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ABSTRACT 

Concern about the decline in the black rhino (Diceros bicornis minor) population in the Northern Hluhluwe area 

ofIDuhluwe-Umfolozi Park from 1961-1986was the main reason that led to the initiation of the Black Rhino 2000 

(BR2000) research project, which this work formed a major part of. 

This thesis seeks to increase Imowledge of black rhino: habitat relationships and feeding ecology, to ascertain the 

causes of the IDuhluwe population decline, and in particular to determine whether habitat changes could have been 

the major cause of the population changes in the Park. It also seeks to determine the impact of management actions 

on black rhino. 

Through studying the feeding ecology of the species, the project obtained an increased understanding of what 

constitutes good black rhino habitat in terms of the species and size structure of vegetation; how black rhino 

perceive and use habitat; and what key variables need to be measured when assessing black rhino habitat 

suitability. Black rhino showed marked species and size class selection, highlighting the need to assess tblno habitat 

on a spize (SPecies sIZE class) rather than species basis. In both IDuhluwe and Umfolozi the bulk of their diet was 

made up of a few key spizes. In particular, black rhinos highly favoured small Acacias (<1 m) and members of the 

Euphorhiaceae family (Spirostachys africana andAcalyphaglahrata). Grass interference of browse was also found 

to significantly reduce browsing, and if their favoured small Acacias were hidden by tall grass, black rhinos were 

forced to eat more of less preferred taller Acacias. At a broad patch level very tall grass areas were avoided by 

black rltinos . 

Contrary to the belief prevailing at the start of the project, burning in IDuhluwe-Umfolozi Park was found, on the 

whole, to benefit black rhino in both the short and long term. In Hluhluwe, feeding levels were significantly 

greater in burnt than in unburnt plots, and burnt Acacias were especially favoured. In the short term no burning 

or infrequent burning was found to negatively impact on black rhino by 1) allowing "Acacias" to grow into taller 

less preferred size classes; 2) allowing emerging seedlings ofunpalatablefire sensitive later successional evergreen 

species to establish and grow; 3) not removing grass interference in wet years; and 4) not creating conditions 

conducive to the early season growth of palatable grolDld herbs. In the longer term, partial constrained spize 
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ordinations indicated that past fire frequencies significantly influeneed habitat eomposition and structure. Laek 

of fire in the 1950s and early 1960s was implicated as a major factor associated with a large decline in blaek rhino 

carrying capaeity following the development of mature Acacia niWtica elosed woodland, which it time further 

developed into lowland forest dominated by Euclea racemosa and Berchemia zeyheri. 

While bush-clearing of "Acacia's" temporarily reversed woody plant suecession; data strongly indieatcd that 

elearing was only effective in the shorter term; requiring follow up treatments to prevent the rapid development 

of mature "Acacia" woodlands. Of all the speeies, Dichrostachys cinerea was shown to be particularly resistant 

to elearing. Conditions immediately after the extensive clearing of IIluWuwe north in 1959-61 together with 

increased grass growth following culling of grazers and high rainfall is likely to have been a factor in the 1961 die 

off of black rhino in the area. However, by slowing successional development towards closed woodland and 

lowland forest eommunities in N.E.IIluhluwe, past Acacia clearing probably prevented an even bigger decline in 

black rhino carrying capacity from oceurring in the medium term. Given that the effects of bush clearing arc 

temporary and require intensive management in the form of frequent re-clearing to maintain open areas, the 

longer term success of the reeent clearing operations is likely to depend on other factors like the interaetive effects 

of fire and elephants. Regrowth of small Acacias on many recently cleared areas favoured black rhinos. 

A comparison between the offtake volumes and spizcs eaten following a remeasurement of plots first measured 

in 1969-71, clearly indicated that the northern IIluhluwe black rhino population around 1970 was under severe 

nutritional stress. The reeorded inerease in inter-calving intervals, age at first calving and adult mortality plus 

the likely high abortion/neonatal mortality during the decline are all consistent with and reflect a population under 

nutritional stress. Together with lmown removals, these factors can fully account for the scale of the IIluhluwe 

decline from the post 1961 die off period up to 1986. In reviewing probable and possible causes of the IIluhluwe 

decline it was clear that habitat changes had resulted in a steady and significant drop in carrying capacity from 

the late 1950s to mid 1980s, and that this was the primary cause of the IIluWuwe black rhino deeline. The increase 

in numbers of black rhino in Umfolozi over the same period was also consistent with habitat changes. Poaehing, 

fire, bush-elearing, demographie stoehasticity, competition from other browsers and inbreeding depression were 

not implicated as·majorfaetors in the decline. The levd of past predation of neonates by spotted hyena is unknown, 

and may or may not have eontributed to the deeline, although on its own neonatal predation could not have been 

the major cause of the decline. 
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SAMEVATTING 

Kommer oor die afname in die getalle van die swart renoster (Diceros hicornus minor) bevolking van die 

noordelike gebied van die IIluhluwe-Umfolozi Park vanaf 1961 tot 1986 was die hoof rede vlr die instel van die 

"Black Rhino 2000" of (BR2000) navorsing projek waarvan bierdie studie 'n groot deel uitgemaak bet. 

Hierdie tesis poog om kennis van swart-renoster habitatsvereistes en voedingsekologie uit te brei en sodoende die 

redes vir die afname in getalle te ondersoek. Daar word veral gekyk of habitat veranderbtg 'n hoofoorsaak van 

bevolkings verandering kon gewees bet. Die studie ondersoek ook die impak van bestuurs aksies op swart 

renosters. 

Deur studie van die voedingsekologie van die spesies is 'n goeie begrip van wat as goeie renoster habitat beskou 

kan word.in terme van spesies en struktuur van plantegroei verkry; asook hoe swart renosters hul habitat ervaar 

en gebruik. Hieruitwas dit moontlik om te bepaal wat die sleutel veranderlikes is wat gemeet moet word wanneer 

swart renoster habitatsgeskiktbeid beoordeel moet word. Swart renosters het sterk spesies en groteklas seleksie 

openbaar wat die nodigheid beklemtoon dat renosterhabitat op 'n spesie en grote basis ( hiervoor is die engelse 

term "spize" uitgedink) eerder as slegs spesies beoordeel moet word. In beide die IIluhluwe en Umfolozi parke is 

hulle dieet saamgestel uitslegs 'n paar sleutel "spize". Swart renosters bet 'n sterk voorkeurvir kleht (<lm)Acacia 

soorte en Iede van die Euphorbia familie (Spirostachys africana enAcafypha glabraJa). Gras he! met blaarkos 'n 

interaksie wat blaarvretery beduidend vermin.der bet, veral wanneer hulle verkose jong Acacia's deur lang gras 

bedek is, dan is die swart renosters verplig om meer van die minder aanvaarbare langer Acacia soorte te vreet. 

Op 'n bree skaal is langgras kolle deur swart renosters venny. 

In teenstelling met wat aan die begin van die projek geglo is, was brand in die IIluhluwe-Umfolozi Park voordelig 

vir swart renosters beide in die kort sowel as die lang termyne. In muhluwe is bevind dat beweiding meetbaar boCr 

was in gebrande persele, en gebrande acacia's het spesifiek voorkeur geniet. Ongebrande of min gebrande veld 

bet 'n negatiewe invloed op swart renosters omrede: 1) Acacia's uitgroei in minder aanvaarbare groteklasse; 2) 

Onsmaaklike soorte van later suksessie stadiums wat vuur sensitief is word kans gegee word om te vestig en uit 

te groei; 3) Gras bcdekking nie in nat jare verwyder word nie; en 4) Omdat toestande vir vroeC seisoens groei van 

smaakli.ke kntide nie geskep word nie. In die langer termyn bet gedeeltelike ordinasics van "spize" aangedui dat 
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habitats stroktuur en samestelling beduidend deur vorige brand frekwensie beinvloed is. Afwesigheid van vuur 

in die 1950s en vroee 1960s is as 'n hoof faktor in die groot afname in swart renoster drakrag uitgewys as gevolg 

van die ontwikkeling van volwasse, geslote Acacia nilotica bosgroepe wat met tyd ontwikkel bet in laeveld woud 

met dominansie van Euclea racemosa en Berchemia zeyheri. 

Ontbossing van "Acacia's" het houtagtige suksessic tydelik omgekeer maar die data gee stcrk aanduidings dat 

ontbossing slegs in die kort termyn suksesvol was, en dat opvolg behandeling nodig was om te verhoed dat snelle 

ontwikkelingvan volwasse "Acacia" bosveld plaasvind. Dichrostachys cinerea was veral bestand teen ontbossing. 

Toestande na die omvattende ontbossing in IIluhluwe Noord vanaf 1959 tot 1961 saam met die welige grasgroei 

na die uitdun van grasvreten en verhoogde reenval was waarskynlik 'n faktor in die vrektes onder swart renosters 

gedurcnde 1961. Dit is egter ook waarskynlik dat die vertraging van ontwikkeling na geslote bosveld en laeveld 

woud gemeenskappe as gevolg van ontbossing in die verlede 'n self groter afname in swart renoster drakrag oor 

die medium tenny verhoed het. Daar die resultate van ontbossing tydelik van aard is, en intensiewe opvolgbestuur 

vereis om oop areas te onderhou, sat die langtermyn sukses van ontbossing afttang van ander faktore soos die 

interaksie van olifante en vuur. Hergroei van Acacia's op baie van die onlangs skoongemaakte areas het swart 

renosters bevoordeeL 

Vergelyking van die volumes en "spize" gevreet, wat gemeet is na 'n oorspronldike meting in 1969-79 dui daarop 

dat die IIluhluwe swart renoster bevolking gedurende ongeveer 1970 onder geweldige voedings stress verkeer het. 

Die aangetekende verhoging in tussenblfperiodes, oudcrdom by eerste kalwing en volwasse mortaliteit asook die 

waarskynlike hOO voorkoms van aborsies en neonatale mortaliteit, dui alles op 'n bevolking onder uitermate 

voeding stress. Saam met die getal diere verwyder (bekend), kan hierdie faktore die voile bevolkingsafname 

verklaar, vanaf die vrektes na 1961 tot en met 1986. By oorweging van die moontlike en waarskynlike redes vir 

die afname opIDuhluwewas dit duidelikdathabitats veranderings 'n stelselmatige en beduidende afname in swart 

rcnoster drakrag tot gevolg gchad bet vanaf die laat 1950s tot die mlddel 1980s en dat dit die prime re oorsaak van 

die afname in swart renoster getalle was. Die toename in swart renosters in Umfolozi in die self de periode kon ook 

aan habitatverandering toegeskryfword. Stropery, vuur, ontbossing, demografiese stokastisiteit, kompetisie van 

ander blaarvreters en inteling konnie as beduidende faktorc vir die afname uitgewys word nie. Die geskiedkundige 

vlak van predasie op jong diere deur gevlekte hiena's is onbekend, en kon moontlik bygedra bet tot die afname. 

Predasie op jong diere kan egter op sy eic nie 'n beduidende oorsaak van die afname gewees het nie. 
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CHAPTER 1: 

PROJECT RATIONALE, SCOPE AND OBJECTIVES, 

AND A GUIDE TO THE STRUCTURE OF THE THESIS 

2 



!NffiODUiCTl!ON 

The background to the initiation of the BR2000 project was covered in detail in the original BR2000 project 

proposal (Emslie 1986). In brief, the world importance of South African black rhino populations increased 

dramatically over the last thirty years. While poaching reduced the world's black rhino population by an estimated 

96% since 1970; South African black rhino numbers increased over the same period. By the end of 1995, South 

Africa had more black rliino than any other country (with 1,025 out of Africa's approximately 2,410 - Source: 

nJCN SSC AfRSG data - Emslie & Brooks 1996). This situation can be contrasted with 1970, when probably only 

about 4% of Africa's black rhinos occurred in South Africa. The survival of the species is therefore becoming 

increasingly dependent on successful conservation in South Africa. 

However, not all black rhino populations in South Africa were performing well. Peter Hitcbins estimated 

that the Hlubluwe-Umfolozi Game Reserve population bad declined from about 330 in 1973, to an estimated 

190 by 1985 (Hitchins & Brooks 1986). The translocation of88 black rhino from the park during the same period 

only partially accounts for this decline. As a result of heavy poaching in other range States, Hluhluwe-Umfolozi 

Park's black rhino population has increased in international importance to become the world's largest black 

rhino population. From a continental perspective the decline in Hlubluwe was therefore a major cause for 

concern. 

DIFFERENCES IN PAST POPULATION PERFORMANCE IN DIFFERENT AREAS OF HLUHLUWE

UMFOLOZI 

Past population performances also differ markedly between different areas within Hluhluwe-Umfolozi Park 

(Hitchins & Brooks 1986). Table 1.1 presents the Hluhluwe-Umfolozi black rhino population estimates by area 

from 1933 to the 1991. As the boundaries of the areas estimated have changed over time, black rhino densities 

are also presented in the table to facilitate comparison of the data. 
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THE HLUHLUWE DECLINE 

Prior to the 1961 "die-off", the Hluhluwe and Northern Corridor black rhino population was estimated at almost 

300 (Deane 1961). This translates to a density of 1.03 black rhino/km'. Of these animals, 59% occurred in north 

Hluhluwe at the very high density of 1.54 black rhino/km2
• 

Forty six black rhino mysteriously died in Hluhluwe North in a three month period from the 11 ~of July to the 27u. 

of October 1961 (Hitchins & Anderson 1983). The decline continued, and by 1973 the Hluhluwe population was 

only two thirds of peak levels (Hitchins & Anderson 1983), with densities around 0.84 black rhino/km'. By 1991 

it was estimated that black rhino densities in Northern Hluhluwe were only 17% of peak levels (0.26 black 

rhino/km 2). 

THE UMFOLOZI INCREASE 

In contrast to Hluhluwe, black rhino densities increased in the adjoining Umfolozi from only 0.03 black rhino/km' 

in 1933 to 0.29 black rhino/km' by 199 I. Umfolozi densities have more than doubled over the last twenty years 

despite removals (Hitchins & Brooks 1986; Adcock et al 1991, Adcock 1995). 

Table 1.1 shows that in 1967 densities in Northern Hluhluwe (0.906 rhinos/km') were more than ten times 

higher than those in Umfolozi (0.080/km2
). However densities continued to decline in Hluhluwe whilst 

numbers increased in Umfolozi and the Corridor, with the result that by 1991 densities were similar 

throughout the park (Northern Hluhluwe 0.261/km'and Umfolozi 0.292/km2). Thus, although densities were 

similar throughout Hluhluwe-Umfolozi Park in 1991, population performances and past densities have 

differed markedly between areas in the reserve. 
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TABLE 1.1 : Hluhluwe-Umfolozi black rhino population estimates and densities (n/Km
2

) by area. 

t POPULATION ESTIMATES 

Post Die Ott 

AREA km2 1933 1937 1848 1950 1852 1861 1861 1962 1967 1871 1972 1973 1976 1982 i965mln i9B5 1990 189\ 

100 

ORIGINAL HGA 160.79 B5 1 \5 160 190 

HLUHLUWE 230.67 
279 233 201 J99 "' 69 87 

Brooks N.HGA 89.12 
14' 100 75 67 

Brooks E.HGR 54.99 
67 62 " 

Brooks W.HGA 25.9 
20 16 20 

46 48 -" 
Brooks S.HGR 60.68 

N.HGR 114.79 
177 131 104 

97 102 

S.HGR 115.89 

HGA & N.COA 292.34 
300 254 226 170 

S.HGR & N.COR 177.56 
123 122 

49 

Brooks S.HGA & N.COR 122.35 
67 73 79 

N.COA = Brooks N.COR 81.67 
21 25 

S.COA 201.66 
26 

67 

OLD COA 258.33 
30 51 53 69 " 41 " 

CORRIDOR 263.53 .. 
UGR 1933 291.6 10 52 

W.UGA 313.05 

S.UGR 157.21 

OLD UGR 477.54 
10 38 41 60 60 BO 81 102 

UMFOLOZ! 470.26 

136 

329 328 191 241 303 282 

HLUHllJINE-UMFOLOZl 964.46 

j POP ULA r!oN DENS1l 11:s n/km2j 

Post Die Off 

AREA km2 1933 1937 1946 1950 1952 1961 1961 1962 1967 1971 1972 1973 1976 1962 19B5mln 1965 1990 1991 

0.622 

ORIGINAL HGA 160.79 0.529 0.715 0.995 1.162 

HLUHLUWE 230.67 
1.210 1.010 0.871 0.663 0.585 o.2ee 0.377 

Brooks N.HGR 89.12 
1.638 1.122 0.842 0.752 

Brooks E.HGR 54.99 
1.218 1.127 0.600 

Brooks W.HGR 25.9 
Q.772 0.616 Q.772 

Sroolls S.HGR 60.SB 
0.758 0.791 

N.HGR 114.78 
1,542 1.141 0.908 

0.261 

S.HGA 115.89 
0.837 0.880 

HGR & N.COA 292.34 
1.028 Q.869 0.773 0.582 

S.HGA&N.C011 177.56 
0.693 0.687 

0.276 

Brooks S.HGR & N.COR 122.35 
Q.548 0.597 0.646 

N.COR = Brooks N.COR 61.67 
0.341 0.405 

S,COA 201.86 
0.129 

0,332 

OLD COA 256.33 
0.117 0.199 0.201 0.262 0.336 

o. 156 0.197 

CORRIDOR 263.53 o.268 

UGR 1!!33 291.6 Q.034 0.331 

W.UGA 313.05 

S.UGR 157.21 

OLD UGA 477.54 
0.021 

0.080 0.088 0.126 0.128 0.168 0,170 0,214 

UMFOLOZl 470.26 

0,289 

0.340 0.340 0.198 0.250 0.314 0.292 

HLUHLUWE·UMFCl.OZ! 964.46 

- "··-• .. 11 ,,.rnM·•I.! 1011-:i ~~.i 1-1:,,.h1..,,. <nc"> <n'H 1n11n ~,.i,.,.,,.t,. A. ~ ..... ~1: .. <oon J..i'"""t,. ,.1 ol 1oot 0~1tu <o~., ,~.i >1,,.,,.,1,o~ <070 



CONCERNS THAT LED TO THE INITIATION OF BR2000 

For a number of years since the 1961 "die-off", the Hluhluwe segment of the population showed classic signs of 

a population at or near ecological canying capacity : delayed sexual maturity, longer calving intervals and high 

adult and calf mortality (Hitchins & Anderson 1983). Despite removals, the Hluhluwe population showed no 

improvement in performance (Owen-Smith & Brooks l 985), suggesting that in this instance, Caughley's ( 1985) 

Partial Compensation Harvesting Model (which is the main theoretical paradigm on which regional black rhino 

conservation strategy is based) did not apply. 

The Hluhluwe population decline and continuing poor performance was a cause of great concern to local managers 

and NGO's. Natal Parks Board staff on the ground identified the need for a Hluhluwe black rhino research project 

as early as 1984 (P.M. Brooks, R.Henwood & S.Pillinger pers. comm.). The process-based management workshop 

held at Masinda in 1985 also highlighted the need for further black rhino research (Knott & Wills 1985; Anon 

1986). The level of concern increased further following the publication of the preliminary results of Peter Hitchins' 

1985/86 black rhino census work The Southern African Natu,re Foundation (SANF now W AF-SA) were also 

extremely concerned about the situation in Hluhluwe, and about the lack of a national black rhino conservation 

initiative at the time. Although an academic proposal to the SANF to do a black rhino project was unsuccessful 

in 1985, the SANF were convinced of the need for an applied research project on black rhino (R. Soutter pers 

comm.). The SANF then initiated the Black Rhino 2000 project (BR2000) with the Natal Parks Board (NPB)", with 

SANF approaching and negotiating with me to undertake the project. The Endangered Wildlife Trust (EWT) and 

Total Oil became major sponsors of the project shortly afterwards. Later Ecoscot Consultancy Services itself 

became the fifth major sponsor. 

Given the increasing global importance of Southern African Populations, SANF staff, and the SANF Scientific 

Advisory Committee were keen that the project work towards formulating a National Conservation Strategy for 

the species (F.Stroebel and R. Sautter pers comm). Both the EWT and Mr Van Der Walt of Total also indicated 

to the consultant that they were interested in the broader strategic conservation work; as was Ecoscot Consultancy 

Services. 
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The broader scale work ofBR2000 (not discussed in detail in the Thesis) was concerned with regional and national 

monitoring and strategies for rhino conservation. With the development of the Conservation Plan of the black 

rhinoceros in South Africa, the TBVC States and Namibia (Brooks 1989), the broader scale work of BR2000 was 

channelled through both the Rhino Management Group (RMG) and IUCN SSC's African Rhino Specialist Group 

(AfRSG). 

This included: 

• determining information requirements for population monitoring and reporting to the RMG (Sandwith 

etal 1988,Emslie l99la) ; 

• improving rhino population estimation procedures, through addressing field data collection requirements, 

and devising and producing the tailor-made Bayesian Mark-Recapture analysis software package RHINO 

(Emslie l 993a); 

• revising RMG black rhino ageing categories (Emslie et al 1993) 

synthesising and managing regional black rhino population data (1989-93) , and producing the first two 

status report summaries for South Africa and Namibia (Emslie 1990b, 199lc) 

• holding a workshop for the RMG to develop procedures for assessing propef!Y suitability for black rhino 

and for assessing carrying capacities (Emslie 1993c) 

• attending RMG and A!RSG meetings in South Africa, Namibia, Zimbabwe and Kenya, and contributing 

to rhino conservation workshops in South Africa, Kenya and Tanzania. 
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While this broader scale work primarily focused on biological management issues, the crucial importance of 

community development, law enforcement and security in the successful conservation of black rhino is fully 

recognised. 

The primary concern of the Natal Parks Board (NPB) was that the BR2000 project should focns on the Hluhluwe 

decline, and in particular black rhino-habitat relationships. This subject forms the basis of this thesis. This project 

was designed to enhance and build on Peter Hitchins' earlier work in the Park by focusing on areas where there 

appeared to be information gaps. In particular it was clear that there was an urgent need to obtain a more detailed 

understanding of black rhino feeding ecology in different areas. This would enable general principles about the 

factors influencing black rhino populations to be drawn; and shed light on whether habitat changes were the main 

cause of the Hluhluwe decline. Such knowledge would also prove valuable in improving estimates of the potential 

of different areas for supporting black rhinos. 

INVESTirGATIINrG TillE CAUSE§ OF TillE HJLUHLUWE DEICL!NE 

POSSIBLE CAUSES OF THE HLUHLUWE DECLINE 

Prior to the start ofBR2000, Hitchins & Brooks(! 986) concluded that although a number of hypotheses to explain 

the causes of the Hluhluwe decline existed, the exact causes of the decline had not been established. Unfortunately 

in many cases there was limited evidence to evaluate alternative hypotheses; or the available evidence had not been 

synthesised. 

One of the major aims of this project was therefore to examine key alternative hypotheses; and in particular 

to determine whether habitat changes in Hluhluwe were likely to have been the primary cause of the 

Hluhluwe decline. 
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The various hypothesised possible causes of the Hluhluwe decline at the start of the project were: 

o Habitat changes have greatly reduced the carrying capacity of the area for black rhino. 

o Past bush clearing by management may have caused or catalysed the decline by removing 

favoured black rhino browse. 

o Control burning by management has negatively affected black rhino by selectively removing palatable 

young browse plants (Hitchins - quoted in Anon 1988), and that more black rhinos could have been burnt 

in veld fires than previously thought (Hitchins & Brooks 1986). 

o Alternatively, infrequent past burning may have been detrimental to black rhino by negatively 

affecting habitat quality. (This hypothesis conflicts with the previous hypothesis and the 

speculative conclusion from a 1988 NPB meeting to discuss Peter Hitchins' management 

recommendations, that increased fire frequencies and competition with browsers may be the two 

factors that negatively impacted on the Hluhluwe black rhino population (Anon 1988) 

o Calf predation by spotted hyena and/or lion has increased 

o Genetic problems and inbreeding depression may be the cause of reduced performance. 

o Black rhinos may have suffered from increased competition for food with other browsers, and 

especially from nyala which increased in nwnbers tenfold between 1950 and 1972 (Anon 1988). 

o Poaching was greater than previously thought, especially around the Corridor road (Hitchins 

& Brooks 1986, Anon 1988). 

o A disease outbreak, prussic acid poisoning or haemolytic anaemia may have reduced numbers. 
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o Heavy culling of grazers during the "agricultural" period of management in the early 1980s 

may have contributing to an increase in tall grass areas. Grass interference of browse in turn may 

have negatively affected black rhino by hiding preferred food plants. 

o Browsing of poisonous alien plants may have led to increased mortalities. 

o Stochastic demographic factors may have reduced performance. 

o The use of chemicals to control Tsetse flies and Harvester termites in the 1940s and early 

1950s may have contributed to the decline. 

o The scale of the decline may have been overestimated because of variable undercounting 

biases in the population estimation methods. 

It was also speculated that the exceptionally low rainfall in I 979-83 contributed to the decline, and that inter male 

fighting increased in Hluhluwe contributing to the decline. 

Evaluating many of these hypotheses for the decline depends on a good understanding of: 

l) Black rhino feeding ecology 

2) Patterns of woody plant dynamics, and the factors that govern them. 

3) Influence of management actions (burning, culling, bush clearing etc) on vegetation and hence black 

rhino habitat quality. 

These three aspects became tile key focus of the local component of the BR2000 project. 
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A CONCEPTUAL FRAMEWORK TO STUDY BLACK RHINO:HABITAT RELATIONSHIPS 

Figure I. I illustrates how the three aspects mentioned above are inextricably linked together, and provide a 

conceptual framework to study black rhino: habitat relationships. 

There are basically two sub-systems being studied, and these are represented by the two boxes. 

The lower box represents the detailed study and understanding of black rhino woody plant selection and 

preferences ( eg species and size class importances and preferences, and the influence of grass height on black rhino 

feeding). 

The upper box illustrates changing woody plant structure and composition. The icons around the upper box 

represent key factors governing woody plant dynamics and current habitat structure and composition. 

These variables can in turn be broken down into two groups. 

o The first group of variables includes those factors that cannot be directly manipulated or controlled by 

management; namely: 

PE: Physical Environmental factors such as sail type, underlying geology, distance from water, 

slope, aspect and altitude. 

W: Weather 

M: The influence of iron age man on the environment. 

T: Time for successional processes to operate following key episodic events. 
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o The second group of variables that cao be affected by maoagement are of greater practical interest; namely: 

GB: Large grazer biomass aod species mixes 

RE: Reintroduction of, aod stocking policy on elephaot 

BC: Bush clearing 

F: Fire frequencies, return periods aod intensities 

The arrow depicts how the two boxes are directly linked. It follows that if we have a good understaoding of black 

rhino feeding ecology, then we are in a position to interpret what aoy observed chaoges in habitat will meao to 

black rhino. 

By understaoding how management actions influence habitat dynamics, we cao infer the likely effects of our 

maoagement actions on black rhino habitat quality. The rationale behind focusing on these habitat issues is 

discussed more fully below. 

BLACK RHINO:HABITAT RELATIONSHIPS AND HABITAT CHANGES -THE MAIN FOCUS OF 

THIS THESIS 

THE NEED FOR STUDIES OFBLACKRHINO FEEDING ECOLOGY 

IN HLUHLUWE-UMFOLOZI 

To date most of our knowledge about black rhino habitat selection bas come from studies in East Africa 

(Goddard 1967b, 1968, 1970 ;Frame 1980;Mukinya1973, 1977;Brett1986),AddoElephantPark(Hall

Martin et al 1982), aod Namibia (Joubert & Eloff 1971 ; Loutit et al I 987). Unfortunately the conditions in mast 
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of the areas studied differ from those in most of South Africa's black rhino reserves (East Africa has two rainy 

seasons and leguminous forbs are very abundant; conditions in Namibia are much more arid than in Zululand; and 

in the Addo Elephant Park succulents are abundant). The results of these studies are therefore not directly 

applicable to Zululand conditions. 

Many of these studies had limitations. In particular most of the published black rhino feeding studies to date have 

made little or no attempt to quantify food availability. Such studies therefore can only be used to quantify dietary 

importance of different food items (but not preference and rejection levels). Some of the studies simply counted 

the number of plants browsed without taking cognisance of the size of the browsed plant, their settings, or the 

amount of foliage removed. 

Prior to this projec~ detailed research on black rhino feeding patterns in Zululand was restricted to one study in 

three habitat types in N.E.Hluhluwe in 1969-71 (Hitchins 1979). Peter Hitchins (I 969) also studied habitat use by 

comparing densities of known black rhino in two areas to the different proportions of broad physiognomic 

vegetation types in the two areas. This work was backed up by limited vegetation data from two transects per area. 

However, at the outset of the project, the view that further research into rhino habitat selection was needed was 

not universally accepted (P.M. Brooks, pers. comm.). At least one conservationist at the time felt that "we already 

knew all we needed to know about black rhino habitat use". However, the need for further work was clearly 

apparent when black rhino specialists visited the area of developing forest behind the Zincakeni dam early 

on in the project. Visual habitat suitability estimates of the same patch ranged from "Prime black rhino 

habitat" to "Poor"! This was clearly not an ideal situation. 

Given regional and national conservation goals for the species (Brooks I989, Brooks & Adcock 1997), black rhinos 

are now being managed on a metapopulation basis. Translocation of black rhino to new areas forms a major part 

of this regional strategy. In turn, habitat suitability assessments form an integral part oftl1e evaluation of potential 

new areas for reintroduction of black rhino. 
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Our ability to estimate carrying capacities of potential new parks would improve if our knowledge of black 

rhino habitat use improved. In particular, improved knowledge about black rhino feeding ecology should reduce 

the risk of overestimating potential canying capacity. 

The study of black rhino feeding ecology in two areas with differing past population performances would provide 

valuable information. This project therefore studied black rhino feeding in both Umfolozi and IDuhluwe. In 

IDuhluwe, feeding results could also be compared withHitchins' findings two decades previously (1969-71) when 

black rhino densities in Hluhluwe North were approximately three times higher than they are today. 

Another good reason to study feeding ecology in detail is that detailed knowledge of black rhino feeding patterns 

is needed to be able to assess the likely impact on black rhino of any natural successional or management induced 

changes in woody vegetation composition and structure. 

EVALUATING THE HABITAT CHANGE AS A MAJOR CAUSE OF 

THE HLUHLUWE DECLINE HYPOTHESIS 

While analysis of aerial photographs has revealed major changes in Hluhluwe woody vegetation cover and 

physiognomy since the 1930s (King 1987); detailed information on vegetation changes in IDuhluwe at a species 

size class (spit;e) level was limited (see definitions in Chapter 4 ). To evaluate the habitat change hypothesis, it was 

therefore necessary to determine as best as possible how woody vegetation composition and structure had changed 

in Hluhluwe. The rationale behind the study of succession is that provided one has a detailed knowledge of black 

rhino feeding preferences and selection patterns it is possible to estimate the likely effects of past changes in 

IDuhluwe woody species composition and structure on black rhino. 

Fortunately a hypothetical successional sequence for woody vegetation in IDuhluwe had already been proposed by 

Whateley and Wills (1996); although academic referees of a draft of the paper had questioned some of the authors' 

conclusions about the causal processes operating. Although Nick Killg (1987) supported the Whateley-Wills 
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successional model for IDuhluwe; he recommended that the Natal Parks Board should make a study to verify the 

proposed successional pathways a research priority. 

THE NEED TO DETERMINE THE EFFECTS OF MANAGEMENT 

ACTIONS IN HLUHLUWE-UMFOLOZI ON BLACK RHINO 

Management actions in IDuhluwe (control burning, bush clearing, culling and removal oflarge herbivores and re

introduction of elephant) can also affect habitat composition and structure. Particular concern was expressed about 

the possible negative impact of burning on black rhino at a Natal Parks Board meeting in 1988 (Anon 1988). Natal 

Parks Board managers were therefore keen to detennine the likely impact of their management actions on black 

rhino. 

This project therefore aimed to study how management actions have affected habitat conditions. Once again, the 

implications for black rhino of any identified man-induced vegetation changes can be inferred given detailed 

knowledge of black rhino feeding patterns. The short term effects of burning can also be detennined by observing 

how black rhinos use burnt and unbumt areas after fires. 

Four major difficulties arise in separating out the effects of management actions on habitat composition and 

structure (and hence rhino habitat quality): 

o Environmental and management effects are partially confounded requiring sophisticated 

statistical techniques to separate out the independent effects of key variables of interest ' 1• 

o The ability to sort out the effects of past management impacts is ouly as good as the quality 

of the monitoring records of management activities, and the degree to which adaptive 

management is practised. 

16 



o The vegetation data are complex, bulky and noisy. Multivariate analyses were used to deal 

with some of these problems. In some cases software had to be written to prepare data prior to 

analysis". Interested readers who are not professional ecologists can read Appendix 4.1 for a 

non-technical explanation of what such multivariate techniques can do, and how to interpret the 

graphical outputs from such methods. 

EVALUATING OTHER HYPOTHESES FOR THE HLUHLUWE DECLINE 

A review ofavailable literature and records for the area were in part used to evaluate the possibility ofother factors 

(besides vegetation change) being responsible for the Hluhluwe problem This covered factors such as genetics, 

competition with other browsers and predation. The possibility of variable bias in population estimation leading 

to an over-estimation of the Hluhluwe decline is also considered. 

VORTEX (Lacy &Kreeger 1992, Lacy et al 1995) modelling was also used to evaluate the possible influence and 

relative importance of some hypothesised causes for the Hluhluwe decline. Factors affecting population 

performance that were modelled using VORTEX included neonatal calf mortality (related to poor nutrition/hyena 

predation), inter-calving intervals, adult mortality rates, age at first calving, maximum age of breeding, 

translocation of rhinos, inbreeding and loss of genetic heterozygosity, stochastic demographic factors, and 

occasional catastrophes such as adult predation by lion, poaching and animals being burnt in veld fires. 
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MAfN OIBIBCTIIVIE§ AND lKEY QUESTION§ 

The objectives of the thesis follow from the infonnation gaps identified in the previous section. The thesis is 

primarily concerned with increasing our knowledge about black rhino: habitat relationships and feeding ecology, 

the impact of management actions on black rhino and the causes of the Hluhluwe population decline. It has three 

main objectives ... : 

1) To study black rhino habitat use and feeding ecology in areas with contrasting 

population performance (N.Hluhluwe & W. Umfolozi). 

The work aims to obtain an increased understanding of: 

oa What constitutes good and sub-optimal black rhino habitat in terms of species and size 

structure of the vegetation ? - Can general principles be drawn from findings in Hluhluwe

Umfolozi and other areas? (see Objective lb) 

ob How do black rhino perceive and use habitat? For example, do they select for patches of 

suitable habitat, or select at a finer species, spize (species size class) or resource level (spize and 

grass interference level); or alternatively do they select at a hierarchy of scales? 

oc What key variables need to be measured when assessing habitat suitability ? 
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Given the concern about the reasons for the Hluhluwe decline it was necessary: 

2) To determine why the Hluhluwe black rhino population has declined; and in 

particular to evaluate whether habitat changes have been the major cause of 

population changes in Hluhluwe (and Umfolozi). 

To answer these questions one needs to meet objectives la and lb above and: 

oa To detennine how the habitat has changed in Hluhluwe (and in particular evaluate the 

proposed successional model of Whateley & Wills). 

ob To ascertain the likely effects of other factors (such as genetics, competition with other 

browsers, and predation) on population performance. 

Management can affect habitat structure and species composition, and so it was necessary : 

3) To determine the effects of management actions (fire, bush clearing, heavy culling, 

reintroduction of elephant) on black rhino habitat quality suitability. 

Again this is a two step problem - Firstly determining how habitat is altered by management, and secondly 

interpreting this in the light of knowledge of black rhino feeding preferences. In addition to answering questions 

la and lb above, key questions were: 

oa What were the short and long term influences of fire on Hluhluwe vegetation and black 

rhino habitat suitability? 

ob What have been ti1e long and short term influences ofbush clearing on the woodr vegetation 

in Hluhluwe, and on black rhino habitat suitabilitY? 
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oc What were the likely effects on black rhino habitat quality of the very heavy culling during 

the period of conservative "agricultural" management inHluhluwe-Umfolozi in the early 1980s? 

In particular, how will the likely increase in grass interference of browse during the late 1980s 

have affected black rhino habitat quality? What does the increase in grazer densities following 

the replacement of the "agricultural" management paradigm in Hluhluwe-Umfolozi by Emslie, 

Wills and Goodman's "process-based" management paradigm hold for the black rhino? 

Limitations of black rhino population estimation methods available at the start of the project, resulted in the 

original PhD project proposal having a fourth aim "to develop an improved black rhino population estimation 

technique that could be used in the field'. This aim was achieved by developing the necessary statistics to improve 

estimation of black rhino population sizes using field sighting/re-sighting data, and t11en writing a software 

application, "RHINO" (Emslie l 993a) to enable field biologists to use the derived statistical methods. This formed 

part of the broader scale work ofBR2000 and has been fully written up (Emslie 1993a). However in order to reduce 

the size and scope of the thesis to a more manageable level it was decided not to include this work in the thesis. 

This introductory ch_apter provides a route map through the thesis chapters, which are split into 4 main 

sections: 

I Black rhino feeding ecology and habitat use : Methods and Analyses (Chapters 2-5). 

II Black rhino feeding ecology and habitat use : Results (Chapters 6-13) 

ID The influence of environmental factors and management actions on black rhino habitat 

quality (Chapters 14-19) 

IV Probable and possible causes of the Hluhluwe decline: Discussion and Recommendations 

(Chapters 20-23) 
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A ROUIB MAP TO TIIDE 'flHIIE§X§ 

STYLE OF THE THESIS 

To aid the reader, chapter summaries are given in bold font at the beginning of each chapter (except in copies of 

the thesis submitted for the degree of PhD), and key points in the text have also been highlighted in bold font. 

Chapter notes (indicated by'" in the text) are appended to the end of each chapter, while Appendices follow the 

Refernces at the back of the disertation. 

In order to reduce the size and scope of the thesis, my supervisor decided that the thesis should restrict its focus 

to just the first three aims dealing with the more local ffiuhluwe-Umfolozi Park research. Despite excluding all 

the broader scale work of BR2000, this thesis still covers a wide range of research topics. Following further 

discussions with my supervisor, it was decided that in order to cut the size of the thesis, but still present the full 

picture and scope of the Hluhluwe-Umfolozi research, only a chapter summaries for chapter I0-14, 19 and 21 

would be included in the Thesis. However in the interest of conciseness, all chapter summaries, with the 

exceptions of Chapters 10 and 21 have been removed from the final copy of the thesis submitted fur the degree of 

PhD. However, all 23 chapter summaries are included in both a shortened summary version of the thesis, and all 

other copies of an expanded version of the thesis for wider distribution. Additional detail relating to Chapters 16 

and 18 and the final applied recommendations ofBR2000" presented to, and considered by the Natal Parks Board 

at a BR2000 recommendations meeting in February 1995 (Emslie 1995) can be found in the BR2000 reports 

lodged with the Natal Parks Board (now KZNNCS). Many of the latter were concerned with broader strategic 

conservation management issues and this document was also written primarily for park managers not scientists. 

Results summaries have for the most part been included as Tables. The many large tables may be a bit off-putting 

to the casual reader. For this reason, the salient points to emerge from these tables have either been discussed in 

point form in the text, or been illustrated graphically. The tables have been included primarily for other researchers 

who may be interested in specific details of the results. Those with limited time need only glance at the tables. 
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The analytical approaches, field techniques and software used are described in Chapters 2,3,4 and 5. Readers not 

overly concerned with methodological and analytical details should just read the summaries of Chapters 

2,3, 4 and 5; and the definition of terms in Chapter 4. 

Similarly, the results and key findings from the Fonnal Inference-based Recursive Modelling {FIRM) are also 

discussed in point form in the text. An optional edited 84 page summary of key FIRM results (Appendix 9.1) is 

available to examiners on request and formed part of the BR2000 report to the Natal Parks Board. 

Those readers who are unfamiliar with the constrained ordination methods and the interpretation of canonical 

correspondence analysis biplots can consult Appendix 4.1 for a non-technical explanation. 

STRUCTURE OF THE REPORT 

Chapters with only chapter summaries have not been shaded 

SECTION I - BLACK RHINO FEEDING ECOLOGY AND HABIT AT 

USE 

The four chapters (2-5) outline the methods and analyses used to study black rhino habitat relationships. 
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SECTION II - BLACK RHINO FEEDING ECOLOGY - RESULTS 

The following eight chapters ( 6-13) present the results of these analyses, ending with comparison of the results 

with those of other areas. Observations of feeding behaviour of a boma'd rhino are also listed. Chapters 6 to 9 are 

included in full as they deal with results from the pilot, grid and post-bum surveys. Only chapter summaries are 

included for chapters 10-13. 

These chapters provide answers to the following questions: 

What are the levels of browse availability in the two study areas? Such data are required to be 

able to assess dietary preference and rejection. What are the key species and spizes in the habitat 

in terms of density, available browse bottles and canopy cover?. These data provide a baseline 

against which future vegetation changes can be measured. 

What are the most important, preferred and rejected species in black rhino diets in Hluhluwe 

and Umfolozi ? 

What are the effects of tree size class on both preference and importance values for key woody 

species in both study areas ? 

What woody plant communities are black rhino selecting for, and which are they rejecting? 
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At what level were black rhinos selecting their food - at a plot, species, spize and/or resource 

level? 

What are the differences in food and habitat selection patterns between ffiuhluwe and Umfolozi 

? 

How do black rhino diets vary at different seasons ? 

Do black rhino change their habitat or species selection because ofburns? In particular, are black 

rhinos forced to seek unbumt patches or forest patches to feed in after bums? 

What are the effects of burn severity on black rhino habitat suitability? 

What were the feeding patterns of black rhino immediately after burns and before the post

burnlearly growing season vegetation flush period ? 

What were the feeding patterns of black rhino during the post-bum/early growing season 

vegetation flush period ? 

How important were forbs in the ffiuhluwe black rhino diet ? Which were the key species? 

Were browsing levels influenced by the degree of grass, thicket and forb interference of browse, 

and if so how ? 

Do black rhino preferentially feed along paths ? 

Have feeding selection patterns changed in NE ffiuhluwe since Peter Hitchins measured black 

rhino feeding in 1969170 ? 
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How do the results compare with findings elsewhere? Can general principles be drawn? 
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CHAPTER 10- Black rhino feeding patterns V: Remeasurement of Hitchins' 1969-1971 transects in the bush 

cleared areas of Hluhluwe North (Summary only) 

CHAPTER 11 - Black rhino feeding patterns VI : Forb Use (Summary only - Excluded from PhD 

examination copies) 

CHAPTER 12- Black rhino feeding patterns VII: Comparison of Hluhluwe-Umfolozi results with other areas 

(Summary only- Excluded from PhD examination copies) 

CHAPTER 13 - Black rhino feeding patterns VIII: Bo ma feeding observations (Summary only - Excluded 

from PhD examination copies) 
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SECTION ill - INFLUENCE OF ENVIRONMENTAL VARIABLES AND 

MANAGEMENT ACTIONS ON BLACK RHINO HABITAT QUALITY 

The next six chapters ( 14-19) examine the influence of various environmental and especially management actions 

(fire, bush clearing, stocking rate policy) on black rhino habitat quality. 

CHAPTER 14 - Hluhluwe Woody species: Environment relationships (Summary only - Excluded from PhD 

Examination copies) 
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CHAPTER 19 - The effects of management actions on black rhino habitat quality V: Game introductions and 

removals (Summary only - Excluded from PhD examination copies) 

SECTION IV - PROBABLE AND POSSIBLE CAUSES OF THE HLUHLUWE DECLINE 

The next four chapters (20-23) review the probable and possible causes of the llluhluwe decline and assess whether 

habitat changes have been the primary causes of the Hluhluwe decline. Recommendations to stem directly from 
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the research relating to the local management offlluhluwe-Umfolozi are also briefly discussed in Chapter 23". 

CHAPTER 21 - The use of VORTEX PVA modelling to examine the possible causes of the Hluhluwe 

(Summary only - Included in PhD Thesis):; 

IHDLUlHILUWE-IUMIFOILOZII IP' ARK 

flluhluwe-Umfolozi Park is situated in Zululand in the province ofKwazulu-Natal in South Africa and is 96,453 

Ha. Readers who are unfamiliar with flluhluwe-Umfolozi Park, and who require more background information, 

should consult either Whateley & Porter 1983, Brooks & Macdonald (1983) or King (1987). 

Figure 1.2 shows the locations of the two main study areas in N. flluhluwe and W. Umfolozi. 
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IGURE 1.2: MAP OF HLUHLUWE-UMFOLOZI 
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# 1: For example, fire frequency is in part a function of altitude, slope and aspect. In other words, certain areas have envirorunental conditions and 

microclimates that are more predisposed to growing tall grass; and higher fire frequencies usually occur in such tall grass areas. Titls is a "chicken 

and egg" problem. 1be approach adopted to deal with this problem was to firstly statistically remove the effect of the environmental variables on the 

vegetation. (A spin-off is that this analysis also contributes to an understanding of woody:envirorunent relationships.) The next stage, was to detennine 

whether fire variables significantly explained any of the remaining variation in the vegetation data (ie the variation not already explained by the 

environmental variables). This approach relied on the assumption that not all areas with the same environmental conditions experienced identical 

management treatments (in this case fire regimes). See Figure 4.1 

#2: For example, as one is interested not only in species, but also size classes, one needs to describe habitat in terms of abundance levels of250 to 

300 species-size classes (or spizes). The effects of grass interference further complicates matters. The human brain cannot readily deal with habitat 

descriptions in 300 dimensions. Therefore the approach taken to deal with this was either to use multivariate techniques to condense data down to 

a few derived composite variables describing the main vegetation gradients; or to study feeding preferences on individual species and spizes one at 

a time. 

#3: With the benefit of hindsight and current knowledge, the 1980 density estimates of0.7 rhino/km2 for Hluhluwe and Northern Corridor, and 

slightly higherthan0. lllcm2 forUmfolozi (Brooks et.al. 1980), were likely to be over and underestimates respectively. Bayesian re-analysis of Peter 

Hit chins' 1985 data using the method ofZucchini & Charming ( 1986) indicated that the population estimate of 190 in Hitchins & Brooks (1995) was 

a biased underestimate and that the true population was probably closer to 240 animals. The 1995 estimate of 405 is based on RHINO analyses of 

mark-recapture data. 

# 4; This document was written for park managers and contains a total of 65 reconunendations and suggested matters for the Parks Boards 

ma.nangement teams attending the workshop to consider under the headings of removals, ftre, bush clearing, predators, genetics. potential competitors 

and especially nyala, grazer stocking levels, elephants, game capture, habitat assessments, vegetation monitoring, black rhino monitoring, research. 

scientific conununications, socio-politics, lobbying by NGO's and the problem of surplus males. Many of the BR2000 recommendations were also 

concerned with broader strategic metapopulation management issues. A copy of this document is lodged with the Natal Parks Board (now KwaZulu

Natal Nature Conservation Service). 
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THE FEEDING ECOLOGY OF THE BLACK RHINOCEROS 
(Diceros bicornis minor) 

IN HLUHLUWE -UMFOLOZI PARK, 
WITH SPECIAL REFERENCE TO THE PROBABLE CAUSES 

OF THE HLUHLUWE POPULATION CRASH 

PARTl 
BLACK RHINO FEEDING ECOLOGY AND HABITAT USE: 

METHODS AND ANALYSES 

Chapter 2 - Methods I: How does one measure black rhino feeding ? 

Chapter 3 - Methods II: Black rhino feeding:habitat studies 

Chapter 4 - Methods III: Black rhino feeding:habitat data preparation and analysis 

Chapter 5 - Methods IV: Processing of raw data using RESOURCE© prior to 
subsequent multivariate analysis 
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CHAPTER2 

METHODS I : HOW DOES ONE MEASURE BLACK RHINO 

FEEDING? 
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There are three broad approachers to assessing the diet of browsers like black rhino (Barnes 1976, Kotze 1990): 

1: Analysis of ingesta or faeces. 

2: Direct observation of feeding animals 

3: The measurement of browsed vegetation (plant-based methods) 

ANALYSIS OF INGESTA OR FAECES 

The analysis of ingesta (by way of fistulas or stomach content analysis) was not an option for black rhino for 

obvious reasons. 

A major advantage of faecal analysis is that the feeding sampled in the dung covers the full 24 hour period. 

However, faecal analysis has a number of well known limitations. The contribution of less digestible or easily 

identifiable material is likely to be overestimated (Goddard 1968, Kotze 1990). In addition the effect of leaf shape 

on the probability of individual fragments being sampled under the microscope is unclear (Bruce Page pers. comm) 

" 

Given the above problems with faecal analysis, one cannot reliably quantify how much of each species is 

represented in the dung sample. At best one can simply conclude that an item is present or absent in a dung 

sample, and quantify the frequency with which individual species occur in a number of dung samples .• 

The other less commonly articulated, but major shortcoming with using dung analysis to study black rhino woody 

plant die~ is that it is not possible to determine the size of the plant, and where on the plan~ the material in the 

32 



dung sample came from. The feeding patch woody species composition and physiognomy, and grass snucture, also 

remains unknown - Yet this is just the information we need to understand rhino habitat selection. 

However, despite its limitations, faecal analysis is currently the most suitable method to study forb use in 

densely bushed areas where direct observations cannot be made. 

DIRECT OBSERVATION 

Goddard successfully used direct observation to study black rhino diet in Ngorongoro, Oldnvai (Goddard 1968) 

and Tsavo (Goddard 1970). The docility of individual rhino and the open terrain allowed much of the fieldwork 

( to be done from a Land Rover. In some cases Goddard was able to observe feeding rhino from only ten metres or 

less. Conditions were less favourable in Tsavo although Goddard found he could successfully follow rhino on foot 

in most habitats. In all these studies Goddard used a feeding station method. The number of stations where a 

species was eaten was expressed as a percentage of the total number of stations recorded. Goddard (1968) 

concluded that his method provided an indication of the relative importance of the various plant species in the diet, 

rather than a precise bulk or volumetric measure. 

) 

Mukinya (1977) used a Land Rover to find rhinos, and then also successfully used direct observation to measure 

browsing along rhino feeding tracks. He estimated the proportion of a plant eaten by comparing measurements of 

the browsed remnant with the total height of an uneaten plant of the same species close to the remnant 

Hall-Martin et al. (1982) also successfully used the feeding track technique to measure black rhino feeding in a 

210 ha paddock in Addo Elephant National Park. Approximately 5,550 plants were examined in this study. The 

densities of the rhino in the paddock for the 15 years before the study ranged from 1.3 to 5.2 rhinos/ km', and thus 

were far greater than the maximum densities recorded elsewhere (Emslie & Adcock, 1988). The artificially high 

densities explained the high amount of feeding recorded. 
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Hitchins (1979) attempted direct observation over a period of 8 days in Hluhluwe, but with limited snccess. 

The nature of the terrain and its effect on wind direction and local turbulence together with the dense vegetation 

made it almost impossible to maintain visual contact with a feeding black rhino for more than 15 minutes. By way 

of comparison, in more open East African terrain Goddard threw out any observations made if it was not possible 

to watch the animal for at least one hour. The Kenyan and Tanzanian method ofusing a Land Rover to find rhino 

was not an option in Hluhluwe-Umfolozi because of the thicker bush, more rugged terrain and because driving 

off roads is generally not permitted in the Park as it damages the veld. Hitchius therefore rejected direct 

observation methods, and instead chose to use indirect plant-based methods in his feeding study in Hluhluwe. 

Field trials in Umfolozi also showed that the hilly terrain limited the effectiveness ofusing radio-tracking to locate 

feeding animals quickly and efficiently. The use of a null-peak aerial system improved tracking, but not to a 

sufficient degree to make it a practicable field tool"· 

Data collected by Hitchins during fieldwork in ! 985, indicated that when sampling a large area (i.e. notjust when 

visiting the most favourable areas), black rhinos were seen between every 23.5 to 39.2 kilometres walked. The 

overall rate of encounter for the Hitchins' 1985 surveys was 32 km/ black rhino group encountered. Comparable 

rates of encounter during BR2000 fieldwork were: 48.6 km and 18.6 km for the Hluhluwe and Umfolozi Grid 

surveys respectively; and 11 km and 12.1 km for the two Hluhluwe Post-burn surveys. No black rhino were 

encountered during the Umfolozi Post-burn Survey. 

Thus even if it was possible to observe animals for long periods; the low rate of encountering rhino means 

that direct observation in thick Zululand conditions would be very inefficient. 

However, the major problem with direct observation techniques, is that direct black rhino feeding 

measurements are likely to be strongly biased. 

Firstly, most black rhino movement occurs during the evening and night (Hitchins 1971, Hillman 1982). Direct 

observations during the day may reflect the need for therrnoregulation by lying up in thick bush or near pans and 
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on ridge tops and therefore could produce a very biased sample. The point is - daytime feeding areas may differ 

from night-time feeding, and ideally one needs a technique that will sample feeding throughout 24 hours in 

an unbiased way. 

Although highly idiosyncratic, many black rhinos are shy, and some individuals may therefore choose to browse 

in open areas or near roads during the night. For example, we were watching an adult black rhino bull ("Harvey") 

at the Hlaza saddle near Hilltop in Hluhluwe. He was trying to move up slope through open country, and appeared 

to be intending to cross the main tourist road at the Hlaza saddle. However, every time he heard the noise of a 

vehicle pass by on the road, he turned back and hid in a patch of thick bush. 

Certain rhinos do become more habituated to humans. For example the male "Ugodo" and female "Cadbury" have 

both been watched resting in the grass very near to noisy human activity at Game Capture and the Hluhluwe 

Tennis Courts respectively, without any sign of concern. In all these cases the rhinos were out of the direct sight 

of the people making the noise. However in Zululand, individuals like these may be the exception rather than the 

rule. (By way of contrast many of the black rhinos in the open areas of Nairobi National Park, Kenya and 

Ngorongoro Crater, Tanzania, appear to be completely habituated to vehicles.) 

Many of our daytime "sightings" of radio homed rhino in Umfolozi occurred in the very thick donga dissected 

Euclea undu/ata I Schotia capitata I Brachylaena i/icifo/ia I Maytenus nemorosa I Olea europaea I Carissa 

bispinosa dominated dense hillslope bush. TI1e Pilot feeding survey and Grid Surveys recorded limited feeding in 

such areas, with only Maytenus nemorosa, Schotia capitata andDovya/is ca.ffra being regnlarly eaten along paths. 

Black rhinos therefore appear to use these areas more for therrnoregnlation than feeding during the day. By way 

of contrast, Umfolozi's black rhinos are less commonly seen during the day in open short grass areas with small 

"Acacia's" near tourist roads. However the plants in these areas often show signs of extensive browsing, suggesting 

that much of the feeding in these areas occurs at night. These observations corroborate the concern that feeding 

levels in open areas near human disturbance were likely to be lower during the daytime. 
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Radio-tracking of black rhino in Pilanesberg by Hillman (I 982) also revealed a similar pattern of differential 

habitat use between night and day. Hillman ( 1982) also found that at night black rhinos spent proportionately 

more time feeding in more open grassland areas, and in areas with lower woody canopy cover. This was also 

supported by her observations of browsed vegetation; and that in areas of Pilanesbergfarfrom human disturbance, 

black rhinos were more often seen in open areas. 

Differential visibility and availability of nearby climbable trees (given that black rhino can be dangerous) 

in different habitats, would further bias direct observations in Zululand. 

PLANT-BASED METHODS 

Plant-based methods rely on monitoring feeding signs. When browsing woody plants black rhino characteristically 

bite branches and twigs (Schenkel & Schenkel-Hullinger 1969) leaving a neat angled cut surface that looks like 

pruning, as shown in Figure 2. I. This differs from the "toothbrush fraying" of branch ends eaten by elephant. 

Elephants tend to be more destructive in their feeding and may strip bark. 

In Namibia, Joubert and Loutit also ruled out direct observation because of the low sighting frequency of rhino in 

their study areas, and instead studied feeding by following a rhino's tracks, and noting all species that were eaten 

(Joubert & Eloff 1971; Loutit et al 1987). Loutit et al (1987) compared feeding data to measures of available 

browse made in 20m diameter circles after every 200m of feeding track, while Joubert used samples of 100 trees 

along randomly sited transect lines to determine preference (Joubert & Eloff 1971). On these transects Joubert 

recorded the number of trees browsed, and used these data to categorise the amount of browsing on a tree as Heavy 

or Moderate depending on the number of twigs eaten. Unfortunately no indications of sample sizes were given. 

In both studies, this work was occasionally supplemented by direct observation (Joubert & Eloff 1971; Loutit et 

al 1987). The success of the feeding track method in Namibia was in part due to the more favourable conditions 

for following spoor and availability of expert trackers. 
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Hitchins ( l 979) used a black rhino browse index, where each tree in a plot was examined for browse and scored 

either 0 (no black rhino feeding signs), l (l bite), 2 (2 bites) or 3 (More than two bites). He swruned the total 

browsing scores for each species, and expressed the results as a percentage of the maximum points possible for 

each species. Hitchins' browsing index was therefore an improvement on simple binomial eaten/not eaten 

feeding preference assessments. 

TIEOH!NlIQUE§ U§IElDl ro l\AIIEA§UJRE IFIEEDIING 

THE BROWSE BOTTLE VOLUMETRIC ASSESSMENT METHOD 

THE METHOD 

A standard volumetric unit of browse was defined called a browse bottle (or BB) "·The volume of leaf material 

was the primary variable considered when assessing browse bottles. 

The browse bottle measure was designed to improve upon the method developed by Hitchins ( l 979). The aim was 

to provide an approximate volumetric browse measure, allowing one to assess both browse availability and use, 

on a range of woody species and size classes, without being prohibitively time consuming to apply. 

Figure 2.2 shows how much one browse bottle represents for each of five different species, and serves as a 

photographic standard. The browse bottle measure and photographic standard were also used in Ila.la by Kotze 

( l 990)". Estimates of the number of browse bottles available were usually made using a geometric doubling scale 

with mid points (ie. Y,, I, 1 Y,, 2, 3, 4, 6, 8, 12, 16 BB's, etc.). The same geometric scale with midpoints was used 

to estimate browse offtake in the pilot survey. During the grid surveys, browse offtake per tree was estimated to 

the nearest Y, browse bonle. 
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Figure 2.1. Characteristic "pnming" of woody browse by black rhino. 

Figure 2. 2. Browse bottle standards. 
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On other occasions, where slightly cruder measures of browsing were required (the rapid post-bum surveys, and 

when walking between grid transects), the total offtake browsed in each transect was ranked using a 5-point scale 

(with class boundaries defined using browse bottles). 

There is a trade--0ffbetween the level of measurement precision attainable in a single plot versus the number of 

plots that can be sampled in a given time. The pilot survey indicated that large samples would be needed in the 

Grid surveys to deal with the high spatial variability inherent in both savanna habitat composition and strucrure, 

and black rhino feeding patterns. Because of this high variability, better understanding would come from larger 

sample sizes, rather than from using more precise but time consuming methods in fewer plots. 

The browse bottle technique was designed to provide a volumetric measure that could be consistently applied to 

give approximate estimates of browse abundance, was quick to use, and could be used by different observers. Its 

ball-park resolution, was also in the right order of magnitude to be appropriate for data analysed using multivariate 

ordination methods (Gaugh 1982). 

PILOT TRIAL OF METHOD 

Many vegetation monitoring techniques are notoriously subject to inter--Observer variability. Visual techniques to 

estimate browse use have not escaped serious observer biases (Pitt & Schwabb 1990). It was therefore of primary 

( importance to us to determine whether the eye-balling browse bottle method was repeatable. Hobson (1989) has 

shown that an eye-balling technique (he called it ocular estimation!) was for a given sample size more precise and 

more accurate in estimating browse offtake on A.karroo bushes than objective techniques. A trial to assess the 

browse bottle method was undertaken in ltala. 

Before the trial one individual acted as a black rhino, and "browsed" eight trees using pruning shears. The 

harvested twigs were then removed and hidden from the observers. The observers (Adcock, Emslie & Kotze) were 

shown the browsed bushes, and each estimated how many browse bottles had been "browsed" from each bush 
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(Missing Browse). No conferring was allowed between observers who independently wrote down their assessments. 

After estimating the "Missing Browse" the observers Were shown the 11Browsed Twigs", and again asked to assess 

the number of browse bottles per sample. Results are given in figure 2.3. 

A One-Way ANOV A was initially used to analyse the trial data. There was no difference between observers in their 

offtake estimates when looking at the "Missing Browse" (F; 0.015 df:2,2 l p;0.9849). Similarly there was no 

difference between observers' offtake assessments when looking at the "Browsed Twigs" (F;0.030 df:2,21 

p;O. 9702). In both cases, plots of the residuals against predicted values were examined to ascertain whether the 

key assumption of residual homoscedasticity had been violated. Heteroscedasticty was not present, validating the 

analyses. 

As there was no difference between observers, data were pooled to examine whether offtake estimates based on the 

"Missing Browse" differed from those based on looking at the "Browsed Twigs". Again no significant differences 

were found between the estimated compared to actual offtake levels (Paired t;0.299 Pair n;24 ir=0.766). 

Although not an exhaustive trial, the observers were satisfied that the technique was suitably robust, and 

could be used by different observers. The trial also showed that it was possible to estimate browse offtake 

reliably while only looking at a browsed tree. 

The three trial observers (Adcock, Emslie & Kotze) also undertook all the rhino habitat:feeding assessments in 

the IDuhluwe, Umfolozi and Itala black rhino feeding/habitat studies. This facilitated comparison of results. 

Moreover, the apparent robustness of the technique allowed two field teams to work concurrently during the 

IDuhluwe and Umfolozi grid surveys. 
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Figure 2.3 a. Offtake estimated from looking at the branch ends 
remaining on plants after "browsing" 
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Figure 2.3 b. Offtake estimated from looking at the branches 
("bites") removed by "browsing" 
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PROBLEMS WITH THE BROWSE BOTTLE METHOD 

It must be stated tbat tbe Browse Bottle plant-based technique was not witbout its problems. In short tbese were: 

o Black rhinos do not always browse woody plants in tbeir characteristic "pruning" way. For example, we observed 

black rhinos after burns nibbling tbe tips of freshly coppicing Acacia shoots soon after a burn. Looking only at tbe 

feeding signs on such a plant, it would have been impossible to tell what species had browsed it. 

o It is difficult to assess browse bottle offtake on certain soft or thin stemmed species/spizes ( eg. Lipplajavanica, 

Euclea crispa, Chromolaena odorata, Hippobromus pauciflorus, and small Ce/tis africana). If a number of 

adjacent stems had been neatly browsed it was usually easy to tell whether tbey were likely to have been taken in 

one or more big bites. If this was tbe case tben tbe browsing was ascribed to black rhino. Ifnot, tbe browsing was 

not recorded 

o The inability to determine which species browsed small thin seedlings also meant tbat tbese had to be excluded 

from tbe study. 

o The BB values from very large leaved species like Dombeya burgessiae may not be exactly comparable witb BB 

values for otber smaller leaved species. Calibration of key species BB's could easily be used to solve this 

shortcoming if it was ever felt to be a real problem. In practice, BB estimates are still a marked improvement on 

simple binomial present/absent or eaten/not eaten measures. In addition, a major advantage of tbe browse bottle 

metbod was tbat browse availability and browse offtake assessments were directly comparable within a species, 

provided browse availability was also quantified in BB's. 

o The morphology of certain succulent species (Aloes and Euphorbia's) and most forbs, makes it impossible to 

assess tbese species using this metbod. Visual observations of browsing of Euphorbia's (M. Ward pers. comm.) and 

tbe presence of Aloe fragments in Itala (D.Kotze pers comm.), Hluhluwe-Umfolozi, and Pilanesberg (K.Adcock 

pers.comm.) black rhino dung indicate that black rhinos eat these plants. 
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o By looking at the end of the branches it is only possible to estimate approximately when browsing took place. 

In this study "new" and "old" browsing was distinguished primarily by the colour of the browsed shoot ends. New 

browse still retained some of the wood's pale creamy yellow/orange colour at the bite site, while old browse was 

grey and lacking colour at the bite site. 

o It was not possible to use this method to study whether feeding differed between different age/sex classes of black 

rhino. 

o Whilst I share Schenkel and Schenkel-Hullinger's (1969) confidence that in almost all cases it was possible to 

distinguish correctly between elephant and black rhino browsing; under some conditions the usually clear 

difference between elephant "toothbrush fraying" and black rhino "pruning" can be blurred. Fortunately in the 

majority of such cases, other bites can be inspected to decide which species did the browsing. We erred on the side 

of caution, and did not record browsing unless we were sure it was done by a black rhino. 

o Black rhinos have been observed to strip leaves (like giraffe) from species like Grewia's. However, Grewia's are 

also browsed in the typical black rhino pruning way. 

o In areas with eland, some misclassification of black rhino browsing is more likely. In this study, eland were not 

present in either study area. 

ELECTRON MICROSCOPY 

As mentioned above, a major drawback with the browse bottle method is that it cannot be used to study furb (non

grass herbaceous plant) use. 

Initially radio-tracking was used to help find individual rhino with the intention of then attempting to use direct 

observations to locate feeding paths. These could then be examined more closely fur signs of furb use. A trial of 
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this approach was not successful, although some of the technical developments used have proved useful elsewhere 

" . In conclusion, despite its limitations, faecal analysis was probably the best way to study forb use in Hluhluwe. 

DEVELOPMENT OF REFERENCE COLLECTION 

Collaborative research was initiated by Black Rhino 2000 and Bruce Page of the Department of Biological Sciences 

in Durban. Before using scanning electron microscopy to identify leaf fragments in black rhino dung, a descriptive 

reference collection of all the common woody species and forbs in Hluhluwe had to be built up. 

Fortunately a number of reference electron micrographs already existed for a limited range of woody species in 

Hluhluwe (Ward 1982 and Blakeway l 985). However the majority of the commoner woody species in Hluhluwe 

and all the common forb species still had to be studied. Black Rhino 2000 therefore prepared a list of the all the 

common woody species in Hluhluwe for which reference electron micrographs photographs did not exist. 

On a field trip to Hluhluwe we toured round the study area with the three University of Natal third year students 

(Craig Haskins, J.Raubenheimer andKeren Pearman) who undertook the project. Specimens of most of the missing 

common woody species were collected. Additional samples from a few of the already described species were also 

collected to allow comparison of results with previous work. Samples of a number of the more dominant forb 

species were also collected. A total of 73 different species were sampled from nine different areas within the 

project'sHiuhluwe Study Area. Thirty of these were herbaceous species (Raubenheimer 1989). Voucher specimens 

were collected in every case. Plant samples were preserved in a cooled sodium cacodylate solution (i.5% 

gluteraldehyde in 0. lM sodium cacodylate buffered to pH 7.2). 

The three students then used a scanning electron microscope (SEM) to describe the surface features of leaf 

fragments of each species. A photographic reference collection was built up showing the distinctive leaf surface 

features for each species (or in some cases a group of species). 
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DUNG ANALYSIS 

Five fresh dung samples were collected in March and May 1989 and sent to Durban for analysis by the three 

students. Very fresh samples were required so that decomposition and fungal hyphae did not cover or obscure the 

surface characteristics of the fragments. Dung samples were also preserved in a cooled sodium cacodylate solution 

(2.5% gluteraldehyde in O.lM sodium cacodylate buffered to pH 7.2). 

Each Student then independently identified the species present in sub-samples of the five dung samples. Full details 

of the methods used are listed in the three appended project reports (Appendices 11.1, 11.2 and 11.3). 

PROBLEMS WITH METHOD 

For some reason (unbeknown to me, or their University supervisor), the existing reference photographs of Ward 

(1982) and Blakeway (1985) were not consulted by tl1e students during dung fragment investigation. Thus a 

number of the common woody species were not represented in the reference collection. However, as the primacy 

goal of this analysis was to study the herbaceous diet of black rhino this omission was not too serious. 

The number of samples the students could analyse was limited as most of their time was spent building up the 

reference collection of photographs and identification key. It had been hoped that in subsequent years other third 

year Students would analyse a greater number of black rhino dung samples using the reference collections. This 

would have allowed the study offeeding in different seasons and areas. Unfortunately that year, the University of 

Natal chose to scale down the third year projects and so this was no longer possible. 
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IClHIAll"TilR 2 NO'Jl'IES 

#1: A joint Honours project to examine these questions was initiated by Black Rhino 2000 and the Department of Biological Sciences in Durban. 

For one week the amounts of browse species with different leaf morphologies fed to a boma'd black rhino was measured, and dung samples were 

collected at regular intervals and preserved. The fresh samples were preserved in a cooled sodium cacodylate solution (2.5% gluteraldehyde in O. lM 

sodium cacodylate buffered to pH 7.2). Unfortunately the Honours student who was to do the project quit varsity before being able to complete the 

project No results can therefore be presented. All the dung samples are still lodged with the University of Natal. 

#2: The radio aerial was mounted vertically up the horn. In the field it was found that as the rhinos moved their heads the polarity, and hence strength, 

of the signal constantly changed. This made it very difficult to take an accurate bearing. The use of a null~peak aerial system built by Garth Lee 

according to the specifications of Rowan Martin solved the problem, improving direction finding. but at a cost of reduced range. 

#3: The term Browse Boule (BB) originated in the field, the day the method was developed. Andrew and Rachel Cunningham (Irish visitors), 

suggested the volume of browse I had selected as one browse unit looked equivalent to the amount of foliage that would balance nicely and make 

a good arrangement when placed in an imperial pint milk bottle! From that time onwards, I decided to refer to my standardised visUal browse unit 

as a Browse Boule or BB. The term Browse Boule (BB) has been used rather than using the term Standardised Browse Volume (SBV)both on 

historical grounds, and because there is no possible way that a Browse Bottle could ever be confused with anyothervisual browse assessment measure. 

#4: Kotze referred to the Browse Boule (BB), as a Standardised Browse Volume (SBV). 

#5: Although radio-tracking proved unsuccessful in this study, experience gained during the project was able to help other researchers. 
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CHAPTER3 

METHODS II: BLACK RHINO FEEDING:HABITAT STUDIES 
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IINTitODUCTXON 

Black rhino feeding ecology and habitat selection was studied by jointly measuring habitat structure and 

composition together with estimates of browse offtake by rhino on transects and plots. Four distinct types of black 

rhino feeding:habitat survey were undertaken: 

Four distinct types of black rhino habitat:feeding surveys were carried out: 

l: Pilot Surveys in both Hluhluwe and Umfolozi (1988) 

2: Large scale Grid Surveys in Hluhluwe and Umfolozi (1989) 

3: Rapid Post-Burn Surveys in Hluhluwe and Umfolozi ( 1989) 

4: Remeasurement ofHitchins' 1969170 Hluhluwe plots (1990) 

This chapter details the sampling strategies and field methodology used in these surveys. 

PILOT PLOT SAMPLING DESIGN 

A stratified sampling design was used in the pilot survey to obtain measures of replicate variation in both tl1e 

amount of black rhino feeding and plot vegetation composition and structure. A total of2 l different "habitat" strata 
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were chosen for the Pilot rhino habitat:feeding study. Nine of the strata were in Hluhluwe, with 12 in Umfolozi. 

Initially a truly replicated design was planned, but the techniques proved so time-consuming that only three 

replicate plots were measured per habitat stratum. Thus the eventual design was psuedoreplicated (Hulbert 1984). 

The plots were measured in late summer 1988, and so reflected feeding over the 1987/88 growing season and late 

winter 1987. 

LOCATION OF PILOT PLOTS 

Three pocket-computer-generated random numbers were used to locate each plot within a patch of suitable habitat. 

The first two random numbers supplied the distance and bearing to the plot origin (up to 50m). The third random 

number was used to set plot direction. Replicate transects were located up to a maximum of 50m away. The process 

of plot location and alignment was repeated whenever random numbers put plots in very different habitats to the 

strata being surveyed. This sampling method therefore ensured that replicate plots were close together in similar 

broad habitat types. Apart from the initial choice of area, subjective biases in plot location were therefore 

minimised. 

PLOT DIMENSIONS AND MEASUREMENT 

The Pilot survey used a variable plot size that was computer-controlled in the field. Plots were up to 25 metres long 

by 8 metres wide (Figure 3.1). Plots were sampled in up to four parallel 2m wide strips proceeding from left to 

right. A 25m tape measure was laid out down the centre of the plot from the plot origin in the specified direction. 

A second 25m tape was laid out parallel to the first tape, but 4 metres to the left. 

Plot measurement started in the bottom left of the plot. Measurement took place in two metre wide strips. The 

second tape demarcated the left hand edge of this strip, while a two metre long pole was used to demarcate the 
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Figure 3.1. Diagram illustrating layout of Pilot survey plots, and method for the calculation 
of plant densities. For simplicity only one size class of tree is illustrated. The dot in the 
middle of the bottom of the plot represents the random! y located starting point. The direction 
of the plot was also selected using random numbers. Plots were up to a maximum of 25m 
long and Sm wide (maximum plot boundary shown by thick solid black line). The plot was 
measured from left to right going up and down 2m wide strips (arrows show direction of 
measurement). The 2m strips were demarcated by a tape measure on one side (shown as solid 
vertical lines) and the edge of a 2m pole carried by the observer on the other (shown by 
vertical dashed lines). For each of size classes 1,2, and 3 a maximum of 15 trees were 
measured. 15 trees was also the maximum sample size for the taller size classes 4.5 and 6 
combined. The shaded area represents the area sampled in our example (173.5m2 = 86.753 
of maximum). In this example the density of trees was calculated as 836/Ha (141/2 trees in 
area sampled). See text for a more description of how tree densities were estimated. 
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right hand edge of the strip. Only trees that had more tlian half of their trunks/stems inside the strip were sampled. 

After 25m, sampling continued back down the second of the four 2m wide strips; but this time using the first 

tape-measure to demarcate the left edge oftl1e strip. The plot continued up the third strip and then down the fourth 

strip. 111e second tape was moved 8 metres to the right to demarcate the left hand edge of the fourth strip. 

The maximum number of trees measured in each of size classes I, 2 and 3 was 15. The maximum sample size was 

also 15 for sizes 4,5 & 6 combined. Thus, up to 60 trees could be measured per plot. This sampling strategy was 

devised to obtain a more equitable distribution of sample sizes for trees of different sizes. 

Field data collection was computerised with all data being recorded onto a Sharp 1500A pocket computer. The 

following descriptive information was stored per plot: 

I) Habitat strata 

2) Replicate number 

3) Slope (using an integer scale from 0-5) and Aspect if Slope was greater than 0. 

4) An estimate of Canopy Cover (using an integer scale from 1-5) 

5) An estimate oflmpenetrability (using an integer scale from 1-5). This variable measured how 

difficult it was to move throughout the plot. 

6) Topographical information on slope position and closeness to water. 

Six size classes (1-6) were used to sample woody plants. These were: 

1: < 0.75m, but big enough to be able to detect black rhino feeding (i.e. excluding small thin 

saplings). 

2: 0.75 - I.24m 

3: 1.25 - I.74m 

4: 1.75 - 2.49m 

5: 2.50 - 3.99m 

6: > 4.00m 
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When the fifteenth tree of a size class or size class group was sampled, the computer automatically prompted the 

operator for the lane number (1-4) and tape measure reacting. Plot measurement continued either until 15 trees had 

been sampled from each of the four size groups, or when the whole plot (200m2
) had been sampled. In between 

data logging, the computer displayed how many trees of each size class were sti!I required. 

On every sampled tree the total number of available browse bottles (see Chapter 2) was assessed using a geometric 

doubling scale with mid points ( Y,, 1, 1 Y:i, 2, 3, 4, 6, 8, 12, 16, 24, 32, etc.). If the tree had been browsed by black 

rhino, the estimated number of browse bottles eaten was also recorded using the same scale. Feeding was split into 

"new" and "old" browsing depending on the colour of the browsed stems. The percentage of browse inteiference 

was scored on a rank scale. If there was interference, its type (Grass, Farb, Thicket, or a mixture of these types) 

was also recorded. 

Tree densities for each of the six size classes were calculated and stored automatically by the pocket computer as 

follows: 

The program initially calculated the plot area sampled for each size class or size class group. In 

the simplified example in Figure 3.1 only one size class of tree is shown. In this case the 

fifteenth tree was located in the fourth lane, and the tape measure reacting was !3.25m. This 

gives a total area sampled of 2m by 86.75m (25+25+25+(25-13.25)) = 173.5m2• 

The next stage was to work out the area per tree sampled for each size class or size class group. 

To avoid overestimating densities, it was assumed that only half of the fifteenth tree fell inside 

the sampled area. The area per tree in Figure 3.1 was therefore calculated as: area sampled/14.5. 

If fewer than 15 trees were recorded for a size class, the area sampled was set at 200m2 (the 

maximum plot area). In the example in Figure 3.1 the area/tree= 73.5/14.5 or 11.9655 m'. This 

gives an estimated density of 836 trees/Ha (10,000/11.9655). When less than 15 trees were 

sampled per size class or size class group, the area per tree in m' simply equals 200/n where n 

= the number of trees sampled. 
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In the special case of size class 4, 5 or 6 trees, the lumped size class 4,5&6 density was 

multiplied by the sample number for an individual size class (e.g. 4) divided by the total number 

of size class 4, 5 and 6 sampled. For example if size 4,5&6 density was 800/Ha and 9 out of the 

15 trees sampled were size 4 then the size 4 density would be estimated at 800*(9/15) ~ 480/ha. 

Additional information was also collected in three 2m2 quadrats per plot. The following information was recorded 
...-:1 

per quadrat: 

l: Grass Modal Height - Measured to leaf tips and not to the odd flower head. 

2: Grass Biomass - Using a linear ranking scale from 0 to 9. This scale was originally set up and 

calibrated in Umfolozi using estimation, clipping and weighing. Calibration proved to be 

essential for two reasons. Firstly, initial biomass estimates tended to be biased. The biomass of 

shorter stoloniferous grasses was usually underestimated, while the biomass of some tall grass 

patches was often overestimated. Secondly, calibration was needed to ensure that the derived 

rating scale was linearly related to biomass. 

3: The three dominant forb species or genera together with a rough measure of abundance for 

each species/genus on an integer scale. 

In the case of both grass measures, the pocket computer only stored the mean value for all three quadrats to save 

memory. 

The variable plot size sampling for each size class group, the laying out of the tape measures, and the recording 

of detailed measurements for each tree - contributed towards making this method very time consuming. Individual 

plots commonly took over 2 hours to lay out and complete. 
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TilIJE 19119 IHILVIHILUWIE AND UMIFl()JLl()ZJI IGlRID §UIR'VEY§ 

INTRODUCTION 

Lessons from the Pilot study strongly guided field technique development and sampling design for the main grid 

surveys. 

The pilot survey results indicated that grass interference was particularly important, and so a measure of grass 

interference was required in the main grid surveys. 

In Umfolozi, we found it was more difficult to classify habitat types. Exploratory Discriminant function analysis 

of plot ordination axis scores did not always correctly classify Pilot plots according to habitat strata sampled. This 

was one of the reasons why an a-priori stratified design according to habitat type was ruled inappropriate for tl1e 

main grid surveys. The continuum model of vegetation was more appropriate for describing habitats in Hluhluwe

Umfolozi. We therefore decided to let the data itself describe habitat types in the Grid surveys. 

Most importantly the very high variability in black rhino feeding between the replicate Pilot plots made it 

imperative that many more plots be sampled in the main Grid surveys. The number of plots required would have 

been impossible to achieve using tl1e Pilot survey method as it was so time consuming. A more rapid teclmique 

needed to be developed. A compromise was needed whereby sufficient detail was obtained, yet a large number of 

plots could still be measured. 

One of the main objectives of the Grid surveys was to cover a complete range of rhino habitats, and to provide 

abundance estimates for the whole population of trees in each study area. 

