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Abstract 

Spatial scalfng laws prediot that patch choke in animals i~ dett!rminl!d by body s ize, 
with small~r animals utilising smallcl' pntches, I lowevei, this lheo,y doe_s not take mlo 
consideration the potential in•,pnct prcdillot avoidance lichuviour may have on J)atch 
choice. Smaller animals are more al risk from predation, thus they have to ohoo~e 
grazing patches that meet their nutritional requirements withm1t exposing U1emselves 
to an added risk of predation. This paper developed vigilance rhcory as related to 
grazer body size and identified dillerentanti-predator strategies. The efiects of herd 
size on patch choice were also considered. Larger herds would enable srnailer species 
to utilise patches that were otherwi.se considered loo risky. 1'he contrasting predictions 
made by the foraging and predator 3 voidancc hypothesis were then tested by 
determining animal utilization or different sized patche1; 11.S dcierrnineu by dung. ll 
wus fowid that small species appear 10 be avoiding the smallest patches in opposi1ion 
Lo the foraging hypoth"8is. Warthog. wildebe1>.~t and zebra are also shown to 
discriminnte between patches based on (he visibil ity from patches, ohoosing patches 
with greater visibility. Animals preferentially grazed the centres of patches which 
indfoates th~l they may be attempting to maximise their distance from vegetation. 
This study presents several different arguments thal suggest thnt predator avoidance 
dues influence Lhe pntch choice of animals. Future studies could test the theory that 
was developed through dir~t obsi,rvation of animal behaviour on putches thal 
differed in tem1s of visibility and by determining if patch choice alters on~e prull:,1on; 
have been removed. This paper does suggest that spatial scaling lawn~ nlone 
inadequately predict the patch choice.: of herbivores in environments that have ~th 11 
tlive~ity und ubundance of predators. 



fntroduction 

To avoid being eaten or attacked anfmals scan their surroundings in order to detect a 

predator's presence. Vignance represents a fundamental trade-off, as an animal that is 

scanning (or surveying its surround ings) is not able lo graze at the swne time. as to do 

this it has to lower its head. Thus one would assume that vigilance is costly aml thut 

an individual would seek 10 minimise ll1is cost. This can be achieved through " variety 

of ways. 

One ,vay to decrease the costs of vigi lance is to fonn groups. In HluHluwe lmfolozi 

(HfP) game reserve, most ungulates are found in groups apan _from common duikur 

and steenbok. Animals may fonn groups for many reasons unrelated to predator 

avoidance however I will be focusing on vigilance arguments. An individual's 

predation risk may be in0\J~nced by group size in suwral ways. The first is t11e "group 

vigi lance effect'' or the ·'many eyes effect'' (Pulliam 1973 ). This idea is tha.t animaJs 

benefit from groups as the vigilance of fellow animals leads 10 an increase in the 

probability of detecting a predator within the time it would rake 10 attack. An 

individual can spend less time being vigilnnt wll houc increasing its predation risk as 

fellow group mates are sharing the costs of ,~gilance, and thus can spend more time 

loraging. A reduction in an individual's vigi lance as group size increases is one of the 

most frequently reported relationsltips in the study of animsl behaviour (Roberts 

1996). 

Increased group size can have other effeots on predation. In larger groups the 

probability that an individual will be caught is lower (the dilution effect). ll may be 

more difficult for n predator to remain foausi;ed on a single inc!h•fdual throughout n 

hunt (The confusion cffec.t, l..andeau and Terborgh 1986). Peripheral animals may be 

more at risk (Hamilton, 1971) thus docreasing the risk of animals within the centre of 

a herd. Groups may also communally defend themselves against predators (Krebs anc.l 

Davies, 1987: Prins 1996) 

Jnrrnan ( 1973) proposed seveml possible fonns of anti-predator behaviour for AfricaJJ 

antelope. These arc I) ovoidanctl of detection by, contact ,vith, or exposure to 

predators 2) llight after detection but before anack. J) flight under attack and 4) 



1hn:a1ening or ev.:11 atL1cking 1hc prcda1or. I have modified this and related i1 to body 

size in the figure I as opposed lo Jarman's (1973) sys1em where he had divided 

antelope into five socio I classes each wi1h a mix. of defensive s1rategic.q, It ls importanl 

to note tha1 antelope have different antl-prodalor behaviour. If one generalises about 

vigilance for all antelope, tho nuances of tho predator avoidance nnd its impacts may 

be missed. 

l'iml' 
1ndividuai 
spends oo 
\'lgilnnc~ 

Sms11 
l,"tOOp 
fonnmg 

llooys12e 

Jiig I. The fil'e strategies that ungulates m11y be fol lowing in order to 1ninimise 
predation risk. 

Body size may also !nnuencc the way an animal avoids predation. Due ro the 

increased vulnerability of smaller anlmals to predation they may avoid feeding in tl1c 

open, during lhe day or during bright nights. Mcclfum sized animals may either be 

more selective about the openness of the enviroruuenl in which they choose ro graze 

or may f'om, large groups in order lo minimise vigilance cosls in less open 

environm~nls. Larger animals may also associate in herd but these may be for defence 

HS well as vigilance. Z<:bras and Buffalos have buth been documented to chase off 

lions und defend themselves against preda1ors (Prins 1996). Mc,gaberl>ivores are less 

prone to predation as their large body size allows them to better dc,fend lhemsclves. 

Body size can thus affect an animal's predator avoidance strategy (See Fi~ I) 
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Although there has been a lo£ of in1erest in animul vigilance-. few shadies h~ ve 

highligh1ed I he effects of vegetation structure and cover on vigilance hchaviour. There 

are a few exceptions. A study on desen baboons by Cowlishaw ( 1997) showed 1hnt 

baboons used refuges in order to decrease predation risk and seldom foraged away 

[rom them. If refuges were distant, bubooru; were more vigilant. Lima ( 1995) showed 

that emberi:zid sparrows were moru likely to respond to another bird leaving a feeding 

site if far from protective cover. TI1ere has been in link made with increased rainfall 

and the resultanl increase in cover rt.'l>ulling in the decrtase of wildebccs1 and zcbru 

numbers in the Kruger National Park (Owen-Smith und Oguha, 2004). Scheel (19.93) 

)QQked at the scanning rates of eight common ungulate prey species of lion ln the 

Serengeti. He found thnt cover did not influence the scanning of zebras but that 

wildebeest scanned more when nc.ar cover that could conceal a lion. Wanl101:s 

scanned more in short gmss hnbi1a1 and woodlands as opposed to taller i:r1tss habitllt 

and dense woodland. Tots could be due to the fi11ili1y of scans in Lall grass areas as ll 

war1hog is so short that tt cannot Set< over the grass anyway. 

lJndenvood (1981) compiled the following table comparing vigi lanc\: in open nnd 

closed habitats in the Kyle Recreational Park, Zimbabwe 

Table I. C'o111parison of Open and closed habitat vigilance behaviour of antelope in 
Kvle Recreational Park From Underwoo<l (1981) 

Activltv 
Median rdte of looking Median % of(ime looking 
(looks/minute) 

S=cies Habitat P value Habitat P value 
O=n Closed Ooijn Closdd 

Reedbuck 0.7 0.9 0,021 12.15 10.85 0.765 
/43) (438) (43) (429) 

lmoala 0.490 1.202 0.000 4.66 7.43 0.000 
(232\ (288) (2J2) (288'1 

Tscsscbe 0.510 0.687 0.033 0.98 6.43 0.000 
( 14/i) (467) (146) (467) 

