ganisatian "onsists of 5reeding herds magg up Ldf an
adult * territorial puil,uhdulﬁ_anduaaandult females and calves;
.lone territorial males and huche\?r groups af qon—targ}tiorial
adult and sub-adult males. Bulls albnsugh physically mature at
23 yeak® of age only enter the breeding segment at the age of )

fﬁﬁr_ to five years once they are able to mainﬁain{_h éerritary.
. ) o
AN

. | . . \\XWJ”J S |
Perritorial bulls were Eound (vonqkichtzgjggvﬁﬁh “?amvwvmtheir
tarritories thrmugﬁéuh the year which E)ay ri%gf

during the rut. Territories appeaved ﬁg_hafﬁéhble';\ﬂ ‘the same
bull returned to the sane terr;tory in éuccessi?a years . Female
herds wandered throughout their home range and ter~itorial hulls
,aggresaivély tried tnnrata@h these female Lherda within _their
territory duving the ruk, Home ranges va;}eﬂ with herd size %and

grazing condition but were ﬁéually of the order of 100 ha., 7

s S ; a
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. Femalés nurmallg‘;aoncaiva for the fikst'tima.at the age .uf. 23
' menﬁhs and calve for thy first time at the age of three yéérs.
von Richtar {1971} reco:ﬂéd ﬁwémnll pexceftage of <females
"undar favaurabla ‘conditions conceived’ at sixteen mantha for the
first t¢ma and calved at twe yeays.

Black wildebeast are synchraniéed seasonal breeders (Skinnaf ot
al. 1974) with a gestatinn parmuﬂ of T& ta 261 daya {von Richter
1371k). °Calvos are horn withiﬂ the ﬂ&ra, are praaocious angd
follow tneir ‘mothers. sncrtly afta& birth. The majority of cvalves
wers born at Raaipaart hetween the middie and end of December

" each year.

Thxée ageugrdupa were easily distinguishable by‘iﬁéir body size
and horn shape in the field. These were adults (> 2 yr), cub-
adults {1 to 2 yr) and calves {< 1 yr). -adults wore algo
distinguished from sub~adults hy the colour of the hair on the
forshead which tended tovbe bﬁuwn in sub-sdults and bladk in
adults. . . ! | : ¥
. Q : : :

Blaci: wildebeest dre concentrate gxazhrs.(ﬂentis 1981) and'prfzﬁﬁ
to selectively feed on short, palatable grasses (van 2yl 1955)c
with peak grazing péxioda in early morninq and late
afternoon/evening. PWha tgpécies are wiater dependent, 'éauerally
Arinking at uunsé$ ﬁuring the middie of tha day animals rest
either 1ying down. oy standingn Blaak wildebeost snmw orientation
to  tha sun, an adaptlon hehoviour that allows them to stand in

the midwﬁummer aun without seakmng shade (vnn Richter 1@'1&).
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1

van Zyl (1965) found that tha diet cans;sted mainly of grass (63'
per cent) in summer anﬁ 37 per cent. karaid bushes in the wintar
months. Pxeferred specxes included &. ioalaﬂea and Pentzaa spp.
which also daminated in this @tudy area. YVon Rianter (1974b)
noted  that ‘the sedeﬁtary nature of the ﬁpéc%es was  of
considerable eualagicak\ aiqnificanae as black wildeheest wers
abl@ to modify their habitat to pruduce favoured graz ing._
Hnwever, this area selection has given risa to managament
prahlggg. .
A o
2,6.2.2 Blechok LT
The habitat roquirenepts of plesbok are in“many réspgdtsw_aimixar
to thﬁaa -of Qlaﬂk %ildebaagt with a praference for npeﬁ
grasslands. BlesbokK arel ﬂla@ highly gregarious  and éxhihiﬁ”.
siwilay territormal_ behaviour and social -0rganiaatian.,éﬁ;%(;"
"{:\ | | @ . .
'Three sex~aqe hlaases wers distinguiahad on bod*&aiéa, hﬂxn a;z&
and shane..ﬂéalt fiales were readily di&t&nguishad by th@’ . penal

e

steath. e S | | o
a U - | ' . Lo
e
Large bmeeﬁing herds comprisa femalep and juvenilms and araq

attended by ons adult» ram. Bachelor herds aa:-é;-1 made up af
predoninantiy yaung males. Terr;ﬁorial males live a salita*y Life
on a.xeatrmmted arec. Qutside the hraedihg season solltary rams

wease to be territorial and join‘the ﬁwwge hraaﬂing~:nétdﬁn\$mu

Plessis, 19?&}. : ooy B
._ Gt

3]

some  females are sexually mature al 16 i 16 months of age but

. ] " ’ . ra
—ﬁﬁa majnritg only become sexually uBtive at 28 nonthy of age-

W & \
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Dleshok are aleo seleetiva grazere with a prefercence for ywung

(Xektlitz 1967; Marchant 1583; Smithers 1983).

a Pl&émia (iQ?R ) found calving coincided with growth of greotn

grass in carly summer. New boxn lambs wore able to  zun within

Live pinutes arrer ﬁirtn and‘were weanes at four months of agm,'

Calving on Rboipbart normally +%ook place from the widdie of
Novembey . Lthe end of December. A nunber of calves werc also
bora in late susner prmbabiy te heifers calving for the figﬁt'

tine at the age of 20 memthe unday favourable conditions.
€ _

T

sprouting grass (Du Plossis 18727 Smithers 1983). Bu 9193$i3
(19'2) faunﬁ”in grassvald blesbok grazed excluaively, whareas,
van Ryl {1965} found that 21.8 per cent of the diqt cansistaﬂ @ﬁ
karoid shrubs, Bleghak drink regularly. |

nl . "’ ].
Zu8.%5.3 Springbok - - ,
o9

A
]

gpringkok are charvacteristically assoclated with the avid and

awmimarid areas of nmouthern Afyrica. Although they'ocaur in waﬁﬁeﬁ
habitatn th@v have o preforoence. £or open areas, more partiaulmrly

_ pan syosbomns (Bigalke 1972 gchwjf 077)

I oo

F “Large aggregations made up of animais of botk sewes and of all

89es  are  oomson. Inmatuve r&ms and n@nwtﬁ?rifurial rams form
baghlew herds. Adult males are ?exrxturial during the xut buk
j@zn large herds outeide of the brecding season. _ ;

N

Duz ©0 the rapid gfewﬁh'@f springbal, only two oue classes, adults

N
i sy
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-and  juveniles werae ewsily adantifioﬂ. Males were “ rﬁadily

. a¢abirmu$ahed From femalqg by their haaviar 1§rate horns.

Contxsxy to the findings of Smithors (1963), in this study
springﬁok were found to exhibit a biwmodal calving néak as
reported by Bigalke fle?ﬁ) and Bidaike et al. (19?&). Skinner
(1309) considered springbok to ba Gppf”tunistim hraedarm that
bred at any time of year but with & sprxng/ SURROL paak. on
Rooipwort  the majarlty of lambs wore drappod in early sumner
{Bep=0ct) with a swmallev Jamh crop in autﬂmn {Haxreh) which wag
rimilar to the £indings of Bigalke'et al. (1975). -

Fomales normally lanped ence a yoar fronm tha age of 24 months.
However, under favourable conditions ewes ’ started breeding at

five mmnthé of age {skinhér'lgaQ) anﬂ wers rocorded te lamb at

‘ the age of one year and thoreaftar at mix manth intervals

VvLivornddge 1939). Bigalke at . al. "{1975) aund that...the
pergentage of femalea thnat egncelvaa for tho first time at the

age of olx months varmad from 20 per cenl tm 80 per cent and

_deponded on veld condition.

Lambs  lie up for the £iret ten days after birth gnd thareafter
j@in the bresding herds. Weéning takes place at the age of “thres

mesybhs although laﬁbm roadily feed from the age of three weeks.

Y
o
- gSpringbok are tormed intermeﬁiata {nived) fdoders (Mentim 1981).

Grass wad faunﬁ La gonstitute 39 per cent @f diet and browse 61
per cenk (Bigalke ot al. 19&5). Grass is taken for anly thi&t
periods in the svmmer monthe after rain (Mills & %etics 1984&)
and in wintey éprinqhak switich ©9 browsing, particulaxly karoo

27



éhrubs;; e.q. Pantzia spp. and other cavanna elengnts viz. Rhus,

krd

Olea and Zizyphus (Bigdlke_1972; Liversidge 19?2)1
In conulusion the study area Eiés-within a complex and “waried
ecosysten,  The Pan itself lg by comparison qelativaly simple

with clearly defined physical, floral and faunal plements,

28
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CHAPPER 3 : MODEL DEVELOPMENT, VERIFICATION AND SENSTTIVITY

The purpose of this chaptér was to invéstigate the model’s
properiies and determine if the model was appropriate to the
ohjectives of the study. ' 9

)
1

This was achieved by starting with a simple expression  that
could. plausibly model the plant=herbivore relationship. Thisg
expression was expanded and refined to a more cumplex model. The
various parometors of thié modd) wera then tested to determine

their sensitivity on the output.

.

This procedure sought to identify the important exemants in the-

model and the inadaquacies in the data and; throuth svocessive
refinement, to e&q}ve a model that displayed the de&criptiva and

ll,{]l

predictive properties requireﬂ.ﬂ K

3.1 Introdaction
P
The nses and benefits of ecological modeling have been disecussed
by Jeffers (1982), Starfileld and Bleloch (1886) and Swartzman
{1979). Mndels"have heon used extensively in ecology and wildli&e
managensnt {Caughley '1982: Dyes 1983 Hilborn & .Sinclair 1979¢
Mentia 1982; Nnynueir 19?5, Fellow 1983; Starfielu et al. 1982a &
1982by Startield & Bleloch iD86; Walker 1978) to ﬁaailitate

decision wmaking where data and understanding were dafiaient. In

spite of their use in predator-pray ralationahips (Bialoch 1982;

Caughley 1976; Johnson & Parsons 1985; Noy-Melr 1978; Noy-Meir
1981; Owen-Smith & Novellie 1982; Pellew 19823; Starfield et al,

A5
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1976; Swart et al. 1986; Venter & Hopking 1988) the role of
herbivory particularly for large herbivores has remained poorly

understood (Crawley 1983);

From the outset the modeling approach was heurigtic (serving +to
discover} as there were limlited means of validating the medel in
the norﬁal way by testing with“ \dependent data. Rather, the
model set out to Aetermine the data required, the functioning of

the system and the role of management.

Starfield & Bleloch (1288) have péintad out that the quality of a
model depended not on its realism but rather its performance in -
relation to the purpose for which it was built. In this case the
nodel was specifically develeped to meet the descriptive’ and
predictive noeds of the plant-herbivere system.

h\'l'. . -

3.2 Model development

In arid and semi-arid envirommentz conditions for growth are

)}

o

‘highily variable.

Consequently, the approach of Noy-Medyx (1975) and the use of a
logistic 1b0del was inuppropriate for mo?eling interseasonal
changes in vegetation growth when the effects of rainfall and ;

herbivory were lavge. ” o

Furthermorae, the legistic model assumed that the growth rate gck
vugetéunom depended on the guantity of vegetntion presernt whqh;

in fact, planks were able to use bolow ground reserves and grefi

i

rapidly even at low acrial plant biomass.

30



Starfield and Bleloch (1986) proposed an alternative model &e
express vegetation growth betwaen seasons. The simple form of the

model was given by

av/db. = a ~ pv
. y
j,/-’ . . {J

whore a was the new growth and puﬁas a decay constant.

&
A
i

(1)

The growth, a, was a_functimn of rainfall and tempevature and was
independent of the value of V. The model assumed that there were
always sufficient reserves to recpond to rainfall and that there

was only one vegetation kLype.

These assuﬁptionm ware not unreagonable. Arid adapted plahta have
evelved & wapid ;éspmnsa to rainfall thcugh the use of below
qxoﬁnd reserves, (Westoby 198¢). The high overlap in herbivore
@iet-'(@xuné@ iﬁﬁo: Paga'& Walker 1978 Sinclaiy 1985} to ithe

extent of a single preferrsd specics (Heonsen et al. 1985) permits

the assumption of a single vegetatlon type.

-3

The model was elaborated to include qﬂconstant grazing rate C

AV/t o a = p¥ = € “ (2)

31
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The properties of C under fluctuating reainfall regimes were
explored by Starfield & Bleloch (1986) and it was shown that
provided _aansumption was less than growth there was only one

eqguilibrium point which was always stable.

The ability of_the herbivore o meet its consumption requirements
(c) depended on the quantity and %he quality of the vegetation
(V), for example, grass length, leaf to stem ratio, patchiness
ete. The model was jmproved by allowing the consumption +o be
modified by the state of the vegotation and this was termed the
funétional respanse'f(V) (Appendix 2).

The consumption rate was then given by

¢ = oE(VIH (3)

Functicual rezponse was a complex oconcept that varied with
herbivore speecies and vegetation composition. However,  the
resolution of the model permitted that the concept be simplified
and used to good effect in herbivore population dynamics. This
was s0 becauce h@rbivore produztivity was .dependant largely on

food avallability.

in order to use the model %o investigate the changes from year to
year oy sa&san to scason the differential equatibn (Bg. 1) was
changed to a.difference equation, a form that was eagily salﬁed
numerically and, therefore, could be built inte a computer

program. That was

vi e Yo + a = pYo | £4)
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Here Vi was the new vegetation after a given period t + 1, Vo wa#*b

the wvegetation at the start O6f the period t, a was the 'growth A
. ) < _

between time © and ¢t + 1 and p was the fraction of the original

- wegetation that was lost during this peried.
.Tha equation was rewritten as

Vi = a4+ ve(l - p) (5)
and!simélifiad by substituting k for 1 - p

vi = a + kva (6)
where k was the proQo;t%pn of vegetation tﬁét ;e;aingd.

¥he vegetation equatidn (BEg. 4) was expanded to . include

hexbivores

Vi = Va +ia ~ pVo = CE(VO)H (7)
Thizs is the dizeoret: model of Starfleld & Bleloch (1988). The
moadel represents net growth over the period under consideration,
not a growth rate and hence is capable of expressing

interseasonal chamges in the vegetation.

The discreto form of tho model was well suited o the regelution
and objectives of this gtudy. Vegetation growth in semi-arid
systens was event (rainfall) delven. Furthermore, herbivors

births were also seasonal and synchronised. In effect the
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was bast expressed in tim# intervals of several months.

The siuple herbivore egquivalent model to Bgq. (1) was

I . |
0 ——h

dH/dt = b ~ mH (8)

where H was the herbivore population, b the number of births and
n the nunber of deaths.

I u@ bﬁll estahlishad that heﬁbivmre productivity is a functlon
of - faod avallability ccrawlef 1983; Moen 1373). Therefora, the
concept of functional response (Appendix 2} was useful for'

manipulating the population dynamics of a”harbivare,
if the numher of births and the numher of deaths in the herbivmre
pupulation war@ 4 function of the vagetation and the herbivores’
ability %o meat their food requirements, then

au/at = bF(VIH - mE(VIH {9)
vhera £({V) was the functional response of the harblvores.
Birthe were highly seasonal and the discorete difference equation

was more appropriate for expressing this seasonality than was the

differential equation (Eg. 9).
_ “ .
Hi = Ho + bf(Vo)Ho - mf(Vo)He {10)

Hi was the new herbivnrmlpmpulatian at tine ¢ +'1“apd Ho way

4



the herbivore population at tiwme t.

The scope and limitations of the vegetation~herbivore model

(Bg. 7) were goyprnaa by its assumptions and these »are listed

below,

1.

2.

3,

4.

B.

Vegetation growth was variable and dependent on rainfall and
soason, ; |
There were élways sufficient reserves for vegetation growth.
This assumed that growth occurred in the absence of residual
vogetation. '
There was only one type of vegetation and it was all grazable
i.e. woody conponents were ignored. :"

The vegetation loss affected all plants equaliy and was
dependent on the amount of vegetation. Vegetation Lloss
varied with season and fainfa}i. '

The grazable blomass was equally availablo to herbivares on
The Pan i.e. it was of equal palatability and quality. “
Herbivores were exprasééé as a single variable.

Yood preferences wore not affected by sex or age of
herbivore. u , |

Herbivere productivity was only determined by diet.

Only spr;nghok, blesbok and black wildebeest consuned  the

vegetation. Other herbivores were ignored.

"
!

In ofider to reduce unnocoosery detail the model was constructed

13

parsimoniously as possible, The aim was to include no more

than was absolutely necessayy for the dosired description and

prediction. Although the variables, like ilumped vegetation ahd a

single herbivere lackod detail, they werc adequate to nedel the

plant-herbivore system at the desired resolution.
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3.3 Modae)l verification and sangitivity analysis

3.3.1 Introduction

The purposes of this section were to (1) explore the pﬁoparties '

of the model (Eg. 7) (ii) determine the sensitivity on the vutput
of the various input paraneters, and  (1ii) | verlify the
plausibility of the outpul.

This was achie&md by mears of a sensitivity hnalysis whereby each

parameter was systematically changed and the effect on model

output observed. T™is identified those parameters in +the model

that wers impnrtant, gave a feel fox the nodal’s  performance
and allowed a compdrison of L?ﬁﬁl output with what was perceived
to be reality. ‘
_ 0

In order not to confound the outcome, the model was simplified
wheraver possihié. This reduced the number of variables and hence
improved interpretation. The model was then elaborated with
successive sensitivity analyses and the output studied.' In the
aimplif‘ed nodel the effect of each paramater was moxa readily
apparent than in a mnmore complex model where it was often
difficult %o discern which parameter was wost affecring ocutput
change. |

- ll“: .

It was determined, for example, whethor gr@wt% Qﬁs mara m&rﬁ%&n?{

/
than sanaaaenca, and in what way barbivamy affuc#ﬁd pr-@w&ﬁlmn.
This also avoided the mistake of gathering ivvelovant dataJ“n the

field and thun concentrated tha rosearch effort.
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3,3,2 Methods

) |

ri'l- \ |
The ain wzg to determine which of the vegetation factors, “qﬁéw@n

(a), sSendméence (p) or residual vegetation (Vo) most affectoed
net primary broductivity. | :
- ’ - N . / \\ . ’ {:}
. . S

The “simplified vegetatlon model Eﬁg{ 6) which  excludes
herbivores was considered Flzst , “ U

\\\_

vi = a4 kvVo {11)

Z.“"/

. ) . 1\ ; - ' )
The vegetation at the end of the seasoﬂ‘Vi:was thae growth during

the season (a) plus the vegetatihn remaining from the previous

' geason. The egquation was 1inear and permittoed a direct aomparisbh .

of the different parameters in the model.
i .

i

For the purpose of verification it was assumed that the starting

biomass (Vo) was 400 kg.ha'l (eyehball estimate) and ’gﬁﬁa
proportimn of vegetation remaining was 0.4 (after starfiela &
Bleloech 1986). The ﬁaximum growth during the season was 1000

xg.ha™t (guess).

The growth (a) in each seacon was deternined hy - applying ‘a
"growih factér®  to tha'maximum possible growth {1000 kg.ha“ija
In terms of the mqael agsumptions, thiz growth facter was a
product of rainfall di tamperiture. Theraefore growth was higher
in summer when tonperatures were higa aﬁd rain f£ell and low in

winter when there was little or né hain and temperatures were

I .
i
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qu. In sprang and autumn growth was  intormediate. SimiLarly
mnfe growth occurred in wef years thah in dry years.

poo . SR e,
B I : B

thig - reasaninq was a?pl Jd Ty develop a sel @f qrmwth faatars
o
(Tabla 3.1) for diffbﬁ@nt seasans and difteren? L¢anfa1 regmmes.