The systematic sampling design adopted for the Grid survey ensured that inferences could reliably be made 
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about the population of trees throughout a whole area. The sampled population was therefore quite different 

from the more usual population of trees in "representative" plots nearer roads. The importance of this sampling 

design is discussed in more detail in Chapter 7. The systematic grid sample design started from a randomised 

placement of the most South-West plot in each study area. Plots were located every 450m in all four compass 

directions throughout a 4,900 Ha Central and North East Hluhluwe Study Area, and every 500m throughout a 

4,675 Ha North-West Umfolozi study area. A total of242 and 187 plots were measured in Hluhluwe and Umfolozi 

respectively. The locations of the plots, and study area boundaries are shown in figures 1.2, 3.2 and 3.3. 

Plot placement was marked in onto 1: !0,000 orthophotos before fieldwork. To locate plots, bearings were 

continuously taken while walking through the bush. A Suntu compass was used (accurate to about Y, a degree). 

( 
The 5m contours, small drainage lines and visible patches of thicker bush on the orthophotos, were particularly 

' 
useful navigation aids. 

Accurate navigation through dense bush in lowland closed woodlands and thicket was slow using the more 

traditional methods used in the grid surveys. It was essential to regularly take bearings, and concentrate on 

counting paces while walking through the bush. Portable GPS's (Geographical Positioning Systems) would have 

been preferable if they had been available, and all the planned satellites had been operational at the time. 

A lack of suitable background data on vegetation structure and composition over time was identified as a major 

information gap. The grid surveys were therefore designed to also provide baseline data against which woody 

) 
habitat changes could be measured in future. In this way the project could provide the kind of data for future 

managers and researchers, that we wished had been available to us at ten year intervals since the 1930s. 

One of the regional project objectives was to determine how one should measure black rhino habitat. This could 

be split into two main questions: 

o What does one measure? 

o What measurement resolution is required? 
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Descriptions of habitat which give weight to the taller dominant trees in a community may be the ideal; even 

though such tall trees contribute little to rhino browse availability. For this reason, the contribution to Canopy 

Cover of each spize (species size class) was assessed using a modified Braun-Blanquet scale. Alternatively tree 

densities, or total browse bottle and free browse bottle' availability may be better descriptors of black rhino habitat 

(* terms defined in Chapter 4 ). Spize availability was also estimated using these three descriptors. 

Which measurement descriptor is the most suitable depends on how a black rhino perceives its habitat. It was 

therefore necessary to undertake analysis at a range of levels from area to patch to species to spize through to 

resource (spize with a given level of grass interference). 

It was therefore deliberately decided to describe available habitat in as much detail as possible using different 

abundance variables. With this design, browse bottle and density data could be converted to cruder values at a later 

date. Analysis could then be repeated. The comparison of results of analysis, with those obtained using the original 

more detailed data could then be used to indicate what level of measurement resolution was required. 

FIELD METHODS 

Given the need to simplify the field method and speed up measurement a number ofchanges were made to the Pilot 

method: 

Traditionally field data collection has been geared towards getting as accurate measures of vegetation abundance 

as possible. However considering the aims of the grid surveys, excessive detail was not required. By moving 

a plot two metres to the right the detail may change, but practically this is not important. What was needed in our 

case was to obtain an approximate measure of the abundance ofeach spize. We needed to know whether there were 

5, 40, 125, 300 or 1200 bottles/ha available, not whether there were 561.2 or 583.9 bottles/ha. For practical 

purposes the latter two figures are the same. What was required was a method that could quickly and reliably 
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produce ball-park abundance values that were of the correct order of magnitude. A further justification for 

this level of resolution came from Will's provisional finding in Hluhluwe that too much measurement detail may 

obscure some of the broader scale vegetation patterns one is searching for ( Wills personal communication) - a case 

of not seeing the wood for the trees. 

For similar reasons, it did not matter much in practice whether plots were all exactly 30 metres long. In the Pilot 

surveys setting out tape measures was time consuming, and this was especially the case in thick bush. As a 29 or 

31 metre long transect would produce similar ballpark figures as an exact 30m transect; it was decided to save time 

by dispensing with a tape measure. After training, it proved to be possible to gauge transect distance to within 5% 

over 90% of the time. To achieve this level of accuracy the main observers needed to calibrate their paces over 

( 
I 

different types of ground. An ability to mark out 10 metres by eye proved useful in thick bush. The time required 

for calibration training was more than made up for in the bush. 

Measuring browse availability and interference on every individual tree proved to be very time consuming on the 

Pilot survey. It was therefore decided to record only the estimated average numberofavailable browse bottles/tree 

per spize on each transect. In practice this was achieved by the observer shouting out the number of bottles on a 

sample of trees for the commoner spizes. In between recording information, the recorder mentally calculated 

approximate running averages of browse availability per tree for those spizes (i.e. 2.5 rather than 2.617). 

For the rare spizes, browse availability per tree was recorded on each individual as before. 

) 

A slightly smaller plot size of30m x 5m was chosen to allow agreater number of plots to be measured. Grid survey 

Plot direction was standardised at magnetic North to save more time. 

The use of six size classes in the Pilot study was also time consuming and for the grid surveys these were reduced 

to four: 

I: small, < l .OOm, but big enough to be able to detect black rhino feeding (i.e. excluding small 

tllin seedlings and saplings). 
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2: medium, 1.00 - !. 99m 

3: intermediate, 2.00 - 3.99m 

4: tall,> 4.00m 

When densities of common size I and/or size 2 spizes were high, numbers of these spizes were only sampled and 

counted in the 2m wide central strip of the plot"· The totals for the common spizes were then multiplied by 2.5 

to give estimates of total plot densities. The whole plot was surveyed for size I and 2 spizes of rarer species. All 

larger size class 3 and 4 trees were recorded in each plot. 

All trees in the plot were examined for signs of browsing; and both new' and old' browsing was recorded as in 

the Pilot study(* terms defined in Chapter 4). 

A "default" mean percentage grass interference was estimated for both size l and size 2 trees on the transect. This 

involved assessing what proportion of a plant was obscured by grass material, and averaging this for each spize 

class. Should mean grass interference levels for some plants radically differ from the default value for that spize, 

alternative percentage interference values were recorded against those spizes on the data form. All other spizes 

were assumed to have the mean (default) interference levels for their height class (I or 2). The need for alternative 

grass interference values most commonly occurred when a plot crossed over a boundary between open tall 

grassland into forest with very short grass. In other cases, the only individual ofa spize may have occurred at the 

edge of a path in an otherwise very tall grass area. In this case that particular spize would receive a lower grass 

interference rating than the default. 

The modal grass height was also recorded for each plot. 

In addition the number of black rhino dung piles " and the amount and type of feeding signs were recorded 

when walking between transects. The walk between two plots was split in half. Data for the first half were 

allocated to the recently measured plot and data from the second half to the new plot. Values for each plot were 

averaged. 
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Elephant browsing was also noted on the data forms. 

Although we would have saved at least two months work (data capturing and checking) if the Psi on Organiser had 

been used during field work, attempts to computerise data collection were abandoned"· A pen and a piece of paper 

proved to be much quicker and more flexible to use in the field "; and this was important because the major 

limiting factor was time for fieldwork. This was because all the transects had to be completed in as short a period 

as possible to allow comparison between early season and late season feeding patterns. 

Capture onto PC of the grid survey data and subsequent error checking was (as expected) a time consuming 

affair, made worse by inadequate software and hardware. 

Given that all transects had to be measured in as short a period as possible, fieldwork averaged about 9 hours a 

day for 7 days a week, for most of the three months from Mid January 1989 to Mid April 1989. For much of the 

surveys two teams worked concurrently. We are extremely grateful to the late Joe Venter for the loan of technical 

assistants Welcome Dube, and Vincent Shongwe from the Natal Parks Board, and for the help of Paul Cuthbert 

during this period. It would have been impossible to put two teams into the field without their support. 

Ecologists may be concerned that measuring vegetation for such extended periods, day in day out, might have 

adversely affected data quality due to fatigue. It is generally accepted that between four and six hours of vegetation 

monitoring is about the maximum possible, before data quality starts to suffer as a result of fatigue. So me ecologists 

( also advise taking at least a one week break from vegetation monitoring every two weeks. 

However, given the need to measure a large number of grid survey plots in as short a time as possible, it was 

necessary to undertake fieldwork for longer than this - usually between 8 and up to 14 hours a day. For similar 

reasons the key observers could not afford the luxury of week breaks from fieldwork, although as a number of 

different field recorders and assistants were used they were able to take breaks from fieldwork. Such long periods 

of fieldwork were essential, if the teams were to be able to cover the ground and measure the required number of 

plots in the required time, and meant that the grid surveys were completed in less than half the time Natal Parks 
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Board staff would usually have taken (A.J. Wills pers.comm.). 

The two key observers (Adcock & Emslie) did most of the work (looking for and assessing rhino browse, species 

identifications, shouting out plot measurements, laying out plots, navigating between plots including pace 

counting, taking bearings and map reading). 

It was therefore especially important that they made every effort to minimise fatigue. However, for a number of 

reasons, both key observers felt confident that data quality did not suffer as a result of the long fieldwork 

hours "; although by the end of the grid surveys the observers were exhausted, couldn't walk anywhere without 

counting paces and even dreamt of measuring trees! It is fair to say that by the end of the grid surveys neither 

observer would relish the idea of repeating the grid surveys any time during the next few years. Undertaking such 

grid surveys is not something that can be done annually; and it requires particular people with lots of enthusiasm, 

drive, interest, dogged perseverance, commitment and a little madness! The team for a 1999 re-survey would 

therefore need to be picked carefully - it is not a task that could be done by just anybody . 

GRID STUDY AREAS 

The Grid study areas were chosen to: 

o cover as wide a range of habitats as possible from hill slope forest down to the thickest riverine bush. 

Ease of accessibility to sites was of minimal concern in the choice of grid survey study areas. By 

using roads and management tracks in the study areas, all sites could be accessed on foot. In a 

similar approach to the Park's line-transect distance-sampling herbivore monitoring progranune, 

a measurement team was sometimes dropped off early in the morning, to eventually pick up a 

vehicle that had been left many kilometres away in the afternoon. Careful planning and the use 

of two teams made this possible. This approach differs radically from traditional vegetation 
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sampling which has tended to concentrate on easily accessible sites that are usually near tracks 

and roads. The latter sampling approach does not allow inferences about the population of trees 

throughout a study area to be drawn. In addition, such a sampling strategy, introduces possible 

biases when monitoring black rhino feeding due to the potential effects of increased human 

disturbance near roads on black rhino behaviour. In addition vegetation next to roads is often 

different because of increased run off or the deposition of dust thrown up by traffic. Sometimes 

rhinos also use roads as paths. It was therefore important that the sampling strategy used in the 

grid surveys minimised these biases as much as possible. 

o include as much of the bush cleared area in Hlultluwe North in the Hlultluwe study area as possible. 

) 

/ o ensure that the study areas included areas of differing past black rhino population performances - preferably 

within study areas as well as between them. 

For example, the Illultluwe Study area included both the N.E.Illuhluwe area - where most of the 

bush clearing and the major population decline had taken place - and part of the Nomagetje, 

Sisuze area where black rhino densities were higher (Hitchins & Brooks 1986). 

o ensure the study areas were of a sufficient size so that the influence of boundary location on browse availability 

assessments was minimised_ 

) 

o cover a large enough area to encompass a full range of past fire regimes, underlying geologies, soil types, 

altitude, slope, aspects, etc .. 

o include areas in the Umfolozi study area that were close to and further away from water, so that seasonal use 

in relation to water availability could be studied. 

Figures 3.2 and 3.3 show the study areas selected and the locations ofthe429 grid survey feeding/habitat transects. 
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The exact locations of the transects are marked on orthophotos which cover the study area. 

HLUHLUWE STUDY AREA 

The North East and Central Hluhluwe study area covered 4,900 ha, and encompassed an altitudinal range of375 

metres. The Hluhluwe Study area boundary stretched from the top of Gontshi hill; down to the Gontshi tum-off; 

then up over Mahwanqana and Qolwana; then down into the Mzini valley; and back up to the top of Qololenja; 

changing direction down through part of the Mpongo forest into the Manzimnyama valley; before continuing up 

Hlaza and crossing the main tourist road on the Hlaza saddle near hilltop (near the new Hilltop camp bypass road 

tum-off) ; before going almost due south down the other side of Hlaza, across the Fuzula steam and down to the 

west of the Chibilezangoma bend in the Hluhluwe river; then following the river eastwards just round the tip of 

the Sisuze peninsula; then crossing the river and proceeding for one and a half kilometres in the direction of the 

top ofNhlayinde; before going almost due east to the Nomageje stream; changing direction to follow this stream 

down to eventually cross the Hluhluwe river about 500m east of Maphumulo picnic Site; and from there going in 

a straight line to the eastern most spur of Magwanxa; then up to the top ofMagwanxa following the high ground 

till hitting the boundary fence; then following the fence to the N.E. Mgodlo cornerofthe reserve; continuing down 

to Memorial Gate; and then finally following the fence back up to the top of Gonthsi Hill. 

The Hluhluwe study area therefore includes Hidli, Magangeni, Ngqunqulu, Most of the Manzimbomvu, 

Manzimnyama and Mzini valleys, Zincageni, Nkwankwa, Sisuze, the Kubi ridge, and the Oncobeni and Ngurnela 

valleys. 

UMFOLOZI STUDY AREA 

The North Western Umfolozi study area covered 4,675 ha, and encompassed an altitudinal range from the black 

Umfolozi river to the top ofMbulunga. The Umfolozi Study area boundary bisected the Sontuli Loop. It stretched 

from the middle bend of the Black Umfolozi river on the Sontuli loop; proceeding south west over Ntabayamaphiva 
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Figure 3.2. Map showing the approximate position of plots in the 1989 Hluhluwe 
Grid Survey. Plots are spaced 450m apart Scale l :SO OOO 



Figure 3.3 Map showing the approximate position of plots in the 1989 Umfolozi Grid 
Survcv. Plots are spaced 500m apart Scale 1:50 OOO 
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continuing to cross the tourist road; then up to the quarry continuing in a south west bearing through Gqoyini up 

to the T junction where the Gqoyini management track meets the Sokwezele-Mantiyane track (which has since 

been opened up as a tourist road); then following the latter track westwards to hit the tourist road at the base of 

Sokwezele; then proceeding almost due north to hit the Black Umfolozi at Nqutshini east of the guard camp; then 

following the river downstream back to the middle of the Sontuli loop. 

The Umfolozi study area included Mbhuzane, Nyamakayithengwa, Thobothi, the Nqutshini bottomlands, 

Chibilenyathi, Chibilembube, Teke, Gome, Khandaledube, the Masasanenei range, Mbulunga, much of Gqoyini 

basin and half of the Sontuli loop. 

We initially had hoped to include a third study area in the Corridor, but time and personnel constraints made this 

impossible. 

OBJECTIVES 

The objectives of the Post-Bum surveys were to determine the feeding patterns of black rhino immediately after 

burns, before vegetation flush; and during the post-bum vegetation flush. The main aim of the Post-Bum surveys 

was to find out if black rhinos changed their habitat or species selection because of burns. 

65 



THE 1989 BURNS AND THE STRATEGY FOR THE FEEDING SURVEY 

Previous surveys indicated that black rhino feeding is extremely patchy and variable in intensity, and unless large 

numbers of "patches" are sampled, results may not reflect true feeding patterns. This problem was compounded 

because the amount of post-bum feeding would be limited compared to the feeding sampled in the Pilot and grid 

surveys (as only a month or so offeeding would have occurred). Therefore to obtain sufficient data on post-bum 

feeding, large areas had to be covered quickly. To do this, a rapid post-bum survey technique was then developed 

Although I was involved in the initial post bum survey planning and design, and wrotePsion soflware to automate 

post-bum data collection, Keryn Adcock and Rupert Nanni deserve most of the credit for developing the rapid 

post-bum survey technique. WhileKeryn and Rupert collected the raw post-bumdataforBR2000, I analysed and 

wrote up all the Post-burn Survey data with the exception of Table 9.1 and Figure 9.7 which was the work of 

Keryn Adcock. The work reported on in Chapter 9 should therefore be considered as jointly authored by Adcock, 

Emslie & Nanni.) 

During the post-bum survey, strip plots 50m long were assessed sequentially along walked routes, which were 

spaced to cover the burnt area evenly. Because of the rapid nature of this survey, the absolute amounts of feeding 

detected were not comparable to those of the grid survey, although the relative proportion of feeding on different 

species and in different areas was comparable. The tenn rapid survey was apt. To have measured the same number 

of post-bum plots using the original Pilot survey method would have taken 4 years 9 months of continuous 

fieldwork working 8 hours a day! 

Three sets of Post-Bum surveys were conducted: 

I: HLUHLUWE North early survey: I month post bum- covering areas burnt from 16 August 1989 to 

22 August 1989. 

2: UMFOLOZI West survey: 1-2 weeks post-bum - covering areas burnt from 16 August 1989 to 24 

August 1989 
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Fignre3.5. MAP SHOWING ROUGHLY THE ROUTES WALKED IN THE 1989 
POST-BURN SURVEY IN UMFOLOZI WEST 
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3: HLUHLUWE North late survey: 2Y, months post burn - covering the whole study area, and assessing 

feeding both immediate! y post-bum (old feeding: older than I y, months); and during the post-burn flush 

(new feeding, up to I Y2 months old. 

Figures 3.4, 3.5 and 3.6 show the routes walked in the post-burn surveys. Maps of the 1989 bums are available 

at Hluhluwe Research Centre. 

FIELD METHODOLOGY 

Plots of 50m by Sm were assessed in the post-burn surveys. Only post-burn feeding was noted. In the first Hluhluwe 

and Umfo!ozi surveys, all browsing was recorded as "new". In the main Hluhluwe survey "old" feeding was 

recorded as that which had probably occurred I \,I months or less after the bums; while "new" feeding occnrred 

more than 1 Y, months after the burns during the post- bum flush. Feeding was aged based on observations of 

feeding signs of known age. 

In practice, spotting feeding signs in unburnt dense bush was more clifficnlt than in burnt areas, and effective plot 

widths may have been slightly less in these areas compared to in open or burnt areas. Attempts were made to 

minimise this problem by both walking much more slowly, and searching more carefully in such areas (ie. when 

compared to burnt areas where the visibility was good). 

Plots were rated for the following: 

BURN INTENSITY - O=unburnt, 1 =lightly/poorly burnt, 2=burnt well but some tufts not fully burnt, 

3=intensely burnt - all visible biomass burnt. 

PLANT DENSITY :refers to t11e zone up to 4 metres on either side from the imaginary walked transect 

line; O=no woody plants, 1 =a few widely spaced shrubs or trees, 2=woody plants frequent, but not 

impeding visibility, 3=abundant woody plant matter, often impeding visibility/movement; 4=thicket/dense 
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stand of woody plants were visibility and movement are impeded. In practice, no plots were rated as a 0. 

PHYSIOGNOMY (this was described separately for 0-2m vegetation and that greater than 2m.) classes 

were (synonyms used in FIRM analyses in brackets): 

0-2m: Open Grassland (0), Open Scrub (L), Scrub (M), Closed Scrub (S), 

Thicket (T). 

>2m: Scattered trees (S); None (N), Woodlands: either Open (0) , Medium 

(M) or Closed (C); Forest (F), or Forest Margin (FM). 

DRAINAGE LINES were noted 

SPECIES: The three dominant species were noted in both the 0-2m and> 2m size classes respectively. 

PATHS: The degree to which the 50m section of walked route followed or crossed game paths was rated: 

0 = no paths, l = less than l/3 paths, or crossed one or two paths; 2 = > l/3 but < 2/3 of the route 

involved paths, 3 = > 2/3 of the route was on paths. 

BLACK RHINO EATING: The AMOUNT of feeding (on all woody species) in the 50m section was rated 

on an almost linear scale of0-5: 0 =none, I = l-4 bottles, 2 = 5-10 bottles, 3 = 10-15 bottles, 4 = 16-20 

bottles, 5 => 20 bottles 

The PLANTS EATEN were assessed as to SPECIES, SIZE CLASS, PERCENTAGE CONTRIBUTION 

TO TOTAL AMOUNT OF FEEDING, whether the plant was BURNT, and whether it was on a PATH 

or not. Data were recorded for all species eaten along the transect. During the post-bum flush surveys, 

NEW browse (younger than -6 weeks) was distinguished from or OLD browse (post-bum, but older than 

-6 weeks). 
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DUNG: The number of OLD and NEW black rhino dung piles in each transect was also noted. 

All parts of the HLUHLUWE study area were covered in the main Hluhluwe Post-Bum Survey (thns some routes 

were walked for the second time). 

IREMEASUJRlEMIEN'f OIF lfll1'iCHllNS" 1969/70 PILOTS 

FIELD METHODOLOGY 

Peter Hitchins' original belt transects were located by reference to two maps made by Hitchins giving the location 

of the plots, and by him showing the two observers (Emslie & Adcock) their position on the ground. As some 

transects were marked in different positions on the two maps, Hitchins was asked which of the maps was the 

correct one. Figure 3.7 shows the location of the re-surveyed Hitchins' plots. 

As the original plots were not permanently marked, the remeasured plots are not in exactly the same place as 

before. Three transects were repeated to crudely assess tl1e effects of slightly different transect positions on recorded 

spize density and feeding. Appendix 3.1 shows that the differences in species composition between years ('70 

and '90) was greater than that between replicate sites. 

Every attem11t was made to duplicate Hitchins' methodology as closely as possible including using imperial 

units during the resurvey ofHitchins' plots. 

The transects were 100 yards long and 6 feet wide (167.3 square metres). 
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Figure 3. 7. !v!ap showing the position of Hitch ins' 1969-1971 plots in the bush-cleared 
area of NE Hluhluwe. Landscape/vegetation types used in analysis are also shmvn. 

HT 
.... ACS 
_.,BCB 
:f,';,:"-'".-:11:.~''' HV 

F 
ltlt l ESl 
_,ES2 
~ESJ 
...._ws 
Y'~_,,;:,;; 1'T G 

Hill tops 
Acacia caffra slopes 
Bush cleared bottom lands 
Hidli vlei 
Forest patches 
Eastern slopes 1 
Eastern slopes 2 
Eastern slopes J 
Western slopes 
Ngungulu 





; 

J 

Table 3.1. 
BUSH CLEARING HISTORIES UP TO 1990, OF THE TRANSECTS IN THE 
HITCHINS 1969-71/EMSLIE 1990 SURVEY OF BLACK RHINO FEEDING 
IN NORTHERN HLUHLUWE GAME RESERVE 

1 st 2nd 3rd 4th 
CLEARIN CLEARING CLEARING CLEARING 

TRANS DATE SPECIES DATE SPECIES DATE SPECIES DATE SPECIES 
1a 1960 Akarroo 1985 general 1989 A.karroo 

1b 1960 A.karroo 1985 general 1989 A.karroo 

2 1960 A.karroo 1985 general 1989 A.ker,O.cin 

3 1989 Akarroo 

4 1962 A.karroo 1975 M.senegalensis 1987 A.karroo 1988 M.senegalensis 

5 1989 A.kar,D.cin 

6 1960 A.karroo 1977 A.kar,D.cin 

7 1960 A.karroo 1977 A.kar,O.cin 

8 (never cleared - forest patch) 
9 1962 A.karroo 1985 A.kar,D.cin 1988 M.senegalensis 

10 1962 A.karroo 1984 A.kar,O.cin 1989 M.senegalensis 

11 1962 A.karroo 1984 A.kar,D.cin 1989 M.senegalensis 

12 1960 A.karroo 1988 A.karoo 

13 1960 A.karroo 

14 1960 A.karroo 1985 A.karroo 1988 A.karroo 

15 1960 A.karroo 1985 M.senegalensis 1988 A.karroo 

16 1975 A.karroo 1987 A.karma 

17 (Un cleared) 

18 19£9 A.karroo 

19 1959 A.karroo 1962 A.karroo 1924 O.cinerea 

20 (uncleared) 
21 (uncleared) 
24 (never cleared - forest patch) 
25 19621 A.karroo ~ 19751 M.senegalensis 1119871 A.karroo ~ 19891 

M.senegalensis 

26 1962 A.karroo 1975 M.senegalensis 1987 A.karroo 1989 M.senegalensis 

27 (never cleared - forest patch) 
28 (neyer cleared - forest patch) 
29 1960 A.karroo 1987 A.karroo 

30 1960 A.karroo 

31 1960 A.karroo 

32 1962 A.karroo 1984 0.cinerea 

33 1960 A.karroo 

34 1960 A.karroo 

II I II I 35 1960 A.karroo 1987 A.karroo 

36 (newJr cleared - forest patch) 
37 196~ I A.karroo 

38 1990 tall Acacias . 

39 1962 A.karroo 

40 1960 A.karroo 1988 A.karroo 

41 1960 A.karroo 1988 A.karroo 





! 

The species and height class of all woody plants were noted. Height classes were in 1 foot (30.48cm) intervals nntil 

6 feet (l.289m), then 6-10 ft (l.289-3.048m), 10-15 ft (3.048-4.572m) and> 15 ft (4.572m). 

Plants were examined for signs of black rhino feeding, and browse severity was allocated as follows: low - one 

branch bitten on the plant, medium - two branches bitten; high - more than two branches bitten. 

The cover-density board was used to assess lateral plant cover (8 readings were taken from regularly spaced 

perpendicular points 1 chain (20.12m) away from the transect. 

Modal grass height was also noted at each cover board position (not measured by Hitchins in 1969-70). 

(The summary Chapter 10 discussing the re-measurement of Hitchins' plots should be considered as jointly 

authored by Keryn Adcock, Peter Hitchins and myself. Peter undertook the original survey, supplied the 1970 

baseline plot monitoring data and helped locate some of the plots in the field prior to re-measurement. While I 

queried the raw survey data to contrast tl1e proportional contribution to the diet of different species in the two 

periods, and the proportion of individual trees of each species browsed in the two surveys, more detailed graphical 

analyses of the Hitchins plot data were undertaken by Keryn Adcock. The latter formed part of the BR2000 report 

submitted to the Natal Parks Board. A summary of Adcock's main findings of these analyses as they relate to 

bush-clearing history is included in Chapter 18. Table 3.1, Figure 3. 7 and Appendix 3.1 relate to the re

measurement of Hitchins' plots and were also produced by Keryn Adcock.) 

BUSH CLEARING HISTORIES OF HITCHINS' TRANSECTS 

The bush clearing history of the area of Hitchins' plots in HLUHLUWE North was fonnd to be extremely 

complicated. There was almost no replication of treatments. Virtually all the valleys (and a few lower slopes) were 

cleared, and effectively no controls (uncleared patches) were left. Roddy Ward had left two control patches near 
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Magangeni (Alf Wills pers.comm.). However, these were not marked on the ground and were not part of the 

Hitchins survey. Unfortunately these apparently were cleared by accident sometime between 1988 and 1990). The 

only uncleared areas were forest patches and upper slopes/hilltops, ie areas with different vegetation to begin with. 

Thus no assessment of the effectiveness of any one type of bush clearing could be made. 

If the chemicals used in bush clearing were included as part of the hush clearing treatments, then each of 

the 35 cleared plots would have had a unique clearing history since the 1960s. Ignoring chemical treatments 

10 different bush clearing regimes occurred on theHitchins transects. Table 3.1 details the bush clearing histories 

of the plots. 

MM!'LIE §l!ZJE§ 

The number of plots or transects, and woody plants, examined during the different surveys of black rhino project, 

are given overleaf 

The extremely high spatial variation in feeding means that feeding importance and preference values from the Pilot 

survey should be treated as rough approximations. Using first principles, output from One-Way ANOV A was used 

to calculate an overall coefficient of variation in the amount of browsing within Pilot survey stratums. Very high 

variability in browsing occurred with coefficients of variation of93.1% for Hluhluwe and 92.0% for Hluhluwe. 

Kotze (1990) also recorded coefficients of variation in browsing ofover 100%. 

The results from the much more extensive grid and rapid Post-bum surveys are drawn from a much larger 

sample size and therefore more confidence can be put in the results. The number of transects and trees assessed 

for browsing in the different studies were as follows: 
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Number of Transects/plots Hluhluwe Umfolozi 

Pilot Study(excl Strata 16&17) 27 30 

Grid Survey 242 187 

First Post-Burn 694 550 

Main Post-Burn 1,687 

BR2000 re-survey of Hitchins' plots 40 

Number of Woody plants Assessed Hluhluwe Umfolozi 

Pilot Study(exd. Strata 16&17) 1,451 1,163 

Grid Survey 25,623 7,098 

First Post-Burn 196,000 56,000 

Main Post-Burn 476,000 

Hit chins' survey 196 9-71 (7,631) 

BR2000 re-survey of Hitchins' plots 3,954 

Total Area of all Transects (ha) Hluhluwe Umfolozi 

Pilot Study(excl Strata 16&17) 0.54 0.60 

Grid Survey 3.63 2.81 

First Post-Burn 27.76 22.00 

Main Post-Burn 67.48 

BR2000 re-survey ofHitchins' 1969-70 plots 0.67 

BR2000 examined 700 OOO odd trees for browsing in the five Illuhluwe Surveys; while in Umfolozijust over 64 

OOO trees were assessed in three surveys. 
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§JP'JEICIB§ IDENTlllFJllCA TION 

The majority of species were identified using Moll (1981) and Coates-Palgrave (1977, 1990). The authors also 

made up a portable mini-herbarium on record index cards"· This proved vezy useful when learning the species 

at the outset of the project. 

Naming followed the 1990 revised second edition ofCoates-Palgrave; then Von Breitenbach & Von Breitenbach 

1990. Pooley (1993) was also consulted for new names, although it was too late to change any names in the text. 

Species whose nan1es have changed in recent years are listed in Appendix 3.2. 

Unfamiliar old species names found in old papers were translated into their current names using Ross (1972) and 

Von Breitenbach & Von Breitenbach (1990). 

As is usual in extensive ecological surveys the odd similar species may have been confused. If observers were not 

sure, or could not identify a species it was given a temporazy name, and part of the plant was labelled and put into 

a rucksack for identification later that day back at base"'. 

Grewia and Rhus species can be difficult to tell apart, and as an aid to correct identification the observers 

carried keys to those species with them in the field. 

The bulk of the Ehretia observed was E.rigida. However as an occasional E.amoena may have 

been wrongly classified, it was decided to lump data for these two species. 

Diospyros dichrophylla was not recorded in the surveys, and it may have been confused with 

D.simii (Pooley 1993 ). In addition D. lyciodes is a vezy variable species (Pooley 1993) and some 
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plants may have been wrongly identified. 

All So/anums were lumped together for analysis. This was unfortunate as the tall S.giganteum 

and more common S.panduriforme had differing distributions; with the former favouring forest 

margin habitat, and the latter more open grassland areas. Palatability also varied between 

species. Occasionally patches of S.giganteum were heavily browsed; while S.panduriforme was 

highly rejected. 

Tue scrambling Acacias, A.ataxacantha andA.schweinfarthii, were also lumped together. 

Spiny ForestMaytenus' (that were obviously notM.senega/ensis or M.heterophy//a) were usually 

classified as M.nemorosa. It is possible that some of the trees classified asM.nemorosa may have 

been Mmossambicensis. 
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ICHAIP'1'IEIR 3 NO'll'E§ 

#1: With only 22 Kb of memory available programming the Sharp PCI500Arequired routines to be written lo convert data into alphanumeric codes 

that took up less space. One alphanumeric code was used to store values for up to three different integer variables. Special interfacing software was 

written to down load the data onto a PC and translate the alphanumeric codes back into their original values. Data were exported to PC in ASCII 

fonnat which could then be parsed after being imported into a spreadsheet. In Umfolozi, data had to be downloaded onto cassette tape for later transfer 

to PC back at Hluhluwe. Unfortunately, checkbit errors occurred when attempts were made to reload the data from two strata from tape to the pocket 

computer. The tape failure meant that data from six plots in two strata (16 & 17) could not be retrieved. 

#2: When densities of some spizes were high. sheep-counters were occasionally used to count the common trees. The total tree number was then 

proportionally allocated between the common spizes. For example, let us suppose that 47 sized 1 Acada karroo and Acacia gerrardii were counted 

in the central 2mstrip of a plot using the sheep counter. If about two thirds of these trees were Acacia karroo, then the plot densities of the two species 

would be estimated at 78 (47*.667*2.5) and 39 (47*.333*2.5) respectively. In practice this procedure was not used much. It proved easier for the 

observer to shout out "gerrardii I. 3karrool 's, karroo2, bezey I, karroo I, etc." and the recorder to record each tree as a dash. Dashes were entered on 

the page in groups of five. with every fifth being diagonally superimposed on four vertical dashes to make a "gate". The use of dash gates made final 

counting much easier. 

#3: In hind.<::ight I should have recorded perpendicular distances to the dung piles. As we walked on a ntraight compass bearing between plots it would 

then have been possible to correct for visibility difference and estimate the density of dung piles using distance sampling (Burnham et al. 1993 ). 

#4: In practice the small non-standard keyboard and display on the Psion Organiser proved difficult to use; although in contrast to the Sharp, 

downloading of data from the Psi on was quick, easy, accurate and error free. The technology of the memory modules also meant that the data captllred 

by the Psion were secure. 

#5: Paper was also chosen over the Psi on Organiser for data capturing on the simpler rapid post-bum surveys as it was easier and most importantly 

quicker in the field. The two experiences with using poacket computers to capture data in the filed showed that only simple techniques appear to lend 

themselves to traditional pocket computercaptllre in the field (e.g. Dry Weight Ranking). However, the use of sets ofbarcodes and a bar code reader 

might have solved many of the problems experienced and make pocket computers a better option in future for electronic data recording. 

#6: Probably the most importatt. fact was that both key observers (Richard Emslie and BR2000 research assistant Keryn Adcock) were highly 

motivated. Keryn and I were convinced that data quality would almost certainly have suffered if the surveys had been carried out by others simply 

as a job fora third party employer. Forth is reason, no other field assistant worked for the full period. It simply would have been unreasonable to expect 

non-project members to work in the bush for such long hours, and for such a long period. 

The grid survey programme was a once-off project that the two observers would not have to repeat in a hurry. Therefore it helped that the two key 
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observers were able to get into a "Comrades marathon" frame of mind, and see the whole exercise as big challenge to be completed successfully also 

helped. This attitude helped both key observers cope with the heat in the middle of the day. Observers with different personalities and characters may 

not have been able to do this, and data quality or sample sizes may have suffered as a result. 

Giv'en the desired total number of plots to be measured in the surveys; daily targets simply had to be achieved in order to complete the surveys in the 

required time. The knowledge that one couldn't afford to slip behind schedule was a stimulus to keep at it despite flagging enthusiasm. 

Observers measured plots as fast as possible as this was found to reduce fatigue - probably because the plots took less time, and also because key 

observers were so busy there was no time to think about how monotonous and boring the field-work was. 

AJthough plot measurement was time consuming. this work was interspersed with half kilometre walks through the bush to travel to the next plot 

Navigating between plots involved map reading. counting all paces taken, and regularly taking bearings. In addition rhino browsing was also assessed 

while moving between plots. Moving between plots therefore involved more work introducing more ra.tigue. However, the repeated changing from 

plot to navigation mode throughout the day at least introduced variety, and helped break the monotony of plot measurement. Fortunately the simple 

pleasures of game viewing and seeing new areas on foot while navigating through the bush helped reduce fatigue. 

#7: The mini-herbarium would have horrified any professional herbarium botanist but worked well as an aid to field ecologists. 

#8: The observers had no time for the niceties of botanical plant collection. Identification of unknown specimens had to be done the same evening 

betOre they dried up. There were a fow rare species that [was not able to identify. 
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CHAPTER4 

METHODS III: BLACK RHINO FEEDING:HABITAT DATA 

PREPARATION AND ANALYSES 
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llNI1ROJJ>IUIC'TION 

o To critically interpret and evaluate the BR2000 results, professional quantitative ecologists require details of the 

methods of data analyses . This chapter provides this information. 

o However, many readers will primarily be interested in the results and conclusions'1• Readers who are not 

professional ecologists should probably skip all of this chapter except for the following section on defiuitions of 

terms (pages 83-86). 

o Those readers unfamiliar with spize-based ordination methods, but who would like a non-technical review 

of what they can do, and how to interpret their outputs (ordination diagrams and biplots) should refer to 

Appendix 4,1 for a layman's guide to these methods. 

ll>IEFINllTION OIF TJERMS IU§JED IN ANAL Y§IE§ 

Before proceeding with details of the analyses a number of terms need to be defined ... 

SPIZE AND RESOURCE 

The term spize was coined as a shorthand way of saying species size class. 
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A resource is defined as a further subdivision of a common spize according to the amount of grass interference_ 

For example. smal1A.karroo (<Im) is a spize, while smallA.karroo (<Im) with high grass interference (>50% 

of the foliage hidden) is a resource_ 

IMPORTANCE, PREFERENCE AND REJECTION OF FOOD ITEMS 

An important species is one which contributes a high proportion of the total diet. 

A preferred species occurs in the diet in a greater proportion than it occurs in the habitat; while a rejected species 

occurs in the diet in a lower proportion than it occurs in the habitat. 

Preference Indices were always calculated as the percentage contribution of species, spize or resource X to the 

diet divided by the percentage contribution ofX in the habitat (i.e. an importance:abundance ratio). 

Standardised preference and rejection symbols have been used throughout this and subsequent chapters to aid 

interpretation_ Stars (*) and minuses (-) have been used to denote preferred and rejected items respectively: the 

more symbols the greater the preference or rejection. 

Highly preferred items(***) had Preference Indices (PI's) greater than or equal to 2.75. 

Preferred items(**) had PI's greater than or equal to 2, but less than 2.75. 

Slightly preferred items (*) had Pl's greater than or equal to 1.25, but less than 2.00. 

Intermediate items ( ) which were likely to be neither preferred nor rejected were defined as having PI's greater 

than or equal to 0.80, but less than L25_ 

To facilitate comparison, rejection class boundaries were simply defined as the reciprocals of preference class 

boundaries: 
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Highly rejected items(---) were defined as those with Pl's less than 0.36. 

Rejected items(--) had Pl's greater than or equal to 0.36, but less than 0.50. 

Slightly rejected items(-) had Pl's greater than or equal to 0.50, but less than 0.80. 

"ACACIAS" 

Unless otherwise stated the term "Acacias" (ie. in inverted commas) is defined as including the Acacia- like 

Dichrostachys cinerea (a member of the sub family Mimosoideae of the family Legumiuosae) along with true 

Acacias. 

YES, NO, AYE AND NAE PLOTS 

Plots where feeding was recorded were termed YES plots, and plots with no feeding NO plots. 

Plots where Species or Spize X occurred, and which contained feeding, were called AYE plots. Those where 

Species/Spize X occurred without feeding were NAE plots. 

TOTAL, FREE, HIDDEN, OLD, NEW AND ALL BROWSE BOTTLES 

The basic volumetric browse unit was the browse bottle or BE (see Chapter 2). 

Total available bottles measured the amount of browse bottles within rhino reach. Foliage above about 2 metres 

on tall trees was not included in the assessments of total available browse bottles. The exception to this rule was 

when foliage occurred on taller spindly trees which black rhino could easily push over (e.g. some 2-4m high 

Spirostachys africana and tall spindly Acacia karroo trees). Foliage above 2 metres on these trees was included 
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in total bottle assessments as it was effectively available to black rhino. 

In the Pilot surveys Free available bottles represented the total available bottles on trees ofless than 2 metres not 

hidden by grass, forb or thicket interference (Le. Total minus Hidden bottles) 

In the Grid surveys Free available bottles represented the total available bottles on trees ofless than 2 metres not 

hidden by grass interference (i.e. Total minus Hidden bottles). 

The term New bottles refers to the estimated recent browse offtake by black rhino, measured in browse bottles. The 

points of New browsing did not show signs of decomposition or discolouration. 

The term Old bottles refers to the estimated offtake after the last burn, but yet had occurred some time previously 

(ie. > I Y,+ months ago). In contrast to New browsing, the points of Old browsing had lost their colour and turned 

greyish - sometimes with slight decomposition. Only browsing that was definitely done by black rhino was 

measured (see Chapter 2 for further details). 

The term All bottles refers to all recorded browsing (i.e. both new and old). 

TREE SIZES 

Tree sizes in the grid survey were: 

I: small,< l .OOm, but big enough to be able to detect black rhino feeding (i.e. excluding small 

thin seedlings and saplings). 

2: medium, 1.00 - I. 99m 

3: intermediate, 2.00 - 3.99m 

4: tall, > 4.00m 
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IP'IIIW'J!' SIUIRVEYS 

DATA PREPARATION 

Raw encrypted data were transferred from the Sharp to PC using interfacing software written by the author in GW

BASIC. The coded data were unpacked and free browse bottles/tree, thicket interfered bottles/tree, and the bottles 

hidden by both grass and forbs/tree were calculated. Results were summarised by spize (species-size class) and 

expressed per hectare and as per tree. 

Excluding the six lost plots, a total of2,6 l4 trees were sampled in the Pilot survey. 

RELATIONAL QUERYING 

Paradox relational database querying was used to summarise results. Queries were self explanatory, and so details 

need not be given here. Paradox was also used to export the data to other statistical analysis packages. 

STANDARD STATISTICAL ANALYSES 

Unless otherwise stated BR2000's standard statistical analyses were undertaken using Statgraphics, and later 

Statgraphics Plus version 5.0. 

One way ANOVA's and Tukey's Honestly Significantly Different Multiple Comparison Testing were used to 

detennine whether black rhino browsing significantly differed between the habitat patches sampled. TI1e Sums 

of Squares in the derived ANO VA tables and Grand means were also used to manually calculate the pooled 

coefficients of variation in feeding between replicate plots per habitat patch for both reserves. 
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In cases where explanatory variable collinearity was marked, Ridge Regression (Draper and Smith I 98 I) was used 

to analyse data in preference to standard multiple regression. Ridge regression modifies the least squares procedure 

to help avoid problems caused by highly collinear independent variables. Resulting parameter estimates may be 

slightly biased, but are often more precise tlian those obtained using ordinal}' least squares, while estimated 

coefficients of correlated independent variables may be closer to their true values. The value of ridge regression's 

theta coefficient controls the extent of bias introduced. Where theta equals zero, results are the same as for 

ordinary least squares after all variables are standardised. As theta increases, usually remaining Jess than I, bias 

increases but so does precision of the coefficients. A small value of theta beyond which the estimates change 

slowly, is appropriate. Details of the pilot-survey analyses are given in Chapter 6. 

IGlRID SURVIEYS 

BASIC DATA MANIPULATION AND QUERYING 

After importation of the original data from dBaseIV, almost all the basic data manipulation and querying were 

done using Dos versions of the Paradox relational database software package. All the necesS31}' computer programs 

were written in PAL (Paradox Application Language). Quattro Pro was primarily used to enter environmental data 

onto the computer, and@ functions and cell equations were used to manipulate data and calculate new variables. 

Data were routinely transferred between these two packages without problem. 
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BUILDING OF HABITAT, BROWSING, ENVIRONMENTAL AND MANAGEMENT DATABASES 

Past recording and mapping of fire and bush-clearing data by NPB staff allowed BR2000 to study the longer term 

effects of management actions as well as environmental variables on woody vegetation structure and composition. 

To undertake these analyses it was first necessary to build databases summarising environmental and management 

variables at both plot and plot-spize levels. 

The databases used in Grid analyses consisted of raw data and simple calculated fields (e.g. Free Bottles/Plot). The 

databases also included data that had to be laboriously extracted for each plot, from the many Soil, Geology, Fire 

and Bush Clearing Maps in the IDuhluwe Research Centre. 

The main IDuhluwe and Umfolozi Grid Study area datasets contained 306 different variables. This represented 

almost three hundred thousand datapoints that either had to be entered or calculated (IDuhluwe 198,306 Umfolozi 

93,500). If one also included the hundreds ofRESOURCEand CANOCO derived variables that were also used, 

the data points used in the Grid analyses numbered about half a million. 

Some calculated variables were used to facilitate certain queries, even though they effectively duplicated 

information. Data for a number of variables were expressed in three ways: I) per plot, 2) occasionally per hectare, 

and 3) per hectare divided by the number of plots in the study area. This technically made querying easier. The 

first format (the raw data) could, for example, be used for categorical analysis. Averaging queries using the second 

data format returned average values per hectare for the conditions specified. Summation queries using the third, 

returned average values per hectare for the whole study area for any given set of conditions. 

The variables in the main databases could be spilt into five broad types: 

A] Habitat description variables for each of the 465 l unique IDuhluwe and 2354 unique 

Umfolozi Spize/Plot combinations. These variables included woody spize data using a range 

of abundance measures from estimates of canopy cover to free browse bottle densities. Grass 

Interference data also formed part of the habitat descriptions. 
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B] Variables recording browsing and habitat use data for each of the 4651 unique Hluhluwe 

and 2354 unique Umfolozi Spize/Plot combinations. 

C] Summary habitat description variables for the 242 Hluhluwe and 187 Umfolozi plots. 

D] Variables recording browsing and habitat use data summarised for each of the 242 

Hluhluwe and 187 Umfolozi plots. Variables that quantified the extent of black rhino browsing 

and sign in the areas surrounding each plot were also included in the Hluhluwe databases. 

I 

El Explanatory databases wi41 data for a suite of environmental and management variables 

per plot for each reserve. Enyironmental data ranged from physical information about plot 

location, altitude, slope and ~ect to details of underlying geology and soil type. Management 

variables summarised fire and bush clearing histories for each plot. 
1. 

Separate databases were built for each study area. In addition pooled databases containing data from both areas 
' 
I 

were built to allow pooled queries. All vanables in the databases are described and listed in Appendix 5.2. A copy 

of these variables on disks, together wit!) I hard copy, will be supplied to the Natal Parks Board. 

i 

Besides the habitat descriptor variables, :\'hole suites of key species, spize and resource variables were derived for 
i, 

each plot using the RESOURCE softwarel(Emslie I 991d). RESOURCE is a data preparation tool which automates 
'1 

the identification and lumping, making passive, or dropping of rare· species, spizes, resources and plots. 

! 

RESOURCE is fully described in the follpwing chapter. 
i 

These data were converted into summary! tables, with plots as rows and species, spizes or resources as colunms. 

To do this, the RESOURCE generated ARkA compatible input files (i.e. arkain.dbffiles), were simply imported 

into Paradox and cross-tabulated. The ;\.RKA" (Bodasing et al. 1989) software application was then used to 

automate the process of building the specialised FORTRAN format input files required by multivariate analysis 

packages like CANOCO (Ter Braak !988a), TWINSPAN (Hill !979b) and COMPCLUS (Gaugh 1979). 
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STATISTICAL ANALYSIS OF MULTIVARIATE ECOLOGICAL DATA 

Ecological data are amongst the most intractable data for statistical analysis (W.Zucchini, pers comm.). The 

statistical analysis of multivariate ecological data is not simple, making model selection and analysis complicated 

and time-consuming. Examples of common statistical problems that were experienced included: 

- Variable collinearity and non-normality. 

- Non-Linear system responses. 

- High data dimensionality. 

- Failure to meet Parametric technique assumptions (e.g. residual non-normality and 

heteroscedasticity). 

- Spatial and temporal autocorrelation. 

- Non stationarity and variable anisotropy when attempting Kriging. 

- Potentially more explanatory variables than plots. 

- Limits to the number of variables and plots allowed in standard ecological FORTRAN 

statistical packages. 

- Problems caused by rare species/spizes and aberrant sites. 

- High levels of "noise" in the data. 
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Fortunately for ecologists, more and more techniques and software are being developed every year which are better 

suited to analysing ecological data than the traditional classical Parametric statistics. BR2000 was able to take 

advantage of some of these developments (eg Partial Constrained Ordination with Monte-Carlo Permutation 

testing, and Formal Inference-based Recursive Modelling). 

STANDARD STATISTICAL ANALYSES 

Many of the analyses in Chapters 7, 8 and 9 are self-explanatory (e.g. Relational database querying, ANOV A, 

Multivariate ANOVA (Johnson 1980), Multiple regression or Ridge regression analyses), and therefore need not 

be described in this chapter. Details of the aims of these analyses are instead presented together with the results 

in later chapters. 

Paradox proved to be a superb software package, allowing very complex interrogation of the databases. It was an 

essential component that contributed greatly to the success of the analyses. 

The rationale for using Ridge regression was outlined earlier in this chapter. 

The so-called self-explanatory analyses were used to : 

o examine baseline woody tree abundances; 

o highlight habitat differences between study areas; 

o determine the important, preferred and rejected species and spizes for each study area, (results 

being calculated using both bottle and count data); 

o contrast differences between plots with feeding and those without; 
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o examine the effects of grass interference and grass height on black rhino feeding; and 

o contrast the idfluence of grass in Hluhluwe versus Umfolozi, on the availability to rhino of 

<2m (small-mecl\ium) food "Acacias". 

The decomposition of mjtiple correlation coefficients was undertaken using the approach of Johnston (1980). In 
I 

essence this analysis was Ln to a simple version of Newton and Spurrell's Addititive Elements Analysis (Newton 

I 
& Spurrell l 967a, l 967b; rhittaker 1984). The aim of such analyses was to quantify the unique effects and shared 

- "'.._. "'"'T ~, .... , ..... ,, .. "" "' oo. - ""'"' .... - ,,, .. _ •. 

DETERMINATION 0, THE LONG TERM INFLUENCES OF MANAGEMENT ACTIONS (BUSH 

CLEARING AND FIRE) ON WOODY HABITAT COMPOSITION AND STRUCTURE IN HLUHLUWE. 

Detennining the long ternl (3-30 years) effects of fire frequencies and bush clearing on black rhino habitat quality 

using multivariate analysil of the Grid survey data was a two step problem -

I 
i 

• Multivariate statistical techniques were firstly used to determine how the habitat composition 

and structure has been altered by management variables (e.g. fire frequencies at different periods 

since 1955). This\ was in itself a multi-stage process. 

i 

• The knowledge gained about the effects of management variables on habitat structure and 

composition was t11en interpreted in the light of knowledge about black rhino feeding preferences 

obtained from the feeding surveys. 

The first stage of the analysis had to be split into a number of stages. This was primarily because past fire regimes 

and bush clearing histories were partially confounded with environmental variables. 
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For example, fire frequency is in pan a function of altitude, slope, soil type, geology and aspect. Analyses that 

include all these correlated variables at once, may show that fire histories are strongly correlated with community 

composition and structure. However, the problem is that such analyses will not indicate whether fire variables 

themselves uniquely explained some of the variation in habitat composition, that could not already be explained 

by other correlated environmental variables (altitude, slope, soil type, geology and aspect). Similarly, high 

frequencies of bush clearing were correlated with flat low lying areas in the Manzimbomvu valley, confounding 

interpretation. 

Before examining the influence of management actions on woody vegetation composition, analyses 

concentrated initially on determining, and then statistically removing the effects of environmental variables 

on the vegetation. Available software was not dimensioned to handle all the environmental variables data 

were available for. It was therefore also necessary to select a key subset of environmental variables from all 

possible variables (see Chapter 14). 

After the effects of the selected key envi ronmcntal variables on species composition had been partialled out, 

analysis could proceed to the next stage. This was, determining whether firstly fire variables, and secondly 

bush clearing variables, significantly explained any of the residual variation in species composition and 

structure (See Chapters 15-18). Figure 4.1 illustrates the analytical approach taken. The square (I) represents the 

variation in woody vegetation data. The pieces P, F and B symbolise the variation accounted for by the 

environmental, fire and then bush-clearing variables. The piece U symbolises the remaining unexplained variation 

and noise. 

The methodology adopted to select and determine the influence of a suite of key environmental variables is 

described in the following section. The knowledge gained during this stage of analysis represents a spin-off for the 

Natal Parks Board, 
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Figure 4.1. Ilustration of successive analysis to study variation in habitat data. 1) First 
anaiySt:S oeterrnine variation in habitat structure and composition accounted for by physical 
and environmental factors (P Ja.). 2) Second set of analyses determine the residual variation 
in habitat structure and composition accounted for by fire variables (F • ). 3) The third stage 
determines variation of remaining variation in habitat structure and composition that can be 
accounted for by bush clearing treatments (B * ). The remaining unexplained variaiion 
(U O ) is also shown. This will comprise of unexplained variation and noise. 
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ANALYSES TO DETERMINE THE INFLUENCES OF 

ENVIRONMENTAL VARIABLES ON HLUHLUWE WOODY 

VEGETATION 

Given the bulky, noisy and complex vegetation data (eg 337 different spizes in 242 plots in Hluhluwe Grid survey), 

it was necessary to use multivariate ordination methods to detennine the major patterns in vegetation composition 

and structure. This enables the main gradients in community composition to be described using a smaller number 

of variables. Although a little of the raw information is always lost in multivariate analyses, this is nsually more 

than made up for by the overall gain in understanding which results (see Appendix 4.1). 

Constrained Ordination methods were selected to derive the new vegetation structure and composition variables. 

Constrained ordination has the advantage that analysis can focus directly on the relationships between species and 

measured explanatory variables. Interpretation of derived ordination axes is also automated. Results can also be 

shown graphically using ordination diagrams and biplots. Biplots not only show the major patterns of habitat 

variation, but also the main relations between the species and each of the environmental and management variables 

under study. (Readers unfamiliar with interpreting ordination diagrams and biplots should consult Appendix 4.1 

for a non-technical explanation of how to interpret them). 

Model building 

The aim of this modelling was to determine which key environmental variables influence woody habitat structure 

and species/spize composition in general, rather than just describing vegetation composition within black rhino 

reach. Braun-Blanquet (BBQ) cover abundance data were therefore chosen to be the basis of habitat analysis rather 

than density or bottle based data, because the former gives greater emphasis to physiognomically dominant big size 

classes, which have lower densities. 
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Both Species and Spize based RESOURCE analyses of Braun-Blanquet Cover Abundance data were undertaken. 

Chapter 5 gives full details on RESOURCE (Emslie l99ld). Rare species were identified and dropped using 

RESOURCE. In the Spize based analysis, optimal spize combinations of more common species were then 

determined by RESOURCE. Finally, aberrant site indices were calculated and aberrant sites identified so they 

could be made passive in subsequent analyses. RESOURCE output was then exported to ARKA I. I (Bodasing et 

al. 1989). 

Subsets of the environmental explanatory variables were extracted from the main Hluhluwe dataset using Paradox. 

Data were then either translated immediately into a dBaseIV format file for direct input into AR.KA; or were 

exported to Quattro Pro before subsequent transfer to AR.KA. 

Quattro Pro was used when 34 additional environmental explanatory variables, interaction product variables, or 

transformations were included. A total of75 different environmental variables were considered in the analyses. 

Additional environmental variables used in the analyses are listed in Appendix 4.2. To avoid "data dredging", only 

additional variables which previous runs indicated should be examined and/or seemed intuitively reasonable were 

added. 

ARKA I. I was used to build the two vegetation (species and spize) and six environmental data input files in the 

specialised FORTRAN format required for CANOCO multivariate analyses. Explanatory variable subsets were 

used to draw up the six different FORTRAN format input files ". 

Basic environmental variables (altitude, aspect, slope, distance from water, soil type and texture and underlying 

geology) have a major influence on species distributions. Initial analyses therefore used the Species based Braun

Blanquet (BBQ) vegetation dataset. 

The first major section of the analysis studied the relationships between basic physical variables and BBQ species 

data. The aim of this stage of the analysis was to determine the smallest possible subset of variables that 

significantly described as much of the species:physical environment relationships as possible. 
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Repeated runs were used to identify and drop superlluous variables that explained little more than could be 

explained by other variables. This approach enabled the number of explanatory variables to be reduced to a 

manageable level, and at the same time avoiding problems associated with variable collinearity. Full details of the 

various analyses are given in Chapter 14. 

Detrended Canonical Correspondence Analysis (DCCA) was used at this stage of analysis in preference to straight 

Canonical Correspondence Analysis (CCA). This was because CCA could be expected to exhibit classic horseshoe 

effects as explanatory variables were collinear. Detrending by polynomials in DCCA was used to remove arch

effects. The majority of runs were Partial DCCA's (i.e. effects of covariables were partialled out before canonical 

ordination). 

Factors guiding model selection 

Model building was a complex process. In particular the decision of which variables to include and which to drop 

was not straight forward. Variable subset selections for each run were chosen after reviewing the results of previous 

runs. 

The following list of factors was used to select variables for each run and assess model suitability. The list assumes 

a rudimentary knowledge of the use of CANOCO and its output. This is both for the sake of brevity, and because 

this thesis is not intended as a training manual in multivariate ecological statistics. For a full description of the 

details of the methods, and how to interpret and use output, interested readers are referred to the works ofCajoTer 

Braak (1986; 1987a; 1987b; 1988, et al; 1988a; 1988b). I have however, endeavoured to provide enough detail 

so that professional ecologists can understand the approach taken to build and evaluate models. 

The factors used to guide model selection and assessment were : 

o Whether CANOCO detected collinearity and dropped variables before analysis. 
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o The size of the eigenvalues of derived canonical axes - The larger the better. Comparison between the 

size of eigenvalues of previous runs was useful"· 

o Correlations between explanatory variables in the weighted correlation matrices -This was usefnl 

to get an overall picture of variable collinearity patterns. 

o The inter- and intra-set correlations between explanatory variables and derived species axes. These 

were particularly useful in interpreting the canonical axes derived, and showed which variables 

worked in the same ways. 

o The size of the species:environment correlations for each canonical axis. 

o Variable Inflation Factors {VIF's) - The aim being to produce final models with low VIF's 

for all variables. VIF's proved to be very useful in guiding vartable selection and identifying 

those variables with unique effects. 

o The weighted means for each explanatory variable - Small weighted means indicated that 

these variables should probably be dropped in future rnns. The variable to drop in a dummy 

variable or closed number set was usually determined by looking at means. The variable with 

the smallest mean was usually dropped. 

o Graphical biplots of environmental variables were mentally superimposed onto plots of 

Species scores. Collinear variables which had been made passive were often also displayed 

on the blplots to aid interpretation. The length of the biplot arrows and angles between 

arrows were especially useful. 
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o Centroids of some dummy variables or fuzzy coded dummy variables were occasionally 

examined, and Centroid plots were mentally superimposed onto Graphical plots of Species 

scores. 

o The size of the t values of the regression coefficients, and especially whether they were> 2.1 

(In practice, t values were not as useful in helping to select variable subsets as had been 

suggested by Ter Braak in the CANOCO manual.) 

o Occasionally the discrepancies between Canonical Coefficients and Inter-Set Correlations 

were used to determine the extent of Collinearity problems. 

o The significance of the first Eigenvalue (and sometimes the Trace eigenvalue) was routinely 

determined using Non-Parametric Monte-Carlo Permutations Testing. This was particularly 

useful in determining whether a model was spurious (i.e. the variables being examined did 

not add anything to the model). In the majority of cases 99 permutations were undertaken so that 

significance could be determined at the p=O.O l level. This conservative level was chosen to avoid 

the "multiple-comparisons test spurious significance problem". In other words if you do enough 

different analyses, the chance of making a Type I error at some stage is greater with significance 

set at the traditional 5% level (where on average one can expect a spurious significance on 

average once every twenty runs). 

o The magnitude of the differences between the first eigenvalue (and occasionally the trace 

eigenvalue) and subsequent Monte-Carlo permutation eigenvalues was used to give a further 

indication of the strength of the derived species:environment/maoagement relationships. 
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o Sometimes the run stopped prematurely due to numerical overflow problems, caused by 

excessive collinearity amongst variables. In such instances, it was noticed that immediately 

before the run bombed, the screen very briefly showed the VIF table with some VIF's shown by 

a row of stars allowing the offending variables to be identified. 

In summary, Eigenvalue sizes, Monte-Carlo Permutation Testing, Correlation Matrices, Variance Inflation 

Factors, Weighted Means and Biplots were of most use in guiding variable selection and future analyses. 

Results of these analyses are given in Chapter 13. 

DETERMINING THE LONG TERM INFLUENCES OF FIRE ON HLUHLUWE 

WOODY VEGETATION COMPOSITION AND STRUCTURE 

After the effects of the selected key environmental variables on species composition had been partialled out, 

analysis could proceed to determine whether fire variables significantly explained any of the residual variation in 

species composition and structure (see Figure 4.1). This approach was based on the likelihood that sites with 

similar environmental conditions had not experienced identical fire histories. If fire frequencies affected habitat 

conditions in their own right, one would therefore expect fire variables to still significantly explain some of the 

residual habitat variability (ie. variation in the data not already accounted for by the environmental variables). In 

practice this premise held when looking at the effects of fire on the Grid survey data. Monte-Carlo Permutations 

testing was used to test the significance of the derived relationships. 

Tree size is a function of successional stage, which in turn can be influenced by management actions such as bush 

clearing and fire. Therefore this stage of analysis was undertaken using a spize based BBQ data set. 

Although large areas were shaded as having been burnt on the burn maps, these areas included patches of riverine 

and other mature forest patches that would not have been burnt. An examination of the species composition and 

structure of each plot enabled t11ose plots to be listed. When analysing to determine the effects of fire, these plots 
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were therefore dropped from the analysis. As some riverine and mature evergreen forest plots were dropped from 

the analysis, the species weights from the first "fire" run were examined to identify further species that should also 

be made passive in future analyses. 

Results of these analyses are given in Chapter 16, and this chapter also discusses the limitations of the fire data 

on the Park's burning maps. 

MULTIVARIATEANALYSESTODETERMINETHELONGTERMINFLUENCESOF 

BUSH-CLEARING ON HLUHLUWE WOODY VEGETATION COMPOSITION AND 

STRUCTURE 

After the effects of the selected key environmental variables and fire variables on species composition had 

been partialled out, analysis proceeded to determine whether bush clearing variables significantly explained 

any of the residual variation in species composition and structure. 

As will be discussed later, the partial constrained ordination approach failed when studying the effects of bnsh 

clearing. This was almost entirely due to the complete lack of adaptive management (ie virtually no controls) in 

the application of bush clearing treatments. 

Besides the lack of adequate control treatments, the large number of different bnsh clearing treatments (species 

cleared, physical method used, chemicals applied, concentration of chemical solutions, whether diesel was applied, 

frequency of clearing, etc.) made it almost impossible to adequately assess the long term effects ofbnsh clearing 

nsing the Grid survey data. 
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Problems with bush-clearing data 

Short term experimental projects can be used to determine the short term effects of bush clearing operations on 

woody plants (e.g. King 1987, Konstant in prep). However, past mapped bush-clearing data have to be used when 

attempting to discern the longer term implications of bush clearing on woody species composition and structure. 

Such work was fraught with problems. 

The most striking features of the early bush clearing operations in Hluhluwe have been 1) the large number of 

different bush clearing treatments and 2) the lack of adaptive management in setting up replicates of treatments 

together with uncleared controls. In other words the emphasis appears to have been almost entirely on clearing 

bush, with little thought of assessing the success or otherwise of particular treatments. 

Roddy Ward was one notable exception who had the foresight to leave control plots during the early clearing. Sadly 

all these plots have since been cleared accidentally (A.J. Wills pers comm.). 

Analysis oftl1e bush clearing history of the 242 Hluhluwe Grid Plots revealed that of the plots that were treated 

up to 1988: 

Nine different sets of species were listed as being cleared. 

Clearing was undertaken in 14 different years. 

Ten different combinations of arboricide and diesel were applied in N.E.Hluhluwe between 1973 and 

1990 (Garlon with diesel, Garlon Super with diesel - only after Grid survey, Tordon 101, Tordon 155 with 

and without diesel, Tordon Super with diesel, 2-4-5-Twith and without diesel, Roundup, and application 

of diesel on its own.) 
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The application of chemicals in different strength solutions further increased the number of different 

chemical applications. 

The number of different treatments imposed on the plots increased further when one also considers the frequency 

of clearing and the time since last clearing. 

111e huge number of different treatments, and lack of adequate replication made it impossible to analyse the bush 

clearing data in detail. It was therefore necessary to simplify the bush clearing data before analysis to reduce 

the number of variables to a more manageable level. 

o It was decided to reduce the species cleared to three classes: Acacias, Maytenus senegalensis 

and Euclea divinorum. 

o All chemical treatments were lumped as chemical treatments, although a separate variable was 

included to denote whether diesel had been applied or not. 

o Similarly all physical clearing methods were lumped together as physical. 

DETERMINING THE SHORT TERM INFLUENCES OF BUSH-CLEARING AND FIRE 

ON HLUHLUWE WOODY VEGETATION COMPOSITION AND STRUCTURE 

The results from the short term bush clearing experiments of Nick King (1987) and more recently Tracy Konstant 

(in litt.) were interpreted in the light of knowledge gained on black rhino feeding patterns. 

In addition, the influence and importance of the variables Fire in 1988 and Fire frequency in the 1980s were 

studied on the fire constrained canonical ordination biplots (see above). 
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IDENTIFICATION OF POSSIBLE SUCCESSIONAL PATHWAYS USING GRID SURVEY DATA, 

INCLUDING THE EVALUATION OF THE HYPOTHESISED WHATELEY-WILLS MODEL OF 

SUCCESSION IN HLUHLUWE. 

Past vegetation changes were pieced together using a number of different approaches: 

KING'S ANALYSIS OF AERIAL PHOTOGRAPHS 

King (1987) analysed old aerial photographs ofHluhluwe. His findings were reviewed based on ground truthing 

of his vegetation states based on our knowledge of the vegetation throughout the llluhluwe Grid Study area. This 

work is discussed in both Chapter 16 and 20. 

LITERATURE REVIEW 

A literature review proved very useful. Older papers referring to !he area in the 1930s and 1940s were searched 

for references to woody vegetation. The communities described by Whateley and Porter (1979) were closely 

examined to see if there were any differences in communities compared to 1989. Current theory on plant 

succession also proved valuable in reviewing the evidence for changes in various communities. 

ANALYSIS OF OLD VEGETATION MAPS OF N.HLUHLUWE 

The following old maps were located and examined following recorded changes in different parts of the Grid study 

area: 

- J.S.Henkel's (1937) 1936 map of vegetation types of Hluhluwe Game Reserve * 

- P.M. Hitchins' 1960 map of vegetation types mapped from aerial photos job 442 strip 8 • 
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- P.M. Hitchins' 1970 map of vegetation types mapped from 1969 aerial photos job 608 strips 11 and 12 

plus field work *. 

- P.M.Hitchins' 1970 map showing the extent of"dense vigorous scrub" in 1960 and 1970 based on his 

1960 and 1970 maps *. 

- P.M.Hitchins' 1973 vegetation base map* 

-A.Whateley's 1975 map of vegetation communities of (written up as part ofWhateley & Porter 1979 

& 1983)*. 

- R.N.Porter's 1975 map of wildlife management areas and associated veld problems for Hluhluwe Game 

Reserve and the northern Corridor. 

A map study area was defined as the area ofHitchins' maps that occurred in the Grid study area and its boundaries 

are given in Figure 4. 2. The proportional contribution of the different vegetation units in each map were 

quantified using a point sampling grid overlaid on top of each map annotated with an asterisk* above. In the case 

ofHitchins's 1960, 1970 and 1973 maps the history of each sampling point was recorded. 

USE OF A RESOURCE-BASED STATIC ORDINATION APPROACH 

o A Spize-based ordination approach was used to study successional trends, as these reflect both species 

composition and vegetation structure. This has been termed a "static" ordination approach to studying succession 

(Austin 1977); in contrast to the "dynamic" ordination of repeated site measurements over time. Despite being 

successfully used by a few researchers (Goff & Zedler 1972, Enright 1982) the "static" ordination approach has 

largely been ignored as a method to study succession. 

The past lack ofuse of "static" ordination approaches may in large measure have been due to the problems inherent 

in spize-based ordinations that RESOURCE was designed to sort out (see Chapter 5). RESOURCE was therefore 

used to prepare data prior to ordination to identify rare spizes and aberrant plots. RESOURCE also created 

composite spizes where necessary to ensure that valuable data were not discarded. prior to ordination. 
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Figure 4.2. Area of Hitchins · 1960, 1970 and 1973 maps which fell inside the Grid Study Area and which 
was used to analyse Hen.kel's 1937, Hitchins' 1960, 1970, 1973 and Whatcleys' 1975 vegetation maps. 



The assumption behind this "static" approach was that each site represents a sequence in time; with the larger size 

classes representing the present successional stage of the site, and the smaller size classes the possible future 

composition (Enright 1982, Emslie 199 le). By following the path traced by the centroids of successively larger 

spizes of key species on ordination diagrams, successional patterns can be detected (Emslie& Adcock 1990, Emslie 

l99le). However on standard ordination plots it is usually not clear whether plots placed near the origin are simply 

unaffected by the constraining variables, or genuinely represent a central position in the ordination. For this reason, 

and to make understanding easier, three dimensional interpolated species abundance data were plotted for many 

spizes in ordination space. The three dimensional plots also include much more infonnation about spize 

distributions than simply looking at the position of centroids on an ordination plot. Time constraints meant it was 

not possible to draw plots for all key spizes. However, enough maps were drawn to clearly identify the main 

successional gradient and objectively evaluate the Whateley-Wills hypothesis (Whateley and Wills 1996). 

A three dimensional plot of black rhino feeding levels in ordination space was also produced. By mentally 

superimposing this diagram onto the identified successional path in ordination space it was possible to detennine 

the extent to which successional trends may have been detrimental to the rhino. 

The three dimensional surfuce plots were drawn using an inverse distance squared interpolation algorithm ". 

This approach provided a good objective test of the Whateley-Wills successional hypothesis (see Chapter 20 for 

more details), as the patterns were determined objectively by multivariate analysis. As mentioned it also enabled 

one to relate any detected successional pathways to rhino feeding levels. 

ORDINATION OF DATA SUBSET 

The Hluhluwe Grid Plots were examined and those plots that contained communities that had no part in the 

proposed Whateley-Wills successional model ( eg riverine forest and true evergreen forest) were dropped. The 

remaining subset of the Hluhluwe Grid Plots was then subjected to a spize-based ordination, to further examine 

the proposed successional model. 
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TWINSPAN ANALYSIS 

A spize based TWINSP AN (Hill ! 979b) analysis was also carried outto further evaluate the proposed successional 

model. If the Whateley-Wills model holds, one would expect thatA.ni/otica would be identified by TWINSPAN 

as a pivotal species in the classifications. An examination of the associations of spizes in the detailed output file 

would provide additional evidence to evaluate the model. Once again this provided an objective assessment of the 

proposed model. 

MEDIAN CLUSTERING 

A median clustering algorithm was used to study patterns of association of key spizes. 

CONSTRAINED ORDINATION BI-PLOTS 

A number of causal processes were suggested by Whateley & Wills ( !996). The examination of the constrained 

partial ordination bi plots and in particular the fire constrained plot would be an objective test of the theory. Should 

lack of fire have been such a key factor as suggested, then one should expect the orderings of the key "Whateley

Wills" spizes to be organised in a logical sequence on the resultant biplot. However, should the theory not hold, 

no clear cut pattern should be apparent. 

INTERVIEWS 

Where possible past rangers and researchers were questioned about past vegetation structure and composition. 

Unfortunately in most cases memory was hazy as most people's interest in the past had been the animals and not 

the vegetation. However. Staff-sergeant Ncgobo, who was interviewed just before he retired in 1990, was a most 
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useful mine of information and could talk about conditions in the mid 1970s in some detail. Before he died 

Dumisane Ngobese and an old long-retired Game Guard who had worked with Pete Hitchins in the 1960s were 

also interviewed in Kwa-Zulu and provided useful information on vegetation changes. BR2000 also toured the 

Hluhluwe study area with Doug Pheasant who put the first lighting-plant into Hluhluwe. 

OLD PHOTOGRAPHS 

The old photos at Hluhluwe Research were examined. Unfortunately very few were of much use, as animals or 

people were generally the main subject of the photographs and the exact location of the photos were not clear. 

Some old movie film was watched at Natal Parks Board Head Office, but again this proved not to be useful as the 

vegetation was never the subject of filming. 

However, some photos were very useful. Attempts were made to re-find one location where photographs had been 

taken in 1949, 1974 and 1984 (Figure 20.4 ). Unfortunately Tony Whateley who had taken the last photo had 

emigrated and was not available to assist in finding the site in the field. Although we had a rough grid reference, 

attempts to relocate the site were unsuccessful. Indeed, it may have been that the area had recently been bush

cleared. 

Roelf Attwell also kindly supplied the author with copies of some his photographs ofHluhluwe taken from 1939 

onwards (see Chapter 20). 

Unfortunately the fixed-point photographic monitoring programme was too recent to look at longer-term past 

vegetation changes. During the field work period, the planned retaking of these photographs by NPB staff 

unfortunately never took place. A comparison of recent pictures with old ones would still have been instructive. 

In time, the author is sure that the foresight ofNPB staff, partticularly Ian Macdonald, to set up these fixed point 

photographs will be appreciated. However using a colour video may be more appropriate. 
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DETERMINATION OF ROW BEST TO MEASURE BLACK RHINO HABITAT: 

The basic rationale used, was to study black rhino habitat use at 1) a hierarchy of scales (woody plot community 

structure and composition - woody plot community structure and composition within rhino reach - species - spize 

- resource level); and 2) using a range of descriptors (eg densities, cover abundance, total and free browse bottles 

within rhino reach). 

The influence of grass interference and grass height on black rhino feeding was also studied. 

The results from these studies could then be synthesised to predict how a black rhino perceives its habitat, and in 

particular to detel1Iline at which scale it selects its food. This knowledge is central to detel1Ilining how best to 

measure black rhino habitat. 

Ordination which was constrained by browsing data was also used to study key variables influencing habitat use. 

In future, the effects of measurement resolution on conclusions could be studied to avoid sampling habitat in 

excessive detail. Time constraints did not allow for this work to be undertaken as part of this project. 

DATA PREPARATION 

The vegetation type of post-bum survey plots was described by "key species" dununy variables, which characterized 

the main vegetation variation. If a "key species" was noted as a dominant species/spizes in a plot during the field 

survey, that dummy variable received a 1, else it remained 0. Similarly, if the plot fell within a "vegetation 
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locality", that variable was scored I, else it scored 0, Thus a plot could score I in one or more of these dummy 

variables, depending on its locality and spize composition. Dummy variables for these key species and spizes were 

created: 

A.karroo > 2m 

Ljavanica 

Rhus pentheri > 2m 

Euc/ea racemosa > 2m 

Spirostachys africana 

D.cinerea 

A.cajfra 

A.nilotica > 2m 

Euc/ea divinorum 

Dummy variables of the following "vegetation localities" were also created: 

Forest 

Forest margin 

Drainage lines 

Physiognomies of size classes 1 ( <2m) and 2 (> 2m) in each plot were categorized as: 

Size< 2m: 

Open grassland = 1 

Open scrub = 2 

Scrub= 3 

Closed scrub = 4 

Thicket= 5 

Size> 2m: 

Scattered trees = I 

Open woodland = 2 

Medium woodland = 3 

Closed woodland = 4 

Categories for fire intensity, black rhino eating, plot density and amount of paths, were coded as given in the field 

methods in Chapter 3. 
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RELATIONAL QUERYING 

Paradox relational querying was used to generate the general feeding patterns and species compositions of the post

burn diet for all three Post-Bum surveys presented in Chapter 9. The queries were self explanatmy and no details 

are required here. 

The feeding data (see Chapter 3) were used to calculate estimates of the offtake (bottles\plot) from each of the 

spizes eaten (browse intensity mid-class (bottles) for each plot multiplied by the percentage contribution to the 

feeding of that spize). 

FORMAL INFERENCE-BASED RECURSIVE MODELLING 

More detailed patterns of feeding in relation to burns, paths and vegetation types, were investigated using Formal 

Inference-based Recursive Modelling or FIRM (Hawkins l 990) on the data from the second main Hluhluwe post

burn survey. 

WHAT IS FIRM ? 

For those that may be unfamiliar with FIRM, it is a largely assumption-free method of exploring the relationship 

between a dependent variable and a set of predictors (Hawkins 1990). The data set is partitioned into two to four 

groups defined by a range of values of one of the predictors. Each of the successor groups is in turn similarly 

partitioned into two or more groups defined by ranges of values of one oftl1e predictors. The analysis continues 

until some termination rule indicates that none of the sub-groups can be split further. Each split is designed to 

create further nodes which are in some sense maximally internally homogeneous. Output is used to create a 

dendrogram. FIRM is ideally suited to discovering interactive effects in the data If there are sufficient data it has 

the advantage that cross validation procedures are available to test the reliability of derived models. 
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Thereare a number of techniques for modelling based on recursive partitioning. FIRM differs from these in several 

respects - notably of varying the number of descendent nodes into which different nodes are split; and of using 

conservative (Neyman-Pearson) statistical inference for determining when to end analysis of each node (Rav.kins 

1990). 

The predictors are on either the nominal (Free) or ordinal (Monotonic) scale. The dependent variable oan either 

be on a categorical or interval scale of measurement. CA TFIRM analysis is appropriate for the former, and 

CONFIRM for the later. 

The data from the 1,687 main Hluhluwe post-bum survey plots were analysed using both Continuous and 

Categorical Formal Inference-based Recursive Modelling (CONFIRM and CATFIRM see Hawkins 1990). 

THE NATURE OF DEPENDENT VARIABLES 

Browsing was measured on a six point (Browsing Unit ofBU) scale (with modal class intervals of 5 bottles per 

transect). As the browsing scale was almost linear it was decided to primarily analyse the data using CONFIRM 

(ie in effect treating browsing as a crude continuous dependent variable). CONFIRM analyses had the advantage 

over CATFIRM (treating browsing as a categorical dependent variable) as direct comparisons of group (node) 

means are possible. CA TFIRM analyses were also undertaken for comparative and heuristic purposes. 

ATTEMPTS AT MODEL VALIDATION 

To determine how well the models held up when presented with new data, validatmy CO NB ACK and CA TB ACK 

analyses were undertaken. To do this, the available data were split into two groups (odd and even numbered plots). 

One half was used to build the models, and the otner half was used to verify their tit. While this did not make good 

use of the data from the point of statistical efficiency, it provides quite a searching test oftl1e modelling approach. 
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If the F values in the splits of the validation sample are highly significant, there is a very strong formal inferential 

basis for the claim that the CONFIRM tree reflects real structure and not just chance. 

The results of the validatory analyses indicated that a sample size of844 plots was not big enough to validate most 

of the derived nodes apart from some of the main divisions. This highlighted the immense sampling problems 

caused by the high variability in black rhino feeding between plots. This was reflected in low R' values. 

Exploratory analyses using log transformed dependent data did not appear to be more appropriate, and will not 

be discussed further. The limited success of cross-validation attempts may in pan have also been due to high 

collinearity amongst some of the predictors. 

Despite the limited cross-validation in the CONBACK and CATBACK analyses, the models obtained from the 

full CONFIRM and CA TF!RM runs can be expected to be substantially better as they were based on double the 

amount of data. Unfortunately, no reserve data were then available to validate these models, as all the data were 

used to build them. 

RATIONALE FOR NOT ONLY CONSIDERING THE "BEST" 

STATISTICAL MODELS 

In many ways FIRM analyses appear to suffer from the same problems of Stepwise multiple regression. From a 

heuristic point of view, the "best" statistical model may not be the most valuable. Due to the ordering in choice of 

predictors a whole suite of good models may be possible. In other words, given predictor variable collinearity, a 

consideration of a range of "good" models is likely to be more appropriate than just the "best". For this reason the 

edited output presented in an optional Appendix 9. l in the BR2000 report lodged with Natal Parks Board (now 

KZNNCS) gives node split statistics for all significant predictors, and not just the best selected by the model. A 

copy of this Appendix will be made available to examiners on request. 

!15 



RUN PARAMETERS SELECTED 

The following run parameters were used on the initial CONFIRM run: 

For a group to be analysed it had to contain at least 25 cases, and account for at least 0.004% 

( 1/250) of the Starting Sum of Squared Deviations. 

The minimum % Raw significance for a split was set at 5% and the minimum % Bonferoni 

significance for a split at 10%. 