Wildebeest 0.132 0.4 13 0.000 1.36 3.06 0.000 
(193\ 05.4) (193) (3541 

Buffalo 0.384 0.426 0.361 4.47 .3.24 0.117 
f701) 1145\ (201 J (145) 

Probabi lities from Mann-Whitnev U tests 
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l' rom this table it is clear that Lmpala, 'l'sessebe and Wildebeest all spent significantly 

,nore time scanning when foraging in closed habitats. Reedl,uck was also mon~ 

vigilant in closed habitats than open ones and was also U,e most vigilant overall ,vhich 

could explain why there is no significanl difforence between op,,n and closed habitals 

for% of time spent looking, Underwood ( 1982) suggests that the reason U1ere were 

iucreased sea rch times in closed habilllts i11 his scudy was that either screening or lltc 

more complex visual envi.ro1m1ent made a potentia l predator more difficult 10 detecl, 

thus increasing scan length. Whatever U,c reason it is clear that habilat affects the 

amouJ1t of time animals are vigilant and thus could effect the amount of time animals 

spend grazing in different habitats. 1\ s animals spend more time scanning in closed 

areas it would follow that a nimals would aim lo reduce this by either foraging in 

closed areas in larger h'TOups or avoiding or minimising the amount of time they spend 

1n these areas. 13uffolo do not seem to be affected hy hnb,tllt openness. This could be 

due 10 their dcfcnsfvc strategy or their rcft1ge ln larg" body sizt: to avoid prudalion 

(Berger & Cunningham, 1988). Underwood ( 1982) also made the link wi(h body size 

and vigilance showing that smaller African un1,,u lates are inore vigilant tJ,an larger 

110gula1es (see Fig 2). 
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Figure 2. The rulationship between percent of time spent vigilant and body size as 
reported in Underwood (1982) 

All antelope are vulnerable to one or more species of predator e.g. from lions to 

jackals (See Table 2), Smaller anima ls are more al risk from predation than larger 
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animals. Jannan (1973) proposed that although n1aximising the sfa.e of a kill for a 

predator may seem an advantage, the risk of injuiy from larger prey is greater. Thus 

there is a physically dcteanined upper limit to the size of prey a predator can attack 

1md a lower limit detennined by convenience or efficiency. Hence he believes that 

,111aller antelope are vulnerable to a larger range of predator.; even if they are not 

neces.,;arily attacked by them all, while larger antelope are only concerned with the 

lnrger predator species. Sinclair (200,3) presen1s a slightly diOenml argument that 

s mall ungulates are exposed lo a widt:t size range of predators that could a11ack diem 

nnd hence need 10 be more vigilan~ Animals above a threshold of about 150kg have 

few natural predators and hence are more li'kely to be inhibited l>y food limitation (Fig 

)). lllius & Fitzgibbon ( 1994) presdnt the argument chat smaller anima ls are more 

vigilant as the costs of vigi lance are lower for them. Whichever of the three 

arguments is correct, smaller animals are most vigilant. 

Golden lackal (B kg) 

S~ver jaollal (10, 

Wild cat (4) 

CM1C81(16) 

S&n,al (15) 

Choatah(SO) 

L._,., (60) 

Wild dog (30) 

Hyena (60) 

I.Jon (150) 

0 100 200 JOO <IOO 500 
Prey weight MQO (kg) 

lne ~ ol ~gms ol mammal prey consumed by r.arllMltes or different Siles 
,n !ht Serengeti eccx;,-,1en1. There ts a la,ge M<lap In dfet at small r,,ey sil!!S. Oata a1e 

I~ our unpublished ObseMtloos alld Plffllished ,SOUlces""' 

Figure 3. 1l1e relationship between the hody size of predators in relation to the range 
in body size of prey. Smal ler animals are at risk from many predators. From Sinclair 

(2003) 

All of these factors combined may then affect an animal's choice of which habital 

they will gr.ize in. 111e habitat~ we observe animals fn are habi1s1s they have al read)' 

selcc1ed. It is hard 10 prove tlu11 they are deliberately avoiding olher areas. llowevcr 

they may choose to minimise the amount of lime 1hcy spend in less favourable 

environments or only b'l'UZe in these areas if in a large group, or forced to due 10 



severe food constTaints. Higher mortality is observed in many species during the dry 

season. e.g. Buffalo foll prey to lions more often in the dry season in the Kruger 

National Park (Mflls and Funston. 2003). This may be due to several interacting 

effects. Animals may be in a weakened condition and thus less able to defend 

lhemselves or escape. It is p,1ssihle that as the more dangerous habitats have 

previously been avoided they still conlain forage and thus animals that are resource 

limited will move into these areas despite lbe heightened predation risk. 

Predation and babital choice: A hypo1 hc~is 

Grazing mannuels seem to be able to coexis1 on the some re.source. within a certain 

habitat (Sinclair J 985). This is seen in HluHluwe-Umfolozl game reserve where many 

anima ls make use of grazing lawns. According to the idea of niche separation one 

would cxp~ct to find a.nimals equally distributed throughoul the park. Yet it appears 

that species are actively choosing to be on lawns even if it means sharing the resoutce 

with other species. Wl,at is behind the choice o( a graz.ing patch? 

The most recent argument put forward is that animals arc partitioning what appcan; lu 

he a similar resource (a grazing lawn) by choosing a lawn of a size that would best 

suit their size requirements. The theory advanced by Ritchie nnd Olff ( 1999) and Olff 

cl a/(2002) is that species differ in the sca le al which they perceive rhcir environment 

and in their tolerance for low food resources. A smaller species may be able lo uti li~c 

a. patch that may be of the same quality of a larger patch but as the patch is small and 

thus has low food quantity, it is not efficient for a larger animal lo use this patch. 

Grazer heterogeneity is thus ex plained, as there is a range of different patch sizes and 

11 range in patch quality. The resource may appenr to be similar but is porti1ioncd ill 

tem1s of quantity and quality &o that a range of grazers can coexist. 

l propose another mechanism to explain why animals selecl the grazing patches they 

do. An animnl faces the dilemma of how to obtain enough food for itself without 

compromising its safoty and so becoming food for a predator. Grazing lawns may 

provide a certain amolml of safoty to grazing animals as 1hey are open areas and thus 

a grazer will have a largur distnnce QI which to perceive a threat and hence be able lo 

escape {Pulliam 1973). The open nature of a graz.ing lawn will allow an animal to 

~pend less 1lme being vigilant and more lime maximising its nutntion. 111cre will also 
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be a knock-on dffect : as more animal~ congrega1e there are m(>re pairs of eyes to be 

able 10 scan for predators. A single animal detecting a predator will be able to alen all 

of the animals on a lawn of whatever species. An individua l will thus need IO ~pcnJ 

less time being vigilant as there are many other animals !hat can shllrc the burden ol 

vigilance. It has been shown lhal anima ls in larger herds are less vigilant (Janna11 

I 973, Scheel 1993, Roberts 1995, Lima 1995, Treeves 2000). 

How would one distinguish between 1he two differeni tl,eories'! 111e Ritchie a nd Olff 

(1999) argument predicts that smaller animals choose smaller patches because of 

lower food requirements. In cootmst. to a predator avoidance argument predicts that 

those animals most at risk would be choose larger lawns as 1his would give them tl,e 

maximum escape distance. Which nnimals are most a1 risk? Sinclair (2003) suggc&'IS 

!hat smaller animals are most at risk a~ they are likely to fall prey to the largest range 

of predators from big to small. Megaherbivores arc least likely to be predated as their 

large size makes them relatively immune lrom predation from all but the largest 

species, lion. Thus the minimum preferred patch si.u would dccrcnse with increasing 

body si1.e if predator avoidance determines patch choice for feeding. This is usefu l as 

it means that the Ritchie and Olff hypothesis for patch selection predicts the opposite 

from the predator avoidance hypothesis. 