...... ) - o s

mrwwmww e - sy e “
Teble 3.1 Seasonal growth favtors for @ens;tivity anulymms. -

i ;,a
- Ruinfall , Sedson i
: opring - Bummer autumn wimﬁer
low ., 0.3 0.4 0.3 0.0
medium 0.5 0.'? ' Ot4 o 0.1 . ' \IL _
~high - 0.7 1.0 0.6 ~n.§ §
. " sl . il . . s —

e

The gzawth (a) for spring duringﬁéﬂhigh ra;ﬁfallrwas

0.7 % 1000 = 700 kg . ha 1.; o

The production was determined using Eq. 11

(1) éaasonalgyvfnr oach rainfall regime il.e for each scason

’ (3 montl ) with a staxtihg biomass (Vo) of 400 Kkg. ot

| each time, and
i
| - L = N
(ii) annually for each xainfaii regime with a ceasonal time
atep (3 montha) i.e, the aumulativa gseasonal production
{12 months) with a rrarting bionass (Vo) of 400 kg. h&"l

'ghd the derived Vi was used as the Vo , for £ollowing
[

' ;i "
i

BRASON.

The simplifiad vegetation medel JEQ. 11] was expanded to incluge
horbivores and the iﬂpnrh1tca of herbivory and its effaet on

production was determinea using



to ¢ ha or 0.19 B por ha.

R " N
O

ey . , B ©

Vi = a + kVo = of(Vo)i'’ €12}

znltiqliy to facilitate interpxetaticn the harbivora model waa’

also simplified. It wae amsummd that the herbivores were able to a

fully aatisfy thelr 1ntake ruquﬁrements i.e. to satmatimn, in

which o©ase, it was possible to simpiify the fungbtional wresponsg

o £(Vo) = 1 and cf{Vo)H was simplifi&&l?efhng Thorefore

. ¥
R

vi = a + kg - oH (13)
N f":_ . ! 4

) \I-.I ) - .‘}
A rea@is&im oestlaate of the numb@r of herbivores was made from

horbivoro eounts carried out on Tlies Pan betwoen 1983 and 1988,

o

The thraee hozbivara ﬂpeqlea ware cnnﬂidared as a single specices,

and crpressed ag a singie variable. Tho herbivores wara reduced
to © animal unit equivaleutm {AL) (&ppenﬁix 1) and a value of 100
harbivoros (AU) was use&. The Pan was approximatﬂly 600 ha in
mxtent, thn% the asaumcd ataahang dendlty‘waa equlvalant to 1 AU
Z)
Canﬁuﬂptia per Al vag aaﬁum&d ta be 1€ Xy dmy matioy per day
(Taintan 1981). Tharexvre aaﬁh anlnal unls (herbmvnru) required

appraximataly 3600 kg per yuar {10 kg i 360 dayﬂ). if each AU

'graae& 6 ho por apnam then each ha had Lo augplyfﬁpo kg of forage

il

per year. Thus the annual consuuption © was Sho. Ry i
Tho sensitivitg anglygis was carrvied ook with coude valﬁeﬁ. that
approximatod those in the field. Their accuracy was unimportant

for “the analysls. SGnﬁiﬁivityﬁwag dotormined by varying each

=

]:3
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parayeter over realistic ranges and obav%ving how this affected

production with a single tsma step (une aeasnn af thres manths).

e

Each input value was varied separataly i.e. one at a tipe wmtp

“all other variables hold constant and the percentage change in

h

the output (Vi) noted. The model was linear and therefore the }?‘

variables were compared directly. Those variables that gavq\’%ﬁaf

greatest percaﬁ%age change in hne output were the must aensftmve
and the mmat';mpartant in ﬂétermining pr@%sctiaﬂ. y o

TheLaxpanded mpdel (Eq, 7} was then subgacted ta verification and

sSen

vari&blea in the wmedel, In thiﬁ case hatﬁ the raaidu11 vegetation i

£rom. Lha_Previous season (Vo) and the funahianal response {L£{Vo)}]
of the Rerbivores were also cﬂnaiderad in énnjunctiun with those

paramateréﬂalraady exanined in the aimplified model (Eq, 13)

lal

Pinally, the sensitivity of thefgarbivnra roded.  (Bg, 10} waauh

investigated. e
" r?ﬁ‘ -

W

3.3.3 Results

The seoasonal proéuctiﬁn for varying rainfall is givén in Table
\j,é. As  aoxpectod production was high in sumner and .lﬁwl in
wintoer., “Tha production in spring wags mdl%ﬂnally higher thon in
autunn, Thi@ does not seom unreasonable given that spring

temperatures generally tended to be highért There _w&a a net

ingreaze of vegohation fﬂrrlali seasony  except wintew. The

production under high rainfall was appra%imataly twice that
under low rainfall. 2' k

(U -
fart Ny

itivity” analysib t& detormine tho intaraetian nf all .
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Tablewé}z saasanalipradnction in-kg“ha -:“

Raintall S - Season _ - :
- spring summer  autumn winter
©low . 460 560 460 160
% medium - 660 B86d - 568 260
hghS«_, - = 86D 1160 760 360 - -

The géagﬂnal and annualproductions using the biomass of the

" . " woo i
‘previous oeason Vi as Vo for the next season are given in Table

2.3, ' e

m:éémﬁéuamzuﬁﬁanam;m=ﬁammgx=mgm# '.w*-*;*»m .
Table 3.3 Seascnal and annual produﬂtiun in kg. ha .

Reinfail Springs  Summer Autumn  Wintew  Total

Cdlow© o 46D 586 534 x13 1791

¢ pedium 660 ., 964 786 - Al4 2824
high 860¢ 134% 1138 655 L3997

Thexe was an increase in seasonal production ﬁsing the previous”

séasaus' proeduction as the stéﬁtiﬂq biomass. This ig’ not

5urprisihg as the net seasonal production was highér than the
Fixed valua for all seasons except wiu*ex. The annua’, praduction
under high rainfail (3997 kg.ha 1) was slightly more than doubla

~thet under low rainfali (1791 kg. ha 1Ja Assuming high annual

rainfall was 500 mm and low was 250 mﬂ gave a production ¢f 8.0
~%. "t

and 7.2 kgah{l . .i (\

[}

]

Tha \mensitiviﬁv Qhalysia with the simplified herbivoria equation
(Eqah 11) denonstrated thd% vagetatibn paranccers were more
impartant than herbavmre parameters (Table 3.4). Furthermore, the
mﬂdal was . most sensitive to changes.in prmdu&tman. This was

eful far it indicated that tenperainre and ra;nfall, rather

thaa starting biomass and desay, were morc important determinants

a1 | “

¥



of wegatation change.

o

i
o oo

")

7

o

‘wable 3.4 Svmmary of percentage ahange in vegatatian biomass (Vi)

for a 5% ‘change in input parameter for “simple  model.
" parametier variation % blomass change
. production a (kg.ha 1) 2601250 223
4 starting veg Vo (ka.ha® 3 250-1250 67
% veq less k- -1 CDed=0.5 U - B3
herbivore H’ tAU.hg ) Bel=0.,5 29
consumption ¢ (kg.ha ©.AU"Y)  200-1000 i6

ot o e e e e

The sensitiviﬁy';analysis of variables in

which

included herbivore functional response (Bq.

e it e wwm%wwmmmm;u

.”

the eupandsd model
12)

similar result to that found above. Growth, and to a lesser

exbtent standing biomass

¢

werc the most impnrtant paraneters

{Table 3.6). The effect of herbivory was snall particvlarly when
t L.

cohpared to the sensitivity of pfoductimn to change.

"

I

oL e AR L - 487t et
[ i i B4 T pd
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e
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Table 3.5 Summary of peranntagn rhange in vegetation biomass (Vi)
for o 5% change in input jparameter foruﬁxpandeﬁ vegetation model.

e,

Parametor ' Vq?matian % biomass change
produstion a  (kg.hal3) 250~1250 187
stacting vey Ve (kg.ha” ) 250=1250 93
% veg losg k. 0.1~0,8 28
herhivore H AU hg .y, © Oul-025 24
cmnsumption ¢ (kg.ha “.2U ) 200-~1.000 13

- funet resp £ CD.2=1.0 .8
- : vyp m vtvmy. __b;ig.:--«--..-—uﬁ—
! : .
In  thie berbivore model, model output was most sensitive te the

nunber of harﬁivﬁreﬁ-at the start Ho (Table 3.8). The affect of

mortality on the herbivore population was marginally higher +than

the hirih effect whereas mortality functional response affected

output tha least.

5
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Tablev_3“&w5ummary'nt per&anfata ahanga in harhivaras (Hi) for a
% change in input parameter for herbivore nodel. '

Parameter ' variation % biomass ch&nga
‘herbivores Ho an . 50=250 L apo s
e birth rate b .o 2 TR DY . 40 v
mortality ratem 4.1~0.5 5% . 4
' pirth func ‘resp bE(Vo) 0.3-1.0 ) 2% -

moxtality func resp . 0.2-1.0

fa

o

3.3.4 D;I.scuﬂaim"\
b .
}zTﬁ!geﬁera1¥tna mcdal's parcormance was plauaiﬁle. Tha autﬁW& for
aeaaunal and arnual prnducblon ref]ecteﬂ relative xainfall and
tempnxatura ragtmee and total produat @n fal 1 within accaptea-
- norms for ﬁemiwarid envirmnmants. The @utput at the elementary
madel was n@t very diﬂferent frqm that of the complex nodel which

' illustratad that murh can be qlaanad avon from aimpla equatianso

_ The senaihlvity analysia glearly identi Jied grawtn as the ﬁusts \
impartant parameter. Tha ef fect -of the harbivares ‘on  the
.vugatatian was small evﬁn- af audansity ;@ree timaa, and a
canaumptinn rate almast double, that gmnsidere& normai. Thiz wag-
fortuitous in that the two most ﬁmeLcult variables to ‘degine and

neasure  weye probably “consumptien anﬁ functional rasponsa‘

LA £

(Crawley 1983). - | -

- If the role of herbivory was smpall ralativa to vegetatian growthJ
it suggeatad that . tna managemanr spould rather be aimad at
mantpulating production than at manipulating herhivata muhers.
However, production was primarily anern@d by rainfall Whtbh
unless applied artificially, wasx ﬁaynnd the control of
management. .\\ K i

\ 4 3 . k)


mailto:@utP1.lt

@ ) ' . ' . : " b

wh? impurtance of grﬂ“gh in dafermining prod atian in&icaéad
that tha madal could he improvad by incraaaxng resolution in
dariv;ng hhis parameter, perhaps hg separating temperatura anﬂ
rainfall in devaiapxng the growth factors.

i
¥

whe annual vagetation preductinn qenerat{ﬁ by Lha mndal under low -

1

and h1gh rainfall wvaried from ?na Lo Be 0 kg ha Y, mm ralnfall.

E&sewhare it has keen faund that 1n aemimariﬁ rangalands abova«'

ground production varied from & Rg.ha "t [Rutharfnrd 1980}
aﬁd 8 kg.ha“l*mmf% {beshmukh 1984) to 26 kg,ha 1o mifnnyunair
19737. o - o (*\; ' o

The hign pradumtznn in gpite of littla regidual vagatation is a’
feature of ar}d adapted piants that rapldly atpléit"hunditiana
when favouxahla (Westony 1990). = The mcdel seamed to incarporhta

[F]

this.cesantial alement of semi-arid environments.

bl

) MoNaugtiton {1955) has noted that herbivores typically conaﬁméd

laas than 10 per cent of’ primary prmduction. Deshmukh and  Boig

(1983} found that the removal by herbivoras was negligible. The -

© pasults of the sensitivity anaiysis concurred owith  these

findings., ¢ . x ; L

[

In gmnulualan, The objeutlves of thﬂa cnapter were to develop a
madal, :varify it and anaﬂysa its sansihivmty."wniﬁ was, hy and

1arge,-' achieved and, in the” prucesﬁw suma understanﬂing Ol &

_plant-herblvure systom war acquired. The inporitant parametera

ware iaentifiud and the smphasis was then to votlao#‘the ralevant
data in the tie}d.x- '
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4. Introduction S

T

5

¢ : . o |

]

CHAPTER 4 : GLIMATIC DATA o Coe o

Tha purpase of thiﬂ\chapﬁhr w&k ?o collect accurate climatic datu

1y

relating to temp%ratuga and rainfall., .

The . sansﬁtxvity analysis {Ch. 3) singled 1ut growth as the most

—

imp@rtant parameter in the modnl. This aorrcbarated canventianal o

\. i

wisdom that qrawth is determined prlﬁ :ay by rainfall {Destwukl - v

_1935- Hllharn & Sinclair 1879; Le Howerou et al. 1938.0Rﬁsenzwaiq\(

1965) and te a 1esser axtant ky temparature and aaylength (Nay-
Meir 1973), C. =

Rh . Rl
@ . YA oy
- : ey :

it'~was'“surmisea that precise o¢li ﬁ%ﬁa sta would imprava the
mndel'a parformance since the moaal's autput had a seaaonal time
atap which was 1arge1y aunmrulleu hy raiﬂ all anﬁgﬁamperauure.‘

(]

N LD

. The hypoth&t;cal inputs usea rm verify the mndel anﬁ tast its

R “"'\t____

sensitivity (praviaua chapter} ars réfined in this chapter with

real da*a obtained from the fieldﬁ\ﬁhe aim was ta enhance zodel

reai&ﬁm and imprﬁve the uutbut. ) " . ,,3
e 2 '

11'

£ Methods T i
} | |

G222 Tenparatum

A

Panpevatures were not aﬁﬁf}ﬁﬁﬁig_s%mks&ed at Ruaipuarb and 1t wts

‘therefoie ndgessary to use an. altexnative data sourve. The

q

#

R
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&

nearsst uffivial weather recoxding statiqn WAL ximharlay, some &0

‘km  sast of the study area. Monthly maximum, min;mum and mean

= Bupeau, Pretoria., . e

&y

<

g

Tempnwﬁture was used to determine aew'bn'with the hottest monfh

\.témperaturas for Kmmmarlay Airport were pruvided by *hdé Waather

hain@ mid-summax and the coldest month mid~winter (anon 19b?}a°

The year WAL d:vidad into £aur séasans {Section 2.4,3).

[ - B ' )

', 4.2.2 Rminfall - ( - S

o

Rainfall data were yoqu:: ad ta nlnssify rainfall ragimes lntﬁ*

highf rujntall fwet), ‘medium rainfall and low rainfall (dry}. In
'additian,' munthly rainfall f;guraq w@r& usad in prgduction Cnat
aerial plant bibmaFa gain) trials’ whﬁra tha standinq bicmaas of
vagatation was. pariodina??y determiﬁed wtth n#*ural raintall "and
a&tiﬂiaiai irriqatzan. - _“_ g '

o

S ty

Therea waaa aridence {Beryy. &k craéé, 1956) that for the thirty

- . ! " . .
a . ) . “ . LW
, . .

fthrea year, pariad 1950 ta 1982 there was :éiqnittcant derlina in

L]

0

&

_the manber of days “on whien rain was recmrded when compared thh u

a gsimilar periodSof 1907 to’ 1540. Tt was therafore deai&ea“ thau '

althauqﬁJ re?érds from L8897 Ffor. Kimberley warse svailable it - was

more: raalistiﬁ tu use anlv thuﬁg records tor the Jlast thixty

. eight yedrs qum 1951. to 1388 for . determining vthe rainﬂall

ragimes. < L - _ i

oy

g 3 . , : "
o .

i

&y
1 ‘—i

gy 1 E
g‘,g\ i

[t
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d 1!

¢ - Rainfall data were_availablé from three sources '
(1)« Long tern data from 1951 - 1968 from the official
waather station at Kimberley qome 60 km east of the.
study site. )

(i1} Rmoipcdrt data from 1980 to 1988 collected séma,lo hm

K% eagt of the study site. :

~ (iii)y bata  collected at the study site from September 1987
- o April 1988 while the irrigation trials were in

progress,
LAt

THhe abaanamlbf N ﬁarm éata from Rooipoort naaessitatad-tha use

. of rainfal& mgta £row Kimbarley In ardar to test tha raliahility°
‘of using Kimggrlay rainfall figuras &, correlation was carrie&!

aut using ﬂat&\ﬁgts for thﬁse periudw for which ramnrdn at both
f‘% sta%iana (Ramipaurv and Kimberley] vare availabla.
!i' ) . .
\ mhr#e rainfall regimes wet, medium and dry and were dagermim
| uhing mean annual rainfall (Sep-aug) for theliast 37 years (1951
to  1988) (Anon 1957). The totals for mean amnual rainfall {Bepn-
'% - Auyg) were arranged in descending ordes. The median was detersiined
R nd the upper and lower halves dividad into mwn aqual periods of
\ years each giving four peoriods {guartiles)., Tha uppar quartxla
\was than defined as  "wat" and the lowex guartile as “dry? and
thq years between the upper and lower quartilas were pericds of
ﬂpadium“ »ain {Anon 1957). The rangaa far each rainfall regine

Wﬂra thﬁn‘““&ggmineﬁ.. , o L



 Tor Kimberlay 1951 to 1949 (Weathey Burean).

| §

Using the sane data set (1951 ¢o 1938) the mean monthly rainfall
was detexmine¢ and exprassgd*aa & parcantagﬁ\uf the annual .mean.
Monthly pgrcentagas for vach quarte§ wera éﬁen:added to glve a
seagbnal percentage. This ﬁéfcentagg was than ‘applied to the™

o [}

value for each rainfall regime to determine seasonal values Fusm

.

wet, medium and dry years of rainfall. Thess were rounded off to

A
“the nearast Smm. o
A
4.3 Results

Honthly  temperatures varied fxom very hot (haxipum > 301\°cj
in summer to cold (minimum < ig"c) in winterr (Table 4.1).
_ cn 7 : 3 : ,

%

Ve b g it g - ) P e g gt S Tepiioat e yagiir gt e Vg g . e e e g by e e L AT S S
Table 4.1. Monthly maximum, minivum and mean temperatures ('C)

Month Maximum Mihimum Vean

Jan 32.6 L 17,7 25.2

Feb ‘ 1.1 o 17.3. 24.2

Mar. . 2B.B 35.1 22,0

Apr ’ 344:8 16.8 3.7«3 . Y
Ma.y 3101 o 505 - 1308 ' \‘u
:,'fun LA8.2 o 302 o 10.7

lj“l 13.8 v o 3&0 10.9

Aug 21,1 o P 12-9

Sep 25.8 ! 8.7 17.2

ot 27.9 11.9 19.9

Nov 3n.2 14.6 22.4

Dec 31,9 16.¢& 24.3

T S et e

yﬁﬁing the latter part of the study period (%ep. ﬂva? -  ApL.
v ) \\ ) )
1938) when irrigation tyials were in,pr@grass,'the- sUumner was

partﬁcuiarly dfy=and hot and the autumn was exceptionably wet,
This was refldwted in the higher than normal temperatvures

i
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S

vYevorded in December and January and the lower than normal

temperntures in March and april (TPable 4.2),

Table 4.2 Monthly maximum, minimom and mean temperatures {°¢c) for
Kimberlay Sepbember 31987 to April 1988, ‘ _

Month . Maximun Minimuam Meat;
Sep 21.4 88 15.0
oot 28,1 12.4 2043
Nov 31.4 15.3 23.3
~ e 33.0 17.1 25.1
Jan 35.6 18.6 27.1
Fab “28.6 18.0Q e3.3
Mar 26.9 15.8 al.3
ApYy : 20.9 D.1 is5.0

4.3.2 Rainfall

The long~term mean for Kimbarley {1951 to 1988) was found to be
422 ma.. Tt 1is well establiph tha% an east-vest gradient of
dacreaéing rainfall axiat#k\cver éantralaxsouth Africa _(Ancn"
1987}, Therefore, ik was assﬁmed that_tng Long term annual mean .

for Rooipoort was about 40W mrs.