The analysis was set to stop after 7 5 groups had been formed. 

The Pooled Anova Error Mean Square was used as the error variance. 

The Split/Merge significance levels for all variables were set at 4.9% and 5% respectively. 

Due to the limited cross validation obtained by using only half the data to build the model, and the desire to limit 

the chance of spurious divisions occurring by chance, it was decided to make the split rules more restrictive. The 

following run parameters were altered for the CONFIRM runs: 

For a group to be analysed it had to contain at least 50 plots (instead of 25), and account for at 

least 0.00 I% of the Starting Sum of Squared Deviations. 

The minimum% Raw significance for a split was set at 1 % (instead of 5%) and the minimum 

% Bonferroni significance for a split was also set at 1 % (instead of 10%). As there are 18 

predictors the use of such small values minimise the chance of spurious splits- (ie. this is similar 

to the multiple comparison testing problem). 
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Although the use of the Pooled Anova Error Mean Square as the error variance brings more 

information to bear on tests, pooling may contaminate the good information for a particular pair 

of categories with bad information from other categories if the data contain outliers or exhibit 

heteroscedasticity (Hawkins 1990). Initial analysis revealed outliers. The pooled error variance 

of just the two groups being tested was therefore used instead. In practice changing the 

denominator variance did not affect the CONFIRM dendrogram. 

DETAILS OF FOUR MAIN RUNS 

The results of four main FIRM runs are presented and discussed in Chapter 16. 

Two main CONFIRM runs were undertaken: 

In the first, the variables for Burn severity, Tree density and Path were deemed monotonic. All 

remaining variables were classed as free predictors. 

In the second, all variables were classed as free predictors. This approach may be more 

appropriate as we are primarily interested in modelling habitat importance. The lumping 

together of predictor extremes is not a problem when intermediate predictor values happen to 

be the most preferred by black rhino. 

For heuristic purposes two CA TFIRM analyses of the data were also undertaken. Significance and Bonferroni 

significance levels were again set at the conservative 1 % level. 

The simplest CA TFIRM run used a binomial dependent variable - Eating found in the plot or not. 
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A more detailed CA TFIRM run used three browsing categories. This analysis allowed the amowit of feeding in 

browsed plots to be examined, as well as the frequency of plots with eating. All six BU categories were not used 

because exploratory analyses indicated that because heavy browsing was rare it was preferable to lump some 

browsing categories together. The three categories were : 

0 - No feeding 

1 - A little feeding (l BU) 

2 - More than a little Feeding (2,3.4 and 5 BU's) 

Final splits which only identified outlier plots were ignored in all analyses. 

RJE-MJEA§UREMIEN'lr OIF l!Il1'ICIHIIN§' R 969170 JP>WT§ 

PLANT DENSITY CHANGES SINCE c.1970: LONG TERM EFFECTS OF BUSH-CLEARING 

Densities in Hitchins' survey were compared directly witl1 tl1e re-survey using Paradox's relational queries. Height 

classes from I-6 feet were combined, and those greater than 6 feet were combined for analysis: given the high 

variability in the data and limited samples sizes, there were insufficient data to widertake between years 

comparisons at the fine scale of individual foot height classes. 

However most of the detailed examination of these data were carried out by Keryn Adcock. She used the data to 

examine what species density changes since c. 1970 were after combining transects with different clearing 

frequencies and positions in the N.E. HLUHLUWE. She also examined the data to see if any impacts of bush 

clearing could be discerned. However she found that there was insufficient data to provide a real comparison of 
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all the different bush-clearing treatments, because of the compounding effects of different site positions (initial 

vegetation) on the treatments. Therefore transects that had been cleared the same number of times by 1990, were 

combined, irrespective of type of clearing and then compared. She also looked at vegetation changes in individual 

site positions in the study area, as each position had a different initial vegetation type, reflecting the influences of 

slope, aspect and soil moisture. These positions are shown in Figure 3.7. 

RHINO FEEDING 

Rhino feeding was compared between years in sites in different positions, and in sites cleared different numbers 

of times. Overall feeding patterns were viewed based on the number of trees with eating. Feeding in the Hitchins 

transects in 1990 was scarce, so a subset of the 1989 Grid survey data from plots in the Hitchins study area was 

used to provide additional comparisons between black rhino feeding patterns ofc.1970 and 1989/90. 

The following data were compared between feeding years: 

- Species% contribution to total number of trees eaten 

- Species % contribution to total number of trees available (present) 

- The proportion of the available trees of each species that had eating 

- Species preferences (proportion in the diet I proportion of the available plants). 

119 



DUNG MID ll'llR<O>W§E §AMIP'LE ANAL Y§E§ 

Analysis of dung samples in the forb study was straightforwlud. Plant fragments were identified in five black rhino 

dung samples using a key and reference collection of electron micrographs of samples of common IDuhluwe woody 

plants and forbs. Results are given in Chapter 11 and the project reports of Haskins (1989), Raubenheimer (1989) 

and Pearman(l989) were included as Appendices in the BR2000 report submitted to the Natal Parks Board. 

Copies of these reports will be made available to examiners on request. 

Chemical analysis of dung and browse samples was undertaken by Richard Eckard of Cedara using standardised 

procedures. The method of near Infra-red reflectance spectroscopy was, however, used to estimate nitrogen levels 

in both dung and plant samples (Eckard et al. 1988). As a comparison the more traditional Kjeldahl method was 

also used to estimate nitrogen of the plant samples. Percentage crude protein was taken as the standard 6.25 times 

percentage nitrogen. 

Levels of the following chemicals were determined in a limited number of vegetation samples: crude protein, 

nitrogen, calcium, phosphorus, zinc, manganese, copper, molybdenum. 
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# 1: - The tectmicalities of many of the statistical analyses undertaken are probably of little interest to most field conservationists who will assume 

that peer review of the methods will detect any problems with the methodology used to obtain the results. 

#2: The author was the primary designer of ARK.A with input from Keryn Adcock and Alf Wills. The dBase IV coding ofthe application was 

undertaken by Ashish Boadasing. The name AR.KA i.1ands for Ashish, Richard, Keryn and Alf. 

#3: Multiple input files were needed because I) the version of CANOCO used was only dimensioned to handle a limited number of both variables 

and covariables, and ii) the need to add new variables only became apparent during analysis. 

#4: Any axes with eigenvalues less than 0.02 were ignored. 

#5: Given the heuristic objectives of the analyses, and the need to generate a large number of approximate maps, the inverse distance squared method 

was deemed appropriate. Variable anisotropy and non-st.ationarity also indicated that one would not be justified.in Kriging the data over the whole 

ordination space. Building good semi-variograms (the cornerstone of successful Kriging) is also a very complex and time-consuming business. 
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CHAPTERS 

METHODS IV: PROCESSING OF RAW DATA USING 

"RESOURCE'"9 PRIOR TO SUBSEQUENT MUL TN ARIA TE 

ANALYSIS 

RESOURCE© is protected by international treaty provisions. 
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llNTRODUCTilON 

A suite of sophisticated multivariate analysis programs are currently available to analyse complex, noigy and bulky 

vegetation composition and structure data. Commonly used programs include DECORANA (Hill l 979a), SIMCA 

(Greenacre 1985), COMPCLUS (Gaugh 1979), TWINSPAN (Hill 1979b), and CANOCO (Ter Braak 1988a). 

However, a review of the use of these multivariate methods in ecology (Kent & Ballard 1988) concluded that little 

of the published work using tl1ese methods was of an applied nature. The review concluded that plant ecologists 

needed to direct more of the application of these methods towards the demands and needs of biological 

conservation, rather than simply using them to describe species composition {Kent & Ballard 1988). 

Fortunately recent advances in multivariate statistics, have greatly increased the practical value of such 

multivariate analyses. The advent of Full and Partial Canonical Correspondence Analysis (CCA and PCCA) now 

enables a set of species to be directly related to a set of envirornnent/management variables (Ter Braak 

1986,1987a,l988b). These methods (available in CANOCO) can also be used to investigate specific questions 

about the response of species to particularenvirornnental or management variables (Ter Braak l 987a,l 988a, l 988b, 

Ter Braak & Prentice 1988). Furthermore CANOCO's non parametric Monte Carlo permutations test allows one 

to statistically test whether the species are significantly related to the supplied explanatory variables (Ter Braak 

l 988a, l 988b). 

Despite these developments, a number of factors have limited theiruse in studying practical conservation problems. 

These problems can be split into two generic categories : 

o those caused by rare species and in particular by aberrant sites, and 

o the need for the development of alternatives to species based analysis. 

RESOURCE was developed and written to address these problems. 
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THE PROBLEM OF RARE SPECIES AND ABERRANT SITES 

To date, a general problem with the successful application of many of these multivariate methods - is that aberrant 

sites (where rare species are abundant and only a few common species occur) can dominate analyses and swamp 

the major patterns in composition one is trying to detect (Gaugh 1982, Ter Braak 1987a.1987b, Ter Braak & 

Prentice 1988). This is because rare species/spizes, and especially aberrant sites come to dominate the derived 

ordination axes. Incorporation of rare species also clutters up output. Ideally rare species, and aberrant sites in 

particular, need to be identified and dropped or made passive in such analyses (Ter Braak & Prentice 1988). 

The downweighting option (Hill's Frequency/Balance weighting) in CANOCO and DECORANA can be used to 

identify rare species. However, the success of this downweighting option was evaluated using dummy datasets, 

and in practice was found not to effectively solve the aberrant sites problem - Aberrant sites continued to dominate 

analysis despite downweighting. 

The first major development specification of RESOURCE was tberefOre to develop an improved method 

to identify and drop rare species and/or abberrant plots prior to subsequent multivariate analysis. 

THE NEED FOR ALTERNATIVES TO SPECIES BASED ANALYSES 

Multivariate community analysis to date has invariably been species based, yet from a conservation perspective 

this may often not be the most appropriate level of study. This is the case when the goals of analyses are concerned 

with identifying successional trends, studying woody vegetation structure in addition to species composition, or 

describing habitat from an animal's rather than a taxonomist's perspective. 

The study and identification of successional processes is of particular concern to conservation managers of many 

African game reserves. This is because woody plant dynamics can markedly affect the canying capacities for 

species of particular conservation concern like black rhino, and forest and thicket development can negatively 
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affect game viewing and hence tourism. However, in order to detect and generate hypotheses about probable trends 

in vegetation change from a single dataset. one needs to ordinate at a spize (species/size class) based level instead 

of a species level. This bas been termed a "static" ordination approach to studying succession (Austin 1977); in 

contrast to the "dynamic" ordination of repeated site measurements over time. Despite being successfully used by 

a few researchers (Enright 1982, Goff & Zedler 1972 op.cit.), the "static" ordination approach has largely been 

ignored as a method to study succession (Enright 1982). The assumption behind this approach is that each site 

represents a sequence in time with the large size classes representing the present successional stage of the site, and 

the smaller size classes the possible future composition (Enright 1982). By following the path traced by the 

centroids of successively larger spizes of key species on ordination diagrams, successional patterns can be detected 

(Emslie 199 Id). By also reflecting vegetation structure in addition to species composition, Spize based ordinations 

have an advantage over species based ordinations. 

Spize based analysis is also likely to be more appropriate if one aims to describe habitat from an animal's 

vi_ewpoint. For example, different size classes ofa species represent different quality food resources to the browsing 

black rhino, Diceros bicornis (see Chapters 6 & 7). 

Given that black rhino are not botanists selecting only for Latin binomials, and the need to study woody 

plant patterns, structure and patterns of change; the second major development specification of RESOURCE 

was to develop data preparation techniques to facilitate spize-based ordination. 

In the case of black rhino, grass interference has also been shown to have a major effect on habitat suitability and 

food selection (Chapter 8, Kotze 1990). Any description of habitat in terms of suitability for black rhino therefore 

needs to incorporate information on species composition, size structure information and grass interference. 

Although grass interference, biomass or modal height can be added as an extra habitat variable in subsequent 

indirect habitat suitability modelling using spize based ordination scores; if grass interference could somehow be 

included directly into the ordination - and feeding data were also available for each plot, then constrained 

ordination methods could be used lo study habitat selection directly. Therefore the third development 
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specification of RESOURCE was to facilitate improved multivariate habitat descriptions from a black 

rhino's perspective by directly incorporating grass interference into ordination analyses. Resource based 

ordination was developed to deal with this problem (Emslie 199ld). A resource by definition is simply a spize 

that has been further categorised into two classes, low (L) or high (H) depending on the degree of grass 

interference. 

For ex.ample, small A.niloticas <Im make up the spize Acnill, and if there are sufficient data this spize can be 

further subdivided into smallA.nilolicas <Im that have low levels of grass interference (the resource AcnillL) 

and those that have high levels of grass interference (the resource AcnillH). A simple rule, such as whether or 

not half of available browse is hidden by grass, is used to define resources. 

In studies of black rhino habitat suitability, resource based ordinations should have an advantage over species and 

spize based ordinations as they reflect species composition, vegetation structure, and grass interference. This is 

tested in Chapter 8 using canonical correspondence analysis to contrast strengths of the relationships between black 

rhino browsing levels and alternative multivariate community descriptions based on species, spize and resource 

based abundance data (as indicated by eigenvalues and first canonical axis significance levels)'1 
• 

DATA PREPARATION PROBLEMS PRIOR TO SPIZE BASED ORDINATION 

S pize based analysis of the remaining data (ie for species not identified as rare) is however, not just a simple 

process of ordinating raw spize data for each species. This is because there may not be enough data to subdivide 

all of the remaining species into different spizes. In other cases there may be sufficient data to subdivide, but not 

enough data to treat each size class of a species separately. The number of spizes in a dataset also often exceeds 

the maximum number of species common PC based multivariate analysis programs have been dimensioned to 

handle. 
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To date spize based analysis has not adequately dealt with these problems as the choice has simply been to include 

or drop the rarer raw spize data from analysis. Such an approach is wasteful of data, and therefore not ideal. 

Therefore to avoid losinginfonnation, instead of simply including only those individual spizes with sufficient data, 

it would be preferable to lump adjacent size classes together to create new combination spizes or species which 

could then be used in subsequent analysis. For example, there are only few Acacia caffea trees in llluhluwe that 

are over 4m high (size 4), and those that are, are just over 4m tall. Functionally size 3 and size 4 A.cajfras 

represent the same thing - tall A. cajfra. If one were simply to drop data for the rarer spizeA. caffea4 from analysis, 

one would be throwing away useful infonuation. It makes better biological sense to make a new composite spize 

for tall A.caffea by pooling data by amalgamating size classes 3 and 4 to form the new spize -A.caflra34). 

In other cases, there may only be enough data to describe a less common species at a species level. However, just 

knowing that a species is present may still provide some useful information about a stand. In such cases it makes 

better biological sense to amalgamate data from all size classes and simply use a species abnndance value. For 

example, just knowing whether or not the forest species Ce/tis a.fricana and Seu Ii a myrtina are present in a patch 

of mature Acacia ni/olica dominated woodland tells us something about the stage of successional development on 

that site. 

Therefore a fourth design requirement of RESOURCE was that whenever there was insufficient data to 

analyse each size class of a species separately, size classes should be pooled to form composite spizes (and 

in some cases species) prior to ordination. Apart from fucilitating subsequent analysis this should reduce the 

number of spizes in the final dataset to a more manageable number whilst at the same time minimising loss of 

valuable infonuation. 

As can be imagined the identification of which spizes/composite spizes should be used; and the generation of the 

new composite spizes from the raw data is a complicated and time consuming business that needs to be automated. 

For example, in the case of a species that has data for all four size classes, there are 8 possible size class 

combinations to consider, ranging from treating each spize separately (1,2,3,4 - the most preferred) through 

various composite spize combinations (l,2,34 l,23,4 12,3,4 12,34 l,234 and 123,4) to treating the data 
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at a pooled species level ( 1234 - the least preferred). 

In summary RESOURCE determines which composite species, spizes or resources to use in subsequent 

multivariate analyses. All records of rare species are also dropped from the data set by RESOURCE and 

aberrant sites are identified to avoid the problem of aberrant sites dominating ordinations. RESOURCE also 

determines which species have sufficient data to be subdivided on the basis of size class and which small 

spizes can be subdivided into resources. ff subdivision is possible, RESOURCE objectively determines which 

size classes, pooled size classes or which resource should be selected out of the different possibilities. 

RESOURCE has therefore adopted a hierarchical filtering approach resulting in a dataset that does not only 

consist of raw spize data - but also includes resources, pooled spize combinations or simply species summary 

level data (a special case of pooling spizes). In this way the only data excluded from subsequent analysis are those 

records for rare species, and loss of information is minimised. Users can select either species based, spize based 

or resource based analysis of the raw data and have the option of transforming data prior to analysis. 

To illustrate the effect of resource processing, let us examine the real world example of the Hluhluwe Grid survey 

(Appendix 5.1). 124 different species were recorded in the 242 plots. Four size classes were used, and a total of 

337 different spizes were recorded. There were a total of 4651 unique plot/spize records in the raw data set. After 

a spize-based RESOURCE processing of the raw data, a total of 109 different spize/composite spize combinations 

of 47 of the more common species were included in the final dataset. The other 77 species were flagged by 

RESOURCE as rare. A total of 4072 records were selected out of a possible 15,404 spize combination records. 

Apart from dropping rare species and amalgamating rare spizes; RESOURCE recommended that data from ! I 

aberrant plots (4.5%) should be excluded from any subsequent ordination analyses. 

Resources; spizes and pooled spizes in the final output database can occur at a hierarchy of resolutions from 

a broad species level through to a line resource level. Examples of resources at each level ofresolution from a 

broad to a fine level are : 

I) Rare species dropped from the dataset (eg acbur - Acacia burkea) 

2) Less common species which you are recommended to make passive in subsequent analyses (eg acger -Acacia 
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gerrardii) 

3) Species for which there are sufficient data to be actively included in subsequent analyses, but not enough data 

to subdivide further on the basis of size class (eg chari - Chaetachme aristata). 

4) Lumped spizes where data have been pooled for different size classes, but there are insufficient data to subdivide 

the data into their original size classes (eg accaf34 - Functionally tall Acacia ca.ffra's over 2m high). 

5) Individual spizes (eg accafl - small Acacia cajfra's less than Im high) 

6) Individual resources (eg acnil IH - small Acacia nilotica's less than Im high with over half of the available 

browse hidden by grass [high grass interference]) 

The fifth and final design requirement of RESOURCE was to produce output compatible with the ARRA 

file building utility (Boadasing et al 1989) so that the lengthy process of creating the specialised FORTRAN 

format input files required by CANOCO and TWINSPAN could be automated. 

IRJE§OIURICE lll>A'Jr A IFOIRMA 'Jr§ flNlil> MlETilIOOOLOOY 

STRUCTURE OF RESOURCE Version 1.1© 

The RESOURCE© software Versison I. I" that was used to process the Grid data is a modular application. 

RESOURCE analysis is undertaken by running a specific sequence of procedures from the main menu. The 

sequence of procedures selected depends on whether one is undertaking either a species, spize or resource based 

analysis. 

Given the modular nature of the software it is appropriate to describe the methodology according to what the 

program does in each procedure. Before describing how RESOURCE processes raw datasets it is necessary to 
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briefly describe the structure of the input data, choice of abundance data and the optional transformation of data 

available within RESOURCE. 

INPUT DATA 

RESOURCE requires there to be a separate record in the raw input database for each unique spize/plot combination 

(eg. one record for Acacia nilotica Size 3 in Plot 203); and that the database contains one or more abundance level 

for each record (eg number of trees, total bottles, free bottles, Braun-Blanquet value and or estimated% canopy 

cover )#2• 

RESOURCE was written to deal with four size classes" although it is possible to use RESOURCE to analyse 

datasets with only 2 or 3 different size classes, or data collected at a Species only level ". A single species 

therefore may have up to four records for one plot. 

All species names must be 5 character long acronyms. This is because RESOURCE uses characters 6 up to 8 to 

store information about spize and resource type. 

RESOURCE uses a five value scale similar to early Braun-Blanquet scales (Mueller-Dombois & Ellenberg 1974). 

Standard seven value Braun-Blanquet data can be converted to a five value scale simply by combining classes r 

and +with class I. The Braun-Blanquet% canopy cover classes used by RESOURCE are... Class 0: 0%; Class 

I: <5%; Class 2: 5-25%, Class 3: 25-50%, Class 4: 50-75% and Class 5: >75%. 

CHOICE OF ABUNDANCE DATA AND OPTIONAL TRANSFORMATIONS AVAILABLE 

The user must first select one of the following abundance data type for analysis: 

either .... Braun-Blanquet (5 value scale") 
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or. ........ . 

or ......... . 

or ......... . 

or ......... . 

Density (Number of trees/plot) 

% Canopy Cover (Braun-Blanquet scale class mid-points) 

Free Browse Bottles (not hidden by grass) 

Total Browse Bottles available (within rhino reach) 

Logarithm+ l (LOG+ l ), Natural Logarithm+ 1 (LN+ 1), and Square Root (SQRT) transformations are optionally 

available to transform raw data prior to RESOURCE analysis if required "· 

SPECIES CALCULATION ROUTINE (All analyses) 

This menu item must then be selected during each RESOURCE run, and sununarises abundance data for each 

species in a separate species rather than a spize database. 

In the special case of Braun Blanquet data (BBQ), the scores for different size classes cannot simply be added 

together as the scale is not linear. RESOURCE firstly transforms the BBQ values for each spize to appropriate% 

canopy cover class mid point values. These are (BBQ-%) 1-3% 2-15% 3-37.5% 4-62.5% and 5-87.5%. These 

values are then summed for each species per plot and the results are transformed back to the nearest BBQ class. 

For example, if Species A had BBQ values in Plot X of 1 for size class I and 2 for both size classes 2 and 3 the 

derived estimate of species canopy cover for A would be 33% (ie. 3+ 15+ 15). This value is>= 25% but< 50% 

and so the BBQ estimate returned for species A in plot X would be 3. 

The procedure then examines each species in the dataset to detennine which size classes are represented in the data 

set. A one or two character size combination code is given to each species. This code indicates to RESOURCE 

which size class combinations are possible for each species. The codes are used later by RESOURCE to ensure 

that abundance values for impossible combinations of sizes are not calculated, cutting down on computation time 

and the temporary hard disk storage space required. 
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RESOURCE has been written assuming there are four possible size classes, 1 2 3 and 4 (but can also analyse data 

collected at only a species level" or 2 or 3 size classes"). The four size classes can form 15 possible spize 

combinations in the dataset. These are : 

Size Classes in dataset Size Combination Code 

123 4 xO 

123 x4 

t2 4 x3 

1 3 4 x2 

234 xl 

I 2 12 

1 3 13 

l 4 14 

Size Classes in dataset 

2 3 

2 4 

3 4 

l 

2 
3 

4 

Size Combination Code 

23 
24 

34 

1 

2 

3 

4 

Species summary names are then made up for the sununed species values. The summed species abundance values 

are treated by RESOURCE as a special case of spize where all sizes are lumped together. 

SELECTION OF WEIGHTING ALGORITHM (All analyses) 

One of three alternative downweighting functions is then selected. These weightings are used in calculations to 

identify rare species and spizes and aberrant plots. RESOURCE offers the user a choice between: 

either .. Frequency weighting 

or .. (Hill's) Frequency/Balance weighting 

or .. (Emslie's) Frequency/Balance/Abundance Combination weighting 

FREQUENCY WEIGHTING 

Frequency weighting refers to the downweighting obtained using Hill's ( l 979a) method on presence-absence data. 

A critical species frequency (FCRIT) is calculated at a fifth of the highest frequency recorded (FMAX). Let FREQj 

be the frequency of species j. Any species commoner than FCRIT (ie has a frequency FREQj which is>= FCRIT) 

is not downweighted and given a frequency weight (FDWTj) of 1. Species with FREQj's < FCRIT are given 

downweights = FREQj/FCRIT. 
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For example, let us assume the most common species occurred in 219 plots out of a total of 300 sampled plots, 

species. occurred in 74 plots and species, occurred in 36 plots. 

It follows that... 

FMAX = 73% (ie. 219/300) 

FCRIT = 14.60% (ie. 73o/o/5) 

FREQp = 24.67% (ie 74/300) 

FREQq = 12% (ie 36/300) 

As FREQp > FCRIT ... 

FDWTp = 1 (ie any species occurring in 44+ plots [2 14.6%) would receive a weight of 1) 

However, as FREQq < FCRIT ... 

FDWTq = 0.82 (ie. 12/14.6) 

(HILL'S) FREQUENCY/BALANCE WEIGHTING 

Hill (l 979a) recommends that the simple frequency weighting outlined above needs to be modified for quantitative 

data. His downweight is a quantitative analogue of the number of times a species occurs, and reduces to true 

frequency for presence-absence data. Hill's weighting algorithm is used to downweight in DECORANA (Hill 

1979a) and in CANOCO (Ter Braalc 1988b). 

To calculate Hill's down weights (HDWTj), let n = the total number of plots, ABUNij = the abundance of species 

j in plot i. 
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Hills frequency analogue (HILLj) is calculated as follows": 

n 

(L AB UNij)2 
i= 1 

n 

LABUN/ * n 
i= 1 

HCRIT is calculated as the maximum HILLj/5. The downweighting calculations proceed as before, except that 

HILLj is substituted for FREQj and HCRIT is substituted for FCRIT. 

To take a simple example, the calculated value ofHILLj for a species with abundance values 20 15 20 OOO O O 

O and 15 in a sample of 10 plots would be 39.2% (ie [ 202 + 152 + 202 + 152
] / [ (20+ 15+20+ 15]2 * IO] instead 

of 40% (FREQj). Assuming in this case that HCRIT was 19% then HDWTj would be I. 

The more equal the abundance values for a species in different plots are, the closer HILLj becomes to FREQj. In 

the special case when the abundance values for a species are the same .in each plot it occurs in, then HILLj = 

FREQj. In the simple example above the abundances of speciesj do not vary much in each plot it occurs in, with 

the result that HILLj (39.20%) is close to FREQj (40%). However if the abundances in the ten plots were 60 5 2 

O 0 0 0 O O 3 instead, HILLj would be reduced to only 13.47% even though the total abundance of the species in 

all plots was still 70. Instead of recieving a weighting of I the downweighting would instead be O. 71 (ie 

13.47/19.00) 

(EMSLIE'S) FREQUENCY/BALANCE/ABUNDANCE COMBINATION WEIGHTING 

The above example shows that Hiil's weight (HDWTj) suffers from the problem that it only considers abundance 

in terms of the evenness of spread of abundance values. Using Hill's weighting !00 JOO 50 50 O O O O O O is 

weighted the same as 2 2 I I 0 0 0 0 0 0 (HILLj = 36%) even thought the total abundance of the first species in 

all plots was 300 compared to only 6 of species 2. 
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Therefore if one wishes to include a measure of the overall abundance of a species in the calculation of 

downweights, Hill's weight needs to be modified. RESOURCE provides an alternative Combination weight that 

incorporates frequency and evenness of abundance as before, but also includes a measure of overall abundance. 

The algorithm used by RESOURCE is as follows .. 

A critical abundance value (ACRIT) is first calcnlated as the square root of the maximum sum ofabundance values 

for any species. For example, ifthe maximum sum of the abundance values for any species in the dataset is 6084, 

then ACRIT will be 78. 

A temporary abundance weight (ADWTj) is then calculated as before with ADWTj = 1 if the sum of the 

abundances for speciesj (SUMABUNj) >= ACRIT, and ADWTj = SUMABUNj/ACRIT ifSUMABUNj < ACRIT. 

Hill's weight (HDWTj) is also calculated and then decomposed into a frequency component (FREQj) and a Balance 

or Evenness of spread component (BALj). The latter component (BALj) is calcnlated as HILLj I FREQi. 

BALj is then used to derive a temporary balance weight (BDWTj) for each species. IfBALj is>= 0.5 then BDWTj 

is set at I otherwise BDWTj = BALj * 2. 

A combination score COMBj is then calculated as FREQi * ADWTj * BDWTj. A critical combination score 

(CCRIT) is set at one fifth of the maximum value of COMBj. 

Finally the combination weight (CDWTj) is set at 1 if COMBj >= CCRIT, otherwise CDWTj = COMBj/CCRIT. 

In practice, Hill's weight does not often differ that much from the Combination weight. The RESOURCE manual 

(Emslie 199 ld) gives the combination weight as the default, which shonld be used unless one is dealing with 

untransformed data with contains a few common species with exceptionally high abundance values. In the later 

case Hill's weight should be used on untransformed data. However, in such cases, one will probably need to 
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transform the abundance data during subsequent analysis to prevent those species dominating subsequent analyses. 

The Combination weight was used as the default in the RESOURCE processing of Grid data analyses, unless 

otherwise stated. 

It is recommended that either the Combination or Hill's downweight always be selected in preference to simple 

Frequency downweighting. 

After the user has selected the weighting function, RESOURCE then calculates downweights for each species. 

The method of weighting chosen is used consistently throughout the RESOURCE run as weights are recalculated 

later if spize or resource analysis is undertaken (as the critical values used in the weight calculations are likely to 

be lower for spize or resource level data compared to species based data). 

SPECIES BASED OUTPUT (Selected only for a Species based analysis) 

The Species menu option is then selected if performing an analyses at a Species only level. 

Users are prompted by RESOURCE to enter a Critical Species Drop Weight. All species with downweights less 

than this critical value are flagged as rare and dropped from the final database. The number must be less than 

1, and 0.25 is the suggested default value (that was used in the Grid analyses). 

Users also are prompted to supply a Critical Passive Weight. The species which have downweights greater than 

the critical weight, but less than the passive weight are listed separately in t11e output file together with the numbers 

they will be given (by ARKA 1.1) in the specialised Fortran format input files used by other programs. The 

RESOURCE output file can be consulted during subsequent analyses to detennine which species should be treated 

as Passive. For example you may want to drop unidentified species or make species that you may have wrongly 

identified passive in future analyses, but still display them in the results. 
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In a species based RESOURCE analysis the next procedure selected deals with aberrant site identification and 

handling and output. 

SPIZE CALCULATION ROUTINE (Selected for Spize and Resource based analysis) 

This procedure is selected when undertaking a spize or resource based analysis; and it deals with the problem of 

how to subdivide species data by size class, yet avoid having to drop valuable data - It addresses the questions: 

Which species can be sub-divided into spizes ?; If so - Can all the size classes for that species be treated separately, 

or do some need to be pooled ?; If pooling of spize data are required which size classes should be lumped ? 

As in the species only analysis above, users are prompted to enter a Critical Drop Weight and a Critical Passive 

Weight. RESOURCE analysis of the Grid data used the default values of0.25 and 0.4. 

RESOURCE then examines the size combination codes, and makes up records for all possible size class 

combiuations for each species. The size combination code is used to prevent impossible size class combinations 

being examined, reducing disk space and the time needed for processing. In the case of a species that has data for 

all four size classes there are 8 possible spize/pooled spize combinations (1,2,3,4 ; 1,2,34; 1,23,4; 12,3,4; 12,34 

; 1, 234; 123,4 ;1234). The latter combination (1234) in this case represents the data summarised for a species 

whilst the ideal (provided there are enough data) is to include all four spizes separately (1,2,3,4). Ouly adjacent 

size classes are allowed to be combined, as spize/pooled spize combinations like 13, 24 do not make biological 

sense. 

RESOURCE then calculates new downweights for each possible spize/pooled spize combination for each species. 

RESOURCE then determines which combination of sizes for each species should be selected out of the range of 

options. For a particular combination of sizes to be considered, none of the size combinations for the species must 

have a weight less than the critical passive weight. 
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To be computationally more efficient RESOURCES uses an expert system to speed up selection of the spiz.e/pooled 

spize combinations to select. For example if size class 2 in our example has a weight less than the critical passive 

weight, then RESOURCE will not consider l,2,3,4 and 1,2,34 as possible spize combinations for that species. 

RESOURCE decides which one of the remaining possible combinations is the most preferable, based on the 

principle that keeping four separate spizes (1,2,3,4) representing each separate size class is the first choice option; 

and having to lump all the size classes together as a species (1234) is the least desirable option. Once the 

combination of spizes has been selected, all other possible size combinations for that species are then dropped from 

the database. 

In our example above the first choice option of l,2,3 ,4 would be rejected as size class 2 had a weight less than the 

critical passive weight. Let us suppose that the downweights indicated there were sufficient data for the next best 

option of pooling data for size classes l and 2 to create a combined 12 (small-medium) spize, then the final 

database would include the combined spize 12 together with the unchanged size 3 and size 4 spize data resulting 

in spize options I, 2, 23, 34, 123, 234 and 1234 being dropped from the database for that species. 

RESOURCE repeats this process for each species". 

The size class codes used in the spize or spize combination names in the RESOURCE output files are usually either 

l or 2 digits. Size class 34 for example refers to a pooled category for all trees over 2 m high (ie Size classes 3 and 

4 combined). Sometimes this size class code is an x followed by a number. The x stands for "all size classes lumped 

together but eXcluding size .. ". When the following number is 0 (ie xO) this refers to lumping of all four size 

classes (ie data pooled at the species level). The single character labels Lor H are used to represent the degree of 

grass interference in a resource based analyses. A full resource name will then usually be either 6 (eg acnil4) or 

7 (accaf34 or acnilL) characters long. Very rarely, resource names may have a maximum of 8 characters (eg 

fa cap l 2H). This use of a maximum size of 8 characters ensures that the Resource names generated by RESOURCE 

will always be appear in full in the ARKA generated FORTRAN format data input files. 
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SPIZE BASED OUTPUT (Selected only for Spize based analysis) 

This menu option is selected only if undertaking a spize-based analysis. 

In this procedure RESOURCE re-assess which species should be treated as passive in later analyses. It does this 

by adding the temporarily dropped species (those that were> than the critical drop weight and< the critical passive 

weight in a species only down weighting) to the newly created spize/spize combination dataset. Downweights are 

calculated as before using this dataset, and the same critical passive and drop weights are applied to the data. As 

a result some species that originally had weights below the critical passive weight may end up with weights just 

above the recalculated critical passive weight. 

As in species based RESOURCE analysis the next procedure that should be selected when undertaking a spize 

based analysis deals with aberrant site identification and handling and output. 

RESOURCE OUTPUT (Selected only for Resource-based analysis) 

This menu selection is only selected whilst undertaking a resource based analysis. Analysis proceeds with output 

from the spize calculation routine and proceeds in a similar way to that described above with a spize-based output 

selection. 

In this procedure, additional resource records are made up for both LOW (L) grass interference ( <50%) and HIGH 

(H) grass interference (>=50%) for each remaining size 1, 2 or 12 size combination spize . Weights are then 

calculated for each of these resources. If the calculated weights for both H and L resources are greater than the 

critical passive weight, both resources replace the spize data in the final output. However if either Hor L resources 

have weights less than the passive weight RESOURCE deems that there are not sufficient data to subdivide that 

particular spize further. 
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For example Jet us imagine that the spizes selected for species acnilL during spize calculations were acnill, acnil2, 

acnil3 and acnil4. Resources acnilIL, acnilIH, acnil2L and acnil2H would then be created in addition to the 

existing four spizes. Resources are only made up for trees in size classes I and 2 (and very rarely the combination 

size 12). If the downweights calculated for these new resources were I, 0.87, 0.67 and 0.27 respectively, and the 

critical passive weight was given as 0.4, the resources acnillL, acnil!H, acnil2, acnil3 and acni14 would appear 

in the final data set. Jn this case RESOURCE would conclude that there were insufficient data to warrant 

subdividing acnil2 further. 

All in the spize based analysis, rare species that were identified and temporarily dropped from the dataset during 

the species calculation routine are added back to the updated dataset (including selected spizes/pooled spizes and 

resources) prior to downweighting the dataset again and re-evaluating whether they should remain passive or not 

in the final dataset. 

ABERRANT SITE IDENTIFICATION AND HANDLING (All Analyses) 

Titis procedure objectively identifies aberrant sites by calculating aberrant site indices for each plot. Deviant sites 

can then either be dropped or made passive in future analyses. Such statistics are not provided by packages like 

CANOCO and DECORANA, which only have a downweighting option which simulation modelling shows does 

not adequately handle the problems caused by aberrant sites. The principle behind the calculation of the aberrant 

site indices is a simple one and is based on the fact that for aberrant sites there will be a big discrepancy between 

the total abundance values in the plot compared to the total of downweighted abundance values for each plot. 

RESOURCE firstly calculates plot weights by summing the abundance values for all records in each site. 

RESOURCE calculates two alternative plot weights using I) all data in the original data base and 2) only the data 

in the final output database (ie excluding rare species). 
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RESOURCE then calculates down weighted plot weights, by summing downweighted abundance measures for each 

site. Only records in the final output database are used. Weighted abundance measures are simply obtained by 

multiplying the abundance value for a species/spize/resource by its downweight. Weighted abundance values for 

species/spizes/resources are therefore unchanged if the downweight ~ I. 

By expressing the downweighted plot weight as a percentage of the plot weight one obtains an index of how 

aberrant a site is. RESOURCE gives you the choice of choosing which of the two plot weights to select. It is 

recommended that you answer Y at the prompt to select option 1) above. Results calculated using both plot weights 

are listed in the output file. 

Users are prompted to specify a critical drop aberrant index value (a value from 0 to 100). It is suggested that you 

use 40 (ie 40%) as the default value and this value was routinely used in analyses of the Grid data. 

Users are then prompted to specify whether they wish to drop all plots with an aberrant index less than this value 

from the output database, although it is strongly recommended that users choose not to drop aberrant plots. This 

is because: 

I) Most multivariate ecological programs have an option to exclude plots from analyses, and any aberrant plots 

can be dropped at this stage. 

2) If you do not drop aberrant plots in RESOURCE, the sample numbers produced by the ARKA file building 

utility will remain the same for both Explanatory and Vegetation databases. By dropping aberrant sites in 

RESOURCE, site numbers will change in the ARKA output files and may no longer match those in explanatory 

databases where data are usually recorded for each plot. In other words, if you drop 2 aberrant plots named 045 

and 134 during RESOURCE, the plots named 048 and 242 will be numbered 47 and 240 (instead of48 and 242) 

in the ARKA output file. 

Finally RESOURCE prompts users to supply a critical passive aberrant site index. A number from 1 to 100 should 
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be entered. The suggested default of 60 (ie 60%) was used routinely in the analysis of the Grid data. Any sites 

that have aberrant site indices less than the critical passive value but greater or equal to the critical drop value are 

listed separately in the output file. 

There obviously are no hard and fast rules one can apply to decide when to make a plot passive or even drop it, 

but with RESOURCE output you can easily detennine which plots are obviously aberrant(< critical drop Aberrant 

Index), and which plots may or may not be aberrant (<critical passive Aberrant Index). 

Once analysis has been completed users can select to save output an ASCII file and/or send it to a Hewlett Packard 

Laserjet III printer. The final menu option allows users to translate the final RESOURCE output database into an 

ARKA I. I compatible c!Base IV file to allow automated generation of both CANOCO and CORNELL compatible 

FORTRAN fonnat input files. 

An example of a RESOURCE output file is included as Appendix 5.1. Upon request, an optional Appendix 

containing the PAL program code and application structure can be supplied to examiners. 
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#I: Resource based CCA proved to be superior to Spize based CCA which in turn was an improvement on Species based CCA For example the 

eigenvalue for the first canonical axis from resource based CCA ofUmfolozi Braun-Blanquet vegetation and black rhino feeding data was almost 

double that of species only CCA Signillcance levels for the first canonical axes were also higher for resource and spize based analyses. Analysis of 

Hluhluwe data revealed a similar pattern - See Chapter 8 for details. 

#2: RESOURCE is available for sale from Ecoscot Consultancy Services, and is copyright protected by intemationul treaty provisions. The 

primary concern of the author and developer was to write software to meet the design specifications outlined In the introduction aa quickly 

as possible (as time was limited). RESOURCE was therofote written in a language familiar to the developer (Borland's PAL) and 

computational elegance and speed were therefore not of primary concern, RESOURCE was written in PAL as a Paradox 3.5 © application 

(which is supplied with Paradox 3 5 Runtime©). RESOURCE requires the raw data to be in a specific Paradox database file (.db) fonnat. The 

structure of the input database in is listed below. 

field Name field Type Description of field type (example} 

------- ----------------------------------------

" Plot A8 Plot name (eg. 021) 

" Species A8 Must be 5 digit acronym in all cases (eg ACNIL) 

" Size Al Must be either 1, 2, 3 or 4. (eg 2) 

" Spize A8 =Species+ Size (eg. ACNIL2} 

,/ Resource A8 Can be left blank or make == Spize ( eg. ACNIL2) 

• NIP lot N Tree density measure (eg 14) 

" TBfPlol N Total browse volume measure""' FB/Plot + HB/Plut (eg 24) 

• FB!Plot N Free browse volume not hi.dden by grass (eg 16) 

" HB!Plot N Browse volume hidden by grass (eg 8) 

• BBQ N Braun-Blanquet measure from l to S [with rhino and+ set as l J (eg 2) 

• Cover N % Canopy cover ( eg left blank - not measured and non-essential field) 

The fields marked with a tick must be included in the input database. Fields must have exactly the same field names as those listed above, and the 

data types must be the same as those Jisted above. 

If you are only undertaking a Species level RESOURCE analysis the Spize, Resource, TB/Plot and HB/Plot fields can be left blank in your database. 

fields marked with a filled circle are opliona\ and ref~ to different abundance measures that can be handled by RESOURCE. 
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To ensure that the original database is not corrupted, RESOURCE works on a copy of the original database rather than the original. 

The fields TB/Plot and HB/Plot refer to Total Browse Bottles/Plot and Hidden Browse Bottles/Plot. The term hidden refers to the amount of browse 

on smaller size classes hidden by grass. 111ese two fields can be used to supply abundance values. RESOURCE uses these fields to calculate o/o grass 

interference, and this is why they are compulsory. 

If you do not have data for the fields TB/Plot and HB/Plot but have another grass measure, then you can still undertake a Resource based analysis. 

To do this you have to fool the program that you have TB/Plot and HE/Plot data. In this special case you first must decide on the critical cut off level 

which will be used to determine whether there is LOW or HIGH grass intetference. Let us suppose you have measured plot modal grass height in 

centimetres and that you want any plots with grass over70cm to be classed as a plot with HIGH interference. The cut off value RESOURCE actually 

uses is whether or not the sum of HBIPlot for a spize or species is greater than half of the sum of TB/Plot. In this example you could set TB/Plot to 

3 in every record, and set HB/Plol either to I if grass height>= 70cm or else to 3 if less than 70cm. 

If one wants to carry out a Spize based analysis and do not have data for the fields TB/Plot and HE/Plot, the value 1 must be entered in both fields. 

All species names must be 5 character long acronyms (no more., no less). This is because RESOURCE uses characters 6 up to 8 to store information 

about spize and resource type. 

The size class codes used in the spize or spize combination names in the RESOURCE output files are usually either I or 2 digits. Size class 34 for 

example refers to a pooled category for all trees over 2 m high (ie Size classes 3 and 4 combined). Sometimes this size class code is an x: followed by 

a number. The x: stands for "all size classes lumped together but eXcluding size .. ". When the following number is 0 (ie x:O) this refers to lumping of 

all tour size classes (ie data pooled al the species level). The single character labels Lor H are used to represent the degree of grass interference in 

a resource based analyses. 

A full resource name will then usually be either 6 (eg acnil4) or 7 (accaf34 or acnilL) characters long. Very rarely, resource names may have a 

maximum of 8 characters ( eg facap I 2H). This use of a maximum size of8 characters ensures that the Resource names generated by RESOURCE 

will always be appear in full in the ARKA g1merated FORTRAN fonnat data input files. 

Braun-Blanquet data for use in RESOURCE are converted to integer numeric class values from 0 to 5. For RESOURCE analysis Braun-Blanquet 

classes rhino and+ need to be combined with class 1 to produce a 5 point scale. The Braun-Blanquet class nUd point values used by RESOURCE 

are as follows.. Class 0: 0%1; Class 1: 3% ~Class 2: l5o/o., Class 3: 37.511/o., Class 4: 62.5% and Class 5: 87 .5%. 

#3 When undertaking either a Spiz,;i or Resource bssed analysis, the program assumes that all four size classes are represented in the data 

set for at least one common species. If ones dataset has only three. size clssses, one needs to change the size of one record for a very 

common species from 3 lo 4. In this way RESOURCE is fooled into thinking you have 4 sizes. One size 4 record is not enough to merit 
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being treated as a separate spize, and so the record will be correctly lumped with the remaining size class 3 records for that species. (The 

only difference will be that this spize will now be called ..... 34 instead of ..... 3 ,) 

Similarly if ones dataset has only two size classes, one needs to change the size of one size class 2 record for a very common species to 

3 and one other record to 4. In this way RESOURCE is fooled into thinking you have 2 sizes. One size 3 record and one size 4 record 

are not enough to merit being treated as separate spizes, and so the record will be correctly lumped with the remaining size class 2 records 

for that species. (fhe onJy difference will is that the spize will now be called ..•.. 234 instead of ..... 2 .} 

#4 In Species only RESOURCE analysis. The value l should be entered in the Size field of every record 

#5 Transformation can be selected if abundance data have very skewed distributions (Ter Braak I 987b). This can prevent a few large abundance 

vaJueshavingan undue influence on the results, and reducestheinfl uencethatdominantspecies have on subsequent analyses (Gaugh 1982, Ter Braak 

1986). 

If data transformations are required they can be carried out either during RESOURCE analysis, or alternatively may sometimes be available as an 

option during subsequent multivariate analyses. SQRT, LN+l and Piecewise linear transformation are available in CANOCO (Ter Braak 1988a). 

The latter is also available in DECORANA (Hill J 979a). SQRT. WG+ l, Octave, Presence/Absence and Sample Percentage transfonnations are 

available in COMPCLUS (Gaugh 1979}. 

#6 The equation on page 15 of the DECORANA manual (Hill 1979a} is incorrect, as the last tenn (plot number} has been onUtted. Presumably this 

was a typographical error. 

#7 Th.is is the most computationally intensive procedure in RESOURCE. In a dataset with about 50 nonwpassive species and 240 plots, RESOURCE 

may have to decide which records out of over 15000 possible spize/spize combination records to include in the final dataset. During this stage about 

4000 spize recortls may be retained while the remaining 11000 will be dropped. 
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THE FEEDING ECOLOGY OF THE BLACK RHINOCEROS 
(Diceros bicornis minor) 

IN HLUHLUWE -UMFOLOZI PARK, 
WITH SPECIAL REFERENCE TO THE PROBABLE CAUSES 

OF THE HLUHLUWE POPULATION CRASH 

PART II 
BLACK RHINO FEEDING ECOLOGY AND HABITAT USE: 

RESULTS 

Chapter 6 - Black rhino feeding patterns I: Pilot survey results 

Chapter 7 - Black rhino feeding patterns II: Grid survey results - Important, 
Preferred and Rejected Communities, Species and Spizes 

Chapter 8 - Black rhino feeding patterns III: Grid survey results -Effects of grass 
interference and height on black rhino feeding 

Chapter 9 - Black rhino feeding patterns IV: Results of Post-bum surveys 

Chapter 10 - Black rhino feeding patterns V: Re-measurement ofHitchins' 1969-71 
transects in the bush-cleared areas ofHluhluwe North (Summary) 

Chapter 11 - Black rhino feeding patterns VI: Forb Use (x) 

Chapter 12 - Black rhino feeding patterns VII: Comparison ofHluhluwe-Umfolozi 
results with other areas (x) 

Chapter 13 - Black rhino feeding patterns VIII: Boma feeding observations (x) 
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CHAPTER6 

BLACK RHINO FEEDING PATTERNS I: PILOT SURVEY 

RESULTS 
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A WOllW OF CAUTION 

The Pilot surveys primarily provided: 

Experience which could be used to design subsequent surveys. 

Corroborative evidence to compare with the findings of the other surveys which were based 

on substantially larger sample sizes (transects and trees) and more systematic sampling 

designs. 

It is important to understand that Hluhluwe and Umfolozi Pilot Summary data relate to the habitat patches 

sampled, and not to the whole population of trees in each of the study areas. 

The techniques used in the Pilot surveys proved to be so time-<:onsuming, that it was not possible to use a truly 

replicated sampling design, as had been originally planned. Readers should be aware that, due to the 

psuedoreplicated sampling design used, one can justifiably make statistical inferences about the patch of 

habitat X sampled, but not all patches of habitat X (Hulbert 1984). All one can hope is that the sampled plots 

within a patch of habitat X were representative of habitat X in general. 

Due to the high coefficients of variation in browsing levels recorded between pseudo-replicate plots/habitat 

patch (Coefficients of Variation HGR: 92.0% UGR: 93. I%}, and the lower sample sizes in the Pilot surveys -

caution should be exercised when drawing conclusions from the Pilot data on patch and rare species selection 

and preferences. 

In many instances it proved difficult to successfully pigeon-hole plots into discrete habitat types. Discriminant 

Function analyses of ordinated multivariate community data failed to correctly allocate all plots to their 
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respective strata. Describing Hluhluwe-Umfolozi woody vegetation according to community continua was 

clearly preferable to discrete community descriptions. For future surveys one should therefore use a systematic 

sampling design and then use the resultant data to describe habitat types, rather than (as in the Pilot survey) 

stratify according to a-priori defined habitat types. 

Despite the limitations of the Pilot study, broad conclusions about species groups and some key (abundant) 

species and spizes could be drawn. In addition, the influence of tree size and different kinds of browse 

interference on black rhino feeding could be examined, as six tree size class categories were used, and browse 

interference levels were recorded painstakingly for each individual tree. 

RIDGE REGRESSION ANALYSIS OF FEEDING LEVELS 

Fignre 6.1 graphically presents the results of a preliminary Ridge regression of the Pilot survey data. (The Y axis 

gives the ridge coefficients obtained at the value of theta where the ridge traces appeared to have stabilised). As 

ridge regression coefficients are based on standardised data, this has the added advantage that explanatory 

variables measured using different units can be directly compared. 

o Total browsing levels (New & Old) measured in late summer were positively related to the amount of browse 

bottles of ''Acacia" species and Spirostachys africana. 

o Feeding levels were negatively related to the density of Euc/ea, Maytenus and Rhus species. 
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SUMMARY RESULTS FROM POOLED DATASETS 

Species summary data on browse availability, importance and selection have been pooled for all strata and are 

presented in Tables 6.1 (Hluhluwe Pilot Plots) and 6.2 (Umfolozi Pilot Plots) 

HLUHLUWE GAME RESERVE 

o Dichrostachys.cinerea, Acalypha glabrata, Maytenus nemorosa, Diospyros lyciodes, Dombeya burgessiae, 

Acacia karroo, Acacia cajfra, Acacia gerrardii and Acacia nilotica were the most important contributors to the 

diet in the IDuhluwe Pilot survey. 

a The high amount offeeding recorded on Solanum species in Hluhluwe occurred primarily in one high density 

patch of S.giganteum in Forest margin habitat. The overall dietary importance Of Solanums may therefore have 

been over-estimated by the Pilot smvey. Interestingly no part of S.giganteum has been found to be poisonous 

(Pooley 1993). 

o Of those species in the IIluhluwe Pilot survey that contributed at least 3% of all recorded Free bottles: A.caffra, 

A.nilotica, A.glabrata, Mnemorosa, A.gerrardii, Solanum giganteum. and D.cinerea were preferred; while 

A.karroo, and D.lycioides were rated as intermediate in acceptance. 

a Of the rarer species in Hluhluwe, D.burgessiae andSculia myrtina appeared to be highly preferred. The limited 

data also suggests that the "hard" forbs Justicia sufritescens and Indigofera natalensislcylingorica may also be 

highly preferred. More data are required to substantiate these results. 

o No feeding was recorded on Euc/ea species in Hluhluwe, which made up 18.58% of Free available bottles. 

Cordia caffra and Kraussia j/oribunda contributed a further 4.75% of IDuhluwe Free bottles and were also 

uneaten. 
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TATILE 6.In 11Lu11Luve PILOT SUR.VET· POOLED sPEc1es "v"IL"-BILITT, 111PoRT,r,.MtE & snecr10M 
D"-TA SOUEO BT SPECIES 

S~c:\n X Totel Bro1.1Slng X free B.Bott\n Free Pref.lnd1. 

····································-··· ········-··-···· ······ .......... -··-·-·······-·· 
Ac1c:h c:affra 4.17 1.4B 2.a1 
Acac:l1 gcrrardll '·" 1 .54 2.44 
Ac:ac:!a hrroo 6.ZS 5.47 1. 14 
Acac:la nllotlea 3.33 ·" 4.82 
Acac:h robvHa D.DD ·" D.DD 
Acee I a schwielnrurth i I/ •te1acontha D.Dl1 ·" O.DO 
Acac:la spp. o.DD . ,, o.oo 
Acal aypha sonder I ana 1.67 • \0 15.91 
Ac:alyi:J1a glabrua 12.29 3.99 l.OB 
,r,.dM<>pedh 1plc1ta O.DD ·" D.OC 
Berchemh nyherl o.oo ·" o.oo 
C•pparls sep!ar!1 0 .OD ·" o.DD 
Casslne 1eth!op!c:a 0.00 . " O.DD 
Celth 1frlcana ·" .34 1.24 
Cla~ena an!uta 0.00 .oz o.oo 
Cluth pulchella o.oo .as o.OD 
CC>ddla rudls 1.67 ·" l,44 
Cola natalensh o.oo .DI O.OD 
Corrbretun ap !c:ul a tun o.oo ·" 0.00 
Corrbret1..111 "'°'le o.oo .OT o.oo 
Cordia eaflr• o.oo 2.64 o.oo 
Crotan syluticus O.DD .07 a.co 
Dall>ergia ar""'t• o.co .07 D.DO 
Da\l>ergl1 obovau o.oo .oo '·" Oichrostaehys c:ineree 13.54 10.45 1 .3C 
Oio~pyros lye !odes 6.46 6.90 ·" OO!f'bey• bvrgcss!ae 6.46 .15 44.32 
DDll'bey1 ratuidlfolie o.oc 2.53 o.oo 
Oovya I h zeyher I o.oo .02 0.00 
Ehret I 1 amoena o.co ·" o.oo 
Ehret II r !!lld• o.oo .07 D.DD 
Erythra1ylun ""'9rg[natui1 o.oo ·" o.oo 
Euc:le• crisp• o.co 2.67 o.oo 
Euc: lea dlv lnort.n 0." 9.37 D.DD 
Euc\e• rac:o:mou o.oo 6.34 D.DO 
hoqenh natalt!1 o.oo .02 o.oo 
calplnla transvullca 1.25 .26 4.93 
Cre"h c:1llr1 o.oo .07 o.co 
Crewia f I avesc:ens D.CD ·'' o.oo 
Cre"ie accldcntalh D.00 ·" o.oo 
Crewla st..b,p.athulat• D.DD . " o.oo 
HlppobrQtn..11 pauc:l llarus .21 ·" l.27 
!ndl ga Tera natl\ ens i s/cyl l ngar I ea . " .07 11.44 
Jusite!1 sufrltuccns t.67 .10 16.64 
Krauul• fl aribi.nd1 D.DD 2.11 D.PD 
L•natana c:a.,...ra 0.00 . ,, o.oo 
llppla Javantca O.DO ·" o.oc 
H•ytcl"lln heteraphy\ la o.oc • 12 o.co 
NaytctM.Js nClflOreu 6.86 LB6 6.46 
"•ytetM.Js scneg•lcnsls ·" 1.60 .52 
01oro1 cng\erl ·" .87 ·" Panc:ovla eo\lrlgensh 1.04 .SS 1.90 
P3pph cap.-nsls 1.25 ·" 34.l2 
Pclt'Pli•run afrlc:anun 0.00 .70 D.00 
Phyllanthus ret!eu\atus .83 ·" 1.47 

Species X Total Bro.,slng X free B.Bottlcs frl!e Pref.lnd1. 

···············-·-······················ ················ . ............... ···-············ 
Plcetronle\\I arrnata O.OD 2.1l O.DD 

Rholelssus trldcntat• o.oo 1.73 o.oo 

Rhus c:hlrlndensls o.OD . ,, 0.011 

Rhus dcntlta D.00 ·" 0.00 

lthvs guclnt.11 o.oo ·" D.DO 

lth!J!; pentherl 1.25 '·" • 16 
Rhus pyroldcs 0.011 ·" O.DD 
Rhvs spp. o.oo 7.79 o.oo 
Rothmamia !llobosa D.DD .oz O.OD 
Schotla brac:hypetalo .83 ·" 1 .56 
Sc:hrcbcra trlch•c:lado D.BO .oz D.00 
Sc:\erocary11 b!rrea 0.DO . ,. O.DD 
Sc•lopl• Jl'JOCli I .21 .oz 11.44 
Sc:utl• myrtln• 1.D4 1.31 .BO 
Sldcro~ylan lnerrne t.B8 ·" 6, 71 

Solanun 9ig•ntc1.n 17. 92 9.10 1 .97 
Sp!r11st1c:hys afrlcana o.DO ·" 0 .OD 
Unkna.,,, 12 0.00 .01 o.oo 
IJnkno.,,, Tl D.OD ·" o.DD 
IJnknown " o.oo . ., 0.00 
Unknown 16 ·" ·" 10.64 
Zanthoiylun c:apense 0.00 ·"' 0.110 
Zlt.yphus rrucr•n1ta ·" ·" 1.7'1 



Tr\IlLE 6.Jb HLUHLU'llE PILOT SURVEY· POOLEB SPECIES AVAILABILITY, IMPORTANCE l SELECIIOll 
OATA SORTEO BY X TOTAL SRO'llSlllG 

Species X Total Brows Ing X free B.Bottlc:s Free Pref.lrid..i. 
................ ························ ................ . ............... . ............... 
So\ariun giganteun 17 ,92 9.10 1.97 
BtchrosUehys clncrca 1l.54 10.45 1.lO 
Aealypha golabrau 12.29 J.9B J.08 
Haytenus nt:m0rosa 6.88 1.06 6.46 
B tospyros lyetodes 6.46 6.90 ·" Oortbeya burgess I H 6,46 . " 44 • .::S2 
Aeacta k.arroo 6.ZS 5.47 1.14 
Acacia caffra 4.17 1.48 2.81 
Acacia gcrrardli '·" 1.54 2.44 
Acacia ntlotlca l • .::Sl ·" 4.BZ 
S tdcro>;y\ on lnerrne 1.88 "' 6.71 
Acalaypha sordcrlan.a 1.67 .10 15,91 
Coddta rudl!. 1.67 ·" J.G4 
Jvsttch sufritescens 1,67 .10 16.6/. 
Calpin ta transvaalics 1.25 ·" 4.83 
Pappla eapensi• 1. 25 .04 JG.32 
Rh us penthcr I 1.25 '·" • 16 
Pancovia 9ot1.X1gensi!. 1.04 .ss 1.90 
Scutia 11Tyrtlna 1.0G 1..::Sl ·" irdt gofera na ta tens ls/cyl ingorica ·" .01 11.44 
Maytenus senegalens Is ·" 1.60 ·" Phyllanthus rcticulatus ·" ·" 1.47 
Schot ia braehypetal e ·" .53 1.58 
Unknown 16 ·" ·" 10.64 
2hyphus nvcronata ·" .47 1.79 
Celtls africans ·" .34 1.24 
Otoroa englerl .42 ·" "' H lppcbrOllUS pauci fl or us .21 .06 .::S.27 
Scolopta m.indii ·" .02 11.44 
Acac:ia robvsta 0.00 ·" o.oo 
Ac act a schwe infurth it/a ta>;acanth• o.oo .00 o.oo 
Acacia •PP· 0.00 • 11 o.oo 
Adenopo:li• spleata 0 .oo ·" o.oo 
Bereh<.1!1ia teyherl 0.00 ·" o.oo 
Cappar Is sepi art a 0.00 .02 0,00 
Canine aethloplca O.Oo ·" 0.00 
Clauseno anisata 0.0B ·" o.oo 
Cluth pulchella B.00 .05 0.00 
Cot• natatensls 0.00 .01 0.00 
Conbrctl.ITI aptculatun o.oo ·" o.oo 
Conbretl.ITI lnOLle o.oo .07 0.00 
Cordia caftra o.oo '"' o.oo 
Croton sylvatlcus o.oo .07 0 ,00 
Oalbergola armau 0.00 .07 0.00 
Oalbergia obovata 0.00 .oo 0.00 
Bortbeya rotundlfot ia o.oo 2.53 o.oo 
Oovyal Is ?cylieri 0.00 ·" 0,00 
£hret ta amoena o.oo .56 O.OB 
Ehretta rlgida o.oo .07 0.00 
Erythra.;ylun em11rglnatun 0,00 ,01 o.oo 
Euclea erhpa o.oo 2.87 o.oo 
Eudea dlvinorUT1 0.00 9.37 0.00 
Euctea racemosa o.oo 6.l4 o.oo 
EUgcnta nataltia 0.00 ·" 0.00 
Crc11i11 caffra o.oo .07 0,00 

Spec:les X loul Browsing X free B.Bottles free Pref.11'11..i. 

········································ ··········· ..... ················ ················ 
Grewia flavescens e.oo ·" B,BO 

Crcwh occtdMtal Is 0.00 .03 o.oo 

Crewh subspathutau o.oo .13 0.00 

l:ravssla f\ortbunda B.00 z.11 0.00 

Lal'la tana ca:.iara o.oo .11 o.oo 

Lippi a javanlca B.00 ·" 0.00 

Maytenus heteropl'lyl la o.oo . " 0,00 

Pel tophorl.ITI •1r lcarv.n 0.00 .70 O.BO 

PlcctrOl'liella arNtB o.oo 2.1J o.ao 

Rhoic lssus trl~nuta 0,00 1." o.oo 

Rhus chlrlrdcnsls o.oo .11 O.OB 

Rhus dentata; O.BO ·" O.BO 

Rhus gueil'IIll 0.00 ·" B.00 

Rhus pyroides o.oo ·" o.oo 

Rhu!I spp. 0.00 7."' 0.00 

RothNmi a globosa O.BO .02 o.oo 

Schrebera irichoclada o.oo .02 o.oo 

Sclerocarya btrrea o.oo . " 0.0B 

Spirostaehys afrtcllNI 0 .oo ·" o.oo 

Unknt»tn 12 o.oo .81 0.00 

Unknown 1l 0.00 ,07 0.00 

Unlmo1.1n 15 0.00 .01 B.00 

Zanthozyll.ITI capeose 0.00 "'' o.oo 



TABLE 6.2a uHFOLoi1 PJLot su11:vEr • POOLfS SPfc1£s AVAILAa1un, IHPBRTAHCf & SELfCTIOlf 
BAIA SO~TED ST SPECIES 

S~cles X Tot11l 8r11ws!n9 X Free 8.811ttles Free Pref.lndx. 
... ··-·· ...... ··-··. ··-···--··-··-···· .. ·······-··-····· -···· ........... . ............. ·-
Acacia borleae 2.t.8 .97 2.55 
Ac11cl11 bvrkei 1.51 1.71 ·" Ac11cia 1:affr11 0.80 ·" 0.80 
Acacia ;errardll 11. 17 3.54 3.16 
,o,cacta 9r11ndicornut11 1.62 3. 18 .52 
Acach k11rro11 I, .88 18.88 ·" Ac11ci11 \uederlt1ll 1.35 t..97 .27 
Acacia nisrescens .76 1.96 .39 
Acacia nitotfca 3.78 2.21, '·"' Acee I 11 Seber larui ·" ·" 9. 12 
Acacia uriilis 11).15 I, .33 2.J4 
Asc1epias frutic11sa 0.0B .40 0.80 
Asp11ra9us spp. .27 1.71 .16 

AZi!Tla tetracantha IJ.IJIJ .02 1).1)0 
Berchemla zeyheri .97 . " 7.10 
e11sci11 albltrunca .36 .32 1.17 
Br11chylun11 il icl fill !a 3.78 J.58 1.86 
Capparh sepiarla IJ.08 ·" a.oo 
capparis toment11s11 ·" .78 ·" c11rls.s11 blspinos11 IJ.OIJ .17 0 .Ill) 
Canine tr11nsv11alensis 0.80 . ,; 1).08 
Clutia pylchella 0.88 .03 I).GS 
coddla rl.ldis . ,, 1.6-0 .07 
Cormiiphora neglect& 1.19 .38 3.10 
croton rnenyh11rtil 1.13 1.t.9 .76 
Gichrostachys cinere11 2.27 2.52 .90 
al aspyr11s lyciodes O.IJO .01 O.O<J 
8onbey11 t I l !acea .54 .87 7. 81 
fhre t i 11 11moen11 ·" 1.38 .16 
Euclea d[vin11run IJ.81) 9.54 O.IJO 
fuc lea raceinosa ·" 1.35 ·" Euclea undulata T.30 t..19 ·" Gllrdenl a cornut a O.IJO ·" 1).00 
Crewh fl11v11 1.57 1.7' ·" crew la mont icol a .32 .31 1.IJ4 
Crewia occidental ls ·" ·" I, .41J 
Jndi ;11 fer a n11ta lens i s/cyl IM~or I ea . " .34 2 .84 
Lyclun 11cutif11lhrn 0 .88 . " 0.88 
H11eru11 an;ol~sh 3.35 .17 19.78 
Haytenus heier11phyl la 2." 2.59 1.IJ6 
Jolaytenus mossarrblcens[s .05 ·" ... 
Haytenus nemor11sa 5.IJ7 t..79 1 ,86 
Hlytenus senegalensis G.IJO .16 o.os 
Helanthus tl!dyrr.a .05 ,10 ·" Ot ea eurcipaea 0.00 ·" 1),01) 
Ormoc&rpllll irlch11c11rpL111 . ,, .33 .33 
Pappla c11pensh .11 . ,, ·" Plcctr11niella 11rmau 8,00 .02 o.oo 
Pyrostrl11 hystrlx 1.78 1.t.o 1 .27 
Rh11lchsus rhQlftiitlea .86 ·" 3,1,1 
Rhus denuta 0.00 .oo O.O<l 
Rhus gueinz 11 IJ.00 ·" o.oo 
Rhus ~ntherl "' ·" "' schot ta capi ~at• 2.27 "· 96 "' Scleroc11rya birrea IJ.OIJ ·" O.OIJ 

Sc11l11pi11 ~.?}'tier! 

Sida cordlflllla/rhocrblf11th 
Sider11xylcin inerme 
S11lanu11 g[gantet..n 
Splr11st11chys afrlc11na 
Strycnos spp. 
Tarchcinanthvs carrphoratus 
Unkn11wn 18 
Unknown 11 
Unknown 16 
Unknown 9 
21~yphus 111.1<:ron11ta 

' Tlltal 8r11wsln9 
................ 

8.08 
. ,, 

8.08 
.22 

26.58 
0,08 
1.88 
0.08 
0,08 
o.oo 
0.88 

.97 

X Free B.Bottles fre• Pref.lndx. 

················ ................ 
.09 B.00 

. " .59 

.05 0.00 

·" . " 
12.25 2. 16 

.10 0.80 
1. 91 .57 

·" 0.80 

. " o.so 
.06 0 ,08 

·" 0.00 
.93 1.85 



TABLE 6.2b \MFOLOZI PILOT SURVEY· POOLED SPECIES AVAILABILtTY, IMPORTANCE & SELECTION 
DATA SORTED BT X TOTAL !IROVS!NC 

Spechs % Total Browsing % free B .Bott I es 1rei: Pref. !nd.w.. 

.. ········· ... ········· ................. ················ ···········-···· ................ 
Splrostachys afrlcana 26.~0 12.2s 2. T6 
Acacia gerrardl I 11. 17 3.54 3.16 
Acacia toni!ls 10. 15 4.33 2.34 
Heytenus nemarosa 5.07 4.79 1.D6 
Acac la l:arroo 4,Bo 1D.BO ·" Acacia nllo,lca 3.7B 2.24 '·" 
Bnchylaena I lie Hell a l.711 3.58 1 .06 
Haerua an9olcnsh 3.35 .17 19.78 
Haytcnus heteroplly!ta 2.7S 2.59 1.D6 
Acac I a bor l eac 2.4B .97 2.55 
ord'>rostachys clnerea 2.27 2.52 .90 
Scho' la cap I tau 2.27 4.96 ... 
Pyrostr ia hynr h: 1. 78 1.40 1.27 
Acacie 9randicornuu 1.62 3.10 .52 
Grewf11 flava 1.57 '·" ·" Acacia bvrkel 1.51 1. 71 ·" Acacia lucder!u:ll 1 .35 4.97 .27 
Euclea IX!dulau 1.30 4.19 ·" COITTlli p1iora negt ec ta 1.19 .36 3.10 

Cro'on menyher'i I 1.13 1.49 • 76 
Tarchonan,hus clllrphora,us ·1.oa 1.91 .57 
BerchNifa teyheri .97 . " 7.10 

Zityphus rrucronata .97 ·" 1.05 
Crewia occfden,al is .86 .20 4 ,40 
Rholcluus rt>or.bidea ... ·" 3.41 
Acacia nigrescens • 76 1.96 .39 
l ndi 9ofcra na ta I em:i s/cy! i rig or lea .70 ·" 2 .D4 
Acacia scberiana .65 .07 9.12 
DO<Tbeya t 11; acea ·" ·" 7.Bl 
Rl'>>.n pen,hcrf ·" ·" ·" !loscla 1lb!trl.lf!Ca .36 .32 1.17 

C8flP"'rls tomen,asa ·" ·" ·" Grewia montlcola ·" ·" 1.04 
Asparagua spp. .27 1. 71 . " 
Ehret la amoena ·" 1.38 .16 
So!anun glganteun ·" ·" ·" Coddla rudis . " 1.60 .07 
Ormacarpun 'rlchocarpun . " ·" ·" Pepp!a capensls . " • 19 ·" Sida cordlfotla/rhombifolh . ,, . " .59 
Euclea r8C!'fllOU .05 1.35 ·" Haytenus mossanbicensls ·" ·" ·" Hclim,hus didyma ·" . " ·" Acacia caffra o.oo ·" o.oo 
Asclepias frut lcose o.oo ·" o.oo 
Atima 'etracentha a.oo ·" D.00 
Capperis seplarla 0.00 ·" 0.00 
Carissa blspinase c.oo .17 o.oo 
Casslne nansvaalensis o.oo . " o.oo 
clutla pulchelta o.oo ·" o.oo 
oiospyros tyclodes 0.00 .01 0.00 
Euclea dlv!nor1,,111 o.oo 9.54 o.oo 
Gardenia cornu'• 0,00 .00 0.00 
tyclun acu,!fo\IUI! c.oo . " o.oo 
Mart~nus sene9alensis 0.00 . " o.oo 

SJ>«:I es 

Olee ~rop>iea 
Ptec,ronl el la arma'a 
Rl'>us dentata 
Rl'>us !IU'!"lntl I 
scleroc:arye blrrea 
Sco!ople teyhcri 
Slderoiry!on !nerma 
Strycnos spp. 
Uriknowo 10 
Unknown 11 
Unl:nowri 16 
Unl:nowri 9 

X Tote! Browsing . ............... 
o.oo 
D.00 
0.00 
D .00 
0.00 
0.00 
D.00 
D.OD 
D.00 
O.DO 
0.00 
D,DO 

x rre~ 8,BeUtes Free Pref, lndll.· 

················ ····· .... ······· 
.25 O.OD 

.02 O.DD 

·" o.oo 

·" o.oo 
.03 O.DO 
.09 O.DO 

·" o.oo 

. " O.DO 

.01 0.00 

·" o.oo 
.06 o.oo 

·" D.OD 



o Rhus species were strongly rejected, making up 16.36% of available Free bottles but only 1.25% of total 

browsing. 

UMFOLOZI GAME RESERVE 

o Spirostachys africana, .4.gerrardii, Acacia tortilis, Mnemorosa, A.karroo, A.nilotica, Brachylaena i/icifolia, 

Maerua angolensis, Maytenus heterophylla, D.cinerea and Schotia capita ta were the most important contributors 

to the Umfolozi diet in the Pilot survey. 

o Of those species in the Umfolozi Pilot survey that contributed at least 3% of all recorded Free bottles, S.africana, 

A.gerrardii,A.nilotica, andA.tortiliswere preferred, whileB.ilicifolia, andD.cinerea, were rated as intermediate 

in acceptance. 

o Of the rarer species in Umfolozi, Acacia borleae, Acacia senegal, Berchemia zeyheri, Commiphora neglecta, 

Grewia occidentalis, lndigofera species, Pyroslria hystrix andRhoicissus rhomhoidea appe<ired to be preferred. 

Once again the limited data suggest that the "hard" forb Indigo/era natalensislcylingorica maybe a preferred 

dietary item. More data are required to substantiate these results. 

o Grewia species are regularly eaten in Umfolozi (2.75% of total Umfolozi Pilot Browsing), although they are 

probably not among the most preferred species (Mean Free Preference Index 1.22). More data are required to 

substantiate these conclusions. 

o Species rejection patterns were similar to those ofHluhluwe. Euclea's contributed 1.35% of the diet but 15.08% 

of the habitat. Rhus species were just over three times more abundant in the habitat than in the diet. 
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COMPARISON BETWEEN STUDY AREAS 

o ''Acacias" contributed 40.5% of all browsing in the Umfolozi and 31.0% in the IIluhluwe Pilot plots. The 

increased contribution of "Acacias" to the Umfolozi diet may well reflect their higher proportional contribution 

to Free Bottles in the Umfolozi Pilot Plots (UGR-36.3% HGR-19.8%). 

Although as a group "Acacias" were generally preferred, palatability appears to vary between species. The Pilot 

data suggest thatA.gerrardi i, A. borleae, A.n i lotica, A. caifra and possibly A.senegal are the most preferred species. 

The more ubiquitous D.cinerea and A.karroo were less preferred, but very important dietary items; while 

A.luderitzii, A.grandicornuta andA.nigrescens appear to be rejected. The latter three species have amongst the 

most fonnidable physical defence among the "Acacias" listed above. This may account for their apparent lower 

feeding preferences. 

o S.a.fricana was the most important browse species in the Umfolozi Pilot plots, contributing 26.5% of total 

browsing. Although young S.africana thicket was not selected for study in the IIluhluwe Pilot survey, visual 

observations indicated that S.africana was also a key food species in IIluhluwe in 1988.Acalypha species which 

are also members of the family Euphorbiaceae (along with S.a.fricana) were both important and preferred species 

in IIluhluwe. 

o Maytenus was indicated as a genus where feeding preferences varied markedly between species. Mnemorosa 

was an important dietary species, contributing 6.88% and 5.07% to total IIluhluwe and Umfolozi Pilot survey 

offtake respectively.M.heterophy//a appears to be an intermediate food species in Umfolozi, whi1eMsenegalensis 

was rejected in IIluhluwe. 

o Ziziphus mucronata is generally held to be a preferred browse species. However, in both IIluhluwe and Umfolozi 

Pilot plots, this species contributed less than 1 % of the total recorded browse offtake. 
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RIDGE REGRESSION ANALYSIS OF FEEDING LEVELS 

INFLUENCE OF BUSH PHYSIOGNOMY ON FEEDING 

o Total offtake in the Pilot survey was greater in communities with higher densities of trees less than 2.5m, and 

higher Total browse bottle availabilities (Figure 6.1). Conversely, increased densities of taller tress (>2.5m) with 

higher percentage canopy cover was negatively related to total feeding. Although Figure 6.1 showed that smaller 

tree density was positively related to feeding levels, black rhino feeding levels declined as soon as bush density 

made it difficult to walk inside the plots (High Impenetrability Index). 

SIZE CLASS PREFERENCES 

"Acacia" size selection 

o The ridge trace obtained after regressing the total amount of "Acacia" browsing against "Acacia" densities by 

size class, revealed that dietary importance varied with size (Figure 6.2). Tall (~ 4m) "Acacia"s were least 

important, while smaller "Acacias"(< l.75m) were indicated as the most important size. Intennediate sizes (l.75-

4m) were intennediate in importance. (Figure 6.2 clearly vindicates the use of ridge regression as the standardised 

regression coefficients obtained from traditional multiple regression [Theta = OJ were clearly unstable and 

unreliable as a result of multicollinearity.) 

o In Umfolozi, clear size class selections were indicated for the following food "Acacias" (A.nilotica, A.torti/is, 

A.gerrardii, A.nigrescens, A.borleae, A.karroo, A.senegal and D.cinerea - Figure 6.3). Offtake from "Acacias" 
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less than 0.75m in Umfolozi was equivalentto 53.0% of the total browse availability (standing crop) on these trees. 

On "Acacias" between 0. 75m and 1.25 metres, ofilake represented 23. 7% of standing crop, dropping to 7.2% and 

2.5% of" Acacias" l.25-2.49m and 2.5-3.99m respectively. Only 1.3% of Umfolozi "Acacia" available standing 

crop was browsed on trees greater than 4m. 

o The pattern was less clear in Hluhluwe where feeding on "Acacias" was more equitably distributed among the 

size classes than in Umfolozi (Figure 6.4). "Acacia" size class selection clearly differed between Umfolozi and 

Hluhluwe. A total of 95.8 % of the feeding on preferred food "Acacia" species occurred on trees <2.5m in Umfolozi 

but only 80.4% in Hluhluwe. Most feeding (63.4%) on food "Acacias" in Umfolozi occurred on small trees 

<l.25m; yet in Hluhluwe the small food "Acacias" acconnted for only 36.6% of "Acacia" olftake. 

o In Umfolozi, this size selection pattern was shown for most species of" Acacias". Trees under l .25m were the 

most preferred for eight out of the ten "Acacia" species fed on in Umfolozi. This contrasted with Hluhluwe, where 

the most preferred "Acacia" size was generally l.25-4m (416 "Acacia" species fed on). While size class I (<0.75m) 

11 Acacias" were generally the most preferred size in Umfolozi, only 11 D.cinerea" size l 's were the most preferred 

in Hluhlnwe. 

o Small A.ni/otica's were highly preferred in the Umfolozi Pilot plots, with 60% of all A.ni/otica browsing 

occurring on trees less than 0. 75m (Free Preference Index or FPl : 5.26 ***). A further 34% of A.ni/otica browsing 

occurred on trees from 0.75-l.25m (FPI: 2.14 **). TallerA.ni/otica's (~ l.25m) were highly rejected in Umfolozi 

(FPI 0.18 ---). As will become apparent later, this finding is important when assessing the likely impact of habitat 

changes over much of Hluhluwe on black rhino. 