The following figure illustrates Ille two oontrasling arguments for patch selection, 

Minimum 
required 
pntch-siic 

Forage 
l(m11olio 

13bdy $1~c 

Figur<: 4, The contrasting prcdioliM< or 1hc rorngt hmi101ion hypo1hes1s and 
the predator avoidance hypothciis for the relationship between body ..size and 

minimum p•tch ~i'tc. The prcdolor ovo1dance urgumonts prcdic1s srnall<r 
animals wm require larger lawn$. 
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Herd size aml predation avoidance versus forage limitario11 

Since an individual's vigilance costs are decreased in groups, nnimals in herds woulli 

access patches that would be oonsidered dangerous too for an individual onimal. The 

for4ge limitation theory does not make predictions uhout how lawn choice wil l vory 

with h~rd size. However to accommodate the larger number of individuals. larger 

patches would I.le neede.d required to supply sufficient fomg". The predator avoida.ncc 

hypothesis again predicts a different trend. Larger herds r~sult in animals spending 

less time on vigilance and wou ld thus occupy smnllcr patches than soli tary animals of 

the same body size. Figure 5 shows how herd sizu affci:ts patch choice for different 

sized srecies. 

Mimnmm 
potch size 
requircd 

F"orage 
Hmuatinn 

Herd size 
Figure 5. The minimum pntch size rcquirccl for animals of simi lar body size but 
l1erds of different sizes under the forage limitation and the predator avofd:ince 

hypotheses. For the predator avoidance hypothesis the ntinimwn 11atch siie 
required decreases as herd size increases until a threshold is reached. Patch size 

then mcrcases as l.ugcr paiches are required to physically accommodm· the 
larger herd sizes. 

Given ai1imals of similar body size, minimum patch requirements would be smaller 

for solitary animnls than herds according to the forage limitation hypothe~is. In 

contrast, because herd size decrcas;:s individual vigi lance, solitary animals would 

require larger patches than unimals of the same species in herds. 

I set oul to test the opposing predictions of the foraging and rrcdator avoidance 

hyp1Jtheses for patch choice. I did so by comparing spec.ies utili:,;ntion of patches anti 
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grazing lawns of different sizes and with difforen1 densities of woody plants. As time 

was a limiting faclor, 1 based my an~ lysis on dung as an indicator of patch 111iliwtion. 

Although dung has dnnvbacks as a pro~y for animal utilization, it would allow me lo 

assc.~s both the presence of diffcrGnt species on different si1.e patches and an 

indication of their abundance over a relatively long time period (appro,cimately two 

months). As the r;inge in animal body sizes of potential species that are grazers is 

limited. it would be difficult to prove lhal patcl1 c.hoice was influenced by predator 

avoidance but l hoped to be able to show that it is at le,ost a possibility and deserves 

greater investiga1io11 as a possible agent shaping the choice of patches. 

Methods 

Study Site 

For my study T utilised Siles that had been set up for the Gulliver Removal .Exp<!l'iment 

(GRE). This c,cperiment was set up in 2000 10 explore the effect of grazers on gras.~ 

composition and on rates at ,vbich bunch gr.isslands can be convened ro grnzfng 

lawns. Gullivers provide a refuge for bunch grasses so their removal is equivalent to 

"adding grazers" to a patcli. 

llrree .-;ites were cho~en. These are Scme, Thiyeni and Crossronds. At each site all 

gullivers were removc,d from plots ln three diOerenl plots sizes of radii 5, IO ani.l ! 5111 , 

Three control circles were also marked al each site with a radius of I Sm when1 the 

gullivcrs were undisturbed. Thus at each site there were a total of nin~ cleared plots 

and rhrt:e control plots. Each plot wus at least 30m from the next and not visible from 

any other sire. All gulliver stwnps were treated with Chopper, a non-selective 

systemic herbicide solution with residual activity. The active ingredient is lmazapyr 

and gulliver stumps were treated with a 12.5% solution. 'The site.~ were periodically 

checked and re-cleared if necessary. 

The centre of each oirole was marked with n meml pln. Eight melal pins were also 

placed around the perimeler of the circle marking up four diameters that were used for 

permanent transects. /\s each uirole was peminnenrly marked it was possible lo 

determine exactly which eircl~ one was surveying and match up data rhat had been 
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collected since 2000. Wl>drt the sites are surveyed the biomass is detennined along 

!Tansccts dewnnincd by the radii of the circle using a disc pasture mc1cr. 

In order lo examine grazer activity on patches of different sizes I also surveyed large, 

grazing lawns. To do this al both the Crossroads and Semc sites I found n~arby 

grazing lawns and repeated the above procedure but on the entire lawn. There were no 

lawns neat tbe Thiyeni site. I thus surveyed lawns at se.vcral sites in the Slmounding 

areas. 

This experimenml set up served os a convenient test for my project. This is because 

the circles allowed me 10 assess grazer response lo different natch sizes. I would also 

assess cover around each patch from Ute centre of a circle, Since the GRE. was sot ur 

for another purpose their use removed any bias in sample area scl~ction. 

Methods 

Al each silc the entire c ircle was surveyed and all animal dung wa~ noted (my c.'0-

workers in the field were skilled at identifying dung nnd had been dofng it for another 

project for S<lwral years). Thio was done by insening a na il 1n 1h-, ccorre of the circle 

with a rope auachecl that had 1he same lengihas the radius ofU1e circle. 11te two dung 

identifiers held the rope as U1ey moved around the oirolt>. Dung was identified as the 

rope passed over it 11tis was lo avoid confusion about which dung had been counted 

and which had not The species was determined and how fresh rhe dung was (fresh, 

medium, old). In addition to this all sites were resurveyed with a 5m-radius inner 

circle. For the larger grazing lawns dung was recorded and the dimensions or rl1e luw11 

detennined. A sub sample with .i radius of Sm was also made in the ccmrc of each 

lawn. 

In additiona l to the dung surveys. l dc1ennincd vege1alion cover as a measure of U1e 

potentia l for predator concealment. Titis was done using a v~ge1ation profile method, I 

olood in the cen!Te of each circle nnd nn assistanl carrying a J Ox I 0cm square of whitv 

paper wa lked away from me untTI only 50% of the square was visible. This was 

repeated at heights of 50 and 150cm. As n1y grasp of dista nces improved I estimateu 
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the distance at which 1 thought the squJ1re would no longer be visible. Using a 

compass I thus deto.rmined the vegetation profile in oight cardinal directions. 

1 also mad~ use of data that had been collected for the GR£ from 1000 to 2004. Each 

year the height of th<:! biomass within each circle and the control sites was measUf(.'<l 

using a disc pasture meter. The measurements were mode al specific distanc~-s along 

fixed transects. TI1.is allowed me to compare the grazing intensity on tl,e centres of 

circles to the perimeters, both between s1tc~. circles and years. If predator avoidance 

influences patch choice then the GRE might be expected to show different respons;,s 

io the differenl siz.ed patche.~. Grass height might be taller in the smallest circles if all 

b'Tazers avoid small patches and shortest in lhe largest circles. 

The use of dung as a proxy for anima l pres~nce 

'!'here are several proble111s with using dung as a proxy measure of animal pre:;encc 

and lawn uti ll2lltion. Animals may defecate in an area that they would not consider 

grazing i11. They may just be moving throug]1 an area to a more fuvourabk site. 