=y

t

" Rainfall data £or Kinberley and Rooiptort for the period 1951 to

1988 are listed in Appendix 4. & correlation analyais of annual
(Sep-Aug) and wonthly rainfall data from both sites for this
poriod gave correlation coefficient values of 0.95%6 (P <f0a0a1)

and 0.9660 (Pwé 0,00G01) rospectively.
£

i
Rainfall was measured at the eastern and western ends of The Pan

as well oo at the eastorn ixrigetion trial site. It was apparent
that a rainfall gradiont existed on Tho Ean,mwitﬂf rairfall
decreasing from  east (Stone Dam) o Qwaﬂﬁéffﬁbffman's Pan)
(Table 4‘i” | - "

49
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Table 4,3 Compariscn of rainfall {mm) at three sites on The Pan.

Mcn%h Stona Daw Block A Hoffman’s Pan
Sep : 117 noe record 76

Qeste ' 20 16 ' s

Nov 74 : K7 20

Dec i} 42 \ 32 . 30

Jan ’ - 8 Y no recoxd .

Feb 288 . p22 T no record
Mar ) - 50 41 ne regcord
Apr C 124 .94 no record

!
on 'average, the western end of The Pan (Hoféman'a Ran)l received
58 per aent.of the rainfall measured at Stone Dam, The %ﬁd rain
gauges were 5.5 km apart and it was calcul&ted. that Blaock 2
receivea 0.77 and Block B 0.69 05 the Stone Dam rainfall (Tabla
4.4). -A pairaa t~test found thera was indeed a &iffarence
betwesn rainfall &t Block A and Block B (to_gsua.?laf dfe7) .,

Table 4.4 Calculated rainfall (mm) at irrigation plot@ 3eptemhar
1987 to April 1988, '

Hanth : Black h Block B
sﬁptamber : 90 ' 81
Qotoboer 15 . f 14

_ Rovembex 57 51
"Revamber 32 29
Japuary 7 6
Februaary 223 : 199
March 39 35
April , 94 86 U

Determinations of rainfall regimes for the last 37 years showed
that "wer® years had an annual (Sep-Aug) rainfall of greater than
475 mm and "izy" years of less than 300 mm. "Modiun® xainfall
lay beotween these twoe values. Glven these vaiues the seasonal
rainfall for the different rogimes was cnmputed;(wahla 4. 5)

. i

A} . \\yi

B
A

BQ..}
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mm‘. . WWWW o
. Table 4.5 Seasonal rainfall (mm) for J.ét, ‘mgdium and dry
regimes. . O

[
)

Regime Spring N gummer B Autumn"--\”Wintér FTotal
Wet . 90 . »210 »145 »30 »475
Medium ©  G0~90 . 130=210  90-148 .. 20=30 300-474
Dy ' 6@ <110 <90 - v €20, <300 ,

{r)

xt was found ttat cymmey was the wettest saasen (44% of anmial
raxnfall) foll ed by autuan{(30 % of annual rainfall).
addition to maw t@ﬁpqwgturus 1ittle rain fell in the wintar.
fw e
494 Diﬁcmiﬁﬂ iﬁ{:‘ . R
) . "l . ) st . :..'.4" i
Fhore was a.gxaqienk of / Joreasing temperature from east o west

(Anbﬁ 1957) and it was probuble that tampeiﬂ@ureé' ot Raaipaart

ware marginally higher (1 to 2 degrees °c) than ok §imhrf1ag¢ xfh

:ifgraubh was impalired at temparature @xﬁremaa (05monﬁ ot ax.- ;gﬁo}
than Lemparature wal nost likaly\tb limit growih in midwsummer
~and mid-wint-v. In any event growth in winter was water-1limited.

1

i

- All theee hevavore spacmes have distihct anf”éynahrnnisad bmrth
pulaes Tiat are higﬁpy predictable for & givon tiree mopth
period, It was evidept that quarteriy gseasons derived from
temperakure providad é time step that was well suited to tha
biological parameters of the hdrbivores in the study.

"l ! Ir{t

The absence of actuzl tpmperature and rainfall doka for the

gtudy arvea was not & mhzztccming. The data fr'r ﬁihberley wééa

highly correlated and m@ﬂn than adeguate for the rvesolution of

the medel By aompariaﬁn th other variablam 1) ehe m@ﬁel_the long

"u: C I'\.
! 51
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ﬁgrm_data for rainfall and temperature were pracise and reliable.
The derivation of a climatic index to provide a reliable growth
factor is extremely complex (Rutherford & Westfall 1986) due to
the difficuity in deter;ining effectivity of precipitation., Not
enly i: soil woisture affected by temperature and wind, but also
run=-off, s#oil charaéteriﬂtiqa, aspect, etec. I¢ was therefore
impracticable to accurately rewovd these wariables at every.

rainfall event.

‘L L ) _
‘Raiufail in arid and seni~arid areas is charvacteristically
unpredictable spatlally, temporally and in temms of guantity (Le

Houerou 1984; Zucchini & Adamson 1584).

The Painfall gradlent exhibited on The Pan, therefore, was not

unusual. Seely (18783) found a change of 360'Eer cent over a
. Y : ;

distance of elght ka and Noy-Meir {1973) reported a :ﬁkfference

of foriy ner cen?iwithin one km. .

In eummary,s the climatic data provided a usefnl, objective
mothod for deternining seasons and identifying diffevent rainfall
regineg., It was evident that the olimatic regime was one of
_ éxtrem@a and subject +to cpisodic variatiqn.' Thesé_ data wera
adequate Lo compare both vegetatien and herbivora prcductivity
and their interaction inter~ and intra-seasonally under different

molsture regimes. ' N
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CHADTYER 5 : VESETAYION DATA
5.1 Introduction

The . purpnse of this chapfer was to rofine the vegetation model

inputs namely, standing biomages, growth and senescence.

Tha' vesearch sffort was focused on net aerial standing crop and
how abave ground vegetation responded to varying rainfall and

season (temperature and daylongth).

It has been shoewn (Ch. 3) that vegetation parawmeters in the nodel

were the most important in determining itz performance. It wag

therefore necésSéry that the understanding of these, particularly

the rate of precess, be improved.
5.2 Methods
5.2.1 Herbageecous bicwsss

The herbaceous standing crop was datermined with and without
grazing 'uaing thoe difference method {#ilner & Hughes 1968).
Grazing by harbivores was estimated Ly comparing caged and
vneaged  blomass, the diff@renaa being cthe herbaceous biomase

romoved by grazing.

During the summer of 1986/87, 50 circular cages (Van Dyne et al.

2

1963) mach with an area of 0.5 n° vere ramiomly placed along

five tronsect lines (10 cages per line) randemly - selected over

53
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the atndy' area. after a period_pf one month .the herbaceous
biomass ﬁnder each c&ge along one of the transzect Lines was
harvested., It was intended to harvest the biomass along all five
fransects after one mbnthu However, due to the paucity of yain no
growth occurred and the trial was continued for a further two
months. At the end of three months the harbacaoué'bioﬁaas under

the remaining cages was harvested and a similar gample randonly

collocted that had not been protected from grazing. The mean
biomass after one month (ungrazed) and after three months (grazed

and ungrazod) was determined.

 B5.2.2 Irvrigation trials

An irrimation trial was geb up Lo determine the poteihtial herbage
production in gm.m 2 under dlfferent moisture regimes during the
growing perioﬂ’(&ap—&pf); Phis was intended to show how gréwth
would vary both smasénally and under high, madium-ﬁnarm@l} and
low rainfall. | |
i

An area approzimately 30 x 15w wasffeﬁced off with a wire
netting fence 1.8 m high. The wire netting (mesh size 80 mm) was
guch that small herbiveres e.g. rodents and ingects: would have

aceoRs , but the larger harbivores {(ungulates) were excluded.

Bach irrigation treoatment was applied te a plet 6 x 10 n
vithin which ten 1 ¥ 5 m subplots were situated. Only ohe suhplot
(5 mz) which was randomly selected was treated sach month. The

treatment plote were L m apart and four diffokrent wmoisturs

- regimes (treatments) worae uged,
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e .
" {4) cumulative irrigation ~ .25 mm applied to ail?pidtﬁ in
; that trial at each successive watéring for the eniire
grnwiq? geason (Septémber te April) i.a.:the April plot
racelved 25 mm (applied twice a month) from September
through unt.l the plot was harvested aﬁ the eﬁd of
April.

' (i1) 25 mm only to that plot harvested in that month.

W N
. #
(iii) 80 mm only to that plot harveatgﬂ in that mnonth.
. j

(iv)"cantral (no irrigation). !

.o treatment was applied during the first and third week of
. . i : -

‘the mnonth and thé plot was harvested H&t the end of +the FLourth
. 4 '

wesk, The trial was replicated twice fBlack A; Block B}.

*

Water vas _dgawn from a near-by raservoir that was supplied by

windmill fyem a borehola. The water was transported in 210 1
drums which were marked off in such a manﬁeg‘;hgﬁ 125 litkes,
ggquivalent o 25 mm, could be acourately applie& to the ploﬁﬁ
undergoing Creatment. An sarth wall some 50 mt high was made
along the bcrder of each plot. The ares witﬁin this wall wae
£looded, using a hoszepipe to siphonlthe water out of the drum. In
this ﬁanner the water was uniformly applied ovor thae entire plot.
The 125 litres of water was applied once to treatmsnts (1) and
(ii) and twice to treatment (iii) at irrigation times (Zirst and

Ehird waaks).



]

Harvesting tuqy place at the #nd of tha faurth week. The area to

be harvested was marked with string. This was placed 50 mm inszﬁe

1

the.narder to allow for edge effect. Thus fsyvarea bharvested wau

0.5 X 4.9 m. All grass within this ared Wa@’é;£ to ground level.

Thm grass samples were placed in plastic ba gq,ru raduae noisture
loss and loss of dry material (Milner & Hughes, h%&ﬁ}_and stoved

in a deep freeze for subseéﬁent analysis.

(/

At an apprapriate time the Bample was oven dried-to constant mass

at 80 c for 24 hours and the dry ma“ter standlng cxrop at
har?a?t was dote¥minerd. |
| N |

In order to determine the impnrtant parameters affecting gruwth
an analysie of variance was ravriaﬁ aut wiﬂh resulis @ﬂ%ﬁine&
from the irriqation trial. Parameteﬁﬁ exammned v ware rainfall,
amount  of irrigatinn _(trcatment), Lempewature {month) - and
repli¢ites (block). o

Becauze of the wide diffe;fhce in monthly rainfall the analysie'

wad repeated with the log of both production and rainfall. It was
cbvious  that the effoct of rainfall_yaﬁ not inat%ntan@uus (bigh
rainfall in February only produced growth in ﬁﬁ;qh)q a Fuzther
analysis was carried qut{?ith the log of the\yainfali lngged by 1

nonth.
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5.3 Results
5.3.1. Herbaceous biomass

At the.start of the trial (January 1987) there was virtually ho
above Térgund standing crop on 'The Pan. The harvestable
herbacecus biomass was fouq& to be 0.12 %0.14 g.mfa (n = 10; 95%
¢l) which is eguivalent to 1.2 kg.ha"l. In half the sanples there
wag no vegektation at all. Rainfall during the previous month 'Qas
31 nim. There beingy sa'little vagetation on The Pan it was deoided
that there was no peoint in collecting furthel bamyles until such

B

time as remaanablc rain had fallenanl |
After a period of* thrae months (Fen-hpr) 122, mm of wain
woke recordad in the study area and the remaining plots. were

harvaated. Tha mean herbaceous hiomass was found to be 1. 44 21.67
gm™? (n = 30; 95% cl) and 1.54 #1.40 g.m"? (n = 30; 95% cl) for
uncaged and eaged plots respactively. The difference in harvested

biomac: bétween grazed and ungrazéd plots was 6.5 per cont.
5.3.2 Yrrigation trial

The trial period (Saptembar 1947 to April 1988) was characterised .
by exceptionally heavy raing at the beginning and the end (Table
4.3}, Tho dry matter production under each treatnent is givem in
Table &.1.
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Tahla 5.1 Dry matger prﬁ&uctian {g.m 2) for different tmaatments
on Raoipoart Pan eptembav 1987 to April 1988. :

Month Block Nry matter productinn .
: cumul 25 mm 50 mm control
Sep A A T 7.4 12.2 11.1 32.3
Sep B not: sampled 15,0 14.5 13.1
oct A 10.2 22.5, 10.7 13.8
oat B 14.9 17.6 6.5 = 8.3
Nov A 79.2 ). 1t1r.6 57.5
Nov B 63,7 B85.3 100.0 B 1
Deo - 125:3 86.1 131 8 39,3
Dac B 84.2 B2.8 45.2 26.8
Jan . N 44,3 49.9 21.7 29.8
, Jan- 7 B 49,3 28.3 43,1 14.9
Feb A @748 29.5 1i.1 C10.8
Fab B 59.5 11.4 26.2 8.2
. Max © A 105.3 53.7 4.1 3746
“Har B 204.2 80.9 69.5 . 96,1 |
Apr A . 82.0, 33.8 46.1. L.
Apr B e 12043 378 2647 36,1
w.;“w : : o oL Ty mmil et e
monthly mpan 74.5 B4 2 - 8.0 3.5
. 55% CL * 51.2 t 29.2,  k 38.9 Tk 24.8
growiny season average 595.8 - 1333.4 3600 252.3

‘Standing biomass pecked at 204.2 g.m“z in Marﬁ under ocumulative
mrrigatian of 350 mm  supplemented by 222 mm \ of raim in late
rebruary. This was more.than tp{;e the praduatlon undsr S0 =nm
{80.9 g.m 2) and 25 mm {(69.5 g.ﬁ 2) irrigation and was a 33 fold

increase over the lowest bilomass (6.2 g.m ] recarded on the

control plot the previous month.

A comparison of mean monthly growth showed little differance in

produstion between the zé'mm.and 50 mm treatments dnd ) cumulative |

production was some 2,4 times greaer than that of the control.
\t‘ ‘\

\

In any one month tho.cumulative treatment was equal to the 25mm
troatment and therq was little difforence in production for the
early "part of the Lrial. H@wevar( from February 'gnwaras

production under continual irrigation was considerably more than
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_either the 25 mm ox 50 mm irrigs&imﬁ.

_ . - |
Under continual irrigation the total average productiom (month.
mean x 8 months}_was'595.8 g.m"z which is equivalent to’ 5953%‘
kg.ha"l. The total pruductiun-fer other treatments varied fram‘“
2523 kg.ha! for the r*cmtrul (526um Tainfall) to 3600 kg.ha -1
with 100 nmm ﬁupplementmry irrigation per month. The praductfqn qn?ﬁ

eachh piot and the maan production for both plots 13 expraaaeduu
S

o

graphically in PFlgs. 5.1, 5.2 anp 5.3,
f - spite of hath rain and mrrigation, relat;vgk) 1ictle grcwth
- teok pljue in Beptember and October. This can be attributed ta
low temperatures. Even though daily alw temperatures had risen,
it is prabaLie that ground temperatures remained ‘too Low far
rapid gknwtha The limiting effect: of temparatuza is further
avidenced by whﬂ lack of difference bhetween irrigation treatments

.:1

in September and October.

According to the literature a inimum amount of molsture is
raquired for growth t¢ commence (Dsshmukd 19847 Le Houweron 1984:
McNaughton 1988; Noy-Meir 1973},

Tha highest ‘Eainfall event recordad at-the lrriéatian plots in
Ootchey wid 14 ﬁm and growth wééfprabably limited by insufficient
ground moisture as well ae low ground temperatures. ‘Growth  in
early oummer (Nov, Doc) was greater than iﬁ'autumn aven  though
considerably loss molsture wam available. “Haﬂaver, groﬁt in
nid-summer-aarly auwtumn (Jan, Feb) appearad to be Limited by too
high a temperature at the availeble m@isture 1evals. ’

]
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Figure 5.1 Monthly production (g.m ) under different treatments
- o0 Block A, K
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56 PRODUCTION (gat®)
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Figure 5.2 Monthly production Egymfz) under differont treatments
on Blocok B, : 1
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when mmistuxg was linmjited and undey conditicns ot high

temperature (Dec, Jan, Feb) there was d rapid loss in- herbage

[3)

bicmass as, a reaplt of senascence. This As illustrated in Fzgn

. o
h

f. : | o u | B
The highf/ﬁ herbage losses {parcentage daciing in aerial standing

Bads o

- eYop oi ymavﬁbua month) racorded iﬁ a wmingle mnnth where

irrmgat on was applied were 84 per cant followed by 65 per cenk.
Howevex, these differencec mamj in part %have heen due to

variahality hatwenn plnts sampled. Even whore rainfall was

”ralutivaly high (» 2Gmm) thera was a net losg of haxhage the nexé&k

mnntn which was umly halted fallawinq the wery high rainfall af

.;..Fﬁbruary. o p _. | ;

o

=

.'A& analvais ot vafiancé for production (Table 5.2) showed that

L

" there’ was 1o significant ditferanca betwoen blocks (p = .,9685)
and 1t was thérefore co.-1uded. that the two blocks could be

conaidaraduraplicatas. Month-had the most significant effect and

rainfalil the least significant in determining growthu SQma 33 per
a t of the v ia W dicted by the .

cent o a ax nea was not predicte y mnﬁ%ﬁ

Table 5.2 Analysis of variance fcr praduntion. | ;

Covariate ~ Main afﬁgct Signif. 1c 2l
“rain - Y. o.0361
s “treatnent © 0.0005
nonth . 0.0000
bleck 0.9688

8l
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Al

As expacted the’ 1aqged 1og rain was moxe significant (Table 5.3).

- This model predicted all but B 3 per gent of the varaanca.

Wmmw """ REETSEIITIIT
Tabla 5.3 Analysla of variance for log of production.

TR PR $HY

Covariate | Haxn atfect Signif. Yevel

lag rain : 0.5948

jag log rain : .. Glo0sd
treatnent - Q.0004

manth o : o.ﬂocﬁ

The - month ocffect ‘in the model was large '(52,3' per cent of

varzanca} ﬁnnth injztself is maaningless and it wag prnbabla
/

thatw_tniﬁ was mainly a tamperaturﬁ affect althouqh presummhly-
day~length would also have affected growbh. An analysis af
variance for loy produmtion and temperatura‘hhaﬂed minimom - an&?

- mantimuam tempetature o be the most siqniﬁinanﬁ t?abla 5r¢f

Va \.
. B
v . : P

_ I o e A, AR B SR R A e Aot
. Table 5 4 analya*a of variance for log of producticn.

Covariate >  Main effest \sig level
gomp min ©.0002

Tenp wax . o <0, 00086 '
WGmp nean 0.,0374
treatment 0.03589

A miltiple range analysis of the loy ufvpxoduﬁtian'and treatment
showed that there was ne szgﬂ;ficdht differenre in pruductz@n
with plots thaﬁlreceived 25mm and 50 mm. There was a difference
betwean 'cumu;ativa irrigation and the ~wntrol. There was a
reaschable correlation of production in.ahe mﬂnth'with that of
‘the previous month (r = 0.54; p’ < 0.0001),

fi
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5.4 Discussion
Herharaous production was negliqxhle at low gra;nd moisture auﬂ
tha graz;ng effect was small. Thare were con&mdarably m&reﬂ
_he;bivores present on The Pan than could be maintained by the
low grazeable hioﬂﬁs& at the bimc (summer 1987). @iven a
herbivare intale af *0 kg.&ﬂ“l.day 2 {(Painton 1981) at & standing
narbaueaus biomaaa mf 15.4 kg.ha” "L it would reguire 234 ha to
maintamn oner anxmal mnit, Luring the period Lie herbivore biomass
‘averaged 58.8 AU or Jﬂﬂz ha.av™t, &hxs augg&sted that nerhivnres
ware supplementing 1Lkuﬂe fronm areas adgaaent to The Pan and %ha

nodel. gnnuld be: refyned to aater for‘Ehia.