Spirostachys africana size selection 

o Height selection for S.africana in Umfolozi differed from that shown for "Acacias". Size 4 trees (I. 75-2.49m) 

were both the most important (48.2% of S.africana browsing) and most preferred S.africana size class. 
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o One-way ANOVA's showed there were significant differences between strata in both IBuhluwe (F=3.887 df 8,18 

p=0.0000) and Umfolozi (F=2.463 df9,!0 p=0.0447) in levels of black rhino browsing. However, high coefficients 

in variation, and low levels of pseudoreplication meant that Tukey Multiple Comparison testing did not allow 

significant differences to be shown between most of the different strata from each other (Table 6.3). Caution should 

therefore be exercised in the interpretation of the strata preferences recorded in the Pilot survey. Table 6.3 gives 

mean summary data for the different Pilot strata. Lowland forest margin and riverine forest were the most 

important habitat patches surveyed in IBuhluwe. 

o Young S.africana thicket was both the most important and most preferred strata sampled in Umfolozi. Although 

this strata was not measured in the IBuhluwe Pilot survey, visual observations during 1988 indicated it was also 

a major black rhino habitat in IBuhluwe. 

o A.nilotica closed woodland and the latersuccessional Euc/ea racemosa/B.zeyheri Lowland Forest have increased 

in extent in IBuhluwe since 1940 to cover extensive areas (see Chapters 16 and 20). Patches of these habitats were 

neither important or preferred in the Pilot survey (Table 6.3). 

o Heavily grazed open savanna in Umfolozi was the second most preferred habitat patch surveyed, although 

offlake levels were lower than most other strata. "Acacias" contributed 62.6% of all Free Browse available in these 

patches and comprised 75.6% of the diet in this strata. Grass interference was only I0.9% on the highly preferred 

Size I "Acacias" (<0.75m). "Acacias" <I.25m made up 61.1% of the diet and 27.4% of the available browse in 

this strata. 
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TABLE 6.3 Mean Summary Data for Pilot Study Strata 

OFFTAKE 
Importance 
Index 

90%Tukey FREE BB 
Multiple Pref. 
Range Index 

~l8WPBQf J;,W.§f@Ib§T~at~filJ~f tt~i1rr%~~m1~m~filtl!f.tf Jfil[@.]~i~;~[~1}1f.Qt~tt~~~ 
(Mean= 100) Test 

Oncobeni Lowland Forest Margins 354 • 
Maphumulo Riverine Forest 167 •• 
Depression Grasslands near Pan 101 • 
Combretum molle Woodland 66 • 
Acacia karoo/Euclea crispa/Rhus rehmanniana 53 • 
Acacia nilotica Closed Woodland 51 • 
Dichrostachys cinerea/Acacia karroo Grasslands 47 • 
Euclea racemosa/Berchemia zeyheri Lowland Forest 41 • 
Mature Euclea divinorum Woodland 21 • 

~:QM:E~tf§l~iHtltt&fb§B1.~~iTuijf.l~ttli®1~I~~m@~f~ill~r~llifi~fffil.1~@ijt.{ti~tiifil~~ 
Young Spirostachys africana Thicket 
Mixed Gqoyini Plateau Grasslands 
Drainage Line Mature Spirostachys africana Woodland 
Acacia karoo Thicket 
Donga Dissected Euclea undulata Dense Hillslope Bush 
Mid-Slope Acacia Savanna 
Acacia borleae/Euclea divinorum Woodland 
Mixed Gqoyini Grassland/Savanna 
Heavily Grazed Open Acacia Savanna 
Acacia nigrescens Open Woodland 

318 
131 
127 
113 
62 
60 
58 
51 
49 
32 

• 
•• 
•• 
•• 
• 
• 
• 
• 
• 
• 

2.20 
2.85 
1.43 
0.52 
0.37 
0.67 
0.41 
0.64 
0.23 

1.84 
0.84 
0.88 
1.13 
0.59 
1.03 
0.50 
0.83 
1.25 
0.65 

HIDDEN BB RANK 
BB OF FT AKE IMPORTANCE: 
(%Total (%Total PREFERENCE 

BB) BB) 

11.00 8.56 1:2 
35.94 7.99 2:1 
43.87 3.50 3:3 
23.43 1.75 4:6 
14.69 1.38 5:8 
21.93 2.29 6:4 
39.73 1.09 7:7 
8.59 2.55 8:5 

26.74 0.74 9:9 

21.19 15.45 1:1 
9.24 8.18 2:6 

30.00 6.60 3:5 

22.84 9.34 4:3 
34.36 4.10 5:9 
28.10 7.94 6:4 
34.45 3.49 7:10 
20.68 7.04 8:7 
22.83 1 o.:~7 9:2 
21.95 5.40 10:8 



o Grass height and biomass was found to be negatively related to black rhino feeding levels in the Pilot Survey 

(Figure 6.1). Grass biomass had a particularly marked influence on feeding levels in the Pilot surveys (Figure6. l). 

o Exploratory plotting of the Pilot survey data revealed a mirroring in IDuhluwe of Log transfonned available 

"Acacia'browse bottle density and Grass biomass. The Umfolozi Pilot plots did not show the same clear 

relationship. In Umfolozi, some of the highest plot preference values occurred when high densities of available 

"Acacia" bottles were associated with low grass biomass. 

o The mean percentage of Total "Acacia" browse bottles hidden by grass was 32.8% in thefiluhluwe Pilot plots, 

but only 12.6% in the Umfolozi plots. Comparable mean forb interference levels on "Acacia" were low in both 

areas (HGR 1.8% and UGR 0.3%). Mean levels of thicket interference of"Acacia" bottles were 3.3% in IDuhluwe 

and 6.1 % in Umfolozi. In Umfolozi thicket interference was highest on "Acacias" from l.25-2.5m at just under 

10%. Grass interference was therefore the major fonn of browse interference of ''Acacias'' in both reserves. 

o Figure 6.5 shows that high levels of grass interference were recorded for IDuh!uwe "Acacias" up to 2.5m - but 

only on "Acacias" less than l.25m in Umfolozi. 

o The Pilot data suggested that although the small "Acacias" were the most preferred size in Urnfolozi, the next 

tallest size classes were preferred as grass interference increased. 

The Pilot survey results therefore imply that the increased levels of grass interference in filuhluwe (following from 

the wet period during the mid-late 1980s; and exacerbated by heavy-culling during the early 1980s dry period) 

have forced IDuhluwe black rhinos to eat more of the less preferred taller size classes of" Acacias". 
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CHAPTER7 

BLACK RHINO FEEDING PATTERNS II: GRID SURVEY 

RESULTS - IMPORTANT, PREFERRED AND REJECTED 

COMMUNITIES, SPECIES & SPIZES 
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o This chapter is the first of two chapters that details the feeding patterns recorded during the extensive 

Grid surveys carried ont in both Hluhluwe and Umfoloo:i study areas in 1989. For details of methods, sampling 

strategies and analytical approaches, interested readers are referred to Chapters 3, 4 and 5. 

o The importance of the sampling design and large sample sizes used in the Grid swveys are discussed. 

o Woody browse abundance in each study area is compared with recorded feeding patterns to quantify the dietary 

importance and degrees of preference/rejection fbr all the commoner species and spizes. Selection patterns in the 

two study areas are also contrasted. Finally, food selection is examined at a hierarchy of scales from a 

community/patch level down to an individual spize level. 

o The following chapter (8) continues the analysis of Grid swvey selection patterns, by examining the influence 

of grass interference and grass height on black rhino feeding in some detail. 

o Throughout this chapter the terms Hluhluwe and Umfolozi have been used as a shorthand way to refer to the two 

Grid study areas. For maps of the Grid study areas (and transect locations) readers are referred to Figures 1.2, 4.2 

and 4.3. For example, for "feeding levels in Hluhluwe" read "feeding levels in the Hluhluwe Grid Survey Study 

Area". If reference is intended to the whole Game Reserve the text will make this clear (eg "feeding levels 

throughout Hluhluwe Game Reserve"). 
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A systematic sampling design (with randomised grid origin) was·used in the Grid surveys to enable statistical 

inferences about the whole population of trees in each of the two study areas to be made". If we had simply 

measured selected transects near roads (as in most vegetation surveys) - we would not have been justified in 

making inferences about vegetation and black rhino feeding throughout whole study areas. In addition serious 

biases would have been introduced into our results. This is because road traffic causes disturbance that can 

influence black rhino movement and feeding patterns; and vegetation adjacent to roads is not representative of 

vegetation throughout the study area, as roads favour valleys, ecotones and easily accessed areas. Trees growing 

next to roads also benefit from increased run off and reduced below ground competition; although their leaves may 

be covered with a thick layer of dust thrown up by passing vehicles. 

In most cases the results of database queries have been presented without corresponding standard errors and 

confidence levels, or tests of statistical significance. The sheer number of queries, and time constraints precluded 

such calculations. This was especially the case where data distributions were non- normal, and it would have been 

preferable to non-parametrically estimate errorterrns using bootstrapping (Effron 1979, 1981, 1982, 1987; Effron 

& Gong 1983; Effron & Tibshirani 1986)". 

Fortunately in most cases, the large data sets used in the queries minimised this problem. The Grid survey results 

which follow were based on a sample of 25,623 trees (242 transects) in the 4,900 Ha North-East/Central Hluhluwe 

Study area and 7,098 trees (187 transects) in the 4,675 Ha North-West Umfolozi Study Area. 
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In many cases findings were clear-cut and common sense dictated that statistical tests were clearly not needed. For 

example, one doesn't need a statistical test to know that the observed difference in contribution of small ''Acacias" 

(<Im) to the Umfolozi black rhino woody diet (23 .22%) and available Free bottles (3 .49%) is highly significant. 

Theoretically with Jarge sample sizes, it maybe possible to show some small differences as statistically significant. 

However, practically we are really only interested in gross and clear-cut differences and patterns, rather than veiy 

small scale minor ones. Therefore if the large sample Grid surveys could not clearly reveal patterns or differences, 

then those patterns or differences were unlikely to be of much practical importance. 

However, should it ever prove necessary, specific tests or error estimates could always be undertaken at a later date. 

Dietary composition, Importance, and Preference!Rejection values were derived from samples of 1,458.5 

(Hluhluwe) and 1,875.5 (Umfolozi) browse bottles removed from the transects. Total Grid offtake levels only 

represented a veiy small proportion of the Total available browse bottles in the habitat - 3.62% in Umfolozi and 

I.I I% in Hluhluwe. The intensive Grid sampling was therefore vindicated. 

BA§IEUNE WOODY BIROW§IE AJBUN])ANICE IN EACH GRID STUDY AREA IN R989 

Readers may wonder what relevance measurements of browse abundance have in a chapter on black rhino feeding 

patterns. The answer is simple. Measurements of abundance in the habitat are needed to calculate 

Preference/Rejection indices. Without corresponding measures of browse abundance to go with feeding data; only 

dietary importance of different resources can be quantified. 
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BASELINE WOODY VEGETATION DATASETS - AN IMPORTANT BY-PRODUCT OF BLACK 

RHINO PROJECT 2000 

During the design of the Grid survey, we thought about the kind of information about habitat structure and 

composition that we would have really liked to have had for different times in the past. If possible, we wanted to 

be able to use the Grid surveys to generate such information as a by-product. Detailed 1989 baseline datasets on 

the deusities, canopy cover and abuudances of species and spizes throughout the two study areas are the result of 

this concern. Unfortuuately, similar data for 1939, 1949, 1959, 1969, and 1979 were not available for comparison 

with 1989 data. However, researchers now have large baseline datasets agaiust which they can monitor future 

woody spize population and community changes. 

GROSS DIFFERENCES BETWEEN STUDY AREAS 

Mean tree densities (excluding small seedlings) in 1989 were substantially higher in Hluhluwe (7,070/Ha) than 

in Umfolozi (2,531/Ha). The 1989 Hluhluwe tree deusity was higher than the 1, 777/Ha and 4, 152/Ha recorded in 

two N Hluhluwe black rhino home ranges by Hitchins twenty years previously (Hitchins 1969). However not too 

much should be made of these differeuces as the l 969 estimates were based on very small sample sizes, and for 

multi-stemmed species it was not clear what was couuted as an individual plant. 

Mean Total available browse bottle deusities in Hluhluwe were double those in Umfolozi (Hluhluwe: 36,319/Ha 

Umfolozi: 18,455/Ha). 

Mean Canopy Cover was three times greater iu Hluhluwe. The total canopy cover of trees over four metres tall was 

almost six times greater in Hluhluwe (44.15% vs. 7.42%). 
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SPECIES ABUNDANCE LEVELS 

CONTRIBUTION OF SPECIES TO TOTAL AVAILABLE BROWSE 

BOTTLES 

Tables 7.1 and 7.2 list the species in order of their percentage contribution to Total available browse bottles in the 

Hluhluwe and Umfolozi Grid Study areas respectively. There was a more equitable distribution ofavailable browse 

in Hluhluwe thau in Umfolozi. In Hluhluwe no species accounted for more than 7.73% of Total available bottles. 

By way of contrast two species made up 25.42% of Total available bottles in Umfolozi. 

Hluhluwe 

Using RESOURCE (Emslie 199 ld) analysis of the Total bottle data (Chapter 5), the key species in Hluhluwe were 

identified. Species were classified according to the downweights derived for each species using Emslie's 

combination weight (which takes frequency of occurrence, overall abundance levels, and the degree of eqnatability 

of abundance between plots into account)". 

In the Hluhluwe Study Area: 

Species with the most available browse wereA.caffra, A.karroo, A.nil otica, A.rohusta, B.zeyheri, 

C.caffra, D.cinerea, D.lycioides, D.simii, D.rotundifo/ia, E.crispa, E.divinorum, E.racemosa, 

Kjlorihunda, L.javanica, Mheterophylla, Mnemorosa, Msenegalensis, R.pentheri, 

R.tridentata, S.myrtina, S.inerme, So/anum species, and Z.mucronata (not downweighted). 

A further 24 species were still important contributors to available browse:A.glahrata, Canthium 

inerme, Celtis africana, Combretum molle, Coddia rudis, Dalbergia ohovata, Dovya/is caffra, 
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TABLE 7.1 

PERCEllTACE CDMTRJBUTJOll OF EACH SPECIES TO TOTAL BRO'>/Sf BOTTLES 
HlUHl!NE GANE RESERVE 1989 CRJD STlA'.lY AREA 

Olchrastachys cinerta 
Sp!rosraehys afrlcana 

O I ospyroi: 1 re I o idu 
Acacia karroo 
l!ppia javan!ca 
Rhus P'@nthcri 

Acalypha gtabrata 
ICrauss I a f l or! buida 
Euclea crlspa 
Eucle• racemou 
Hartcnus senegalensFs 
Berch'°""fa ze)'fierl 
Euele• dlv!norUfl 
11holehsu1 tr(d~ntot.t 

Scutia myrtfna 
Vfrnooia subull9era 
sot aro..rn 

olospyros slmii 
Abutilon/Hlbiscus spp. 
Acac:la nl latfca 
Harte~ nemorosa 
2ityphus ll'U(:ronaca 
Plectronella .r11111ta 
o~a rotl.rldl fat la 
Rhu1 r~rvilana 

Acacia gerrardl I 
Coddh rl.ldh 
Acalayplio 10/'>derlana 
Oorrbera burg,ulae 
Cordia c:affra 

HlppabrOl'lllJ$ pauelfloru9 
,uima t'fr11cantha 

Haytfrius h't"ophrt la 
Heuropy11is natat,n.sl9 
sid,ro11rl011 l"'rme 
Calpinla trans11aallc:11 
ehr,tla rlg!de/amo,na 
Clut le pulch't la 
Oalb!:rgh obovaca 
Oovyal Is caffra 
Phy! lanthus ret lculatus 
CaMh I Ufl I nerme 
Sc:lttocarya birru 

Euc:lea natalen.sh 
Ac:ac i a rob.is ta 
Scolopla uyh,rl 
COtTbr,tin malt, 
tarchonanthus c:a"9ioratus 
chrOtl'Gla,na odoraco 

C'r.niun spp. 
Ad,nopodh spleate 
11onanthot11xls caffra 
schotla brachYp<"tala 
uni:no,.,, 1S 

XTatal Battles 

7 ·" 5.78 
5.79 
5.53 
5.4t. 

5.22 
t..62 
t..t.1 

3.60 

3. 71 
3.60 

3 .02 
2,9t. 
2.86 
2 .63 

2.06 
2.03 
1.76 
1. 70 
l.63 
l.S6 ,_,, 
1.2' 
1.21 
1.09 

·" ·" ·" .80 

·" .71 

. " 
·" ·" ·" .50 

·" ·" ·" ·" ·" ·" .38 
.37 
.35 

·" .31 
.JI 
.30 
.27 
,27 

·" ·" • 25 

·" 

Rhus spp. 
Cassin.! a'tt1!opica 
2anthuy!Ull caP'ne' 
thus chlrlndensls 
ChHt•ch"" erFstata 
Ofospyros spp. 
p,!topharUll afrlcaro..rn 
Forb spp. 
l(!""nfa c:affra 
Celtis afr!cana 
Pancavh golLngen'is 
e,rs&o'NI tuems 
llanllk11re dlscalor 
Croton srlv•tfcus 
Crewie occ!d,ntalis 
Acacl• grandfcornuta 
Crewia flavucens 
Ficus aur 
Cale gr,,nw.tyi 
Asparagus spp. 
Oel~rgia arll'l!lta 
s,sbanla sesban 
CleuSMll enisota 

F leus sw. 
Capparl9 tornentou 
Cunorda CaP'nsla 
Treme or!,ntal Is 

G~ewla c:aFfra 
FlcVI syeornorus 

Thes~sla acutiloba 
Psrchotrla ca~nsls 
Eugenia natalti• 
a,rqvaertiod,ndr0!1 natalense 
Cratol.trTa ca~sl1 

O~oroa 'ngt erl 
Ketanthus dfdyma 
Rhoicissw tomentosa 
lyclun acutffol IUfl 
Ficus glunoi:a 
Unkne1m 6 

Dehn.a nat11ltfa 
lndigohra natateruls/cyl lngarlca 
Stryc;hnos innocua 
Hanllkara concalor 
Acac le schvalnfurth Ii /ota}l;aconth• 
Strychn.os ll'll!d..,gescar·Msl• 
Casslne tr•nsvo1l,n1l1 
Rhalc:hsus rhorrbldoa 
Capp.aria s'piarla 
Comrilphora har11eyl 
Acacia burl:ef 
Orn'(>Carpun trlchacarpun 
Oricia b.l.chm.:irvill 
ErythroxylUfl emerglnetun 
Asc:teplas frurlc:osa 
Trichoc:ladus grandlflorus 

RTotal eant,s 

·" .21 
• 19 
. 18 

. " 
• 16 

.16 

. " . " 

. " 

. " .10 

.10 

.10 

.09 

.07 

.07 

.06 

·" .OS 
.05 
.os ... 
,04 
.04 
.04 
.04 
.03 
.03 
.03 
.03 

·" .03 

·" .02 
,02 
.02 
.02 

·" .02 
.02 

·" ·" .01 
.01 
.01 
.01 
.01 
.01 
.01 

·" .01 
.01 

·" .oo 
.00 

SP'chs 

Olospyros whyt,ana 
Vltellariopsis 11111rginata 
Canthlun spp • 
Rhus gu,lnti! 
turrll"• floritx.oda 
Vi t'll harv,rane 
Teel u gerrerdi i 
Pappla capoonsis 

Alo' lll!lrlllthli 
CUSSO!'li a SPSJ'· 

ll•r~riOyllUfl c:affrUfl 
tecleP natalensis 

XTotal Bottles 

.oo 
.00 
,00 

.00 

.00 

.oo 

.00 

.oo 
0.00 

0 .oo 
0.00 
o.oo 



TADLE 7.2 

PERCE:llTllGE CO'ITRIBUTIO'I OF EAC'I SPECIES TO TOTAL SRl'.NSE BOTTLES 

UHfOlOZI GAME RESERVE 19B9 GRID sruor AREi\ 

Species XTot•t Battles 

Croton meriyhartii 13.96 
Splrostachys efrlcano 11,46 
EuclPI d!vlnorun 5.85 
Evclea undJl•U 4.91 
Asparaqu1 spp. 4.40 
Oichrastachys c!narPI 4.02 
Torchonanchus clll!l>horacus J.84 
BrachylBCNI llic!fotlo 3.B2 
Acacia 9rof'>dic1rnuta J.34 
E~reCIB rl9i<la/an-oaM 3.JI 
Hay1cnus nemorou 2.9S 
Schoch capi Cata 2.89 
Sc~otia brachypetalo 2.67 
Acach hrrOQ 2.,J 
Acacia borleaa 1.96 
Euclaa rftcemosa 1.91 
Plectronialla 1rmeCa 1.79 
Acacl a tort ll is 1. 76 
Rhus penthcrl 1.S6 
Acach nitoclca 1.JO 
A.:z.:l 1 gerrardl ! 1.20 
Haytano..is hetcrophyl la 1.1S 
Graw!a f!avaseens 1.05 
Acaeh nigraseens r .04 
Ca~rls COT1Cntosa .93 
Olea e1Jrllpaea .89 
Rhus guclnd i .84 
Grcwia flftva .74 

llayhno..is sencgalensis .73 
AeaeU luedarlttll .69 
Aeaela robusta .64 
Carissa b!splnosa .63 
Pyrostrf• hystrb; .62 
Codd!.1 rudis .61 
2izyptius 111.J.:rOl\llto .60 
<.revi• oceldcntatls .S7 
Cornnlphoro neglaeca .S7 
Aeach caffra .52 
Papp!• eape11s!s ,44 

Sldero~ylon lnerrnc ·'" 
Azll!'lll tetracantha .37 
llhft!ehsus rhl>!lbideo .36 
Gre>1ia y!lloso 
ormocarpu11 Crlchacorpun 

Euelaa naCalMsls 
Unknown IS 
Bos.:!a albitrunca 
Sida cord!fo\ia/rhe<rbifolfa 
Acacia scngol 
Solanun 
Copparis sap!arls 
Casinc tecragona 
Casslnc ouhiopica 
Halanthus didym;:i 
Casslna trftnsvaalans!s 

·" ·" . " 
. " 
.19 

·" . " 
• 16 

. " 
.15 

. " 

.15 

. 15 

spe-ci es 

Grewil b!color 
Ozoroa englerl 
Oonbeyll tll!BC<!ll 
CD!lbretl.l'I apicul•tun 
Oiospyros lycioi~s 
BPrch"'"i• teyher! 
Grewla montlcol• 
Gardenia volke0$1 ! 
Scsban!a scsban 
Strychr>os ll'l&cfo9ascarcnsis 

olospyros whytco~ 
Gardenia cornuu 
o~ya rotundi folio 
lYcll.l'I acutifoliun 
Scoh>pi1 zeyherl 
Sclerocaryo birru 
Strycnos spp. 
Aloe ll'lllrlothii 
UnkllQ1t11 ~ 

Hlppobr~ paucfflorus 
Erythri~ lysistemon 
Gr~ia spp. 
Rhus rehmanniat'la 
CussQl'lla zuluens!s 
ACacla burl:ei 
cadaba naulcnsls 
HOnanthotuis caffra 
Scsb4nh p.riket 
H•erua angol~sls 
CIUtil pulchelt• 
O l11spyr11s spp. 

Hella azedarach 
2anthozy\un capense 
unl:ll01t11 1 
Lfppl1 Java11lca 
canthl1.111 1pp. 
comnlplior• harveyl 
crotolarla ca~sls 
G•lplnle transva•l lca 
Unknown 6 
Unknown 2 
unknown 3 
Unkno1t11 S 

xrotat Bottlu 

.14 

. 12 
• IO 
• ID 
.10 

·" ·°' 
·" .06 
.07 

.06 

.06 

.06 

·" .05 

·" 
·" ·" .OJ 
.Dl 
.OJ 

·" .03 

·" .01 

·" .02 

·" . " 
·" .02 

·" .01 
.01 

·" .01 
.OI 
.OI 

.OI 

.01 

.00 

.00 

.00 



E.rigidalamoena, Euclea nata!ensis, Galpinia transvaalica, G.occidenta/is, Heteropyxis 

nata/ensis, H.paucijlorus, Phy//anthus reticu/atus, P/ectronie//a armata, Rhus chirindensis, 

R.rehmanniana, Sc/erocarya birrea, &hotia brachypetala, Sco/opia zeyheri, S.afr/cana, 

Vernonia subilgera, Ximenia caffra and Zanthaxy/um capensis (Downweighted by> 0.4, the 

critical passive weight). 

Six species were less abundant (Cassine aethiopica, Chaetachme aristata, C!utia pu!chel!a, 

Chromolaena odorata", D.burgessiae, and Monanthotaxis caffra). 

Over half (56.5%) of the 124 species sampled in the IIluhluwe Grid Survey were rare and contributed 

little to Total browse availability. 

D.cinerea, A.cajfra and A.karroo accounted for 18.95% of Total available bottles. 

Six other Acacia species contributed a further 2.81%. 

Five common species in lowland grassland in NE.IIluhluwe (Diospyros /ycioides, Lippia 

javanica, Euc/ea crispa, Rhoicissus tridentata and Maytenus senega!ensis) accounted for a 

further 20.11%. 

Umfolozi 

In the Umfolozi Study Area: 

Craton menyhartii and S.africana together accounted for just over a quarter of all available 

browse bottles. The proportion of available S.africana bottles in Umfolozi was also twice that 

in the IIluhluwe Study Area. 
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Euclea divinorum was the third biggest contributing species in Umfolozi (5.85% Total BB). 

Thirteen different "Acacia" species accounted for about a fifth (19.1%) of the Total available 

bottles in Umfolozi. 

Eight of the conuuon species in dense Umfolozi bush (Euc/ea undu/a/a, Brachy/aena ilicifo/ia, 

Maytenus nemorosa, Schotia capita/a, Olea europaea, Pyrostria hystrix, Rhoicissus 

rhmnboidea, and Carissa bispinosa) contributed a further 17.07% of Total available bottles. 

CONTRIBUTION OF SPECIES TO TOTAL CANOPY COVER 

Tables 7.3 and 7.4 list the species in order of their proportional contribution to total canopy cover in the Illuhluwe 

and Umfolozi Grid Study areas. Total canopy cover was obtained by summing the percentage Canopy Cover score> 

(=Braun-Blanquet percentage Canopy Cover Class Midpoints) for all species. 

Hluhluwe 

In the Illuhluwe Study Area; 

Almost one third of total canopy cover (31.22%) was made up by four key canopy dominants 

(E.racemosa, B.zeyheri, R.pentheri and A.ni/otica) in the succession from A.nilotica closed 

woodland to E.racemosa\B.zeyheri Lowland forest (see Chapter 20). 

E.racemosa was the major canopy dominant accounting for almost an eighth of total canopy 

cover, but only 3.6% ofavailable bottles. The reason for this discrepancy was that most foliage 

was out of reach of black rhino. Similarly A.ni/otica accounted for 5.45% of total canopy cover, 
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TABLE 7.3 

CtlMTRIOUT[OM OF £ACH SPECIES TO TOTAL CWl>lULATIYe CAMO?T COVER X $COii.ES 

lltUlltWE GAME RESERVE 1989 GRID STVO"f AREA 

Species 

Euch11 raciemaH 
Berch~ia uyheri 
Ahu~ peritherl 
Dlchrut•chy5 cin.,rea 
Ac111:I• nllotlca 
E1.11:tu dl1dMrlnl 
Ac11cla ~nrr110 

Splrut11chys drlc,,na 
D(o,pyros tychlfdes 

Scutfa myrtirta 

Acacia Cl'"r" 
J;raunia •taribunda 
tlpph jaw'anica 
H11yt~s n~rosa 

Acatypha gt•brata 
H11ytenus senegalensis 
Rhoiclssus trfdent11ta 
Diaspyros si111Ji 

Euetea crlspa 
Sol1t11U11 

C~rdh caffra 
Acac la rabosta 
sclerocarya blrre.t 
2hyphus rruc:rorniu 
Plectranietla arm.au 
verflOnia subuligera 
Sider11~y!on inerme 
Schotia br•ch'f'P'=t11ta 

Adenopodfa spio::ata 

Cori:iretU'll molle 

Clutia pulchella 
Dalbergla abavatlt 
lleteropy~fs natatensis 
Hlppobronus paucfflarus 
C11Uine aethf11pica 

OQll'beya rari..ndl fol la 

Acalayph11 sonderlana 
Dorrbeya b1..1r9esshe 
C11tpinJa transvaalica 
Celth atrlo::ana 
Abutllon/Mibiscus spp. 
Mayte...._,s heterop'lyl ta 
$c')lopla zeyherf 
aovyat Is caffra 
Euclea natalensis 
Phy\ f anthus ret l cut uus 
Ehretla rlgld11/amoena 
Chr01110lacn11 odor.&ta 
Rhus rehmarv'llana 
Pel tophorun a fr f c•nun 
2anth11zytU'll ca~nse 
Tarch1tnanthus c1111"'111r11tvs 
Canzhlun inerme 

Ce>ddl• rudis 
Chaetachme arhtata 

X Csn1tpy Cover 

12.12 
r .a7 
6.58 
6.22 
s.~s 

~.~2 

4.30 
3 .47 
3.21 
1.77 
2.60 
2.~7 

2.29 
2.19 
2, 14 

1.67 
1.64 
1.63 
1.~1 

1.3] 
1.27 
1. 22 
1.20 
1.12 
1.00 
1.07 ... 
·" .n 
.n 
.74 
.70 

·" .68 
.63 

·" .57 
.55 
.51 

·" ·" ·" .39 

·" .36 
.J6 

·" ·" ·" ·" ·" .26 

·" ·" ·" 

Rh.is chfrlndensfs 
P'la,..,ilkara dhcolor 
AcBcia bur~al 
Gr~wia oecldent11t Is 
Ac1tcfa gerr11rdll 
Pappia ca~nsls 
Un~nown 15 
Teet ea gerrardl I 
Tren1.11 arientftfs 
Ofospyras spp, 
Oersan\3 tucens 
Monanthota:d s cat fra 
Geran!U'll spp. 
Trlch1tcladus grandlflarus 
Croton sylvaticUS 
Cussonh spp. 
l!ar~phyltU'll caffrun 
D•tbergfa armata 
Rhus SpP. 

Xfmenla caffr• 
AlirM tetracantha 

Pancovf 11 goll.•1gens is 
Capparl s tcment11sa 

Forb spp. 
Asparagus spp. 
Clawenll anisata 
C11la gre"1w1tyl 
Rh11iel ssus tomentasa 

ficus sur 
H•nlll::ar11 concolar 
Acsch grandlcort'>Uta 
Eugenh natalitla 
Mel•nthus dfdyma 
Teclea natalsnsls 
VI te.11 harVi!yana 
Grewla caHra 
lndigo fer a natal ens is/cyl lngar J ea 
Ochnf! natal t la 
Sesbanf a sesban 
Thespesla acutiloba 
Acaei 11 schweinturthl i/ata:ucantha 
Serquaertfodendron natalense 
Capparis 1~!arl-'I 
Conmfph1tra harveyl 

CU1100l-'I ca~nsls 
Ff CUI Spp, 
Unknown 8 
Erythr11Xy!1.111 emerglnatun 
t:lrew!a flavesc~s 
Lycfun acutlf11ll1.111 
Orf cia b11chmarnl i 
Ormacarpun trichoc11rpun 

Rhus guelnzli 
Strychnos m:idagascar ens is 
A\oa 1Mr!11thii 
Ascleplas trutJc11sa 

X C.'lnopy Cover 

·" . " 
.18 
.17 
.16 
.16 
.16 
.15 
. 1l 

. " 

. " . " 
.10 
.10 

.09 

·" .09 
.09 
.09 
.09 

·" .06 
.07 
.07 
.07 
.07 
.05 
.OS 

·" ·" ·" .04 

·" .04 
.04 
.Ol 

·" .03 
.Ol 
.Ol 

·" .02 

·" ·" .02 
.02 

·" .DI 
.01 
.DI 
.01 
.01 
.01 
.01 
.DI 
.01 

canthi1.111 spp. 
canine transvaalensls 
crot11larh cap<msis 
DI otpyras whyteana 
ficus g\unosa 
Ficus syC01110rUS 
Ozaroa eng ler I 
Psychot rJ • ca~ns Is 
~haicissus rhcrrbick-a 
StrychnoS !!'lnOCl,l(I 

rurrae1 ft or l bund-'1 

Vitett•rlopsh: rMrgi,..,ata 

X Canopy Cover 

.01 

.01 

.01 
.01 
.01 
.01 
.01 
.01 
.01 
.DI 
.01 
.01 



TABLE 7.4 

CONTRIBUrlOM OF EACM SPECIES TO TOTAL a.tllo!UlATIVE CAMOPY COVER X SCORES 

lh\FO~O~J GAAE RESERVE 1989 GRID Stl.OY AREA 

splraHachys ~fr!canao 
Craton menyhartll 
Ac:ac:la nisrescens 
O!chroatachys clnerea 
,1,c11cla grandicarN.Jta 
A~paragus spp, 
Evclca urdulata 
Ehruia rigl~/&ll'W;lfflfl 

rarchonanth\tS cllltphoratus 
Eucle11 divlnonrn 
MayteN.Js nemorasa 
Schath capltata 
Acac:la kl!lrrao 
Acacia nllatlca 
Brac:hyl aena fl I cl fol h 
Acacia \uederitzi f 
Pa~la ca~sls 

Acach i;errardll 
Acacia tortllh 
Euclea racemosa 
Plectronlclla arrrwta 
MayteN.Js hctcrophyl la 
Acacia robvsta 
Capparh tomentau 
S Ida cordi fol la/rhcnbi fol I.II 
Grewla accldentalls 
Olea Nropaea 
Acacia borlcqe 
Gre11fa f!ava 

Comniphora neglecta 
Zizyphus nucranata 
Azfma tetracantha 
Rhus penthtri 
crewia f\avescens 
Pyrostrh hystrlx 

Schotla brachypetala 
·salonlll1 

Grewh vii !ua 
Ormocarpun trichocarpu11 
Rholchsus rhonbldea 
Me!1nthus dldyrr.li 
Rhus guelnzl I 
Boscia albltrt.nc:a 
Sideruylon inerme 
Coddh rvdis 
Ccnbretlftl aplcull!ltU'll 
Gardenia caroota 
Maytenus senegl!llens Is 

Cassine transvaalensls 
,I.each scngal 
Unl:no11n 15 
Sclerocarya bfrrea 
Cassine acthiopiea 

Gardcni• volkel"l5ii 

X Canopy Cover 

a .9l 
8.11 
5.28 
4. 74 
4.48 
4, 19 
l.61 
3.35 
l.30 
3.28 
3.25 
2. 97 
2.66 
2.26 
2.14 
2.05 
1.98 
, .89 

1.89 
I.BI 

i.n 
1.63 
1.25 
1.18 
1.D8 

·" ·" ·" .87 
.as 

·" .7> 
• 7> 
.73 
.68 

·" .66 
.64 

·" .61 

·" ·" .57 

·" .52 

·" ·" ·" ·'' ·" .,, .,, 
·" .24 
.24 

Spee i es 

Carina blspl!'M)sa 
Grewh bh;alor 
Maerue anvolensls 
Bercheml• .teyherl 
CussD11I• zul uens is 
Gr'1o!l 11 mont i col 11 
Lyelll'll aeutlfo\ hn 
Otxrbeyq ratundl fol ia 
MippobrQITUS pavclllarus 
Cl!IP!)llrfs seplaria 

Euclea l'\atllensls 
Strycn.as spp. 
0 iospyros spp. 
Donbflya tllfacea 
Ozoraa eng\erl 
Sco\opia zeyherl 
Canth h.ni sw. 
Caslne tetragons 
Comniphora harveyi 
Crotol1rla ca~sls 
Diospyros lyclaides 

D iospyro~ llhytean.a 
Erythrina lyslstl!nlen 
tippla Javanlc• 
Monanthataxis caffra 
Rhus riM1n11mhna 
Unl:nawn 6 
ZanthazyllR capense 
Acada burl:ei 

A!ao fllllrlothll 
C1daba nataltnsls 
Clutia pulchella 
Galplnlo tran1vulica 
Gre11f.11 spp. 
Mel lo azedarach 
Sesbanlo p.r1lce12 
Sesban!a sesban 
St ryc.hno flllldagasca rens Is 
Unl;OQwn 1 
Unknown 2 
UnkOQwn 3 
Unknown 4 
Unknown 5 

X Canopy Cover 

.21 

.10 

.19 
• 16 

. " 
.16 

. " 
.12 
.12 
.09 

·" .09 

.07 

.07 

.07 

.07 

.05 

.05 

.05 

.05 

.05 

.05 

.05 

.05 

·" .05 
.05 
,05 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 
• 02 
.02 
.02 
.02 
.02 
.02 



but only 1.56% of available bottles. The canopy dominant B.zeyheri showed a similar pattern. 

Three other species associated with this forest succession (K.jlaribunda, C.caffra and S.inerme) 

made up a further 4.62% of total canopy cover. These seven species together accounted for 

35.84% of canopy cover but only 17 .73% of Total available bottles. 

D.cinerea was an important canopy cover species (6.22%). Taller mature individuals of this 

species were often associated with transitiona!A.nilotica closed woodland-E.racemosa\B.zeyheri 

Lowland forest communities. 

Umfolozi 

In the Umfolozi Study Area: 

In contrast to Hluhluwe, the two major contributors to Total available bottles (Craton menyhartii 

and S.africana) were also the two most important contributors to total canopy cover. 

The tall-growing A.nigrescens was the third most important contributor to canopy cover 

(5.28%). It contributed only 1.04% of Total available bottles. 

SPIZE ABUNDANCE LEVELS 

CONTRIBUTION OF SPIZES TO TOTAL AVAILABLE BROWSE 

BOTTLES 

Tables 7.15 through to 7.18 give more detailed summary abundance data broken down at a spize level. The spize 

data again reveal a more equitable distribution of available browse in IIluhluwe than in Umfolozi. In Hluhluwe, 
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no spize accounted for more than 3.23% of total Free bottles. By way of contrast, in Umfolozi, 3 spizes 

(C.menyhartii3, C.menyhartii2 and S.africana3) accounted for 21.66% of all available Free bottles in Umfolozi. 

Tables 7 .5 and 7 .6 list the woody species in order of their dietary importance (in terms of all bottles eaten) in the 

illuhluwe and Umfolozi Grid Study areas. 

o "Acacia" species made up a large part of the total diet in both study areas, but more in Umfolozi (illuhluwe 

33.8% and Umfolozi 46.0%). 

o Euphorbiaceae species were key dietary items. In both study areas S.africana was the most important species 

in the diet; while in illuhluwe Aca/ypha glabrata was the second most important. Together these two species 

accounted for 37.37% of the illuhluwe diet. Craton .l)'ivaticusmade up 2.5% theilluhluwe diet while C.menyhartii 

made up 2.27% of the Umfolozi diet. 

o A comparison between Tables 7.5 and 7.6 reveals veiy similar contributions to the diet by the six species which 

occurred in both study areas' "top 10" most important species lists (% All Bottles Browsed - illuhluwelUmfolozi 

: S.africana 22.9124.63; D.cinerea I0.6319.97 ;A.karroo 8. 16110.58 ;A.nilotica 3.8114.80 ;A.gerrardii 3.5715.28 

; Maytenus nemorosa 3.2213.23). Proportional differences in their contribution to available browse in the habitat 

were less similar (percentage Free Bottles Available - illuhluwelUmfolozi : S.africana 7.28112.11 ; D.cinerea 

6.1113.03 ; A.karroo 4.4611.45 ; A.nilotica 1.3010.93 ; A.gerrardii 1.0111.00; Maytenus nemorosa 1. 7213.24). 
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TAllLE 7.5 

COMTRlBUTION TO B/E:T Of £.\Cl! SPECIE:S ~ X TOTAL BRO\ISE BOTTLES EATEN (NE\/+OLB) 
Hl1JHLUW'E GAME ~ESHVE 1989 GRIO STUDY AREA 

5pedes 

Spl ros techy:s a f ri cari.a 
Acalypha glabrata 
Olchro:stachys clni!rca 
Acacia lu1rrao 
Bercheml• ieyherl 
Acacia caffra 
Acacia ntlotlca 
Acacia gerrardl I 
Abuti loo/Hibiscus spp. 
Haytenu:s l'l<!'IT<lrosa 
Crotoo :sylvoticus 
Acacia ro~ta 
H tppobrDnl.ls p.auc: i f l oru:s 
Zftyphus rrucronau 
Ofaspyros slmi i 
Bavy•lfs caffra 
o~a burgessiae 
~hus pen!herl 
olaspyras lyefaides 
Euetea raeemosa 
Galplnla transvaallca 
llppla Javanlc:a 
Scutla myrttri.a 
Coddla rl.ldfs 
Oorrbt!ya rotund! fat I a 
Ficus sur 
a,ranlun spp. 
Adef'\Gl)Odla splcatt 

Ehrctla dglda/amocn• 
lndl gofera nata lens is/cyl Ing or I ea 
Plectranel la armate 
Celth afrlcana 
Scolopla uyheri 
Conbrotl.111 moltt 
F lcus syeOTOrus 
forb spp. 
Nayterius senegalcnsis 
Slderaitylon lnerme 
Solarun 
IJnkno..,, a 
Acacia grandlcornuu 
cosslne atthiopica 
Euclu crlspa 
llhus rehrnannlana 
Acacia burkel 
Asparagus spp. 
Canthlun spp. 
Mooan!hoto;ls caffra 
Phyll•nthus retlcutatlJ\!I 
2anthotytU'l1 capense 
Acac [I schwe lnfurth 11/ataxaca!ha 
Acalaypha sonderlana 

.\Loe marlothli 
Asel eph:s frut i cos a 
Azima tctracantha 

X Bottles (New&old) 

22.1'0 
14.47 
10.63 
a.16 
6, 14 
5.21 
3.81 
3.57 
3.43 
3.22 
2.50 
2.30 
1.44 

1.23 
1.17 
1. 13 
1.10 

·" . 86 
.55 
.45 
.45 
.41 

·" ·" .27 
.27 
.24 

·" ·" . " 
.17 
.17 

. " 
.14 

. " 

.14 

.14 

.14 

. " 

.07 

.07 

·" ·" .Ol 
.03 
.03 
.Ol 
.Ol 
.03 

o.oo 
0.00 

o.oo 
o.oo 
o.oo 

Species 

Oerqvacrtiodendron natalense 
Bersama tuccns 
Canthiun fnanne 
Capparls scpfal"la 
c:apparh tortnentosa 
Cas:slne transvaat.;nsls 
Chaetachme arlsuta 
ChrOTOtaeri.a odorata 
Clausen• anlsata 
Cluti• p<..rlcl'lel la 
Cola gre~wayt 
CClrll'nlphora h111"vcyl 
Cordia caffra 
Crotolarh capensls 
Ci..nonia capensls 
Cusson/a spp. 
Datbtrgfa arlN'lta 
Oalbtrgfa oboveta 
Dl aspyras spp • 
Olospyros whyteari.a 
Erythroityl1..111 emerglri.atun 
Euctea dlvfnar1..111 
Euclta natalensfs 
Eugenia riataltia 
ficus glunosa 
ficus spp. 
Grewia caffr• 
Gre11fa fl•vucena 
Gre.,.ra oc:cidcntalh 
l!arpephyllun e;1ffr1..111 
Heteropyxls ri.atalensls 
(ralJ\!lsla floribunda 

lyc!U'll acutifol!U'll 
Haoitkara eoncalor 
Hanllkara dlscolor 
Haytenus heterop'iyla 
Mehnthus dlcfyma 
Ochna natal tl11 
Orfcle baehmamii 
Ormoc:arpl.1'11 trfehoc:arp...m 
Ozoroa engleri 
Paneovfa gatt.ngens Is 
Pappla capensis 
Pel toph8irU11 af rfearun 
Psyehotrla eapensh 
Rhaicls:sus rhO!!bfdea 
Rhoidssus tOlllO!ntosa 
Rholefssus trfdentata 
llhus chfrfndensfs 
Rhus guelnzif 
Rhus spp. 
Sc:hotla braehypetala 
Seleroc:arya blrre11 
Sesbanla sesben 
stryehnas lnl'IOCUa 
Stryehnos madagascarensis 

X Battles (New&Old) 

0.00 
o.oo 
0.00 

o.ao 
o.oa 
0.00 
0.00 
o.oo 
0.00 
0.00 

D.00 
0.00 

o.oo 
O.Do 
0.00 
0.00 

0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
B.00 
o.oa 
o.oo 

o.oo 
o.oo 
o.oo 
0.00 

D. 00 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 

0.00 

a.oo 
0.00 

o.oo 
o.ao 
o.oo 
0.00 
o.oe 
O .DO 
0.00 
o.oo 
o.oo 
o.oo 
D.00 

Speeles 

Yarchonanthus canp11or11tus 
Teel ea gerrerdi I 
Te-c:lee natat~sls 
Thespe•la acutllob-a 
Treme orfent.lis 
Trlehaclsdus grandlflori.n 
lurr11ca flortbunda 
Unkno...,, 15 
Vernonla subul tgera 
Vitellariopsls marglri.ata 
VI tex h.,rv,.yana 
Xlmenla eaffr• 

X Bottles (NewBOldl 

o.oo 
o.oa 
o.oo 
o.oo 
o.oo 
o.oo 
0. 00 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 



TABLE 7.6 

COMTRIBUTION TO OlET OF EACH SPECIES : X lOTAl BROUSE BOTTlES EATEN (NE\l+OLB) 
UMFOLOZI GAAE RESERVE 1989 CRIO STLUT AREA 

Splrutachys atrtcsna 
Acach hrraa 
Otchrosu.chys eincrea 
Acsch borleac 
Ehretla rlgida/amoena 
Acacia gerrardit 
Acach nttotlca 
Acach tarttlls 
Maytenus nernorosa 

Schotla capitata 
Acach tenga.l 
Craton rnenyhart;i 
Cre11fa flava 
Acacia caffra 
Asparasvs spp. 
CD!lnlipl'lar11 ~glecta 
Brachylaena lllclfalla 
Cspparh tt:<nentau 
Cre-.iia occidental ls 
Acaeia rabvsta 
Orinocsrpu!I trkhcx:arpun 
TarchonaMhus cilll'p'loratus 

Acaela nfgresccns 
Crewla blcolor 
Pappia capensis 
Pleetronfe\ la arm.Ha· 
A?l!M tetracantha 
Ca,,Jne transvnlensls 
2l!ypl1us mJCrontta 
Bosela albltri..nea 
Sida cardlfolla/rhorrbffolla 
Gardenia cornuta 
Acacia grandkarnuta 
Rhus gue!nzil 
Acada lu~erlull 
Grc11ls villas• 
Rh us penther i 
Gre11i11 fhvcsccns 
Unkno1.in 15 
Rholclssus rhoobldea 
Coddia rudh. 
Solarn.m 
Euclea divlrtorU11 
Euclea racernosa 

Scolopla tcyherl 
l'\ella au:darach 
Cadaba nstatensis 
lye fun a cut I fol iUT1 
Unknoi;n 6 
Erythr!na tyslsternon 
folaytenus heterophyt la 
Pyrostria hy.,trix 
Bcrchem!a teyherl 
Crotalarla c:ipensis 
O i ospyros lye I aides 

X Battles (Nel.l&Oldl 

24.63 
10.sa 

9.97 
5.52 
5.J9 
5.28 
4.80 
4,J7 

'·" J.01 
2.35 
2 .27 
l.23 
1. !7 
1. !7 
l.01 
LO! 

.99 

.80 

.75 

.n 

"' ·" ·" .56 
.56 
.SJ 
.45 
.45 

"' "' .JS 

·" ·" .19 
.27 
.27 
.24 

·" ·" .19 
.19 

. " 

. " 

. " 

. " 
. 11 
• 11 
.11 

·" ·" "' .OS 

.05 

S~its 

Euclea uido.llata 
Ozoroa englert 
Strycnos sw. 
Unknown 5 
'4ae!"\la •l'>!f•Ternils 
'4elanthus dldyme 
Acacia burltel 
Aloe 11111rl11thll 
Canth lln spp. 
Csppa.rls seplarla 
Carissa blsptnosa 
Casinc tetragona 
Cassine aethlopica 
Clutla pulchella 
COO'bretl.n apiculatUll 
CD!lnlrp/iora harveyi 
Cussoni• zuluensis 
Oiospyros•spp. 
0 i aspyros whytcana 
Oont>eys ratl..r'ldlfolla 
Dorrbey• t I I l11cc• 
Eucle• naulensh 
Galpini; transvealics 
Gardenh voli:ens i I 
Gre11h JllOl'1tleoL11 
Grewia spp. 
H lppobrorros pave! florus 
Llpph Javal'\fca 
'4aytenut sene9alensh 

'4onanthotaxla c1ffra 
Olea wropeea 
Rh us riehmaml aria 

Schoth brachypetala 
Sclerocsrya blrrea 
Sesbanla pzilcea 
Sasbania aesban 
Stderol!ylon lnerine 
Strychnos Nd119ncarensis 
UnkflOWl"I 1 

Unknown 2 
Ul'\known J 
Unknown 4 
Zanthotylun capi::nse 

X Bottles (Nno&otdl 

.OS 

.OS 
,05 

.OS 

.OJ 

.OJ 
o.oo 
B.00 
0.00 

0.00 
0.00 
a.oo 
o.oo 
0.00 

0.00 
0.00 
0.00 
o.eo 
o.oo 
o.oo 
0.00 

o.oo 
0.00 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
B.00 
o.oo 
o.oo 
0.00 
o.oo 
O.DO 

0.00 
o.oo 
O.DO 
o.oo 
0.00 
o.oo 
0.00 
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· FIGURE 7 .1 Relative contributions lo the diet and habitat of the six species which occurred in both study areas' 
lists of "top 10 ,most important species" in the black rhino woody plant diet. Relativ'e percentages were calculated 
using the total .o/o score for the six species as the denominator, Indices of Dissimilarity calculated as per 

Hammond & McCullagh (1974). The Index of Dissimilarily is also known as Florence's (1948) Coefficien1 of 
Localisation md Smilh's (1969) Index of Change. 

INDICES OF DISSIMILARITY 
DIET 11.1% 

HABITAT 58.8% 
60 

50 

40 

30 

HLUHLUWE DIET 

20 
UMFOLOZI DIET 

10 

HLUHLUWE HABITAT 

UMFOLOZI HABITAT 

S.africana D.cinerea A.karroo A.nilotica A.gerrardii M.nemorosa 



Figure 7.1 illustrates this quite clearly. In Figure 7.1 the above percentages for the six species were scaled to add 

up to 100%. Indices of Dissimilarity (also known as Florence's (1948) Coefficient of Localisation and Smith's 

(1969) Index of Change) were then calculated as per Hammond & McCullagh (1974). While the Index of 

Dissimilarity between Hluhluwe and Umfolozi for the six species in the diet was only 11. l %, the comparable figure 

for the six species in the habitat was 58.8%. This finding suggests that there may be a limit to the amount of a 

certain species a black rhino may choose to eat irrespective of its abundance in the habitat (e.g. S.africana). If this 

is true there are important implications for habitat assessments and the feeding of cut browse to borna'ed black 

rhino. This behaviour could be due to the need to obtain different micro and macro nutrients or specific fatty acids 

(Bruce Davidson pers.comrn .. ) from different species; and/or a direct result of the build up of defensive secondary 

plant chemicals. Extensive analysis of browse chemistry is needed if selection patterns are to be fully understood. 

o B.zeyheri andAbuti/on/Hibiscus species were other important dietary components in Hluhluwe (6.14% and 

3.43% respectively). 

o In Umfolozi, other important dietary species were Ehretia rigidalamoena (5.39%), Schotia capitata (3.01%) 

and five Grewia species which together made up 3.1 % of the diet. 

o With the exception ofMnemorosa, Maytenus species were relatively unimportant dietary items -Mheterophylla 

and Msenegalensis together contributing only 0.14% and 0.08% to Hluhluwe and Umfolozi diets. 

o The Grid survey indicates that the dietary importance of Solanum species and D./ycioides was overestimated 

by the Pilot survey. These species only accounted for 1.00% of browse offtake in the Hluhluwe Grid survey. 

o As a group, Euc/eas only accounted for 0.62% of total offtake in Hluhluwe and 0.37% in Umfolozi. This 

contrasts with their major contribution to Total available bottles (Hluhluwe: 10.52% Umfolozi: 12.90%). 

o Rhus species were also unimportant, contributing only 1.03% and 0.59% to the Hluhluwe and Umfolozi diets. 
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---TATILE·T.7- .. ---··· ----------~ ·-· 

COHIRIBUTIOH ro DIET OF EACH SPECIES : x TOTAL HEii UOVSE BOTTLES EATEH 
HLUHLlM CA.ME RESERVE 1989 GR!O STIAlT AREA 

Species X Bottles (New) 

O!chron1thys clnerea 22.n 
AcalypOa ;labrota 21.49 

.Ac .. cta c.ffra 13.04 
Acach karroo 7.3S 
Sp!rntachys afrlcana 6.24 
Acact• robust• 3.21 
Ae11c!11 nl!ot!ca 3.21 
Hippobrtm.i! paudt!orus 3.12 
Berchofllllla zeytierl 2.75 
Acacia gerrardll 1.8.f; 
Dta,pyrn s!mli 1.74 
MDytenus n""'°rUD 1.56 
ZttypOUI nxronata 1.38 
Crot«1 1y!vatleus 1.19 
L !ppla /ava11!c1 1. 10 
ODrrbeya burgess I ae • 92 
Ficus 'ur ,71 
Adenopod!a splcl!a .64 
lnc:li,afera natalensh/cy!liiqorica .64 

Coddla rudls .55 
Scull• ""1'rttn1 .55 
Galplnla tran$va•l lea .~6 

BlospyrO$ lyclotdn .37 
ficus 'yccmorvs .37 

F 1rb 'PP. ,37 
Celtts afrk;:in~ .28 

Dovyal !' uftr1 .28 
Sal~r1.m .28 

w-• .u 
.Acac !1 grandt cornuta .18 
[hre1t1 rf9lda/111rQl!'N .TB 
Plectronel l1 umat• .18 
Rhus rehmam[an11 .18 

Scolopla teyfarl .18 
.llcach burket .09 
Aspara!O'US spp. .09 
Hononthotax1s csftra 
Phyllanthus ret!culattn 
Abutllon/K!b1scll!I spp. 
.Acac la schwe !nfurth I i/1taxacon tha 
Acal1yph1 sonderhna 
Aloe marlothl I 
Asclephs trutteon 
A~lma tHrocantha 

Berqo.iaertlodendro11 n11t1lense 
BersMM 11.X:ens 
C1nth fUTI !nerrne 
C 11n1h I UT1 spp, 
Cappar!s aeplarl1 
Coppar!s t~ntos• 
Cosine aethloplc• 
Caufne tran$vaa\(ns!s 
chaetachme •rhtata 
Chrcmo\oena odorata 
Cl•useno •ni$ata 

·" ·" o.oo 
O. BO 
D.00 
O.DD 
0 .oo 
o.oo 
0.00 
0.00 
O.DO 
0.00 
0 .OD 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
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TABLE 7.8 
COIHRJBUTION ro 8!ET OF EACH SPECIES : x TOTAL OlO !IRO\JSE BOTTtES EATEN 

~tUHlU\IE GAllE RESEii.VE 19!19 GRIO STUOT AREA 

Sp_lro,techys alrlcan~ 32.82 
Acalypha glabrau 10.28 
.1.cacie l:arroo 8.64 

Berche<11i1 zcytierl a.15 
Abutl!on/Hlbiscu! SpP, 5.47 
Ae•cl• gerrardi! ~.liO 

Haytcnvs nemorose ~.21 

Ae•cl • ni!ot ie• ~, 16 
Olchrostaehys clnerc1 3.39 
Croton syt Ya c i cus 3. 28 
.l.caela robvsta 1.75 
Davyalh c•ffra 1.64 
Rhus pentherl t .53 
OO<Tbeya burgushe I ,20 
Oiospyru \ycloides t.15 
Zlzyphus .... ero11;1ca 1,15 
Eucleo rocemosa .8!1 
Oiospyros simii .82 

.l.c•eh eoffra .SS 
Ooobey• rotund! ro\ i • , 55 
Ga\pinle tronsvut le;1 .44 

GerenlU'Tl SpP. .4~ 

llippobrorrus p.uellloru9 .~4 

Scuth myrtlne .33 
Ehret i • r I 9id11/3m0en11 • 27 
Pleetron!el\e arrr111ta .27 

Coddh rv.lls .22 
CorrbretU'Tl ri.aire .22 

lleytcnus scne9;1!ensls .22 
Sldcroxy[Gn lncrme .22 
Sco!opf;1 1cyherl .16 

Cuslne 1cttliopic11 .11 
Celtfs alr!cana .11 

Euctca crispa • 1 I 
Canthfun spp. .OS 
llppia Javanlco .OS 
So\anuii .OS 
lonthozyhn capcnsc .OS 
.l.cacl1 b<Jrl:cl 0.00 
Acacia grandicarnuta 0.00 
Acacia schwelnlurth! !/atuacanth;1 0.00 
Ac1leyph1 sonderlana 0.00 
Adcnopodlo sp!cata 0.00 
Aloe marlothi I 0.00 
.l.sclepi1s lrut!cos11 0,00 
Asparagus spP. 0.00 
Azfll'\ll tetr;1cantha 0.00 
!lerquacrt!odendron n1ta\ense 0,00 
Oersafl'lil lucens 0,00 
Canthlun Iner~ 0,00 
CapParis sepierh (),00 

CapParis tomentosa 0.00 
Cass!ne transvaa\cnsfs O.iYJ 
ChaetachlM' aristata C..O(J 
Chrorr.::ilacna odorata 0,00 

COHTll.18UTJOH TO 8lET OF EACH SPECIES : X TOTAL Ol8 BRO'>/SE 8011tES EAlEH 

HlUHtU\IE GA.HE 11.ESEll.VE 19!19 Gll.IB STLXIT AREA 

·················-····················-· 
Clausen• anisau 
Clutl• pu\chclle 
cOla -9rccn.i11yl 
Comnlphor1 hervcyl 
Cordi" caffra 
Crocoleri1 capensls 
Cunonl• i:apensh 
Cussonl;1 SpP. 
Oalberg!1 er1nete 
Salt>ergl• obov1u 
o I ospyros ~pp. 
Olo,pyros i.rhytuna 
Erythroxy\l.1'11 eiN1r9in;1tU'T1 
Eudc;1 dlv!!'IOrU'Tl 

Euc\ea naUltnsh 
Eugenia nU1\ltL11 
fi<::us glunosa 
Ficus $pP. 
ficus sur 
Flcus sycQmlrus· 
Forb SpP. 

Grew!" eaffra 
Grew!• fl•vescens 
Grewl;1 occidcntlllls 
ll1rpephyllun c1ffruii 
11eteropy1ds natalensls 
I r.digofere n1t1Lens I s/cyl I ngorlca 

:Cravssl1 Horitxr.d1 
Lyc!U'Tl 1cvtifol!U'T1 
H;1n! Lkare coneolar 
/'tanilk;1r1 dlsco!or 
Haytcnus heterophy!1 

Helenthus dld-,ma 
HonanthOta)( Is ea f fr• 

0Chn;1 nataltle 
Orici• bB'chrMnnll 
Ormocarp:n trlchocarputi 
Otoroa cnglerl 
Paneovl1 90\1.ngcnsls 
Peppia c;1peMls 
Peltophorun 1frlcafll.lll 
PhyL\anthus retlculetu~ 
Psychotrl• cepensl1 
Rhoiclssus rhontiidea 
Rho!clssus tommtosa 
Rholchsus trldentet• 
Rhus chirlndensla 
Rhus gue1nzl ! 
Rhus rehmannlena 
Rhus spp. 
Se hot I ;11 brnchypetel;1 
Sclcrocnry1 blrreo 
Sesbani a scsban 
Strychnos lmaeu1 
Sti·y.;I,, >~S inadagll'st!irens: ~ 

T.~rch""1al'lthus ca.rphoratus 

X aontcs (Old) 

0,00 

0.00 

o.oo 
o.oo 
o.oo 
0,00 

o.oo 
o.oo 
0.00 
o.oo 
o.oo 
8.00 

o.oo 
0.BO 

o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0,00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
8.00 

o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
0.00 

. o.oo 
o.oo 
o.oo 
0.00 
0,00 
0,00 

0.00 

o.oo 
0.00 
0.00 

0.00 

o.oo 
0.00 



TABLE 7.9 
COllTRIBUTIOll TO BIEf Of EACH SPECIES : X TOTAl llE\I Bll:CVSE SOTILES EATEN 

t.l>ffOLOZl CAl'IE RESHVE 1989 CRID STUOT AREA 

Splrostachys afrle11na 
Blcllrastaehys clncre• 

Ac.cl• 9errerdll 
Aeecla hrroo 
Acec:l1 borleae 
)4ayTC"-1~ neft'l0ro~11 

Ae1d11 nllotlee 
C1pparl~ 10"t>entose 
Ac&el• tartllh 
AC6cl1 e•llra 
Craton nienyturtll 
Ehrel I• rlglda/11/!'0ene 
Schatla cap!11ta 

P•pPh capm' Is 
P\eetronlella arNO 
T 1rchon1nthu• e•ltt>/loralus 
Cauine tran~vulensh 
Aspar19u1 spp. 

Sida cordllolh/rllCITb!falh 
Auel• nlerescens 
Bon I a ei bltrvnca 
Grcw\1 flaYetcens 
Cre.,li oi;;cldent1tl1 
Aeac I 1 robu~ 11 

Scoleph Uyherl 

Aucla grarvltcorruta 
Gre11l1 vii lou 
Hetla Jteder,ch 

Azlma tetracanthil 
Cont11!phor1 ne9lect11 
Crewh f111v11 

~Inn 9ue lni It 

Erythrlna lys!Steft'lOn 
Haytrrus hl!!crophylU 
erachytaena illdfoila 
Cro!ol1rh cap•msls 
Un~.nown 6 
Ai;;ai;;la tuederlnl I 
Auda H'"911 
Berd11:<11la Eeyherl 
Olospyr<a lyeloldu 
cardenla cornuu 

Hteru• 11n91lensh 
Orrnoi;;erp1J11 trli;;hocsrp1J11 
RholclHUS rhon'bidea 
Unknown 15 
Aceda burld 

Aloe Nr!olh! l 
C11daba n1talensh 
Canthl1,n1 spp. 
Cepp~rh sepllrh 
C1rh11 bhplnou 
CazlM \e!r19one 
canine ~~thlt;>plca 

C!ut la p<ilche\ l~ 

:x aanles (llew) 

17 .09 
11.11 
9.26 
B.97 

B.26 
5.27 
3. TO 
3.56 
2.BS 
2. 71 
z. 14 

2.14 
1.99 
1.42 
T.42 
L42 
l.25 
I., 4 

1.14 
1.00 
1.Cl".I 
I.()() 

1.oa 
.85 

·" . " 
. " 
.71 
.57 
.57 
.57 
.57 

"' "' ·" "' ·" .14 

. " 

. " . " 

.14 

.14 

. " 

.14 

.14 
o.oo 
o.oo 
o.oo 
().0() 

0.()0 
0.0() 
().00 

o.oo 
o.ao 

CDNTlllBUTIOll TO DIET Of EACH SPECIES : X TBTAl )IEV BROUSE IOTflES EATEN 

UttfOlOZI GAAE RESEAVE 1989 CRID UUOT AREA 

Coddle rud Is 
CO!Tbretun ;iplculatLn 
Corrmlpli11ra herveyl 
Cunonla zuiuef\llls 

Olospyroa 'F'P· 
Olospyros whytran.a 
Ooobey11 r11tund! fol ta 
Doobey1 tll laeu 
Eucle11 dlvtn11run 
Eudn nai:elensh 
Euci"• racftllOsa 
Euc:lea t.ndulsu 
Caiplnl11 tr11nsv111(lc1 
G;irdenta 'wollensll 
Grcl'ia ble<:1ior 
Grewl1 mont!i;;ol1 
Grewh spp. 
K I ppobrOl'J..ls pauc I florus 
Llppl• /11v1nlc• 
lydun 1ru1lfo\!U11 
Haytrrus sene9alenslc 

Hl!lanthu1 dhfyma 
)fonantlloto.h caffr• 

Olc• europaca 
Ozoro• englerl 
Pyrostrla llystrlx 

Rhus p•mtherl 

Rllu' r11\f11Gmhn1 
Sclloth brachypet1i1 

Sclcroc1rya blrrea 
Sesb11nla punlce1 
Sesbanla sesbain 

Sldcro11.ylon Iner~ 
Solanvt1 

Strr<:hnos 1Md11gasc11rensi' 
Strycnos spp. 
Unknown T 
Unknown 2 

Unknown l 
Vnknolll'l ~ 

Unknown 5 
2anthozylun capcn~e 
Zlcyplius !l'O.ICr<:1nata 

X eonlu (Mewl 

o.oo 
O.OB 
o.oo 
o.oo 
0.00 
O. BO 
o.oo 
O. BO 
o.oo 
o.oo 
o.oe 
o.oo 
0.0() 
o.oo 
o.ae 
8.0() 

o.oo 
o.ao 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
(),0() 

0.00 
o.oo 
o.oa 
o.oo 
e.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
a.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 



TABLE 7.10 
CDllTR!BUf!DH TO lllEf OF EACH SPECIES : X fOfAt OLD BRWSE BOTTLES EATEN 

UHfOLOZI GA.'IE RESERVE 1989 GRID STUDY AREA 

S~cles 

Splrouachys afrlc11n11 
Acach brr<>o 
Cllchrauachys clnerea 
Ehretla r!11lda/111nOen11 
Acach nllot!ca 
Ac.&ela bodue 
Acacia tortllls 
.i.cacla gerrardl I 
Schotia caplt11t11 

Acac I 1 seng.1l 
llaytenus nemorosa 
Crotor'I me-nyh11rtil 
Grewi.1 f\ava 

Asparagus ~pp. 
Br11chy!1en11 l\lcifa\la 

Comnlphora neglect.a 
Or1Mc11rpu11 trlchoc11rpu11 

Ac•cia caflra 
Grewi1 occldentsl ls 
Ac:acl1 robu~ta 
Grewh bicolor 
Zhyphus ll'UCron.ata 

Acacia nl9re:scens 
Atl11111 htraeantha 
Tarchonanthvs carrphoratus 
capparh tomento:u 
G.rdenh corrv.ita 
P11ppi1 ca~nsl~ 
Plectrorihl la 11rrN1t11 

Acacl1 tut'<lerltzll 

Rhus ~ntherl 
Boscia 11Lbltrvnc:a 
Cuslne tr11nsva11lensls 
Rholcruus rhotrt>idea 
Rhus !l\Jf!lnzll 
Sida cordlfo!h/rhonblfolla 
Unkno..., \5 

Acad.1 gr.1ndlcorn1Jta 

Coddla rudis 

Sal.&l'">Ul'I 

Euclea div!narU'n 
Euclea racemase 

Grewi i!I vl I losa 
Cadaba oat.1lensls 
Lyclt.m acutllol!t.m 
Pyro5trla hystrix 

Euclu undulata 

Gre"fa Havescens 

Oioroll engleri 
St rycnos spp. 

Uokoown 5 
Unkl'\Own 6 

Berch~in zeyher! 

X Bottles (Old) 

26.37 
lCl.95 

9.71 
6.13 
5.B5 
~. 119 
~. 7l 
~.36 

3.25 
2.85 
2. 76 
2.30 
1,38 
1.1B 
1.111 
1.1z 
.as 
.82 
.75 
.72 

·" ·" .52 

·" "' ·" ·" 
·" ·" ·" .Jl 

·" .26 
.26 

·" .26 
.26 
.23 

·" .23 
.20 

·" .16 
. ll 
. ll 
• 10 

·" .07 
.c7 

.07 

.07 

.07 

·°' 

CONIRIBUTIOM TO OlET OF EACK SPECIES : X TOTAL OLD BROUSE BOTTLES EA!Ell 

UllfOLOZI CA>IE RESERVE 198°1 GRiii STLOY AREA 

Species 

Acacia b.Jrkel 

Aloe marlothll 
Canth IU'n spp. 
Capparh se:plarla 

Carhu bhplno'.1 
Cu!ne tetr.190N1 
Canine aethioplc1 
Clutla pu!che\la 
Cotrbratlfll aplcu\1tU'n 
Comniphorl llerveyl 
Crat&l.1rla capensla 

Cussonia z.uluens Is 

Olospyro' spp. 
'1110,pyros lthyteana 

Dotrbeya roti..ndlfol la 

BDl!'beya tlll•cea 

Er'(thrl~ lyslsten:ion 
Euc:!ea nata\en1h 

Galpio!a transvutfc• 

Gardenia vdlkens! I 

Grewia JnOnt lea la 

Grewla 1pp. 

Klppobroous pauelflorus 

Llppl1 J.1vanlca 
Maerua 1rt11olensh 

Maytenus hat erophyl I 1 

Maytenus aenetalensh 

Mel la ut<d.arach 

Monanthotu.ls caftr1 

Olea euro~o 
Rhus rehmannlan1 

Sc hot i .1 br.chype tal • 
Scleroc.1rya blrre.1 

Scolopla zeyheri 

Sesb1nla p<.nlcea 
Sesbiinla sesban 
Sldcroxylon lnerme: 
Strychnos madag1sceren1ls 

Unknown T 

Unknown 2 

Unknown 3 

Unlno\.lrl 4 

2aothazy\U'n cape1ue 

X lottles (Dldl 

0.00 
8.00 
B.OCI 
Cl.Oii 
B.011 

o.oo 
Cl.BO 
Cl.DB 
Cl.00 
o.oo 
O.CIO 

0.00 
0.00 
0.00 

11.011 
11.011 
0.00 
8.00 

o.oo 
B.OCI 

o.oo 
0.110 
0.00 
O.OCI 

O.CIB 

O.CICI 

O.OCI 

0,08 

o.oo 
O.CIO 

O.CIO 

0.80 

0.00 
O.OCI 

o.oo 
0.08 
0.00 
Cl.OD 

0.011 
Cl.00 

o.oo 
o.oo 
O.OCI 



DIFFERENCES BETWEEN LATE SUMMER (NEW) AND OLDER (OLD) BROWSING 

Tables 7.7, 7.8 (Hluhluwe) and 7.9 and 7.10 (Umfolozi) list the woody species in order of their dietary importance 

broken down into late summer diet (new bottles browsed) and the diet during the rest of the year (old bottles). 

When comparing directly between Umfolozi and IDuhluwe it should be remembered that Umfolozi plots were 

measured on average about 1 month later than the illuhluwe plots. 

o S.africana and A.karroo appear to be less important dietary items in late summer (%NewDiet/%0ldDiet 

IDuhluwe 13.59/41.46 Umfolozi 26.06/37.32). 

o D.cinerea, A.glabrata and A.cq/fra appear to contribute more to late summer browsing (%NewDiet/%0ldDiet 

IDuh!uwe 57.30/14.22 Umfolozi 13.82/10.53). 

o The differential contribution of "Acacia" species to the diet in. the two study areas was most marked in late 

summer (Hluhluwe 23.1% and Umfolozi 49.7%). 

PREFERENCE AND REJECTION INDICES BASED ON BROWSE BOTTLE DATA 

Tables 7. 11 and 7. 12 present Species Preference indices based on browse bottle data, together with supporting 

dietary importance and availability data. The Free Preference index was used as the primary preference ratio as 

Free Bottles (that is browse bottles within black rhino reach, but not hidden by grass) better describes available 

browse as seen through the eyes ofa black rhino (compared to Total Bottles). 
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The ratio of Free: Total bottles indicates the relative degree of grass interference on each species. Species with 

values lower than I have higher levels of grass interference than average. 

High ratios of percentage Canopy Cover: Total bottles (CC:TB ratios) indicate taller species where most foliage 

is not available to black rhino. 

PREFERRED SPECIES 

A comparison of Tables 7.11 and 7.12 reveals that: 

o Many of the most important species in the diet were also the most preferred species. 

o In Umfolozi the 7 most highly preferred species were all "Acacias". (A.senega/ also appears to have been highly 

preferred in Umfolozi, but this species does not appear on Table 7.11 as it contributed less than 0.25% of all Free 

bottles in the habitat.) 

o In IDuhluwe, 3 of the 4 most highly preferred species were Acacias. The ubiquitous D. cinerea andA.karroo were 

also preferred species in IDuhluwe. 

o S.africana, A.karroo, A.gerrardii andA.ni/otica were preferred species in both study areas. 

o In IDuhluwe, A.g/abrata, B.zeyheri, Abuti/on/Hibiscus, H.pauciflorus, D.caffra, and D.burgessiae were also 

preferred species. These species were rare in Umfolozi only contributing 0.09% of Total available browse bottles. 

o In UmfoloziA.bor/eae, A.torti/is, E.rigidalamoena, Grewiaflava, Commiphora neg/ecta, Capparis tomentosa, 

G.occidenta/is and Azima tetracantha were preferred species. These species were rare in IDuhluwe only 

contributing 1.10% of Total available browse bottles. 
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TABLE 7.11 
lllUlllWE 19a9 CRIO SUR.VEY 

SPECIES PREfEREllCE RATIOS (ror SpecleJ with XFree8ottles >" 0.2SX) 
DATA SOR TEO 81 X COMTl8tlT!Oll TO TOTAL '>IOOOY OIET (0\d & llew Bottles) 

ICey to Free Prefererice !!'Ide,; Syirbc>l1 : 0
• Jlfqhly PreferKI (>•2.75); .. PreferKI (2·2,74); 

• Slight prefere"l:e C1.2S·1.99); • Slight rejection (0.S•0.79l; •• Rejectt'd (0.l6·0.49): 
n!'ld ••• Mlgh\y rejectt'd (•0.l6) 

Spee i es Free Pref lnde.t lohl Pref lnde.t Cover Pref Jnde.t Xlot1l Bottles XFree Bottles XAll8otE1ten 

Spirosuchys aFrlcana 
Ac1lypha glabr11a 

O lchrost1chys c lnere• 
J.c1cl• karroo 
llcrch ..... !1 zeyherl 
Acac!1 .;1llr1 

Acacle nllot!ca 
Acecf1 gerr1rdl I 
Abutllon/Hiblscus spp. 
Mayle""' n~rosa 
Acacia robvHa 
llippobrOIR.J.! pauclllorus 
Zltyphus l!UCronau 
Olospyros slmi I 
Oovyal ls c1ffr1 
OOll'bey1 burgessi•e 
Rhus penthed 
Olospyros lydodes 
Euelea r1eemosa 
Calpinia trarisva1llc1 

llpPi• javaniea 
Scutl1 rnyrtlri1 
Codd'l 1 rudi s 
8crrbeya rotundi lol r' 
Adenopodia splcat1 
Ehretl1 rigida/amoen1 

Plectronell1 lrll'llttl 

Seotopla ?eyherl 
comretu.i "'°I le 
H1ytenu1 seneqn l eris ! 1 
Sidero.o;ylon Iner~ 
Sola.,._.,. 
Cuelrie 1ethloplc• 
Euclea crisp• 
Rhus rehmalV'l!1na 
Honarithot~.<h eaHra 
Phy\!arithus reti.;uf1tus 
Ac1layplia ~o!'lderlann 

Ai!rna tetracanth• 
Canthlun irierll>e 
ChrOl!'Oleerie odoratn 
Clut i' pulehe! la 
Cordia ceffra 
Dalb~rsia obov1ta 
Eucln dlvlnorun 
Euclea riatlleris1s 
J.leterepy.tls naulcri1l1 
1Cr1unla I loribunda 
Maytenus heterophylla 
ltholcluus 1rldentnta 
Sehnti a brao;hype ta la 
S~lerocarya blrrea 
l nrehenarit hu' cnllllhoratus 
Vemonla subu\lger~ 

3. llo 
2.53 
1. 71, 
T.8l 
1.89 

·" 2 .9Z 
l.55 
l.72 
1.5a 
6.87 
l.12 
1.05 

·" 2.51 
1.43 

. " 

. " 
. ll 

·"' • 11 

. " 
·" "' ·" ·" . " 
·" ·" ·" .24 
.10 

·" .Ol 

. " . " 

.10 

o.oo 
D.00 
0.00 
o.oo 
o.oo 
D,00 
0.00 
0.00 
o.oo 
O.DO 
o.oo 
o.oo 
o.oo 
D,00 
o.oo 
D.00 
8 .oo 

3.!l6 
l.28 
1.37 
1.5D 
2.D9 
.90 

2 .'3 
l,.l6 
2.10 
2.29 

6." 
2.57 
1.00 

·" 2.97 
1.40 

·" . " 
·" • 91 
.09 
.20 

"'' ·" 
·" ·" ·" ·" -'' 
·" ·" ·" .J3 
.oz 
.07 

. " 
·" o.oo 

0.00 
0.00 
o.oo 
o.oo 
O.DO 
o.oo 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0,0D 
0.00 
o.oo 
o.oo 
0.00 

6.S9 

'· 75 
1. 71 
1.90 

·" 2.01 
.70 

22.26 
11.Jl 
1.47 , .. , 
2.12 
1.10 

.71 
2,96 

"" • 15 

·" ·" ·" .20 

. " 
1.57 

·" "' . " 
·" ·" . " 
·" . " . " . " 
·" ·" ·" . " 

o.oo 
0.00 
O,OD 
0.00 
o.oo 
0.80 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

'·"' 0.00 
0.00 
0.00 
o.oo 
0,DO 

s. 78 
4.41 
7 .73 
5.44 
2.94 
5. 78 
1.36 

·" 1.63 
1.41 

·" .56 
1.24 
1.70 

·" .78 
4.62 
5.53 
l .60 

·" 5 .22 
2.08 

·" 1.09 

·" ·" 1.21 

·" ·" l.02 
.50 

. 1. 76 

·" 3. 71 
.93· 

·" ·" ·" ·" .!:8 

·" .4J 

·" -'' 
'·" ·" ·" 3.80 

·" 2.63 

·" ·" .JO 
2 .03 

7 .211 
5, 7Z 
6.11 
4.46 
3.25 
5.04 
I .lD 
l.01 

"" 1.72 

·" ·" 1.17 
1.96 

.45 

.77 
5.21, 
4.62 
4.29 

·" l.95 
2.51 
.95 

·" ·" ·" l.i,7 

·" ·" 3.07 

·" l.i,4 

·" 2.27 
.57 

·" ·" 1.0l, 
.70 

·" ·" ·" ·" ·" 3.31, 

·" ·" l,.56 

.50 
1.62 

·" ·" ,JS 

2.22 

l,47 
2.14 
6.22 
4 .lO 
7 .07 
2.60 
5 ,45 

. " 
·" 2.19 

1.22 

·" 1.12 
1.63 

·" ·" 6.58 
3.21 

12 .12 

.51 
2.29 
Z.77 

·" ·" .79 
.31 

1.08 

·" .77 
1.67 

·" 1.33 
.63 

1.l,1 
.30 

. " 
·" .57 

·" ·" .JO 
.7• 

1.27 
.70 

l,.42 

·" .69 
2.i,7 

·" 1.04 

·" 1.20 

·" 1.07 

22.9D 
14.47 
10.63 
8.16 
6.14 
5.21 
l .81 
l.57 
l .43 
3.22 
2.3D 
1.44 
1.23 
1.17 

I. IJ 
1.10 

·" ·" ·" ·" ·" ·" ·" ·" ·" .24 

·" • 17 

. " 

. " 

. " 

. " .07 

.07 

·" .03 
.03 

0.110 
o.oo 
0.00 
0.00 
11.00 
o.oo 
0.00 
O.DO 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
o.oo 

1.26 
1.lO 

·" ·" 1. 11 

·" ·" 1.2l 
1.22 
1.22 

·" ·" .95 
1.16 
1.19 

·" 1. 14 

·" t.19 
1.01, 

.76 
1.21 
1. 16 

·" 1.27 
1. 1J 
1.21 
!.2lo 
1.02 
t.02 
1.16 

·" 1.21, 

·" ·" ·" ·"' 1.JO 
1.30 
1.01 
1.23 
1.08 
1.07 
1.1l 
1.17 
1.2B 

·" 1.20 
.97 

·" 1.01 
• 76 

1.28 
1.09 

,60 

·" .eo 

·" 2.4D 
.45 

l .49 
.zo 

·" 1.56 
3.59 
1.21 

.91 

·" 1.00 
.70 

1.42 

·" J .37 
1.0lo .. , 
1.33 

·" ·" 3.02 

. " 
·" 1.26 

2.53 
.55 

1.77 

·" ],07 

·" .lZ 

·" ·" ·" . " 
.66 

1.13 
l.72 
1.78 
1. 73 
1.54 
1.02 
1.35 
.65 
.75 

·" J.41 
l,li, 

·" ·" 



TAilLE 7.12 
UHfOLOZI 1989 GRIO SURVEY 

SPECIES PRETERENCE RATIOS (for Speein wltt1 :urccBottlcs >" 0.25:X) 
OATA SORlED BT :X CONTIBUTION TO TOIAL '.JOOOT DIET (Otd l New Bottles) 

Fru Prid lndcll: Total Pref lrdell: Cover Pref rndc11; 

'Sp i ros tac~ys .&fr t cana 
AC•Cla karrOD 

Oic:~rOH•Chys clneru 
Acacfl borlcac 
Hruh r!11idatoma1ma 
Ac•ch 9crrnrdll 
Acada nflot!ca 
Acada 'orT!lts 
Maytcrius n.....,rosa 

Schotla cap!1au 
Crocon menyh•rtlt 
Grcwh flava 
Ac.ac:h caffra 
Asp11ra11us spp. 
Coomlp.'!Dr• ncqlecta 

Brachy\acf\3 llidhlla 
Capparis tC011entosa 
Grcwla 0<;tldcnt1lis 

Acada robust• 
Tarcl'IDf\3ntl'lu5 carrphoratus 

J..cacl1 nlgrcscoms 
Pappi• c:apensfs 
Plectronetla artnaU 
Ai I~ tctracantha 
Zlzypl\vs wucronata 
Ac;icla 9rardlcarriuu 

Rhvs 9~lnzil 
Acacia luedcrlnll 
Rhus ~nthcrl 
Grcwlt f\avuccns 
Rho It I ssus rhonbi du 

Coddla ru:l!s 
Euclca d!v!norU11 
Euclca r11c.....,sa 
lllytenvs hc:teroi:;.'lylla 
Pyr11Hrie hystrh: 
Euc:lu i.rdu\au 

Carlss.a bispinDsa 
>1ay1ent.1s senega\ensis 

Olu europau 
$chotfa brachypetal• 
SldcroJtylon inerme 

2.03 
7 .31 
3.2.9 
2..58 
1.59 
5 .29 
5.18 
2.57 

.99 

.93 

.15 
1 .87 
Z.95 

·" Z.31 
.25 

1.39 
1.56 
1.Cl7 

·" ... 
1. 16 

·" 1.59 

·" .09 
.37 

·" • 19 

.21 

·" ·" ·" .08 . ,, 
. " 
·" 0.00 

Cl.OCl 

0.00 
0.0() 
0.00 

2.15 
4.35 
2.48 
Z.82 
1 .62 
4.41 
J.70 
2.49 
1.09 
1.04 

. " 
1 .65 
2. 27 

.27 
1.n 

.27 
1.06 
1.40 
1.17 

.17 

·" 1 .26 
.JI 

1.4J 
.76 

"' ·" ·" .17 

·" .66 

·" .BJ 
.oe 
.07 

. " 

.01 
o.co 
o.oo 
o.oo 
O.ClO 

0.00 
J:'.ey to Free Prefuence lrde11: S'(flboh : .... Nlgl'l\y Prefcrt'<f {>=2.75); .... Prefert'<f (2·2.71,l; 
• S\lght preferenee (1.25•1.991; • Sllql'lt rejection (0.5·0.791; •• ltejectt'<f (0.J6·0,1,9): 
and ••• Hl9h\y rejected (<0.36) 

2. 76 
3.98 
2.11 
6.J3 
1.61 
2.8o 
2. 12. 
2.32 

·" 1.01 

·" 1 .41 
2.n 

·" 1.19 

·" ·" ·" ·" ·" . " 
·" ·" ·" ·" .07 
.54 
.14 

·" ·" ·" .36 
.05 

·" .05 

. " 

.01 
o.oo 
o.oo 
o.OCl 
0.00 
o.oo 

J::ey to Free Preference trde>1 Syrrbols : •••Highly Prefer~ (>112,TSl~ n Prder~ (2·2,741: 
• Sl!gtit preference (1.25·1.99); ·Slight rejection (0.5•0.79); ··~ejected (0.36·0.491: 
ard ••• Hl11tily rejcc:tt'<f (<0.36) 

TI .46 
2.43 
4.0Z 
1.96 
3.31 
1.ZO 
1.30 
, .76 
2. 9S 

2.89 
13.96 

·" ·" 4.40 

·" 3.82 
.93 
.57 

·" '·" 1.04 

·" 1. 79 
.37 
.60 

3.34 

·" .69 
1.56 
1.05 

·" ·" 5.B5 
1.91 
1.15 

·" 1,.91 
.63 
• 73 

·" 2.67 

·" 

Xfree Bottles 

12.11 
1.45 
3.03 
2., 14 
3.39 
1.00 

.93 
1. 7B 

3.24 
J.25 

15.50 
.65 

·" 4.2J 

·" ~.05 

• 71 
.51 
• 70 

3.39 
.90 

·" 1.93 

·" .61 
3.48 

·" . " 
1.39 
I. 16 

·" ·" 5.96 
2,0() 

·" ·" 5 ,1,9 

• 70 

·" 1.0() 
3.01 

·" 

:tcanopy Cover 

8.93 
2.66 
4.74 

·" 3.35 
1.89 
2.26 
1.89 
3.25 
2.97 
8. 11 
·.87 

·" 4. 19 

·" 2.1~ 

1.18 

·" 1.25 
3.30 
5.28 
1.98 
1.n 

·" . " 
1,.48 

.59 
Z.05 

·" .73 
.61 

·" 3.2.8 
1.81 

1.63 ... 
J.61 

.21 

·" .94 ... 
·" 

UtlBotEUcn 

24.6J 
\0.58 
9.97 
5.52 
5 .39 
5.28 
4.80 
4.37 
3.2.3 
3.01 
Z.27 
1.23 
1. 17 
1.17 
1.01 
1.01 

.99 

·" ·" • 67 
.61 
.56 

·" .53 

·" ·" ·" ·" ·" ·" ·" • 19 

. " 

. " 

.00 

.00 

.05 
o.oo 
0.00 
o.oo 
0,80 
o.oo 

Free:lotal Bat. 