Several species an: also midden-forming spedes, the most conspicuous being the 

white rhino. One would und~restimate their presence on a lawn even though it might 

be their preferred habitat. 

lt is nlso not possible lo de1em1ine how many rhinos have defecat.ed in u midden with 

any sort of accuracy so that abundance measures from c.luog are not possible. l 

recorded rhino middens if they were situated within the confines of the site and also 

noted any 0U1er signs within a site. These included tmcl'1l or rubbing stumps. On some 

of the siltJS it appeared that wildebeest and impala had fonned middens. 1n this case 

we made a rough detem1ination of how many animals had used the site OS we had a 

good idea of the volume of dung produced by one animal. 

The time period over whioh the dung accumulated is also dffficult to detemtine as the­

dung of different SJlecies deoomposcs differently. The rate of decomposition is related 

to the nbundanoe of dung beetles and the amount of rninfnll. Jacobs (2002) showed in 

h~r work on dung disappearance in the HiP that for nll sp~cfes the largest loss in oung 

ocours in the first two days. Aftet that the remaining dung (abou t 20-35%) remained 

ror the length of the exveriment. (64 clays). nnd ,vns stfll identifiable to a species level 
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·n1ere are also scrong seru,onal effects in the length of time dung is presen1 and 

identifiable, Jacobs (2002) did not rcpo,1 on the effocts of season 011 her dung 

disappearance expeiimem but one would hypothesize U1at in tl1e wet season dung 

would disappear quicker as the higher hum id ity and temperatures would allow for 

foster decomposition by microbes or burial by dung beetles and te1111ites. As my study 

took place in winter. I am confident that if ao animal had defecated on a site within 

ll1e last two months its dung wou ld still be identifiable. Thus my estimates of animal 

presence and abundance are bused ou winter/dry season utilization of lawns. This has 

imponant oonsequences for the interpretation of data as several speoies switch from 

grazing to browsing in the winter season e.g. impala are prt.'Clominantly grazers fn 

immmer and switch to hrowse in winter (van Rooyen 1992, Meissner and 

Ptetersc, 1996). 1lms their abundance in winter on lawns may be lc,qs lhan expected. 

Grass length also plays a role in the amount of dung r~corded. It is difficult to see 

dung in longer grass, especially on control sites , As a result we applied extra cffon in 

long grass areas to search for dung and moved grass aside in order to look on lh.: 

surface, As-the dung of smaller species like duikcr and hare are also more difficult to 

spot in long grass, !heir numbers may be underestimated on control sites. However it 

will be difficult to tell if there are fewer dung reoords because they were avoiding the 

area or because of the difficulty in finding the dung. 

The following table shows lhe range of heights, weights and abundance or various 

grazing and browsing species found within H.il'. Where possible data collected within 

in the park or in die Natal region was used for anim~I din1ensions, Data was taken 

from several mammal ti<?ld guides currently in circulation, 
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AnilJUll presence and size within Hi1' 

Table 2. Grazing and some browsing species arrangtd by increasing body mass. 
Anima l numbers are given for 2003 as predicted by a model that also accounted for 
removals, mortality and introductions. lnitial data for the model was gathered using 

fixed transect game counts in 2002. 

Species Scientific name Weight(kg) Height to shoulder Number in 
(cm) park (2003 

Male female Male Female cstimntesl 
Hare Lcnus siuatilis 1.92 2. 50 50 MRnV 
ln1pala Aepyceros 

63 50.4 90 85 26731 melamous 
Wnrtllog Phacochoef'IIS 

80 56 68 60 4223 
1wf/1ioi,/am 

Nyaln Tragelupl11ts 
107 62 112 97 8338 Q/lflDSii 

Kudu Tragclaphtis 230 157 140 12.5 1375 streosiceros 
Wildebeest ComttJdwe/es 

245 200 140 126 32.00 faurinu.t 
Waterbuck Kobus 

270 180 150 110 859 e//insim11mn11.~ 
Zebra Emms b11rcTtelli 320 260 135 130 3555 
Buffalo Sv,1{:ems caller 625 530 145 140 2895 
Black rhino Diceros hicornis 

858 874 150 145 301 
minor 

Giraffe Giraffa 
1200 828 330 280 789 came/onardalis 

White rhino Cerato11teri11111 
2200 1450 180 180 1896 simum 

61epbun1 Lox11do111a 5000 3200 340 270 360 (J /ricnllll 

'niis table illusLrates the range in body sizes found within the park. The species 

focused on in this study were hare, impa la, warthog, nyala, wildebeest, zebra. bulTsh, 

and white rhino. Table 3 il lustrates U1e great diversity in prcdntors found wiU1i n the 

study site. Lion spoor was found on the lliiycni study site ns well as I lyena 

droppings. It is reasonable to believe that all species in U1e table could have bt:cn 

present on the three study sites. There ore many smaller predators as well as lal'gcr 

predators thus smaller animals are probably under high predation pressure (Sinolair 

2003), 
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Table J. Predator species found witl1in Hluhluwe-iMfolozi Park arranged by body 
mass. Jan A. Graf of lh~ HiP Predator Project provided predator numbers. •data 

unknown 

Species Scientific Weight (kg) Height to Home Number in 
name shoulder (cm) range park 

Male Female Mnle Female 
Genet Genet/a 2 1.8 • • 50-100 Unknown, 
large 1igri110 ha numerous 
snotted 
Amcan Fe/is 5 3.7 • .. • Unknown 
wild cat l vhiCII 
Jnckal Cuni.t 9.4 8.3 38 .. • Present in 
black- ad11s111s 1860s 
backed 
Serval Fe/iJ; 11 9.7 58 • 15- Not 

servo/ 30kn1' reru•ncd 
Carneal Fe/is 13 to 42 • ,. Rare 

cnraca/ 
Wild Lyram, 27 • 75 * 

,. 33 
doP IJiC'IIIS 
Chedtah Acinonyx 54 43 87 • • 40 

iub11!11S 

Leopard Panthera 60 32 * • 150 
nardus 

Hycno Crocuta 60 70 80 • • 300 
cr oc111a 

Lion Panthera 190 13() 120 90 " 75 
leo 

Analvsis 

To test tl1e altema(ive hypotheses on body size and patch use I used a variety of 

metlmds. As a first approach incidence functions were drawn up for the study species 

for di!Terent $iZCd patches. 1bis would determine the minimum patch size a species 

occurs on. h would atso show what patch size a •species occurred on most frequently. 

Here Fig 4 i~ useful as it contrasts the two arguments. lf lnl'l:lc animals are found on 

small as well as large lawns while small animals nrc only found on large lawns then 

this is support for the predator avoidance hypolhesis. However iflarge animals are not 

found on smaller patches and smaller ailimals arc, then this supports th" forage 

limitation hypothesis. The incidence curves were drawn up for species found 011 the 

lawns for both the r=5 and the ~ measure (x being tbe radji of the GRE plot). 171csc 

ourves were drawn up using presence absence data. The data was pooled for all sites 
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according to circle siz~. A species was then rated on how may sites it was found on 

out of a total of nine for circles and nine control si tes. This is why the Y-axis has a 

max imwn of one if an animal is found on nine out of nine sites. fl is thus a probability 

of finding an animal of that specie_~ on n circle of that size. Control sites were 

included in this analysis to determine if animals preferred long grass on control slles 

to short grass sites. 