At low atacking ratéh tpe” usaFulneas of consumpt;an
determinations is- qu% tionahla (Dashmukh & Baig 1983) Tha.
grazing e*ﬁeat {ﬁuarpmr cent) was small aven«at low hﬁrnacauua
hiamasa,_ -hla compared with herbivore nonsumptian rates efwl?,s
per ueng/iﬁw“ga 1930) and 4 pexr sent (Deshmukh 1986) determined

91HGWhere.

ﬁﬁhw
Th@ mu,ulative hraafmant nmountad to 329 om rainfall {average of
“two pLﬂts) plus 400 1rrxgat1onrand would_ha a -decidedly wet
season  (wWot regime annmual rainfall > 475 nmm). The dura#ion nf
the trial waoc eiyht months and covered nost of the  growing
ﬁe;auﬁ (spring to aﬂwﬂmn) From rainfall aistributzon ik waS
o =imated the “}tne ramaxning four monthe (nay to August} could
account for 9 per cent of annval production. consiﬁering that the
cumulative treatment gave a prodﬁmtinn of some 6200 ﬁq.ha”i then
the total annual production would have been of the uuder of 6500
) '

>
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nkg.haﬂl.' This st approxg?gpw the potential maximam anﬁhaln
N . . .

T,

phaducﬁion=fnr T™e Pan.

The maximum potential pr?ﬁumtinn. of 6500 kg.ha“l rqampare&
favorably with the maximm net aerial anmual production of G000
kg ha 1 for semi~arid zonés repsted by NoysMeir (1973) and was
similar  to blomass prnhuction E@;gurés obtaincd - elsewhere

(Rutherford 1970).

- The total produu‘icn (manthly mean x Light months} of 5988
kg.ha“l was 2. 93 tines greaté& the peak bldmasa of 2042 kg ha :
recardaé which was comparable tnﬁthe figure of zabﬁ txmea

reporited by GrBSﬂmaﬂ {1982). Thise illustrated the degrea of
s
vegetatian logy ?serevcence) and the impartance of its

A

consideration when detﬁrmln' g production.

nd standing biomacu is an arid
rapid Jloss of ghatesynthatia

' 4 . \
The ability to lose above grdy

climate adaptation whore th x

i

material reduemﬁwmoisture 1a$¢ through tranuplratlan and thus -

II|

¢

&

3

V;ean-referred to as mcrtaiity

The losdg sof herbaceous biopass has

(Do hmakh’ & Baig 1983; Donaldson \vﬁ?), sgnescence (Johnson &

Parsons 198%5) and decay (Stanf ;alﬂ myBJelueh 4986}, Tt has Dbeen

shown to narkedly affect prnﬁuctmmm\ﬁ
w0

Deshmukh 19863 Wiegort &

w2l

Dvans . 4n Singh et al. 1875) and a number of - authors (Deshmukh

1964 ﬁashmukh & Baig 19837 Grunow b al. 1080; Ruthexrford 1980;
Williamgon 13{6)“have noted that primary pxadurtian cannot  be
estimated from harvest data alone due o senescence and resultant

loss of biomass. Schules: (1984) showed that mortality was

. S, : P
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. ' v o o
dacreased bytgoil-mnisturé'and grazing.
: . v :

HcNaughtan (1985) recorded rapid rates of change in green hiomasa.
- from +20 g.m ,sa "L o »20 g.m .d ~1 in thb Sevengeti gver. short
- periods (1 week). Undeﬁéat;maﬁes of net snnual  acwial
production may be as nigh as 120 éér cent (Deshmpkh 1986) and 450
per cent (Wiegert s Evans in sing et al. 1878).
e
" in spite of 1arge losses in biomass there was no acaumulafian of
litter withih the plots. Mnntana et al. t&eaa) found that under
arid cunditlans arra&e litter was 1oL throush weathcr&“g and-

physival fragmentatlnn. o - - . i

oI 'wa? “evident that . the vagetaﬁigy-tsymtem {ras waﬁ?r and
temperature limited. Growth was feduced at temperatyre extrenes
_ and when plantﬁ were mmm&ture aﬁxessed. ﬂhen hoth tempatature and
moigture uanditiwns wece ideal growth ook piaca rapidly. whls is
mharacterjstic of arid adap@ed species that exploit. favaurﬁhle-i

cnnditxans when they oconr (Westoby 1380).

" growth in early sunmAY. iNpv.,. %ec) was greater than in autumn even
thnﬁqn congiderah&y lass » ;ature Was availah?ug'whms ﬂlnwmnq in

growth is attriboted primarily to phenophase whera . vegebat“ve'@
{ . .
: qrawth is xapid in spring but slowed in auntunn When“ wintar'h

reserves are bamng asoimilahad {&auer 1e78) but may ala& be due

]

to blnmasa drcumalatidnn b By
L _]} - .. : o ) 'lr'

MuNaughton {1985) also noted that grassland productivity was memé“glb
: . ' AN
. sensitive to . *ninfall g1y in the wet seasen than  later in.

geasun. Dya® z19$3t,ﬂpmonamrated that some yrass apecmes had a

66



. il

quiescant ‘pariod of growth mid-season aven whan maistuna wns no&

Limiting. L o - “_ v

S Coe E

o g ]
L ) ne

Lack of gféwh% may - have ?ean as.a result“r_insufgimiaut grauﬁd
molsture for growth to sommence. Deshwukh (1984) found that ‘the
wininom rgquirament or "20ro intercepsy for grqwth was 23 mn - of
rain, Similarly, Noy-Mair. (39?3) raparued values of 25 to 75 nm;
s:aurmu {198 S0mm: ucnmmm {1985) 25wmm and Sae'fy ua?am

rr

‘?“‘21 ma ’ .o i

o

It was alan apﬁmzant that growth was afﬁecteﬂ by the amnun£ of

"residuat.wngatation present. Thia WRS avidant in 1ata gﬁtumn when -

|

tha growth'was Sar higher unﬁar sontinnal 1rriqan&on (25 mm) than

under 50 mm irvigation. Thic wag tﬁought o bavﬁ%reault“ of a
higher  proportion of . green .(photosynthetic) material " with
cantinuous irriqatien which alluwaa the qrau“ to raapund :apidly

whan vunditanna of highh&nisture pr avai;ad.l \ .“

In hiundsight the sxperimental dasiﬁﬁ of the 1rrigationftria1' ﬂaﬁ_

punr. Withip each block, a single squars p}bt:wauld have besn -

. 3
preferable to the four separate sub~plots in each replivate. In
spite of the sites having heen nalected. for their appﬁrnnt
N\
namethaitv, biomass per unit avea varied over a short -distance’

and it was diffienlt o compare varistion betwaen zeparata "

1‘\

) plots. within aesch plot five soparate aamplp* nf i X 1 m rxather -

than a & =2 1 m sanple would have allowed & mgrﬂ maanianul '

Jomparison of variance within. each auhwplwt. The results were

confounded by the exceptional&y high maina at the starﬁ andJ tha

end aththﬁ trial and below average rain in Ridesunmer. _Tninfﬁ

tended to mask the effects of irrigati%n-

L RS
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Hurlbewt (1980}& demonrtrated that suppased raplicates were not

necessarily atati”tlaﬁlly xﬂdﬁpendant aiid that pseudoreplication

ocourred in many experiments whara.auovq was used for testirg

R
L]

treatment effebts.

N W ]

o g

In the irrigation “rial a randomised blozk treatment wac used

which ‘was  an a&ﬁeptahla apprdachn for giving anatiaL

iﬁterspaf%iqnf Hﬂwevar, sone sagregation did aceur, qithin aacu
treatmentw A” further diaadvantage o the mathod was _that,
aceording to Huﬁlbert (19&4), as muah as'a‘ six-fold raplicatzon
was ~necessary hafore signifibant differsnces could be

demcnstrated by suue stati%tical tocts,

& 0
'{ ' ' ' 2.
In. mummarg, the data réqﬁ;radrorcinput into the vegatﬁhicn model
have been refinad. Ths prnduutian was higher than whi anticipated
fur tha aystam hut 80 was the rate of vagetatian loss. The

estimates of high grawth in sutmer and Tow growt#xin winter were

i

confirmed, ' ) o . o

cbntxary to what waa expecteﬂ gro F was highar in autumn ghaﬁ\in

spr;ng probably due %o “low & _;kg temperaturas. ‘Residual

vegetation was important but this‘gaﬁ ﬁhnught to be as a result

of quality igxeannesm} rather than quantity. The effect of -

LAY

herbivory was small and this &{fc coproborated what wag found in

1:) N )
the sensitivity analysis. ' S - 4/

1

The responee of vegetation {rapiﬁwgr&wig,“rapldnlnas) illust&ated

the epxsaqic nature of the system and eaffirmed the suitability.

oF a discrete model with a saasanal t 2 ptep.

e L r ' |
i
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CHADTER ¢ : HERBIVORE DATA

0

6.1 Introduction

The purpose of this chaptar was Lo ref}na the herhavera medel
through studying the populatian dynamics uf tha hrea\<perbivore
apeaias and to improvexgiderstanding of the vegetation~herbivore

intorac ons on The Pan. _
' o u s b
{. - \ ¥l

o A « o
It is . widely acknowledged that bherbivore parﬁurmanc& is a’

consequence of food availability (Crawley 1983).

(M

i

it was reasoned that herbivara bopulatian“an&“aaxrdga structure

weré approprinte indicators of vegetation state. éha pcpulatiug
dynanids of each species werp investigated under varying rain€all
ragimes and the seasonal vegetation~herbivare interactions on The

Pan analysed.

:ﬂggz Mathotis

Population estimates were divided into three parts.
. A | B | N
(i) Total counts _wﬁigh wera estimates of the _Jskciea
population total pn the entire reserva. b

|
;

N

{ii} Sex—age vounts whivh weiw determxnea from aamp‘ing the

.!“

t@tal populatinn.

09 i
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", . : f’ 0 . o,
{iil) Pan counts which were monthly estimates of the nusher
# . of each species in the study arves. .

6!2'1 Tﬂm cnmltg . U i ' 4 a

Total ocounts were derived 'from aerial censuses. These were
" \‘_\)- - . ad

carried out annually in February or March from helicopter,'ﬁha
reason for this timéfof year was that the probabllity was hign“uﬁ
haffhg a groen backgreund agalnst which the aniﬁalé,.particﬁlarly
springbok, were more vaglly sesan. Rerial counts were carriedl out

in 1982 ¢

yearly from 1984 to 1988.
\‘m..—j . o . ! '

[

The helico@ter*containad four observerzs, two in front (including

. : . > o - " i o - -Il
the pilot) and two in the back. The front observer recorded all

ebsexvations made Qbyi both himself énd £he 'pilat%T.whe back

observeras recorded iﬁdapendentiy o their si&ehonly and their

%

totals wéreg.adﬂed together. This reaﬁlted in a total for the

. [} I
front observers and a second total for the back observers. ?ha~

highest count waz uced. A;l the cdnsuses were carricd ot with
£ho same observers sitting in tho same positions in  the
ﬁelicaptar. .'ﬁ ’ "
| i -

whe'-entira.-reaerve was divided inte five separate Dblocks
apprnximaéing the najor vegetation typeq. Within each block,
£flight paths 800 wm apart, were marked and numbered. Tho
heligppter flew at an altitude of 70 n above ground level and at
a ground speed of 110 km.h'l._hll animals, 400 n elther gide of
the f£light path were recorded elther into a taps recorder or

directly onto data sheets. fhe 35000 ha game ares was tounted in

£
Y-

7o



R, '
a sxngle day. Counting did not take place during the middle of

¢l

tha day frum 11h00 to 15h00 when aniqﬁls were inclined to hai:

resting. “y C
’ At

. . "
" :
Low mE o . N v /
: : e .

Al

Buring - the study periaﬁ B number af animals were cropﬁed from
time to time. This took place during the winter mantha“ (May to-

July). Cropping was bither by live capture or by hunting.

6.2,2 Sex-age counte =

Ta determtine the sex age structure of ha population eaxwaga

counfs wera carried out in’Jawiary. ‘and Pebruary of eadh'ﬁear. Ah.

 that time\juveniles were approximately three to four months ‘old

and suhmaduits 15~26 nonths old having been borin ;n Septenbor
(springook), Navember.(blesbnk)'and Decembar (black wildehéeat)ﬂ

Ei .thg" case ﬁ\black wildehaest and bleskok as many &grda ., as
possible warag:gmpiﬁd post-calving. Where possible, thréﬁ; age
classes (adult, sub-adult and juvenile} and the sex  were
determined using body , size, colouy” and horn shape (Section
2.6.2).
b _

Springbok ‘were difficult to sex and age due to the large"flight
diatanue of this species on Rooipoort. However, irregular BEX~agS
counts were done. The population structice of springbok on other
Kimberley properties was determined aad these data were used for
the Rooipoort pupﬂlatian¢ Dre to the rapid growth of springbok

only twgJaga clusses (adult dndfjuvenile) were distinguished.

7,




6.2.3 Pan;aanntsJ

A total of forty eight counts of herbivores on The .Pgn - ware
carried 'guthffbm a vahicle.perin&iéhlig for different months of
the year khetween Atngust 1983 an&u July 1986, caugts_ were
" canducted only when animals were active during éha late afternoon
on days uﬁ which there had been no priox digturbance on The DPan.

Tha entire ociroumference of The Pan was 1*\geled. SPrinqbak

- tended. to take flight on ﬁ&qht of the vehinla'ﬂﬂd were counted

mmmadiataay. Blesbok and hlack wildebeest were gedentary and
distinct herds could bhe identified anﬁ cuunted at leigure. A 20~
power telescope mountad on thg dcar af the vehicle wag used for
determining sex and age. Data Were reé&rded into a tape recorder

. ..:! "

and later transcribed.

Tha herbivore totaig“here converted to a common biomass using
animal unit equivalents (Aﬁpendix 1} and eorrelations .aought
between herbivore biomass, rainfall and between the different
herbivara species. The counts were not done at tha mame time aach
month. In order to get a better appreciation of tha correlation,
the rainfall for each of the four weeks preceding the count was
correlated separately and in aombinutian. This was repeated with
the loy values of weekly rainfall.

A ﬁima ﬂermea analysis (Groebner & Shannon 1989) of herbivore
numbers En The Pan ; wag carried out. The long-term tranda,
soasonal, cyelical and random components ware'examihed.

| | o ..
The Pan counts were carried nuﬁaperiodiaally and.the time series

analyeis approach of Cryer (1986), which is better suited to the

72 .
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anaiyéis of discontinuous data, was used to test glgriificance.

b

i

6.3 Results

| 6.3.1 Total counts | - - o

i f
f

I . .
Total annual counts and  corresponding removals for  black

wildsheest (Bk), blesbok (Bb) and springbok (Sh) fromw aerial

censuses are sumarised in Table 6.1

Table 6.1 Summary of aerial counts and removals, Roolpoort 1982
1988. {

L%
¥ear Total count Removals
- . Bk Bb Sb "Bk By &b
S hE82 - 263 194 2207 9 12 30
v 198% no count. 42 27 390
1584 237 1g8. 1207 84 20 75
1985 188 153 989 &8 . 6 486
1986 174 235 1001 14 43 42
1987 228 1.20 1185 76 -
1988 208 171 1112 5 8 79"

| 5 B

Population totals remained relatively constant with the'eﬁcébtion

of high counts for hlack wildebeest and springbok in 1983__énd"

blasbqk in’' 1986. Removals varied with gspecies and year in
accordance with the objectives of management at the time,

The isolation of population trend in.the tine series analysie
showed %that, over the study peviod, the springbok and blesbok
populations incroased marginally and that of the black
wildebeest declined (Fig. 6.1). |

Uy
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 Figuze 6.1 Time series analysis isolating population tyend.

73



/ -
It{{waa found that bluck wildebeest had a slope co-efficient of
U . _ _

- ~0.3863 were seasonal (p < a.nlj with a gignificant trend (t=-
2.9067; df=30; p < 0.01). Blesbok had a slope co-efficient of
0.1328 were a;asonal {p < 0.01) with no trend. Springbok had a
slope co-efficient 65'0.0529 were not seasonal and have no trend.

s
v

6.3.2 Sex—age counts

The - results of sex-age counts for each species are supmarised in

Tables 4.2, 6.3 and 6.4, . ' >

Table 6.2 Summary of black wildebesst sex-age coufits Rooipoort,

‘Year 't.Adult  Sub- Juv Total ¥/M % sub-ad % juv % Juv
M _F adult

1985 ° 23 50 17 31 121 2
1986 19 50 16 23 08 2
1987 19 83 . 40 37 179 4.
1988 25 54 16 24 119 2

Total 86 237 89 115 - 527 i
Mean 2.8 16.9 A8 .5 21.8
" _ _ - . e .

2 14.0°. 62.0  25.6
.6 14,8  46.0 21.3
4 22.3  44.6 0.7
2 13.4 444 | 20.2

Nineteen eighty five to 1988 wera dry years thus one would expact
asimilar birth rates and.aurvival over this ﬁeriad. It seeméd\
probable that breeding hexds were over-sampled in 1887, hence the
high proportion of adult females and sub-adults inm the count.
Agguming that sub-adults narmaily.mada up about 14 per cent of
the total and {f the 1987 adult fomales waé roduced
proportionally, an adult sex ratio of 1:2.7 wan obtoined., This

was in line with other years,
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Taz‘a 6.3 Summary of blesbnx sex—age counts Rooipoort.

Year  Adult  Sub- Juv Total F/M % sub-ad % juv % juv

M F  adalt - of tot of F of tot
1988 83 12 20 124 9.7 23.4
1986 47 15 23 a0 17.8 - 25.6
1987 26 42 22 28 128 1.9 17.6  57.1  22.4
jess 28 81 29 59 185 2.9  14.9 70.3  29.2
Fotal 79 137 534 .
Mean 2.4  14.8 65.4  25.7

A relaﬁivaly wet summey was experienced in 1988 which resulted in
improved grazing conditions. The availability'of green grass in
early swiwmer is believed to increase blesbok lamb survival and
this would have accg?nted for the high percentage of lambe in
that year.

Table 6.4 Summary of springbok sex-age counts Susanna.

Year Adult  Juv Total F/M % juv % Juv

M F of ¥ of tot
15885 99 296 204 bag 2.9 1.7 34.6
1984 160 353 262 775 2e2 74.2 33.8
1987 52 157 95 304 3.0 60.5 31.3
1986 laog 188 146 439 1.7 78.9 33.3
Total 419 981 707 2107

Mean 2.3 72.1 33.6

I 1985 and 1987 sauple counts of springbok on Rooipoort gave a
, lamb percentage of 31.2 and 27.8 per cent of total.  On other
properties lambs conaﬁituted 47.3 per cent of the tobtal springbok
population after the good summer rains of 1888. This lambing
percentage was 1.33 times the number of ewes which suggoested that
either a propertion of the sub-adult segment lambed or a nunbex

of owes lambed twice.
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6.3.3 Pan c:mm%a

Average soasonal biomase for sach species (Table 6.5) showed tnat

;ack wildebasst biomass remained relatively stable throughout
the year with a wmarginal decline in winter, Blesbok biomass in
sUNmer  was roughly four times that in winter whereas +that of

- springbok was approximately two times that of winter biomass.

s s e e e e e e e P == e e, R R e éw#m

Table 6.5 Mean seasonal biomass on Pan 1983 to 1988, ' o

Biomasa ()
spring summer autumn winter mean CL

black wildebeest 26.2  38.4  20.2  20.6  26.1 3.4

" blesbok 9.4 25.1 - 18.5 6.5 19.4 ig’gi
apringbok 14.4 15,7 10.9 B.% 17.0 £8.9

A correlation 'analyéis of herbivores and réinfall. (Table 6.6)
showed that there was a negative correlation for all three
gpecies and the rainfall during the month. However , significant
correlations were obtaiued iur both hlesbdk and spi*nghok, but
not for black wildebeest, fpr rainfall in the month preceding the
count, .

s

LT o e i M i e o B e P Vet i et A i~ et ettt
Pabla 6.6 Correlakion of monthly rainfall (mm) with herbivoras
(AU) on Pan.