1.06 
.59 

. " 
1 .09 
1.02 

.83 

·" ·" 1.10 
1.13 
1.11 ... 
.n ... 
.n 

1 .06 

·" ·" 1.10 ... 
·" 1,09 

'·" ·" 1.01 
1.02 
1.02 
1.09 

·" 1.10 
1.03 

·" 1.ClZ 
1.85 

.66 
f, 10 
1.12. 
1.11 
.74 

1.13 
1.1J 
1.09 

CCover:Tota\ Bat. 

.78 
1.09 
1.18 

·" 1.01 
1.58 
1. 74 
1.07 
1.10 
1.03 

·" 1.17 

·" ·" 1.48 
.56 

1.26 
1 .65 
1 .95 ... 
5.06 
4.45 

·" 2.03 
1.30 
1.3~ 

.70 
2. 98 

·" ·" 1.69 

·" ·" ·" 1.42 
1.11 

• 73 

·" .65 
1.06 

·" 1.2.4 



o A.cajfra was highly preferred in Umfolozi, but only intermediate in preference in Hluhluwe. Again rhino 

preference for a spize increased as its abundance decreased. A.cajfra was the third most abundant species in 

Hluhluwe in terms of available bottles, but only accounted for 0.52% of available bottles in Umfolozi. 

o S.africana, A.robusta and M.nemorosa were also less preferred in the study area where they were more 

abundant. 

o A.nilotica was less preferred in Hluhluwe where a much higher proportion ofA.nilotica foliage was out of rhino 

reach (CC:TB ratios Hluhluwe:3.49 Umfolozi:l.74). 

INTERMEDIATE/REJECTED SPECIES 

o Ziziphus mucronata was intermediate in acceptanoe in Hluhluwe and slightly rejected in Umfolozi where it 

formed a greater proportion of the available browse bottles. 

o Rhus (except R.guenzii) and Euclea species were strongly rejected in both study areas as they had been in the 

Pilot study. Tarchonathus camphoratus, S.inerme and P.armata were also rejected in both study areas. 

o The physically defended A.grandicomuta and A.luderitzii were rejected in Umfolozi (as found in the Pilot 

survey). 

o In H!uhluwe, C.cajfra and Kjloribunda were rejected, corroborating the Pilot study findings. 

o The abundant Ljavanica and D.lycioides were also rejected in Hluhluwe. 

o The three species with the greatest mean grass interference in Hluhluwe (E crispa, R. tridenlata and 

R.rehmanniana) were all highly rejected. 
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o Filly-four species in Hluhluwe contributed at least 0.25% of all Free browse bottles in Hluhluwe. Much of the 

foliage was out of reach for black rhino on ten of these species (CC:TB Ratios> 2). The majority of these ten 

species were rejected (E.racemosa, S.birrea, C.aethiopica, S.brachypeta/a, Adenopodia spicata, and C.molle). Of 

the ten species only B.zeyheri, A.nilotica andA.robusta were preferred. 

o S.inerme andA.nigrescens were the two tall species in Umfolozi with the highest proportion of their foliage 

unavailable to black rhino. Both species were rejected. 

o Although C.menyhartii was the eleventh most important species in the diet it was highly rejected. 

a Of eight common species in dense bush clnmp vegetation in Umfolozi, Mnemorosa, and S.capitata were 

intermediate in preference. Rhoicissus rhomboidea was rejected, and E.undu/ata, B.ilicifo/ia, Olea europaea, 

Pyrostria hystrix, and Carissa bispinosa were all highly rejected. This corroborates the finding oflow preference 

for this community in the Pilot study. 

PREFERENCE AND REJECTION INDICES BASED ON COUNT DATA 

For comparative purposes, Tables 7.13 and 7.14 present species preference and abundance data calculated using 

count data. Different selection patterns were revealed when using the cruder count rather than browse bottle data. 

(The count based preference indices seemed to bear a closer resemblance to the psychological impressions about 

species selection gained during fieldwork. It therefore appears that human perception is most influenced by the 

proportion ofavailable individual plants eaten, rather than the density of plants eaten, the fraction of the available 

browse eaten, or mean offtake levels per browsed plant. The latter variables contribute more to Free browse bottle 

derived preference indices.) 
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TABLE 7.13 

Abutilon/Hibhcus spp. 
Acaclll cdfr• 
Acacia gll!!rrardi I 
J..caci• l:uroo 
Ac•ei• nilodca 
Acaci• r~t• 
Aca,layph.• sonderh0o1 
Acdyph.• gl.1b,.ata 
Adenopodh spici;,ta 
Asparagus. spp. 
AzilllA to:tracantha 
Bll!!rcheaila ze)'hed 
Cvithi1.t11 inerme 
t•w-ris tomentou 
Casslne Hthlcplca 
Caltit africa0o1 
thaetachme :aristata 
ChrC1T10la111"" odorau 
ClaL1S111n• snisata 
ctuti1 pulchet l.11 
Coddh rudis 
toirtirett.11'1 inol le 
Cordia c•ffra 
CrotOl'I s.ylvat!C\ls 
CUf\Ol'li• caperish. 
Oa\bersib 1r11111ta 

oalbergia Db:lvata 
Olehrntaeh~ clno:ru 
Oiospy~ lyc:loidu 
Olospyros. tlmil 
DI OSpyt'"OS spp. 
Don-beya burgesshu: 
QO<lbeya rotln:lf fol la 
Oovyal is affr:a 
Ehretla rigida/~ 

Euclea crhP4 
Euelea, divlii.orUll 
Eucle• Ntalensh 
Euclu. rllC:em<JU 
forb spp. 
G•lp!nh1 tral'l$vul!ca 
Gre11ia o.:cidenrat is 
Heteropyxis natllliensis 
Hippobro:iaJS pauci florus 
l::rauss i a florib.n:fa 
Llppl1 javaniea 
llaytenus h"'terophylla 
Haiyt~ nemcrosa 
Naytetl<.IS u·ncq1liensit 
l'1o:lanthut didyiiia 

Hcn.anthotaz!s elffr• 
Paneovi1 11olungensis 
P111ltOphen..r11 afrieanu11 
Phyl lanthU$ retieulatU5 
Plo:etroniel\a 1r11><1ta 

RhoieisSU$ tridentna 
Rhus ehlrlrdo:ris.h. 
M.hus pentheri 
Rhus rehma.nni.,na 
RhU$ spp. 
Sehotf.11 bradlypetala 
Selergc•rya birru 
seolopi• zeyho:ri 

Seutl• llf'(rtina 
Sesbania sesban 
Sid .. roitylon !no:nno: 
Solal'lll'll 
Spirosuchys afr!cana 
Tarchonanthus caopllo,.:itus 
Unknown 15 
1.lerooni:i sub.Jl 111,.ra 
Xl11>111nia. Cllff,.;i. 

Zantho~ylUft eapeos,. 
Z.izyph.us ~ronau 

KLUKll.NE 19~ nMIO ~UM.VET 

SPECIES IKP01UAl1t:,, 4VAlLAlllLITT AllO PR€fEREll'CE lllOICES 8ASEO ON COONT o.i.u 
(fOR. SPECIES 1.111K (l~NSITIES OF u S/ha) 

Trl!e n Eatenll!• Tro:e n Pro:so:nt/Ka 

.... -- ..... ········ ............... . 
·" 1.80 

7.76 
1.34 
1.50 

'·" o.oo 
. r..29 

1.97 
2.67 
o.oo 
1.55 
0.00 
0.00 
1.21 
2.06 
o.oo 
o.oo 
0.00 
0.00 
2.01 ,,, 
0.00 

10.111 
0.00 
0.00 
o.oo 
1.68 

·" .53 
o.oo 
r..11 

.17 
3.20 
ua 

,OS 
O.DO 
0.00 

.09 

.61 
2.39 
o.oo 
0.00 
2.34 
o.oo 

,08 

o.oo 
2.36 

,09 
o.oo 

·" 0.00 
o.oo 

,34 

'" o.oo 
o.oo 

·" .51 
0.00 
0.00 
0.00 ... 
.sa 

. 0,00 ,,, 
"' 5.37 

0.00 
0.00 
0.00 

0.00 ,,, 
2.17 

.20 

""" UJ 
6.10 
3,66 

2.2'
o.oo 

10.98 

·" .za 
o.oo 
5.69 
o.oo 
o.oo 

,20 

1.02 
0.00 
0.00 
o.oo 
0.00 
1.02 

·" 0.00 
,'1 

o.oo 
o.oo 
o.oo 

15.85 
1.'2 
1.t.2 
0.00 

1.63 
,ZO 

1.02 

·" ,20 
o.oo 
o.oo 

,61 ,,, 
1.02 
o.oo 
o.oo 
2.2r. 
0.00 
,'1 

o.oo 

'·" ,ZO 
0.00 

,20 
0.00 
0.00 
.20 
.61 

o.oo 
o.oo 
,'1 
,20 

o.oo 
0.00 
0.00 

.61 
1.0Z 
o.oo 

,20 

"'' 23.37 
o.oo 
0.00 
o.oo 
0.00 

.zo 
1.63 

.so 
2.03 

'" r..56 
2.45 

·" 
·" Z.56 
.10 
,08 

.09 
3.67 
,Jl 

'11 
,17 

'" '15 
.10 

'11 
,SS 

·" ,37 
1,08 

,oa 
,09 
.11 
.8J 

9.42 
4.99 

2.69 

·" ·" 1.18 

·" ·" 4,09 

"'' ·" U6 

·" -" 
'" ·" 
'" '-.37 

4.97 

'"' 1.21 
2.22 

,08 
,JO 

'17 
'15 
,60 

LJ4 ,,.. 
.20 

3.41 

·" '10 

·" ·" .69 
1.76 

. " 
·" S.09 

'-.35 ,,, 
. " 

1.J3 
.09 

·" ·" 

,28 

r. .96 
2.r.8 
11.26 
4.96 
J,QJ 

0.00 
1r.,68 ,,, 

,ZS 
0.00 
7.71 
o.oo 
o.oo 

,ZS 
1.38 
o.oo 
0.00 
0.00 
o.oo 
1.38 

,28 

0.00 

L 10 
o.oo 
0.00 
o.oo 

21.r.9 
1.38 
1.93 
o.oo 
2.20 

·" 1.38 
1.10 

·" o.oo 
o.oo 

,OJ ,,. 
1.311 
o.oo 
o.oo 
3.03 
0.00 

,55 
0.00 
l.'6 

·" o.oo 
,28 

0.00 
0.00 

·" ·" 
0.00 
0.00 

.SS 

·" 0.00 
0.00 
0.00 

,83 
1 .38 
D.00 

,28 
2.20 

31.68 
o.oo 
0.00 
o.oo 
o.oo 

·" 2.20 

lo'.cy to Fr,. 111 p,.,.f,.ro:nce frdo:it syrrbols ; ••• Ki<,1hly Pr,.hred (»•2.?Sl; •• Prl!fo:ro:d C2·2.7f.); 
"sti11ht pro:fero:nc• (1.~S-1.99); • Sti9ht rejo:c:tion (0.5·0.N); ··Rejected c0."-6·0.f.9): 

•nd ••• Hi9hly ro:j•c:ted (<0.36) 

JS.Sf. 
1f.J.66 

16.67 
322.11 
172.117 
52.89 
JS.81 

180.99 
7 .30 
5.37 
6.'7 

259.37 
~1. 90 

7.!IS 
11.71 
34.85 
10.7' 
6.89 
7.71 

f.1.05 
35.67 
26.31 
76.t.S 

S.65 
6.!l6 
7. 71 

58.r.O 
665. 98 
352.69 
190.f.3 

17.77 
27.96 
8.3.20 
22.'-5 
34,30 

289.39 
208.33 

JO.OJ 

484.71 
23_,2 
30.03 

9,64 

33.20 
67.S6 

308.95 
JS\ .OJ 

33.?S 
85 .26 

1S7 .16 
s.s 1 

21.35 
11. 98 
10.88 
'-2.S6 
9t..r.S 

21r..or. 
14.33 

2r.1.os 
28.37 
7.02 

19.1S 
14.88 
r.8.90 

12'.7.2 
lJ.09 
J6.6'-

359.92 
307, 79 

15. 70 
10.19 
93.80 
6.,7 

2S.07 
S.2.89 



TABLE 7.14 
UHYOLOll 1913.9 CRID SURVEY 

SPECIES (HPO!ITANCE, AVAILAl3.lllrY ANO PREFERENCE INDICES 13.ASEO ON COUNT DATA 

(FOil SPECIES '11TK DENSITIES Of >= S/ha) 

Species N~rPrefereneetndex X Total n Eaten 

············---················----·· ··················--- --··- ········-·· 
Aeacia boden 2.68 3.t.S 
Acacia c:affra 3.16 2.21 
Acacia !l"rrardii , .42 4.oo 
Acscla gnmdicornuta . " .69 
Acaci• karrao 1.99 7 .Q] 

Acacia luederinil ·" ·" Acacia nigreSC~!: .52 1.S2 
Acacia nilodca 1 .JS 4. 14 
Acad• robusta ... .8] 

Acacia sengal ].46 1.66 
Ac:11ci• tort! l ls 2.27 4.Z8 
Asparegus spp. ·" Z.t.8 
A1lr11a tetrac:antha 1.19 ·" Bosc:l11 albitrUlCa 1.33 ·" 8rac:hylaen.a lllcifol!a ·" 1.24 
C11pparls sepiarle 0.00 o.oo 
Cepparls tomentosa 1.04 1.Z4 
Carissa blspi110s11 o.oo o.oo 
Cassi~ transvealensis 2.80 .B] 

Codd!• rudis .62 .41 
Cocri:lrctU11 apfeullltllll 0.00 0-00 
Coorniphora ncglecu .6i ·" Craton menyhartii ·" 1.3a 
oic:hrostac:hys cln':'rea 1.96 16.41 
Ehret la rlgida/a...,el\3 ·" 4.ss 
Euc:lea d!vlnorun . " ·" Euc:lea rac~u .07 . " Euc:lea undulau .09 . " 
Crewh flav• 1.37 1.3e. 
Grewia ftavescens ·" . " 
Gre1.1ia oc:cidental!s 1.00 1.21. 
CreWi11 villoSll ·" .41 
Haytenus heterophylla .12 ·" Kaytenus """"'rosa 1.S6 Z.34 
Maytcous se~alensh 0.00 o.oo 
Helaothus didyma .oa . " Ole• europaea 0.00 o.oo 
Oroocarpu11 tric:hoc:arpu11 1.19 1.38 
Pappla capeosls 1.S6 1.24 
Plectreniella annata ·"' 1.10 
Pyrostrla hystrh ·" .14 
Rhoic:issus rhocri:lidea ·" ·" llhus suelotii ·" ·" RhV$ ~ntherl .17 . " 
Sc:hotia brachypetala 0.00 o.oo 
Sc:hotla c:apitata 1.n 1.66 
Sida e11rdlfolla/rhocri:llfotl1 .66 1.10 
Sldero11ylon inerme o.oo o.oo 
Solanun • 71> ·"' Spirostachys afric:ana 2.15 1&.90 
Tarc:honanthus c:arrpher11tus ·" 1.10 
Un$;:no\o'fl 15 2.1Z ·" Z!1yphus nuc:ronata 1.02 ·" 

X Total n Prnent Tree n Eaten/Na Tree n Pre:t.ent/H11 ················ ·····-···-····-· ----- --· ---- .... 
1.20 8.91 30.]0 

.70 S.70 17.65 
2.82 10 .]t. 71.t.8 
4.78 1.1a 120.86 
3.54 18.18 89.66 

·" 1.07 22.64 
2.90 ] .92 n.44 
].06 10.70 77.36 

.94 2. ,~ Zl.71 

·" ii.2e. 1z.12 
1.68 11.05 t.7.59 
S.89 6.42 11.9.16 

.70 2. 11. 17 .65 

·" 1.43 10.S2 
3.SO 3.21 88.59 

.23 o.oo S.70 
1.zg 3.21 30.30 
.Sl 0.00 13.37 

·" z. 14 7 .t.9 
.67 1 .or 16.93 

·" 0.00 8. 16 

·" 1 .43 Z2.61. 
6.31. 3.57 160.t.3 
&.36 42.t.2 211 .55 
s.so 11. 76 '139.22 
2.99 1.07 rs.sa 
1.94 ·" 49.20 
1.s8 ·" 39.93 
1.01 ].57 ZS.(9 

·" .36 9.09 
1.24 3.21 31 .37 

.55 1.07 13.90 
Z.28 .71 57.75 
1.51 ..,,,. 38. IS 

·" 0.00 23.3S 
1.7' .)6 t.4.17 

·" 0.00 8.02 
1.16 3.57 29.23 

·" 3 .21 zo. 14 
1.66 2.85 41.a9 

·" .]I> 16.2Z 
.72 .71 1&.1e 
.1>7 l .07 T6.93 
.80 • )6 Z0.32 

·" o.oo 6.t.2 
.9' 4 .28 23.71 

1.66 2.85 1.2.07 

·" 0.00 o.n 
·" 1. 78 2Z.99 

e..78 t.e..84 222.2e. 
2.28 2 .85 S7. 7S 

.21> 1.t.3 6.60 

.54 1.4] 1.Li'3 



The main differences were that: 

I] Z.mucronata was listed a preferred species in both reserves using binomial data while it was 

only listed as intermediate in acceptance in Hluhluwe and slightly rejected in Umfolozi using 

Free bottle data; and 

2] A number of the commoner Acacia species received lower preference ratings. 

HLUHLUWE 

In the Hluhluwe Study Area: 

A.gerrardii, A.robusta, A.glabrata, C.sy/vaticus, D.burgessiae, D.caffra and S.africana were 

listed as highly preferred using the binomial data. 

Protoasparagus species, Celtis africana, C.rudis, Ga/pinia transvaalica, H.pauciflorus, 

Mnemorosa, and Z.mucronata were listed as preferred species. 

A.caffra, A.karroo, A.nilotica, Adenopodia spicata, B.zeyheri, D.cinerea, andE.rigidalamoena 

were listed as slightly preferred. 

UMFOLOZI 

In the Umfolozi Study Area: 

A.borleae, A.caffra, A.senegal and Cassine transvaalensiswere listed as highly preferred using 

the binomial data. 
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A.tortilis and Z.mucronata were listed as preferred species. 

A.gerrardii, A.karroo, A.nilotica, Boscia albitrunca, D.cinerea, G.jlava, Mnemorosa, Pappea 

capensis and S.capitala were listed as slightly preferred. 

Tables 7.15 and 7.16 present Species Preference Indices based on browse bottle data, together with supporting 

dietary importance and availability data. 

IMPORTANCE, PREFERENCE AND REJECTION INDICES BASED ON BROWSE BOTTLE DATA 

S.africana size 3 and 2 were the two most important spizes in the diet in both study areas. Again higher 

preferences were recorded in the Hluhluwe study area where this species was less common. 

UMFOLOZI 

In the Umfolozi Study Area: 

"Acacias" less than Im (Size 1) were also both very important and highly preferred. Six of the 

ten most important spizes were "Acacias11 less than lm (D.cinereal, A.karrool, A.nilotical, 

A.gerrardiil, A.tortilisl andA.bor/eael). All six of these spizes were rated as highly preferred. 

These six spizes made up only 3.49% of available Free bottles, yet contributed almost a quarter 

of total offtake (23.22%). 
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TAilLE 7.IS(i) llLUllLWE 191!9 GRID SURVEY 

SP12E D!ElAll.Y !HPORTR>ICE, AVAILABILITY ABD PllEFEll.EllCE !l<DICES (For Splztt: w!tll :tfree Battles >~D.ZSil 

8ATA ~Oll.TE8 llY x COU!R/BUTIOH TO YD!Al uooor BIEi 

Size Free Preference lrde.11 Total Pref !ride~ Covo:r Pref (~!\ '.(Jot•l Bottle. 

Splrostach'r's afrle1na 
Splr•st11chys alrlo:ana 
Acalyplu glabran 
Acalypha 17l11br,1ta 

Bfchrost1chys clneru 
B!chro1tachy' clncru 
Acac!• caffra 
Acae la karroo 
A1::.cl1 gerrard!I 
Splrtshchys 1fr!can;i 
Abutllon/'Hlblscus spp. 
Acecb kerroo 
llerchnrih ~eyher! 

Haytenus n~rosa 
Acacl• nllat!ce 
8erc!urrd1 tcyheri 
Berch'1Tllo\I 1eyher! 

Ac;ich k11rraa 
Acao:la ceHra 
Acacl1 n!latica 

Acid• nl lot I co 
Dlospyrn simi! 
Hayttr<Js n~rosa 
Acalyplia glabreta 
Bont>eya bur11cuiae 
Olospyros lyciodes 

11.hus ,P<"nther ! 
2ityphus 11'1.J(:ronata 
H!ppobrOl'n.Js pauciflorus 
Lippla )8var>!ca 
l<ayterous 11~rou 

Ahl" ~ntheri 
Scut la myrt Ina 
Olospyros ,1,,.; I 
Coddia rud'!s 
'elll:Let rae~sa 
olospyras lyciodes 
Splrost.tchys afrlca11a 

Olehrostacl'lys elnerea 
Hayterivs se11egalens!s 
P!o:ezranell• armata 
stdero11;y!an lnerme 
Sa! •nt.n• 
Eucle• erispa 
Plectrano:l!a armata 
Rkus rehma1Y1hna 
Pleetranel l• armat;i 

So\at'IU'!l 
Abutllon/>llbhcus spp. 
Aca!aypha sondo:r!ana 
Atlll'lll to:tracantha 

Cluth pulckeUa 
Cardh ea! fra 
Oiospyras !yclodes 

l 

' l 

l 

' 

2 

I 

2 
2 

3.117 
4.87 
3,85 
2.32 
2.36 
1.67 
1.17 
2.46 
3.91 
2.H 
2.11 
1.36 
2.36 

2.57 
4.14 
1.80 
I. 71 
2.98 

·" 2.17 
2.60 

.80 
1.211 
1.18 

1.12 

. " 

.16 

·" 1.8' . ,, 
1.59 

• 16 

·" .54 
.36 

·" .49 

·" • IO 

·" ·" ·" . ~(' 

·" . ll 

. " 
• 16 

·" .Ol 
o.oo 
o.oo 
o.oo 

0.00 
0 .00 
o.oo 

'S.83 
6.29 
3.97 
3.0T 
1.43 
1.52 
1.52 
3.20 
4.94 , .. , 
'·" 1.05 
2. 76 
3.34 
3.94 
2.35 
1.51 
1.20 

.41 
1.26 
3.37 

·" 1.60 
1.~1 

1.89 
.17 

·" .80 

1." 
. II 

1.55 
.17 

·" ·" ·" ·" ·" .27 

. " 

.20 

. " 

.ll 

·" . " 
.05 
.17 
.09 
.09 
.Ol 

O.OB 
0.00 
o.oo 
o.oo 
0.00 
0.00 

6,98 
17.Jl 
10.79 
5.53 
2.111 
3.95 
2.61 
2 .95 

60.03 

4.65 
11.n 

2.95 
5.22 
1.95 
7.38 
.67 

2.23 
1.59 
1.32 
1.74 

·" 1.15 

2.3B 
1.95 
1.47 

.39 

.16 
2.94 

1.42 
.31 

1.49 

·" 1.26 

·" 1.62 

·" .ll 

·" • 16 
.07 

·" .ll 
1.18 

.zo 

. " .47 

·" • IO 

·" O.O<l 
o.oo 
O.BO 
o.oo 
o.oo 
0.80 

2.86 
1.40 
1.93 
2.04 
J .ez 
3.29 
2.~8 

1.12 
• 71 

1.Jl 
1 .JB 
3.87 
1.81 

·" .50 
.76 

1.85 
1.11 
2.61 

·" ·" • 79 
.47 .. , 
.57 

3.41 
1.63 

·" .17 
4.88 

.27 
2.41 

·" .70 

·" ·" .43 
1.81 
1.7' 
.62 

·" ·" .22 
.58 

! .4 l 

·" _,, 
.37 

1.11 ... 
·" .40 
.17 

"' 1.69 

x.Frce Dcttles 

Z.67 
1.61 
2.50 
2.65 
2 .31 
J.01 
3.23 
1.46 

·" 1.48 
l .6Z 
2.37 
1. 17 

·" ·" ·" ·" ·" 2.17 

·" ·" ·" ·" ·" _,, 
3.0] 

2.11 
.61 

·" Z.99 

"' 2.58 

·" ·" ·" 1. 17 

·" l .32 
2.12 

.88 

·" ·" .16 

·" .55 
.50 

·" ·" 1.07 

·" ·" ·" .27 
.37 

I.DJ 

1.15 
.51 
.71 

1.11 
Z.50 
1.27 
1.~5 

1.22 

·" .74 

·" 1.09 
•• 53 
1.85 

.27 
2.67 

• 71 

·" ·" .5i' 
2.31 

·" ·" ·" ·" 1.50 

3.40 
.17 
.34 

1.41 

·" 1.08 
.ll 

·" .21 
4.38 

·" 1.07 
l.28 
2.37 

·" ·" .12 
.51 
.71 . ,, .,, 
.35 

·" .01 

·" ·" ·" ·" • 71 

18.35 
6.81 
7.6' 
6, 14 
5.45 
5.01 
l.T7 
3.68 
3.50 
l.~6 

J.~! 

J,2;, 
z. 76 
2.86 

'·" 1. 78 
1.56 
, .34 

1.17 

·" ·" . " 
·" .62 .. , 
·" .55 
• 51 

·" .45 
• 41 

.41 

.41 

·" ·" ·" .27 
.27 

·" .17 

. " 

. " 

. " 

. " 

.07 

.07 

.07 

.Ol 

·" 0.08 
o.oo 
o.oo 
8.00 
0.08 
o.oo 

1.30 
1.29 
1.30 
1.38 

·" ·" 1.38 

1.30 
1.26 
1. 13 
1.25 

.T7 
1 .17 
1.]0 

·" 1.30 

·" ·" .T7 
.59 

1.30 
1.24 
1.25 
1.21$ 

.97 

·" 1.30 ... 
·" .7> ... 

1.07 
1.06 
1 .01 
1.16 
1.JB 
1.30 
1.30 
1. 21 
1.]0 

·"' 1.30 
1. 19 

·" .39 
1.27 

.54 
1 .06 

·" 1.06 
!.30 
1.30 
.99 

1.09 

·" 

CC:Y8 Rula 

.56 

.36 

.l7 

.54 

·" ·" .5• 
1.89 

.06 

.57 

·" ·" .53 
1. 71 

.53 
J.52 

·" .76 

·" • 7l 
9 .49 

. " 
·" -'' 
.74 

. " 
2.09 

.27 
1.26 
.35 

1.04 

·" ·" ... 
·" 4.65 

2.89 
1.06 

.73 
3.85 

·" 1.07 
.53 ... 
.so 

·" ·" ·" ·" .06 

·" ·" 1.37 
1.07 

·" 



TABLE 7 .15 ii llLUl!tWE 1989 GRIO SURVEY 

SP12-E OIETAltY IMPBRTAllCE, AVAILABJtlTT ABO PREFERENCE INOICES (For Spitu \llth XFrta lottln >•Cl.2-S:t.) 
DATA SORTEO BT X CONTRIBUTION TO toTAt \/OOOT OIET 

Sper.ies S In- Fret Prdercr><:t Jnde.o; to, al Pref lndo. Cover Pre! lr.dell. 
···················· .................... .... . ······· ····· ........ . . ········ ...... ................ 
Oloi-pyros slmi I J o.oo o.oo o.co 
CO"bey1 rotl.ndHo\la ll.00 o,oc 0.1)0 

BOl!i:>oey1 roturd!To\la 0.01) 0.00 C.01) 

Eueln crlspll B.CO o.co 0.00 
Eucln dlvlnoruw , B.BO c.cc o.oc 

Euclca dlvloor= ' o.co 0.00 o.oo 
Euclca dlvlnor1111 J 0.CI) o. 00 o. 00 
Euclc1 ri.aulcnsla o.oo 0.00 o.oo 

Euelea r•ce-mo,. ll.00 o.oo 0.01) 

i::raussla f \ o rl bln:la 0.00 0.01) o.oo 

(ravs•h II orl bi.nda ' 0.1)0 0.00 o.oo 
Kr•ussla T1orlbuid1 J o.oo o.oo 0.00 

tlppl• javanlc• ll.01) o.oo o.oo 

LlpPh Java.nlca o.oo o.oo o.oo 

Maytcnus stnc9alcnsh 0.1)1) 0,0(1 0.00 

Mayttf"IUS Sf'f'loega!cnsh o.oo 0.01) o.oo 

Rholcl,sus trldentoto o.oo 0.01) 1).00 

RholclssiN trldent1ta 0,1)0 o.oo o.oo 

R!'lus Pffitlltrl 0.00 o.oo o.oo 

Scutla nryrtlna O.QI) o.co o.oo 
Scutl1 nryrtlna J 0,00 o.oo o.oo 
scutl• lll'(rllna 0,00 0.00 1).00 

Yerr>O<'lla 1lbull11cro B.1)0 o.oo o.oc 

XtoUl lllttlu 
................ 

.20 

·" ·" 2..27 .. , 
1.62 

• 78 

·" .76 
1.24 

'·" .67 
.77 

"' 1.6J 

·" ·" 1. 71) 

·" ·" ·" .35 
1.92 

XFroec Bottlu Xtu11 c. Covoer XBro\lsin11·Mtw-tOld FB:TB Ratio CC:tl Ratill 
··············· . . ................ .. ........... .. . . ............... ········· ······· 

.17 .45 o.Oll 1.JO Z.21) 

.16 .27 o.oc .56 .57 

.49 .10 I).CO .93 ·" 1.70 .68 a.co ·" ·" ·" .45 c.cc ·" 1.C9 
1.9'.5 ·" 1),00 1.19 .60 
I. 01 2.01 0.01) 1.JO 2.59 

·" ·" 0.00 t.29 ·" .76 1.10 0.00 .99 , .44 
1,40 ·" 0.00 1. 1J .12 
2.27 ·" 0.00 1.21 ·" .87 .77 o.oo 1.JI) 1. !6 
.36 "' o.oo .47 .54 
.59 ·" 1).1)0 1.JO 1.01) 

1. 76 .57 o.oo 1.06 ·" ·" ·" o.oo 1.Jo ·" ·" ·" (1.00 ·" ·" 1.18 1.01 0.1)0 .70 ·" .35 "' o.oo ·" l.l)J 

·" ·" 0.1)1) 1.~4 .SJ 

·" ·" o.oo 1.'.50 2-.1)0 
.45 1.23 o.oo 1.JO J.56 

2.1)9 ·" 0.1)0 1.0B .47 



TAilLE 7.16(i) ""'""I"""" SUMY 
Sl'!ZE BIETAl!Y IJoll'O~TAllCE, AVAILABllllY AllB PREfUEllCE lllBICES (for Splzu. with %free Bottles >•0.25X) 

OATA SORTEB BY X COMTAIBUllOH 10 TOTAL \,IQQQY CllET 

Sptc:!u 

Splrosuchy1 1frlc1na 
Sp!rosuchYI 1rde1n1 
Blchron1chy1 cl~re1 
Ae1cJ1 k1rro1 

SplrostachYS alrlcarui 
Acacia karroo 
Acocta nllotlca 
Acaela gerrard! I 
Acacia tortills 
Acacia bor!ue 
D!chrostachys clnerea 
A.each bodeae 
Ehret!• rlglda 
Acacia karroo 
lhytenu1 ne<roros1 
Sch1t!1 capttau 
Ehrttla rh!da 
Ehrctl• dglda 
Acaela urtllh 
Asparagus spp. 
Ac1el1 nUotlea 
Croti;i.n menyhart!T 

SchOtia capltu1 
Croton menyh.rt ! I 
CrolOll 11>enyh1rtll 
Spl rosUchYI 1 frfC•N 
Ac.tcl• iiertardl! 
Dlchrostachys clnttu 

Ac1d1 nhtoctnl 
8r1chylaen1 lllcJfo![a 
Cawarl' torrn1mton 
larchonanthus c~oratus 
Acacia nllotlc1 

Acacl1 gr.tnc:Hcornuta 
Br1chyl1c:na lllc!folh 
Ae1eJa Juc:dc:rlril! 
Mayt trl.IS ntl'l'OrOu 
Rhtn ptnthc:rt 
Asp1ragus spp. 
Tarehonanthvs carrphor•tus 
Cod:li1 ru::tls 
Grc:w i. fl ,,..,. .. 
Braehylac:na ll!elfoll1 
Euclu dlvlnon..,, 
fuel H UCtl'l'OSB 
Pappla captnsh 
Jl:hus ;uc:lnz i I 
PltctrOllc:ll• lrNt• 
May1~nus hetc:rophyla 
Rh..,, guc:lnlil 

Ae1eta nl9rtsctM 
Euc!n l.ndulat1 

Pltc:tronella armatl 
Aa~ ra9u1 spp. 
Mayttnus ntl'l'Orosa 

she Frc:c: Prtfc:rc:n<:c: lndc:x Total Pref lnd~x Covc:r Prc:f lnd~ll 

' 

' l 
' ' 
2 
2 

2 
2 

2 
l 

4 

l 

' 
' 

•o• oHoooooo••Ooooo Oo • ooooooooo•OOOoo •ooo•oOOOooooooO 

1.82 
2.44 
5 .87 
7 .5l 
2.22 
P.82 

10.89 
7.78 
5.57 
5.94 
2.27 
1 .52 
5.46 
5. ll 
.1.34 
1.04 
1.23 

·" 1.,8 

·" l.38 

. " 
·" ·" 1.2l 

1.60 
1.81 
1.26 
1.89 

·" 1.l8 

·" 1.27 .,, 
. " 
·" ·" ·" .16 

·" ·" .52 
.16 

·" . " 
.55 

·" .08 
.27 

·" . " 
.02 
.18 
.OJ 
.05 

2.05 
2.61 
2 .96 
5.25 
1.88 
l.12 
t...79 
t...95 
<.n 
5.98 
2.05 
1.72 
6.16 
5.7V 
1.51 
1.1!1 
1.11 

·" 1.5B 

·" l.35 

. " 
1.06 

.10 

1.17 
1.81 
2.04 
, .4l 

1.11 

·" I .l1 

.31 
1.4l 

.22 . ,, 

.71 

·" .ll 
• 17 
.21 
.lS 
.47 
.15 
• 21 

. " 
·" .52 

·" .,, 
.23 

·" ·" ·" ·" ·" 

t...01 
J.U 
2 .oa 
5.76 
2.04 
2.69 
2.51 
2.84 
3.45 
8.06 
2.ll 
5.81 
6.12 
4,48 
1.14 
1.22 

.71 
1.89 

'·'"' ·" J. 7J 
.22 

·" .20 
.87 

·" 1.24 
1.6l 

·" 1.0l 
1.9"5 

·" .95 

·" ·" .21 

·" .73 
.21 

·" ·" ·" ·" ·" .31 
.16 

·" .12 

·" .48 

·" ·" .11 
.05 
.07 

Xletll Bottles 

5.98 
3.1 I 
2. 19 

·" 2.00 
1.14 

. 7J 

·" ·" ·" 1.41 
1.'4 

·" ·" 1.50 
I.OJ 
1.45 
1,47 

. " 
2.29 

·" S.74 
• 76 

7.61 

·" ·" .JO 

·" ·" .57 

·" 1.4 7 
.lO 

1.47 
2.21 

·" .74 

·" l.t..o ... 
·" ·" 1.85 
.72 

1.11 
.26 

·" 1.21.. 

·" ·" ·" ].04 

·" ·" ·" 

XFrc:c: Rottlc:s. 

'·" ].3l 
1.26 

·" L6Z 

·" "' ·" .S• 

·" 1.27 
1.63 

·" ·" 1~69 

2,87 
1.lO 
1,6l 

.16 
1. 97 

·" 6.l2 

·" 8.59 

·" ·" ·" ·" ·" ·" ·" 1.l9 

·" l.l4 
2.~t.. 

·" ·" ... 
1.46 

.45 

·" ·" ·" .50 
1.19 

·" ·" 1.40 

.29 

·" ·" l .43 
.JO 
.7• 
.57 

--- --- -- ---------

XTotll c. Covc:r Xllrowsi~·Htw+<lld FB:TB ll:1tlo CC:TB lt•tlo 

l.02 
2.21 
l.11 

.80 
1.n 
1.32 
1.39 
1.20 

·" 
"'' 1.25 

·" ·" ·" 1,98. 
1.n 
2.24 

• 71 

·" 2.4l 

·" 3.61 ... 
J.68 

·" 1.93 

·" ·" 1.27 
.52 
.26 

1.t..4 

·" 1.37 
' .97 

1.t..1 

·" .35 
1.15 ... 
·" ·" ·"' ·" .52 

1.01 

. " 

.87 
1.25 

.16 
3.51 
2.57 

·" ·" ·" 

12-26 
5.18 
6.48 
t.,.61 
3.60 
J .55 
J.~9 

l· 41 
].25 
l.04 

'"" ?..'!I 
2.45 

2-'3 
2.27 
2. Z6 
1.6-0 
1.3l 
1. 12 
• 91 

·" ·" ... 
·" .n 

·" ·" .61 

·" .Sl 
.51 

·" ·" ·" "'' ·" .27 
.27 

·" .21 
.19 
.19 ... . ,, 
.16 
• 16 

. " 

.11 

·" .OJ 
.05 
.SS 

·" ·" .Cl 

I. ll 
1.07 

.S• 

.70 

·'' "'' ·" ... 
·" .99 

·" 1. ll 
1. ll 
1. 1l 
1.1l 
z. u 

.90 
1.11 
1.81 

·" ·" 1.10 

1. ll 
1.1l . 

.95 
1.1l 
1-.13 
1. ll 
.59 

1.1l 
.95 

·" 1.1l 
.91 

1.10 
1. ll 
1. ll 

• 7V 
1.8~ 

·" ·" .90 

.9J 

·" 1.07 
1.1l 
I. ll 
1.13 

·" 1.84 
1.13 
1.1l 
1.09 
I. IJ 
1.09 

.50 

.71 
1.42 

·" ·" 1. 16 
1.91 
1.74 
1.l7 

• 7J 

·" "'' l.81 
1.29 
_Ll2 

.97 
1.55 

·" .57 
1.06 

·" ·" 1.31 

·" 1. 34 
5.24 
1,65 

·" 2.52 

·" .67 

·" 1.50 

·" ·" l." .. , 
. " 
·" ·"' ·" 1.00 

·" 1.05 

·" l.94 
.SS 
.70 

1.8' 

·" ll.87 

·" I. 79 

·" • 76 



TAilLE 7.16(ii)UMIOtaZI """" '""" 
SPJlE OlHMY lkPORT.O.HCE, ,1,yAILA8lLITY AkO PAEfEREkCE INDICES (for Sphu with Rfru· Bottles >-0.25X) 

Q,\f,\ SORTEO BY x CQHIAl!IUT!OH lO TOTAL uooor DIET 

s~cles Size free Prtfertnc:e ,,.,., T<1tal Pref lndeir. Cover Prd lrdell. 

··········-······-··· ················-·· .............. ····--- -··-············ -··············· 
.o.cacl• !1rardtcorf"(.!ta ' e.oo o.oo B.00 

.O.cacla grandlcorf"(.!ta ' 0.00 o.oa o.oo 
Ac1cl1 tort!\ Is ] 0.00 0.0-0 o.oo 
Carissa blsplnosa 0.00 o.oo o.oo 
Euclea dlvtnorun o.oo o.oo 0 .oo 
Euc\ea dlvtnorun ] 0.00 0.00 o.oo 
Euc\ea r.iciemou o.oo o.oo o.oo 
Euclea raciemou 0.00 o.oo 0.00 

Euclu U"ldulata 0.00 o.oo o.oo 
Euclu U'ldulata o.oo 0.00 o.oo 
Euc\ea U'ldulata ' O.BO 0.00 o.oo 
Cre\olla flllV~SCen• ' o.oo o.oo 0.0-0 

HayterKJs senegatensh , o.oo 0.00 0.0-0 

Olea europa•a ' o.oo o.oo 0,0-0 

Olo c-uropaea ' o.oo o.oo o.oo 
Pyro•trh hystrlii: ' 0.00 o.oo o.ao 
Ah\111 penthtrl ~ o.oo o.oo 0.00 

Schott• brachyp<it•I• o.oo 0.00 0.00 

Tarchonanthus ca~orat\111 o.oo o.oo 0.00 

l I zypl1u' rrucronata o.oo O.OD a.oo 

Xlo(al BotTln XFree Bottles Xlotl\ C. Cover xarwstn;·llew+Old fB:h htto CC:ll Ratio 
................ -... ···-········ ·····-······· ··- --·-- ··-·· .. ---· -- ···------ ..... ··- ·-----· ...... 

·" ·" ·" o.oo 1.06 LOO 

·" 1.11 1.32 o.oo 1.13 1.34 
.J2 ·" ·" o.oo I. ll 1.61 

·" ·" . " 0.0-0 1.10 ·" 3.llo 3.22 1 .3lo 1.00 1 .02 ·" 1.87 2.1l 1.15 D.00 1.13 ·" ·" ·" ·" o.oo .87 1.s2 

·" ·" .57 0.01 1.1:5 1.lo3 
.Jl ·" ·" o.oo 1.01 ·" 1.19 1.3lo ·" 0.00 1. 12 .JO 

·" ·" ·" 0.00 1.1:5 1.07 

·" ·" ·" 0.00 1.13 ·" ·" ·" ·" o.oo ·" .87 

·" .54 . ·" o.oo 1.13 .69 

·" ·" .57 o.oo I. 13 1.72 

·" ·" ·" 0.00 I. 1:5 1.23 

·" ·" . " o.oo 1.13 ·" ?..63 2.96 ·" o.oo 1.13 .02 
1.37 1.55 i. 1e o.oo 1.13 .86 

·" ·" ·" D,00 1.13 t.03 



16 of the 23 preferred spizes were "Acacias" less than 4m. 

The most highly preferred spize in Umfolozi wasA.ni/otica-Size I (<Im). Size 2 A.nilotica's 

were preferred and Size 3 A.nilotica's were slightly preferred. This corroborates the finding of 

the Pilot study. As was mentioned earlier, this finding is particularly important when one comes 

to assess the likely effects of past habitat changes in Hluhluwe on black rhino. 

Similarly, as D.cinerea, A.karroo, A.borleae andA.tortilis got larger in Umfolozi they became 

less preferred food resources. 

The only size of A.nigrescens to be classed as preferred was size 1. 

Size class I (<Im) was also the most preferred size for four of the rarer "Acacia" species'

A.caffra, A.grandicornuta, A.robusta andA.senegal. 

Tue most preferred size for all but one of the twelve "Acacia" species in Umfolozi on which 

feeding was recorded was size class 1 (<Im). In tl1e case of the odd man out (A.luderitzii), this 

species was both rare and rejected, and the little amount of feeding recorded on it came from 

only three size class 3 (2-4m) individuals in one plot. 

Size 1 "Acacias" made up 25.83% of all black rhino woody plant browsing in Umfolozi. The 

comparable percentages for size classes 2,3 and 4 were 14.74%, 5.39% and 0.05% respectively. 

The pooled Free Preference Ratios for "Acacia" species were Size! :4.68 (***), Size2:2.30 (**), 

Size3:1.35 (*),and Size 4:0.08 (---).The differences in size class preferences were even more 

pronounced if one only looked at the important palatable "Acacia" species (Free Preference 

Indices: Sizel:6.58 (***), Size2:2.84 (***), Size3:2.21 (**),and Size4:0.00 (---) ). 
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Both the Pilot sUIVey and the Grid survey showed that the heavily defendedA.grandicornuta, A.luderitzii 

andA.nigrescens trees were rejected (with the exception of small A.nigrescens trees <lm). 

Size class 3 (2-4m) was the most preferred Mnemorosa spize. 

Although C.menyhartii was highly rejected as a species in Umfolozi, a slight preference was 

shown for C.menyhartii size 1 trees. 

HLUHLUWE 

In the Hluhluwe Study Area: 

Although "Acacia" spizes were still preferred in Hluhluwe (accounting for 9 of the 22 common 

preferred spizes), different patterns of "Acacia" spize selection were recorded in Hluhluwe 

compared to Umfulozi: 

o After pooling the data for all "Acacias", Hluhluwe showed a similar size 

preference ordering, although preference indices were generally lower than in 

Umfolozi (Sizel:2.48 ** Size2:1.73 * Size3:1.52 * Size4:0.00 ···). 

o In contrast to Umfolozi, size 1 trees (<lm) were the most preferred size for 

only A.karroa, A.robusta, D.cinerea and A.caffra out of the common 

11 Acacias11
• Only one size I "Acacia" in Hluhluwe (A.karroo/) was rated as 

highly preferred and contributed more than 0.25% of Free bottles (compared 

to 6 in Umfolozi). 
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o Size class 2 trees (l-2m) of A.ni/otica andA.gerrardii were the most preferred size 

in Hluhluwe. 

o Size 3 (2-4m) trees were the second most preferred size class for A.cajfra, 

A.nilotica and A.karroo. In Hluhluwe, these three species are commonly 

associated with tall grass, and it is suggested that the high levels of grass 

interference prevailing in Hlullluwe at the time may have forced the black 

rhinos to browse more on these taller and generally less preferred Acacia 

spizes (see Chapter 8). 

o The pooled "Acacia" data showed that in Hluhluwe, "Acacias" between I 

and 2m (size2) were the most important ( 15. 70% of all browsing). Taller size 

3 "Acacias" (2-4m) contributed about the same proportion of total browsing 

(9.12%) as size I's (8.95%). Thus inHluh1uwe, size I "Acacias" made up only 

about a third as much of the total woody diet as in Umfo!ozi, but size class 3 

"Acacias" made up about 70% more. Given the evidence presented in Chapter 

8, we feel that these differences between study areas were primarily related to 

the increased grass interference recorded in Hluhl uwe. 

o Many of the size 4 (>4m) spizes that were major contributors to total canopy 

cover in HluWuwe were not listed in Table 7.15, as they contributed less than 

0.25% of available Free bottles. The biggest single contributor to total canopy 

cover in HluWuwe was E.racemosa4, yet this spize contributed only 0.24% of 

Free available bottles. Similarly B.zeyheri4, A.nilotica4 andR.pentheri4 were 

also excluded from Table 7.15, yet they were the 4'", 9" and 11" most 

important contributors to total canopy cover respectively. 
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TABLE 7.17(i) 
HlUHtl.llJE 1989 CR 10 SURvt:Y 

$Pl2E IHP<lRTANCE, AVAILABTUTY AMO PREFRENCE INDICES BASED ON COUNT DATA P11ge 

(FO~ $PIZES \/IHI DENSITIES Of u S/Ha) 

Species 

Abutllon/Hibhcus spp. 
Acacle eaffr.11 
Ae&ci11 caffra 
Acacia caffra 
Acacia ger.-udif 
Ac&ci • ger.-udi f 
Aeacla k&L"roo 
A1a•cia k11rroo 
Ae11cla k&L"roo 

Ae11cfa karroo 
Acacia nllotlc.11 
Acacia nllatlca 
Acacia nilotlc• 
Acacia l'tilotlc.11 
Acacia r11b<.Jst11 
Acaela robusta 
Aciu;::la robust• 
Acalaypha sonderlana 
Ac11layplu1 sonded.1ma 
Acalyph.11 glab.-au 

Acdyph.11 glabnu 
Aealypha ghbr&U 
Bercheml11_ teyherl 
6e1"chenih teyhel'"I 
Bel'"ch~ia nyherl. 
lereh1:<11i• tayhel'"l 

Canthfua lne.-ine 
Ca.nth hn !noenne 
Cawarls t~nton 
Cassin. aethioplea 
Celtls afrkanq 
Celtis 11fric&n11 
Ch&et&o;hme a.-istata 

Clausen.a anint• 
Clutl• pulchell11 
Clutl• pulchella 
Clutla pulchella 

Coddi • rudi's 
tombr11tU11 1110lle 
Corrbretun molla 
to.-dfa eaffra 
tol'"dl ii ea ffl'"ll 
CDl'"di'a caffra 

Ct..nonia eap•msis 
O&lber9h armata 
011lber9!• obov&t• 
D•lber9I• obov•U 
Oal~rgia obovata 
Dlehrosucl\ys elneree 
Oichrostacl\ys cinern 
Oiel\l'"ostacl\ys elnerea 
Oiospyros lycioides 

Olospyros lyeloides 
Oiospyros lyeioidu 
Olospyros s!mil 

' I 
' ' . 

l 

l 

' 
' 

l 

I 

' 
I 

' 

l 

l 

.50 
1.13 
1.33 
] .3] 
Z.09 

14.64 ... 
1.26 
4.50 
o.oo 
1.25 
4.07 

·" 0.00 
l.07 
4.]5 
o.oo 
0.00 

D.00 
, .54 
5 .16 
5.13 
1.29 
z.n 
1.53 
o.oo 
D.aa 
0.0D 
D.OD 
o.oo 
Z.28 
a.Do 
o.oo 
1.00 

O.OD 

a.Do 
a.oo 
2.DJ 

·" a.DD 
a.oo 
a.oo 
0.00 
o.oo 
a.oo 
o.oo 
o.oo 
a.oo 
1.78 

'·" ... 
0.10 

.36 

·" ·" 

·" ·" 1.22 
l.Ol 

·" 1.63 
1.83 
2.24 
2.D3 
o.oo 
1.6] 
1.63 

·" o.oo 
, .42 

·" 0.00 
D.aD 
D.aD 
1.02 
6.10 
3.66 
2.24 
2.44 
1.a2 
D.oo 
D.oo 
0.00 

O.OD 
o.oo 

·" o.oo 
a.10 
a.Do 
0.00 
a.OD 
o.oo 
1.oz 

·" 1.00 
o.oo 
o.oo 

o.oo 
o.oo 
o.m1 
0.00 
0.00 

o.oo 
11.79 
l.66 

.41 
D.00 

.Si 

·" .61 

X Totd n Present Tree n Eaten/Ha Tree ., ?;-,.4ent/H11 

.41 

.54 

·" ·" • IO 
• t1 

2.08 
1.n 
.45 

·" 1.30 .. , 
·" .31 

·" .14 
• t1 
.37 
.11 
.66 

1.18 
.71 

1.73 
.90 

·" .37 
.13 

. " 

.09 

·" .36 
• 11 

.09 

·" ·" "' .09 
.so 

·" .07 

"' .44 

. " 

.09 

·" "'' ·" • t1 
6.62 

2.18 

·" 2.32 
z.zo 
.37 

1.60 

·" ·"' 1.65 
2.48 

·" 2.20 
2.1.8 
].OJ 

'·" o.oo 
2.20 
2.20 

·" O.OD 
1.9] 

·" o.oa 
D.DD 
a.Do 
1.38 
8.26 
4.96 
J.OJ 
J.]1 
1.]8 
o.oo 
o.oo 
0.00 
a.oo 
o.ao 
1.10 
ri.oo 
0.00 

.D.ao 
o.ao 
a.oo 
o.oo 

'1.38 

·" 0.00 

b.oo 
I.DO 
0.00 
0.00 
0.00 

o.aa 
o.ao 
o.oo 

15.98 
4.96 

·" O.DO 
1.10 

·" .8J 

:8.93 
l8. zz 
64,94 
:Z8.84 

6.89 
7 .85 

141.31 
125.21 
::;1.96 

17 .63 
91.74 
28.24 
3a.85 
l2.a4 
'!2.18 

9.92 
'f.41. 

(6.a3 
7 .71 

46.69 
Sl.61 
~0.41 

ll?..45 
<d.J6 
"7.11 
<::S.45 
9.5a 
9.92 
&.06 
L79 

~'S.21 

~'.16 
ii.20 
6.(7 

5.51 
~6.9] 

!..61 
3:i.(0 
rs.ro 
·:;.10 

~iJ.JO 

'.!IJ,99 

n .oz 
6.06 
6.20 

29 .75 
1r.08 
; .71 

~63.18 

l5t..27 
~2.42 

164.12 
161.29 
26.17 

11<:.88 
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TABLE 7.17 (ii) 
HtUHLWE 1959 CRIO SURVEY 

SPIZE T!'IPOJITAllCE, AVAllABILITY ANO PREFREHCE JliDICES BASED OH CCXJllf DATA P1151e 
CFO~ SPIZES Ill TH OEHSI TIES OF n 5/Ha) 

Speclu 

Ol~spyros si111il 
Blospyros slmil 
Oiospyros spp. 
OO<l'bey11 burges.s I ae 
O~ya b<Jrgess i ac 

O~ya ronrdifoll11 
Oorrbcya rotlrdl fol la 
Oovyalls C:affra 
Dovyal ls e:affre 
Ehret!• rlglda/l)ITll)e!'lll 
Ehreti• ri51fd41/....,1111111 
Eucle• erlspa 
Euclu e:rlspn 
Euc:tu dlvinorun 
Eucle1 dlvlnorU11 
Euc:lu dfvfnorU11 
Euelu d!Ylnorua 
Euctu rwiulmsis 
Euclea Nt•l-=nsis 
Euctu rae:emosa 
Euc:tu r1e:e<rosa 
Euelea rae:o:aios.1 
Euelu ru:emosa 
Forb spp; 
Fcirb spp. 
Calplnla transva•l lca 
Galpft'lla transyaatie:• 
Crcwh occidental h 
Heceropyxls n.au.ltnsls 
lleceropyxis Nt11lensis 
Hi ppobrarus paue I ft orus 
Hippobrorrus paue:iflorus 
l:raussla flor!b.roda 
l:raussh floribtn:f• 
r:rsussi• floribtn:f;:, 
tlpph jaYanica 
Lippla jaYat'lie:a 
Lippia jaYat'lh:a 
MaytlffiUS heteropliyl la 
J111ycenus heterophyt ta 

Jlayten.is ne<W:irosa 
Hayten.is ~rosa 
Ma}ttenus ~rcisa 

Jlityter«JS u11egatensls 
MayteA.Js Set'lcgalensis 
H;aytenus Ht'legalensis 
Helantl\us didyrna 
M<man[hotaich caffr11 
Hcir'l3nthcitaJtls caFfra 
PancoYfa gcitungensls 
PancoYia 510IU19ensls 
Phyllanthl1s retlculatus 
Phyl tanthus ret I cu\ 1 tus 
Plectronlella artn11t1 
Pl«tronietl11 arma[a 
Plei;; troni et I.a .,,...,ta 

She Mu:rberPrefereoc:elndell: X Tool n E11::110 

3 

1 

' 

3 

' 
' 

3 

·" o.oo 
o.oo 
4.81 
l.37 
o.ao 
o.oo 
0.00 
4.3S 
1. 19 
3.16 

.08 
0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
0.00 

.19 

·" o.oo 

"'' o.oo 
Z.1!8 
Z.13 
0.00 
o.oo 
0.00 
1.78 
3.68 
0.00 
0.00 
0.00 
0.00 

. " o.oo 
0.00 
o.oo 

1.t.o 
3.38 .... 
.18 

o.oo 
o.oo 
0.00 

.98 
o.oo 
o.oo 
o.ao 

.SS 
o.oo 

·" .SS 
1.04 

.81 
o.oo 
a.oo 

.61 

.81 
o.oo 
Q.00 
0.00 

-'1 
.41 
.41 
.zo 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 

·" ·" o.oo 
.zo 

o.oo 
.81 
.zo 

'·"" 0.00 
0.00 
LOZ 
1.ZZ 
0.80 
0.00 
0.00 
0.00 

·" 0.00 
o.oo 
o.oo 

.81 
1.22 

.81 

·" o.oo 
0.00 
o.oo 
.zo 

0.00 
0.00 
o.oo 

.zo 
o.oo 
.zo 
.zo 

·'' 

X Total t'I Present Tree t'I Eaten/Ha free n Present/Ha 

····--·········· ·········-······ 
.91 

. " .zo 

. " .z• 

.77 

.ll 

. " 

.09 

"' . " 
"" l.43 
1.11 

1.zo 
.48 

. " 

.15 

·" z.n 
Z.13 
l.Z4 

·" ·" ·" .Z8 
.10 
.09 
.zz 
.17 
.57 
.33 

Z.35 
1.6Z 

.38 
1.45 
3.31 
.zo 

·" • 15 
.58 
.36 
.zz 

l. 16 

·" .13 

·" ·" .09 

.08 

.09 

.37 

.zo 

.75 

"' .19 

1.10 
o.oo 
a.oo 

.83 
1.10 
o.oo 
o.oo 
o.oo 

.SS 

.SS 

.SS 
-Z8 

.o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 

.55 

·" .·0.00 
.Z8 

o.oo 
1.10 
.Z8 

o.oo 
o.oo 
o.oo 
1.38 
l.65 
0.00 
0.00 
o.oo 

'"'" .55 
o.ao 
o.oo 
o.oo 
1.10 
1.65 
1.10 
.Z8 

0.00 
o.ao 
0.00 

.Z8 
o.oo 
0.00 
o .oo 

.Z8 
o.oo 

.Z8 

.zs 

·" 

64.os 
tZ.95 
1t..1,6 
8.95 

17 .08 
54.68 
23.5S 
11.98 
6.61 

24.10 
9.09 

186.36 
101.38 
78.58 
S4.85 
3~.61 

11.Z9 
10.33' 
1". 74 

19Z.42 
150.69 
87.88 
53.n 
17.2Z 
6.20 

19.97 
6.75 
6.34 

15.84 
12. lZ 
4D.Z9 
z3.42 

165.et. 
114.74 
Z6.n 

102.75 
Z34.Z3 

!t..OS 
20.z5 
10. 74 
41.05 
2:5.48 
15.70 
8t .8Z 
58.54 
16.53 
5.51 

14.60 
6.47 
S.51 
6.ZO 

Z6.D3 
1t..05 
52.86 
26.17 
ll.77 



TABLE 7.17 (iii) 

llLUHLWE 1989 GR 10 SURV!:'I' 

SPl?E IHPORTAHCE, AVAllA9.ILJTY ANO PRffREllCE ll'IDICES BASED ON CCUHT DATA 

(f0R SPl2ES lllTH DEllSITIE$ Of u 5/Ha) 

s~dn She JI ..rrberPrefc.reni::e1odex X Total 

Pa,;o 3 

n '>•ten 

·-· -------·· ··- -----------····-· ·-· ·---- ----------···--- ----·-·------··· 
Rllofduus tridentata o.oo o.oo 
21\ .. lc.lssus tridentatt 0.00 0.9.0 

Rh.us diirlndensis. 9..00 o.oo 
Rhua pi!f"ltherl a.a.a o.oo 
Rllus pmtherl 2 . " .20 
lthus pmtherl ' .25 ·" Rtlus pmthtrl 0.00 o.oo 
Rllus reh1M1V1i4fl.a 9..00 o.oo 
Rhtn rehmami 11\.1 2 .70 .20 
Schotle brac.hypetalt o.oa o.oo 
Scll .. tfa. bnchypeul• 2 o.oo 0.00 
Scltrocaryl blrrc11 0.00 o.oo 
Scolopi1 ioyherf .73 ·" Scolopl1 uyhorl 1.71 .20 
Scutla l!)'rtim 1.DO 1.02 
Scutia lll"(rtlna o.oo 0.00 
Scutla sry.-tina o.oo o.oo 
Scutfa ""frtlna o.oo 0.00 
S.,sbanla sub.en o.oo o.oo 
Scsbarlla scsb.en o.oo 0.00 
Sfderoxylon lncnne' 0.00 o.oo 
Sideroxylon incnne 1.29 .20 
SolallUlll .23 ·" Solario..n .41 1.02 
Spi.-ostachr-i africona 2.84 5.69 
Spirost;icl\ys 1fric1na 9..57 10.n 
Spirosuchy:s ofricana 3 9.35 6.71 
s13i.-ost1chys ilfrlcana .,, .20 
Tarchornonthus c.Mphor1tu:s 0,00 o.oo 
Tarchonanthus c~oratw: 0.00 o.oo 
Unknown 15 0.00 o.oo 
Vcrnont1 slb.sllgcra 0.00 a.aa 
Zanthotylu. capensc 0.00 a.on 
2antllo!ylun c1pensc 1.5!1 .20 
?!typhus 111UCrM:lta 1. '2 .. , 
lityphus nucrCl\&U 3.11 ·" Z I typhus l!U'jrOl"\ilU 2.27 .20 

X Total n Present Treen Eaten/II .. Tree n Present/H .. .......... ---··· ····---·-------- ----------------
I .91 o.oo 135.19 
1.95 o.oo 137. 74 

.1> o.oo 10.47 

·" o.oo 65.84 
1.44 ·" 101.65 

·" .28 58. ll 
.22 o.oo 15.4J 

·" 0.0Q 5.51 

·" ·" 20.66 
.12 0.0D 8.54 
.08 . o.oo 5.l7 
.09 0.00 6.20 

·" ·" 39 .• 12 

. " .28 8.49. 
1.02 1.38 :.-1.97 

.52 0.00 16.50 

. " 0.00 9.9.9 
• 10 o.oo 7.16 
• 10 0.00 6.9.9 

·"" o.oo 6.20 
.2• 0.00 16.67 

. " .28 11.16 
2.60 ·" 1'&].]S 
2.49 1.38 1?'').90 
2.00 7. 71 l'ii.53 
1.26 14.60 fii!.84 
.n 9 .D9 5lL69 

·" .28 26.n 

·" o.oo 6.20 

·" O.!JO ~ .. 51 
.12 o.oo .'l.26 

1.26 D.tlO lW.39 

. " o.oo ii.n 

. " .28 \i.09 

·" .5> f'S.62 
.26 1.10 l~ .46 

·" .2• !..34 



I 
' ! 
! 
I 
' 

TABLE 7.18 (i) 
UHFOLOZI 1989 GlllO SlJllVfY 

Sl'IZE IHPOR.TANCE, AVAILABILITY ANS l'REFRENCI; INOICES BASl;Q ON COONT BAU, Page 

(FOii SPI21;S lllTN DENSITIES OF >• S/k11l 

SfM='C'ics 

Acacf11 borlcao 
Ac•ch borlcac 
1icacf11 caffra 
Acecia caffra 
Acacia gcrrardll 
,1,cacie gcrrardi I 
Acacia granc:ltcornuta 
Acacia gn1ndtcornuo 
,1,cach1 grandicornut11 

Acach grendlcornuu 
1icacl11 l:erroo 
Acad 11 hrroa 
Acach l:arr•• 
Acacia ll!«lcrlnll 
Ac•c:h lued<:rlnif 
Acacia nigrcscens 
A.each ni9ruccns 
Ac•cla nilotfca 
Acacia nflotlca 
,1,cacl11 rcbtnlta 
Acaci;i.sengol 
Ac•cia tor tit is 
Ac•c!. tortilla 
Acach1 tortll is 
Asperagus spp. 
.lsP8r•!JlK s~. 
Asperagus spp. 
Azim. tetr•caruh• 
Bosch albitrUl"ICa 
Br•chyloena t l icffol la 
8rochyla'1\I fl le tfol h 
Brachyla'1\I i l fcl fol fa 
Capparls tomentosa 
C1pparh tDIMflt•u 
Carias11 bfspfnosa 
Cassfne transvulensls 
Coddh n,dfs 
CoctbrttUI! eplcuLUU'll 
Cormilphora neglecta 
Croton 11\ef'rfh•rt 11 
Croton gienyharti I 
Croton 1M11yh11rz Ii 
Oi<:hrestachYs clnere11 
Biehreuachys clnerea 

Olchrestachya clneru 
Ehretia rfgida/amoena 
Ehrezi.a riglda/3m0en11 
Euclu divlna.....,, 
Et.ielee divlno.....,, 
Euclea dtvinan.n 
Eucl u racemosa 
Euclea racemosa 
Euclea t.rd,,,lata 
Euctea undul•ta 
Euclea <r'dulllt.I 

Sito tn..rr~rl'rofcrcncclndex X Tot.al n Encn 

3 

1 
-1 

' 
2 

3 

3 

2.67 
:1.26 
1.07 
5.67 

.98 

2. ll 
.22 

o.eo 
o.eo 
a.so 
1.21 
'-99 
6.12 
0.00 
1.40 ... 
.34 

1.14 
2.06 
1.2.7 
3.15 
2.57 
2..74 
e.oo 

·" .22 
.Z3 

·" ·" ·" .36 

-" 
.• 88 

1.68 
0.00 
3.16 

.78 
o.oo 
.• 41 

.37 

.09 

.34 

l.79 
2.70 
1.1!6 _,, 
1.45 

·" 0.00 
e.eo 
a.oo 

.19 
e.oo 
0.80 

.29 

2.07 
1.38 

.41 
1.52 
2.21 

.69 

.69 

0.88 

0.08 

8.80 

'-90 
2.76 
1.38 
o.oo 

·" 1.24 
.zo 

2.90 
.55 
.69 

1.24 
l.ll 

.97 
8.00 

2.07 
.28 

. " 
·" ·" .55 
.55 

. " 

.69 

·" o.oo 
.69 

·" o.oe 
.28 

·" .Z8 

·" 11.59 
A.28 

·" 2.48 

1.10 
.41 

0 .oo 
0.00 
o.oo 

. " 
8.00 

o.oo 
. " 

X Total n l'rcsent Treen Eaten/II• Treen Present/II• 

.n .. , 
·" .Z7 

2.26 .,, 
l.18 

·" .56 
.lO 

2.40 

·" .Zl 
.39 

·" 1.83 

·" 2.54 

.Z7 
-~4 

·" 1.29 

·" .24 
4.06 
1.ZJ 

.59 

.51 

.lO 
1.7, 
1.52 _,, 
.87 

·" ·" 
"' ·" .Zl 

·" 1.~8 

3.ZJ 
1.6l 
6.48 
1.58 

·" 4.59 
.76 

1.23 
1.27 

·" ·" ·" ·'' .50 

·" 

5.l5 
3.57 
1.07 
l.92 
5.78 
1.7a 
1.78 
8.08 
a.oo 
B.08 
7-.49 

·1. u 
3.57 
o.oo 
1.87 
l.21 

.71 
7.~9 
1.4l 
1.78 
3.21 
8.56 
2.50 
o.oo 
5.35 

.71 

.36 
1.07 

.71 
1.4l 
1.4l 

.36 
1.1a 
1.07 
o.oo 
1.78 
1.87 

0.00 

.71 
1.43 

.71 

1.4l 
29.95 
11.05 
1.43 
6.42 

2.85 
1.07 
e.eo 
0.08 

0.08 

·" o.eo 
o.oo 

.36 

19.61 
18.70 
9.80 

•.n 
57.22 
a.20 

aB.J9 
1a.n 
14.26 
7.49 

60.61 
2J .35 

~.70 
9.80 
7 .49 

46.l5 
20.68 
6'.l5 

•.n 
13.73 
9.98 

32.62 
8.91 
6.06 

102.67 
31.16 
14 .97 
12.83 
7.6Q 

44.BJ 
Ja.so 
6.06 

21.9J 
6.24 

11.23 
5.53 

14.97 
5.88 

16.9J 
37.43 
81.6' 
41.JS 

16J.99 
48.07 

7 .49 
116.04 
19.25 
ll.19 
32.26 
11.76 
24.42 
18.n 
ll.01 
lZ.66 

12.12 



TABLE 7.18 (ii) 
UH~OLOZI 1989 GltlO SURVEY 

SPIZE IHPOltTJ.llCE, AVA I LAS I LI TY AMO PREFREMCE HIO I c:s BJ.SEO OH CCXJIH OA TA page 
(FOR sPiZES vrrH OEHSITIES OF >• 5/Ha) 

S~des Size Hurbe rP re fercrv:o I nde11 X Total n eaten X Total n Present Tree n Eaten/Ila Tree n Present/Ha 

------··· ·---------------·····-·- --- ---- ------------···· ···-·····------- -------·-··--·-- ---------·····--
Grewia f\ava z.Lr 1.10 ·" Z.!5 11.59 

Grewia flava ' ·" ·" ·" .71 10.70 

Grewla occidental ls 1 .la .69 ·" 1.78 zz.za 
Grewia occldentalls 1.51 ·" ·" 1.07 6.95 

GrC\lla vlllosa ·" ·" .45 1.07 11.41 

llayt•mw l\eterophylta .-15 ·" 1.90 • 71 L!.1J 

Haytenus l\e,erophylla 0 .oo 0.00 ·" 0 .BO •.n 
Haytenus l'le.T10rosa ·" ·" ·" 1.07 1Z.48 

Maytenus ne.T!Orosa ·" . " .34 ·" 8.56 
M•vtenus nerooros• 3 Z.76 1.52 .55 3.9Z 1J.90 

H•ytenus sanegaten.sls a.no 0.00 .70 o.oo 17.llJ 

H•ytenus senegalensis o.oo a.oo ·" 0.00 5.SJ 
HelanthU:S dldyinei ·" . " 1.75 .• J6 1.1..11 

Orrrocarpun trlchocarp.m 1.az 1.10 """ z.as zr .1.5 

Pappia ca~is 1.60 .SS .JS 1.1.J -e.n 
pappla capensis 1.Z2 ·" ·" .71 5.70 

Plectroniella armau l.JS. .63 ·" 2.11. 15.15 

ptectronietla armau .47 . " .30 .36 ?.1.9 

Pleetronlella af"lllilt• .19 • 14 .73 .J6 1<!.51. 

Pyrostrla hys,rlx o.oo a.oo ·" o.oo 6.ZI. 

pyros,rh hystrl11 ·" . " ·" .J6 5.70 

RheicfssU:S rhtl<l'bidea ·" . " ·" .36 B.7J 
RhU' guelntl I 1 ·" • 14 ·" ·" ;,J1 

RhU$ goeinzfl 2 ·" . " .27 ·" ;,.n 
RhUS pentherl a.co o.oo .28 o.oo i'.15 

RhlK pen,t.eri ' ·" . " "' ·" Hl.J4 

schotia eapi,au ' Z.Zl .97 ·" Z.5B 11.05 

slda col"<:llfotia/rhonbifolf11 .66 1.10 1.66 2.85 4Z.07 

solanun .64 .SS ·" 1.43 21 .93 

spirosuehys afrtcana 1,ZL 5.10 · 4.1Z 15. J9 104.za 

spirostachys africana ' J.09 7.17 2.JZ lB.54 5!.8Z 

spirostachys afr!eana ' 3.40 5.9J 1.75 15.JJ l.L.Zl 

splro5'achys afrleana 1.17 .69 "' 1.7! 14.97 

yari::honant.hus ca«phor1,us ·" .41 1.06 1.07 Z7.4S 

T•r<=hONinthus c~orattK .91 .69 .76 1.7B 19.Z5 

Tarehorianthus cll!l'phoratus 0.00 o.oo ·" o.ao 10.70 

Zitypl'IUs llSJCronata .68 . " .20 ·" 5.17 



JMPORTANCE, PREFERENCE AND REJECTION INDICES BASED ON COUNT DATA 

Tables 7.17 and 7.18 present species preference and abnndance data calculated using connt data. Spize preference 

indices calculated using the binomial count data again produced indices than differed markedly from those 

calculated using browse bottle offtake and available Free bottles. 

The main deficiencies in the use of connt data were: 

1) that in terms of availability, all the trees were considered equally important, irrespective of 

tree size or the volume of browse available to black rhino; and 

2) that the amount removed per browsed tree was ignored and effectively treated as equal for all 

species and all sizes. 

For these reasons, the results based on browse bottle data are preferred over those obtained using simpler connt 

data. However, connt data are cheaper and easier to collect, and a number of researchers have used connt data in 

the past to study feeding. It was therefore worth nndertaking a comparison of the results obtained using both bottle 

and connt data. 

Small size 1 "Acacias" were rarely listed as preferred using the binomial data. The six key size 1 "Acacias" which 

contributed 23 .22 % of the woody diet but only 3. 49% of the available Free bottles were all rated as highly preferred 

using the bottle data. None of these six were rated as highly preferred using the count data. Three of these spizes 

(A.karrool, A.nilotical andA.gerrardiiJ) were not even rated as slightly preferred using the connt data, despite 

being the three most preferred common spizes in Umfolozi based on bottle data. These three spizes contributed 

I0.45% of the total woody browse offtake in Umfolozi but only 1.12% of tl1e Free available bottles. The same 

spizes made up 8.0 l % of the total nurri:Jer of trees eaten and 7 .20% of all the trees in the study area. 
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Taller size 2 and 3 spizes were often rated as more preferred using binomial data as a higher proportion of these 

less common trees were browsed. 

These differences between indices can be understood by summarising the data on the top 10 most important 

11Acacia11 species in Umfolozi: 

Size I trees were 4.44 times commoner than size 2's in the habitat. However, only 2.18 times 

more size l 's were eaten than size 2's. Therefore a higher proportion of the size2 top 10 

"Acacias" were browsed than size I's (15.4% of size! 's, 31.4% of size2's). In addition offtake 

levels were slightly higher per browsed tree on size 2 "Acacias" (2.3 bottles per tree on size I's 

and 2. 9 bottles per tree on size2's). 

Size l 's contributed almost 73% more to the diet than size class 2's. This was largely a function 

of the greater density of browsed size l 's. When size I "Acacias" were eaten, the average offtake 

per tree represented a larger proportion of the standing crop of available browse. 

Interestingly, the data indicated that more bottles were removed per tree on the more preferred ''Acacia" size I and 

2 spizes, than the less preferred ones. Thus habitat selection occurred at a hierarchy of scales. 

Browse offtake from the favoured A.borleae, A.senegal, A.gerrardii, A.nilotica and A. tortilis 

averaged 2.58 (size!) and 3.63 (size2) bottles per browsed tree. 

Mean offtake levels on the less preferredA.karroo, D.cinerea andA.caffea were lower (Size I: 

1.60 and Size 2: 2.78 bottles/browsed tree). 

Mean offtake levels were even less on the usually rejected A.luderitzii, A.grandicornuta and 

A.schweinfurthii, averaging only 1.17 bottles per browsed tree less than two metres. 
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Subtle differences in spize selection like this cannot be detected using the cruder count data. The above, emphasises 

tl1e need notjust to consider "Acacia" densities when assessing black rhino habitat, but also the size and species 

of 11Acacias11
• 

ll'A 10CH §ELIECTJION: IllllFIFERENICE§ BITTWEEN PLOT§ WITH (YE§) AND WITHOUll' lFEEDINIG (NO) 

Tables 7.19 through to 7.22 contrast the differences between spizes in plots with and without feeding. Plots with 

feeding have been termed YES plots and those without feeding NO plots. Tables 7.19 (Hluhluwe) and 7.20 

(Umfolozi) highlight differences in canopy cover while Tables 7 .21 (Hluhluwe) and 7 .22 (Umfolozi) present data 

on spize availability (bottles and densities), structure (%Canopy Cover : %Total Bottle Ratio's) and grass 

interference levels. Twice as many plots in Hluhluwe had no black rhino feeding in them than in Umfolozi (40.2% 

v 20.9%). 