TI,e abundance of animals ~s determined by dung density can be compared between 

patches of different sizes. Ag;iin I.he predictions from lite two hypotheses are 

contradictory. The predator avoidance hypothesis predicts that the density of dung for 

small-bodied species would be greater on larger lawns. This di ffers from the first 

analysis as one can get- a measure of huw much lime animals spend in different 

environments as opposed lo merely moving through and possibly leaving dung 

behind. One could compare at whioh patc.h size du ng density is the highest for 

different sized spt!t:ies. 

The data collected on grass height, for the GRE provides an overall 1est for the 

predator avoidance hypothesis as one can compru e grdZing intensity on the centre of 

circles as opposed to the perimeters. If predator avoidancu influenced hnbitat choic~ 

then one might expect grazers lo concentrate grazing in the centre of a circle ot pa1cb, 

furthest- rrom vegetation cover that might conceal a predator. To 1es1 if grazing 

intensity differed between centres and perimeters the height of grass was compared 

between sites and circle sizes. Ifpredatoravoidancc influences pntch choice then the 

GRE might show different responses 111 grass height in I.he differen1 s ized patches. 

Grass migbt he taller in the smallest circles if all grazers avnid small patches and 

shoner in the largest circles. 
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Results 

TI1c following incidence curves were drawn up for species found on the lawns for 

bo1h rho r-5 and the r-x measure. 

1 
a, 
u 
C 0.8 a, 
~ 

::, 
u 
u 0 .6 0 ... 
0 

~ 0.4 
:a ., 
.0 02 0 
~ 

D.. 

0 
r-5 

Incidence I\Jnctlon for the r-5 me.,suro 

r-10 r-15 control 

Patch size 

_...,_ hare­
--n-pola 

wanhog 

nyala 

~widel>ees t 

---zol>rll 

-1-t>ullalo 
~thflO 

Figure (6). The incidence functions for study species on parches of di fferenr sizes 
using rhe r-5 measure of dung. Control s;res are included. Species are arranged by 
increasing body size, The data for rhtno was collected differently (see Methods. the 

use of dung as a proxy measure). 

From Fig (6) hare were least common on contr0l sit.es and small circles. They were 

common on medium and large lawns. Impala were least common on small circles and 

are more likely lo be found as circles size increases. War1hog were not found on small 

circles and are most likely to be. found on medium sized ctrcles. Nya la were rare on 

all circles and found less than 50% of the time on oontml sites. Wildebeest were leas! 

l'Ommon on control sites and small circles. They were mos\ common on medium to 

lnrgc circles. Zebra were most common on control sites but the probability of finding 

them on cin:les increases as circle size increases. Buffalo were most common on 

controls but have a similar abUJ1dance on all circles. Rhino were pr11sent on all size 

parches. 
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Figure (7). Incidence functions for study species using th.: r=x measure of dung on 
patches of different sizes. Control sites are included. Species are arranged by 

increasing body size. The data for rhino was collected dilTerently (see Methods. the 
use of dung as a proxy measure). 

The same trends for all species are found for this measure with the exception of ha1t. 

nyala and wildebeest which were more common on the control using the r=x measure. 

Probabllity of occurence on smallest patch relative to 
maximum occurence 

1 . 
♦ hare .. 
■ Impala u 

C 0.8 .. + A warthog ~ 
:, 
u Xnyala u 0.6 0 

;4( WIidebeest -0 

~ 0.4 • • zebra 
♦ + buffalo :s 

"' ::;: -rhino ,0 0.2 0 
~ 

0. 

0 ' ~ ' " 
0 0.5 1 1.5 2 2.5 3 3.5 

body mass (log kg) 

l'igure (8). Probnhll!ty of occurrence on smalles! patch relative to maximum 
occurrence o.n all patches. 
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Figure 8 shows the probability of an animal being found on the smallest patch (r=5) 

l'clative to its maximum occurrence on all patches. 1'he r=5 measure of dung was 

used. Probability of occurrence was determined using the incidence functions fot 

specie., (See Fig 6). The log of the fomale body size was used (See Table 2). 

Correlation between the r=5 measure and 1he r=x 

0.300 
measure 

y = 0.3467x + 0.004 
R2 = 0.5793 • • • 

0.200 • • )( 

I!. 
• 0.100 • • 

•• • • • • • • 
0.000 

0.000 0.100 0.200 0.300 
r=S 

l'iglire (9). The correlation between the amount of dung found on each circle usfng th~ 

r=5 and the r=x measure. 

llte overall agreement between the r=S and r=x measurements is reasonably g•Jutl 

(R'=0.58). The r=5 measure underestimated lhe amount of dung sites. This is not 

surprising due to the small a.rea that this measure sa111ples. 

Figure 10 is a meusure of abundance data for the different circles as optiosed to the 

presence/absence data represented by the incidence curves. The range in size is also 

great"r as the data for law11s is inclutl~tl as well as circle data. Hare nre only abundant 

on small circles; Impala arc <llost abundant on medium sized circle.~. Warthog are not 

present on small circles and most common on medium sized oircJ.,s. Wildebeest are 

most abundant on lawns and then on small circles. 7xbm arc not lound on small 

circles, are found almosl equally on medium to large circle.~ and most common 0 11 

lawns. Buffalo are also most common on lawns, then on medium siwd circles. 
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Habitat visibility at different sites 

Vegetation density was measured at two heights in 2004. There is a strong trend 

between lhc two heights for all sites combined. Distance lo cover docs increase as 

circle size increases but lhe 50cm measure is always smaller lhan the 150cm measure. 

There is a significant difference between the two measures (F= 3.49 p<0.02 Fig 10). 

Wtlb l;ambolcs. $!)2$0. F( •. 304.•~J. o•.Ot722 
\'ttn!~ biJII. O«I0\60.ilc:onl!oence IMIM!t 
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• 
• ' 10 ,. ::': 50cmA,r 

Cl!Cll&II~ ~ t50em,.~ 

Figure 10. A comparison between the distance lo obscuring vegetation cover at 50cm 
and 150cm around circles of different sizes (r-5, IO and 15). 
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Figure 11. The average visibility al two heighL5 for lhc lhree sites for 2004, 
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There is a significant difference between !he two measures of visibillty arnong sites 

(ANOVA, F=2.70 p<0.05 Fig 11). Siles are all similar al the 50cm height. llowever, 

!he Crossroads site has a lower visibility al 150cm than the Seme and Thiyeni sites, 

WIJ<1l-.oo;«l F(S. 3:1/•1,saQP'.l!!IJJj 

"1'lca bnd:n:IICOS6ccnlcltn:e~s 

n1a,----~------------~-----, 
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Oi)Bi 
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Figure 12. The abundance of dung for the smallest species for all circles combined Or\ 

a ;itc basis. There is no significant difference between the different species. 
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Figure (12) Grass l1eigh1s on a circle and site basis for a) 2000, b) 2003 and c) 2004 
data comparing heights in the centre to the perimeter. 
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An ANO VA was pcrfonned on the pooled data fora II ihree sitos for 2000. The circlus 

nre significantly d ifferent from each <>ther in tem1s of grass height (F~IO.IO J, 

p<0.00001, data noi shown) however, this is due 10 the larg.: difference between the 

oontrol .site and the circles as when the control site is removed the di fference i.s no 

longer sign1ficnnt (f;. 57, p:>0.5, data not shown). The centres of all circles arc lower 

than the perimeter. Whe!l the 2000 data is pooled on a site basis, rhe cemres are lnw~,· 

lltan the perimeters . I lowever there is no significant difference between sites (F~ 1.65. 

p<0.2), Control sites were excluded for this analysis. An ANOVA prefo1111ed on both 

site and circle differences in 2000, was almost significant (f= I.SO p<0.8. Pig 120) 

with control sites included . They nccount for most of the difference between ciroles 

and site..s but for all circles at all sites the centre is lower than thu perimeter. This is not 

always the case for the control as at ·n,iyeni the c~ntrc is perimeter, ns one woulil 

expect 10 find on a control sites, The- grass is also higher overa ll on control ~itcs. 