Rainfall Bk Bb sb Tot AU .

Mﬁnth Qoﬁeff “035 ‘116 “123 *035 e
signif .0244 »3138 s 144U 1286
Previous month cowaff «,20 <40 47 «20
slgnif .2202 = 0097 L0020  .1987
Log prev mongh co=eff -,03 54 «37 .33
sigmif .8484 L0003 o LN -936%7

bl st e e ey = : ]
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No eérrelations oxisted for herbivore numbers and'raih_in either
the fivek or fourth weeké precading the count (Tabie 6.7). Both
blesbok and springbok showed highly significant corz-’ations with
rainfall two weeks prior to the count. Blesbok, and to a lesser
dagreaJsprinqbuk, phowed correlations with rainfall three weeks

preceding the count.

B e
Table 6.7 Corraiation of log weekly rainfal® (mm) with hexbivore .
bionass fAU) on Pan.

Rainfall Bk Bb  Sb  Tot AU
Week 1 CO-GEE  =,23 W17 =.04 -.08

gignif L1451 -3037  .B212 #6378,

Waek ~2 go-eff  =.01 .48 .G& Y

gignif  .9623 200187 L0000 « 00437 -

Week =3 comaff  ~.05 48 .28 .29

- ~ signif  .7701  .0017 .0765  .071S

Woak ~d4 comeff  =.12 13 .05 - 00

. signif 4563  .4682 .7430  .9992

T o e 1o e o b Voo e e AP A ety |

e

i P
con;idaring the w&gﬁa in combination (Table 6.8) a similar result
was obtained in that black wildebeest were not correlated . with
any combination. Blesbok had gignificant wvalues foxr all
combinations with the highest correlation being rain twe and
three weoks prior to the count. Similarxly épriﬁgb@k nunbers were
significantly correlated with all cambinatiohs axcaept weeks tusee
and four. Springbok showed the highest correlatioﬁ two and three

waeeks after rain.
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m-ﬂ.._wmmwm . -*-—-—******mmm-tmrx e : .
Table 6.8 Correlation of log accumulative weakly ﬂ{pracaﬁing)
zainfall (mm) with herbivcre'biumaas (AU) on Pan. -

aq——

Rainfall Bk Bb . Sb Tot AU
Week 1~2 cowoff . =1l .41 A7 0 .28
gignif .4949 L0078 oL 23 . 0765
WeRk 13 co~aff  =.07 .56 .41 o St
signif .6764 0002  ,0082 0248
Woeks 16  CO=0Ef  =.05 .49 .37 .32
signif .7414 _  .0014  .0199  .0474

' Weeks 2~3 co=aff  =,01 .59 .66 45

signlf .9361 0001 (0002 | 0032

Weeks 24 co-eff .00 .49 .48 39
signif .9977  .0013  .0018  .0133 7

Weeks 3~4 co~eff  ~.06 43 .22 .24
slgnif .7286 .0056 .1748 - .1411

sumne Aty —iiihs s i s e cauminrpirferarrarivrtmt
o~ ri T i it A Lo == —ihs e

i

Correlations were alﬁa carried out hetwa@n the biomass of each
gpecies (Table 64 9) Bleshok and springbok numbers were

significantly and positivaely corralated.

: S sl e W.WW**-W“*W
ggblg 6.9 Correlation between biomass (AU) for each spacies on
a ran. .

Bb &b

Bk Go=aff 025 04

slgnif +1142  .8248

Bb B+ o] ""eff » 5 4

S aigniﬁ Q003
53':}5 n i - e e sk 1 | __m‘_m_wm

éanl&tian of the seasonal trond (Fig. 6.2 & 6.3) showed that
gonerally numbers for all tﬁr@q species ware high in summer and
low in winter, Rlack wildebeest were most common on The Pan in
avtumn, blesbok in summer and springbok in spring. Wildobeest

numbers Fluctuated the least gt blosbok numbers the nosh.
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Iaolation of the cyclical component: (Fig.ﬁ 4) showed a peak in
'august for all three spaclgs.

6.4 Discussion

The blaak'wildebeeat and blesbok woro lnvariably found in open,
treeleaﬂ habitats on Rooipoort and’ were cohﬁidered highly visible
frﬂm the alr. The counts for tha o two schius were hal;ﬂveﬂ to
be . consistently more acourate than thcga forr ather species.
Conversely, springhak wWRYE wié&ly dmspmpmaﬂ in all vegetatxun
tygaa 1nd notoripusly |, éLfﬁLcul? ¥ : 'féah the air. The
figuper for springbok warﬁ almaar 4£a&u“ﬂ ‘underuestimntes of
the _true pupulation. Thxq ta rrwﬁan error éﬁ anrial ;vénﬁuaes
(HeIton ¢978).. @ o S o '

No measure of error in saxing ana mgaang wau determinad but it
wag thmught te be small in the case of blrek wildebeest, Error
was morae likely to arise through non~vandon sempling ?$ the

various herds than through incorrect sex identification.

It is widaely acknowledged that under high raiﬁfazl the plane of
nutxition improves and +this results in higher 1ambimg
'peraentagea through increased fertllity,. higher concoeption,
shortened lambing intervals and increased survival of lambs
(Crawley 1983; Moen 1973; Sinclair 1977).
_ v k

The  Llow walving succens of blagk wildebast in this study was
attributed to the poor graminu avai1abilihy under low ralnfall
eonditions (von Riehter 1971a) .

| g1,
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. Predation on springbok lambs on Hooipoort was thought to be
higher +than on other propertiec and, as a resuit of decroaped
survival, a lower recruitment rate was expected. “urthermore,=
the Rnaipnort springbok populatann was not manage& angd anly a
smali proportion (4% to 7%) was remmved annually during the past
thres years which wesulted in'a higher proportion of males .in
“the population. This,. in tuﬁn, would further reduce  the

percé. cage of lambs in the population, !

The correlations and time series analyses showed that black
wildeboest were resident on fhe Pan and unlike the other two
spedies did not move on and off The Pan in response to the amount
of green grass. It was ovident that green grass was really only
available in the second and third weeke after rain. The high
'caérelation of apringﬁék in the second week confirmed that this
spécies was able o tako advantage of the short green grass ahead
of‘the bleshok. By thertﬁ;r& week'bleéﬁgk were still\gblé to neet
their grazing requirements probably as the species wié  better
- able to oope with the more mature, Ler grass. y the fourth
worsk, the grass was elther too dry or was too »ank for bokth
blesbok and springbok. Alternatively the green flush had been

romoved by grazing.

This would suggost that if interspecific cempetitidﬁ for grazsing
TOBOUrCHS existed, it was highest between blesbok and gpringbak
and lowsst batween black wildebeest and the other two. spacies.

thore was no suggestion in this study that black willdebeost
facilitated springbok grazing in the dry season. To the contrary
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epringbek biomass declined relative to thyt of black wildebaest

during winter (Table 6.5). The §bsenca of any eorrelation
indicative of aampetitiOn between wildebeest and -springbok
guggested that the hypothesis (Section 1.1} that the intruduct;an

of black wildebeest has resulted in the decline of sprxngbok wag

guestionable. It gdemed more Likely that.hlesbak and not black
wildebeezt were © competing with springbok.

The accuracy of aerial counts wvaries &@nsiderably with observey

experience, species and vegetntion type (Gaughl&y 197?) and there

is =a tendency to undarcount maﬁy ungulate sSpecies (Malton
1978). | | ) ; | .

The population trend was more important than abeolute numbers.

It was ‘assumed that the degrea of orror in theae populati on ’

estimates remained similar with the use of the same observers -

and preauﬁahly with consistent bias. § ' y

The &alf to adult female pexrcentage found for black -wildebeest
was  low and compared with percentages for hlack wildebeest in
marginal habitats (von Richter 1971b). Under ideal canditiams
'pércentaga QU3 hjg& as 79.1 and 85,7 per cent hava boon recordad

(von Richier 19?1b).

_, The blesbok annual calf recrultment i.e. the calf crop expressad
as & percentage of the pre-~palf population, averaged 33,8 per

ecent (¥ange 28.9% to 41.3%) bich compared well with the average

of 13 Per cent found by Morchant (1587). The highest recruitment.

rate yecorded by Marchant | (1987) was £3.9 per which was

comparaixie with values of 55.0 per cent and 52.1 per cent gilven

84
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by Du Plessis {1972). Lamhing percantages greater than 30/ per
cent have been recorded elsewhere (xarahant 198?).

Tt is known that under good conditicone springbok ewes . lanb at
the 'aga of one year and at six monthly intervals {Bilgalke 195&:
. Skinner & van Zyl 1970). |

Milie & Retief (1984a & 1984b) fFound 5pringb¢k ‘show a rapidl
'respanae to rain and ﬁere faunﬁ.tm,be_aign%ticantly coé&al&ted to
rainfall wof the péeviaus nofith whereas blue wildebeast wers not
significantly correlated. They concludad the rnpid rosponse by
sprinqhok was their ability to crop sprouting vuga?ation ahaad of

‘other species.

McNaughton (1985) aloo fqﬁnd‘the-gaéelle population to be highly
corralated ifmn.9as, b <zo‘°0011 with primafy productivity and
that the gazelle population inbremsea and deéﬁaased wlﬁh 1ﬁcrﬁase
" and decresse in green biomass. " | |

This noncurs with the findings of van 2yl (1"65k wha found that
 bleshok and sprangbok hahh'selectea £or green laavaa in winter
and thers was greater overlap in prafoerrad apacies hv blesbok and
springbok than blesbok and black wildabesst.

In ibe Serengeti, Maddock (1979} found that gaciliﬁatinn ooourrod
batwoen whamsan*s gazellé'ﬁna blua'wildehaest. Gaaelle' praeferred
areas already grazed by wildazbeest which exposed diaatyledohous-
plante favoured byahhe gazelles (McoNaaghton 1976). In the present
study it was probable that the hexbacaous biomess was too sparsea
ko inpaiy aaaessibility.ﬁor the springook. ~
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Hansen of al. (1985) found a Ohiqh diet similawity Jbétween
wildéhhast and topi i?u perJ cent), bﬁtwéen w@lﬂebeest  and
Thomsnn's gazella {70 per cent) andfﬁatwheﬁ topi and - Thompsontn

A

qaaalle (68 per cent} in tne wel season. Cantrnry to what was

&

pradiatad the overlap danlined in the dry seaann. It seemed that .
fuc;iitat;cn_ gceurred during tha dry seggon but interspecific

¢}

_competition occurred in the"wep ‘season (Sinclair & HNorton .

| c,"rif?tri'a 1982).- de Boer & Frins (1990)  found ne mfmem' of

faci 1ta$&cn or that one apem:es benefited from the grazing ott

i

ancther apecias earlier in tna suceagaion.

o

It can be concluded that the Africen ungulate aﬂmmunitx is shaped

by a aomﬁléx,intaractian of inter- andi§ntraapaai£ic'comwatitien,-

faclligation, predation and 'diagape’_ {(bublin ét‘ al. 19903
Finclair 1985; Sinclair & Norton Griffiths 19e2). o

[E]

In aummaryi the purametera requirea for the harhivur@ model ware

;nvastiqated in a fiald and reasonsble data 0N papulation

nupbers and structura were abtained. Purther insiqht into

nerhivmxeﬂherbivura and vagetaticndharbivarv interactions was
‘gained. There ‘was  now sufficien“ khowledge ‘b ~zeplace crude

-inputs with raal data and exanina madal wREpui.
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cxm:,rm 7 : : GRAZING SYSTEM DYANAMICS
_ Sk S _ - ' 0
7.1 Introduction

© . ¥ [ ":(‘:.

The purpose of thiﬁJchaptar was ta expiure the output of ‘the

_vegetat;anwherbivore modal. !
&=

This was acéomplished by, whare mvailﬂble, rapl aeing N;ude valizes
with - real datu obtained from Eielﬂ stuﬂiea (nn. ﬁ tn Ch. 8).
Whera ne such data ex;Q%ea the cruda data were refiied in the
light of the f}%ld experienca. Phis was achieved throuqh-a series

of successive iferatiﬁns until it was thought the outcome wag

_p;ausible.u Thess real and refined data were then applzethu,.fhe .
I . [ LI .

nodel and the consequences examined.

]

It was necessaxy to evolve a r&asanably compatent and reathstiahw

. model  with which to develop 8 manageuent strategy to meet the
svhjective of the atudy. _ - . 5

7.2 bata
: A .
the data inputs to he refineﬁ weré“hruwth and senescence in the
vagetatien model, and pupulatmun size, birth and mortality rates

for all three apecmes in the herbivore modsl . o
fi
7.2.3 Hethods

Iﬁﬁam the irﬁiqation trials (Section 5.3.2) the applied irvigation

awd notural rainfall were combined te arrive at an estimate of

W
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“total precipitation (mm). The high rainfall total of 5235 mm
includaed some 200 mm that Pell in the space of a Fow days. and wag
not monsidered to ba effective dua 0 cansiderahlaPrun ‘off. ‘The
rainfall tokal was therefore reduced to 400 mm which equated with
the 1anq term annual mean. There was no difference in herbacecus
praduction Latweean the 400 mm and 800 me frrigation treatmente
and tnu aawar fmgure was therefoxa maad. mhus the total mnisture
amaun?ed tm—400 mn rainfall and 4?3 mﬁ 1rrigation.ﬂ P}

«{ ti, | y |
The mnxlmum pmoduutxan was estinated to be 65 00 km ha™t, This was
divided by tdg total maéstura o give a produﬁtion ‘rate in
kg.na T ﬁhis prmdurtian rate was then apgliad to  mean
saaqunal premipit&tian figures for diffarant rainfal;_;zq-mas to

derive a ae&aon&l pruduction total. -
- | R B
It wae alse found in ixrigaﬁian trials thet senescance rasulﬁeﬁ
.xn a harhnaaous biom@as lose that increased rapidly nnder azy
) candmtinns. This loss “hn of the order of 50 per rant of the
total " biomass in the contrcl and incrausad to over 80 per cent
wharae biomass was high. The loss of herbaqa was ameliaratea by .
rainfall and/or irrigutlanaﬂa‘h\z.e wa constructed of " actors
for | vagetatibn loss (aaneaugn N ;a ‘od with season and
' raxnfall rogime, The graatgsé/rnta Mm}x&\éﬁﬁas a2 tempﬁfatures
wera high (gummar} and when mairture wab‘iaw {winter). J
}
The starting value for each herbivore species was the mean of the
annual total for the past five years foi that rpecles, This was ’

determined/from the aerial censup data.

[
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From (. psx aqe coants (aection 6,3.1) tha peraentaga juveniles in
the papulntinn was known. This parcantage inareasad, dug to
increasad ﬁurvaal and .reduced maxtality, under favuurablﬂ {Wwet})
elinatic condfﬁlcns. ?rom the © parcentage juveniles the
recruitment rate r to ' e pupqlatzon was caiculated hy

f S

ro=14 {§/(P =~ j}]

vwhers r is the. recruitment %&ta, j the number of juvnnilez and. P
che gupulation si??. (“ _“"

The ahilitylof aacﬁ}syacies to m;etsiéa consumption reguirements
depends om. the vegehatian hibmnaa (Crawley 1983). There exists a
: gmazing thraahald which is defined as the vagatatlan hiomass'
halow which (= minimun grazing threshold) and abova whioh. (=
nazimie grazing threshold) a aerbivore is unable tn fae& At aP
'point Intermediate hetween minlmum ‘and maxinm liea“ an aptimum
vugatatian anmass at which the herbivare i ahla to meat all its

intake requiraments.

The vegetation hiémuss was used to dariva minimom anﬂ ' qéﬁimum
grazzn; thrashmlds and thua the fuﬂatxunal (J nge  £{V)
(Appendix 2) of -ench cpecies-under variahla rainfall rugmmqs. ‘The
-£{V) valup was used to derive papulaticn f{P), birth *(w; andﬁ
mnrtal&#, f{m) funatiunal rasponsa values for weach spaciea 

{Appendixn 23, 7
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' 7.2.2 Regults  °

€
-

The average produatiun rate was found tu ha B.1 kq.ha L om and

the darived seasonak f;qures far ﬁifferant rainfall regimas are
qiven in Table 7.1. )

) . |
" B T e g g mm

Table 7.. Derived seasonal and antual praduat;ﬁn (kg ha 1}_ for
varying rainfall on The Pan., T . o

. Rainfall Soason g Annual g g
ragima spring stimme:  anbumn | wintex total -
wet " 730 i1s80 1160 240 3800
medium 600 %360 936 200 3696
dry 480 1040 720 . 160 20007

mwwwmmwmm .
D . ol b -
BN

. Given that senescence wag amaliurated by m&isture the £a11¢wing

decay raﬁas wdke ged (mabla 7. 2).

Tabla 7.* aasumsa aeasonul daaay :ateﬁ for'harhacaoua vegatation

o’ The Pan expressed as a fraction ofithe vagetatimn pemaining.

. 7" - e

Rainfall ' o Season i
regime spring summer aubtumn  winter
g - factor 6.70 g.65% - Q.78 = 0.55 .
wat 0.9 0.63¢ 0.5388 0.67% 0.495
medivm 0.8 0.560 0.520 0.600 0,440
dry 0.7 0,490  0.455 . 0,528 ' 0,085
[t de At ko L A e wwm ms@@mmmmlmmm_

Vegetation loss waé'uhighaat in winter (ldw noisture, ﬂ i;w'
temporatures). fallaﬁ%d ky sumser (high teﬁperaturés, n%gn
noigture) and spring (low comperatures, mnedinh %meisture) and
avkumn (mild temperatufas, high meisiaye). &he decay ratea varicd 1
from a low of zﬁ. pery tent {100=67.8) in a web autumn *#7 ﬁl 5 L

per cenb (100-38.5) in‘h dry winter. -

99,



The starking populaticr, totals for each spouios used were 1100
springbok, 170 blooheik  and 200 wildebeest. The v pareaniage
. 4uveéniles (actual) iﬁithe pepmlation and the recrultment rates

(calculated) for each apaaiea are given in Table 7.3.

a
L3N]

KT TR e e S g e et vy
Table 7.2 Perﬂantagu Juveniles and recruitment rates far each
pecles under different roinfall regimes.

Percentage juveniles " Recruitment rate
. der medivm wet - dry  medium  wet
plack Mbeast: 2L 24 28 1,37 . .32 1.39
hlesbﬁk 24 27 30 3.2 L.37 1.43
springbok 1 385 . %0 1. 43 1.54 - 1.67

2 o e g i i b i A B e R 4 k= e Rl TR A L A
i e e et e “wwmmwmwwm.%mmﬁm

ﬁirth 'nf juvanilea,far_all threa specios was: synaﬁronisad aéa
| spasanal. &pxingmmﬂﬁ lambing had twn seasonal peaks, one in
%pzwnq and Sne. ha; Ln autumn. For. tha purpase @ﬁ the nodel 35 poy
cont of lanks Gerp borm in *pring and 25 par cent in autumn,
‘Blesbok gave b;rth in November {(spring) and black wﬁldeheeat in
Decenbes (sumner). 0 ﬂ{
: he minimpum and maximum grazing thresholds for éﬁl three species
Kgya estimated {Table 7.4) based on the feeding type of animal
(Mentis & Duke 1976), mosth pize (Illiuz & Gordon 1987) and bedy
size {von 3oest 1932).

et R R R S R

fable _7.4 Minimum, optinum and naxinmum  vegstation blowmass
(ke.hia ©) umed Lo mﬂde1 functivnal responsd.

oy

J\ | pilomass (kg.ha™d!
) } winimum  optimum  maximum
black wilaebaast 400 Cmo00 30000
bl nh'@k 300 R AEILIE . 10040 i ™
inabhok il ' g G0 6000 =

mxww“m_mm-mw e s 'wﬁw‘quu%.q
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The - ability of « hambmvara %o harﬂ@at Vegetatxon L s ralatea tn
mouth {bite) size EIllius & Gordon 193?). .