In both reserves availability of preferred spizes was generally higher in YES plots, with correspondingly higher 

densities of rejected spizes normally occurring in NO plots. This finding was reflected in the lower Free Preference 

Indices for many spizes when calculated using only YES plot data. This indicates that black rhinos are selecting 

for patches at a broad scale, choosing to concentrate tlteir feeding in better quality patches. This was particularly 

marked in Hluhluwe. 

Of the six common spizes in Hluhluwe that were rated as highly preferred(***) using data for ALL plots (Table 

7.15) none were rated as highly preferred(***), one as preferred(**), three as slightly preferred(*) and two as 

intermediate ( ) using only YES plot data. 
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TABLE 7.19 pl 
lllU!llt.r.IE CJtfQ STllD'f AREA : SPIZE CAlloP'f COVER CCHPAAISOl(S BETVEEll Tl!E 55.ax OF PLOTS ~ITll 

fEEDlllC ('(ES) AND Tiie 4~.zx OF PLOTS l.'IJll 110 FEEDING (110) 

Size coverXYES coverXHO Totr::Pts/NaYES TotCPts/HaM"O 

>.butftQll/Nlbiscu~ spp. 
..&.butitQll/llibiscus spp. 
Abutilon/lliblscU$ spp. 
Ac•eh burl:d 
>.e•el• burled 
Ac•eh burkei 
>.each c11ffra 

Acaeia caffra 
ACKI• cllflra 
,I.each catfra 

Ae•cla gcrrardli 
Acacia gcrrardil 
Acaeh gerrardl I 
Ac11ch gcrrardl I 
,1.eada gra~icorJWJU 
Ac•ela 9rat"ldlcorJWJta 
Aqid11 gr11ndicorrw.it11 

Ac•ch l:arroa 
Acach k'rroo 
Ac•cfa k11rroo 
Aeacia k•rroo 
Ac•eh nilotica 
Acach nltotlca 
Ac,ch nllotlca 
Acaeia nltotica 
Acac:l11 robust• 
Acach robvsta 
Aeada robust• 
Acacia robusta 

Aeacia sehwcintvrthif/1taxaeimtha 
Acacia schwcinfurth I f/1taxacantha 

A.eat ayPh1 sondcriana 
AcalayPha s~rflna 

AcalayPh11 sonderi•rw 
AcalyPha 11l11brau 

Ac11lyPh1 11tabrar1 

AeatyPl·u1 gl1brua 

Ae1lyPha lll•brn• 
Adel'IOpOdla sple,u 

AdU'Op()dl• spiean 
A~la &pie1ta 
Adenopodta splc:ata 

At&e Nrlothil 
Asc:leplu 1rutteou 
up.11ragus 1pp. 
Asparagus 1pp. 

ASp!l/'l!ilUS SpP. 

AziN tetrae11ntha 
AtiN tetr1c:1nthe 
Aziina tl!trac•nth• 
acrche .. it1 zcyherf 
serc:he-mi• zeyherl 

serch"111 • zeyherl 
Berch11111i a ttyheri 

8erquurtiodel'ldron Nt,leose 

z 
J 

J 

2 

J 

J 

' 1 
z 

J 

1 
z 
J 

' J 

J 

.n 
·" .07 
.04 

.7< 

·" 1.97 
4.oa 

.26 

·" 
. " 
.07 

·" .07 

·" 1.60 
2.46 
3.23 
1.53 
1.n ... 
3.24 
2.51 

·" ·" .16 
i?.27 

·" ·" .07 

.76 

·" ·" 1.85 
l.Sl 

·" ·" 

·" .04 

.03 _,, 
.01 

.01 
.17 
.as 

1.89 
.09 
.01 
.01 

.01 

.01 

·" 1.05 
1.DO 

1."I .,, 
·" 2.95 

3.19 

. " 
·" .04 

. " 

.01 

.16 

·" .32 
.59 
.69 

.OJ 

.01 

.19 

.27 

.01 

.07 

.01 

.01 

·" .59 

3.15 
4.12 

.01 

38.32 
25 .23 

3.74 
1.87 

38.94 
31.78 

103.74 
214.64 

14.95 
9.35 
7.48 
3. 74 
1.87 

3.74 
1.87 

84. 11 
129.60 
170.09 
8D.37 
90.6S 
J5.S1 

170.40 
132 .09 
33.64 
14.95 
9.35 

119.61 
1.87 
1.87 
3.74 

'-0.lll 
13.08 
JS.51 
97.20 

ta5.67 
1.87 
1.a7 

1.87 
128.04 

1.87 
1.87 

1.87 
II.JS 
9.JS 
1.87 

82 .24 
52.3(,, 

234.58 
220 .25 

1.a1 

z.n 
26.53 

1.36 

1.36 
17.69 
l9.12 

114.06 
9.52 
1.36 
1.36 

1.J6 

1.36 

9S.92 
109.52 
10{.54 
154.65 

40.82 
24.49 

39.tl.39 
332 .65 

14.97 
4.08 
4 .08. 

"·"' 1.)6 

17 .01 
46.71 
JJ.31 
61.66 
72.11 

>.n 
1.J6 

19.7J 
28.J4 

1.36 

6.8.0 
1.J6 
1.)6 

7"1 .. 11 
61.22 

329.02 
4JO.l9 

l.J6 

CC:TBYES 

·'' 2.45 
3.05 
o.oo 
o.oo 

·" .70 
.66 

1.57 
.08 

1.22 
10.17 
1.22 

·" 
·" 1.47 
.70 

1.44 
11.8.Z 

1.14 
.n 

8.53 
37.17 

2.45 
1.07 

.99 
244.08 

1.22 
3.05 
1.11 

·" ·" .84 

-'' 
·" 3.81 

6.10 

o.oo 
6.97 

2.46 
6.10 

3.85 

·" .15 

·" 1.07 

. " 
4.21 

2a.5J 
6.10 

CC!lBNO 

.OS 

. " 
·" 

o.ao 
.JJ 

-" .56 
1.82 _,, _,, 
o.oo 

.67 

.59 

·" 1.24 
7.76 

.66 

.57 
11.91 

101.BO 
1.(,,9 

.67 

.69 
n.'-9 
a.33 

2 .89 
7 .Z4 

·"' .56 
.so .. , 
-" l.04 

0.00 
o.ao 

1.19 

·" 2.oa 

.59 

.so 
J.66 

24 .17 
3.33 



TABLE 7.19 p2 

HlUlllWf GR IC STUDY ARE>. : SPf Z£ LJ.llOPY COVER Cet!PAR I SONS !£Tl.tffll TN£ 5S .!IX OF PlOTS VI Tll 

FEEDING (YES) AND HIE 44.<!X OF PLOTS VJrlf NO FEEDING (110) 

Site Cover%l£S CqverXHO TotCPts/HdES TotCPts/HaHO 

B:e~ertlodcni:i:l"oo n.talensc 
8ers11oq luccns. 
Bcrs11oq lucens 

B:ersam. lucens 
Cantt1iua inenne 
CanthiU11 lncrme 
Canth[un lru.rlhe 

Canttdun lncrme 
CanU1 iun spp. 
C•PP11rls scpiaria 
CaPP11rls seplarl• 
C•pp.ris tornc-nto:u 
Cappa!" ls t00>entosa 
Capparls t00>entou 
Cusinc acthlopica 
Cuslne aeth[opica 

Cassinc- aethlopie• 
Cus lne aett1 i epic• 
C.1ssinc tnn:tv••lcnsis 

Celtla .tdu.oa 
Ccltls afdcaN 
Cclth dricaN 
Cel tls afdcana 
Chactacturie 11u·lstata 
Chachochme •risut• 
Cl'llct•cllme •rlshta 
Ctu1ct•chmt •rht•t• 

Chr,,....,luen.i. Qdonta 
ChrCS110l•cna Qdorata 

Chrcmolaena octorau 
ChrcmolacNI odorata 
Cl1use-ru1 aniut.11 
CleuscN anisata 
Clawerni anisau 

Clutia pulchctla 
Clutla pulche\ta 
Clutl:;a pulehel la 
Coddh1 rudfs 
Coddla rudis 
Cola 9reen11uyi 

Cola 9reem1aYI 
Corrbre1un inotle 
Corrbretua molle.. 
Corrbretun ioolle 

Corrbretun motle 
Corrmiphon harveyi 
Cordh caHra 

Cerdia eaffra 
Cordia caftra 
cordL1 e:ittra 
Crotolarla capensis 
Craton sylvaticus 
Crucon 1yh1a t icus 

Crotoo sylvatleus 
C.rlOOh capens Is 
Cu.ssonia spp. 

] 

1 

2 

' 

] 

' ' ] 

4 

' ' 

2 

' 

] 

.04 

.04 

. " 
·" .21 
.04 
.04 

.04 

. " 
.04 

.04 

.04 

.04 

-'' 
.04 

-" 
·" ·" .04 
.07 
.04 
.04 

_,, 
.07 

1.22 
.04 

.o4 

.04 

.46 

-" ·" 
.04 

·" .14 

-" 2.26 

·" .50 
.57 

-" 
.or 
. " 
·" .07 

.07 

.08 . ,, 
·" .OS 

·" -" 
.Ol 
.01 
.01 
.07 
.01 . ,. 
.Sl 

. " 
.OS 

.39 

·" .04 

·" . " 
-" -" 
.08 
.01 
.01 

·" .so 
.54 _,, 
.01 
.01 
.07 

·" .04 
.Ol 
.08 
.04 
.44 

·" .• 3S 

·" -" 
·" 
.07 

·" .16 

1.87 
1.87 

9.35 
11.21 
11.21 
1.87 
1.e:1 
1.87 

9.35 
1.87 

1.87 
1.87 

1.a1 
31!..94 
t.a7 

22.4] 
5.61 

13.0I!. 
1.87 
], 74 
1.1!.7 
1.1!.7 

1.87 
]. 74 

64.17 
1.1!.7 

1.87 

1.a7 
25 .23 
11.21 
22.,3 

1.1!.7 
13.oa 
7.,8 

]2.71 
1 IB:.69 

28.56 
26.17 
29.91 
g.95 

].74 
5.61 
3.74 
3.7, 

'·" 8.16 
1%.24 
9.52 
5.(.4 

2.n 
1.16 
2.n 
1.16 
1.36 
6,80 
6.80 

17.01 
SS .10 

16.3] 
5.4' 

41 .04 

9.52 
4.08 
t .16 

18.]7 

2.n 
1.]6 

8.16 
1.36 
1.36 
1.36 

51.70 
56.69 
2]. \] 

1.36 
1.16 
6,80 
.1;.08 

4.oe: 
2.72 
a.16 
4 .08 

45.58 
.1;8.]0 

36.73 
.l;0.14 

1.36 
1.]6 

6.80 
1.]6 

17.01 

CC:TSYES 

1.53 
1.26 

·" 2.54 
30.Sl 
6.10 

4.01 

l.05 

1.22 

·" ·" ]5 .]1 

.9' 
4.19 
2.29 

11.M 
o.oo 
2.03 
.24 

t.91 

12 .71 
.sa 

2 .as 
].05 

t.02 

·" S.15 

6. 'S' 

-" 

-" , .01 
1. 16 
2.62 

2].63 

2.94 
1.4, 
2.0S 

122.0' 

i; .69 
1.4S 
1.27 

·" 

CC:TSllO 

1.16 
1.35 
1.16 
.so 
.28 

2.6'-
1.39 
1.67 

·" 1.39 
1.10 

·" 5.78 
9.92 

2.]7 

·" 
o.oo 
1.10 

·" .8] 

12.,9 

-" 
.17 

1.35 
~ .16 
1.67 
.]] 

.99 
Z.31!. 

·" .l;.16 

.8] 

1.49 

-" 
.56 

!i .55 
3.S7 
2.27 
1.58 

.oo 
1. 71 

20 .~7 

·" 1.67 

-" 4.16 
o.oo 



TABLE 7.19 p3 

HlUNtWE GRID STtmY AREA : SPIZE CANOPY COVER Co,o.iPA.R!SOllS QETUfEN TNE SS.BX Of PLOTS l.llTH 

fEEOINC (YES) .UIO THE 44.2X Of PLOTS lo'lrll NO fEEO!HG (NO) 

size CavcrXTES CavcrnlO rotCPts/HaYES TotCPu/llaNO 

t1alber9ia t1rn>ata 

Qalbergl• •nnata 
Qalbergia armata 

Balber9ia &rmata 
Dalbergh obovtta 
Oalbergit abovata 
Oatbergia obovata 
Oalb.er9it1 obovah 
Olchr&stachr.s c:inerea 
Oichrasuchys c!r111~rn 

Okhrosuchys c:inerea 
Oichrasuchr.s clnerea 
Diospyras lydoides 
olospyras lyclaides 

olaspyros tyc:ioldes 
olospyras lycioldes 
QI ospyros s 111.i I 
Olospyros sf111il 
oiaspyr.:is si111il 
Oiospyros sl111ii 
Olospyros spp. 
O I ospyros spp. 
o lospyras spp. 
Olospyros spp. 
Oiospyras ..tiyte•na 
Boobeya bJrges.slae 
Bcxrbcya bJrgusiae 
C""*>c-y• buq1c5s i ac 

Ootrbeyll rotundifotla 
Oottbo,ya rotundi fol la 
Ocxrbcy~ roti.r>dlfotia 
Ooobeya roti.r.difolia 
Oaryalls 1:.ffra 
Oovyalfs caffra 
OQvyal is uffra 
Oovyalis eaffr11 
Ehretia rtgida;/&100ena 
Ehretia rlgida/amoen;1 
Ehreth ri<1fda/emoena 
Erythroitylun c:ma.rglnatun 

erythroityli.m ""'8r9inatU11 
Euelea crisp:i 
Euele• crisp:i 
Euc:lea erhp:i 
Euc:lea divinorun 
euelea dlvtnorUll 
Euctea divfnorun 
Euc:lea divinorun 
Euclea natalensis 
Euclea naalensls 
Euc:lea natalensis 
Euc:lea racef!!Osa 
Euc:lu racef!!Osa 
Euc:lea racef!IOSll 
euclea raeemosa 
Eugenia nataltla 

1 
2 

4 

1 
2 
3 

1 
2 

1 
2 
3 

1 

2 

2 

.04 

.07 

·" .62 
.07 

5.95 
3.51. 
1..1.6 

.18 
f .47 
2.86 
2.06-

.11 
1.26 
1.85 
1.01 

. " 
·" .07 
.04 

.04 

.04 

.11 
1.03 

·" .53 
.36 
.18 

.14 

.11 

.28 

.44 

.36 

.14 

.04 

l .J5 
1.05 

.04 
1.07 
2.91 
1..10 
2.39 

.11 

.21 

·" 2.Ql 

2.82 
6.72: 
8.69 

.07 

.03 
.01 

.ea 

.13 

.08 

.31 

·" · 2.3o 

.97 
2.60 

.08 

.n 
1.63 

.64 

.16 

.35 

·" .44 

.14 

.01 

·" ·" .07 
.29 

·" .13 
.01 

. " 

.08 

.12 

.10 

.08 

.18 

.01 

·" .n 
.84 
.01 
.42 

·" 2.10 
.86 

·" .07 
.20 

1.23 
1.26 
5 .J8 
6.41 

.03 

1.87 
3.74 

13.06 
32. 71 
3.7, 

313.06 
165.98 
235 .51 

9 .JS 
77.57 

151.40 
108.10 

5.61 
67.19 
97 .20 
53.27 

9.35 
3.71. 
3. 74 
1.87 
1.87 
1.87 
5 .61 

54.21 
13.0H 
28.04 
18.69 
9,35 

7.46 
5 .61 

H,95 
25.36 
18.69 
7.48 
1.87 

71.03 
55.14 

1.87 
56.07 

152.96 
215.58 
125.U. 

5.61 
11.21 
25 .23 

105.61 
148.29 
353.2.7 
457.32. 

3. 71. 

2.n 
1.36 
6.16 

13.61 
6.16 

32.1.3 
'1.04 

240. 14 
101.36 
271.43 

6.16 
7S.51 

17D.52 
87.98 
17 .B1 
36.n 
57.82 
45.58 

14.97 
l.J6 

4.08 
39.23 
6.HO 

29.93 
24.49 
13.61 
1.36 

13.61 
8. 16 

12.2' 

1tl.8.8 
8. 16 

18.37 
1.36 
1.36 

80.27 
87.76 

1.36 
43.54 
n.11 

2.19,50 
89,80 

6.16 
6.80 

21 .09 
127 .89 
131 .29 
561.22 
669. 16 

2.n 

CC:TBYES 

6.10 

·" 
1.31 
1.96 
2.03 

.98 

.70 
4.43 
0.00 

·" .51 
2.31 
0.00 

.99 
1.60 
J.31. 

12. 71 
2.03 
1. 74 
l.53 
• 76 

3.05 
.7> 

1.10 
1.57 

1.02 
.53 

2.93 

.94 

.56 
2.00 

23.84 
1.21 

·"' 
·" 

·" .61 
30.51 

1.29 

·" 2.54 
51.36 

'·" 1.02 
7.92 
2.07 
1.23 
5.98 

28.1.9 
l.16 

CC:TBNO 

·" .59 
O.QO 

f .12 

·" l.96 
3.69 

.60 

.29 
4.1.0 
o.oo 

·" .50 
2.96 
0.00 

.62 

·" 1.99 

.69 

.56 

.24 

.69 

·" .47 

.36 

.92 
1.67 
1.16 

.54 

.61 

.n 

.26 
2.34 
3.33 
2.08 

.41 

.24 

.28 
1.39 

.62 
4.tl5 

12.l.9 

·" ·" 1.n 
1.33 

.61 
4.65 

35.61 
2.22 



TABLE 7.19 p4 

HLUHlUVE Cl!:IO STUOY ARC.A: $Pl2f CANOPY COVEii COMPAlllSONS. 8£f\/ffll THE S5.6:x; Of PLOTS \llfll 

fEEOHIC (YES) AHO THE t.t..2.X Of PLOTS \llTH NO FffOINC (NO) 

Eugenia natdtia 

Ficus 11luoosa 
fi= spp. 
ficus sur 
FI c:us sycomarus 

Forb spp. 
Forb spp. 
calpinia traruivaa\ica 

Calpinia transvaaliea 
Calpinia traNv.allca 
Galpinla transva1dlca 
CeraniU11 spp. 
Grevia caftra 
Crewh c:affra 
Crewh fl:iivesc:ens 
Cr111wf1 oi:cldenialis 
Crewia ox:c:idttiEalls 
Cr~ia ac:c:ldenialls 
Narpephylhn eaffr1,111 
N111teropyxh nata\ensls 
lleterQPY~ls f1.lltalensis 
lleteropyxh MU\ens.is 
ll111terQpyXls nataliensis 
Nlppobronus poueiflorus 
HippobrMIUs p.:iucifloru!I. 

NlppobrO«Us p.auclflorvs 
Nippobn:mn pauc:iFlnrus 
lndigafera Mtalel'\S.is/cyl ingorica 
lndlgofera n11talens t s/cyl ingor tea 
ICraussla t\orlbunda 
Kraussh florlbo...nda 
ICraussla floribo...nda 

ICraussta 1lorlbunda 
Uppfa Javanica 

llppla Javanlca 
ltppla javanica 
lyclua acvtl fol h.m 
Hanilkara concolor 

Marii l kara coocolor 
Hanttkar• dlscolor 
Hanllkara dlscolar 
He.yt~ heterophyl la 
Haytenvs heterophyl la 

Haytenvs heterophyl La 
Haytcnws heurophyl La 

llaytenvs n'"'°ro,,a 

Haytenus "'"'°ros• 
Hayt~ ~rosa 

Hayt111nvs rwinorosa 
Haytenus sene!]aLensis 
Haytenvs s111n111!;11l•msis 
/'laytenvs sen111gaL111n5i5 
Haytenus 5"""'!ialensh 
fo!elan,hus dldyms 
Hooanthotaxis caffra 
Hom111thotuh eaffra 

Siu CoverX\'ES Coverl'.J.10 rotCPts/NaYEs. 

,2 
·2 

' ' 

J 

2 
J 

·" 
·" • 21 

·°' . " 
. " .so 

·" .01 

·" -'' 
.07 
.07 
.07 
.07 

-'' 
.21 

. " 

.07 
1.04 

.60 

.69 

·" ·" .07 
1.74 
1.81 
1.58 
.11 
.64 

J.27 
1.70 

·" 

-'' 
.J2 

·" . " 
.71 

1.01 
2.59 
1.22 
1.08 
1.84 
1.60 

·" .11 
.07 

·" 

.01 

.OJ 

.01 

.OJ 

.10 

.2J 

.OJ 

.07 

.OJ 

.16 

.05 

·" ·" .01 
.22 
.JS 
.os 
.08 
.01 

.96 

.n 

.80 

.01 

.51 
1 .J2 
.20 
.01 

·" ·" 
.16 
.12 
.07 

·°' 
.16 

·" .20 
.9J 

·" ·" ·" .51 

.03 

·" .05 

1.87 

1.87 
11. 21 
1.87 
9.J5 
9.J5 

26.17 
16.82 
J.74 

2J.J6 
25.ZJ 

J. 74 
J.74 
J.74 
J.7t. 

2J.J6 

11. 21 
9.J5 
J.74 

54.52 
Jl.78 
J6.t.5 

1.87 
1.87 
J.74 

91.59 
95.JJ 
SJ.18 
5.61 
JJ.~ 

171.96 
89 .41 

1.87 

2J.J6 

16,82 
20.56 
5.61 

37 .Ja 
5J.Z7 

IJ6.45 
~.17 

57 .01 
96.88 
61..11 

1.87 
5.61 
J.74 
1.87 

1 .J6 
2.72 

6.80 
2.n 

10.8.!l 
23.81 

2.n 

6.80 
2.n 

17.01 
5.t.4 

29.25 
J5 .J7 

1.J6 
ZJ. lJ 
J6.S! 
8.16 
8.16 
1.J6 

100.00 
75.51 
SJ.67 

1.J6 
53.74 

1J8. JO 
20.41 

1.J6 
t..08 
t..08 

11.01· 
12.24 
6.80 
4.08 

18.J7 
24.t.9 
Z0.41 
97 .28 
54.42 
47.62 
JS.J7 
5J.74 

2.72 

8. 16 
5.t.t. 

CC:TBYf!; 

J.81 

.74 
1.14 

·" ·" 1.1J 
1.11 

·" .64 
11.92 

·" 
1.45 

-'' 
2.44 
1.11 

2J.84 

.51 

.In 
2.18 

74.16 

·" 1.21 

o.oo 
12.71 

1.74 
1.09 

·" 1. 29 
1.91 

·" ... 
1.76 
6.10 

1.49 

.61 

·" ... 
l.4J 
1.04 
Z.42 

65.47 
1.16 
.75 

1.44 
J.05 
7 .JB 
z.oJ 

.10 

CC:rBllO 

.JJ 

·" 

1.19 
.9J 

·" 5.60 

.67 

·" .64 

o.oo 
.JS 

1.18 
2.0t. 

'·" .... 
2.06 
1.61 

16.65 
2.19 

.64 .. , 
1.45 
4.16 ... 
·" .'7 
.JJ 

2.00 
J.57 

0.00 
:11 
·" ·" 56 .21 

1.09 
.62 

1.69 
5.t.6 

·" .20 
.94 

.70 

·" ·" 



TABLE 7.19 p5 

HLUHlt.NE CRIO STUOT AREA: SPIZE CAffOP\' COVER CC»4PAR!SONS BETllEfff lHE 55.BX Of PLOTS \llTH 
FEEDING CYfS) AllO THE 41;.ZX OF PLOTS UITH NO FEEDING (NO) 

She C8vcrXYES CovcrXllO htC:Pts/HllYE'i TatC:Pt$/NaHO 

Honanthouid$ caffn, 
Ochn.1 o.talltla 
Ochna naulttla 

Orkla bachlNU'IOf I 

Or-Ida bachrNHV'll t 
Onnoc11rpu11 trichoclltpu!I 
Ollroa englcrl 
Pancovla golUl'lgeNts 
Panc:ovla go(Ul'lgttisls 
Pancavil go!Ul'lgcf'lsfs 
Pappla caperists 
Pappla cape'1sis 
Peltopharun afrh:anun 
Pcltop'larl..lll afrlca""-'l! 
Peltophon..m llfrica1U11 
Pel top'lanm afr h:iml.111 
Phyllanth~ retio;;ullltllS 
Phyll1H1thus ruleuletus 
Phyllanthus retlculatus 
Plectrot\tel le trin;Jta 
Plectronlclla •nr..ta 
Plectranlelta llrniata 
Pteo;;tronielll ar11111ta 

Ps~hatri• capmsis 
Rhoidssus rhalfbidea 
llhlllcissus toincncosa 
11hoiclssus tom•:ritasa 
Rhoicissus tr-identata 
Rhaiclssus tridcmtata 
Rhofctssus trident.au 
11hus chi rlndens Is 
Rhus chi ril'ldensis 
Rhus chlrll'ldensis 
Rhus o;;h i rindens 1 s 
Rhus guetnt tl 
Rhus gudntil 

Rhus ~therl 
Rhus poentheri 

Rhus poenthert 
Rhus penthar-i 
Rhus rehmafV'li an.a 
Rhus rehmanni an.a 
Rhus rehmanniana 
Rhus spp. 
Rhus spp. 
Sc hot I a brachypeu la 
schoth brach~tata 
schotla brao;;h~cala 
so;;hotle brachypenla 

scleroo;;arya birrea 
sclencarya blrrea 
SCll!rocarya blrrea 
scll!roo;;arya birrea 
scolop!a zeyherl 
sco\apta zeytieri 
So;;alapia Zeyheri 

' , 
' 
1 

' 

1 , 
' 

' ' 

' 

, 
' 

·" .07 

.04 

.07 

. ,, 
.04 

·" . ,, 
.07 

.44 

·" .04 
.ZI 

·" ·" 1. to 

·" ·" ·" ·" ·" 1..21 
z.n 

·" .07 

·" . " .07 

·" .99 
Z.7Z 
7.05 
1.96 

. " 
·" ·" . " 
·'' . ,, 
. " 
.04 

·" .Q4 
.04 
.04 

-4.21 

·" ·" .04 

~Ot 

.01 

.01 

.01 

.01 

·" ·" ·" .01 

.01 

.01 

.27 

• 16 

·" .04 

·" ;·14 

·" .08 

.60 

.79 

.01 

·"' .10 

·" 
.01 

·" ·" 3.50 
2.25 

·" ·" .01 

.08 

.09 

·" .01 
1.03 

·°' 
·" . " 
·" ·" ·" ·" 

1.87 
l. 74 

t.87 

1.87 
38.9' 
5.6t 
3.74 

23.36 
20.56 

1.H7 
lt . .21 
41.12 
16.82 
57.6l 
i1.10 

1.87 
1.87 
1.87 

11. 21 
63.55 

1-45 .-48 
1t. 21 
3. 7t. 

11.21 
5.6t 
3.7-4 

t .87 
5.2.34 

142.99 
310.n 
103.12 

5 .61 
11;.95 
18.69 
7 .48 
3. 74 
5.61 
7.t;B 

1.87 
36.45 

l.87 
1.87 
1.87 

221.50 
l8.69 
lt.2t 

, .87 

1.36 
1.36 

1.36 
1.36 
1-36 
1.36 
t..08 
z.n 
1.36 

l.36 
1.36 

28.34 

16.33 
21.n 

4.08 
34.69 
14.97 
40.8.2 
8.16 

6.2.59 
82.31 

1.36 
6.130 

10.88 
z.n 

1.36 

''·9Q 
97.28 

364.85 
234.69 

z.n 
23.13 
1.36 

8.16 
9.52 
z.n 
1.36 

101:03 
5 .44 
9.52 

14.97 
29. 71 
38.78 

'·" 5.44 

C'::THYES 

1.2.71 
1.74 

3.o5 

l.05 

·" 
12.71 
0.00 
.'7 

·" 
63.56 

'·" 
·" 1.n 

1.55 

·" 2.78 
t3.41 

·" t.02 
2.54 
3.98 

·" ·" 7.0t. 
2.4fo 

.96 
6.5t. 

·" 
o.oo 
1.96 

.10 
Z.59 

11.53 
1.14 

·" 1.31; 
t.60 

.23 
2.03 

.51 
2.5t. 
o.oo 
1..22 

·" 5.08 
9D.l8 

z.01 
1.11 
t.39 

CC:THNO 

t .39 
1.39 

.2.78 
2.08 
3.l3 

·" 1.67 
.24 

·" 
J.33 

·" 3.61 

1 .OD 

·" 1.0-4 
.n 

·" ... 
'·" 

·" .31 
2.08 
6.9-4 

·" 3.33 

3.33 

.79 

·" Z.Z9 
I0.97 

.67 

·" ·" 
.41 
.63 

·" ·" 18 • .20 
.31 
.21 

'·" 25.97 
1.96 

·" . " 



TABLE 7.19 p6 

l!LUHllAIC Glt!O sru:rr AREA : SPUE CANOPY COVER CC»4PARISOKS BElVEEN THE ss.ax Of PLOTS WITN 

fEEOING (YES) AND THE ~~.2X Of PLOTS V!TH NO FEEDING (NO) 

Site CoverXYES coverXHO TotCPts/HaTES TotCPts/HallO 

Scuth lll'(rtina 
Scutia lll)'Ttirui 
Scucia lll'(rtina 
scucla 111yrtina 
Sesbanil suban 
Sesbanla sesban 

Sfderoxylon lncrrr>e 
Slderoxylon lnenr.e 
Sldero"'Ylon Ina~ 
Sldero11ylon lnernw= 
$Oht1U11 

Sol4l'll.n 

Sola"""-" 
Spirostachys afrfcana 
Splrostathys afrieana 
Spf rostachys africana 
Sp(rosuc;hys afdcana 
Stryc:hnos lmoccua 
s t rychnos in.dagasc1 rens I s 
Strychnos 1N1dag111cuensl s 
Tarchor\an01ua cAl!phoratus 
JarchOl\ln,hus c311'phoratus 
Tarehon.nttu,.. caaphoratwi 
Yareh~ttun c~oratus 

Teel ea 9errardi I 
Teclea NUlenais 
Thespes i• ICUt iloba 
Thespesi a acutl loba 
Thespesia acutil~ 
Trl!mll oriental is 
Treme orienulls 
Tr,..... orlenul ls 
Tdchocladus grandlflorus 
Triehoclcd15 grandiflorus 
Tvrraea florlburd.a 

Unknol.lfl 15 
Unknown 15 
Unkno1.1n 15 
Unknol.lfl a 
Unknown ! 
Unknown II 
Vernonia subul igera 
Vernonh sl.lb.Jliger• 
Vernonia subul lgera 
Vitellarlopois 111arginata 
VI tell harveyana 
Xin'M!!nfa caffro 

Ximenh caffra 
Xin'M!!nia caffra 
Zanthoty{Ull capense 
Zanthoty\un capense 
liln,ho:r.ylun c1pense 
2antho:tylt.n capense 
Zl:typhus 11Ueronat1 
2i:typhus nxr"""'ta 
li typhus !!l.1':ronata 

Zi typhus !!l.1':ronata 

1 

1 

' 
1 

1 

' 

1 

1 

' 1 

1 

' 

1 

' 

.71 

.53 
1.78 
Z.11 

·" .07 

·" .36 
.15 

·" 1.55 
2.45 

1.83 
Z.37 
l..46 
1.66 

·" .04 
1.04 

. " 

.48 

.11 

.04 

.04 

.04 
1.94 ... 

• 18 
.11 

.04 

.07 

·" . " 
.07 

.57 

·" ·" 
.99 

.J3 

·" ·" 1.l.3 

·" 
. " _,. 
.18 
• 71 

·" • SS 
.01 
.19 
.04 
.43 

·" .01 

.01 

.01 

.17 

.07 

.01 

·" .01 
.01 
.04 

.01 

·" .01 
.03 

·" .16 

.01 

.01 

.91 

.oe 

.01 

.01 

.OJ 

-" 
.16 
.09 
.04 
.01 
.11 

. " 

.17 

.47 

37.38 
2tl.04 
93.l.6 

110.90 
1.!7 
3.74 

zZ.43 
18.69 
13.0B 
16.82 
!1.31 

128.66 

148.91 
124.92 
23l..58 
139.!8 

1.87 
1.87 

54.52 
9.35 

1.87 

25.Zl 

5.61 

1.87 
1.!7 

1.87 
101.37 
25.ZJ 

9.35 
5 .61 
1.!7 
3.74 

14.95 
7.t.8 
3.74 

29.91 
Z8.04 
Z4 .30 

52.02 

34.Bl 
47.6Z 
91.16 

1l.9.21 
1.36 

12.24 
!.16 

19.85 
74.15 
36.73 
57.14 
1.36 

30.61 
4 .08 

44.67 
97.73 

1.36 
1.36 
1.36 

ZS.34 
6.!0 
1.36 
1.n 
1.36 ,_,. 
4.8! 

1.36 
17 .01 
1.36 
1.n 
5.1,,t, 

17 .01 

1.36 
1.36 

96.15 
!.16 
1.l6 

1.36 
1.n 
4.0! 

16.33 
9.52 
4.08 
1.36 

23.13 
12.2t, 
Z7 .89 

48.98 

CC:TOYES 

.70 

.67 
l..54 
tl.54 ... 
·" 2.97 

i.14 
2.!1 
1 .as 
1.51 
1.74 

... 
.58 

·" 1.16 

.17 
_ ,, 

Z.22 
0.00 

1.53 

Z5.74 

.80 

3.05 
.76 

6.10 
1.37 
5.15 

38.ll. 
.10 
.95 

2. !a 
3.39 
1.36 
l.o5 

1.01 

·" 1.36 

12.87 

CC:T8MO 

.54 

·" 1.l.1 
Z.61 
2.19 

.99 

·" 1.91 
5.13 ... 
·" Z.08 

·" .15 

. " 
1." 

.37 
1.11 

·" 

115.65 
0.00 

·" .'8 
o.oo 

·" 1.9Z 

4.16 
26.02 
3.33 

·" .15 
10l..09 

o. 80 
.83 

·" .57 
. 2.19 

.8] 

.16 
2.50 
1.32 
I.DO 

1.47 
0.00 

·" ·" 1.62 

5.76 



TABLE 7.20 pl 

UMfOlOZI GRID $TUO't AREA : SPtZE CANOPT COVER CCtlPARISONS BETUEEN TKE 79. tX Of PLOTS \/ITK 

fEEO!KG ('tE$l ANO TKE 2D.9X Of PLOTS UITK NO FEEDIMC (ND) 

SppHame 1 SI te Co.,.erXYES Caverl'.HO r otCP ts/llaYES TotCPts/KallO 

Aeacla borleae 
Acacia borlc•c 
Aeaela burl:el 
Acacia eaffra 
Acacia caffra 
Acaela catfra 
Ac a cl a gerrardl I 
Acacia gerran::li I 
Acacia gerrardi I 

Acacia gerrardi I 
Aeacla grandlcarnuta 
>.each grandlcornuu 

AcllC: I a gr•ndlcorr.uta 
Acac I a grandicornuta 
Acacia karr= 
Acilcla l:arrao 
Acael• karrcio 
Ac&eia l~ri t:ii i 
Acad• luededtzil 
>.cacl• tuededtzil 
Acacia luedarltzil 
Acach illgrescer'IS 
Acacia nlgrescens 
Acai:ia nlgrasct'M 
Acacia nigrescens 
Acacia hllotica 
Ac111cia nilotica 
Acacia nl lot lea 
>.cacia ni lotlca 
Acacia robusn 
Acacia rabush 
Acilc::ia rcibush 

Aeacla rabush 
Aeacla sel'lgal 
>.cacfa sengal 

>.cacla Sl:flgal 
>.cscla tort Ills 

>.cada tartllis 
Acacl• tartllis 
>.loe 11111rlathil 
Asparagus spp. 
Asparagus spp. 
>.sparagus spp. 

Asparagus •PP· 
Azim.o. tl!tracantha 
Azlma tatracantha 
Berchet11I• zeyhcri 
Berchemla zeyhari 
8asda albltrunc• 
8ascia •lbltrvnea 
Bosch albl trvnea 
8rachylaena llicifa\111 
8rachylaena lllcifolla 

Brachylaena itlclfali• 
Cadaba natalensb 

Cu\th lt.rrs spp. 
Canthiua spp. 
Capparls seplarla 
Capparis seplaria 
Capparls sepiaria 
capparis tomentasa 
Capparis tamentosa 

C•warls tamentau 
Carissa bispinos• 
Carissa blspinosa 

Casl""' tetragooa 
Casln• tetngllNI 
Casslne aethioplca 
Cassine auhioplca 
Canine aethiopica 
Cassine transvaalensis 
Cas1lne tran.svaalensls 
Cassil'WI transvaallM\SiS 
Cassine tr11nsv1111lensls 
Clutia pulchella 
Coddia rudls 
coddia rudis 
Coobretl.111 apiculatun 
Coobretun apiculatun 

CoobretVll apiculatun 
Coabretl.011 apiculat'-"' 
Cc.rniphara harveyi 
CO'ITOiphora negtecta 
CD1T111iphora neglecta 
CD1T111iphara neglecta 

' 

I 

2 

' 
1· 

2 

' 

.47 

·" ·" .27 

. " 

.09 
1.:n: 

.12 

.59 

.12 
1.60 

.95 
1.42 

.77 
1.57 
1.81 

.59 

.15 

. " 
1.78 

.47 
1.Z7 

·" .12 
3.11 
1.42 

·" .50 

·" .71 
.24 
.09 

·" ·" . " -" 
1.01 

.47 

·" ·" 2.43 
1.07 

.56 

-" 
·" ·" . " 
.OJ 

·" .09 

.12 
• 71 

1.13 

·" .OJ 

.OJ 

.OJ 

.OJ 

.06 

.60 

·" .15 
.1<'. 
.06 

·" ·" .06 
.03 
.11 
.17 
.06 
.03 

. " 

.03 

·" . " 
.15 

·" ·" .06 

.06 

.59 
.15 
.15 

-.69 

.11 

·" .11 
.91 

1.94 

·" 
·" 

1.26 
• 11 
.91 

5.03 
1.26 

·" ·" 

.91 

... 
·" 1.60 

2.40 
1.49 

.69 

• 11 

-" 
•II 

·" .'4 

. II ... 
• 11 

·" •II 

·" 
·" •II 

.57 
• II 

18.02 
23.65 
1.1J 

10." 
6.76 
l.38 

50.68 
4.50 

22.52 
4.50 

60.~1 

36.84 
54.05 
29.21! 
59 .68 
35.29 
22.S2 
5.6] 
6.76 

67.57 
1.a.02 
4~.42 

9.01 
4.50 

118.24 
54.05 
11.26 
19.14 
1.1l 

27.0l 
9.01 
3.3! 

11.26 
12.J9 
4.50 
1.13 

38.29 
18.02 
9.01 
1.13 

92.34 
40.54 
21.40 

1.13 
25-90 

9.01 
6.76 
1.13 

15.77 
3.3a 
4.50 

27 .113 
42.79 

24.77 
1.13 

1.13 
1.l3 
1.13 
2.25 

J0.41 
12.39 
5.63 
4.50 
2.25 
l.1J 
1.1J 
2.25 
1.13 ,_ .. 

10.14 
2.25 
l.13 
6..76 
1.13 

16.89 
4.50 
5.63 
1.13 
7.M 
Z .Z5 

2.z5 
22.52 

5.63 
5.63 

15.64 

4.27 

17.09 
4-27 

34.19 
n.65. 
12.a2 

n.a2 

.1,7.81 

1,.21 
J4.19 

188.0J 
.1,1.01 

a.55 
29.91 

3.1,.19 

25.61, 
~-55 

59.SJ 

59.7.1, 
55.56 
25 .61, 

4.27 

8.55 

4.27 
17.09 

12.a2 

4.27 

25.64 

4.27 

8.55 
4.27 

12.62 

17 .09 
4.27 

21 .37 
4.27 

CC:TBYES 

·" ·" 1.27 
2.24 

·" .69 
1.7' 

·" 1.92 
0.00 

·" 1.1>1 
1.25 
7.11 
1.24 

·" 1.47 

'-" -" 
3.55 

101 .70 
2.50 
1.06 
2.31 

11.26 
2.11 

·" 1.47 
0.00 
2.67 
1.37 

.76 
5.20 

'-" 2.31 
.l6 

1.35 
.55 -... 
·"' .98 ... 

1.06 
'.27 
3.25 
1.07 

1.67 
12.7t 

'·" 1.M 
2.42 
.62 
.46 

·" 1.27 

6.J6 
6.36 
1.69 

·" 
1.62 

.70 
1.25 
.l6 

-" .1,.2.1, 

.17 
l.45 

-"' 
2.17 
],B1 

1.41 
1.27 

'·" 1.59 

·" 1.15 
7.95 
2.54 
6.a5 
IJ.47 
8,47 

1.M ... 
.M 

CC:T8NO 

.57 

.11 

·" .16 
1.00 
3.04 

.16 

.17 

.65 

.50 

.'1 
~ • .ao 

·" 
·" 4.J6 

·'' 

·" .19 
2.92 

.44 

.17 

.11 

·" 
·" 

5.00 

. " 
·" 

.07 
1.02 

.so 

.06 

. " 

. " 
·" 3. ll 

1.61 
.50 



TABLE 7.20 p2 
lJHfOLOZI GRIB SM'f AREA : SPIZ.E U.llOP'f COVER ta<PARISOllS BET\JEEN TllE 79. n: Of PLOfS UITH 

fEEOlllG (TES) J.118 UIE 28.9% or PLOTS UITN 110 rEEOING (110) 

size cavcrXl'ES cavcrXUO TotCPU/llaYES TotCPta/HallO 

Crotalarla capef\Sh. 
Croton a>ef\yharti i 
Cr1;1ton a>ef\yhartii 

Cn;iton ~nyturti i 
Cussonh t.1.1l~sl1 
Cussonia zuluo:nsls 

Cussonia zulucnsis 
8ichrostachys c:ineru 

Oichrosuchys cincru 
:::~.:t1ranadirs dn•h·e .. 
Olospyras lycloid~ 
8lospyras spp. 
8lospyr1;1s spp. 
Olospyraa spp. 
oiaspyras whytcana 
OOl!beya roh.ndlfolta 
O~yil rotl.O"dlfolfa 

8ombeya dltacca 
Dootiera tll I 1cc1 
Oombeya ti li;u;ca 

Ehrcti1 riglda/1111110efl8 

Ehrcth rigida/illl'IOena 
Ehrula rigldat~r.a 
Erythrlr.a lyslstemcm 
Erythrina lyslste<r0n 
Euclca divinoruii 

Euclca divtnon.n 

Euelu dlvlnon.n 
Euclu dlvinon.n 
Euelca natale<isis 
Euelea rwtdensis 
[uclu nattlcnsis 
Euetu racernoaa 
Euclu racemost 
Euclu racemosa 
Euclu racemos1 
Euclea U"ldulata 
Euclu undut1u 
Euc.ln .....duli!lt• 
fuclu o..rdul1u 
Galpinil tnn5vaalic1 
Gardenia car~u 

Gardeni • car~ta 
Gardenia c1;1r~t• 
Gardenia wlket\Sll 

Gardenia volkensll 
Gardenla volkensl I 
Crewh blcal1;1r 
Grewl1o bic1;1l1;1r 
Grno-la blc1;1l1;1r 

Grewi• t\IYI 

Grewia fl1v~ 
Gri:wi& Han 
Gr<'lwia fla.,.escens 
Orewh fu..,.escens 
Gr.,wh flavescens 
Grewl1 flave.1u;;ens 
Grewi1 rnontic1;1la 
Grno-la montical1 
crewia moiltic1;1l1 
Grewia accidentall5 

Crew!• occldenUll5 
Grno-ia 1;1ccldenulls 

Grewla spp. 
Grewh vil\asi 
Cre.,ia villosa 
llippobrtmJS pauc;:iflon.n 
lllppobromus pauclflorus 
llippobrtwn.1s pauc;:iflorus 
Llpph javanlc1 
Lippla javanic• 

Lyclun acutif1;1l !Ull 
Lyi:iun acut!folhn 
l'\lerUll angolenSis 

llaerua 1ngalensls 
Kayt.,ru; lleteropliyl\1 

l'l•'(to:N.Js lleteroph'(lia 
l'la'(te~s lleteropll'(l la 
Kaytff'l.<5 lleterapllyl la 
Wayte,...,,.~ nemoros• 
Kaytt-nuS JVmOrosa 
wayteriu~ nemoras1 

1 

J 

2 

J 

J 

J 

1 
2 

' 

.BJ 
• 71 

2.55 
1.63 

·" .BJ 
.06 

3.55 
1.4l!I 

.;,1 

.86 

.OJ 

.OJ 

.BJ 

·" ·" ·" .OJ 
.OJ 
.BJ 

2.22 
.74 
.47 
.OJ 
.OJ 
.74 

1.54 
1.27 

.OJ 

.03 

.06 

.BJ 

·" .59 
• 53 
.15 
.30 
.36 

J.82 
.'7 

.12 

.OJ 

·" .18 
.OJ 
.OJ 

.15 

.OJ 

.27 

·" 
.27 

·" .50 

·" .OJ 
.03 
.65 
.21 
.18 
.OJ 

·" .09 
.09 
.OJ 
.OJ 
.OJ 
.03 
.09 
.OJ 
.OJ 
.21 

1.z1 
.21 
.18 

.OJ 

·" ·" L,5 

. ,, 
1.26 
7.66 

11.54 . ,, 
. ,, 

1.37 
.34 

·" 

2.29 
.57 
. ,, 

·" 
.57 
.69 

.34 

·" ... 
.34 
.34 

·" 
. ,, 

·" 
.23 

.34 
1.03 

·" 
. ,, 
. ,, 
.23 

.46 

. ,, 
.t·9 
.23 

.23 

t.37 . ,, 
. ,, 
·" . ,, 

,.oo 

1.13 
Z7.83 
96.85 
61.94 

2.25 
1. iJ 
2.25 

135.1' 
56.31 
15.77 
2.Z5 
1.13 
1.13 
1.13 
2.2:5 
3.38 
2.Z5 
1.13 
1.13 
i.13 

84.46 
28. 15 
18.0Z 

1.13 
1.13 

Z8.15 

5.!!1.56 
(ll.4Z 

1.13 
1.13 
2.2.5 
1.13 

25.90 
Z2.52 
28.27 

5.63 
11.26 
13.51 ,,,.86 
18.0Z 

4.50 

1.13 
16.89 
6.76 
1. lJ 
1.13 

3.63 
1.13 

10.14 
9.01 

10, 14 
3.3l!I 

19. 14 

3.38 
1.13 
1.13 

24.77 
7.88 
6. 76 
1.13 

1a.oz 
3.38 
3.38 
1.13 

1-13 
i .13 
1.13 
3.3l!I 
l.13 
1.13 
7.88 

46.17 
7.8" 
6.76 
1.13 

15.77 
18.02 
55.18 

4.27 
47 .81 

286.32 
.. 31.62 

4.27 

4.27 
51.28 
12.llZ 
8.55 

l!l5.47 
21.37 

4.2:7 

29.91 

21.37 
25.64 

12.82 
8.55 

Z5 .64 

12.82 
12.llZ 
2P.91 

4.27 

l!l.55 

8.55 

12.112 
38.46 
34.19 

4.27 
4.2.7 
8.55 

17.89 

'-27 

2.5.64 
8.55 

8.55 

Sl .28 
4.27 
4.Z7 

Z5 ,61. 
,_27 

1'9.57 

CC:T8Y.ES 

6.36 
I. 19 
.59 

·" 7.Z.6 
3.39 
8.80 

1.44 

·" .85 

.50 
2.12: 

1Z.71 
12..71 

. "' 
1.8Z 
3.18 
2.1z 

·"' ·" l.44 
.46 

1.88 
1.59 
1.59 
1.86 

·" ·" ·" 6.36 

·" ·" 1.88 
.50 

1:13 
1.96 

.95 

.33 

.84 
1.11 

J.71l 
J.18 

15.89 
S.45 

.67 
3.1l!I 

1.JZ 

·" 2.2s 

·" 
2.97 
.n 
.50 

2.31 
1.21 
1.59 

2.54 
1.12. 
1.96 

.91 
Z • .!!11 
1.19 
8.47 
1.82 
2.54 
5.08 
6.36 
S.88 

.85 
5.08 

12. 7l 
2.1S 

.67 

1.01 

·" 2.33 

-" 
1.10 

CC:J8HO 

2.58 

·" .15 
.13 

·" 
1.67 

·" ·" .40 

.59 . ,, 

.15 

·" 
.13 

·" 

·" .07 
5.00 

.21 

.05 

·" 
·" 

.71 

1.25 

·" ·" .21 

·" .21 

·" 
.25 
.89 

.55 

.91 

,_ 11 

·" ·" 0.08 

·" .31 

·" 



TABLE 7.20 p3 
llHfOLOZI GRIO STUOT AltEA : SPIU CAHOf'T COVER CQ!olPAltlSOllS ~El\IEEll THE 79. n: OF PLOfS \SITH 

fEEOlllG (YES} .&.110 TKE 20.-91 Of PLOTS \JITH 110 fEEDfllC (110) 

Si1e CoverXTES CoverX/.10 TotCPts/HaYES lotCPts/HallO 

IC•yter.JS nemorosa 
llayt~• scnegalomsis 
>laytcnus so:ncglllcmsis 
ICelanthus dldyma 

Mo:I fa uedarach 

>1onanthota.1ds c11ttr11 

Ot c• et.1ropllc• 
otea iourDP'lca 
O! :a o:t.':'"opa~a 

Orll'O(:arpun trlchocarp..:m 
01"11lO(::lrpu:11 trichocar-pun 

Onnocarp..:m trichocarpu:11 

O?or-oa englcd 
Otoroa englcr-i 
Papp!• capensl• 
Pappia capensis 
Pappla capensh 
Pappi• capensh 
PlectrOl'liella •rrMta 
Pleczronlella utnatll 

Plcctr-ont cl la i!l"1118f.I 

Plcctr-Ol'llell• armua 
Pyrostri• hystria 
Pyrostria hystrix 
Pyros.trla hystrfa 
Rhoicluus rhO<Tbidca 
Rhoi cl ssus rhO<'l'bldca 

Rhus gucinzl l 
Rhus gueinzl I 
Rhus guelnli I 

Rhus guclntfl 
Rhus penthcr-i 

Rhus penthcd 
Rh~ penther i 
Rh<1s rchmannlana 

Rhus rehn'l<!nniarui 

Schotla brachypeta\a 
Schot I a brachypeta\ a 
Schotia brach~t&ta 
Schotia capitata 
Schotia capitata 
Schotfa capitata 
Schotia capi tata 
Sctcrocarya birrca 
Set crocarya bi rrca 

scterocarya birrca 
Scotopia :r.cyhcrl 
subanla p.inicca 
sesban!a usban 
Sida cord! fol la/rhootii tat la 

S!dcraaytOl'I inerme 
Sldcro11.ylon Iner-me 
Sfdero~ylon lncrme 
Stdcro)(y{on lncrme 
Solanun 
sotanun 

Splrostachys afrlcana 
splrostachys atricana 
Splrost<1chys atrlcaM 
Spirostao;hys afrleana 
s trychnos lll!ldagascarens is 
Strycnos spp. 
Strycnos spp. 
Strycnos spp. 

larchonanth~ canV"torat<1s 
l•rchonanth<1s Catrp"lorat<1s 
tarchonanth<1s c~arat<1s 
Tarc.honanth~ C&~orat<1s 

Unlmo11n 1 

Unknown 15 
Unknown 15 
Unl<nown 15 
Unknown 2 
UnkMwn J 
Unknown 4 

IX"lkno11n° 5 

unknown 6 
z;;mthozyllnl capense 

ZanthozylUll capensc 
Zit.yph<1s n.icronau 
2ityph<1s irucronaia 
zlzyt:h<1s aucronata 
Zlcyph<1s l!UCl"Onata 

1 
i 

J 

' 

' 

' t , 

4 
1 

' 

.JO 

·" .09 
.59 
.DJ 
.06 

·" ·" ·" ·" .09 
.DJ 

.OJ 

.OJ 
.38 
.06 

·" 1.24 

·" .56 
l.11l 

.06 

• 16 

. " 
.JO 

·" .12 

·" .15 
.12 

·" ·" .33 
.15 
.OJ 

.oJ 

.12 

·" .65 
.09 
.09 

1.1..a 
.74 
.06 
.OJ 

·" .09 
.OJ 
.OJ 

t.04 

. " 
• 12 
.27 

·" ·" .06 

1.92 
2.67 
J.32 
t.42 

.OJ 

.06 

.OJ 

.71 
1.21 

·" 
·" ·" .16 

.OJ 

.OJ 

.OJ 

·" .QJ 

• 16 
.• 09 

·" .09 

·" ·" ·" .57 

·" ·" ·" 
.11 

• It 

l.94 

. " 

. " 
.23 

.11 
• It 

·" .57 

·" ·" .2J 
.2J 

·" ·" .2J 

• 11 
.11 

·" .... 
t.94 

.11 

.23 

1.26 
.2J 

. It 

·" 
1.14 

·" 
t ·"' 
J.89 

. " 
.i.6 

2.29 
2.63 

• 11 
• 11 

. " 

. 11 

·" .34 
• 11 

11.26 
12.39 
J.Ja 

22.52 
l. 13 
2.25 
2.25 
9.01 

24.n 
21>.27 
3.Ja 
1.13 
l. IJ 
1.13 

14 .64 

2.25 
9.0t 

47.JO 
15.77 
21.4(1 
41.67 

2.25 
6.76 
4.50 

11.26 
15.77 
4.50 
9.01 
5.63 
4.50 
2.25 
9.01 

12.J9 
5.6J 
1.1J 
1.1J 
4.50 
2.25 

24.n 
J.J8 
J.38 

56.31 
28.15 

2.25 
1. lJ 
9.(11 
J.J8 
l .1J 
1.13 

39.41 
4.50 
4.50 

10. t4 
J.38 

24.77 
2.2S 

7l.20 
101.35 
126.13 
54.05 

1.1J 
2.;z5 

1. 13 
27 .OJ 
46.17 

J0.41 

9.01 
2.25 
6.76 

1. lJ 
1.13 
I. tJ 
2.25 
1.13 

6.76 
J.Ja 

14.64 
J.Ja 

29.91 
17 .09 
8.55 

21.37 

25.64 
8.55 

17.(19 

4.27 

4 .27 

n.o5 
4.27 

'-27 
8.55 

4.27 
4.27 

29.91 
21.37 
12.82 
8.55 
8.55 
8.55 

8.55 
17.(19 
8,55 

4.27 
4.27 
8.55 

106.a4 
72.65 

4.27 
8.55 

47.0l 
8.55 

4.27 
17.09 

4;c?, 74 
17.09 
6a.J8 

t45.3o 

4.Z7 

17 .09 
85.47 
9B.29 

4.27 
4 .27 

4 .27 

4.27 

17.09 
12.82 
4.27 

.59 

·"' ·" J.62 
1.59 
2.54 

·" ·" 5.04 
2.22 
2.82 
t.27 
6.J6 

.21 

s ·" J.J9 
J.51 
4.01 
1.5(1 
1.83 

.73 
1.27 
2.15 

.85 
t.65 
2.24 
1.(IJ 
1.56 

·" .52 
.TT 

1.82 
.44 

·" 2.54 
l .45 

'·"' .oz 
21.51 
1.J4 
1.66 

·" 1.16 
1.21 
o.oo 
o.oo 
1.57 
1.<!7 

·" 5.91 
1.88 

.97 
t.47 

.OJ 
J.B8 
J.6J 

.87 

.76 

·" J.79 
.JJ 

8.47 

4.24 
.n 

1.08 

·" 

'·" .73 
1.59 

12.71 
.71 

12.71 
8.47 

25.42 

2.0J 
.73 

1.05 
IZ. 71 

CC;lBllO 

. to 

.23 

.'5 
1.62 

• 17 

·" .98 

2.50 

.67 

1.52 
0.0(1 
1.25 

·" 
• 17 

·" • 19 

·" ·" . " 
.22 

. " 

. " 

.07 

.09 

0.00 

. " 

.06 

.21 

·" 
0.00 
o.oo 

t.Jl 
.71 

. " 
1.67 

.JO 

.09 

. " 
2.8J 

• 17 

• It 
.16 

.13 

·" .so 

2.50 

.J6 

.95 

. " 
.Jt 



TABLE 7.21 pl(i) 

lllUHtlM GlllB STUOY AREA : SP!lE AVAILAB!l!TY ANB GRASS lllTEllFEllENCE CO'tPAlr:ISOl<S BETUEEN THE 55.~X 

Of PLOTS 111111 FSEOING OESl AHO me ~~.2'.X OF PLOTS \11111 NO fEEOING (110) P19e 

1.butllon/Niblscin spp. 

1.butllon/~lblscu11 1pp. 
Abutllon/Kibf1cus spp. 
I.each burtel 
Aeacla burl:el 
I.cad~ burtel 
Acacia cal Ira 
Uac;la caffra 
Ac•cia caffra 
ii.each c;affra 
Acaci1 gerrardl I 
Ac.cla gerrardl i 
11.clch serrardl I 
Ac•cla gtrrardil 
11.cacla grandlcornuta 
ol.c•c I a grandi carnuta 
Attiela grandlcarnutll 
1.cacl11 hrroa 
11.caciti karroo 
Acid 11 l:arroo 

11.caci a l;arroo 
Acacia nltotlca 
Acach nl 101 ica 
II.each nl Lot lea 
1.caela nllotlca 
Aclcla rob<..ista 
1.cacla robo./Ha 
Acael a robus u 
Ac1e!a robu~:a 

Acac; I a schwe lnfvr th 11/a t11x11cant~rn 
Aeacl a schwe 1 nlur th 11/U •~acaniha 
Aca layphll sonder I IN 

Aca\aypha sonderlana 
Aca\aypha sonderlan11 
Aca\yph11 9l11br11t11 
Acalyphll 9l11br~t11 
Ac11lyph11 gl~bratll 

Ac11lypha 9tabr11ta 
Adenopodia spictita 
Adenopodl11 splc11t11 
Adomopodi11 spicn11 
Adomopocli11 spicatl 

Aloe !llllrl11thl I 
Asclepl11s frvticosll 

AsparagVS $pp. 

Asparag~ spp. 

Aspar11gv' spp. 
Atlrna tetracantha 

Allrna tetr11e11ntha 
A?lN tetr11canthll 
8crchemi11 2eyheri 
Berchemia 2eyherl 
Bl'!rche!!ll11 zeyherl 
Berchemh uyher I 
8erG'.11ert I odendron natal ense 

Size Frel!Prl'!flndex TatatPreflndex FreeBBXYES Free88XMO 

2 
J 

2 
J 

' J 

3.05 
0.00 
1.92 
0.00 
0.00 

.95 

·" .55 

"' 1.1(', 
0.00 
0.00 
o.oo 

.50 
O.OB 
2 .06 .. , 
1.10 
o.oo 

·" i.ao 
1.1.8 
o.oo 
3 .62 
2. 70 
2 .B7 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
o.oo 

·" 1.20 
1.00 

5. 03 
o.oo 

o.oo 

"' 
o. 00 

I.. 02 

0.0(1 
o.oo 
o.oo 
0.00 
1.07 
1.61 
1.15 
0.00 
o.oo 

3.09 
o.oo 
1.14 
o.oo 
B.0(1 

·" ·" ·" 
·" 1.30 

o.:io 
a.so 
o.eo 

·" o.oo 

·" .n 
1.25 
O.BO 

.51 
1.65 
1.69 
0.00 
2.35 
2.20 
3.27 
o.oo 
o.oo 
0.(10 
0.00 
0.00 
o.oo 

·" 1.37 
1.14 
s. n 
o.oo 

0.00 
.SJ 

0.00 
4.58 

(1.00 
o.oo 
o.oo 
0.(10 ... 
1.62 
1.31 
0.00 
a.co 

.87 

.22 

.01 
0.00 
0.(10 

·" 2.05 
5.37 

·" 2.31 

·" .01 
.QQ 

.11 

.06 

·" 2.67 
2. 56 
.15 ... ... 
"' ·" ,17 

·" .20 
.01 
.OJ 
.01 
.07 

2 .17 

·" .91 
1..91. 
1..77 

• 01 
.01 

0,00 
.<O 

.01 
• 01 

.01 

·" 1.39 
.11 

1.15 
1.JI. 
1.21 

.17 

.01 

.61 
2.a5 

.02 

0.00 

"' 3.08 
2.69 

.07 

.OJ 

·" 
o.oo 

.OJ 

.57 
3.02 
1.12 

·" .32 

·" ·" ·" .10 

·" ·" .01 
.on 

·" .09 

·" 1.46 
1. 92 

.07 

·" .25 
o.oo 
0.00 

.05 

.02 

.01 

1.08 
1.4B 
1.18 

·" ·"' 

ToU LBBXYES Toti l8BXU0 

·"' .20 
.02 

o.oo 
0.00 

·" 2.81 

"n 

. " 
2.09 . ,, 

.01 

.Ol 

.11 
.06 

1.08 
3.50 
2.25 

·" 1.51 

"' ·" .07 

·" ·" . " 
.()1 

.Ol 

.01 

.06 
1.91 
.Jo 

·" /,,JI, 

1..19 
.01 
.Cl 

o.oo 

·" 
.01 
.01 

.01 

.JS 
1.22 
.09 

1.46 
1.33 
1.06 

.15 

·" 

"' 2.11 
.oz 

o.oo 
.52 

J.92 
1.95 
.05 
.02 
.05 

o.oo 

.02 

1.56 
3.98 

·" . ,, 
·" "' .25 
.OJ 

. " 

.06 

""' • 01 
.no 

.06 

.06 

·" 1.05 
1.39 

.06 

.06 

. " o. 00 
o.oo 

.05 

·" .01 

1.17 
1.18 

·" .17 
.00 

rreeBS/llaYES rret-SB/HaMO 

205.14 
52.34 
3.27 
o.oo 
0.00 

52.55 
1.82.32 

. 1,262.93 

30.22 
51.2 .98 
31.15 

l .87 
1.17 

25.02 
14.95 

118.71. 
627 .96 
600.62 
31..58 

198.31 
201 .57 
101. 56 
18.07 
39.81 
50.9t'> 
1.7 .9B 

2.1.9 
7 .79 
3, 12 

17 .13 
510.90 

79.75 
214.l.5 

1,161.92 
1, 120.25 

2.1.9 
'1.56 

o.oo 
93. 1.6 

2.51 
1. 56 

3.12 
93.1.6 

327 .10 
21..92 

269.52 
315,/,/, 
283.1.9 

39.25 
1.4(', 

126.98 
597 .28 

1..54 

o.oo 
58.21 

646.56 
565.53 

11. .51 
5.44 

15.87 

o.oo 

5.67 

119.90 
634. 72 
234.69 
55.33 
66.65 
71, .10 
71. B8 
9. 07 

20.43 
11 .56 
16.33 

2. 72 

·" 
16. 33 
17 ,91 

101 .22 
305.44 
1.03 .63 

11..88 
16.33 
52.61 
0.00 
o.oo 

11.22 
J.l.o 
1. 81 

227. lB 
310. 7'.i 
21.8.07 

49.1.3 
1.13 

toUL88/HaYES Tot11lB8/HtiMO 

230.53 
52.31. 

6.23 
o.oo 
o.oo 

17D. l6 
751.71 

1,262.93 

48.29 
559. 19 
31. 15 

l.87 
7. 79 

29.91 
14.95 

290.03 
937.20 
600.62 

34.58 
403.68 
250.47 
101. 56 

18. 07 
69.91 
71.31. 
47 .9B 

2 .1.9 

7. 79 
J. 12 

17. 13 
510,90 
79.75 

211..64 
1, 161.99 
1, 120.25 

2 .1.9 

1.56 

0.0(1 
93. 1.6 

3.B6 
1.56 

3.12 
93.46 

327. 10 
24.92 

391. 71 
355.45 
283.l.9 

39.25 
1.56 

155 ,33 
609,98 

4.51. 

0.00 
11.9.98 

1' 135.37 
565 .53 

14.5\ 
6.80 

15.B7 

0.00 

5.67 

1.53. 15 
1, 152.38 

?31..69 
55.33 

171 .20 
119.37 
71.88 
9.87 

21.ao 
17 .01 
16.33 

2 .72 

·" 
16.33 
17 .91 

1 B5 .67 
JDS ,44 
403.63 

16. 1a 
lt'>.14 
52 .61 
0.00 
o.oo 

15.a7 
11.31. 

1.81 

340. 2J 
342.Sb 
21.a.01 

49.1.3 
1.13 

f8;18YSS F8:18MO 

1.01 
, .14 

.60 
0.00 
0,00 

·" . " 
1.1~ 

• 71 

1.10 
1.14 
1.14 

.17 

·" 1. 14 

·" .76 
,, 14 

1.14 

·" ·" l. 14 
1. 11. 

.65 

·" 1.11. 
1.14 
1,l/, 
1.14 
1,11. 
1.11. 
1.11. 
1.\/, 

L l4 
1.11. 
1.11. 
1.11. 

0.00 
1. 11. 

"' 1.11. 

1.14 
1.11. 
1. 14 
1. ii. 

"' 1.01 
1.11. 
1.11. 
1.0B 

·" ·" 1.00 

o.oo 

·" .57 
LOO 
1.00 

.BO 
1.00 

0.(10 

\ .00 

·" .55 
1.00 
1.00 

·" .62 
l.00 
1.00 
.n 

·" 1.00 
1.00 
1.0(1 

1. 00 
1.00 

·" l.00 
i.00 

·" .90 
l.00 

o. 00 
o.oo 

.71 

.JO 
1.00 

·" .91 
1.00 
1.00 
l.00 



TABLE 7.21 pl(ii) 

NlUHlWE cino STV'JT AREA : SP12E AVAllABlllTT ANO CRASS IHHRrEREHCE CCf1PARISONS 8ETIJEEH THE 55.t.% 

Df PlDIS t,IHH reEOINQ ClESl AHD THE 4'.2X OF PlDlS IJlfll HO teEDlllQ (l(('t) 

Abotltor1/lllblscus !pp. 
Abolllori/lllblscus spp. 
Abotl\oo/Hlbl1cu1 spp. 
Acaeh t...,rkt!I 
Acach l"-lrke! 
Ac•eh bur\tl 
Ae1ch raffra 
Acacia c•lfr• 
Acach caffr1 
.i.cacl• calfr• 
Ac•cla 9crrardll 
Ac•cl• ~trrardlt 
Acacia !Jtrr1rdll 
Acsc!a !ltrrard!I 

Acsch ~randlcornuta 
Acac la •ir 1nd I cornvt a 
Acach !?ru'Cllcorriuta 
Acac!1 ~•rroo 

Acacia ~1rroo 

Acacl. 'urroo 
Acuia lcarroo 
Acsch n!lotlce 
Acach n!letlca 
Acacia rollotlca 
Acacia nllatics 
Acacia robusta 

Ac•cla robvsta 
Acacia robosu 
Acacia robv~~• 

Acac la ~ch11e lnfurlh 11 / atu:acarolha 
Acac la schw.,J rofur th l 1 / at1><1caroth1 

Acahypha sonderlan. 
Aca lay~l\a sonder I aNJ 
Aca laYJ:ha sander I ana 
Acalypha g\nbratl 
Acalypha g\abrata 
Acelyph11 gl11br•ta 
Ac1lyph1 glabrata 
Adc,.,opod[• spie'lta 

A<l<"ncpodla sple1t11o 
Adcnopodla spleale 
Adel'!Opodla spleen 

Aloe 11111rlothi I 
Asc!epln frutlcon 

J..sparai1u1 spp. 
Aspar•!IUS spp. 
Aspat&\/US spp. 
Azlma 'etr1eantha 
Azlma utracantha 
Ai!rna \etrecantha 
eerehl?flll::t teyhert 
6erchl!'fllh zeyherl 
Bcrch!'!nla ieyherl 
Btrch!'!nl a teytier I 

SI II' treePref IF'dt!~ H/HaTES 

2 

2 
3 

' 3 

3 

3.05 
0.00 
1 .92 
o.oo 
r,.oo 

·" ·" ·" 
"' 1. 18 

o.oo 
0.00 
0.00 

.50 
0.00 
2.06 

·" 1.1'" 
0.00 

·" I.BO 
1.48 
0,00 
3.6~ 

2.70 
2.67 
0.00 
o.oo 
0.00 
o.oo 
0.00 
0.00 

.53 
1.20 
1.DD 

5.03 
o.oo 

0.110 

"' 
o.oo 
4 .02 

o.oo 
o.oo 
0.00 
0.00 
1.07 
'1.61 
I. 15 
o.oo 

N/HaNO 

6.80 
32.71 23.81 

4.96 .45 
3.12 

"' .62 .45 
42.68 31.1!6 
70.09 55.90 
51.71 26.30 

2.n 
12.46 2.27 
16.20 1.13 
2.49 
1.25 .45 
1 .56 
5.61 1.13 
1.25 

133.6' 145.24 
114.6' 

41. 12 
13.71 

13!1.94 
36.94 
21.61 
16.20 
49.22 
g.6' 
3.74 

10.59 
, .56 
1.56 
4.67 

51.40 
6.23 

56.70 
126.79 
72.90 

.62 
1_.56 

.62 
4.98 

1 .56 
1 .56 

·" 4.67 
9.35 

.62 
127 .10 
56.57 
42.99 
11.21 

122.68 
22.68 
19.05 
49.89 
18.14 
34.92 
24.49 
16.14 
5,67 

. 1.81 

4.54 
,4S 

5.44 
6.16 

35.60 
45.35 
29.93 

3.17 
.91 

l.61 
.91 

"' 
5.67 
1.13 

·" 

109.07 
61 .68 
A6.26 
35.37 

Page 

Xlllet 

2.67 
0.00 

.03 
o.oo 
o.oo 

.21 

·" 2.93 

.05 
2. 72 
o.oo 
o.oo 
8.00 

.05 
0.00 
1.04 
2.51 
2.80 
0,08 

.T7 
1.55 

·" o.oo 
.61 
.59 

·" 0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 

"' 5." 
'· T7 

.05 
o.oo 

0.00 .. , 
o.oo 

.03 

0.00 
0.00 
o.oo 
0.00 
1.23 
2.16 
1.39 
0.00 

31. 15 
0.00 

·" o.oo 
o.oo 
2.49 

10.59 
34.27 

.62 
31. 76 
0.00 
o.oo 
0.00 

·" 0.00 
12.15 
29.28 
32. 71 
o.oo 
9.03 

16.07 
7 .46 
0.00 
7 .17 
6.85 
6.85 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
5.61 

69.47 
55. 76 

·" 0.00 

0.110 
2.18 

0,0Q 

.31 

0.00 
o.oo 
Ci.00 
0.00 

14.33 
25.23 
16,20 
0.00 
0.00 

HeanCrnslnt:CTES Mt!anGra,is:nt::olO 

11.01 
0.00 

47.50 
0.00 
0.00 

69. 11 
35.Blo 
0.00 

37.42 
2. 90 
0.00 
0.00 

65.00 
16.33 
o.oo 

59.06 
33.00 
0.00 
0.00 

50.67 
19.52 
0.00 
o.oo 

43.05 
26.54 

0.00 
o.oo 
0.00 
8.00 
0.00 
o.oo 
0.00 

·" ·" 0.00 
0.00 
0.00 

0.00 
0.00 

35 .00 
o.oo 

0.00 
0.00 
0.00 
o.oo 

31.19 
, 1. 26 
o.oo 
o.oo 
'i .nil 

16.2~ 

2.06 
0.00 

0.00 
61.19 
43.05 
o.oo 
o.oo 

20.00 
0.00 

o.oo 

0.00 

73.54 
44.92 
0.00 
0.00 

61.07 
37.92 
0.00 
o.oo 

26.53 
32.00 
o.oo 
0.00 
0.00 

0.00 
0.00 
4.21 
0.0C'I 
o.oo 

11 .35 
10.00 
o.oo 
0.00 
0.00 

29.29 
70.00 
o.oo 

33.23 
9.37 
o.oo 
0.00 
o.oo 
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TABLE 7.21 p2(i) 

HlU~LtJVE c1no STIJl)f AUA : SPtlE AVAltABILITY ANO CA.ASS IMTEIHEREHCE C~PARISOMS BET'JEEM Tl!E 55.BX 
Qf PLOTS \lllH FEEQIHG tTES) ANO THE ~L2X. BF PLOTS '>lllH MO FEEDIMG (llOT Paqe 

Berqu.11ertl~ndron n.atelense 
Beruw,,. lucens 
Beruw,,. luc""11 
Bers- llli:ffill 
CanthtUft h>erme 
Canthh.m tnerme 
Canthh1n tnerme 
Canth!Uft lnerme 
Canth!Ull spp. 
Capparh seplarta 
capparh sephrh 
Capparh tomen1os11 
capparls tomento!I 
Capparls tomento~a 
Cuslne Hthtoptca 
CHstne aeth!eplc111 
cnslne aethloptca 
cnstne aethloptca 
Cnsine transvaalensls 
Celth africaru 
Celth africana 
Celtla lfrto:llnll 
Celtls afrteana 
Chactechme aristata 
ChfftaChme arlstata 
Chactachme aristlltll 
Chaetachme ariscata 
Chromolacna odorata 
Chromoleena odorata 

Chromoleena odorau 
ChromotHna odorat11 
Claus""e ardsata 
Chusena anhata 
Clausena anh11t11 

Clutla pulo:hella 
Cluth pulo:he\111 
Clutte pulo:hella 
COO::lia rudts 
Coddle rudls 
CBla 9reenweyt 
Cola 9reenwayi 
CDl!'bretUft llllllle 

COl!i:Jretun ITIOl le 
COl!i:Jr.;tun 1T10llt 
COl!i:Jretun ITIOl le 
Co:nnl pllor a harveyi 
Cordia .:afire 
Cordia caffro 
cerdia callra 

Cordia caffra 
Crote!aria capt'nsis 
Creton sylvaticus 
Craton sylvatlcus 
Crecan sylvotlcus 
Cunonla capensis 
Cussonh spp. 

3 

' 3 

2 
3 

o.oo 
0.00 

0.00 
11.00 
0.00 
0.00 
0.00 
4.23 

Q.00 
o.oo 

0.00 

·" o.oo 
o.oo 
0.00 
1 .02 
o.oo 
1. 12 
o.oo 
o. 00 
o.oo 
o.oo 

o.oo 
0.00 
o.oo 
0.00 

o.oo 

0.00 
0.00 
O.BO 

.17 

0.00 ... 
o.oo 
0.00 
o.oo 

o.oo 
0.00 
0.00 
0.00 

o.oo 
20.97 
10.B6 

0 .00 

e.oo 
0.00 

o.oo 
o.oo 
0.00 
0.00 
O.OQ 
4 .58 

O.OQ 
0.00 

o.oo 
. 76 

o.oo 
o.oo 
o.oo 
1 .05 
o.oo 
1.27 
0 .oo 
0.00 
o.oo 
0.00 

0.00 
0.00 
o.oo 
o.oo 

0.00 

Q.00 
o.oo 
0 ,00 

.17 

0.00 

·" 0.00 
0.00 
0.00 

0,00 
0 .oo 
0.00 
o.oo 

0.00 
17 .80 
,, .44 
0.00 

.08 

.04 

.13 

.07 

·" .02 
.00 

·°' 
.os 
.01 

.03 

.06 

·" .02 

·" .10 

·" ·" o.oo 

·" . " 
.02 

.00 

.09 

·" .01 

·°' 
.OS 
.10 

.04 
1 .60 

. " 

. " 

. " 

.27 

. " 

. " 

.lS 

·" .oo 

.02 

.06 

.06 

.02 

... 
.08 
.09 

·" ·" 
.01 
.01 
.02 
.02 
.OI 

·°' .17 
.04 
.07 

.OB 

· '° 
0.00 

. " 

. " 
·" .02 

.13 

. " 

.07 

.BO 

.01 

.03 

.Sl 

·" .76 
.oo 
.02 
.06 
.OS 
.oe 
.01 
.03 
.02 
.20 
.52 

·" .03 
.06 
.0\ 

.13 

.00 
o.oo 

TotalBBXYES Tetel88XNO 

.07 

.03 

. " 

.17 

·" .OI 
.oo 
.0\ 

·°' 
.OI 

.03 
.07 

. " 
• 02 
.04 
.10 

·" .02 
0.00 

• 03 

. " 

.02 

.oo 

. " 

.43 

.OI 

.Ol 

.04 

.09 

.Ol 

l.53 

·" ·" . " 
. " 
·" 
.13 

·" .28 
.00 

.02 

.07 

.06 

. " 

·" .06 
• IO 

. " 

. " 

.01 

.0\ 

·" ·" .0\ 
.06 

. " 

.03 

·" 
.01 
.07 

0.00 

·" .09 
.02 
.01 

.09 

.08 

.06 

.oo 

.01 

·°' .so 

·" ·" .oo 
.02 
.04 
.06 
.07 
.oo 
.02 
.02 
.28 

·" ·" .02 
.OS 
.Oi 

.oo 

.oo 
0.00 

freeB8/HafES FreeSB/HaHO 

18.69 
9.:55 

JI. 15 
17.29 
56.54 
J. 74 

·" 1.48 

10. 70 
3, 12 

7 .01 
lJ.08 
31. 15 

5.61 
9,97 

24.52 
11,06 

5.61 
o.oo 
'· 77 

3J. 10 
4.98 

·" 20.25 
114,64 

J. 12 .... 
11. 71 
2l..30 
8. 72 

376.25 

2~.92 

36.76 
25.23 
63.55 
25.55 

27. 79 
82.46 
74. 14 

·" 
'·"' 14.6l. 

1lo.95 
l .68 

13.06 
16. 7B 
11!.BQ 
loJ.OJ 
54.M 

2 .46 
2.72 
4. 31 

'·'° 2. 72 
16.62 
36. 28 
8. 16 

15.lo2 

17 .78 
21. 13 

o.oo 
23.08 
21.21 
4.54 
4.0a 

27.21 
22.6S 

• 14.63 

.91 
2.27 
6.80 

107.69 
66.21 

160.'' 
. 9l 

4 .54 
12. 70 

'·" 16.55 
1.36 
6.35 
4,81 

42 .39 
108.56 
59.64 
5 .l.4 

13.61 

2 .27 

27 .21 

·" 0.00 

lot11tes.1t:.uES TotaLBB/HaHO 

1B.69 
9.35 

31.15 
l.5.17 
70.09 
J. 74 

.31 
1.56 

11.1!.4 
J.12 

7. 79 
le, 69 
Jt.15 

5.61 
9.97 

27 .23 
12.46 

5.61 
o.oo 
9.35 

JB.94 
4.98 

.75 
32. 71 

1g.61. 
J.12 

9.35 

11.71 
24.92 
e. 12 

loOS, 10 

2~.92 

65. 73 
32' 71 
63.55 
25.55 

35.51 
V2. 52 
74 .1lo 

.62 

4.05 
19.63 
14.95 
31 .15 

16.JJ 
\6. 78 
29.25 
53.29 
54.88 

2.86 
2. 72 
4.5~ 

5 .44 
2. 72 

H.23 
36. 28 
8.16 

15 .42 

19, 14 
21 .32 

0.00 
24.04 
27.21 
4.54 
4.08 

~7.21 
22.68 

16. 78 

·" 2 .?7 
11.34 

1lo5.67 
66.21 

188.1!9 
• 91 

4,54 
12.70 
18.14 
20.41 
1.36 
6.35 
4.99 

79.95 
134.l.7 
59.64 
5 .44 

13.61 
2.27 

27.21 

·" o.oo 

FB:TBYES FB:TBMO 

1.14 
1. 14 

1.1~ 

·" ·" 1,ll. 
1. 14 
1.08 

1 .03 
1 .14 

1.02 
• BO 

l.14 
1' 14 
1.14 
1.02 
1 ,Q1 
1. 14 
o.oo 

.SB 

.97 
1. 14 

, • 14 

.70 
1. 14 
1. 14 

1 .08 

1. 14 
1.11 
1. 1~ 
1.05 

1. 14 

·" ... 
1.11,, 
1.11,, 

... 
1. 01 
1. 14 
1. 14 

1 .03 

·" 1.14 

·" 

.BO 
1.00 

·" ·" \ .oo 

.Bb 
1.00 

.95 

.00 
1.00 

·" 1. 00 
1.eo 
1.00 

.93 

·" 
0 .00 

·" 1.00 
1.00 
1.00 

1.00 
1.00 

.87 
1.00 
1.00 

·'° . " 1.00 
.65 

1.00 
1.00 

i.oo 

·" ·" 1.00 
1. 00 

.96 

·" ·" 1.00 
LOO 
Loo 
1.00 

1.00 
.60 

O.OQ 
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TABLE 7.21 p2(ii) 

lllUHl~ CRIC STVOY AREA : SPllE AVAllAClliTY .OIO CRASS IHTERHRENCE Ct>IP.ARISCllS BETllEEN THE ss.a:i: 
or PlOIS UITH fEE"OIHC (TES) ANO TllE 44.2X or PLOTS lllTH MO fE"EOIHC (MC} 

Ser~ertlodendron natat~st 

Bl!'rS&IM h..;ens 

Beruma !uetM 
Bers"""' lvcen:i 
Can1hll.n lntrme 
C.sn1hl!J!I Iner,,... 