In 2.003, there was a significant difference in the heights of grass between sit.es 

(F= 3.22 p<0.05 data not shown). The centre was a"tunlly higher than the perimeter i·n 

Seme while at Thiyeni and Crossroads 11 was lower. When control data was included 

in this analysis, the resu lt~ were even more signi(icant (F=4.24, p<0.005, darn not 

~hown). This shows lbat in 2003 Senie was significantly different from other sites in 

1em1s of grass height of centre and perimeter. Figure ( 12b) shows 1h01 this variation is 

due to circles of size r-10 in Seme that have centres that are higher than perimerers. 

At Crossroads for circles o( sizer= 15 there 1s not much diJTerencc between centre and 

perimeter. For all other ciroles and sizes, the ccn1re is lower U1an the perimeter, 

whereas controls vury as 10 be expec ted. 

For 2004 gross height data, the centres aru all lower than the perimeters for circles of 

all sizes. This is not signi ficanlly different between circles of different sizts wirh 

controls included (r-= 1.69 p<0. 15, duta not shown). When cnn1mls are excluded, the 

same trend exists wi U, lhe centres of all circles lower 01an the perimeters but again no 

significant difforcnct!S between circle.~ of di fferent siz.:s (F=0.38 p<0.9, data 1101 

shown). When tht: data for all site-s for 2004 is pol'lled inclurlin~ control~, there is ~ 

signifi.cw,r ;lif'Ferenct: between sites (F=4.42 p<0.005 data not shown). Al the Thiycni 

site the centre is lower tha n ll,c: perimeter at nil circle sizes. At Crossroads this is also 
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the case but al circles of size r-5 and i= 15 there is almost no difference hetwcen the 

centre and the perimeter. Seme is again different ns the centre is higher than the 

perimeter at circles of s ize r-5 and r-10. When controls arc cxcluJecl, this 

relationship is still significant (F=3.27 p<;0.05 data not shown). An A NOVA between 

the effects of site;; and circle sizes showed no significant dffferences (F=O.SM p<0 . .9, 

l'ig 12c). When control site.~ were excluded, there ,vas still no significant difference 

(F=0.59 p<0.8. data not shown). Controls overall have longer grass than ci rcles. 

The correlat ion between unimal dung and visibility measures 

Animal dung abundance a t each she wos related to vegetation profiles. TI1ese profiles 

\Vere taken at both 50 and 150cm. The data was U1en ans Lysed for a variety o/' 

measurements for each circl;:; average ,~sibi lity, minimum visihility, maximum 

visibility and modal distance to obscuring vegetation where possible. This was 

determined at both heights. A co,rela1ion between the abundance of animal dung and 

each measurement at each height was then made. The c=5 measurement was used 1n 

an allempt to standardise the patch size analysed and 1hus only compare differences ln 

visibility between sites. Although this is not ideal as circles wc:re a range of sires, a 

; tandard area of each (r=S) \Vas measured for dung abundance. The effects of circle 

size on visibility are ignored for this analysis and one rnusl assume tltat all visibili ties 

are due to individual differences in visibil ity between patches rather than lhe size of 

tlte circle tl1e patch is situate<l in. Species not found in tl1e table did not hove a 

s ignificant con-elation between dung abundance and vegetation measures. 

Table 4. A summary of the results for which site and visibility factors best explain lh!! 
varionce observed in the abundance of dung found on circles of different sizes. 

Species F11ctors Co,relotion l' values for lactor 
co-efficient -Warthov 150cm mode R; Q.7128 P<0.0001 

Wildebecsl 50 cm minimum R=0.5808 P<0.001 
150cm minimum R=0.4463 1'<0.02 

Zebra 50 cm minimum R~0.42 l I l'=0.02 
150cm minimum R=0.3830 P=0.03 

lltc following fii,'Ure,q (Fig 14, 15 and 16) graphically cli$play some of lltl 

relationships reported in Tobie 4. 
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150cm) and the abundance of zebra dung for a stands.rd size patch (the r-5 measure) 

for a II circles. 

All lh.ree figures (Fig 14, 15 and 16) display u triangular relationship between the two 

variables, however the correlation for all three is significant. All three figures have a 

r,ositive slope as well indicating increased animal utilization with increasing visibllil) , 

Discussion 

Testing detenninanw of patch choice 

The forage limitation hypothesis predicts a relationship between body size ancl fornge 

patch size and quality. To simplify tests of the opposing prediction, l defined a 

foraging patch as a short grass sward (or "grazing lawn" where grasses have been 

grazed short enough for long enough to switch species composition to predominantly 

lawn grasses). I then tested several predicted patterns of animal distribution in relation 

to lawn size. Very small mammals e.g. rats and mice are exposed to both aerial and 

ground-based predators. I restricted my study lo grazers too larger for aerial predaiors­

with the eJtception of har0S. l assum~d lhat predator avc,idanoe was primarily by 

visual cues and nol due to olfactory or auditory cues. 
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Circles as a test of the patoh choice. 

The gulliver removal experiment (GRE) provided an opponunity to test the patch 

choice hypothesis as it created grazing lawns of different slzcs on three different sites 

that animBls could choose between. Animals coul(I be choosing to graze on a lawn 

due to several criteria. At one site, one would expect lhat all circles have grass (ln 

them of the same quality no matter what che circk size. Animals could be choosing to 

graze on patches that maximise food intake for their body size (Riichie and our 1999, 

Olff et al 2002). Alternatively, ~nimals could be choosing a site thac best suits their 

predator avoidance strategy to minimise U1eir predatio11 risk. Since small anima ls 11re 

more at risk from a larger range of predators (Sinclair 2003) and are more vigilant 

(Underwood 1982, see Fig 2), one wou ld ~xpect that their strategy would be different 

to larger animals, 

Presdncc/Absence data 

From Figure 6 and 7 appears tha1 impala are not as common on smaller circles as on 

larger ones. 111is is in opposition to the forag~ choice hypothesi.s that predicts impala 

would forage on small patches due 10 their small body size. TI1is trend is also apparem 

for warthogs (Fig 6 and 7). No warthogs were found on the smallest lawns (r-5) while 

they are readily found on larger circles. The avoidance of small lawns by hoth of chese 

species supports the predator avoidance hypochesis since buch species have a high risk 

of predation. Rhino Were present at aJJ sites and rhino middens were sirua1cd near all 

circles. Thus. they arc considered present for all sized circles on all sites, consistent 

with lhe predator avoidance hypothesis for large grazers, 

Nyala were included even though they are mixed feeders with a relatively high 

browse intake, since they were found on circles and sometimes grnw. In summe,, 

their intake. of monoe-0tyledons 1s estimated to be 82% of their diet. dropping to less 

lhan 18% in winter (van Rooyen, 1992). They were rarely found on any circles and 

only on the larger circles (Pig 6 and 7). They are most co111mou on co11trul sit~s. This 

is in agreement with a more cryptic strategy this species may be following in order to 

minimise predation pressure. 