It was- reasoned that spxingbék ware ab%é to ”exglaiﬁ éh@rtcf
vogetation thén blesbok - which in  turn a;plbited sh¢§ﬁer
vagatatiﬁh than wildebeest. Therefore ,uﬁdéﬁ iy Gonﬁitigns
springhok had higne% £ 7). than hleshmé -and  ~wildeboest.

Conversaely wildehrost were bétter ahlé-thén Bothh blesbok and

apringbok tn uﬁ&lisa the tall vegetation. P
: f : . ]

b s

It i knmwn ﬁﬁﬁt ﬂpringhgk aypid tall grasslaﬁ & pvaferranﬁ short

panveld vvﬁetatman {Smihhers 1583). Iv followed that undor high
rainfall  their £(V) wvalue would not ﬂecessarily ingzease.
Th@ref@;aff-under high rainfall wildeboast had a high £{V) value

and springbok a low valug. Ble#hak were intermediate..

o

Derived vegaebation funatianailre$p@nﬁe values are-given in Table
‘?tEj.

a 3

i *m*mmw;vm*m _m_.mmmmawmm
Tah%e 7,58 Speéias funetional response f(V) for differant rainfall
regines | | a

J e v

Rainfall pé sies
regine springtok blesbok black mdldehaemt
wot 0.4 0.3 .25
modium 0.6 0.6 0.5
arvy V.6 0.8 0.5 _
o e e e v i i e g T ey

mpringhmk woare the mnst selective fueeders and bti ksed The Pan
at & high@r £{V) value {¢loser tn 1) than eié&err~bles§nk or

hﬂabk wildeboeast. For the same reascn apkingb¢r populatians were

]
nigh on Tha Pan only wnen the species had a high £(V) va‘ue.
\\3 . .
[
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The specles specific £(V) values were used to establish movement

ontoe aﬁﬁ” off The Fan. This was kuown as the population -
-‘ﬁuncﬁi@nal respense? (Pable 7.4) and deterained that prb?mrtiau

W %//
of tha total population that was feeding on The Pan. '

1.
T
m,.m__mm_é.m.ww.w, 2ea ity o ety e R e b e e

Table 7.6 Hinzmu%*@f{?)~0] and maxinun [£{P)=1] £(V) values used
to detexmine population functional response. .

Specios ' £{V) value
. ninimm maximon
black wildebodst 0.0 025
- blesbok . 0.1 . V.50
&prangbmk o 0.2 0.78

e m— senrier e — =
Tﬁe".breeding success of each species;waa 2lso déterminad by the
f(V) value, Black wildebeost wore the least selemtié; feeders and
therefore met tﬁﬁir nutritional raquizementa for b“aaﬁing at =&
lower fIV) vglue than either blesbok ov springbok. Similarly,

thaey faﬁﬁQpa a maximon broeding rate (f[w) = 1) at a lower £(V)

value than blesbok and springbok.’ Springbok were the most

selaktiﬁé of the three spooies and started to breed and " attained
maxduam at higher-f(?) valuos. Blesbok were intermedinte (Tahle
7.7). -

e e e e i e T S et ot
Table 7.7 Minimum [£{w)=0] and wmagimum [£(w)=l] f{v} values
used o determine bhirth functional response.

(V) value
pininmum @ ¢ mad mam
black wildebeest  0.15 0.50
blechok T 020 . D.60
springbek L0.30 T e D.78 -«
ﬁ*wwwmmwmm S T LETE =S -'m',_ — -

"Far the purpo&a of the model, it wa« assumed that . thoe b*vtnrate

£
L \-

off The Pan was 75 por cait that ovn The Pan.

H@rtality ingrensod linearly when f(V) valuas woro less thnn 4.4,

0., 3 and 0,18 for springhak bleebok and black wildebeest

\
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respectively. The habitat off The Pan was marginal for all three
species. " Mortality for animals off The Pan was fixed at 25 per
cent higher than that for anima#s occtpying The Pan.

7.2.3 Discusslon

~1 ander wot conditions was

Tha Eatal production of 3800 kyg.ha
reagsotiable and similar to that ohtained in the irrigation trial
(snctlnn 5.3.2) and elsewhere (Rutherford 1978). The total annual
producktion for dry cund¢tions {2400 kg.ha 1) generated by thu
nodel was  higher than that obtained experimentally but was

consistent for the amount of rainfall.

The percentage loss of herbaceous biomass due to sonescence was

mampar&ﬁ;a to figures obtained experimentally.

The functional reap&kae was a useful meané for developing
species. specific population paramateraé There was no way of
'eatablishing the real value of functional réspmnsas fibr the
dlftorent spaci&s.' The valves derived rather voflected .4he
diffarence betwoen species and not abselutp values, In spite of
thiz’ inadegquacy the benefit of aspecies gp@ciﬁic £(V) aétimates”
were apparaht in the model ocutput and far:yhim reason their use
was Justifisd. \ o L |

‘0

The production rate of 8.1 Xg.ha t.mm™* dcrived in this study
was similar to the valuos of 8.2 kg.ha~t.m™t found by Stugnell &
Plgott (1978) and 8 ky. ha o Y03 '“1 of Deshmukh (1984). Its usge  to

‘caleulate peasonal prnduction figures wag legitibate,

24



An  assumption of the model was that condltions on The Pan were

more favourablc and preferred to those off The 'Pan. It was

therefore logical that the birth rate for animalis on The Pan'4ﬁaa
higher than for animals elsewhere.

Sexéage counts weég covried out mainly on The Pan but also on
other vegetation typés; The data for recruitment rates were
representative _bf the whole population and not just that on The
Pan. Furthermaréy The Pan population was not fixed and Ehe
incorporation a variable population into the model was difficult

and the data were unreliable.

The population: counts suggested that over the study period,
dusing which dry conditions prevailed, significant mortality
cocurred - in the blesbok population, whioh declined and in the

© gpringbok popuiation which remained virtually static, _ High

percentages of blesbok and springbok were removad in some yeers
and this affected population numbers. However, in other years

the nunbers of animals croppad were insignificant. There were no

raliable mortality figures for any of the species and this was a

shortooming.

fhe reeruitment rates vare congidered representative df the
gpociag under the variéus rainfall regimes. Marchant (1987)
recorded g;pwth_ rates in hlesbok of 45 per cenii under good
conditions and ven Richtor (1971b) recorded a black wildeboegk
population growth rate of 36 per gent. Sinclalr (1979) noted
that, in the abooacoe of predation, calves acmbriseﬁ A0 per oont
of total populaticn in blus wildebaest and this fﬁppgarea wall
with the 28 per cent usod in this study. h
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73 Modol structure

The modal wag divided into two sub~nodels, a vegetatién sub-madel
and a herbivore sub-model. The climatic factors of rainfall and
SoAsSOn were applied zo various parameters in both sub-models. The
herbivore sub-model was further divided into three different
models, one for each specles, mut this wes not shown in t?nv
algorithm (Fig. 7.1). The loop'wag seasonal and the vegetation
biomags and herbivore numbers at the end of the season were the

starting values for the fullpwing geason.

A spread sheet {(Lotus 1985) was used for the medel. The pragramu
‘wasy found to be particularly suited to segquential steps and for
seasonal looping. Furtheymore, it was possible to build parameter
tables for bath soagon and rainfall which considarably sinplified
the mathamatiaa{ The detail of the model is given\in Appendix 3,

7.4 Hodel output

P

The model output wag ouxplored in a nunber of ways

{1) wvegetation ouiput under varying rainfall regimes
in the absence of herhivoras
(iiﬁ vegetatlion outpyt unﬁer varying rainfnll under grazing
(iii) each herbivore specﬂes in the abzence of the other
two sprcies undet: varying raingfall
{(iv) all three herbivores together under vaxying xainfall,
and n
(v} a comparison of modeled and real papulatiaﬁ;.

[
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HERBIVORE

VEGETAYION CLIMATE
MODEL MODEY,
2| yegetation at rainfall herbivores at |
season start season season start
growth |
standing N
biomass -
£(V)
£{®)
vog. |+ herbivore Inerbivores
' grazéd - on pan off pan
vag births) births
loas 3 _
mortality mortality
Y
nat vey net herbivores
saagon and season end e e

Plgure 7.1 Algorithm of plant-herbivors model.



7.4.1 Vegetation output

In the absence of herbivores vegéEaticn standing biomass
(residual vegetation plusg net growth) averaged 2200 kg.ha"l
undexr high rainfall, 1200 kg.na"l under medium rainfall and 800
kg.ha™! under low rainfall (Fig. 7.2).

The high moisture Pigure compered well with the 2450 Xkg.ha™t
obtained in the irrigation trial and the other outputs were also
plausible; Thera was a large oscillation dus to the loss of
biomass (senescence) in winter when moisture candiﬁiane were

low, Thig wae alseo ovidonoed in the field.

The vegetation bionass stabilised at approximately 700 kg.ha“l

with grazing under all three rainfall regimgs (Fig ?7.3). ‘This
 showed  that the herbivores oropped all the ’‘grazable’ biomass
but were unable to'remova al) thes vegetation due to the ninimum

grazing threshold. This was realistic.

7.4.2 Herbivore output
The punbeor of each species on The Pan in the absence of other

herbivoras and cropping is given in Pigs. 7.4 to 7.6,

The springbok population declined under dry canditians from the
starting population of 1100 gnimalslta around 500. Under wedium
rainfall thé =-pulation was aﬁabla at approximately 1600 animals
and undor wet conditions the population increased to a level of

1

some 3260,
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PRODUCTION (kg™

3800 W
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Figure 7.2 Vegbtation biomass (kg.ha”i) without grazing,

PRODUCTION (kghd™ ")
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2090
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Figure'?.s Vegetation blomass (kgiha"l} with grazing.
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7.4 Springhok populations under differcnt rainfall
regyimes.
f

BLESBOK ON PAN .
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Figure 7.5 B

leghok populations unde different rainfall reqgiides
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BLACK WILDEBEEST ON FAN
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- 4

. MMQ/

4000} b
L =l
| WW‘M ,

2000 -

\

U .2 4 6 8 1 42 14 W 18 R0 22 24
K TIME (yeurs) _

~de fow Talntal ¢ mediom ralntall  ~- high raindall

Figure 7.6 Black wildebeest popuistions under different rainfall
regines.



Blesbok papulatiqpéa were virtually absent from The Pan under
continnal dry coﬁ&itions, stable at about 1400 under mediuﬂ
rainfall after 10 yvears  and we&e still increasing after 25
~ yelars under high rainfall. There wexe large osciliations at high
!?f?opulatioﬁ levels due to animals removing all Tﬁng ‘grazable

biomass and then vacating The Pan.

. X
Bxa¢k.'wildabagat declinsd to @%fo‘under dry condiriens. Undew
medium wainfall the populatigﬁ;inareased for the first 13 years
and thereatfter stabilised ‘gﬁ 1000. U-fer wet conditions the
population continued to increase throughout the 25 year period.

- e . , _ _
These outcmmﬁg,raﬁlecteﬂ tnﬁ aﬁility of sprinqbok to'crap short
vegetation and _hence thekyépehies was able to survive arid
conditions. All three species reached-equilibriuﬁ"under medium
réinfall which suggests the ecological marryinq” capaéity ‘was
reached. Had the model peen operated for 4 longer period a stable
herbivors population E‘}.';,ew}en:i, would wltimately also have been

attained under wet conditions. | ¢

A comparison of herbivore numbers on The Pan'under low, medinm

high and randomly varying rainféll is given in Flgs. 7.7 to 7.10.

Under low rainfall specles p@éulatinn lovels were ‘5imiiar to
those found by examining each spocies on its own. This' suggosted
that chere was little competition between the three species when
vegetation biomass was low. Only springbok were able to crop the
vegatatiﬁﬁ‘-and hefigo wors limited rather by vainfull than by
either blesbok or black whidebeest.
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For -the caﬁpék@aan -of . modeled output  with radxiﬁy.ulactuail y
sersy rainfal) from 1982 £o-1990 was classified into wet,
nadive or dry ancordinq o Tablé 4.5. Th;a ‘actual rainfall
se{uanua was then ﬁpplxad, to the ‘model and tha poﬁﬁla&inn
totals tbr 1982 (Tub;e 6.1) were uged as the ha&?ivore prﬁﬂ'ﬂ
for autumn 1952, Thg?\actual number ‘of oeach speciea ¥ hnve?
(Table 6.1} each year wiste alzo included. The wodel was then cun
for the period 1982 to 1990 and the predictad output conpared

with thy actual counts for each species.

Tne nodeled springbok populqﬁion iFiq 7.14) rampared walL with’f_
i actun; counts nvar tha”beriad 1982 to 1980, o B

4
uooa

i In Eha case of hlesbok {Fig, 7.15) the comphrisen was  also
i raasbnabla, The model confirmed ;ﬁé{a;rlier anspicion that ‘the
> 1986 bleshok . caunt was an ovar estinata. nnﬁer eqnditians nﬁ
high raintall Qtlgea \;o 19@0} adtual, uauhts were highar thon
modealed outputu This auggastad that undey thasa conﬁitinna, R
blesbok perfarmad battar than "what tha maﬁel preﬁimtad.&
_ | o .' .
In cantrast to springbok and hlesbok nutput, Lhe moﬁaled black
wildaheast population (Fig. 7,16} éﬁmpared dmsmnlly with - actualﬁ )
coupits, The m@&él prad:uted hlaci wild&brast daultned 0 zove inf”=3 .
1584, wnereas the population, in reaiaty, naa ramained above 200 “
an;mals. AR (¥ o .

W
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L)

Under medium raingall the cxtent of intarsgeclf e ¢ompatifion was
‘avident in all thrge species. Papulatlon 1evels of - all threa :
species initially -increased with improved qrazing conditions.
sPrmngbmk peaked at 1000 after abouk E£ive yeara MWid  then
declined as competition from other species ina&ea sed. Black
% wildeheest showed a wsimilar trend. Bleshqk were the most

Nn b
Eam¢essfu1 and ; increased through the 26 year period at the

_expenze of the pther twa-,-ugec.;ea. . S b

Undazr hign rafnfall’all three . speciem increaaed rap:éiy for the
firat fzve yeara and theraafter gradually, The' blaak wildebeest
p@pulatxan exceeded that of the biésbok aftey about 10 years. The
model @utpuf shbwed all three speaies benefited from the high

4
-raintall. aandltinns. :

. 2 v

;)ﬂhder random rainfall papulationa varied in response  to
prevailing climatie cenditiana. It was interesting to note that
different “random" raims anduced widely different pupalatiﬂn
1avaig\ depénding én the run of "wet® or fgry" years. This ig

‘ illustratad in Pig. 7.10a and Fig. 7.10b which were modeled with
the same starting vegetation biomass and horbivore populations,
H@wavarg herbivore p@pulati@ﬁ levels differad.markedly after 25

YOArs.

o | ;
A comparison  of sprimghak pgpulétxans with and wiﬁhéut‘
compotition (Fiqau 7,12 to ?.13) showad that under dry conditions
sprlagbok augbers were marginally depreszed Lhraggh conpetition.
tndey medium rainfall springbok doclined frgﬁ 1?09¥to 400 animals
and under wet conditions springhakﬂinéreaseﬂ in the prosence

" blegbok and wildehoont,

I:f'
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?;413 Discussion

o o

H The model autpﬁt showed that the springbok population on The Pan
was primarily limited by yegatation binmias.iThis wa3 ﬁihher*_a
- conseguence, 6f low rainfall wkich resulfed in a low vegataﬁian
bicmaéé or cowpetition with other species. eampet;tiaﬁﬁ W
minimal at low plant biomass because bleshok and black w&ldebeest
ware unabla(gn grageftha short veyetation. tUnder medium rainfall
'springh;k' on The Pan ware reduced considerably. At high pl-ant
"bimmass springbuk=henéfited_ﬁrmm the presenca of bthar spocien
°presumnhig as a result of graziﬁg to prdﬂuca ah@ttéghgréau grags
| a3 preferred by springbok.
The implidatimns of the model output  included that ﬁneré waa.'
scope for managing and increasing gprin@hnk numbers under madium
and high rainfall but this was limited under low rainfall.

o.The model also demonstrated that initial cutput vas misleading.
In Figs., 7.8 amd “7.12 springbok numbers increased fnr. the .
first five years and thereafter declined. It was therefore
important to explare the output for sufficient time for trends to
be gstablished. '

The model ascumed that resources off The Pan were unlimited. This
parmitted the ‘populations to incréaaa to unraalistically high
numbers. ©On thé one hand this was advantagsous ia that, given
hiyh populatians,_.th& animals concentrated o»n The Pan when °
grazing was avaiiahle. mﬁis.xaVealeﬁ tha potential fou “the
speies. on the other hand iil.:,,,wasg faf--fatchm,&‘-"l aag a '. shortcoming
of the model, .I -
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Population ragulaticn would also have beesn refined by introducing
K- nnmbar of age clasaes wS%? age speuitic martality. This wauld_
impruvw the herbivore §ade1 but such detail is beyond the

JJ

regolution of the vegetation model.

The widaly diﬁferent a?tcames under “random® rainfall were
particularly ‘revealiny and illustrated the cmmplexity of plant«
herbivora and herbivora-herbivore interactions. In reality, overy
rainfall e#aﬁi, and therefore, e%ﬁry rainfall regime was unigue
and no twWo cutcomes were tha sane.
F , ;?f
The comparison of madelad output with aetual counts 1Is a
tautnlugy. Geﬂe:ally, nodels are "testod" udth &ndependent data
and not data from which the nodel is bullt, However, the
f;cuﬁparisun remaiya.ah acceptaﬁme test, albéit a weak one.
Tna sgringhak and hlssook medels preaiated wall and passad this
tast. -7 { ’

»

mhe mnde;m oubput for black wildebeest was disappoiating when
compared with. aqtual counts. The : 2t that éhare was such a
differgnca{batneéq nodeled and actual populations was attributed
'.ta the ability of the species to mebt ;ts intake requircments off
The Pan. That is, vugatation bionmass 6n Phe Pan did not affect
blacﬁmwilaaheest to the same as extent as springhok and bleshbok.
The time sories analysis and odrrelation with raintall of black

wildebeest on The Pan (cn. 6) have dgmonstrateﬂ this. gJ
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In essence, the model, underestimated the productivity of black
wildebeest, particularly under losy and -hadium rainfall
conditionz, which 1ad;tn a predicted population decline when
actual removals were apﬁiiaa to the modeled population. However,
the model was easily vefined By inereasing the £(V) values. (and
therefore racrultment) for black wildebeest under low and medium
rainfail'thiah improved its perfo&manca. In many respects the
modg} has served its purpose for it has identified Shortcamgmgs

in the existing data and weaknesses in model deaiqn.

xni general, the pérformance of Zhe model concurred with work
elsewhere. pAllﬁan & Whittaker (1982) found herbivore intake was
related to plant heigﬁt and van %yl (1965) noted that there was
‘a high overlap in viet between the three species. Guthrie (1987)
\;lﬁq recorded thad teshok and black wildebeest shared sinilar
diets. Springbok vera able -to graze a much shorter swavd ' (Mills
& Retlef l984a: 1984b) an@;were therefore more aridfgdapted than

s

the other two spenies.