Can1hluo tner~· 
C.snthluo l~rlfll• 

CanthlLn spp. 
Capp.arls aeplarh 
Capp.arls uphrh1 
Capparh tOl'lll'ntos• 
Capparli tOl'lll'ntosa 

C1pparh tOl'lll'nl.on 

Cauint t1e!hioplc1 
canine ae!hloplc:a 
Cuslnt aethlopic:a 
Ca,,lne aethlopln 
CnJ!ne tr&nsv11alensls 
Celtls afrleu1n 
Celth 1frieanti 
Ct!tls afrlcan11 
Celth efrle11nn 
Ch"tlehm.! 1riittata 
ChuUchm.! •rlr.t1ta 
Chut1chtne 1rlstatfl 
Chaehchm.! arlittata 
ChrClll'IOlfltllll od1>rata 

ChrClll'IOl•Hll odureta 
ChrC1110laena odorlta 

Chr-(•tna odurlta 
Clall'lt't>I an!U!• 

Cl •V~ffi• anhat.a 
C1auJena •nlut• 
Cl\JtL• P\ll~hell1 
Cl\Jtla J'l'llchtll1 
Cl\Jth J'l'llchelta 
Coddla rodls 
Coddh rl>:lh 
Cole grtem1ayl 
Cola grl!'enwayl 
Corrbtetcn mc\lll 

Corrbrttllll lllOl!r. 
Corrbrt1U11 1110\ l11 
Corrbtttcn lllOltP. 
corrmlp.'iora h1r.,eyl 
Cordh c1ffr1 

Cordi1 t•ffr• 
Cordh c•ffr1 
Cordia calfra 
Crotolarla ~apP.risls 

Croton sylvatir.vs 
Croton sylv11icus 
Crotor: syl.,a! i1:us 

She rreePreftndul M/NaTES 

2 
3 

' 3 

4 , 
2 
3 

3 

4 , 

3 

o.oo 
o.oo 

o.oo 
o.oo 
0.00 
o.oo 
o.oo 
t..23 

0.00 
o.oo 

o.oo 

·" o.oo 
o.oo 
0.00 
1 .02 
o.oo 
1. 12 
0.00 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
0.00 
O.Oo 

o.oo 

o.oo 
o.oo 
0.00 . ,, 
o.oo 

·" o.oo 
0.00 
0.00 

o.oo 
'l.00 
0,l)O 

o.oo 

0.00 
20. 97 
10.06 

.62 
3 .12 

3, H 

9.35 
L 1 .53 

·" ·" 1.56 

10.59 
1.56 

1.56 
1.56 
.62 

1.87 
.62 

J0.84 
~.67 

1.87 

·" ), T2 
l.56 
.62 

1.56 
4,67 
4.98 

·" 
i.56 

4.67 
7.79 
1 ,87 

40.50 

·" 26.17 
6.85 
3.7t. 
5.61 

17.45 
23.05 
13.08 
2.49 

2.18 
~.98 

1.25 
1, l/.. 

11/llaNO 

1.36 
1.81 

'·" 7 .94 
3. 17 

2.27 

-'' 
Z.27 
. ,, 
"' 8,39 

2.27 
1.36 
3.17 

19.05 
8.)9 

2.27 
7.9~ 

~-5~ 

·" .91 

Z.27 

-'' 
10,66 

·'' ·" 5.67 
41.95 

9.52 
28.80 

.45 
l.13 

.91 

6.80 
3,40 

·" 1.36 
4. 99 

37 .19 
34 .2~ 
8.62 

~- 99 
1.13 
2.27 

. ,, 

.91 

Page 

o.oo 
0.00 

0. co 
0,00 
o.oo 
0.00 
o.oo 

.Ol 

0.00 
o.oo 

0.00 
.OS 

0.00 
0.00 
o.oo 
. ,, 

0.00 
.03 

o.oo 
o.oo 
0.00 
o.oo 

o.oo 
0.00 
0.00 
o.oo 

o.oo 

0.00 
0.00 
0,00 

.27 

0.00 . ,, 
0.00 
0.00 
o.oo 

0.00 
0.00 
0.00 
S.00 

o.oo 
1.31 

·" o.oo 

8rawsing/:ta 

o.oo 
0.00 

0.00 
0.00 
o.oo 
o.oo 
0.00 

.31 

0.00 
0.00 

o.oo 
.62 

o.oo 
0.00 
B.00 
1.25 
0.00 

.31 
0.00 
o.oo 
o.oo 
0.00 

0.00 
o.oo 
O~OO 

0.00 

o.oo 

0.00 
o.oo 
o.oo 
J. 12 

0.00 
1.25 
0.00 
o.oo 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
15.26 

7 .4B 

0.00 

/oteanGra$sl ntX.YES l'..~anGras$ I nt:PIO 

0.00 
o.oo 

0 .oo 
61. 72 
19.33 

0 .00 
0.00 
5 .00 

9.61 
0.00 

10.GO 
30.00 
o.oo 
0.00 
o.oo 
9.95 

11.25 
o.oo 
o.oo 

49,00 
i5.oo 
o.oo 

0.00 
38.10 
o.oo 
o.oo 

5.oo 

0.00 
2.50 
o.oo 
1 .ai 

0.00 
4~.08 

2Z.86 
o.oo 
o.oo 

21. 75 
10.88 
0.00 
0.00 

9 .2J 
25.38 
o.oo 

M.20 

20.00 
o.oo 

JS. 7~ 
19.26 
o.oo 

13.89 
o.oo 
5,00 

10.00 
o.oo 
3.55 
o.oo 
o.oo 
o.oo 

7. 11 

·" 
o.oo 
3.96 
o.oo 
o.oo 
o.oo 

o. oo 
o.oo 

12.Bli 
B.00 
o.oo 

l';'.00 

26.07 
o.oo 

lS.06 
0.00 
o.oo 
o.oo 
~6.25 

18.89 
o.oo 
o.oo 

'·" 46.98 
19.27 
o.oo 
i,i.00 
0.00 
o. 00 

o.oo 
~o.oo 
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TABLE 7.21 pJ(i) 

NLUHtl.M ClllD STUOT AREA : SPllE A'IAllABILITY ANO Gll"SS lllTEllFE"EllCE CCtlPAlllSONS SEHl~Ell, THE 55.S'X 

Of PtQTS UITH FEEDING (1ESl AND TllE 44.2X OF PLOTS \lltH 110 FEEDING (110) 

Da\ber9h annaU 
hlbergla arNta 
Oa\bergla arNta 
Oalber!li• ar1Mta 
Dalbergh obovua 
Oalber9h obovata 
oa\bergh1 obovata 

Dalber9la abovua 
Dichrostachys cinerell 
Olchrosuchy! clnero 
O!chri:istachys einero 
O!chrost>lchY' cfnereo 
bii:>spyro'!I lycloidu 
O!o'!lpyros Lycloldu 
Dlospyro'!I lyciaides 
b !ospyros I ye i oides 

oiospyros s!111il 
Oii:ispyros simli 
O!Dspyros simii 
Olospyros simi i 
BI ospyros spp. 
Oiospyro'!I spP. 
8li:>spyros SpP. 
Diospyros spp. 
Diospyros 'tlhyte•ma 
Oonbey1 burgtssiat 
bonbeya bur9ess I ae 
D~ya burgessiae 

O~ya rotundifolia 
Oc:rrb('ya rot!Fdifolia 
D~ya rotvndlfot!a 
aont.eya rot!6'1C!i!o!ia 
bo...y1Lh caffra 
Bovyalh c11ffra 
Dovyalls caffra 
Drwyal ls caf fra 
Ehretla rigida/amoena 
Ehretla rlgida/arn:)ena 
Ehretia rislda/>1rn:)l!lf'>.l 
Erythro,.y\llll e11111r9lnatllll 
Erythro,.ylllll rmarg!naun 

Euclta crispa 
Eue\u crhpa 
Eve\e>1 crispa 
Euclea dtvinorllll 
E1.1Clea divlf\Orllll 
Eudea divinorll!I 
Eudu divini:>rll!I 
Euclea nataltnsh 

Evele>1 !'llltalensis 
Euc;\ea nat11lensis 
Euclea rac~a 
Euclea racell'lOsa 
Euclea racfll'!IDsa 
E1.1Clea racfll'!IDSa 
Eugen;1 nata\tla 

Size FreePref]ndex TotalPreflnc;le,. FreeGi'IXYES FreeBBx.HB 

z 
' 
l 

' 3 

' l 

' 
' l 
' 3 

l 

' 3 

' 

l 

' 3 

8,00 
O.OD 

O.OB 
D.00 
0. 00 

1.34 

·" • 12 
O. OD 
0.00 

.09 

·" o.oo 

·" ·" o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
3.59 
• 73 

1.1.1 
o.oo 
8.00 
3.67 

0.00 
1.12 
3. 96 
o.oe 

·" .39 
0,00 

.OB 
0.00 
0.00 
0.00 
o. 00 
D,00 
o.oo 
o.oo 
0.00 
D,00 

0.00 
.06 

·" o.oo 
o.oo 

o.eo 
o.oo 

D.00 
o.oo 
o.oo 

• 70 
.77 . ,, 

0.08 
O.OD 

·" ·" o.oo 
.23 

·" o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
1 .12 

·" l.6 I 

o.oo 
o.oo 
t..40 

o.oa 
1.26 
4. 50 
D. 00 

·" .45 
O.OD 

.03 
o.oo 
o.oo 
D.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 

.07 

·" o.oo 
0. BO 

.01 

·" 
• 11 
.35 

·" 
3.17 
4.59 
1.15 
0.08 
1.52 
5.11 
1.01 
0.08 
1. 10 
1.24 

·" .02 
.03 

·°' .03 
• 05 
.01 

·" ·"' . " 
·" ·" ·" 
.07 
.21 

. " 
·" .32 

·" .04 

.64 
1.35 
.oo 

·" 3.41 
1.83 

.05 

.02 

·" .07 
.BO 

2.t.9 
1.26 

.35 

·" 

·" .03 
o.oo . ,, 

.10 

. " 

. " 
2.48 
2.84 

·" o.oo 
1.03 
2.t.7 

.39 
o.oo 

.65 
1. 15 

.30 

.21 

.03 

.17 ... 

.14 

.41 

·" ·" .01 

·" .20 

"' 
. " 
.30 
.10 
.01 
.01 

·" 2.61 

·" .31 
1. 46 

·" .10 
. 11 

·" .16 
1.01 
2.61 
1.53 

·" .01 

Tot1lBBXYES lotalB8XllO 

.01 

·" 
. " 
·" .OJ 

6.05 
5.05 
1.01 
o.oo 
2.61 
5.61 

·" o.oo 
1.29 
1. 15 

.30 

.01 

.03 

·°' .02 
.05 
.01 

. " 

.93 

·" ·" .67 

·" 
.15 

. " . " 
·" ·" ·" . " 

1.51. 
1.72 
.00 

·" 3. 34 
1.61 

.05 

.03 

·" .06 

·" Z.26 
1.12 

.31 

·" 

.03 

·" B.00 
• 12 
.09 

. " . ,, 
3.62 
3.40 

·" 0.00 
1.59 
3.27 

·" 0.00 

·" .Bb 

·" 
·" .02 

·" .55 
.10 

·" .6' 

. " 
·" . ,, 
. " 
. " 
.13 
.30 
.oa 
.OD 
.01 

1.88 
3.54 

.OS 

.30 
l.11 

·" .07 

·" ·" . ,, 
·" 2.07 

1.11 

. " 
·" 

---·-....._ 

FreeiB/N1YES FreeBB/1111110 

t.56 
21.81 

25.09 
112.94 

9.35 

744.29 
1 ,078.91. 

278.09 
B.08 

357. IO 
1,200.39 

238.01 
o.oo 

258. 1S 
292.06 
S1.DO 
3. 74 
1 .a1 

10.20 
6.23 

12.46 
2.60 

10.47 
154. 70 
35.51 
47.62 

107. 79 
16. 20 

17. 13 
50.24 
36.01 

4.9S 
75.38 
63.66 
9.97 

150.49 
318.35 

.31 
123.12 
801. 25 
t.31. 15 

12.46 
4.74 

55.28 
16. 20 

168. 19 
5S5.19 
300.31 
81.62 
15.80 

734 
6.35 
B.OD 

27.M 
2i.n 
45 ,&I 

30.84 
5Zo.n 
596.86 
17t .20 

D.00 
215.85 
.518.65 

82.54 
0.00 

135.50 
241.Bio 

63,49 

43.65 
6.80 

35.96 
141.90 

29.02 
Bb.99 

148.7'5 
1.1 .27 

2.27 
30. 16 
41.n 
55.33 

30. 76 
62.59 
21. 77 

1. 13 
1.61 

11.1.28 
546. 16 

13.61 
64. 90 

306.12 
15B.57 
19.95 
22. 79 
94. 10 
33. 11 

211 .34 
St.7.95 
321.32 

5Z.15 
3.00 

Ti:ita\BB/HaYES TotalBC/llaMO 

1.56 
21.61 

50.72 
84. 74 

9.35 

1 ,616.57 
1,351.t.O 

270.09 
o.oo 

rs2.n 
1,501.25 

238.01 
0.00 

344.24 
31lS.41 

61.DO 
3. 74 
9.35 

10.90 
6.23 

12.46 
3.12 

38.13 
250.03 

35.51 
139. 81 
179. ll 

16.20 

40.50 
51.09 
3S.01 

4 .96 
78.69 
63.66 

9, 97 

410.72 
t.59.19 

.31 
2ZO.S1 
893, 46 
431.15 
12.~6 

7. 79 
56.07 
16. 20 

259.50 
610,90 
300,31 
81.62 
16.32 

7.94 
6.35 
0.00 

33. 79 
27.21 
45.60 
30.84 

1. 107 .57 
985.62 
171 .20 

0,00 
t.61.n 

947.39 
S2.54 

o.oo 
165.03 
2$0.57 
63.49 

60.09 
6.80 

t.6.53 
156.D5 

29.02 
178.46 
186.39 
t.1 .27 
2.21 

32.65 
41. 72 
55.33 

39.00 
SS. 71 
21. 77 

1. 13 
1.S1 

543.99 
1,021..26 

13.61 
86.65 

320. 86 
150.57 

i9. 95 
23.61 

. 94. 10 
33.11 

266.58 
596.87 
321 .32 

52. 15 
3.40 

fB:TBTES FB:TBHO 

1.14 
1.14 

·" 1.11 
1.14 

·" ·" 1 .11. 
0.00 

·" .91 
1.14 
o.oo 

·" 1.08 
1. !4 

1.14 

·" 1.06 
1. 14 
1. \4 
1.02 

.31 

.70 
1.14 

.39 

·" 1. 14 

.48 

1. 12 
1. 14 
1.14 
1.09 
l, 14 
1. 14 

·" . " 
1.14 

·" l ,OZ 
1. 14 
1.14 

·" 1. 12 
1. 11. 

·" 1.09 
1.14 
1. 14 
1.10 

1.80 
1.BO 
o.oo 

·" ·" 1.00 
LOO 

·" ·" 1.00 
D.00 

·" .55 
1 .oo 
o.oo 
. " 
.97 

1.00 

. 73 
1.00 

.n 

.90 
1.00 

·" ·" 1.00 
T .DO 

·" 1.00 
1.00 

·" ·" 1.00 
1.DO 
1.00 

"' .,, 
1.0D 

.75 

.95 
1.00 
1.00 

·" 1 .oo 
1.00 

·" .91 
1.00 
1 .oo 

·"" 
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D11\b-er11\a mr""'tll 
D•lb<!reh t1r,,.,,tt1 
Dt1l~r11h •rrMt• 

011\b-ergh ar1Mt11 

01lb-erelt1 obovata 
Oalbu9!t1 obovata 
Blll b<!rgla obovllta 
O•lb-erth llbovt1ta 
Olchrostachys clnere11 
DI chrost aehy!ll cl M,.ea 

olchrostachys clnere" 
Dlehrostachys cl:iere11 
olospyros Lycloldeg 
Dlospyros lychldl!'S 
Olospyros lychldes 
orospyros lycloides 
Olospyroi: slml I 
Dlospyrou ilml I 
olospyror. slmi I 
Oiospyro!l. slrnl I 
eiospyro~ spp. 
Dh1spyro11 spp. 
Dlospyre~ i:pp. 

Dlt1spyro.~ spp. 
oh1spyros whytcene 
DOO'beya ll<Jrgesslee 
()Cltbey• bur9es& r ., 
oi::rtbeya bvrtessia' 
D~r• roturdl fol le 
o~re rotund I fol I 1 
o~r" roturdlfo\I" 
DClll'beYll roturdlfolla 
Dovyal h caffr1 
oavyal h ellffra 
Ocvy1lls e1ffr1 
Oovy1lh Cllffr1 
Ehretla r!tido/amoenll 
Ehreth rl;lda/amoenll 
Ehretl1 rlglda/llmoenll 
Erythro11ylut1 flNlrglnll'Ull 
Erythro~ylun l!<'Nir9lnatU11 
Eue\e• crhp11 
Eue\" erhpa 

E\JCltll crhpa 
Eudet dlvln•Hutl 
Eve lea .dlvlnon..., 
Euc\ea dlvlnorur. 
Evelu dlvlnort.n 
Eue\e• natalensis 
Eudea rll'l!lllensis 
Euelea n11talensls 

Euelea rae~sa 
Euele11 rae~sa 
Euelea rae~sa 

Siu freePreflt>deA; M/~aTES 

, 
2 

' ' 

, 
' 

2 

' 

' 

0.00 
o.oo 

0.00 
0.00 
o.oo 

1.34 

·" • 1~ 
o.oo 
o.oo 

.09 
• 11 

0,DO 

·" ·" o.oo 
o.oo 
0.00 
D.00 
o.oo 
o.oa 
o.oo 
3.59 

.1'.l 

1.41 
D.00 
o.oo 
3.87 

o.oo 
1.12 
3. 96 
0.00 

.15 

·" o.oo 

·" 0.00 
i o.oo 

' O.OD 

0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 

.06 

.21 

1.56 
6.23 

34.89 
19,94' 
1.87 

526.79 
1~:J.40 

49.84 

·" 17B.82 
181.00 

28.66 
J.87 

147 .98 
68 .54 
1;.08 
1.25 
4.67 
4.67 
.61 

·" 1.56 
9.35 

23.36 
3. 12 

31.46 
18.38 

4.36 

7 .79 
5.30 
3. 74 

·" 31.15 
7. 79 

.61 

167.13 
62.93 

.61 
91 .74 

118.69 
38.01 
15.58 
'6,23 

14.64 
4.98 

159.81 
129. 28 

81 .62 
L7 l~ 

11/llallO 

5.67 
.45 

·" 23.58 
13.61 
11.34 
6.35 

387.30 
129.93 
33.56 

1.36 
140.02 
133. 79 
22.22 

"' 78. 12 
55.56 
11. 79 

20.41 
1.13 

7 .94 
11. 11 

·" 67, 12 
25.40 
4.54 

.45 
14.06 

7 .03 
3. 17 

17. 01 
9 .Jo 
1 .36 
1.13 
.'5 

185.1S 
121.09 

2 .27 
62.59 
53.29 
27.66 
7.26 

12.47 
13.61 
4.54 

200.45 
153.97 
85.26 
S3.97 

XDlet 

0,DO 
0.00 

0,DO 

o.oo 
o. 00 

4.24 
3.89 

. " o.oe 
0.00 

·'' 
"' 0.00 
.29 

"' 0,'JO 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
0.00 

. " 
·" .11 

0.00 
B,OB 

.27 

o.oo 

"' ·" o.oo 

·" . " 
0.00 

.05 
0.00 
o.oo 
0.00 
o.oo 
D.00 
0.00 
o.oo 
o.oo 
B.00 
0,0D 

. " 
·" 0.00--

Brows I ng/l!a 

D.DD 
0.DD 

0.00 
0.00 
O.OD 

49.53 
45.48 

1 .56 
O.DO 

o. 00 

5.30 
2.49 
0.00 
3.t.3 
7. 17 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
0,00 
o.oo 
1.87 
5.61 
2.t.9 
0.00 
0.00 
3.12 

D.00 
2.8a 
7 ,t.B 
B.00 

·" 1.25 
O.OD 

.61 
0.00 
0.00 
O.O'i 
0.00 
0.00 
0.00 
D.OD 
D.OD 
o.oo 
D.00 
1.87 
3.12 
a.DO 

D,OD 
0.DD 

5o.52 
2.12. 
o.oo 

54.02 
20, 16 
o.oo 
o. 00 

52.56 
20.04 
o.oo 
o.oo 

25.0D 
5.30 
o.oo 
0.00 

25.00 
6.t.3 
0. OD 
0.00 

10.00 
72.55 
38.13 

0.00 
65.80 
39.83 
0.00 

57 .69 
1.66 
0.00 
0.00 
4.21 
o. 00 
o. 00 

63.36 
30.67 

0.00 
44.24 
10.32 
0,DO 

O.DD 
39.20 

1.42 
0.00 

27.48 
4.21 
0.00 
0.00 

O.OD 
0,0D 
O.DD 

!8. 12 
20.00 
o.oo 
o.oo 

52.98 
39.t.4 

0.00 
0.00 

53.25 
45.25 
0.00 
o.Da 

17 .90 
3.48 
o.oo 

27 .36 
0. 00 

22.71 
10.22 
0.0D 

51.25 
20.19 
o.oo 
O.OD 

'·" o.oo 
o.oo 

21.31 
26.98 
o.oo 
0.00 
o.oo 

74.03 
46.48 

0.00 
25. 27 
4 .59 
D.00 
o.oo 
4 .29 
o.oo 
o.oo 

20. 72 
a.so 
0, OD 
0.0D 
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HLUHLLM: CltlB STUOT AREA : SPIZE AVA\lABILITY· AHO CRASS INTERFEREHC:E CCflPARlSOHS BET'.l'EEH THE ss.e-x 
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Sl!e FreePrt:flndu TotalPrt:flndo. freeB8llES ~reeB8VIO 

Eugenl• nat"ltia 
F!cU'9 9\unasa 

rlcus spp. 

r I cus sycomorus 
forb spp. 
rorb spp. 
Ca\plnia transvaatiea 
Galpini• cransvaalica 
C..tplnia transvaa\!ca 
;a\plnia cransvnllca 
Cerani""' spp. 
Grewia caffra 

Grcwi• caffra 
Grevio flavc~ccM 
Grc..,la occidcntalls 

Grc11ia occidental h 
Grcwia ocddcnta\ is 
H>.r""pl'ly\lUTJ calfrin 

Hctcrapyxh nata\cnsis 
Hctcrapy:ids natalcnsis 
Hcteropyxis ntta1cnsis 
Hett:ropy1ds natalffisls 

Hipi;obrorr>Js pauciflarus 
Hi ppobrQOTUs pauc If I orus 
II i ppcbrom.Js p;oiuc i FI orus 

Hlppobrom.J!l. pauc!f\orus 

Inell go fer a nata l<'ns I s/cyt i r19or lea 

lndlgofcra natalensls/cyl lngorlca 
~rolHlsh Harlbvnda 
Kravssh ftorlb.Jnd.11 
Krauss.la floribu!"da 
Kr&ussla llor!b<..tndll 
Lippi& javaniea 
tlppla javanica 
Lippla javanl~a 
tydU'I\ acutifollin 
!'.an! t ~ar & eonco \or 
l'.anitkara eonea\or 
l'.anilkara discalor 

!'la nil kar a di seolor 
Maytenus. heteraphylla 
Haytenus. heterophyl la 
Maytern.Js heterapl'lylla 
Naytenus hcterophyl\a 

l'.aytcnus nf:'ll'Oro~a 

Hayter.us ne-moro~a 

Haytcnus nll"OOrD~a 

Maytero.i'> n("tn()rosa 
May!enus senc:-g11lcns; s 
Maytcnus sen~galcnsis 

Maytt:nus. scne9a\ ens ls 
Mayter11.1s ~cnegatcnsh 
!'lc\anthus dldyma 
!'lonanthata~h c;iffra 
l'.onan1hota~is caffra 

2 

2 

' 1 
2 

' 4 , 

' 

0.00 

o.oo 
2.01 

·" 1.61 
o.oo 

.57 

·" B.00 
0.00 

·'' 
0.80 

0.88 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
2 .1Z 

.69 

0.00 
o.oo 
6.26 
o.oo 
o.oo 
0.00 
0.08 
o.oo 

·" 0.00 
o.oo 

0.00 

o.oo 
0.00 

0.00 

.78 

.56 
1.31 
o.oo 
. ,, 

0.00 
o.oo 
0.00 
0.00 

·" 0.00 

O.OB 

0.00 
1.14 
1.02 

·" 0.00 

·" .19 
o.oo 
0.00 

·" 
o.oo 
o.oo· 
0.00 
8.00 
0.00 

0.00 

0.00 
0.00 
o.oo 
1. 17 

·" 
o.oo 
o.oo 
4.58 
o.oo 
o.oo 
0.00 

0.00 
0.00 

.07 
0.00 
0.00 

o.oo 

o.oo 
0.00 
o.oo 

• 65 
.60 

1.49 
0.00 . ,, 
0.00 
0.00 
0.00 
o.oo 

.76 
0.08 

.01, 

.03 . ,, 
·" .07 
.06 

·" .51 

·" .04 

.35 

.06 

.~3 

.OJ 

.o7 

.02 

. " 
.20 
.04 

.oz 

.35 

·" 
0.00 

.OD 

.03 
1.47 
3.55 
1.40 

.06 

·" 3.91 
1.10 

.OD 

_,, 

. " 
·" .17 

·" 1.04 
L22 
.oz 
.61 

2.58 
L27 
.01 
.01 
.OJ 

·" 

·" .04 

.04 
,04 
.15 
.06 

.OS 

.06 

.06 

0.00 
. ,, 
·" ·" .oz 
.08 
.13 
.07 
.01 
.OD 

1.87 
2 .08 

·" .Do 

·" 3.38 

·" ·" .01 
.02 

o.oo 
.16 

·" • 13 
.OD 

. " 
·" .76 
.13 

·" 1.75 
.76 

,OD 
.18 

.12 

Toul88XTES 1&tatB8X!IO 

.01 

,OS 

. " .. , 
·" 
. " 
·" .56 . ,, 
.04 

·" 
.OS 

·" • OJ 

.06 

.02 

·" 
"' ,OJ 

.01 

·" .57 

o.oo 

·" .04 
.1.59 
3.30 
1.23 
.06 

1.21 
4. 79 

.96 

. " 

·" 
.39 
.41 
. 15 

. so 

.97 
1.07 

.02 

.93 
2.47 

1.11 
.01 
.01 
.03 
.35 

.04 

.OS 

.OS 

.OJ 

"' ,04 

.04 

.07 

.04 

0.00 

"' "' .17 
.01 

. " 

.17 

.os 

.oo 

.01 

1.49 
1.66 

"' .DO 
.78 

5.03 
.19 
.04 
.02 
.01 

0.00 . ,, 
. " 
.09 
.DO 

'" .32 

·" • IO 

.92 
1. 71 

·" 
.04 
.15 
. ,, 

Freetl8/ll<1TES freeB8/H&lro 

1.99 

7.48 
24.9Z 
28.04 
15,58 
14 .72 

n.26 
120.02 

29.91 
9.97 

B2.55 

13.08 
54 ,21 

5.92 
16.ZO 
4.98 

27.73 
47 .04 
8. 72 

3. 74 
82.94 

126. 32 

o.oo 
.07 

7 .01 

345,08 
834.24 
328.35 

14.95 
109.45 
917 .85 
257.94 

1.09 

79.7S 

41.15 
91.B4 
41. 12 

95.95 
245.48 
286.60 

4.98 
191.09 
605.51 
2Q7 .82 

3. 1Z 
1.68 
6, 70 

60. 75 

9.07 
9.30 

•. 73 
8.16 

31.97 
11. 79 

10.n 

17. 76 
11.7Q 

0.00 
22.45 
59.68 
48.07 

3.63 

16.50 
28.32 
14.06 
1.36 

.03 

391.42 
435. 94 
159.64 

·" 86.34 

789. 24 
84,81 

7 ,94 
4. 76 
3.17 

0.00 
33.83 

43.03 
27 .21 

.91 
49.53 
91.84 

160.09 
27.66 
88.27 

367 .40 
158, 73 

.16 
36. s:i. 
25. 17 

Ttt&\B8/HalES Tatat88/l!&MO 

2.49 

12.46 
49.84 
26.04 
n.aa 
42.06 

\19,94 
149.53 

29.91 
9.97 

218.07 

13 ,08 
56.07 

"79 
17 .13 
4,96 

112. 15 
68.54 
8. 7Z 
3.74 

171.34 

15Z.65 

0.00 

• 75 
10.98 

A25.42 
883,49 

328.35 
14.95 

322. 74 
1,2B1.31 

Z57.94 
1.S6 

79. 75 

104.98 
109.66 

41 .1Z 

132. 5Z 
260. 12 
286.60 

4.98 

2!.9,!14 
660.G4 
Z97. B2 

3. 12 
J.86 
9.JS 

93.46 

11.J4 
15 ,42 

15.!17 
8. 16 

31.97 

11.79 

11 .34 

19.95 
11. 79 

0.00 
43.08 

69.0Z 
48.07 

3.63 
34.60 
49.30 
14.06 
1.36 

1. 72 

431. 16 
4 79.82 

159.64 
.91 

2Z5.C9 
1,C57 .!12 

84.81 
11 .34 
5 .67 
3. 17 

o.oo 
48.07 
46,94 

27 .Z1 
.91 

62. 59 
9\ .84 

160.09 
27 ,66 

266.21 
496, 15 
158.73 

10. 75 
43. 76 
32.65 

FB:TBlES FB:TBNO 

.91 

.68 

.57 
1. 14 

·" ·" . 73 

.91 
1. 14 
1. 14 

·" 
1. 14 
1.10 ... 

.08 
1.14 

.2B 

.78 
1. 14 
I. 14 

·" ·" 
0.00 
. ,, 
.73 

·" 1.07 
1. 14 
1. 14 

"' ·" \. 14 
.80 

I. 14 

·" .95 
1.14 

·" 1.07 
1. 14 
1.14 

·" 1.04 
1.11, 
1. 14 

.50 

.az 
• 74 

.80 

·" 

·" 1.00 
1.00 
1.00 

.95 

·" LOO 

!l,00 
.S;? 

.86 
1.00 

1 .00 

·" .57 
1.00 
, .oo 

.02 

·" ·" LOO 
1. O<l 
.Ja 
.49 

1.00 
.70 

·'' 1.00 

il.00 
.70 

·" 1.00 
1 .oo 
.79 

1.00 

l.00 
1,00 

.33 
• 74 

1.00 

.02 

·" . 77 
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Euqenh n•hltla 
Fie~ gl!IT'IOU 

F lcu• opp. 
F lcus 1ur 

F lcu• SyCM'<lrU'!; 

F•rb 1pp. 
Forb sw. 
G~lplnh tr•MW1el le1 

Ce'.plnl1 lr~nsva~llca 
c~tplnl1 tr1nsva•llca 
C1\plnl1 lr~nsvnllea 
Cer1nhn spp. 
Crewh eaffra 
Crewh ealfra 
Or•wh fhv~scens 
Ore>1l1 ox:elcknta\h 

Orewla ox:cldentalh: 
Ore11h aceidenlal h 
H~rpt-p'iyll'-'" eartrun 

H"teropyah nahlensh 
Hetcropyllh n11talernii1 

H"1.eropy.11l!l n11t11lensh 
Heteropy11li; nauleMh 
H IPJ>Qbrom..i-; paue I FlorU'!; 
HIPJ>Qbrom..i'\ peudfloru!. 

HIPJ>Qbrom.J1 pl'tuclflarus 

11:ppobrom.J1 pauel tlorus 

I ndl gof era natal""' i s/cyl I 1"19orlca 

lndlgoftr• Ml al en.• I s/cyl I 1"19or I ea 
.t:r.11uHla F\arl""'da 
Krauuh florl"'-"':111 
Krall'!sh flori"'-"':11 
l:r11uuh flor!bund11 
Llpph )llv~nlca 
llppl1 J11v1nlc~ 
Llpp\11 Jevanlr11 

lyclun scutlfollun 
Hanll~or~ eoneolor 

Hanllkar1 eoneo\or 

H!!nl I kara di 'col or 

)fanllk11r1 dhcolor 

Maytenus heterophyl l1 

HartuY.JS he-lerophylla 

llaytenus heterophyll11 

M1ytmus 1'cterophyll1 
Haytenus · r1t'i!1Qrosa 

Haytenus r•cmor11n 

Haytenvs l"ltfl!Orosa 

Maytenus n"""rosa 

Haytenus !'eneg"lensls 

!':11ytenu~ ter>eqalcnsh 

Haytenus r.enc9alensls 
Haytenus :1ene9alensls 

Melanthus di~ 

J 

' 

J 

' 

0 .00 

o.oo 
2,{11 

·" 1.61 
0.00 

·" ,31 
o.oo 
o.Oo 

·" 
0.00 
0.00 
o.r•:.i 
0.00 
o.oo 

0 .oo 
o.oo 
0.00 
o.oo 
2. 12 

.69 

0.00 
o.oo 
6.26 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
·°' o.oo 

o.oo 

o.oo 

0 .oo 
0 .00 
o.oo 

,18 

·" 1.31 
0.00 

. " 
0.00 
8.00 
o.oo 
o.oo 

"' 
1 .S6 
6.23 
1.56 

38. 94 
g.02 
34.27 
12.~6 

1.137 

·" 7.79 

3.7' 
9.3S 
J .12 
~.67 

.62 

21.61 
10.90 
i.2S 
3.74 
5~.S2 

21.61 

·" 1. S6 
4.67 

156.39 
131. IS 
31. 78 

3. 12 
117.4S 
2(,6.67 
24.92 
l. S6 

l .25 

23,36 
13.06 
2.49 

SS. l' 
32.71 
17 .~5 
3. 12 

13\.00 
77 .26 
21.131 

·" 6.23 

t.13 
1.59 

7 .94 
2.0, 
2.27 
1.36 

2. 27 

6. 16 
l .59 

·" 10.20 
12.02 
4.54 

·" 26.~ 
22.66 
3.17 
2.72 
1. 13 

159. 18 
93.42 
20.86 

·" 133.67 
191. so 

'·"' 2.27 
S.67 
1.36 

·" 16.33 
6. 16 
1.131 

.91 
27 .~4 
ll3. l~ 
13. lS 
2.72 

75. 7~ 
~o. 14 

11.34 

0.00 

o.oo 
. ,, 
.11 
• 11 

0.00 
. ,, 
. " O.Oo 

o.oo 

"' 
0.00 
o.oo 
0 .oo 
0 .oo 
o.oo 

0.00 
o.oo 
o.oo 
o.oo 
. " 
"' 

0.00 
o.oo 
. " o.oo 

o.oo 
o.oo 
o.oo· 
o.oo 

"' 0.00 
0 .oo 

o.oo 

o.oo 
o.oo 
o.oo 

.J2 

.59 
1.60 
o.oo 

.11 
o.oo 
o.oo 
o.oo 
o.oo 

·" 

0.00 

0.00 
• 2,49 

\.25 
1.25 
0,00 
2.18 
l .137 
0 .oo 
0.00 
2.49 

o.oo 
0.00 
0.00 
0,00 
0.00 

0.00 
0.00 
o.oo 
o.oo 
8.72 
4.36 

o.oo 
0.00 
2, 16 
0.00 
0 .oo 
o.oo 
0.00 
0.00 
~ .os 
o.oo 
o.oo 

0.00 

o.oo 
0.00 
0.00 

3.7' 
6.SS 

18,69 
o.oo 
1 .25 
o.oo 
o.oo 
0.00 
0.00 

.JI 

20.00 

t.0.00 
50.00 

0.00 
so.oo 
65.00 
35 .58 
19,7~ 

o. 00 
o.oo 

62. 14 

o.oo 
3 .Jl 
2~.00 

5.t.S 
0.00 

75.26 
31.36 

0.00 
o.oo 

51.59 
17 ,24 

0.00 
90,00 
35.71 
16. SB 
5.S7 
0.00 
0.00 

66.09 
28.37 
o.oo 

30. 00 

0.00 

f0,130 
16.25 
o.oo 

27 .60 
5.63 
o.oo 
o.oo 

23.52 
13.32 
0.00 
0.00 

S6,45 
26.33 

20.00 
lP. 71 

4S.OO 
0.00 
0.00 
0.00 

5.00 

11.02 
o.oo 

0.00 
,7.89 
13. S3 
o.oo 
o.oo 

S2.31 
li2.55 

0 .oo 
0 .oo 

913.00 

9.22 
9, 14 
o.oo 
o.oo 

61. 71 
51 ,JS 
0.00 

30. 00 
16.00 
o.oo 

o.oo 
29.62 
8.33 
o.oo 
o.oo 

20.67 
o.oo 
o.oo 
o.oo 

66.64 
25.95 
o.oo 

97 .S9 
15.13S 



- ---- ......__ 

TABLE 7.21 p5(i) 
HLVllLW£ CR!D STUOY AREA : sPIZE AVAILABllln AHO CRASS IHtERfEREHCE CCl'1PARISOHS BETltEEll TllE ss.sx 

OF PLOTS lllTH FEEDIMCi CHS} AHO THE 44.2% OF PLQFS lllTH HQ FEEDIHG (110) Pago: 

Size FreePreflridex TotatPreflridex freeBBXTES Freee11x.11a Total8BXYES TotalB!IXlla 

11e>n11ntha1a.o:h eatfra 

Ochna l'llltal I tla 

Och,,a l'llltat I tie 

Oriel a bachrriar'V'li I 
Orlcla bachrria1V1ll 
Orrnocarp<.111 trlchocarp<rn 
Ororna eoglcrl 
Pancovla 9ol..,1gensls 
Pancovh 90\ungensls 
Pancovh gc\ung~sls 
Pa~fa cap-,nsh 
Pappia capensls 
Pel ti:ipharun 11f r I cario..rn 
Peltapliort.111 afrfcarun 

Pet topliar<.111 air lcarun 
Peltopliorun africanun 
Phyllanthus reticulatus 
Phyl I anthus ~et i cut a tus 
Phyl,tanthus retlculatus 
PlectrOl"iel\a armau 
Pleclrordel\a urnata 

P\ectroniella arni."lta 

P!ectrooie\\a armala 
Psychatrla capensls 
Rhoicis~us rhonbidca 
~hol c I ssus toment csa 
~holclssus tomentcs11 
~halcinus tridenuta 
l!t>oicissus trhfrl'ltata 
l!holchsus trldentata 
l!hus eh I r I rdens is 
P.hus ch I r i ridens Is · 
Rhus ch I r I rdens Is 
Rilvs chlrlrdensh 
Rhus g~lmll 
Rhus guelnt\i 
Rhus pen!her i 
Rhus pentherl 
Rhus p<!nlheri 
Rhus pc-ntherl 
l!hi.r.i rehrna1V1iar.a 
Rhus rehmanniana 

Rhus rehmatV"liana 

Rhus spp. 
Rhus spp. 
Schotia brachypetala 
Sehotla braehypeta\a 

Sthatia brachypetala 
Schatla brachypetala 
Sclcrocarya blrrta 

Scleracarya birrea 
Sc\eracarya birrca 
Scleroearya b\rrea 
Sco\cpia reyhcrl 
Sco\cpia zeyherl 
Scclopia reyhHi 

' 

' ' 

0,00 
o.ao 

0. BO 

o.oa 
0,80 

o.ao 
a.ea 
0.0B 
e.ao 

0.00 
• 14 

o.oo 
8,00 

·"' .07 
.24 

a.aa 
a.oa 
o.ao 
a.aa 
a.oo 
a.oo 
a.co 
o.aa 
o.oo 
o.oo 
a.oa 
a,oo 

0.00 
a.oa 

.09 

. " 
0,00 
a.co 

• 14 
0.00 
a.oo 
a.oa 
a.ea 
o.ao 
o.ao 
a.ea 
a.ea 
o.aa 
0.00 
o. 00 _,, 
. " a.oa 

0.00 
o,ao 

o. 00 

o.oa 
e.oa 

o. oa 
o.ao 
0. 00 
o.oo 

o.oa 
. " 

0.08 
a .aa 
.as 
.08 
.17 

o.aa 
o.oo 
a,oa 
o.oa 
o. oa 
a.oa 
0.00 
a.oa 
a ,ao 
Q.00 

o.ao 
a.oo 

o.oa 
0,00 

.OS 

. " o.oo 
o. oa 

.11 
a.OD 
a.ea 
a.ea 
o.aa 
a.co 
o.ao 
c.ao 
o.ao 
o.aa 
a.oo 
a. oo 

.60 

. " 
0.00 

.aa 

. as 

·" 
.03 

. " 

.aa 
B,00 
.07 
• 18 

.01 

.18 

.06 

.09 

. " . " 

.45 

.04 

. " 

.01 

.02 

.06 ... 
1. 78 
.03 
.02 

·" .02 
.08 

o.oo 

·" 3.sa 
3 .09 

·" .03 
.37 
.30 
.02 _,, 
.04 

. 25 

.oz 
0.00 

.oz 

.06 

. 01 

.as 

"' .Z2 
.03 

.01 

.OI 

.01 

.81 

.aa 

.as 
.03 
. ,, 
.02 

.01 

.04 

.10 

. " 

.26 

.as 

. " 
·" .82 
.03 

.39 
1, 14 
.01 
.OI 
.17 
.01 

.01 

.. , 
2." 
2. 11 

·" .03 
.62 
• 03 

.13 

.12 
• as 
.04 
.08 
.09 

.36 

.04 

.oz 

.Z4 .. , 

.10 

.08 

.04 

• 01 

• 02 
.12 

.aa 
o.oa 

.12 

. " 
·" .21 
.06 ... 
.so 

·" ·" ·" .09 
.03 
.OI 

.as 
1.39 
2.92 
.03 
.03 
.22 
.02 
.07 

o, 00 
.51 

3.89 
2. 72 

. 17 

.09 

.47 

·" .09 
.30 
.as 
.18 
.01 

a.co 
.03 
.10 
.01 

.as 
.18 
. \9 
.03 

.81 
• 01 

.08 

.01 

.aa 

.as 
.02 

. " 

.02 

.08 

.03 ... 

. " 
·" .04 

·" .35 
.59 
.oz 

·" 1. SS 
.OI 
.01 

. " 
.01 

. " 2.3S 
,_ SJ 

.21 

·" 1.38 
.02 

. " 
• 15 
.as 

·" .06 
.17 

·" .03 
.01 
.19 
.11 
.07 

free89/HaTES FreeB!l/HaMa 

.71 
T0.98 

·" 
6.23 

31.1S 

·" a.ea 
16.S1 
41,43 

1.87 
43.36 
13.86 
2a.56 

102.63 
1n.73 
lOS.30 
10.28 
24.92 
2.34 
3. 74 

14.33 
155.31 
418. 17 

8.10 
4. 74 

S6.S4 
4,J6 

19.94 

O.OD 
81.97 

&40.42 
727. 10 

45.48 
6.62 

"·"' 71.03 
5.37 

32.09 
9,66 

59.81 
3. 74 
a.ea 
4,67 

14 .02 
1.87 

12.46 
42.90 
50. 78 

6.8S 

1.n 
1.63 

1.36 
l.81 
.40 

10.88 
6.80 

J1,n 
4.S4 

1.13 
9.07 

21.n 

32. 79 
54.25 
10.88 

107.49 
tal. 17 
Hl .43 

5.90 

82.44 
239.59 

1.8l 
1.n 

JS. 51 
2.27 

T. 13 

99.21 
S76, 16 
442.4a 

S9.41 
6.69 

l)Q.84 

6.35 

2a.12 
26, 16 
10.84 
9.07 

16.33 
19.05 
74. ST 
8, 39 
3. \7 

49.9S 
31.Sll 
20.4 \ 

Tota\89/HaTES Tata\B8/MaHO 

. " 10.98 

3.12 

6.23 
31, 1S 

. " 
a.ea 

32. 71 
51.40 

1 .87 
55.4S 
16.32 
20.56 

134. 70 
18S.36 
lOS. 30 
10.28 
2~ .92 
9.35 
3. 74 

14.33 
372.27 
780.87 

8, 10 
7 .79 

59. 19 
4.36 

19.94 

a.oo 
135. 76 

1,041. 74 
727, 10 
45.48 
24.92 

126.98 
71, OJ 

23.80 
81.ao 
14.02 
74.TT 
3. 74 
0. 00 
7. 79 

28.04 
1.87 

12.46 
4 7.3S 
51.40 

6.!IS 

2.72 
2. 72 

1.36 
1.81 
1 .13 

13.61 
6.90 

31. 7S 
4.54 

1.13 
9 .07 

21. 77 

45.JS 
1a3.85 

10.88 
l2S. 58 
101.4S 
171.43 

s ,90 

279.SO 
448.39 

1,81 
2.72 

37 .19 
2.27 

1. 13 

1S9.SO 
681. 18 
442,40 

S9.41 
11.34 

376.42 
6.35 

SS .33 
42.18 
13,24 
9 .a7 

16.33 
48.75 

125 .26 
8.39 
J. \7 

S4. 78 
32.43 
20.41 

FB:Tcn:s FB:TBHa 

1,89 
1.14 

.34 

, .14 
1. \4 

l. \4 
a. oo 

·" ·" 
1.14 

·" .9\ 
1.14 

·" 1.09 
,_ 14 

1.14 
1.14 

. " ,, 14 
1.14 

.47 .. , 
1.14 .. , 
1.09 
1.14 
t. 1, 

a.aa 
.69 
.92 

1 .14 
1. 14 

.30 

.18 
1.14 

.26 

.45 

.78 

.91 
1. : .. 
o. ea 

·" .57 
1.14 

1.14 
1.03 
\. 12 
1.14 

1.ao 
.60 

\.00 
1.oa 

·" .80 
\.00 
,_ oa 
1.aa 

1. 00 
1.00 
1.08 

.72 

.52 
1.0Q 

·" l.00 
\. uo 
1.aa 

.29 

.53 
1.00 
i. oa 

·" 1. 00 

1.aa 

.63 

·" 1.00 
LOO 

.59 

·" l.00 

.51 

.62 

·" 1.00 
1. 00 

.39 

.6Q 

1.0') 
1.00 

·" ·" 1.aa 



-----------------

TABLE 7.2l pS(ii) 
HlUHLIJVE. CRIO Sll.'OT "-llEA : SPIZE AYA1lAllllltT AHO CRASS JHHllFE11£Ht£ CCl'IPAlllSOHS BETIJfEH TllE 55.BX 

OF PLOTS \/!TH FHDIHG (YES) ANO THE t,~.2% !If PlOT5 UITH HO FEEOIHC (HO) ptg" 

SI t"' frl!'l!'Prt r I rdtx N/HaYES H/t<aHO Mi et HeanGrasslnt:tTES HunGrllsslnt:t>IO 

···············-·····--·-··-···········-
/'lot1anth•ttid 1 ea ff re 
Oi::hn• natal I tie 
Dehne ne!elttle 
odda b1<:hr11annt I 
Orie I• b~ch....,ml ! 
Orll"oOctrp.in tr!chocarpuTI 
Oioroa englcri 
Pano:av!& goll)n91!'nsli 

Parn:av!a gol1K19l!'nsls 
Pano:ov!• golvngen~ds 

Papph c~pt-nsts 
Papp!a capensls 
Pel top/'lorun afr !unun 
Pet1op/'lortm efr!canun. 
Peltop/'lon.rn africanun 
Peltop/'lort.rn alrlcanun 

Phyl!•nthu' reticuluus 
Phyl l enthlH r~t t culatus 
Phyl l •nthU11 ret lcu!atus 
P!~ctror>lell• arfll8tl 
Pltctronle!lt ormata 
Plectronle!le arm.its 
Plectronlella 1rm&t1 
PsychUr!e capensls 
Rholclssus rhooibido 

Rhatetssus tcrnento~a 
ltho!chsus tcrnentosa 

ltholchsus trldcntah 
ltholehstH tridenUU 
lthalehsus trldentata 
lthus chlrlnd,nsis 
lthus chlrindensis 
lthus chlrlndensls 
ahu~ ehir!ndensls 
lthus guelnd I 
lthus <;t.Jeln~I! 

lthus penther! 
lthus penthH ! 
ahus ptnthH ! 
Rhus pt-nth er I 
lthus rehrM•vdan.a 
lthus rehma1Y1iana 
lthus rehJMl'Y'lhM 

lthUS Spp. 

lthus spp. 
Schotla br•chypetal• 
Sthotlo brechypetala 

Sthotla brachypetal• 
Sehttla brachypt-tala 

sderoeorye blrrea 
Sderotarya birre11 
Sdcroe~rya birrell 
Sclerocarya btrrea 
seolopia ceiheri 
seolopia cerherl 

' 

' 

' 

' ' 

0.110 
0.00 

o.oo 

0 .oo 
11.00 

o.oo 
0.110 
0.00 
o.oo 

0.00 

. " o.oo 
o.oo 

.06 

.07 

·" o.oo 
o. 00 
0,00 
0.110 
o.oo,. 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 

0.00 
0.00 

.09 

. " 
0.00 
0.00 

. " o.oo 
0.00 
0,00 
0.00 
o.oo 
o.oo 
0, 00 
0.00 
o.oo 
0.00 
0,110 

·" . " 

·" 1.5!> 1.36 0.00 o.oo 5.00 
3.12 o.oo 0.110 0.011 

3.12 

3.12 
4.67 

1,56 

·" 7 .79 
7. 79 

-" 
29 .28 
,.67 
3. 74 

61.53 
32.71 
11.21 
2.49 

·" 4.67 

"' 1.25 
133.96 
170,40 

t.87 
3.12 

10.90 
1.87 
1.87 

2.49 
59.81 

100.31 
64.80 
10.59 
7.79 

15.58 
4.36 
7 .411 
3.12 
6.23 
9.35 

·" 4.98 
1.56 
1.56 

·" 7 ,48 
33 .JJ 
\0.90 

·" ·" 1.13 
1.13 
6.811 
6.80 

·" 
1.13 
2.27 
2.72 

21.S4 
19.T.J 

1.36 
42,23 
19 .27 
T4.51 

.91 

125. 06 
102. 72 

·" ·" 9.3o 
.91 

1. 1J 

64.85 
94 .33 
,8,53 
17 .69 
J.40 

22.68 

·" 
3 .as 
9.52 
2.04 

·" t..08 
4 ,5t, 
9.07 

1.8\ 
.91 

40. \l, 
5.90 

0.00 

0.00 
0.00 

0.00 
0.110 
0.00 
0.011 

0.0<1 
.OJ 

o.oo 
0.00 

.03 

·" .11 
o.oo 
0,00 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
0,00 
o.oo 
0,00 

o.oo 
0.00 

·" ·" o.oo 
o.oo 

.05 
0.00 
o.oo 
0.00 
0.00 
II.OD 

o.oo 
o.oo 
0.00 
o.oo 
0.00 
0,00 

.11 

·" 

o.oo 

o.oo 
0.00 

o.oo 
o.oo 
0.00 
0.00 

0.011 
.31 

o.oo 
o.oo 

.31 

·" 1.25 
o.oo 
0.011 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 

o.oo 
0.00 
3. 74 
4.98 
0.00 
o.oo 

·" 0.00 
0.00 
0 .00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
1.25 

.31 

70, 00 

0.011 
o.oo 

0.00 
o.oo 

49.52 
19.39 

0.110 
21.BI 
20.00 

0.00 
23.81 
4.12 
0.00 
o.oo 
0.00 

75.00 
o.oo 
0.00 

58.28 
t.6.t.5 
0 .00 

39.20 
t..47 
0.00 
11,011 

0.00 
39.69 
19.33 
B .00 
o.oo 

73.44 
31.75 

0.110 
77 ,43 
60. 38 
31. 11 
20.00 

0.00 
o.oo 

40.00 
S0.00 
0.00 
0.00 
9.41 
1. 21 

o.oo 
411.00 

o.oo 
0.00 

65 ,00 
20.00 
o.oo 
11.00 
0.00 

0.00 
0.00 
0.00 

27. 70 
t.7. 76 

0.00 
1l..t.O 

"' o.oo 
0.00 

70,50 
l.6.57 
o.oo 
o.oo 
4.51 
o.oo 

0 .00 

37 .41 
15 .42 
0.00 
0.00 

41 ,00 
6'i .24 
o.oo 

49. 16 
37. 97 

18. 15 
0.00 
0,00 

60, 93 
t.O.~ 7 
o.oo 
o.oo 
8.82 
1.68 



---------........ 

TABLE 7.21 p6(i) 
HlUHlU'.IE CRIO SIUOY AREA : SPIZE AVAllABllllY AM[I CRASS IMlERFEREMCE COMPARISOHS BEl\IEEM THE SS.8%. 
OF PtOTS UITH fHOIMG (YES) AMO THE 44.ZX OF PlOTS UHM MO FEEDING (MO) 

Size FrecPreflndex lotatPreflndex Free8BXTES TreeB8l.LIO lotalBBXYES Total88:t:llO 

Scutia !l'!Yrtlna 
Scutfa myrtine 
Scutle myrtlrni 
Scutle myrtlna 
Sesbanh $csben 
Scs.banie s.ubtln 
Slduai1y\on incrme 
Sideroi1y\on inerrM 
s1d .. ro>1ylon ino.rme 
Slderoi1ylon ln..rrM 
Sol ero..n. maur I t I aro.n./g igant clfTI 
Solano.n l!'llluritlaro.n/glgantclfTI 

Solano.n m11uritla......,,/gig11ntclf1! 

Spi rosUchys afr; cane 
Splrosuchys afrfcarn1 
Splroshchys africana 
Splrastachys. africana 
Strychnos lnnocua 
Strychnos niada9asc11rcns is 
S trychnl'.ls l'!ladagascarens Is 

Tarchomnthus cuphoratus 
Tarchonanth~ ea~oratus 

Tarchonenthus ca~orat~ 
Terchominth~ caflllllor1tu" 
feclea 9errardll 
Tec\ea naUlen!ls 
Thcsp!!'sla acutlloba 
lhU.p!!'S la acutl loba 
Tflc!pc! I a a cut I loba 
Trem& arienutl! 
lrema orientati~ 
lrema arlentatfs. 
Trlchocladus grar>dilloru' 
Trlchoctad.Js grar>diflorus 
Turraea flor1bund11 
Un~nown 15 

Un~r><;Jwn 15 

Un~nown 15 
Unl:nown 8 
Unknown 8 
Un~nown 8 
vernonia subulig,.ra 
Ver~nia subutigera 

Vernonia sutiu\igera 
Viteltarlap$is margin•ta 
Yite.o; har,,.eyano 
xl-.nia caflra 
x!~nla C81lra 
X1-.nla caHre 

2:~nthotyllf11 capen~e 

2:anthotylun capeMe 

Z~nthozyllfTI r.:ipcinse 
2:anthorytlf11 capcnse 

Zlzypiiu" rruc:r~Nta 
2:!zypflus lff..ICranaU 
2:h.ypiius lll..lcron~t~ 

Zltypi'lus m..u::ronata 

' 1 

' 

' 

' 1 

' 

"' o.oo 
0,00 
o.oo 
o.oo 
o.oo 
o.oo 

"' o.oo 
0,00 

"' .02 

·" 1.49 
1.27 

.08 

o.oo 
o.oo 
o.oo 
0.00 

o.oo 

0, 00 

o.oo 

o.oo 
4.J1 

o.oo 
o.oo 
0.00 

0.00 
0,00 
O.BO 

o.oo 
o.oo 

·" 0.00 

·" ·" .83 

1.83 

.31 
0.00 
0.BO 
o.oo 
D.BD 
O.BO 
o.oo 

"' o.oo 
0,00 

·" ·" 
.81 

1.6• 
1.45 

.09 

0,00 
0.00 
o.oo 
o.oo 

o.oo 

0.00 

0,00 

0,00 
1. 72 

o.oo 
0.00 
0.00 

o.oo 
0,00 
o.oo 
0.00 
o.oo 

.25 
o.oo 

"' "' ·" 2.08 

. " 

.90 

·" ... 
.01 

·" , 17 

"' "' ,OS 

.65 
1.32 

3,26 
4.60 
6.32: 
2.62 

"' "' .53 
0.00 

·" 

.11 

.00 

·" 
,OU 

I. \3 

.11 

.01 

.07 

.OJ 

·" .oa 

"' ·" 
.JO 

1.07 

·" ,09 

.67 
1. 12 

.SS 

"' .oo 

.11 

"' . ,, 
• 19 

·" 1.27 
.01 

·" 
"' .71 

"' .OJ 

.01 

·" 

.oo 
o.oo 

.01 
• 07 

o.oo 

·" ·" 
.00 
,01 
.01 
,09 

·" .oo 

o.oo 

·" 3.66 

"' .01 

.01 

.10 

·" .oa 
.10 

·" o.oo 

"' .47 

"' .11 

1.02 

·" .39 

·" .05 
.10 

"' .J1 
.09 

·" 1.02 
1.41 

3.32 
4.07 
5,55 
2.30 

.21 

·" ·" o.oo 

"' 
·" ·" 
.01 

1 .~2 

·" 
.00 

·" .04 

.03 

·" .10 

·" 
·" 1 .25 

"' ·" 

.60 

·" ·" ·" ·" 
. ,, 
·" .10 ,, .. 
"' 1.47 
.01 ... 
"' "' . " 
·" ·" ·" 

,OD 
o.oo 

.02 

.05 
o.oo 

·" .02 

.oo 

.OI 

.oo 

.07 

·" .oo 

o.oo 

·" 3.02 

. " 

.01 

·" .10 

·" . ,, 
·" .03 

o.oo 
.33 ... 
. " 
.oa 

--'--

Free8B/Ha1'ES Ftee88/1f8MD 

224.39 
212.31 
104.67 
66.04 
2.eo 
9.32 

41. 12 
75.23 
23.68 
10.90 

152.39 
311. 17 

765.19 
1,081.62 
l,485.36 

615.58 

53.27 
62:.31 

124.61 
o.oo 

6.23 

4.98 

Z6, 17 

"' 4, 36 

. " 
264.53 

24.92 

\.25 
16.82 
7 .48 
8.72 

19.22 
2s.o~ 

6.2:J 

70.48 
251.99 
90.97 

20.56 

141 .27 
234.81 
179:14 
15B.73 

.17 

22.69 
66.16 
27.66 
40.14 
54.69 

266.16 
l.81 

12~ .44 

45 .35 
UB.98 
156.92 

6.63 
2.21 
4,08 

... 
0.00 
2.27 

15.65 
0.00 
9.07 
5.90 

·" 1.81 
1.13 

19.30 
65 .OB 

·" 
0.00 
3. 17 

767. 79 
39,91 

\. 72 

1.59 
20.63 

4.54 
15.91 
2T ,09 
7. 71 
o.oo 

54.17 
98.07 
47 ,85 

2:3.58 

Total88/HaTES ToUL88/HaMO 

2n.09 
213. 71 
104.67 
66.04 
14.02: 
2:5,67 
55.14 
83. 18 
2:3.68 
10.90 

2:71.33 
376.82: 

887 .85 
1,088.79 
1,485.36 

615 .58 

56.07 
62.31 

t24.61 

0.00 

6, 23 

4, 98 

J5.83 

3. 12 
12.46 

l.56 
378.50 
24.92 

l.25 
~0.50 

9.97 
8.72 

22.43 
28.0~ 

6.2:3 

151 .09 
33~.89 

90.97 

20.56 

174.60 
252 38 
179. 14 
15B.73 

1.72 

3,.38 
71.43 
27 ,66 
40, 14 

150. 75 
42:5. l7 

1.81 
138.32 
,5 .35 

148.98 
156.92 

10.20 
3.~o 

4.5~ 

·" o.oo 
4 ,5, 

15.87 
0.00 
9,07 
5.90 

·" 1.81 
1.13 

19,50 
HI0,91 

·" 
0. 00 
4.54 

87S.28 
39.91 

1.72 

~.54 

29.'8 
4.54 

34 .33 
26.53 
7. 71 
o.oo 

95.92 
138.32 
47,85 

23.58 

FB:TBTES fB:TBMO 

·" 1.13 
t. 14 
1. 14 

·" ·" ·" 1.03 
1. ,4 
1. \4 

·" ·" 
. " 

1.13 
1.14 

1.1' 

1.08 
l. 14 
1.14 
o.oo 

1.14 

1.14 

·" 
"' ·" 
"' ,80 

1. 14 

1.14 

·" .SS 
1.14 

·" 1. 14 

1. u 

. " ... 
1.14 

1. 14 

.61 

.93 
1.00 
1.00 

.10 

.66 

·" 1.00 
1.00 

"' ·" 1.00 
.90 

1.00 
1.00 
\ .00 
.65 
-65 
.90 

1.00 
o.oo 
.so ... 

0.00 
1.00 
1.00 

l.OO 

1.00 
1.00 

·"' ·" 1.0B 

o.oo 
.70 

·" \.CO 

1.00 

"' .70 
1.00 

·" "' 1.00 
o.oo 

·" ·" l.OO 

1.00 



TABLE 7.21 p6(ii) 
RtUHtWE n1a HUOT AREA : SP12E AVAILABllllT AHD GRASS INIE-1(RENC( Cef'IP10ISOH~ BET'o/1'EN IME 55.8% 

01 PLOTS 111111 HEBOIQ (TES) ANO THE 4~.2% OF PlOIS 11101 110 fH01NG (110) Pagt 6 

Scutla ,.,.,.rt Ina 

Scutla 111yrtlna 
Scutla rnyrllna 
Scotia myrtln1 
Sub1.nla 1uben 

s,sbiinla usb3n 
Sld"11xyl0<1 lnerine 
s;ri1~roxyl0<1 !n,r~ 

Sldu11xy\oo ln,rme 
S ld,rollylon r nerine 
So\ aru!I 11'13Ur It laNJfl/g lgant'Ull 

Solal"llft Murltl11NJfl/gl1111nteun 
SotnNJfl ll\llurit!21"'-"l/g!gant!U11 

Splr11stachys afrlcana 
Sp!raslachys afrlc11na 

Sp!ri"tachys afrleana 
Splr11stachys afrlcaru 
Strychno$ lm11cua 
Strychnos 1Md~gascar,nsls 

Strychnos 1Mda91$c11rens Is 
hrthonanth,•$ carrphor.nus 

Tarchonanthu$ cerrph11ratus 

T11rclumanthus c111rphoratus 

TarchonM1thu$ c~oratus 

Teel ea 9err11rdl I 
Teclea riatal~nsls 
thn~sla a.:·uilloba 
1hH~S 111 1cut I lob11 
Th~~p<!!la acu1lloba 
lttt'l\3 11rhntal I! 
1r"""" 11rlfntal i! 
Tr"""ll art•nt8lh 
lrlch11c!adu! 9ra•v:llfl11rus 
Tr!cho<:hdu$ 9r11ndlftorus 
Turr11ea flaribunda 
Un~nown 15 
Un~nown 15 
Un~no,.... 15 
Unknoun 8 

Unknown 8 

1Jn~n11,.... 8 

Vernon la 'ubc1\ !9er• 
VHn11nl11 $Ub11\ !9tr!l 

Vern11nl11 $ub11I !9er11 
Vildlar!o~ls "'1!1rginata 
Vlte ... han,ym·.a 
Xl~nh ollra 
Xl!l"'!nh talil'a 
Xl-.nla calfra 

?nnth11iylvn r.11pen~e 
2anth11zyl\1ll r.ar'('n$t 
Zanth111yl\1ll r.~pt>nse 

lnnth111yl\1ll r.npo:n'' 
Zlzyr:hus "'JCronata 
Z!Iyphus 1n.Jcr11nata 
2f1vntiu~ 1n.Jcrnnala 

s;lu• 1r,ePrdlndex 11/llaT~S 11/K•~O 

' 

2 
3 

' ' 

' 

' 

' / 

... 

,j4 69.47 67 .91 
o.oo 25.23 41.n 
o.oo 7,48 9.52 
o.oo l.,36 8.62 
o,oo 14,02 1.\3 
0.00 11,,02 
o.no 18.38 tt..n6 

.33 13.71 B.39 
o.eo 2.~9 5.44 
0.00 4.36 4.0B 

.12 2~1.12 126.98 

.02 173.52 163.27 

·" 1.49 
1.27 

·" 

o.oe 
O.Oll 
0.00 
o.oo 

o.oo 

O,Oll 

0.00 

o.oo 
~.31 

o.eo 
0.00 
o.ao 

o.oo 
o.oo 
o.oo 
o.oo 
0.00 

·" o.oo 

260.12 
1B6.92 
95.33 
32.40 

1~.02 

7' 79 
12.46 

1.25 

1.56 

1.25 

9.35 

3. 12 
1.56 

1.56 
82 .55 

3. 12 

"' 6,23 

"' 1.25 
11 .53 
10. 90 
1.25 

26.~8 

27. 73 
7 .t.6 

"' 43.65 
1B.20 
14,07 
2B.41 
3.40 
1.13 
1. 13 

1.36 

·" 1.13 
3,40 

·" 1.13 
1.36 

. ,45 

·" ,, i3 

2. 72 
6.60 

"' 

"' 1. 13 
87 ,07 

2. 72 
1. 13 

1.13 
2.27 
l.36 

1t. .29 
7.03 
2.??' 

"' 22.90 
10.20 
~.99 

XDiet 

.32 3. 74 
o.oo o.eo 
o.oo 'o.eo 
0.00 0.00 
O.OB 0. BO 
0.00 0,00 
o.oo 0.00 

.11 1.25 
o.oo 0.00 
o.oo 0.00 

.08 .93 

.03 .31 

2.69 
6.85 
B.05 

·" 

o.oo 
o.oo 
0.00 
0.00 

0.00 

0.00 

o.oo 

o.oo 

·" 
o.oo 
0 .00 
o.oo 

o.oo 
0.00 
0.00 
0.00 
0.00 

.03 
0.00 

31.46 
60,06 
94.08 

2,49 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

o.oo 

o.oo 

·" 
0.00 
0 ,00 

0.00 

0.00 
o,oo 
o.oo 
0,00 

0.00 
.31 

0.00 

.93 
4,67 
3.71. 

17 .53 ... 
o.oe 
o.eo 

80.00 
63.69 
25.42 

9.55 
0.00 
0.00 

t.4.25 
17 .42 

13.82 ... 
o.oe 
o.og 

5.00 
o.oo 
o.oo 
0, 00 

0.00 

0.00 

26.96 

90.00 
65.00 

90.00 
30 .11 
o.oo 

o.oo 
58.46 
25.00 
o.oo 

14.31 
o.oo 
0.00 

53,35 
24. 75 
0.00 

19. B9 
6.96 
0.00 
0.00 

90.BO 

33.96 
7.36 
0.00 
0 .00 

63. 72 
37 .40 

0 .00 
10.04 
o.oo 
o.oo 
o.oo 

35 .oo 
35 .00 
10.00 

ll, 00 
o.oo 

50.00 
1.43 
0.00 
0.00 
0 .00 

O,llO 
0.00 
0.00 
1.05 

3~ .51 
0.00 

o.oo 
30. 00 
12 .28 
o.oo 
0,00 

65 .00 
30.00 
0.00 

53.66 
20.51 

0.00 
0,00 

43,52 
29. 10 
0.00 



--, ---

TABLE 7.22 pl(i) 
VMFOLOZI CAIO STUDY .I.II.EA: SP!ZE AVAILABILlTT ANO GRASS INTER1EREMCE CCJ'tPAlllSONS llET'.IEEM THE 79.1% 

Of PLOT$ VITH FEEOlllCi (YES} ANO THE 20.9% OF PLOTS \lltH NO FEEOlllCi (NO} Pag<'l 

Acaela borl<'lB<'l 

Acacia borlH• 
.acacia burkel 
11.cacl• c.tfr• 
Acacia c.tfra 
Acacia clffr• 
Ac&ch gerrardl I 
A.each 9errardl I 
Acach 9err1rdll 
Acacia gerrardli 
Ae•ch gn1rdlcornuta 
Acada grandlcorro.Jta 
Acacia grandlcornuu 
Acacia grandleornuta 
Acacia karror.i 
Ac•eia karrao 
Acada hrroo 
Acacia \ue<lerlttii 
Acach lued..,ri t1 i I 
Acacia luederluil 
.acacia \uederttzll 
Ae.&ela nigr<'lscens 

Acacia nl9resceM 
Acacia nlgr<'lscms 
Acacia nigrescens 
Acach nl\otica 
Ac1ei1 ntlotlca 
Acaeia nilotica 
Acacia nllotlc1 
Ac•cl• robuua 
Acacia robl.rs11 
Acacia robv1u 
Acacia robusta 
Acaeh seM&l 
Acacia sengat 
Acac I a scnga I 
Acacia tartills 

Aceeia tonHis 
Acacia tort i I is 
Aloe marlothl I 

Asparagus SpP. 
Asparagus spP. 
Asparagus spp. 
A!.paragus spp. 
Athna atricentha 
AZl111& 1etracantha 
Berche<11h 1eyh<'lrl 

B<'lrch"'"h 1cyh<'lrl 
Bosch elbitrunca 
Boscia albitrl.W'lca 
Boscia albitrunca 
Brechylaen11 iliclfolia 
Brachy\HNI !lielfolia 
Brachy\ama l\leifo\i11 
Cadabll n11talcnsh 

2 

' 

' 

' 

' 

' 

4 

2 

' 

'·" 1 .25 
a.co 
3.29 
2.60 
1.83 
6.58 
4.T7 
1 _,, 

o.oo 
.20 

0.00 
a.co 
o.oo 
8.82 
6.19 
5.2P 
0.00 
o.oo 
.52 

o.oo 
2 .os 
a.co 
0.00 

.17 
11.15 
2.78 
1.09 
a.co 
2,50 
.54 

0.00 
o.oo 

14.72 
l3.12 
8.05 
5.21 
1.28 
a.co 
o.oo 

.42 

. " 

.04 
0.[)0 

1.41 
1.36 

·" 0.[)0 

l.96 
0.00 
4 .31 

.15 

. " 
·" 4.23 

4,90 
1.43 
o.oo 
1.12 
2.06 
2.0B 
4,44 
5.03 
1.99 
o.oo 
. " 

0.00 
a.co 
a.co 
2.81 
4,36 
6.02 
a.co 
a.co 

·" 0.00 
, .10 

o.oo 
a.co 
. " 

5.17 
2. 78 
1. 25 
o.oo 
2.59 

.62 
a.co 
a.co 

1C,99 
12.49 
9.16 
4.35 
l.30 
0,00 
a.co 

·" . " 
.05 

a.co 
Lrl2 

1.~5 

·" O.rlO 

2. 14 
a.co 
4.90 

. " 

. " 

.TT 
4.SB 

.62 
1.98 

.00 

.04 

.30 

. " 

.52 

·" ·" o.oo 
1.60 

·" 1.29 

. " 
·" ·" ·" . " 
.23 _,, 
·°' 
.27 
.25 
.06 

·" .31 
.32 
.39 

o.oo 

·" .20 

. " 

.04 

.07 

.OS 

.09 

·" ... 
.41 
• 05 

2.16 
1.28 

.60 

.03 

. " 

.24 

.10 

.oo 
• 05 
.04 

·" 1.0S 
2. 74 

.78 

.03 

.09 

_,, 

. " 

.20 

.25 
• 17 
• 17 

.54 

.40 

.04 

.30 

.15 

.35 

·" .05 

1.04 

.40 

.21 

. " 
1. 12 
2.29 
1.58 

.09 

• 01 

.01 

.62 
t.01 

ToUlBBX'rES 1otalBBXllB 

·" 1.74 
.oz 
. " 
.38 

. " .TT 
.25 
.31 

a.as 
1.n 
.90 

1. T4 

. " 
1.26 
1.06 

·" .12 
.21 
.50 
.00 
.51 
.22 
• 05 

·" .67 . 

·" • 34 
a.co 

.25 

. " 

.12 

.04 

.09 

.05 

.oa 

. " 

.B6 

·" .OS 
2,41l 
1.24 

.53 

.02 

. " 

.22 

. " 

.oo 

·°' 
.05 
.05 

1. l4 
2.47 

·" .02 

.30 

·" 
.25 
.18 

.23 

. " .53 

.50 

... 
·" ·" .14 

·" 
.08 
.05 

·" 

·" . " 
.14 

1.35 
2. 18 
1.46 

·" 
. " 
·" ·" .93 

ias.n 
]J6.26 

.09 
6.89 

50.59 
24,T7 
88.19 
44.67 
59.68 
o.oo 

27l.S7 
163.C4 
220.05 
20.95 
68.30 

126.63 
n.93 
19.75 
38.51 
95.95 

.90 
46.Sl 
42.97 
9.91 

53.]8 
53.23 
53.74 
66.22 
o.oo 

43.45 
J3.3J 
22.52 
6.98 

11.08 
8.29 

15.n 
106.0S 
148.82 
69.S9 

9.01 
]66.32 
217.47 
102.48 

4.50 
zs. 65 
40.09 
16.15 

·" a. co 
7 .S7 
9.46 

1T7.B2 
466,3[) 
133.33 

4.28 

12. 91 

39.32 

17. 14 
27.3S 
J4. 19 
2J.9J 
23.9] 

7S.21 

56.15 
5.98 

41.88 
21.37 
49.36 

12.a.2 
6.84 

145.30 

SS.15 
28.7[) 
20.51 

1SS.79 
Ji8.B2 
220.51 

12.a2 

1. 28 

·" 86,32 
140, 17 

TotalBB/HafES TotalBBfHaHC 

120.05 
Jl6.Z6 

4.50 
22.97 
n.52 
24.T7 

l48. 76 
48.20 
59.68 
o.co 

3l2.88 
173.65 
220.85 

20.95 
243.92 
204.73 

T7.93 
23.20 
40.54 
95,95 

.90 

98.65 
4].24 
9.91 

S3.38 
1J8.S2 
61.26 
66.22 
o.oo 

47.86 
33.JJ 
22.52 
6. 98 

16.89 
9.91 

15.T7 
144.59 
166.67 
69.59 

9.Cl 
480. 18 
239 ,41 
102.48 

4.5[) 
40.54 
42. 79 
20.61 

.45 
16.89 
10.36 
9.46 

220.n 
4T7.25 
133.JJ 

4.SC 

45.JO 

39.32 

]7 .61 
27 .JS 
]4.19 
2].93 
79.49 

75.21 

n.65 
8,55 

4l.88 

21.37 
1SO.OO 

12.82 

'·" 

145,JO 

61 .54 
29.06 
20.51 

2[)4.27 
329.23 
220.51 

12.82 

25.64 

·" ea.o3 
140.17 

fB:TBYES Fe:TBNO 

1.00 
1.14 
.02 

-'' 
·"' 1.14 
• 67 

LOS ,,,, 
o.oo 

·" 1.07 
1, 14 
1. l4 

.32 

.70 
1. 14 

.97 

1 .oe 
1.14 
1. 14 

·'' L1J 
1. l4 
1.14 

·" LOO 
1. 14 
o.oo 
1.0J 
1.14 
1. 14 
, .14 

·" ·" 1.14 

·" 1.02 
1. 14 
1. 14 

·" 1.0J 
1. 14 

'-1' 
.72 

1.07 ... 
1. \4 

.S4 

·" 1.1, 

·" 1.,, 
1. t4 
1.06 

·" 
1.00 

.46 
LOO 
LOO 
1.00 

.30 

1,00 

.TT 

.70 
1.00 
1.00 

.33 

1.00 
1.00 

T.00 

.90 

·" 1 .oo • 

• 76 

·" 1.00 

1.00 

·" 
1.00 

·" 1.00 



TABLE 7.22 pl(ii) 

.UHFOl,.OU GRID STUDT AREA: SPl2E Al'AILABlllTf AND CRASS INTERFERENCE COl1PARISONS BET\IEEN me 79.lR 

or PLOTS \llUI fEEDINC (TES} AND THE zo.vx Of Plots lllflf MO FEEDING (NO} 

Siu FreePrtflrde• ToulPrd/ndex rrnDB:tYES freeDO:t>IO 

Ac•cl• bor!e11e 
Ac•cla bortea• 
Ac1cla burkel 
Acacia calfra 
Ac1cla callr1 
Acacia caffra 
Acacl1 gerrardl I 
Ac1cla gcrr•rdl I 
Ac1c[1 gerr1rdil 
Acacia gtrr1rdll 
Ac1cl1 g,.rrlleorr~.Ha 

Acaela er•ndlcornut& 
Acacia gnndlcornuta 
Ac1cla grandlcarnuta 
ol.c1el1 k1rr0<:1 

Acael1 k•rroo 
Ac1cl • klrroo 
Acacia lve-derlult 

Ac1cl1 lvcderl Ui I 
Acach lve-dcrlull 
Ac1ch lvt<:lerluil 
J;cach riigresccns 
Acne h ni!;rcsccns 
AC'clt rdgrcsctnS 
Acach nlsrescens 
Ac1ch nl lot lea 
Acach nl lot lea 

Ac•ch nllotlc1 
Acacia ril lotlca 
A each robust 1 
Acach robwtl 
J;c1ch robuch 
Acoc ·a rr:>bust1 

Acach Sct>9~l 

Acach sengal 
,1ic1el 11 1enga l 
Acach tortills 
Ac•ch tortilh 
Ac•ch tortilis 
Aloe Nrlothl I 
>.sper19119 spp. 
Aspar11gµs spp. 
ASpar1gus spp, 
Aspllr•gvs spp. 
Atima tttr11canth• 
Azima tetr11canth11 

Oerch""l11 1eyhcri 
hrehf'lllll !tyheri 

Basel• albltrln!1 
Bosch •lbltn.r><:I 
lloscl• 11lbltr\K'>C1 
Or11<::hyl1ena l\l<::lfo!!a 

gr•<::hyluna l\lcirolla 

' ' 

' 

' 

' 
' , 
' ' , , 
; , 

...... 