The patttirn for buffalo differs according to wheU1er one uses 1he r-5 or the r=x 

measure of du11g. Using. the r=5 measure it appears that buffalo nrc found equally on 
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nil circle sizes regardless of size (Fig 6). Under the foraging hypothesis. it would be 

predicted that buJ'l'alo would only be found on the larger lawns. The r-~ data suppons 

tl1is hypoahcsls as buffalo were more abundant on larger circles according lo this 

measure (set! Pig 7). Buffalo are alw found in 1.Jrger numbers on the control sight 

111is could mean they prefer denser vegetation. or that they are not ll)'ing lo minimise 

!heir predation risk, as they have a predation refuge in thetr large body size and 

1herefore are foun,d in areas that have denser vegetation. They are also 1all grass 

foedcrs and may thus prefer control siles where the grass is longer. 

Wildebeest were present less often on smaller circles than larger circles (Fig 6 and 7). 

It up~ars that they are selecting for larger circles. This would be in line with the 

foraging hypothesis. The two measures of abundance holvever show a differe11t result 

ror ttontrol sites. The ,lnra for hares for the r-5 and the r-x measure is similar (see Fig 

6 und 7). Hares were present most often on larger circles. Zebra were least often 

encountered on 1he smallest la\\lns and most often encountered on control sites when 

presence/absence data is considered (see Fig 6 and 7). 111is would seem in line witl1 

the foraging hypothesis tbat larger animals would sekct luger grazing patches 

~-igure $ considers the probability of animals occ11rrinll on the smallest patches 

relative to their total pre:!ence on all patches , If animals were st:lecting patches 

aocordlng 10 the foraging hypothesis then one would e.xpect only small anima ls to be 

present on small patches. Rhin.c, arc present on small patches in opposition (o the 

foraging hypothesis. Buffa lo are also present on small patches in accordance with a 

predator avoidance argument t1nd in opposition to the foraging hypothesis os tl1ey 

could be on these patches without endangering themselves. The ncxl most abundanl 

animal is impala. There is a contrast between imrnla and animals (If a similar body 

mass (wanhog and nyala), which are not present on llie smallest patches as would l)e­

predicted by the foraging hypothesis. Herd size and the pn,dator avoidance hypothesis 

could explain this phenomenon. Impalas are present j11 larger herds than either 

warthog or nyala. Due to tl1e effects of herd size on vigilance, it appears that this data 

best supports the predator avoidance argument as related to herd size (see Fig 5) for 

impala. 
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llares are most likely to be found on small patches after impala. This appears to 

support the foraging hypothtl.'Sis as small animals arc found on small patches. 

However. l believe that this pattern for hares could also be in support of lhc predator 

avoi.clance hypothe-sis as hares are small enough to foJI prey lo aerial predators. Tims . 

patch size is also another way at looking nt distance lo cover for small ~l)ccies. If 

patches are small, a hare can quickly dash to the prot~ctive cover offered by tl1c 

surrou11di11g vegetation. The larger the patch the fur1her the distance lo cover, tJ:,e l~s. 

likely a hare will be found on a patoh. It is difficult to disentangle 1.his effect from !be 

for.iging hypothesis predict.ions though. 

Figure 9 shows the overall correlation between the r=5 and the r-x measure of citing 

on circles and c.ontrol sites. n,e amount of dung found on circles of r-5 does explain 

58% of the dung found on the entire circles. The smaller area being sampled does 

affect the ao,ount of dung recorded and prohably the number of species that may he 

encountered, Thus where possible both measures are used or just the r=x measure is 

used in order to avoid the under sampling of the r=5 measure. The measure of dung in 

dung piles per m' using the broadesl measure made of dung auundance. tin: r=x 

m<Jasure is used in Figure IO to get the maximum counts for all Species to avoid under 

sampling (sec: Fig 9). Jiare, the smallest study specids, are most abundant on small 

circles. This appears to support the foraging hypothesis However. predator avoid~nce 

argumems for this species might also be relevant as previously mentioned, 

lmf)llla arc not present on the smallest patches (Fig I 0). TI1is can be inlell)reted a; 

support for th<! predator avoidance argument as they are avoiding the smallest circle, 

where their risk of predation would be highesl They are not however as abundant on 

large circles as one would exptcl. It is possible that the larger circles arc used by 

severa l species and much of the forage has already been removed. Due to the winter 

drop in food availubllity, impala may be graz.ing on smaller cireles where the risk of' 

predation is higher but food resources are still available. In order to cow1ter the 

increased predation ri~k !hey graze in thes~ environments in larger herds 11s predicted 

by Fig (5) and thus the abundance of dung is the highest on intem,ediate sized circles. 

Warthog have a similnr trend to in1paln and are most abund~nt on medium sized 

circle~. However, they nre still quite abundant on \urge circles whereas impala are not. 
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This could again be a herd size effoct (Fig 5) as warthog generally form smaller herds 

lhon impala. The ruf:lerence in visibility between medium and large patches and lawns 

ts also probably of little consequence for warthogs as they have ljUite poor eyesighr. 

Wfldebeest do not se1:m to be abundant on any cirale.~ and seem lo prefer lawns. This 

trend can be interpreted as support for either patch choice, argument. Zebra are not 

present on the smallest patches. TI1eir abundance is similar on medium and large 

patches but they are most abundant on lawns. This could be inaerpreted as suppnrting 

abe foraging hypothesis as zebra ore scleoring larger patches. Zeb1'8S arc also quite 

vulnerable to predation 111e avoidance of small palch~s by zebrJ may thus be 

interp,eted as support for the foraging hypoahcsis as well as support for the predato1 

avoidance hypothesis. 

The animal leas, likely to be affected by prt:dation according to body si7..e arguments 

in ahis study would be buffalo. ·mus, one would expect their choice of patch si7..e to tx,. 

mostly due to the foraging argument or lo be random. Buffalo are most common nn 

lawns and almost absent on large circles. One would also expect them on large circles 

if they were choosing patches purely on size. 171.:cy arc also relatively abundant on 

~mall and medium sized lawns. This is in contradiction to the foraging hypofltesis that 

would predica them only selecting the largest patch s izes, Thus, the da ta for buffalo 

dO<:s not contradict the prediction made by the predator avoidance hypothe.~is amt 

doos nol folly support the forage choice hypothesis. 

The pattern.s for aU species abundance on different patch sizes can be interpreted in 

different ways. However, several species openly conaradicl the foragin_g hypothesis 

prediotion on patah size., nowhly the smallest species (warthog ~nd impala) while 

several of the larger species art: not only fo1111d on the largest p~aches (buffa lo). Thus. 

there ls some support ahat predator avoidance may be affecting the patch ohoiue of 

smalkr animals aSc predicted by the predator 11voidancu arguments and that lhe 

foraging hypothesis does not explain all of tho variability in patch choke displayed QY 

larger animals, 

Habitat visibility at different heights and different sites 

Figure IO supports the assumption that increased oirole size does increase the distance 

10 vegetation cover. Figure 11 shows that there are site differences ln dislance to 
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cover. 1bis indicates lhat the Crossroads site is a more wooded or scruhhy site thnn 

the Se,ue or Thiyeni site. One would predict that patches in nn owmll more enclosed 

site would b1;1 avoid.ed to an even greater degree. If patoh choice were not influenced 

by predator avoidanae arguments then one wou ld c~11cet no differenc1: between the 

circles on different sites. Figure l2 shows the results for the smallest animals alone as 

one would expect these would be the most influenced by distance to vegetation cover 

according to the predator avoidance hypothesis. All species appear 10 be less common 

111 Crossroads that at either Seme or 111iycni. This sugge.~ts that the over.ill visibility 

of sites does affoct patch choice of smaller species. 