Facilitation was {ééiﬁemt at Pigh plant hiumass."hlthaugh not
proviously deseribed for black wildebeest and springbok,
facilitation has been deseribed for similar species (Thomson,s
gazallé and blue wildcheest) in the Sarengetbi (Maddock 1879;
McNaughton 1976). |
. .

2t Jow and medium vegetabion biomass therve was  consplouous
competition bebtween springbok and the other two \épamies which
razultéed in a deeline in springbg§ num%ers,“compatitian has been
roported hetwaen*Th@msﬂm?aﬁgagagﬁhménd bine wildcheest bj Borney
ot al. (1%47) and Dublin et ai.;{lQBﬂ).

o

i
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" The ability of springbok %o incvease to very large numbers undey

wet conditions without compatition suggests springbok were abie,
thréugh grazing, to benesficially modify the food resource.
Haﬂaughtaﬁ (1984) has surmise&,thnﬁ'gregariousnesé in grazing
animals increased foraging efficiency by modifying vegetation
strusture *to imbrova ﬁaod yiald. par hita, The nodel suggesteﬂ

w-springhok employed queh a straﬁegy.

&
.‘!] .
In comciupion, the uutput from tha.muﬁéi was hoth realistic und

'plausible.n The mnodel implicated blask(.. as a nore impertant
-gompetitor than black wildebeest. This was contrary to what was

First ‘thought but in hind sight logical.

\

: Tha useful application of mndaling was apyarent, paxt»walarly in

ﬁiaaarning vegeta ianmherbivure intaraetions . and lnng torn

" trends. | | ' . 3

i

A notable featurs of the model, that sots iz apait from other
vegehatinnnherhivafe madgls, has been the inﬂorppratian of
var able vegatatian and ﬁérhivmre inpuks. Had this model remained
a ﬁanstant-grawth, constant-regquirement model, much of  its
sensitiviﬁy would have been lost and the vaxiaua responses by

both vegetation and herbivores would not haves baen elieited. -

The madél'éas sufficlently corrcborated £o now explore management

opbions.,

o

¢



| ) ;
AT G
CHADTER 8 : MANAGEMEN® STF.«fEgY .

8.1 Intruductian

I

|.'\

1Phe  aim of thio chapfer waa ta “tormulate a hanagémant strateqf

C ko maximiae the number af springbuh on The Pan.

Thic was achieved by B
T?E%' _clearly identifying the objective
| | B |
(1i) noking othef?managament cnﬁgianratinnsﬂ;and
= . o i & '

P &
(i1) " ‘using the wodel to meet the mbjectivaa
: . | . | . T ;»‘ \ o thr ) '
In this way the, goals were definm&\ pm%; the  atrategy was
‘1?,' o 4; . .
impartially detarminqd. Tie pracess:prammkah logical deelmion
naking by identifying the roasons why certain actions were

undertakeh. This facilitated adaptive management.

8.2 Overview 7

Yo

_

_ . . j\
The overall objective of the study was to gain understanding o
the mechapisme that drive a plant-herbivore system se thak the

system could be manipulated £o meet the q}ms of mancgenenu.
“a primaxy oansidaration at tho autset A that tho otrategy bo
practicable. This required that ntﬁer rauagenment constraints = be

inaoyporated in defining Lh@f@b)?ﬂtiVﬁ.

‘ " *;



These ware that

(i) wviable popnlations bf bleshok and black wildebeest

' pe maintained on the reserve’

(i1} ecropping he rastriaﬁed L& the winter months, and

)
(1iiy incowe be derived where possible.

Provided reasonable numbersuof animals were uﬁ the reserve a high
proportion of the pcpulatian would e on The Pan. Therefore any
managemmnt action should be aifed at the total population and not
Just thgmu gnimals on The Pan. Thiz applied to all three speules.

Whereas the vegetation response was rapid that of the herbivores
wﬁs .iaggedg For oxanple, ﬂav&&ﬁ%ble vegetation conditions gave
rise to an increase in birth rate only a year Jlater. This
gompounded decision méking as the future <limatic regime was
uriknown. | |
i

In the current model application the future was ignorsd, although
with refinaments to tha’appxaach, it could be inciuded.

I
i
%,

8.3 Model application

The model was ugsed o (a) detormine the degrae of intoropecific

compatition beotween horbiveores (b} explere the outcoma of

‘management intervemtion, apd {e) dovise a practicable strategy.
n

i
7

i
i



8.3.} Interspecific competition

Springbok populatibn levels were oxamined separately with those
of bleshok, black wildebeest and both spocies together under
varying rainfall regimes, Iﬂ gach dinckance the gtarting
popuiation was 1100 springbok, 170 blesbok and 200 black
wildebeest. The results are given in Toble 8.1 and exprossed

graphicmﬁly in Pigs. 8:1 to 8.3,

ra— - =i T e i ::.'..,.....""""‘"“.........., bt e s et
Pig. 8.1 Modeled toial springbok population after 25 years when
conpeting with other rpocies under different rainfall regimes.

Rainfall compéting speciéa
_ sbh only ab+bb  sb+bk  .shibbibk
dry 250 220 220 180
medium 1700 500 1350 400
wot 5000 - 11600 6500 4500

(o e hrweri e
~ il s P .. e bl ol . P o7 o - Ll B
*

The results aoncurred with earlier nmodel output from The Pan.
Under low rainfall competition was minimal and springbok numbers
ware, by and large, lisited by wainfall (vegetation). Under

medium  rainfall ¥ obok limited springbok nusbers to almost the

sane degree as with both wildebeest and blesbok togethey.
Coriversely, under high rainfall springbeok wera limited eonly by
the competitors.

Contrary to what was expected blesbok and block wildeboest

in&ividuélly benefitod eopringbok numboyrg when wet conditions
provailad.
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Figura 8.1 Springbok with and without blesbok and

wiléebaeat under lovw ralnfall.

ANIMAL NUMBERS
3000
25001}
2006
16001
toonl P 7 ke ;M.. St
X A oot e :.-1;-..;__' o
Febonag .- .
o ST e ala ] 1 i 1 1, L 1 L L
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TIME (yaars)
“ shrbh e sba bk ~Rean + bbbk

i 85 only

Figure 8.2 Springbok with and without blesbok and
wildebeest under medium rainfall.
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ANIMAL NUMBERS
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Pigure 8.3 Springbok with and without bleshok and  black
wildel € under high reinfall. ,
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The outcomes suggested that unda“ low rainfiall the grass was too
short f£or eithaé blesbok or black wildebeest to crop. Undex
medium rainfall the grass was at a height thak favoured blesbok,
and the spacies conpeted with springhok for the avallable
vesources. In this situation the grass was_eitner too short due
to insufficient moisture G”for black wildebeest o .vémove. oxr

was kept short by bgt» blesbok and apriﬁgﬁok grazing.

Usdér high rainfall conditions the grass height favoured Klack
wildebuest and was too long fox apfingbok.-ﬁowQVar, grazing by
pither blesbok or blaék'wildahéest raduced the vegetation canopy
to a level vhich prqvidad impravad grazing for springbok. If both
black wildebeest and blesbeuk wnre present togekher then  the
vegotation was dapletad to guch an extent that springbok nuﬁh?ra

wers rednced.

Several important managemert optians'ware aoncluded from those

results.

(1) Under low rainfall there was little to be yained
"~ by wnanipulating oithar bleskol or. black wildebosst

L

nmmbers.

{(ii) Under medium rainfhil springhok benefited moot tlhrough
gontrol of blesbok. W ot

{iii) Under high rainfall noderate numbers of bleshqk and
black wildebnast ' bonefited ﬂpringbnk. ‘ = F
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The outcomas'were in accordance with tha grazing theory of Allden
& Whittaker (1982) relating to intake and plant height and ﬁﬂat
of Tllius & Gordon (1987), where intake was controlled by bite

dimension.

The model was also revealing with regard to facilitation and the
aestablishment of grazing lawns that benefited springbok. |

Conflicting results have been reported by several _authoraa

McNaughton (1976) and Maddock (1979) found yazelles concentrated

on areas praviously grazed by wildebeosi.; Borner ot al. (1987%)

found gazelle were limited by intersvacific competition with

other gpecies and de Boer & Prins (1990, could f£ind no evidence

 of facilitation as reported elsewherc (Gwymme & Bell 1968;
MeNaughton 1976). ”

In the llght of the model output it was apparent that all these
casaé were posgible but the outcome depended on plant height and
climatié‘ condition. 'This emphasized the complexity of nlant-
herbivore éfstams (Crawley 19837 McNaunghton 1979) ﬁnd predatarQI
prey interaction (Noy~Meir 1978; Noy-Meir 1081).

8.3.2 Wopulation management: . '

The model output was then explored when blesbok and wildebeest
populations were controlled. The best strategy was theorstically
one that controlled blesbok and wildebeest numbers under medinm
rain but permitt@d them to inerease under high rainfa;l. The
unpredictability of rainfall made such a ,Qtratagy
' impracticable,
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Thexefore, iﬁ was decidca *hat, in the abseﬁae "of prolonged
droughts, hlesbak wauld nmt be cuntrolled below a population
level of 150 and wildebaest nou below 200 This wonld meet the
other thaatives of m@aaqemegt that viab}e populations of thase ]
species be maintained and that the populaticns provide
sufficient animals for au;ucrativa safq;i hunting _éntarprise.
‘ffthe results are given in Table 8.2.

asani b - S W e ' U

Tabls 8. 2 Popnlatinn sizé and harvest for different rainfall
reginaes,

Rainfall Population : Harvest
: : sb b bk o} 4] bk -
dary o/ BaR uncontrelled 0 0
mading ¢ 2806 150 200 w0, 13 - 1
madiom 2564 200 250 . 17 1
wet _ 5293 150 200 BY 74
welb - 4783 260 250 43 22

T i i e e i e Thnas e e ey i S

Sp:ingbok numbers were higher, aﬁen)?nder wat conditionaz‘at the
lower population levels of bleshqﬁfand blavk yildabeest than st
the higher lovels. This suggested that at the 200 blesbok and 250
wildeboest level competitiah rathor than fapllitation waé taking
place. The higher level of pnpulation control of Eleshck 'énﬁ
black wildebeest was therofore reguired ta meet the nbjﬁativa of
maximiging springbok numbarg.

Under continual dry aandigions blgsbok and black wildebeest
numbers declined naturally. If Gry égﬁditiona continued for 30
yoars the bleshok werégraauaad to some 60 onimals and the black
wildobeast to extincﬁion. Hatural (unwanaged) popuiatian levels
from the model are given in Table 2.3 and would form tha bagis of

23 L,



the recommended strategy during extended droughts.

L . _ ) | _ e
Table 8.3 Mudel output of papulatian declines of blesbok and
black wildebaamt undar continual dry conditions

K

Drought periad (yrs) Blesbok "Black vildebeest.
3 1506 100 1
6 . 137 53

9 t 124 30

e e b T e T :""'""'!
: "+

[

B

The yield of blavk wildebeest was too low under medipm_*g
conditions to satisfy the huntingiﬁamand. However, under wet

conditions ‘there was an over supply (Table 5.2). )

on avérage?fdry,fmedium,-wet) the annual harvest was 15 bleshok
when the population was conteolled at 150 and 20 blesbok ~ when
the population was controlled at %00.- Similarly, the sannhual
surplus of black wildebeest was 25 at the 200 level and 31 at the
2580 level (Table 8.2).

The aoctual average annual harvest betwoen 1982 and 1988 (Table
f.1) was 18.7 blesbhok and 42.6 blach wildebeest.

This suggested that the model was under-estimating the production
of surplus black wildebeest and this could  he attributed to

either inadequacies in the model or under-counting in the field.

It was unrealistic to expect to contral population numbers
procisely. The unveliability of counting and the inability to
accurately manipnlakte populations procluded this. In reality,
porulation levels fell within o ronge that waz practicable to

maintain.
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tho fécoﬁmende& strategy during extended droughts.

N
il
i

Table B.3 Model output of population declines of blesbok and
black wxldebeeat _undex continual dry conditions

Drought Qﬁricd (yrs) Blesbok Black wildebaast
3 “ 150 200
B : ' 137 53
9 g ’ 126 : 30

Lo wwﬁmmwmmw

0.

"he yield of black wildebeest was toc low under medium
sonditions to satisfy tho hunting demand. Howéver, wnders  web

cﬂndiﬁions thore was an over supply (Table B8.2),

on average {dvy, meﬁium, wet) the anmbal harvest was 15 bleshok

.when thquupulatian was controlled ak 150 and 20 bleshak ‘when
the - pupulatian was contyollad at 200, Simiiarly, the mnnual
surplus of black wildebaest was 25 at the 200 level and 31 at the
280 level (Tahle 8.2)

The actual average annual naévest between 1982 and 1988 (Table
6.1) was 18.7 bleshok and 42.6 black wildebesst.

i
This suggested that the model was under~estimating the production
of surplus black wildebeest and this could be attributed to

elther inadeguacies in the moded or under-counting in the field.

It waz unﬁealiahia to gxpect to control papulaticn.rﬁumbera
praéisely. The unreliability of counting and the JInability to
acourately manipulate populations precluded thiz., In reality,
population levels fali within a rangéd that was practicable o

)

malntain.
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The mode! suggested that population levels of 150 to 200 ‘Dblaesbok

and 200 to 250 bilack wildebeest would, best :eet uh& nbijgétive of

, maxim;ainq springbok on The Pan under medium and high rainfal;,
This was the recommended strategy under these climatic cdindi-
tiQﬂS - . . . & . " 3

|'r

“ During ‘Pded periods of low rainfall the preferr@d strategy

was tn&r. niubers) of blesbok be reduced to below the 150 ‘tavel and

blaak wilaebeast be reduced to balow the 200 level in acgordance
with Tabhle 8. 3. This $t§§tegy was aimed and utilzsing surplua
animals that would in any event die naturallya

Under flua;uating rﬁinfall, théjnumber of springbok on ~The. Pan
ramainad betwgéﬁ one zad two thousand when " Blesbak WQra$ kept
helqw 200 (Fig 8.4). If bleshok were allcwed tc increase - the
ﬁpringhok population tended to be depressed to around © 1000
animals (Fig. 8.5). This again indicated that blesbnk rather than
bladk’wildabaest were campéﬁiﬁg with springbok. |

There was little difference in springbok numbers on The Pan under

fluctusking . rainfall when bleshok wer&:maintainad at 150 and

§

black wildobeest at 200 (Fig, 8.6} caﬁpared with maintaining |

bloskok at 200 and black wildebsest at 250 (Fiy. 8.7). This was

useful for it meant that_a'riqbrmus culling strategy ‘hich wae

difficult to attain in practice was not essential.

The different oculling strategies f£iuctuating rainfall are
compared in Figure 8.3. Springbok numbers on The Pan wero lowest
in the absence uﬁ-éulling"and higheo™ when both blesbok and black

wildebeegt were culled.
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There Wias 11ttle daffnrenca hntwe\m thy na oull black wildebaqsh
and“ 250 black wlldebeest stra. w@esa Phis cantirmed earlfer
=tindings that: ﬁpringhak numbar& on The Pan wore most influenced
by bleshok. Tha proposed manaqement strategy was fobust under

£luctuating rainfall. Q

N .
In conclusion, a nanagement stratelyy fos maximiaing' springbok
na$ been farmyl&#@tmwith the &id of the model and the - objective
A Ty -
*g 6 thic octudy haﬂ been met.

- The reconmended tactic was not dissim;lar te«Lhat emplcyad in the
recent past. This was 1argely co-incidental althvugh a 'vimilar

outcome was predi ctahle givén the cunf}nns in which the maﬁel was

&

developed and the ofhgle data base. However, it was also.

Cimportant to nﬂte that, in the pracas%, Lnoﬁladge was advanced

/
andfundeerundang of this mulh -herbivore system improved.

fl

ir

8.4 Summary

e dveral;_ahjactiva'mf this ﬁtﬂﬂ& wos to obtoin the information

and understanding of A vqgetation:harbiibre cystga that would

real and the strategy likewlae Wass rﬁquifeﬂ to be practicable.

g;Suppmsedly simple single -preda§§rwsfagle pﬁég aystomns weren

themselves comple: and tholr iteratiqﬂﬁhaé”'beun theoretically

axalored. Multiplant-multiberbivore interactions have® remained

specu1ativa due to the added complexity of such syatens. Howover,
deap*to this ??mpxexity and lack of understanding it was
necassary to devise a nanagoment 3tratagy that wnuiﬂ nect e

"4
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overald, objectivé within a galtiherbivore system. .

. 1Y
4] v
W

A aﬁalytical apprnaéh was used to uvolva a mpodel that was suttede

to . the prnblem and that was appropriate £or the data, the

resolution required and far exploring the Adntricacies . of

maltiherkivore interaction. Tﬁe %?gis?im equabinn which hoo

L

remaine& the single mbst widely umeq nedal < <Lor studying
predvtor«prey relations was found to be inappropxiate. A disorate
differeonce model was thervefore adapted tha* wag well suited to
expresgsing interseasonal changas within an episudim arid aya?em

and to nkgpriaal sdlution. L .

* TEEEET
: ] = N “‘\

”1\

b

Tha muéei was gorroborated and sensitivity analyses wave earried

out. The impartant parameﬁer& were identified and the madel "

porformange | was ,explorca. Cl;matiu,;fauporﬂ wafa typ&nally

spatially anqﬁtémpnrally highiyi&ariable and characteristically

extreme. Vegetation ® grawthf maﬁ,rghﬁ' aingia mogt  sensitive

paraméter witniq the plantmhaﬁbivcra syatem, o

o

Vegetation production wvaried in response to_ clinatic rogine, .

Under favaurahle conditions preduction 'was- relativélyh large.

ginilarly, undwr uuravorabl econditions vegetation ”-biéma£$=

declinaa vopidly.- .

L ' &
© The ecencept of herxbivore functional response, by and large, has
romained theoretical, in EQQ study of plant-animal interavtion,

Functioual responze was found to bs an extremely usefifl meaps, £ox

exprebsing interspscific differences between herbivores mid wa :

practically a;plied.
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The model herforied plauﬂinlx aﬁd£wiﬁh wefined data Eron the
" pidld the ‘output was ;ealistis... Vegetation production Qby the
nodel was aimilar to that fnnnd in the field and was sana;tive to@
bhoth ralnfall and season. Slmzlarly herbivere populations were.
dptermineﬂ uy gﬁasanal vegetati&n hicmaas and spe»ies speazfic
respaﬂses were eliaztpd o ﬁhangeﬁ in vagetatiun. Tha nodel  was
particularly usafu1 in establishinq lond term gnpulatian trends
un&ur dmffmrenh~climatié rog;mes. s
o oo

Under cundit&mnsfoaf Jow ralnfall herbivere pnpulations wera
Linited hw'-vagetatian availability -and not intarnpatifiq
compe*ition. Under medium rainfall ﬁpriggbgkj'werg: obliged to

' ﬁbmp&tb for  the available resocurces and their fn%mbe@s wers
Limited prlmavily by bleshok. When c@naitionﬁ nf ‘high  rainfali -
prevailed springbok benefited ‘rom low numbers an*%leShnk- and
black w;ldebeeat a3 a vesult of facilmration but wara Limited at

hlqh mnpuLatian lavelm oi campetltarm,

the model satisfactorily accounted for conflicting outcomes  in
plant-herbivare intarmctibnﬂ aud; depending ﬂ on  rainfall,
/étmﬁnstrafed both conpetition and fdﬂil&tﬁtﬁ n within tho Bame

! vegetation~herbivore syﬁtem, Thisy hod pro@iauaiy only b@gn

Bl
W

spoculative and thecretical, e

Finally the. model was used to formulate a gtrategy-that met both
the objebiives of 'tne_'atuﬁy and those ~of mnanagement. This
_dnvelved a flexible approach geared to a rainfal&fﬁriven' systen

that  was boased on general prinaiplma rather thon ”ﬁpemlfip'

rorodios.
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It ‘wels unrealistia to axpeet 8 mndal that 1a¢ked precisa detail
£t have: evmivaay an infallihla atrateqy. ‘fhis was not the
iutantnmn, but rathpr to: \disccvnr g@neral prinr;pleﬂ and.
hith&gnt crucial slements of the vegetatioﬂdherbivore system.a
This was achiovbd., The resnlta were not ableto bh proved but
_the madelinq eﬁgrﬁiae had halped to define the objectives,

identify impovtant warameters, ‘explore apticné and formulate

21

hrga&fﬂeciaionsa
- . ) o . Ml - " {:}

Lot B . . L
S v PR 4

The 'ﬁpdal'"has advariced both uﬁderatanding anﬁ knowleﬂ*e nf
plant—herbi@are 'intefﬁ*tian~partidﬁiarly under varying climatxc

regimes. “ a N B o

TR

Y . S
In eanclusiaﬁ; the mo(él offers o practical ° approach to
' managing diVErﬂe multiherh vare‘syslemw. 1t has wide apﬂlicatxan

and can he adapteﬂ to ﬂther herbivore guilﬂs and multi-predator

cnto

conpetitors benefit - uansarvatiun and’ improve wildlife

maﬁagéﬁbntr“
X,

Ty
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APPENDIY 1 : ANTMAL UNIT EQUIVALENTS

] : - u . @
The purpose of this appandix vas o derive the animaliyunitm
g equivalentﬂ for the three harhivore specieb, black wildebeost,

hleﬂbok and &przngbak, in the study.

W,

[ [n}
B

Animal unit eguivalents {AU) pé&&iﬁed af;ﬂmman unit %ﬁg which
animals of varying body mass could be compared and cuch, a unit
was regu®oced faﬁ tha herbivore model. | o

| \# - : q o K
ﬁﬁergv requiremantsvof hamcnuhermic animals were conventianally
praparﬁmnnal 10 hody mass raised to the threewquarter power {Moen
1972). Thus the animal‘hnit equlvalent of, a nerbivore odhld be

determlnea“praviﬂed 1ts mass is known (Mentis 1977).

An animpl unit {AU) was defined as a steer with a mass of 450 kg
with an average daily gain (&DG} of 0.5 kg (Meissner, 1982).

Thus the mehabalia equivoient (ME) wac given by

Where M was tho nass of:the?hﬂimal.

. f"
Thonney ot al. (1876 in van 5?Fst 1982) have pointed out that
thls relations nlp was valid?”?intexspecitically.' Hawéver,-
mntPaﬁpuaifinally, when womparing anima1s of different sieea, ik

overestimated mebabolic equ%valent as a result of gagstro-
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intestinal différenées wﬁi¢h affectéd fi11~&n&-therefnre fintake.

[k

On ' very short swapds, where food intake déclined, - the

'=ralatimn§hip was reﬁuead by as mucl as mass to the power of 0.36

(Illius & Gcrdon 1987). Fox tha purpoae of ‘the modsel the. animal

unitc equivalqpt + gqiven by mass to the threa—quaxter power was

o .
usad. .
e (':.'_‘,*
Yo

£

A majox diffi&ulty waé?tu deternine what was the average mass For

.8 single  animal- in the population and at best this estimate

amounted to' an Lntailxgent quess (Mentis 1970}. In order to
accuratmly -Qgtermlne the average wass, the sex-age struatura of

hhﬂ papul&x"én anﬁ the mass of uex-age elase must be knawno' Bnth_

thege paraneters changed from year +o year, dependent o1

population size and veldeocondition. For example, in springbok the .

o

mean  individual was- fnundmta vaxy by as much as 38 por cent .

hotween years nf dood -and poor veld condition with in ‘the sane

~ population and on the same property.

!

Young & Wagenew (1968) gnd-?@ung & Bronkhorst (1969) found thu%_
the avorage pass of an individual.in the pbpulatibﬂ_yarimd fréﬁ
0.75 {impala) to 0.8 (blua.wildebeestj of the nean \hdult male
mass. Du RFessils (19??) caiculataﬁ%fne nean mass of a blesbok o

be 52 6 k¢ and this was £2.7 per cent of adult male mass. A lowsr

percentago was expected in specios much as springbok with higher

production rater {(more young animals).

A detormination Qf'maan population mase for springbok, based on
known mean nass for cach age class\gna the SER-aYN ntruﬁturw of
the pepulation, gavo o figure of #3.1 par cent of Bean adult:

(%)
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mass . Thué the Ligure of 0 80 was used for pringbok, ble shok and
ﬂlack wildebeest: _\ < .
o \ _ | Cow .‘J‘}

" I / o
Droceing. out percentages varied \% th inter~ ang iﬁﬁéa"

_"Bp@cificé11y. HoWQVQr, sixty per cent was an accaptabla averaga

figure {von la cnevallarie 1970).

_mherafcre
' B

live mass = dressed carcass mass / 0.6

Q

and N

&
A

mean animal mass (M) = live mass x 0.8

The deq$ved values for each species are given in Appendix , Table
bl ¥ . 1\

£

R | | \

v ¥

¥

M o b A S b, T e -

Appmndav Table 1.1 Derivation of AU aquivalent.

Species n carcass caloalated mean Al
mass (kg live mass mass equiv
black wheest 23 "76.0  126.7 101.3 3.1
biloohok © 36 38.G 64.3 51.85 5.4
apringbok ’ 23  22.3 37.2 29,7 7.7

A
o s T

The Al aquivalénts for back wildabaest and: blesbok were
marglnally higher and, that for springbok marginally lowey, than
thozo glven by Mentis & Duke (1976) of 2.9, 4.9 and 8.1
respectively. fhis was a rosult of these authors using a higher

nmean body mass for black wildcbeest and bleabuhfand g lower body

%3
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wasy for spﬁinghuk; Meissner (1582) derived AU éqﬁivalgnts from

growth curves and-aSSumed growkn waa~prnporti¢ndi’tu intak?. The
- g i ) ‘ \\ . ;:

AU equivalents thus derived were aise higher than those used in -

this study. . B _ 0

. i
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APPENDIX 2 : FUNCTLONAL RESPONSE

The aims of ¢hls appendix were to

(i} introduce the concept of fungtibnal respanéé .

(%i) exauine the various functional response types, and

(ﬁii) use the chnecept to modify population pafameters.

A means wag required with which to separate the"rESpoﬁéé af
each herbivore type to the state of the vegetation. In this way
the populution pa%ametars of each spacies could be individually
manipulated. The concept of "functional response® provided such a

,_ i
mel;ng " 1&

Overview )
The functional yesponse (V) (Crawley 19833 starfiéid & Blelouch
1986) is the ability of a herbivore to meet its consumption
reguirenents. It iz also veferred to as ‘“grazing afficiancy"l-
{Noy~-Meir 1975) and varies with the herbivore type. oo . |
The funotional -réspanse of herbiveres to chanées in plant

abundante takes many formg. Three types of curves (Appendix #ig.

2.1) are generally rocognised (Crawley 1983) and these are linear

(Type 1), asymptotic (Type 2) or sigmolw (Type 3}.

In Type I rosponse, there is inoreasing intake with increasing
availability. In Type 2 response, intake increases until the

horbivore Ils satlated dus to limited gut capgeity or linited

N
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appendix Figure 2.1 Types of harbivore functional responsa,
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time for food handling and processing. A Type 3 response . oCcurs
'when & herbivore changes its grazing preference in response to
plant abundance,.e.g. when plant biomiss falls below the minimm
grazing threshold.

1l

It is difficult ¢o determine the functional response of
herbivares in the field (Crawley 1983)., The majority of
 herbivores are thought to have an. initial linear response  that
lavels of ? as animals bocome satiated (Type 2 response). Type 3
responses have not been reported for herbivores on a single food
source. Crawley (1983) has shown that under mostlgonditiens a

Type 3 functional response model behaves exactly as a Typas 2.
Spacies specific response

The functional response of black wildebeest, blesbok andl
springbok was determined by the amount of vegetation on The Par.
Mentis & Duke (1976) clasgified all three species small bulk and

roughagé eaters. However, the intermediate diet o«f springbok and

preference for green rmutritious shoots (Bigalke 1972; Schiif. -

1878) suggested this species was a concentrate selector.

The small mouth of the springbok enables this épecies £o be more
selective and it is betbter able to utilise short grass.
Similarly, blesbok are more efficieont than black wildebeest in

smeeting their intake requirements'at low plant bionass.

In grazing ruminants there is an invarse weloationship between

live mass and quality of intake (van Soest 1982). Thas in  order
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"

to maintain intake quality there iz an increase in feeding
gselectivity with decrease in body size.

A mnminimum above ground vegetotion biomass is necessary before a
species is able feed. This is termed the mninimum grazing
threshold.

Above the .minimum grazing threshold imtake increases with
increaging plant Dbiomass. Ultimately the biomase  reaches ‘the
point whers it becomes too coarse and fibrous to satisfy the
demands of both concentrate sale¢tors [springbok) and selectlve

feedors (blaesbok and. Hld#k wildaebeast). At this point consumption

peaks and thersafter declines, {

It wag therefore assumed that each species has a  curved
functional responde. The ourve is expressed schematically in
Appendix Pig. 2.2.
The shape of the curve was given by

£(V) = 0 dshen ¥V <Vmin oxr >Vmay
between Vmin and Vopt by

£(V) = (V - vmin)/(Vopt - Vain)
and betwoan Vopt and Vmax by

£{V) = (Vmax ~ V}/(Vmax - Vopt)

All £(V) valuezs lie between ¢ (low) and %ffhigh).
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Population functional response £(P)
M)

It was assumed that The Pan wae the preferred habitat for all
three species. The number o animals on The Pan was determined by
how many were able to meet their mutritional requirements on The
Pan; Thus, the higher £(V) for the speciss the greater the number
of that species that would be Sound an the Pan. Thiz was termed
the P"populntion Ffunctional response® or £(P) and was similar to
the "attrgctivenees“ employed by Starfield et al. (1982b). "he
£(P) was oeypresssd as d linear relationship that peaked at ”h .
given £(V) value and was similar to a Type 2 response (Appendix
Fig. 2.3). |

The slope of the line is given by

£(P) = 0 when £(V) < £(V)nmin
and

£(P) = 1 when £(V) > £(V)max
bhetvwaen these values
£(P) = £(VY/E£{V)max

The wcorrelation of species biowass on The Pan and rainfall
indicated ‘that the minimum grazing threshold for blesbok was less
than that of springbok and that of black wildebeest was less than
that of blesbok. Black wildebeest were fourd to occupy The Pan
irrvespoctive of grazing condltions and therefore were present
even at a valus of £({(V) = 0, Black wildebeost were less selective
than springbok and all avallable black wlldebeest habitat oh The
Pan was acoupied at a 1awor £(V} value than that of springbok.
The grazing'thrasholds of blashok lay inteﬂmadiata betwoen thosa
of apringbok an® hlack wildobegst, |
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Birth functional response f£{w’
The rate of increase f(w) ls determined hy body mazs and the
plane af'_nutrition (C$ﬁttan—araﬁk ot al, 2982; Crawley 1983y
Binclalir 19?9);

A minimum body condition which depended on £(V) was necessary
for birthe to ocour. as the functional response for vogetation
improved so did the birth rate and above a given £(V) valuge the

birth rate pesked and was malntained.

Thus £(w) = 0 when £(V) < £(V)min
and £(w) = 1 “vwhen £(V) > E{V)max
betwean these values

£(w) = (E(V) ~ £(V)uin)/(E(V)max = £(V)min)
¢ , _
The relationship ‘petween £(V) and £(w) iz given in Appendix
Fig. 2.4,

Black wildebeest were the least selective and were able to neet
their metabolic regquiroments at lower £(V) valges than hotk
blesbok and springbok. 2As the £(V) wvalue inﬂfeased black
wildebeest attained maxinum blrth rate f£irst, Ifolloewed by
blesbok and springbok. convarsely, ﬁpringbok were the nost
gelective and only had a high birth rate at a high £{V) value.
Black wildeboest wore the least selective faeders continued Lo

breed after blesb.%: and springbok had coased hreeding.
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Mortality functional response £(m)

Mortality ds & function of bhody condition and therefore
nutrition and £(V).

Mortality docreased with increasing valu;g of €(V).
Thus

f{n) =31 when £{V) > £(Vimin
and when £{V) x.f(V)min ‘"

f{m) = £(V)/E(V)nin

At lower f{v)#valuea klack wildebeest were more able than the
ther two species to meet their consumption reguirements.
}similarly, blesbok had a lower mortality threshold than
springbpﬁ,' As  vegetation cnnditiﬁns improved so mortality
declineéjfﬁppenﬁix Fig. 2,5).

Conclusion

The use of functional resgonse was convenient tool for é@gulating
herbivore porformence in a plant=herbivore relationship. In this
way the nunbers of herbivores and the population dotarminants of

birth and doath wore goared to tho stake of the végatatiano
J “ﬁ
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~ APFENDIX 3: MODEL DESCRIPTION -

1
‘IRY
TRINTER
500
+E2+.32
1100
170
200
1#EVLOORUY (02, SPEAES , AVLOOKUB{ D2  SERASON, 1))
(BVLODEUPLS0D , SPEAKS, l)*(@IF{SP2>800 GIP(SF“=6000 G, (6000.3F2) /5200 , 8F2/10D0)})
(@VLOUKUP($G2.$F¥AKS 6)*(@IF($F2>1DIO @IF($?238000 a, (8000~$F21!?000) SFII10003) 3
(RVLOORUR{SCYR , SPRAKRS, Py {QIF(5F2>2000, @I?($P2.20000 0 {20000~3F23 /1500071, 3P2/2000) 1)
RIR(K2>0.,75,1,0IF(K2<0,2,0,82/0,75))
@IF{LID.L5,1, GIPtbﬂﬂﬂ 1, 0 LJID 5N
@IF(M2>0.25.1,H2;0.25)
+G34N2
M0
+IFpd
(UDape .
(027 7. PHRANG00 (RS, 1624000 )+ (52/3, I UMAS000}
(TS0 ) A QVLODKUPL 502, SPEAKS , 8) SEVLOORUP (SD2, S5EASON, 23112
QIF{ILI=“EPRINGY , AL .@a?{snm“"ﬂUTUMN" AL20 32 O)Jﬁ(@IP(k?dﬂ 2.0,81P(R2>0.6,1, fEE-O 2}, &J}*Q2)+@IPf$Dﬂﬂ"SPRIﬂB",ﬂL2 DI{BI-9)ED, 4
GIFLSDo= S PHING™ AN, 05 {01F(12¢0,2,0,01P{L250, 6,1, (L,2=0.2 )‘0.#}}PRE!*@I?(SD2B“SPRING“.ﬁﬂﬁ Qin{HA-RII0.4
QIF{SD2a"SOMMERY A2, D RIP{NE0. 2, 0,01P{H220,6,1, (Mﬂ-ﬂ /0. ﬁi)*Sﬁ)*GIF($D@ﬂ?ﬂnEMR“.Aﬂﬂ,ﬂ}*llﬂ-ﬁﬂi*ﬂ 4
RGP
+XI+H2
YR+ 52
GIF{SDEe"IINIERY  GIF (5200, 4, 1,020, 4)002+0 7580 (20027, 22) -
U GIF(SDIMPINTERY, @IP{LZDO.“.l L270, 3)EROF{AAD-R Y40, 75, 082)
QIF{EDA"RLITERY QTP {MR:0.15, 1,M2!0.15)*52#(&B2w521*0.?5.aﬂ2)
1]
AIF(OD2EMIINTER", QIR (ADR 200, (AD2=-200),0),0)
QIF(SD2ﬁ"HINTBR”T@IF(a323259 {AR2-2350),0),0)
+ACT-AF2 :
CANI-ARD o
*AEZ~AHY .
GULOBKUP (S, BA0560, . SARS0, 4 . -
BYLODKUP(SC2, 38084, .86 ™36, 10)
SULOOKUS (S0, SA084, .50, 80,11}



APPENDIX 4 ¢ RATHFALL

'APPERDIX TABLE 4.1 ROOTPOORT RAINFALL (mm) 1982 TO 1988.
SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

1981/82 0 2 1 94 40 AL 68 35 7 b 26 0
1982,83 0 33 13 B89 6 12 43 B il 17 a 0
1983 /84 11 32 .72 334 13 a5 66 11 22 o 0 0
1984/85 5 49 40 .33 8 55 34 5 0 0 0 o
1985786 9 31 64 71 4B 15 3 5 0 13 0 2
1986/87 18 33 29 0 55 67 33 28 0 9 18 2
1987/88 64 10 BL 47 © 288 5D 18 0 0o, A 0
MEAN 15.3 27.4 41.8 48,1 24.6 70.3 41.% 33.9 5.7 4.3 6.5 0.6

bttty . 1 A . M A W Bt o il 4l A i A M b b g g P, i e i A S i Ay I L b opar e = il st Pl b b it i dnh bk e W s | -
B e P e e e P b e B e i B v e T ]
)

¥

1 i s . i .
frm il T T e e T o sy

APPENDIX TABLE 4.2 KIMBERLEY RAINFALL (mm) 1931 70 1988,
SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

lo8l/82 O 24 AT 137 23 457 Bl 69 e 26 36 0
1982/83 R Y0 18 18 s 14 27 413 23 20 9 0
1983/84 i 15 64 24 4 70 73 11 32 1 0 2
1984 /85 £ 45 42 28 54 119 47 . B 0 0 0
1985/86 -3 &0 18 95 65 66 43 -g g 10 0 15
1.986/87 16 28 26 1% 3l 63 42 8B D 0,18 5
168%7/88 0 22 45 53 7 332 93 106 0 G 1 0
MEAN 4%.0 364.7 37.3 53.5 30.1 99.9 53.7 37,3 7.9 8.9 5.1 3.2
L iy A (T b e e e ST s A L L e b e e Tt Y et o

i
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CLOSSARY

\' ﬁ%gatatian biomass (aohove graﬁnq standing crop) (k?:ha"l)
Vo /wegetation biomass at time £ (kg.ha™t) ‘
Vi vegetatiunmbiomasa ak tinme bt + 1 (kg.ha"lj
. tine at start of period (season)
t+ 1 kime after a given period
vegetation growth (kg.ha™l) - “

P senescence (fréétion mfgy remainihgl
kvo proportion of vegetation rémaiﬁing”after senescence
B herbivore population (aU.ha™l) ' o
‘Ho  herbivere population at time ¢ {AU.h@“l)
Hi herbivore papulation at time & + 1 tAU;hggl)
¢ ~ total consumption by hernivore population (kg.ha t.au™l)
c intake of each herbivore (kg.ha~ L, U™ty 3

E(V) functional re: onse (ability o meat.intake»requiremént)
f‘ -~ . ’

1 related to V or Vo B N
b @ horblvore birth rate .
m ,hgrﬁivnre nortality rate

-f(Pi- herhivore population functional wesponse (£{¥) which
determings the nunmber of heybivovos on The Pan

£(w)  birth rate functional rvesponse (£i{V) which determines.
© the nurber of herbivores that give birth)

£(m) mortality funotional response (£(VY which deternines
the degree of herbivere mortality)

by recruitment rate of herbivoreg
3 number of juveniles in-herbivore population
o

P size of herbivere population
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