Compnring the height of grass in the centre of circles lo the perimeter 
If the prerlator avoidance argument holds then one would cxpcc:t animals to graze in 

U1e oentre of oiroles 10 mnximise their viewing distance 10 potcntlal predators lhac 

could be concealed in the surrounding cover. Thus one would expect the gross in the 

tentres of circles to be lower than the grass on the perimeter. The foraging hypothesis 

makes no prediction about where an animal will graze in a pat'ch but as the argumenl 

is based on food quantity and quality I wou ld expect an animal to graze the perimeter 

and the centre equally as the quality would be unifom1 across a circle. Figure 12 a) b) 

and c) presents the data by site and circles for 2000, 2003 and 2004. 

For the dnta for 2000, 2003 and 2004 most circles have perimeters that are higher than 

centres. Seme is an exception for most years as perimeters and controls are usually 

similar in heighl Controls vary in whether the perimeter or the centre is higher as to 

be expected as these plots were laid out in tall grass areas. This is in support of the 

predator avoidance argument, us it can be interpreted that animals prefer lo graze in 

the centre of circles, where tl1eir distance lo veg1;1tation cover is maximised, a6 

opposed to the perimeter where they are closer to vegetation that may be hiding ll 

predator. Scmc does not conform to this rrend, which may lie due 10 the action ol' 

rhinos, its general openness or due lo some other unforeseen slte difference. 

The correlation between animal dung and visibility measures 

In order 10 compare the abundance of animal dung nndcr diflerunt visibility 

conditions with the only variable being the vlsfbillly from each patch, a standard siz" 

patch within each circle was chosen; the r=S measure of dung abundance. 111e size of 
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the circle has been shown lo influence the distnnce to obscuring vegerntion (Fig 10) 

but lhe average increase in visibility from a circlu of size r=5 to r-15 is ahout 1 Om at 

the 150cm measure of visibility. Thus, lhis assumption should not 1nfluencc the 

results greatly as differences between different circles are usually much greater than 

this. Several different measures of visibility were used from the vegetation profile 

data, as animals may be discriminating between patches using different criteria than 

we might. Correlations for three species were signifioanl between dung abundance 

and visibility measures (see Table 4). A single significant relationship for each 

species fs illuslrated (Fig 14, 15 nnd 16). 

The correlation be1w~-en wanhog abundance and the modal va lue or distance lo 

vegelDtion al 150cm is the mos1 significant of the relaci.onships in Table 4. The modal 

distance to vugutation could be interpreted as the overall openness around a patch or 

the uniformity of vegttation around a patch as warthog. may m•oid patches where a 

6ingJe large bush may provide an ambush site for a predator. rt is possible that 

w11rthog, are selecting patches that are generally quite open or uniform 1n their 

openness. This is support for the predator avoidance hypothesis, as one w ould not 

predict any relationship between patch ohoice and patch openm:ss based on lhc 

foraging hypothesis. figure 14 presents this relationship. Wanhog can either be 

present at ce.rtain measures of openness or not. This indicates that there may be othor 

factors Iha! affect warthog patch choice. 

Wildebeest and Zebra also have significant correlations lic1wcen the abundance of 

dung and the mfnimum distance to vegetation for the 50 and 150cm measures (Tnblc 

4). This suggests that for both species the presence of small bushes or tall grass {the 

50cm measure) and presence of larger shrubs sod trees the 150cm measure) affects 

their choice of patch. Figure 15 ru11,I 16 show U,at wildcl;,ccst und 1.cbra can either be 

present al certain measure of visibilily or not, indicating tl1at factors other than the 

111i11.i1J1um distance to vegetation at J 50cm are affcc(.ing patch choice. 17,e herd size 

effect on patch choice as predicted by th11 predator avoidance hypothesis (Fig S) could 

explain the higher than expected abundances for c.-ertain visfbility measures. 

Although the correlations between dung abundance and visibility measures did not 

aocounl fornll of the v11riability in lh~ data it ii; worth noling thntall correlations were 



positive and fhat the slopes of all correlations were positive, thus dung abundanc-e 

increased with increasing visibility. This ngain suggests that predator avoidance may 

be innuenclng the patch choice of animals. This correlation was not found for buffalo, 

rhus supporting the predator avoidance atgument, as one would predict that buffak, 

patch choice ,vould not be affected by patch size, as they are not as sensi tive to 

predation due to their latge body size. Different species may also be discriminalinj! 

between patches based on diflen:nt measures of patch openness. 

Concl\J.Sion 

Many of the different analyses suggest that smal ler animals are not found nn the 

smallest patches as predicted by the foraging hypothesis. It is poss ible that animals are 

~electing patches that meut severu l criteria. It is difficult to directly contrast th~ 

foraging hypothesis and the predator avoidance hypothesis because they do not have a 

oomparable currency. As Underwood (1981) first explained, the major difficulty in 

analysing vigilance behaviour is that an animal finding food by sight (or according to 

the foraging hypothesis selecting an appropriate size patch for a cenn,n body si1..c). 

receives immedia1e feedback on the success of its search behaviour. How1:ver bJ 

scanning for predators it is investing Lime in defecting a much rarer event and it may 

have little tlirect feedback of how effective its scanning is. 

Ritchie & Olffs' scaling laws (1999, Olffe1 n/1.002) are an attempt to find common 

simplifying tclationships in ecology thnt can explain biological diversity and habitat 

partitioning. However, they have overlooked predation and ptedator avoidance, which 

are especially import,mt in African game reserves where we still have a high densi ty 

and tliversity of predators. Even if it is djfficult to quantify the effects of predator 

avoidance on patch choice, it is important to recognise that it may be taking place. 

Their model might work. we.II in environments where predators are rare or absent and 

food choice may purely he bused on quantity. quality and body-size nrguments. 

However for animals in environments that contain predators I b~lieve lhe primary 

eonccm is how to obtain food without becoming food. 

The interface be1ween animal behaviour, foraging theory and vcg~tation struclure is 

important and deserves more attention. The implications or these relationships are 

exciting and potentinlly powerful as one could nrnnipulnte the nat1tral environment to 
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lhe benefit of target species, or to better observe how environmental change affects 

i;pecies. This is especia lly relevant with vegetation change in most gume parks leading 

lo bush encroachmcnL The impacts of a thicker vegetation cover on grazing species 

may result i11 greater mortality because the vegetation provides enhanced cover for 

predators. The loss of grazing lawns in HiP may off eel grazers directly rhrough a 

diminished food resource and indirectly due to diminished visibility on lawns. The 

chunge in vegetation observed in HiP provides an opportunity to lest these ideas. 

lhis study hns provided several arguments that animal choice of grazlng patch may b<: 

influenced by predator avoidance. This finding could be incorpOratcd with current 

patch ohoioe urgumenls in order to better explain the patterns observed in biologicol 

systems with a diversity of predator.; nnd prey and their interactions with their 

environment. 

Further S1udy 

The U,eory developed in this study remains 10 be directly tested. Visual observation of 

animal vigilance in different habitats to detem1ine th~ actual impaclsofv.:getation on 

vigilance behaviour would be a first step. The effects of vegeration are Qomplex as 

plant~ provide both food and cover. Cover can again be a sheltc.r from predators as 

well as a potential ambush position. One would need lo be able to be able lo k<lep all 

factors Ute same and experimentally manipulate one !'actor in order to sec what its 

singular effects are. llunter & Sk.inuer ( 1997) ha,;! such an exµcrimental set-up and 

showed th;it animals were more vigilant when predators ,vere present and that 

vigilance bebaviour increased over time after the introduction of predators. 

uxperimenwl manipulations of vegetation density and visibility di,tance would heltl 

clarify the effects of vegetation on patch choice. Removing large predators from an 

area and seeing if patch choice changed over time would nlso provide support for tht­

prcdator avoidance argument of patch choice. 
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