.... 
1.2s 
0,00 
3,29 
2.60 
1.113 
6,5a 

'·TT 

'·" o.oo 

·" o.oo 
o.oo 
o.oo 
8.82 
6.19 
5.Z9 
o.oo 
0.00 

·" o.oo 
2.05 
0.00 
o.oo 

.17 
11.15 
2.78 
1.09 
o.oo 
2.50 

.54 
o.oo 
o.oo 

14. n 
13.12 
a.as 
5.21 
1.28 
0.00 
o.oo 

·" . " 
·" o.oo 

1.41 
1.36 

·" o.oo 
3.96 
0.00 
4.31 

.15 . ,, 

4.90 
1.l.3 
o.oo 
1.12 
2.06 
2.oa 
4,,4 
S.03 
1.99 
0,00 
. ,, 

0,00 
0.00 
0.00 
2.a1 
4.36 
6.0Z 
0.00 
0.00 

·" 0.00 
1.10 
o.oo 
o.oo 
. " 

5.17 
Z.78 
1 .zs 
o.oo 
2.59 

·" o.oo 
o.oo 

10.99 
12.49 
9. 16 
'.35 
1.30 
o.oo 
o.oo 

.37 

. " 

.05 
0.00 
1.02 ,_,5 

.50 
. 0,00 

2.14 
0.00 
4.90 

. " 

. " 

·" l .911 

.00 

·" .30 
. ,, 
.52 

·" .35 
0.00 
1.60 

·" 1.29 
. ,, 
·'° 
·" ·" . ,, 
.23 
.56 
.DI 
.27 
.<5 
.06 

·" ·" ·" ·" o.oo 

·" .20 

. " 
·" .07 

·" .09 

·" ·" -'' 
.05 

2.16 
1.Z8 

.60 

.03 

.15 

·" .10 
.oo 
.05 
,04 
.06 

1.0S 
2. 74 

·" 
·" 
. ,, 
·" ·" .17 
.17 

·" 

·'° 
·" ·.30 
• 15 

·" 
.09 

.05 

·" 
"' .15 

1.12 
2.29 
1.58 

.09 

.OI 

.01 

·" 1.01 

N/NaT[S 

24. T7 
13,51 

1. 13 
12.39 
8.56 
1.3S 

60.81 
5.41 
9.91 
2.25 

119 .19 
23.20 
14.66 
5.86 

69,37 
29.50 
5.86 

lZ.39 
4.50 
9.46 
2.2S 

49.77 
4.05 

""" 19.8Z 
62.84 
6.08 
7.66 

.45 
17.34 
4.50 
2.25 
3.1S 

12.61 
2.25 

·" 36.26 
10.36 

4.95 

·" 109.23 
27.48 
10.81 

·" 16.22 
4.9S 
5.86 

·" 7 .21 
1.35 
1.80 

50.23 
~6.85 

7.66 

lf/HalKl 

t.3.59 

1.71 

47 .01 
1.71 

11 .97 
13.68 
27.35 

5.13 

33.33 
1. 71 

'·" 23.93 
70.09 

3.42 
5.13 

10.26 

18.80 
3.l.2 

10.26 

T7 ,78 
~5.13 

30.77 

4.Z7 

9.40 

1. 71 
20.51 
6.84 

)J)f et 

'·" 2.,a 
0.00 

"' .TT 
.27 

3.41 
1 .25 

·" 0.00 
.32 

o.oo 
0.00 
0.00 
3.55 
,.61 
2.43 
o.oo 
o.oo 

·" 0.00 
.56 

o.oo 
o.oo 

.05 
3.49 

·" -'' 
0.00 

.64 . ,, 
0.00 
0.00 

·" ·" .75 
3.25 
1.12 
0.00 
o.oo 

.'?1 

·" .03 
0.00 

·" .32 
.05 

o.oo 
. ,, 

0.00 

. " 

. " 

.32 

.53 

Orawsin9/H• 

2S.68 
20.95 
o.oo 
1.13 
6.53 
2.25 

28.83 
10.S9 
5.18 
0.00 

'· 70 o.oo 
0.00 
o.oo 

29.95 
38.96 
20.50 
o.oo 
o.oo 
2.,8 
0.00 ..,, 
o.oo 
0.00 

.<5 
29.SO 

7.43 
3.60 
0.00 
S.41 

·" o.oo 
0.00 
a. 11 
5.'1 
6.31 

27 ·'8 
9.'6 
0.00 
0.00 
7 ,66 
2.03 

.23 
o.oo 
1.80 
2.70 

.45 
0.00 
1.58 
0.00 
2.03 
1,35 
2.70 
4.50 

MeanCruslntXTES MeanGrasslMXHO 

11.92 
0.00 

98.00 
70.02 
30.2S 
0.00 

'0.72 
7 .31 
o.oo 
o.oo 

10.42 
6.11 
o.oo 
0.00 

n.oo 
38. 15 
o.oo 

H.OS 

S.00 
0.00 
0.00 

5Z.66 
.62 

o.oo 
0.00 

59.22 
12.28 
o.oo 
0.00 
9.21 
o.oo 
0.00 
0.00 

34.t.O 
16.36 
o.oo 

26.66 
10. 71 
0.00 
0.00 

23.71 
9, 17 
0,00 
0.00 

36. 72 
6.32 

Z1 .64 
0.00 

5Z.61 
Z6.96 
0.00 

19.44 
Z.30 
0.00 

71 .51 

0.00 

54.,3 
o.oo 
o.oo 
0.00 

69.89 

0.00 

22. 71 
30.00 
o.oo 
0.00 

67 .09 

0 .00 
0. 00 

0.00 

10.39 
1.24 
0.00 

23. 73 
3. 16 
o.oo 

0.00 

95 .oo 

0.00 
1.9' 
0.00 



TABLE 7.22 p2(i) 
UHFOLOZI ClllO STllJY AREA : SPl2E AVAILABILIYT ANO GRASS llUERFEREHCE COMPARISONS BET\IEEM THE 79. 1X 
OF PLOTS VITH fE~OIHG (TES) ANO THF, ?0.9l. OF PLOTS W!TH NO fEEOIHG (NO) Page 

canthiun spp. 
C•nthl1..n spp. 
c•pp.arls sl!piarla 
capp.arh ll"Plaria 
capparlt s"Phrh 

c•pp.arl1 t°""""ton 
C•pparfa t°"""'1ZOSll 
ca~rh t°""""tou 
carhat bisp[roosa 
c•rhn bl!pir>OS• 
cuir.e tetr1gone 
c111ine tetragone 
cusFr.e aet/llopica 
cnslM- 1eU1iopfca 
custr.e nthlllplca 
cns ln11 trtnsvu l tnS Is 
c.u1!r.e tr•n.svulensls 
cuslr.e tr.1nsva1!ensls 
Cassin. transvaalensls 
ctuth pu!chel!.1 
Coddh rl.dh 
Coddia rl.dit 
Con'bretun aplcutau.111 
Con'bretun 1pieul.1tun 
Con'breti.n 1pleulatun 
Con'brttl.lll apleulat1.111 

CCW1111iphor.1 harveyi 
CCW1111lphora negltet.1 

ccm.I phor1 """I eeh 
Carmiphor.1 n~!eet1 
Cr11tol 1r l.1 ea peons Is 
CrHon _,,yh•rt ii 
crotori nienyh•rtli 
Crt1tori intrry!i.1rt! I 
cuuonh zu!uensls 
c~sooia zul~nsh 

cuuonla zu!uensls 
Oichrt1Uachys c:lnerH 
oichrosteehys clnerea 
o1cl!resuchys clnerca 
Oiospyros lyclt1ide1 
Olo~pyrt1s spp. 
O!t1spyros spp. 
O lospyrt1s spp. 
r; I os~rt1s lolhyteene 
o~ya returidl lt1! la 
O~ya rt1tundifo!ie 
Oorrbey1 t I! l acee 
OOT'btya tltlacea 
OOT'btya tllt.1cea 
Ehretla riglda/etn0ena 
Ehrttia rlgld1/1moena 
Ehret!1 rlglda/etn0oma 
Eryt11rlna !yshtema.n 
Erythrlna !ys htema.n 
Euclca dlYlnorun 

Siu FreePreflrde~ Ttlt11IPrefJrdo; freeBBXTES freeBBXHO 

1 

' 1 

' J 
1 

' J 
1 
2 

J 

' J 

' J 

' l 

J 

0.00 
0.00 
o.oo 
0.00 

1.60 
'.14 

.79 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
5.58 
1.91 
o.oo 
0.00 
o.oo 

·" o.oo 
o.oo 
o.oo 
0.00 
0.00 
0 .oo 

"' 1.26 
J.88 

.r;0.23 
1 .29 

.17 

"' 0.00 
0.00 
o.oo 
4.39 
1.90 
1.10 

"' o.oo 
o.oo 
o.oo 
0 .oo 
o.oo 
a.co 
o.oo 
o.oo 
o.oo 
1.11 

"' '·'° o.oo 
J.77 

.J7 

0.00 
o.oo 
o.oo 
0.00 

"' 1.09 
.90 

0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
4.22 
1.91 
0 .oo 
0.00 
o.oo 

.J7 
0 .00 
o.oo . 
o.oo 
o.oo 
0 ,00 
o.oo 

.17 
1.24 
4.42 

11.44 
1.20 

. " 
"' o.oo 

o.oo 
o.oo 
2.63 

"" 1.25 

·" 0.00 
o.oo 
o.oo 
o.oo 
0,00 
o.oo 
o. 00 
o.oo 
o.oo 

"" ·" . 5,57 
o.oo 
4.29 

"' 

.00 

.Ol 

.02 

.11 

·" ·" "' .J7 

"' ·" .20 

·" .05 
.11 
.07 

·" .OJ 
.OJ 
.02 

·" .10 
.01 
.01 
.OJ 

·" .01 

"' .17 

"' .oo 

"' 4.78 
5.42 
.oo 
.01 

o.oo 
1.48 
1.52 

·" .10 
,02 
.00 
.oo 
.05 

·" .02 
,02 

·" ·" 1.44 
1. B2 

.50 

.02 

.02 

·" 

·" "' 
.06 

·" "' 

"' 
.OS 
.01 

·" .06 

.OI 

"' 13.46 
23.27 

·" 
.02 

"' "' .15 

·" "' "' 
.77 

.00 

.00 

.02 

·" 
·" ·" .12 
.JJ 

"' .01 

"' .04 

.as 
.10 
.09 

·" .02 
.02 

·" .51 
.10 
• 02 
.Ol 
.OJ 
.01 
.01 

·" • 17 
.17 
.00 
.60 

4.35 
4.76 

.01 

.01 
o.oo 
2.46 
1.67 

·" .12 
.01 
.00 
.oo 
.07 
.OS 
.02 
,01 

·" ·" 1.54 
1.62 

·" .02 
.02 
.70 

"' .17 

.06 

.OJ 

"' 

·" 
"' .OI 

.09 

.06 

.OI 

.70 
12.46 
21.45 

.OJ 

.02 

·" "' . " 

·" 
"' . " 
.81 

----'---

FreeBS/NaTES" fret!llB/HaNO 

39.57 
75.74 
22.97 
63.63 
36.35 

1.35 
34.23 

7.77 
9.01 

16.1;7 
11.37 

7.12 
4 .50 
4.50 
J.60 

BI .97 
16.51 
1.11 
2.14 
5.86 
1.35 
l .35 

24.97 
2B.29 
32.66 

·" 94.47 
812.66 
920. 72 

·" 1.69 
o.oo 

250.98 
257.91 
94.S9 
16.89 
2, 70 

"' .45 
B.33 
6.23 
J.60 
2.70 
6.85 

13.S1 
245.36 
JOB. 94 

85.1 .. 
3.60 
3,60 

74.11 

58. 12 
22.86 

8.55 
132.05 
34. 19 

n.14 

6, 58 
1.30 

9.81 
6. 12 

1.71 
98. 97 

1,874.70 
3,241.03 

5.13 

2.S6 
48.69 
16.74 
21 .37 

90.06 
109.40 
29.06 

107 .01 

TotalBB/HaTES TotelBB/HaNO 

·" .90 
3.315 

18.02 

.,,n 
90.09 
22.97 
63.96 
36.49 

1.35 
34.23 

7.88 
9.01 

18.47 
11.12 
a.11 
4.50 
4.50 
3.60 

9B.20 
19.37 
3.60 
2.2S 
S.86 
1.35 
1.35 

61.49 
33.JJ 
32.66 

·" 11S.54 
841.44 
920.n 

1.SB 
1.69 
o.oo 

1;76.35 
322.30 

94.59 
22.97 
2. ?O 

·" .45 
14.41 
9.46 
J.60 
2.10 
7.21 

13.S1 
29B. 76 
313.51 

BS.14 

J.60 
J.60 

135 .14 

58.12 
25.21 

a.55 
141.03 

3.t; .19 

94 .02 

37.61 
1.37 

13.25 
a.SS 

1. 71 
105 .96 

1 ,IIB2.9! 
3,241.03 

S.13 

2.56 
128.21 
21. 71 
21.37 

145.73 
111.97 
29.06 

121. 79 

FBlTBTES FB:TBllO 

1 .02 
1.0B 
1. 14 
1 .14 

·" ·" 1.14 
1.13 
1. 13 
1.14 
1.14 
1.12 
1. 14 
1.14 

"' 1.00 
1.14 
1. 14 
1. 14 

·" ·" .JS 
1.08 
1.1.r; 
1 .14 
1.14 

·" ·" 1.14 

"' ·" 1.10 
1. 14 
.JJ 

1." 
0.00 

·" .91 
1 .14 

.84 
1.14 
1.14 
1.14 

·"' 
"' 1. 14 

1. 14 
1.08 
1.1.r; 

·" 1.12 
1.14 
1.14 
1.14 

·" 

1.00 

·" 
l.00 

·" 1.00 

.77 

.18 

.95 

"' ·" 
1.00 

·" 1.00 
1.00 
1.00 

1.00 
.JB 
.n 

1.00 

·" ·" 1.00 

,88 
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TABLE 7.22 p3(i) 
tMFOLOZI CllJO Sll.(lY AREA : SPUE AVAILABILITY ANll GllASS (NTEllFEllENCE CCt1PAlllSl!NS BET\JEEN TNE 79. IX 
OF PLOTS VJTK FEEBING (HSI ANB THE 20.9X 0, PLOTS UITH NO FEEllJNG (NO) P1ge l 

Siu ,re~reflndn, TotalPrtl'flndn, frti'll'BBXrES Frtl'e68l:HO TotalBBXTES TotalBBXHO ,rtl'tl'BB/HaYES FreeBB/~allO 

Eucl..a dlvlnonn 

Euc l u di vinonn 
Euclu dlvlnorui. 
EtJclu natalmsh 
Euell!• rniulenalt 
Eucln rnit1lensh 
Eudu racetroJSI 
Eucln r•eetroJ:U 

EtJcl•• racetroJH 
Euclu rlCetroJSG 

Euell!& l.l"lWl1U 
Euetu undulata 
Euclll'a undul1t1 
Evclu i.ndulat& 
Gal plnl1 tr1nsv&el lc1 
Gardf/nia cornut• 
Gardti'nh cornuta 
Gardi!nl1 cernut1 
Gard1mi1 vellr.lll'ISii 
Gardenia v&Ll::ensil 
G1rd1mi1 volkMSll 

Grti'wh bicolor 
Gre'-11& blc:otor 
Grl!wia blcolor 
Crl!wia f\IYI 

Grll'wia f11v1 

Grrwh H1va 
Crll'wi1 Havucl!ns 
Gre'-lh H1vncens 

Grt1"w!1 flavucens 
Grl!wi• fl1vnC:ti'nS 

Gr1wl11 1mntlcol1 

Grl!'-111 montlc:Gll 

Grti'wfe 111Qntlcol1 
Crin.h occl~nhlh 
Crtl'wh 0<:cld1mtal h 
Crewh occldtl'ntalis 

Grew! a SI)!:'. 

Grt1"11f 1 vi l (011 

Grewl1 vlllou 

lllppobrOll'l.J' p;iuclflorin 
lllppobrt:WrUs pauelflorus 
Nippobrcm.r.i pnuelfl&ru9 

Lll)!:lll J1v1nica 
Llppta j1vanlc1 
LyclU11 acutlfellui. 
Lyciun 1cutl let tun 
Hurua ar'lga(ensh 

Haerua 11'196!enSi1 
Hayttfll.IS hnerophyll1 
Haytll'f"OJ9 hll'Urophyl le 
Hayttfll.IS hll'terophyl l<11 
"'ayterns hetll'r&phy\ \& 
Mayytl'nus netr0rou 
Haytenus netr0ra11 
Haytenus n~ros& 

3 

3 

' 
' 3 

3 

3 

2 
3 

3 

1 
2 
3 

o.oo 
O. BO 
o.oo 
o.oo 
o.oo 
o.oB 
o.oo 

.13 
o.oo 
o.oo 
o.oo 
o.oo 

.01 
o.oo 

9.47 
o.oo 
6.70 
o.oo 
O. BO 
0.00 

4.62 
o.oo 

15, 7'j 

. " 
J.21 
o.oo 
0 .oo 

o.oo 
o.oo 
o.oo 
2.69 

·" 1.0J 
o.oo 
2. 16 
o.oo 
o.oo 
o. 00 
o.oo 
o.oo 
o.oo 

'·" o.oo 
5.03 
0.00 

.35 
o.oo 
o.oo 
0.00 
5.25 

.04 
1.50 

0.00 
o.BO 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 

"' o.oo 
o.oo 
o.oo 
o.oo 

.01 
0.00 

4.16 

o.oo 
7.63 
o.oo 
O.OB 
0.00 

5. Bl 
o.oo 
8.80 

• 71 

Z.68 
o.oo 
0 .oo 

0 ,00 

o.oo 
0.00 
2.:18 ... 
1. 17 
0.00 
1.58 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
6.10 
o.oo 
4.58 
o.oo 

"' 0.00 
0.00 
o.oo 
3.74 

,04 

1.71 

3.68 
2.49 

"' .oo 

"' "' .31 
1.26 

"' ,09 

.31 
1.21 
4.09 

·" 
.01 
,01 
,03 
,02 
.05 
,01 

"' .06 
.07 
.25 

,01 
.13 

1.15 

.02 

.02 

.02 

"' "' . " 
·" "' ·" .01 
,01 
,01 

.oo 
,01 
,01 
,04 

,01 
,02 

·" ·" .20 
,09 

.13 

.68 
1.51 

1.06 
.33 

.23 

.83 

.04 

.43 
1.91 

.38 

.04 

,08 

.00 

.18 
,85 

1.18 

,07 

.15 

.00 

·" .33 

.23 

.06 

.05 

.57 

.04 
0,00 

.18 
• IO 

2.55 

3.56 
2.19 

"' ·" .17 
.10 

"' 1.18 

·" .08 
.31 

1.0B 

3.59 
,43 

.03 

.01 
.OJ 
.03 
,04 

.01 

.11 

.05 

.12 

"' 
,09 

.12 
1.01 

.04 

.02 

·" "' .19 
.09 
.03 
.17 
.07 
,01 

.02 
,01 

. " 

.oo 

.02 

.03 

.01 

·" 
"' .31 
.18 
.08 
.18 

·" 1.J2 

1.10 
.31 

.21 

.76 

.03 

,40 

1.76 

.35 

.03 

.08 

.05 

.35 
1.06 
1.09 

,07 

.14 

.11 

·" .31 

.31 

.06 

·" 

1.18 
.OJ 

o.oo 

. ,, 
,09 

2.35 

625.52 
423,87 

27 .93 
.27 

27.75 
20.27 
52. 11 

214.59 

"·" 14.64 
51.99 

205.81 
695 ,OS 
a2.4J 

2.J9 
1.80 
5.41 

3.31 
8.56 
1.80 

20.59 
10.36 
11 .22 
42.75 

12.70 
22.2J 

195 .95 

3.29 
J.31 
J.60 

3J.64 
3J.23 
17 .57 
6.31 

20.97 
14,03 

1.13 
1.Z6 

2.25 

·" ·" 2.11 
6.76 

.90 
3.01 

39.08 
'4.49 
34.01 
15.n 
21.58 

114.99 
256.08 

148.25 
46.15 

31.45 
115.J8 

5.13 

60."9 
265.81 

52.99 

5, 13 

11.45 

.17 

25.47 
118.89 
164.10 

10.26 
20.51 

.27 

36.5a 
46.15 

J2.05 
7.86 

7 .26 

79.90 
5, 13 

o.oo 

24.87 
13.68 

355. 56 

"-------~~----~-

Tot1\BB/H1TfS Tot1l8B/ll1NO 

688.74 
423.87 
27.9J 

.90 
3J.JJ 
20.27 
69.93 

229.05 

"·" 14.64 
60.02 

20B.56 

695.0S 
82,4J 

6.19 
1 .80 
5.41 
6.31 

8.56 
1 .5o 

21.62 
10.36 
22,86 
50.90 

t7 .J.t; 

23.87 
195.95 

7 .43 

4 ·" 
J,60 

4?.55 
35.81 
17 .57 
6.31 

J2.66 
14.41 
2.03 
3.15 
2.25 
1.13 

.90 
3.38 
6.76 

1.13 
3.15 

109.35 
59.68 

34.01 
15.n 

34.46 
119.59 
256.08 

166.67 
46.15 

32 .4B 
115.J8 

5, u 

r>0.68 
265, 81 

52.99 

S.13 

11 .97 

'·" 
52.14 

160.68 
164. 10 

10.26 
20.51 
16,67 

69.2] 
46.15 

47 .01 
9,40 

7.69 

178,63 
5. lJ 
0.00 

29.06 
13.68 

JSS,56 

FB:TBTES FB:TBllO 

1.03 
1.14 
1.14 

.34 
,95 

1.14 

·" 1.07 

1. 14 
1.14 

·" 1.12 
1.14 
1. 14 

i.oa 
1. 14 

"' .96 

,83 

1.06 
1. 14 

. " 

.so 
!.14 

.T7 
1.06 
1. 14 
1. 14 

. 71 
1.11 

.63 

·" 1. 14 

.57 
1.14 

• 71 
1.14 

,91 
1 .09 

.41 

.as 
1.14 
1. 14 

• 71 
1.09 
1.14 

. " 
1.00 

.97 
1.00 
1.00 

·" 1.00 
1.00 

1.00 

·" 
,02 

·" • 74 

1.00 

l.OQ 

1.0B 
.02 

.53 
1.Bo 

.68 

·" 

,45 
1.00 
o.oo 

... 
1.00 
1.00 
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Euclu dlvlnon.m 
Eoc::lu dlvlnonn 
Euelu dlv!nonn 
EUC(et Mtaltmt!s 
Eue\u rn1t•ltmth 
Eue\n Mt•ltmth 
Euelu r•e~s• 
Euc\u r•e~s• 
Euc\u rac~u 
EUC:lui rai;:~u 
Euclh U'dulau 
Eucle1 u-dul•ta 
Euetu Uldulata 
Eue\u Uldulua 
Ga\plnl• tnMvullca 
Gardwla corN.Jt:a 

G1rdenl• CDrrK.lta 

Gndenla corN.Jta 
G.ardenla volkieru;ll 

Gardenia valkensl I 
G11·denl• volkieru;!I 
Grew!a blcelor 
GrC"Wla blcolor 
Gre1o1h blcolor 
Gre11h flava 
Gr-e.,la flava 
Gre1o1!a Hav1 
Grufll flavucl!'nS 
Grewla flaveseens 
Grew!• l\1vescen$ 
Grew!a ft1v.sce11s 
Gr.wh 110011tlcal1 
Grr.111 ll'IOl"lt!cola 

GrPolla inontlcota 
Grewla occldent1lh 
Gr,1<11 occldentalh 
Gre11l1 occlderitalls 
Grodi 1pp. 
Cre1il1 vlllas1 
Cr,wl1 vlllou 

Mlppobrorrus .PIUC:.lfllrU$ 
Hfppobrcm.Jfl .PIUC:lflDIV$ 
Hlppobr(;ITSJS .P1UClflor1JS 
llpph j1v1nk1 

L lppl•. J1v111lc1 
Lyc:l1.1111c:utlfolhn 
Lye l\11 •eui I fo\ 11.111 
Hnru• 1091\ensls 
1'11,rut 1nga\ensl1 

l'l~ylerus heterop!iyl I a 
l'l1yterv.1 h'terop!iyl 11 
1'11ylH1'.tl heterophyl la 
M1y1 er"A.tl h•terophyl La 

Sin FreePrellride~ 11/llaYES 

4 
1 

' ' 
' 3 
3 

2 
3 

... 

... 

a.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
0.00 

• 13 
o.oo 
0.00 
o.oo 
o.oo 

.OI 
o.oe 

9.47 
a.oo 
6. 70 

0.00 
o.oa 
a.oa 

4.62 
a.ao 

15.TS 
.74 

3. 21 
o.aa 
a.oo 

a.ao 
o.ao 
o.oo 
2.69' 

·" 1.03 
O.llO 

2.16 
0, oo 
a.oo 
o.oo 
o.oo 
o.oo 
a.oa 
8.60 

o.oa 
5.a3 
a.oo 

.35 
o.oo 
o.oo 
o.oo 

36.04 
IJ.51 

.45 

.45 

·" .45 
27 ,48 
21.17 
4.50 
2.25 

12.s.4 
13.29 
13.96 
2.70 

2.48 
.45 

1.35 
2.70 
.45 
,45 

2. 70 
.45 

11 .04 

""' 
5.18 
1.35 
4.05 

3.38 
.45 
.45 

Z2. 7S 
7 ,43 
2.70 

.45 
10.36 
2.25 
2.25 

.45 

.45 

.45 

.45 
1.35 
1.1J 
l.1J 
1.58 

45. 72 
8.11 

2.70 
,45 

H/HaHO 

17 ,95 
5.13 

12.82 
9.40 
3.42 

13.68 
10.26 

5. T3 

1. 71 

3.42 

6.84 

13.68 
29.06 
15 ,J8 

1. 71 
1.71 
5.98 

2D.51 
5.13 

15.38 

3.42 

..... 

57.26 

1.11 
1.71 

, .. "· 

o.oo 
o.or. 
0.00 
o.oo 
o.oo 
0.00 
o.oo 

.16 

o.oo 
o.oo 
0.00 
0.00 

.OS 
o.oo 

. " o.aa 

.21 
0.00 
o.ao 
o.ao 

.56 
0. 00 
1.04 . ,, 

.24 
a.oa 
0.00 

o.ao 
o.oo 
0.00 

.SJ 

.16 

.11 
o.oo 

.27 
o.oo 
o.oa 
o.oo 
0.00 
a.oa 
o.oa 

.11 
o.ao 

·" 0.00 
.oa 

o.oo 
o.oo 
a.oa 

" 

Browsing/Ha 

0.00 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
1.35 
0.00 
o.oo 
0.00 
o.oo 

.45 
0.00 

1.13 
o.ao 
1.80 
0.00 
o.oo 
a.oo 

4.73 

o.oa 
8. 78 
1.58 

2.03 
a.oo 
0.00 

o.oo 
o.oo 
0.00 
4. so 
1.35 

,90 

o.oo 
2.25 
0.00 
0.00 
a.oo 
0.00 
o.ao 
0.00 

·" 0.00 

• 23 
o.ao 

·"' o.oo 
0.00 
o.ao 
s ,63 

H'anGro.•sl ntX.YES M'•nCrass !ntXHO 

9, 18 
o.oo 
0.00 

70.00 
16. 76 
0.00 

Z5 .49 
6.31 
0.00 
a.Oil 

13.38 
1.32 
o.oo 
o.co 

61.36 
o.oo 
o.oo 

47 .50 
0.00 
o.oo 

4.79 

0.00 
50,94 
\6,02 

Z6.TS 
6.89 
a.oo 

55.76 
30,.00 
0.00 

32.12 
7 .20 
0.00 
0.00 

35. 79 
2.69 

44.44 
60.00 
0.00 

50.00 
o.oo 

37.67 
o.ca 

20.00 
433 

64.26 
25.45 
a.oil 

o.oo 
37 .39 

, , .as 
J,00 

3.16 
o.oo 
o.oo 

·" a.OD 
ll.00 

0.00 

4.29 

97 .50 

51.15 
26.01 
o.oo 

o.oo 
o.oo 

98.38 

47 .16 
0.00 

Jl .82 
16.36 

5.56 

SS.27 
a.oo 
a.Oil 

14 .41 
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HayterJ.Js rw:mor~a 

H•yCet'U$ 'eneqalensh 
H•yt~ s~salensls 

Helanthus dldyrna 

Hon.5nthocaxls ealfra 
Oln e-vropau 
O(e• ll'\lropaea 

D( u ll'\lropaea 
Ormoo:arpo..111 triehoearpo..111 
Ormoo:arpu!I trlchccupo..111 
0/'l'llDCUpu!I trlehocarpo..111 
01oroa englerf 
01oraa engleri 
Papph c:apensls 
Pappia capensls 

P•pph c•!l1l'nsls 
Papph eapensic 
Plectronhlle 11r11111ta 

Pleetronlella 1rmau 
PleetrQfliella 1t111at• 
Ptectroniel la lnr18tll 
J>yrostrfa hystrix 
J>yrc,crh hystrh. 
Pyrutrh hystrix 
Rh•lcluus rhe>rrbldn 
Rhoieluus rhe>rrbid!-C 

Rh us gue inz Ii 
Rh1n guelnzli 
Rhus 9uelnzfi 
Rnus 9ueinzi f 
Rhus ~therl 
Rhua pentherl 
RhUi pMZherl 
Rhus rehn1<1nni ;me 
Rhvs reh ..... nnhna 
schot I a brad'l)'p<='ta La 
sehoti• br•ehypetel1 
Schoch br1ehypetel• 
schoti1 eapluts 
sehotl• eapiteu 
Schotl• eapi tat1 
schotfa capltota 
Seleroe1rya bi rreo 
scteroc:ary• birrea 
Sehroc:ary• blrru. 
$colopl1 ieyheri 
sesbanh puilcea 
sesbenle sesban 
Sfd1 cordlfolh/rhontllfotl• 
Siderc1ylon lnerrne 
Sldcrc~yton lnerrne 
Sldero~ylon lnerrne 
slderoxylon incrme 
solal'IUll 
Sol1nvn 

size freepreflndel( Tot~lPreflMex free8sXYES FreeB8XHO 

J 

2 

' 

2 

J 

2 
3 

,47 
o.oo 
IJ.00 

·" 7.86 
0.80 
O.IJO 
IJ,IJO 
o.oo 
2.49 

.78 
8.B5 
0,IJO 

"' 1.67 
1.39 
3.47 

·" 1,79 

.16 

.06 
o.oo 
0.00 

.51 
8.00 

• 14 
Ln 
1. 12 

.22 

.52 
o.oo 
o.oo 

·" o.oo 
0.00 
0.00 
o.oo 
0 .oo 
o.oo 

"' o.oo 
1.26 
l.11 
o.oo 
o.oo 
8 .OIJ 
2.98 
o.oo 
o.oo 
2.95 
n.oo 
o.no 
o.oo 
0.00 
1.32 
1.65 

"' o.OIJ 
0,01' 

. " 7. 15 
IJ,OIJ 
IJ.00 
IJ.IJIJ 
O.IJIJ 
2.00 

·" 9.16 
0.00 

"' 1.59 
1.53 
3.95 

.52 
1.44 

• 17 
,07 

0.00 
0.00 

.57 
0.00 

, 14 
1.85 

.70 

.22 
,59 

o.oo 
0.00 

·" 0.00 
0.00 
o.oo 
0.00 
o.oo 
0,00 

.oo 
o.oo 
1.43 
1.26 
0.00 
0.00 
0 .00 
2.83 
o.oo 
0.00 
2.43 
0,00 

0.00 
o.oo 
o.no 

.95 
1.63 

·" .20 
,26 

,07 
,02 
,01 
, 11 

.42 

. " , 19 
,03 
,03 
,00 

• 16 
,06 
.02 
,00 
.35 
.22 

"' 1, 70 
,OS 
,07 
.16 
.20 

. " 
• 12 
, 10 

"' ,26 

·" • 10 

·" ·" ,00 
,01 
,02 

3.60 

·" .07. 
,06 

Ln 
.n 
,OS 

0.00 
0 ,00 

.05 

·" , 11 

.14 

·" . " 
,21 

.11 

.11 

.02 

2.09 

·" . " 
.00 

1.11J 
1.41 

.00 

,00 

.00 

"' 0.00 
.02 
.11 

. " 
·" 1.12 

·" .19 

"' .20 

·" 
.27 

1.26 ... 

o.oo 
.25 

·" 3.68 
1.46 

o.oo 
o.oo 

, 17 

·" 
.25 
.07 

.so 

"' ·" . " 
.02 
.02 

. " 
"' . " 
.24 

·" .02 

·" . " 
.07 
.01 
.07 
,31 

·" "' 1.50 
.OS 
.00 
.14 

. " 
, 19 

.12 

. " 
·" ·" ,00 

. " .n 

.so 

.01 

·" ,02 
3.17 

·" .07 
.OS 

1.51 

·" .05 
o.oo 
o.oo 

.06 
,01 
.09 

. " 
·" .12 

. " , 10 

.17 

.01 

1.92 
.49 
.11 
.09 

1.02 
1.31J 
.12 

·" 
.04 

.32 
o.oo 

.01 

.12 

• 17 

·" 1.03 

·" . " 
.J1 
.20 

·" 
.40 

1.52 

·" 

o.oo 
.25 
.91 

3.39 
I .35 

0.00 
0.00 

·" ·" 
.23 
.07 

freeBRJHaYES freeBB/HaHO 

96.85 
47 .10 
43.63 
11.22 

"" 1.91 
18.22 
71.17 
25.00 
32.81 

5.78 
4.50 

.02 
27.03 
18.88 
3.27 

13.06 
59.91 
38 .02 
57.95 

289.19 
9.01 

12.15 
26.69 
34.68 
32.15 
21.13 
16, 18 
62.91 
43.69 
14.86 
16.63 
95.11 
95.95 

.11 
1.77 

'·" 611.49 
S,86 

12.12 
10.36 

291.89 
122.97 

B.47 
o.oo 
0 .00 
9.12 
4.50 

18.02 
24.61 
10.92 

21 .96 
35.14 
18.47 
20.65 

2.75 

290.60 
61.20 
18.80 
11.17 

153.85 
196.58 
10.53 

"' 
·" 

47 .86 
0.00 
3.42 

16,85 

25.64 
68.38 

155.56 
63.93 
26.50 
46.15 
39.16 
61.54 

36,97 
174.91 
92.31 

0.00 
34.62 

136.?S 
512.82 
203.42 

o.oo 
o.oo 

23.89 
10.94 

34.19 
9.49 

Total'iB/H•YES Total88/HeHD 

96.8~ 

7S. 90 
69. 93 
31.64 
3.61J 
4,50 

18.47 
71.17 
25.00 
46.40 
6.08 
4 .51J 

,90 
27,03 
12. 95 
3.38 

13.0!I 
59.91 
53.60 
59.46 

289. 19 
9.01 

15.99 
27.03 
34.68 
35.81 
22.30 
29.28 
69.03 
43.69 
14.86 
25.23 

142.12 
95. 95 
2.25 
3.94 
4,73 

6!2.61 
S.86 

1Z.81o 
10.36 

291.89 
122.97 

9.46 
o.oo 
0.00 

10.92 
4.5B 

18.02 
33.90 
12.16 
23,65 
35, 14 
18.47 
32.43 
J. 15 

298 .60 
73.51J 
18.81J 
13.16 

153.85 
196.58 

17 .52 

1.71 

6,41 

47 .86 
0.00 
3.42 

18.80 

25.64 
68.38 

155.56 
73.50 
26.50 
46.15 
39.32 
61.54 

59.83 
229.91 
92.31 

0 .00 
38.46 

136.?S 
512.82 
203.42 

o.oo 
0.00 

35 .90 
11 .97 

34.19 
10.26 

f8:18YES fS:TBND 

1.14 
.71 
.71 

·" ,91 

·" l.12 
1.14 
1.14 

.80 
1.IJ8 
1.14 

.02 
1.14 

.96 
1.10 
1.14 

1.14 
,81 

1.11 

1.14 
1.14 

·" 1.12 
1. 14 
1.02 
l.08 

·" 1.04 
1. !4 
I. 14 

.75 

"' 1. 14 
.06 

"' ·" 1.14 
1. 14 
1.07 
1. 14 
1.14 
l, 14 
1.0Z 
o.oo 
0.00 

.95 
1.14 
1.14 

.03 
, .02 
, .06 

1.14 
1.14 

.72 

·" 

1.00 
.83 

1.00 

·" 
1.00 
1.00 

.60 

.20 

.OS 

1.00 
0.00 
1.00 

.90 

1.DO 
1.00 
1.00 
.'7 

1.00 
1.00 
1.00 
l .oo 

,62 

·" 1.00 

o.oo 
.90 

1.00 
1.0o 
1.00 

0.00 
0.00 

·" ·" 
1.00 

.93 
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lllytenus n.,,...gro11 

H1ytenus 1eneg1tensl1 

ll•ytenus •e~galMsl1 
Me !irn t htn d lay.n. 
Mel [1 1udu1ch 

Monanthatult caHr. 
Olu ...,rop10 

Ol n t'Urop110 

Blo wrnpan 
OrlftO<:arp..n lrlchoearp..n 

Bnnocarpoit 1rlchoc:1rpu11 
Onnocarpu11 lrlchoe1rpoi1 
Dtoroa M!llttl 
Dtaru enc;ltrl 
Pawl• taP"nsh 
Papp! a capensl a 
P1pph taf)M'h 
Pspph u~h 
P l«ttOl'lh lla 1nnota 
p!eettOl'lhlla an:ieu 
Pl«ttOl'lltll1 lrNU 

Plectronl1l l1 an:ieu 
Pyrostrla hy1trh 
Pyrottrla hystrlil 
l'yrostrla hystrlx 
Rholeluvs rhoriildea 
Aholelnvs rhorrbldea 
Rhu. sivclnill 
~htn gvclntll 
Rhvs gvelntll 
Rhus einlnzll 
Rhus pt-ntherl 
RhLa pt-nthtrl 
Rhin pt-nther[ 
Rhl.1:11 tthnwim[U\tl 
Rh..,. rehmem[ u,. 
Schatl1 braehypetal1 
So:hoth brschypt-t1l1 
S.chotl 1 br1chypet1l 1 

Schoth coplt1t1 
Schatl1 upltltl 
Schotl• upltu• 
Schotl• c•plt1u 
Scleroc1rym bltrt1 
Sclcroc1ry& blrre1 
Seleroc1ry1 birre1 
Scolopl• n)1letl 
Sub1nl1 pu-ilcu 
S"b.nh n~ban 
Sid. cordlfoll1/rh0Tblfoll1 
Sl~raKylon lntl"lht 
Sl~ro:>iylon lntl"lht 
UdttoKYlon lneflllt 

' ' 

' 

J 

... 

-.47 Z.70 
0.00 1S.9Z 
0.00 6.0S 

• 40 51. 13 
7 ,56 .45 
0.00 Z.25 
a.OD 1.Se 
o.oo z.zs 
0.00 3.60 

z ,49 30.63 
• 78 1.80 

s.o5 .45 
o.oo .45 

.34 .45 
1.67 .. 
1.39 
3.47 

·" 1."' 
. " 
.06 

0.00 
0.00 

·" o.oo 

. " 1.n 
1. lZ 

·" ·" o.oo 
o.oo 

·" o.oo 
a.Do 
o.oo 
D.OD 
o.oo 
0 .oo 

·" D.oo 
1.Z6 
1.11 
o.oo 
0.110 
:i.00 
Z.98 
O.DO 
0.00 
2 .95 
O.DO 
O.DO 

9.91 
2.Z5 
1.80 
6.76 

18.24 
8.56 

23.42 

·" 6.76 
4.95 
3.15 

10.59 
2.93 
6.76 
6.98 
1.80 ... 
4.50 

10.59 
Z.70 
1.13 
1.13 
1.BO 

Z.25 
3.60 
2.03 
Z.03 
9.46 
4.D5 
1.35 

·" 1.35 
6,08 

·'' ·" 44.59 
Z.93 
3.15 
2.2~ 

H/HaMO Browsing/Ha 

5.13 .27 2.25 
13.68 o.oo 0.00 
3.42: o.oo 0.00 

17.78 .03 .23 
.13 1. 13 

o.oo 0.00 
o.oo a.co 

3.42 o.oo o.oo 
6.IY. o.oo 0.00 

15 .38 .48 4 .05 
.D3 .23 
.21 1.so 

1.71 0.00 o.oo 

4.Z7 

11.97 
1.71 
3.42 
3.4Z 

4.27 
8.55 
8.55 

25.64 
10.26 
9.40 
5.98 
3.42 

17.09 
9.40 
3.42 

1.71 
8.55 

1z.s2 
17.09 
B.55 

32.48 
3.42: 

.as .45 

. " 
·" ·" • 16 

·" ·" ·" 0.00 
0.00 

·" o.oo 

·" ·" .11 

·" . " 
0.00 
0.00 

·" 0.00 
o.oo 
0.00 
0.BO 
o.oo 
O.DO 

·" D.00 
Z.16 

·" O.DO 
o.oo 
o.oo 

. " 
0.00 
a.DO 

·" o.oo 
o.oo 
o.on 

·" ·" Z.25 
l.35 
3.38 

.45 

·" 0.00 
0.00 ... 
0.00 

·" 1.80 

·" ... 
1.13 
o.oo 
o.oe 
Z.25 
0.00 
0.00 
D.00 
o.oo 
o.oo 
o.oo 

·" O.DO 
1S.Z4 
6.76 
O.DO 
o.oo 

'·" 1.35 
o.oo 
o.oo 
3.60 
0.00 
O,OD 
OM 

He•nGr•sslnt!IYES McanGruslnt:tHO 

o.oo 
37 .95 
37 .61 
64 .54 
20.00 
57 .50 
1.34 
o.oo 
o.oo 

29.2:8 
5.QO 

0.00 
98.00 
o.oo 

16.00 
3 .33 
o.oo 
o. 00 

29.0S 
2.53 
e.oo 
O.OB 

24.01 
1.Z5 
o.oo 

10.22 
5.Z5 

44. 75 
8.87 
a.co 
o.oo 

34.06 
33 ,07 
0.00 

9S.OO 
55.00 
15. 71 

. " 
0 .oo 
5.61 
o.oo 
a.Do 
a.Do 

10.48 
O.OD 
o.oo 

16.49 

0.00 
o.oo 

27 .41 
10.19 

7.14 
O.DO 

0.00 
16. 74 
o.oo 

15 .13 

0.00 
0.00 

39 .as 

so.co 

95.00 

0.00 
0.00 
Q .oo 

10.36 

o.oo 
0.00 
0.00 

13.02 
o.oo 
o.oo 

·" D.00 

38.2:1 
23.92 
0.00 

o.oo 
10.00 
o.oo 
D.00 
o.oo 

D.00 
o.oo 

33.45 
a.57 



TABLE 7.22 p5(i) 
UHFOl.OZI CRIO STU>'f ARfA ' SP!ZE AVAlL118JLITY AND GRASS [NTERHR£'1CE C~PARISOl/S BETl,,/££'1 '"' 79.1X 
OF PLOTS UITH FEEDING <YES) ANO THE 2D.9X OF PLOTS lllTH NO FEEOIHG ('10) Page 

,,,,,_ Siu FrttPreflndeie. lotalPretlndex F1 "leBBX'f£S F reeBBXJ.10 Tota!BBXYES TotalBBXJ.10 FreeBB/Ha'fES FreeBB/HaHO TotalBB/HarES Tot.-!BB/HaHO f8:TBTES FB:TBNO 

-·-·· ·---·--· ..... ·------···-····-····-· ----· ·····-·· ············-· ·····-·-··· ····-····-· --·-········ ···-········· ---·----·--·· ············· 
Sptrostac:hys afrlc:ana 1 1.95 1.63 1.M ·" 2.21 ·" 313.28 81.73 ,27.70 H.,.02 ·" .S7 
Splrostac:hys atrtc:ana ' Z.13 2.JZ J.81 T .09 J.50 1.22 647.06 152.1' 676.80 184.62 1.09 ·" Sptrouaehys efrlc:ana J 1.70 1.9, 7 .20 .... 6.JJ ,.JO 1,223.87 61.9.57 1,223.87 649.57 1.1' 1.00 
Spfro•t•chys afrtcan.11 ' 1.56 1. 78 "' .J7 ·" ·" n.52 51.28 n.52 51.28 1. 14 1.00 
Strychnos 1N1dagesearMSIS o.oo 0.90 .10 ·" 17 .12 17. 12 1. 14 
Strycr10$ spp. 7 ·'5 7 .6J ,01 ,01 1.22 1.35 1.02 
Strycr.as spp. .18 .17 25.64 25.64 LOO 

St~ spp. o.oo 0.00 .01 .01 1.35 1.35 1, 14 
T•rchor.anthus c~oratus "' ·" "' ·" ·"' 1.05 so • .:.5 .:.1.52 189.86 158.97 ·" ,JO 
hrchor.arnhus catlflhoratus ·" ·" ·" J.35 1.12 J.15 163.47 467.01 217. 12 .;75.21 ... .98 
Tarctionanttius c~oratus o.oo o.oo 1.21 3.08 1.07 "" 206.31 429.06 206.31 429.06 1.14 1.00 
Tarchonanthus cM'phoratus • 06 ... 8.55 8.55 1.00 
Unkr.a.in 1 .06 .06 8.55 8.55 1.00 
Unknown 15 3.27 2.76 .07 ·" 12.45 16.67 ·" Unkr.awn 15 o.oo o.oo .09 .OS 15.77 15.77 1.1.:. 
Unk"°"'1 15 ' o.oo o.oo • lJ .11 21.62 21.62 1 .1' 
Unkr.a11n 2 1 .01 .01 1.71 1.71 1.00 
Unkr.a..., ] 1 o.oo 0.00 .Oo .oo ·" "' 1.08 
Unknown 4 ' o.oo o.oo .OS ·" 8 .11 8.11 1.14 
Unkno11n 5 20.11 22.89 .00 .oo "' "' 1.14 
Unkr,a..., 6 13.87 15 .26 ,01 ,01 1.31 1.35 1.10 
2antho1ylUT1 ca~se 1 o.oo e.oo .oo .00 .19 "' .97 
lantharylUTI Capen•~ 2 ·" ·" 11.07 11. 97 1.00 
2hyphus rrucronat• J.12 ·" .OJ . " ·" . " 4.36 13.50 16.89 17.95 "' . " 
Zfryphus rrucronaca 1.99 2.20 "' .52 . " "' 22. 75 71.79 23.42 71. 79 1.11 1.00 
2t ryphus ln.J(:ron•t• 0.00 o.oo ·" .10 ·" .09 10.n 13,68 70.72 13.68 1.14 I.BO 
Zfzyphus rrucrol\ilta 1J,41 15.26 ,01 .OT I.JS 1.35 1.14 



TABLE 7.22 p5(ii) 

1»1rotoZ1 Clll8 5TVD1 AllEA : SPUE AVAILABILITY AllO GllASS IHT£1UERENC£ CCflPARISOHS 8£TIJC:EN THE 1'9. u. 

8' PL8rs lllTN rEUING (TES) AM8 THE 28.n 8f PL8TS lllTN HO f[£81HG (HO) Pa9e s 

,,..._ Size freePref lode.IC TotalPreflrdtuc Frn98XT£S FncB8X>IO N/H1Y£S H/lleNO :CO let 8rDMS Ing/Ha HeanGrassl11tXTES llea~rasslnt:o!O 

····-························· ······-··· --· ····----· -···-······-·· ·····-·········· ······-·······-· ················ ......... ....... ···············. ................ 
splrostachrt •frlcana 1.9$ 1.63 "" ·" 113.51 69.23 3.60 38.41 26. 7'5 43.25 
splrost1ch1• •fr lean. ' 2.13 2.32 3.81 1.09 78.SO 14.53 8.10 68.47 4.39 17.59 
spfrostlehy• drlc:ana ' 1.7U 1.9' 7.'20 4,66 49.SS 23.93 12.26 103.60 o.oo 0.88 
splrosOchrt 1frlc .. 111 1.56 t. 79 ·" ·" 14.~1 17.09 "' 5.63 0.98 8,80 
strythno' ..dt11unr"'13I• o.oo 0.88 .10 "' 0.88 o.oo 8,80 
S!rycnQs tpp. 1,1,s 7 .63 .81 ·" ·" ·" 10.00 
str-ycnos 1pp. • 18 4.27 0.08 
Stl'ycnos tpp. o.oe o.oo .01 ·" 0.0B o.oo 0.00 
hrthor'lllnthvs t~or•Uhl ·" ·" ·" "' 28.38 z:J.93 .21 1.80 57.63 70.,, 
T1rchor'lll11thut t~or•tvs ·" ·" ·" 3,3$ 15,S' 33.33 ·" 3.83 Z'.71 1.73 
T1rthOl"llOthut c..,::ihor•tus O.O<l o.oo t.21 3.0! 7.66 22.22 8.00 o.oo o.oo o.oo 
hrchonimthus ~ormtus ... 1. 71 0.00 
Unknown 1 ... 1.11 o.oo 
Vroknown 15 3.27 2.78 ,07 .... "' 2.03 25.27 
UnkM\Wi 1S o.oo o.oo ... 1.35 O.O<l 0.00 e.oo 
Unkr.own lS O.O<l 0 .oo • 13 .. , 0.00 o.oo 0 .oo 
UnkllOW!l 2 .01 3,,2 o.oo 
u11kM\Wi 3 o.oo o.oo .00 ·" o.oo o.oo s.ao 
Unknown I, ' 0.00 o.oo ·'' ·" o.oo 0.00 o.oo 
UnkncMI 5 20 .11 22.811 ... ·" ·" ·" 0 .oo 
UnknoWr'I 6 13.87 15.26 .01 ·" . ,, .90 3,JJ 
z1ntho1y\V11 t:•pt-on o.oo O.OIJ ... ·" IJ.IJO o.oo 15.00 
z.11thatytU11 ta~s• .09 1.71 0.IJO 

21!ypl'\vs 11Utfor'llltl ... 3.12 ·" ·" . ,. '·" '·"' . 08 ... 71..20 2~. 76 
Zltypl'\vs llL.lefONIU 1.99 2.zo . ll ·" 1.35 '·"' ·" 2.25 "" 0.80 

Zltyphus 11L.1Cron1t1 0.00 o.oo ·" "' S.86 1.11 o,no o.oo o.oo IJ.08 

ZltyPhllS ll'UCfONl(I 13.41 15.26 .01 1.35 . ,, .90 o.oo 



Of the nine connnon spizes in Hluhluwe that were rated as preferred(**) using AIL data (fable 7.15), one was 

rated as lrighly preferred(***). none as preferred(**). three as slightly preferred(*) and five as intennediate using 

only YES plot data. 

All seven of the slightly preferred connnon spizes in Hluhluwe using ALL plot data (fable 7.15) were either 

reclassified as intermediate ( ) or slightly rejected ( ·) using only YES plot data. 

Abutilon!Hibiscus2 was the only one of the 22 connnon spizes in Hluhluwe to be allocated to a lrigher preference 

category using only YES plot data compared to ratings derived from ALL plot data. The remaining 21 spizes were 

all rated lower using YES plot data. 

A similar, but much less marked pattern of patch selection emerged in Umfolozi. This is perhaps to be expected, 

given the lrigher proportion of plots with browsing in Umfolozi. Of the 23 common spizes in Umfolozi to be given 

a preference rating using AIL plot data (fable 7.16), all but four were given a lower preference score using YES 

plot data compared to ALL plot data The discrepancies, however, were not as marked as in Hluhluwe. 17 of the 

23 spizes were listed in the same preference category. Five spizes were rated one preference ranking lower using 

YES plot data. Only one spize, A.nigrescens/, was re-classified up a class from slightly preferred (ALL) to 

preferred (YES). 

In Umfolozi the key food species, S.africana accounted for 13.28% of Free bottles in YES plots but only 6.71% 

in NO plots. The ratio of percentage canopy cover to percentage Free bottles was lrigher in NO plots. Tlris indicated 

that plots without feeding on average contained more taller S.africana individuals. 

The density of the most preferred spize in Umfolozi (A.nilotical) was 3.4 times greater in YES plots. Densities 

of preferred A.nilotica2 and A.nilotica3's were also greater in YES plots. On the other hand, rejected tall 

A.nilotica4's occurred at a lrigher density in NO plots. In NO plotsA.nilotica4 contributed 35% to tota!A.nilotica 

canopy cover, but only 11 % in YES plots. 
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TABLE 7 .23 Fe-eding le-vels, grass he-ight, Wsh clt-ilr;ng and fire frequencies for the
!113in ceomu"lities in Hluhluwe- identifi~ by a Twinspon S13i.te Br:u.o·Blarq..,et 
Classification analysis. llesults re-fer 10 the Hluhluwe Crid Study Area 

twinsi:>an aivisio.\s: IJIOO 
CQllTTIJl'\ity De-scription: A glabrata dorninat~ rh,erine comwnity 

M,..,n Offtalr.e- (Bottles/Hal •• .. .. ••••. .•••.• 62,7 

Mun Modal Grau. Height/Plot •.• ••••••••••• 8 
Freque....:y of Chemical Cle-aring of "Acacia's" .19 
OVe-rall fr~y of Clearing "Acaci.,•s"....... .2S 

Kean fire fr~y 1955·87 ·····••••·········· llJ.4 

Twinsp.ln Divisions: B1B1 
COl!ll'U\ity Qescription: S.africana dorninat~ lOMland comrunities 

Ke-an Offtalr;e (Bottles/Hal •••••. ............... 1567 

Hean Kodal eras$ Height/Plot .................. 2B 
fre-quenc;y of Chemical Clearing of "Acacia's" IJ.00 
Overall fre-quency of Clearing "Acacia's"....... .03 
Kean Fire frequency 1955·87 ......... .......... 6.2 

Twinsi:>an aivlsians.: DllO 
CC>'m'Ulity Description: Mature E.racetn0sa,B • .teyh .. ri,R.13entheri,A.nilotica Lowland farest 

Mean afftalr.e (BattlO!S/lla> ..................... 26B 
Hun Modal Grass Height/Plat .................. 44 
Fre-qucncy of Chemical Clearing of '"Acaci.,•s" •• .Bl 

O"er:ill Frequency of Cleari119 "Acacia's"....... .22 
Kean Fire frequ .. ncy 1955·87 ................... 7.5 

Twinsi:>an IJivisions: 0111 
Comrunity oescription: Develai:>ing Lowland forest from A.nilotica Clased l.laodlill"d 

Hean afftalr.e (Bottle-s/lla) ..................... 487 
Hean Hodal Cra$s Height/Plot .................. 46 
Frequency af Chl!nlical Clearing of "Acacia's" .• O.OB 
overall frequency of Clearing "Acacia's~....... .04 
Hean fire fre-quency 1955·87 ........ ........... 6.6 

Twlnspan OiYisions: !OOO 
C:Ol!ll'U\ity Qe$eription: Milled A.caffra, A.tarroo dominated hillslope eomrunity 

Ke-an afftalr.o (Sottles/113) .. • .. • • •• •• • • • ... .. •• 3BO 
Mean Hodal Grass Height/Plot .................. 91 
frequency af Chl!nlical Clearing of "Acacia's" •• .19 
Overall frequency of Clearing "Acacia's"....... .36 
Hean fire Frequency 1955-87 ................... 10.S 

Twinsi:>an Di,..isions: 1001 
COl!ll'U\ity .)eseription: A.caffra dominated hl!lslope comrunity 

Hean Offtali:e (B4ttles/Ka) .................... . 
Hean Modal Grass Height/Plot • 
Frequency of Chemical Clearing af "Acacia's" •• 
overall frequency of Clearing "Aeaeia's" ... . 

Mean Fire frequency 1955·87 .................. . 

Twinsi:>an Divisions: 101: 

280 

'" 
"' ·" 11.3 

C()'mOJl'lity Oescription: A.t.,rroo dominated c01nTU1icies 
Mean Qfftate (Bottles/Ila) 
1'\eiln Modal Grass Height/Plot .................. 91 
Frequency of Chemical Clearing of "Acacia's" •• .08 
0"t-rall fre-quency of Clearing "Acacia's"....... .29 
Hean Fire frequency 1955·87 ................... 10.5 

Twinsi:>an Oivisions> llOD 

CCllm.ll"lity Cesetii:>tion~ D.lyciodes dominated lO>I lying coom.initfes 
Mean Cffta~e (Battles/Ila) , ................... , 87 
Mean Modal Gra$s Height/Plot .. •• • • ... .. •• • .. •• Jll. 

frequency of Chemical Clearln9 of "Aeaeia's" •• .63 
Overall frequency of Clearing "Acaeia's"....... .88 
Hean Fire frequency 19SS·87 ................... 9.6 

Twinspan IJ!vislcns: 1110 
Cornrunity Descriptian: L.jav.,nica dominated lo1t lying cornrunities 

Mean afft .. te (Bottles/Ha) . .•• ......... .••••••• 87 
Hean Hodal Grass Height/Plot .................. Ill 

frequent; af Chemical Clearing of "Ae.ac;ia•s" •• .83 
Overall Frequency of Clearing "Acacia's~ ....... 1.92 

Hean Fire frequency 1955·B7 •..••.•.••••. 11.3 



A similar pattern was shown in IIluhluwe: 

Densities of A.nilotica/'s were 2.78 times greater andA.nilotica2's were 2.14 times greater in YES plots than in 

NO plots. Densities of A. nilotica's over 2m were 56% higher in NO plots. The proportion of A.nilotica's in YES 

plots that were less than 1 metre was also higher in YES plots (YES 64.4% vs. NO 40.1%). 

82.4% of A.nilotica's in YES plots were less than 2 metres tall; while 45.3% of A.ni/otica's in NO plots were 

greater than 2 metres tall. This was reflected in the canopy cover of A.nilotica's over 2m tall in IIluhluwe, which 

was 2.12 times greater in NO plots. In NO plots in IIluhluwe, A.nilotica4 again contributed a higher proportion 

of total A.nilotica canopy cover (NO 47%; YES 31%). Although IIluhluwe'sA.nilolica's were on average taller 

and more mature than in Umfolozi, patch selection still favoured younger stands ofA.nilotica. 

BesidesA.nilotica, the canopy cover of taller individuals (>2m) of five key E.racemosa/B.zeyheri lowland forest 

species was higher in NO plots (B.zeyheri 67% higher in NO plots, C.cajfra 71%higher, E.racemosa 52% higher, 

S.inerme 312% higher and R.pentheri 27% higher). In the case of S.inerme the high value may reflect its 

contribution to patches of true evergreen forest, which were rejected in the Grid survey by black rhinos). In the case 

of R.pentherl individuals of less than 2m, canopy cover was 37% higher in YES plots, while canopy cover of tall 

R.pentheri (>4m) was 228% higher in NO plots. 

Absolute canopy cover of tallA.karroo4's in IIluhluwe NO plots was almost double that in YES plots indicating 

that mature A.korroo woodlands were less preferred. 

In IIluhluwe, total canopy cover of A.caffra was 52% higher in YES plots. The density of A .cajfra was also 41 % 

higher in YES plots. The density of Free bottles on A.cajfra's 2-4m high was 2.23 times greater in YES plots. 

Clearly black rhinos appreciate scrubby A.cajfra dominated areas in IIluhluwe more than some field workers do! 

In IIluhluwe, black rhinos chose to feed in patches with an average 3.66 times more Free bottles of Aca/ypha 

species. Patch selection was particularly strong for A.glabrata dominated patches. 
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In Umfolozi: 

Densities of size class I and 2 "Acacias" were higher in YES plots (Size!: YES 642/Ha NO 293/Ha Size2: YES 

161/Ha NO 141Ha) but similar for" Acacias" over 2m (Size34 : YES 105/Ha NO 99/Ha). Densities of 24 out of 25 

"Acacia" spizes less than 2m (sizesl2) were higher in feeding patches. However, only 6 out of 11 ''Acacia" spizes 

above 2m occurred at higher densities in feeding plots (YES). 

Thus densities of the preferred smaller "Acacias" were higher in plots where there was feeding. In addition, a 

greater proportion of" Acacias" were over 2m tall in plots without feeding (YES 11.6% NO 24 .4 % ). These findings 

corroborate the Pilot study ridge regression analysis. 

Densities of C.bispinosa, C.menyhartii, Mnemorosa, S.capila/a and Tarchonathus camphoralus were on average 

higher in plots with no feeding. This again indicates that patches of dense, non ''Acacia" dominated bush were 

rejected. B.zeyheri, Brachy/aena ilicifolia, E.rigidalamoena, E.divinorum, E.racemosa and S.africana densities 

were higher in feeding plots. Densities of E.undu/ata were similar in eaten and uneaten plots. 

The comparatively higher densities of B.ilicifolia in feeding plots can be explained by its wider ecological 

tolerance, and its association both with "Acacias" in more open thicket patches and E.divinorum!S.africana 

communities, as well as its representation in dense bush clump communities. Similarly, the rejected E.divinorum 

is often associated with short grass cover and highly palatable Safricana, A.bor/eae, Mnemorosa andA.tortilis. 

In plots which contained E.divinorum, S.africana was the most important species, contributing 25% more Free 

bottles than E.divinorum. E.undulata was also commonly associated with E.divinorum!S.africana communities, 

probably explaining its higher rating than other dense bush species. 

Although densities of the rejected A.grandicornuta were higher in Umfolozi feeding patches, this apparently 

contradictory result can also be explained by its common association with the highly preferred and important 

Safricana. 
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Mean levels of browsing in YES plots were similar in the two study areas (Hluhluwe-YES 909 bottles/Ha 

Umfolozi-YES 845 bottles/Ha) 

Tree densities were 35% higher in Umfolozi YES plots and 22% higher in Illuhluwe YES plots, than in NO plots. 

Pilot survey data corroborated this finding. 

An attempt was made to subjectively allocate Grid plots to habitat types based on plot species composition and 

structure data. However, this proved very difficult, and the attempt was abandoned after having over thirty different 

habitat types after only examining data for 70 odd plots. Clearly continua were much more appropriate for 

describing Illuhluwe vegetation than trying to classify vegetation into discrete habitat types. 

Despite these problems 34 A.nilotica woodland, 21 S.africana thicket and 17 drainage line/riverine thicket plots 

were flagged in the dataset. Mean black rhino browsing offtake varied considerably. InA.nilotica woodland mean 

browse offtake was only 153 bottles/ha compared to 4,334 bottles/ha in S.africana thicket and 10,634/Ha in 

drainage line/ riverine thicket. 

True evergreen forest patches appear to have been rejected for woody plant feeding by black rhino. The combined 

canopy cover of the tallest spizes of the following 14 evergreen forest species: C.africana4, C.aristata4, 

C.pulche//a3, Cola greenwayi4, Dalbergia armata4, D.obovata4, Erythroxylum emarginatum3, Harpephyllum 

caffrum4, Mani/kara concolor3, Mcaffra3, Oricia bachmannii2, Pancovia golungensis3, Trichocladus 

grandiflorus4 and Z.capense4 was 14~ times greater in NO plots (14.95 CPts/Ha YES; 217.00 CPts/Ha NO). 

The Grid data suggest that black rhinos prefer evergreen forest margins over evergreen forest in Illuhluwe. The 
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combined canopy cover of the tallest spizes of the following 7 forest species described by Coates-Palgrave ( 1990) 

as often associated with evergreen forest margins: Bequaertiodendron natalense3, C.aethiopica4, H.nata/ensis4, 

H.paucijlorus4, S.zeyheri3, S.myrtina4, and Tee/ea gerrardii4, was only 17% greater in NO plots (209.91 CPts/Ha 

YES; 247.61 CPts/Ha NO). 

In Umfolozi, C.menyhartii thickets were obviously avoided by feeding black rhino. This one species accounted for 

33.91% of all available browse in Umfolozi NO plots but only 9.71% in YES plots. 

RESULTS OF PRELIMINARY TWINSPAN ANALYSIS 

Table 7.23 presents the results of a preliminary TWINSPAN Analysis ofH!uhluwe Braun-Blanquet Spize Cover 

Abundance data. Outlier nodes were discarded. 

For each node relational database querying was used to derive: 

l) Mean offiake levels 

2) Mean modal grass height per plot 

3) Mean frequencies of "Acacia" bush clearing 

4) Mean fire frequencies from 1955-1987 

S. africana dominated communities were again rated the most important A.glabrata dominated communities were 

also very important food sources. 

The TWINSPAN analysis corroborated the earlier conclusion that black rhino habitat suitability declined as 

A.nilotica closed woodland changed into E.racemosa, B.zeyheri, R.pentheri dominated lowland forest. Mean 

offtake levels in mature E.racemosa lowland forest were only about half those in transitional lowland forest 

developing fromA.nilotica closed woodland. In addition the TWINSP AN analysis provided further confirmatory 
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evidence that A .nilotica was a key pivotal species in the change from open communities to closed woodland/forest 

communities (see Chapter 20). 

The least important communities were low lying and dominated by either D.lycioides or Ljavanica. It should be 

noted that these two communities had the tallest grass heights and substantially higher levels of past ''Acacia" bush 

clearing. 

Mean fire frequencies in the different habitat nodes were similar, with the exceptions of S.a.fricana dominated 

communities and developing and mature E.racemosa dominated lowland forest, which had markedly lower fire 

frequencies. 
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CHAPTER 7 NOTES 

#1: For example, to estimate confidence levels around species or spize abundance estimates it would be necessary to generate at least a thousand 

spatially stratified bootstrap samples of the raw data. 

#2 Species with the most available browse were defined as those which were common enough not lo be downweighted using Emslie's combination 

weighting. Species that were still important contributors to available browse were defined as those species that had downweights greater than the 

critical passive weight of 0.4. Less abundant species had downweights between 0.25 and 0.4, Rare species that contributed little to browse 

availability had downweights less than 0.25. See Chapter 5 for full details of downweighting used. 

#3: Since 1989 both key obseivers (Keryn Adcock and myself) have noted that the alien, C.odarata has spread extensively through many areas of 

Hluhluwe. If the survey was repeated today this species would undoubtedly have got a higher abundance rating. 
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CHAPTERS 

BLACK RHINO FEEDING PATTERNS Ill: GRID SURVEY 

RESULTS - PART ii : EFFECTS OF GRASS INTERFERENCE 

AND GRASS HEIGHT ON BLACK RHINO FEEDING 
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The Pilot survey results indicated strongly that grass height, and especially grass biomass, negatively affected 

habitat quality for black rhino. In the previous chapter we also saw that the two least important "communities" for 

black rhino feeding (based on a preliminary TWINSP AN Habitat Classification) had the tallest grass. This chapter 

continues the analysis of the Grid survey data, and presents the results of detailed examinations of the influences 

of grass height and interference on black rhino feeding in the extensive Grid surveys. 

The primary aim of the analyses in this chapter was to obtain a clearer idea of how grass influenced black rhino 

habitat suitability. This knowledge could be used later in building black rhino habitat suitability models; and in 

assessing the probable influence of past heavy-culling of grazing herbivores and high rainfall years on black rhino. 

Much of this chapter focuses on the effects of grass on "Acacias". This is because of their high dietary importance 

and preference values; and because "Acacias" tend to grow in more open sites, and are especially prone to grass 

interference. 

Grass was measured using two variables in the Grid survey - modal grass height and percentage of browse bottles 

hidden by grass (hereafter termed grass interference). The questions that needed to be answered were: 

Were both grass variables synonymous, or if they had different effects what were they? 

Was there a linear relationship between black rhino feeding and grass amount; and if not, what 

were the non linear crossover points? 

As modal grass height data were much easier and cheaper to collect than grass interference data; 

could one get away with only measuring grass height in future habitat assessments? 
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Did the incorporation of grass interference directly into mnltivariate habitat descriptions using 

Resource based data improve black rhino habitat quality assessments? 

Results of Grid survey analyses of the influence of grass on black rhino feeding have been split into five main 

sections: 

!) The first section studies the influence of grass on patch selection by contrasting the difference 

in grass interference between plots with and without feeding. 

2) Black rhino feeding on the ten main food ''Acacias" under two metres is then examined in detail. 

This second section concentrates on contrasting the effects of grass height compared to grass 

interference levels on "Acacia" feeding, and provides information about how black rhinos 

perceive grass. 

3) An overlay of a modal grass height contour map onto a contour map of ffiuhluwe Study Area 

feeding levels is then used to examine the influence of grass height on black rhino habitat use 

at a landscape level. 

4) The influence of grass on small-medium food ''Acacia" availability in IDuhluwe and Umfolozi 

is then compared, to shed more light on black rhino habitat suitability in the two study areas. 

5) Finally we examined whether incorporating grass interference directly into the multivariate 

habitat descriptions using resource based analysis (Emslie !99ld) explained more of the black 

rhino feeding than the simpler spize or species-based community descriptions. 
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Mean grass interference was greater in Hluhluwe NO plots (27 .6%) than in Hluhluwe YES plots (18.9%). Readers 

should be aware that these figures will be slight underestimates of true grass interference, as no estimates of grass 

interference were made on trees greater than 2 metres. Mean Grass interference levels were higher in Hluhluwe 

than in Umfolozi. 

Umfolozi YES plots had more grass interference than NO plots (YES 12.1%, NO 7.8%). Reasons for this are, 

firstly, grass levels were low in the rejected C.menyhartii, and dense bush clump communities. Secondly, areas 

with preferred Acacias were usually more open, and hence often had more grass, which was often taller than in 

dense areas with higher woody canopy covers. 

In Hluhluwe: 

Although Free bottle availability of preferred spizesA.kalTool andA.karroo2 did not differ between YES and NO 

plots (Size! YES: ll9 FreeBB/Ha NO: 120 FreeBB/Ha Size2 YES: 628 FreeBB/Ha NO: 635 FreeBB/Ha), mean 

levels of grass interference were higher in NO plots (Sizel YES: 59% NO: 74% Size2 YES: 33% N0:45%). In 

Hluhluwe, 72.50% of the A.karroo2 browsing occurred in plots with less than 40% grass interference, yet 

these plots only contained 19.36% of Total A.karroo2 bottles. 

Mean percentage grass interference was also lower in YES than NO plots for a number of other important and 

preferred small "Acacia" spizes - A.nilotical (YES:51% N0:61%) A.ni/otica2 (YES:20% N0:38%) and 

D.cinerea2 (YES:20% N0:39%). 

Grass interference levels on many common size class 2 trees (l-2m) appeared to be a better indicator of whether 

a plot was fed in or not, than interference levels on size class l individuals (<lm). 
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When black rhinos in IIluWuwe used more open patches, they clearly selected areas with lower grass interference. 

Mean grass interference was higher in NO plots for all of the following size2 spizes which commonly occur in 

more open areas of Illuhluwe: 

D.lyciodes2 YES:20% N0:45% A.ca.ffra2 YES:36% N0:43% 

E.crispa2 YES:31% N0:46% H.paucijlorus2" YES:l7% N0:43% 

LJavanica2 YES:28% N0:5 !% M.senegalensis2 YES:8% N0:26% 

P.reticulatus2 YES:20% N0:48% Rhus rehmanniana2 YES:32% N0:65% 

So/anum2 YES:!7% N0:37% 

In Umfolozi: 

The 10 most preferred and common size I and 2 "Acacia" spizes were examined to see if mean grass interference 

levels consistently differed between YES and NO plots: 

Grass interference was lower in YES plots for D.cinereal (YES:47% N0:62%), A.nilotical 

(YES:59% N0:67%), andA.gerrardiil (YES:41%N0:72%). 

Mean Grass interference was similar for A.karroo/ (YES:72% N0:70%) and D.cinerea2 

(YES:20% N0:23%). 

Grass interference levels were low around A.borleae, which was not recorded in NO plots -

A.borleael (YES:!2%), andA.borleae2 (YES:O%). 

A.karroo2 (YES:38%) andA.nilotica2 (YES:I2%) were also only sampled in YES plots. 

Interference levels were also low in both YES and NO plots for A.torti/istreesunder two metres 

-A.tortilisl (YES:27% NO: 10%), A.tortilis2 (YES: 11 % NO: I%). 

256 



FIGURE 8 1. 
d versus · e browse • 

OJ 
(J 
c 
~ 
CD 
't: . 
CD -c 
Ul 
Ul 
11:' 

<.'J 
;ft. 
c 
"' CD 
2 

· s" wer . 1 "Acacia · lots where spize wsed. 

. rfer~n,~c~:em~p~~~w~e=r~e~~u~n=-_ br_
0

_

1 
___ f __ _ grass 1nte here these Mean in plots w interference 

"'·-·• . Umfolozi A.t>l<;i-•! · sm A.~ialb1 "Acacian sp1ze Key Size 1 

ain food . olthe 10m 
proportion of indi~1~u~!~ Size2 n = 1,720 

E 

8 2 size on the ta Size1 n - • FIG UR . dal grass height and 1pr~~!ed Grid Survey da of plot mo Based on Influence b black rhino -

.18 

u 16 
OJ 
</) 

3: 
2 14 
co 
</) 
CD 12 OJ 

i= 
~"' 10 ·c:; 
"' (J 

::'= 8 
u 
0 
0 

6 u.. 
c 
'iii 
2 4 

0 
>!". 0 2 

0 



Mean grass interference of A.nigrescensl was higher in YES plots (YES:53% N0:23%). 

However, not too much should be made of this as this spize only contributed 0.59% of the total 

woody diet compared to 13 .38% for D.cinereal ,A.nilotical andA.gerrardiil, which were eaten 

on plots with lower grass interference. A further 9.89% of the diet was made up by A.torti/isl, 

A.tortilis2, A.borleael andA.borleae2 that occurred in short grass areas. 

The mean grass interference on key "Acacia" spizes listed above, was calculated for plots with (YES) and without 

feeding (NO) irrespective of whether the particular spize in question was eaten or not. It was also decided to 

compare mean grass interference levels between plots where the spize in question was eaten (A YE) or not (NAE). 

Figure8.l presents the results for Size! spizes of8 important "Acacias" in Umfolozi. Clearly black rhinos were 

selecting for plots where less of their preferred small "Acacias" were hidden by grass. A similar pattern was 

shown for key size 2 "Acacias" in Umfolozi. Grass interference levels were higher in NAE plots for the ubiquitous 

D.cinerea2 (A YE 14% NAE 29%) and A.karroo2 (A YE 33%, NAE 45%). Minimal grass interference was 

recorded onA.bor/eae2, A.robusta2 andA.gerrardii2. Grass interference was lower in NAE plots for A.nilotica2 

(A YE 19% NAE 5%), although such plots were rare. This really indicates low levels ofinterference onA.ni/otica2 

in Umfolozi. 

JINFLVENCIE OIF IGRA§§ IH!EmGHr OOMPAJRED 'ro IGRA§§ l!NTElRIFEJRBNICE ON IBROW§l!NIG OIF 
"Acacias" LE§§ 'IRAN 2 .METRE§ 

Paradox relational database querying was used to obtain most of the results in this section. 
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RESULTS BASED ON SUMMARIES OF POOLED FOOD "ACACIA" DATA IGNORING EFFECTS OF 

RESERVE, SPECIES AND BROWSE ABUNDANCE 

The influence of grass height and grass interference on small and medium ''Acacia" browsing was first studied 

using pooled Grid data for plots containing the ten main food "Acacias" in IDuhluwe-Umfolozi Park -A.bor/eae, 

A.cajfra, A.gerrardii, A.karroo, A.nigrescens, A.nilotica, A.robusta, A.senegal, A.tortilisandD.cinerea. Plots that 

did not contain any size I or 2 main food "Acacias" were excluded from the analyses. These summary analyses 

did not consider reseIVe or species differences, and were therefore more heavily influenced by the more abundant 

''Acacia" species. 

INFLUENCE OF GRASS HEIGHT ON BLACK RHINO FEEDING 

Only 16. 7% of the main "Acacia" plots with modal grass height over 1.5 metres had browsing. This contrasts with 

44.0% with browsing among "Acacia" plots with modal grass heights of less than a metre, and 33.8% with 

browsing among plots with grass from 1-1.5 metres. Thus at a broad patch-level feeding scale, very tall grass 

"Acacia" areas were rejected by black rhino. The comparison of modal grass height and Grid browsing contour 

maps later in this chapter clearly show this was the case in the IDuhluwe. 

As plot modal grass height increased, the proportion of small to medium "Acacia" trees browsed per plot declined. 

This effect was especially marked for size 2 trees (Figure 8.2). Black rhinos were again selecting food at a 

hierarchy of scales. Although grass height influenced whether black rhinos fed in the plot; on a finer level, 

grass height further influenced the proportion ofindividual "Acacia" trees eaten in each plot. Figure 8.2 also 

showed that except in very tall grass, a higher proportion of medium height "Acacias" (1-2 metres) were eaten 

compared to small "Acacias" (<Im). 

Figure 8.3 indicated that the proportion of Total available bottles eaten on small and medium "Acacias" (<2m) was 

strongly influenced by the proportion of trees eaten, which in turn was influenced by modal plot grass height. 

Except for very tall grass areas, offtake levels expressed as a percentage of standing crop were slightly higher from 
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FIGURE 8.3 

Influence of plot modal grass height and lree size on the proportion of total available bottles of the 1 o main 
"Acacia's" browsed by black rhino - Pooled Grid SuNey data base used. The graph is based on an examination 

of 11,934 Size 1 and 16,764 Size 2 Total available "Acacia" browse bottles. 
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FIGURE 8.4 
Influence of plot modal grass height and tree size on the mean browsing omake (bottles) per tree of the 10 
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of 4, 192 Size 1 and 1,720 Size 2 trees. 
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FIGURE 8.5 
Influence of plot modal grass height and tree size on the mean browsing offtake (bottles) p r browsed tree 

of the 1 o main "Acacia's" browsed by black rhino - Pooled Grid Survey data base used. The grap is based 
on a sample of 293 browsed Size 1 and 149 browsed Size 2 trees. 
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small "Acacias" (<lm) than medium (l-2m). 

Mean offtake/tree throughout the plots (Figure 8.4) was strougly correlated with the proportiou of individual trees 

browsed; although the difference in mean off\ake/tree between size classes was more marked. Absolute offtake/tree 

was lower on small (<lm) compared to medium (l-2m) "Acacias"; although mean offtake per medium tree 

decreased markedly as grass height increased. 

Figure 8.5 illustrates how mean offtake per browsed "Acacia" tree was influenced by tree size and grass height. 

Figure 8.5 also confirms that mean offtake/tree was greater on size 2 "Acacias". 

However, the main point to emerge from Figures 8.2 through to 8.5, was that grass height primarily affected 

browsing levels by influencing 1) whether feeding occurred in the plot and 2) the proportion of available 

trees eaten - rather than the mean offtake per browsed tree. Mean offtake per browsed tree was relatively 

stable, only p3Itially declining when grass height increased over lm (Size2) to l.5m (Size!). Figure 8.6 presents 

average feeding level data for eight 25cm modal grass height classes. Key points to note are that the proportion 

of" Acacias" ofless than 2 metres eaten, starts to decline when grass height exceeds 75cm. Figure 8.6 shows 

that by the time grass height bas reached a metre or more, feeding levels on small-medium "Acacias" have 

declined substantially. 

Overall, 87.1% of all browsing on food "Acacias" less than 2 metres occurred in plots with modal grass heights 

ofless than 1 metre. These plots only contributed 59.0% of Total available "Acacia"l 2 bottles. 

One unexpected finding, was that the recorded density of"Acacias" less than 2 metres increased as grass height 

increased (Figure 8.7). Figure 8.7 also shows that the density offood "Acacias was higher in "Acacia" plots with 

feeding (A YE) than without (NAB) for all grass height classes. This corroborated the Pilot survey findings. 
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FIGURE 8.7 
Relationships between plot modal grass height and densities of the 10 main rood ~Acacia'". Plols 

containing black rhino "Acacia" browsing (AYE) are con1rasted with unbrowsed plots {NAE). The g aph is 
based on a pooled grid subset of 365 main "Acacia" lots and a total sam le of 5 912 "Acacia's· <2 etres. 
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While looking at Figure 8. 7, readers should be aware that there were only three A YE food "Acacia" plots where 

modal grass height exceeded 1.5 metres. The corresponding tree density estimate in this case (A YE/GHt4) is 

therefore only a rough approximation of the true value. 

INFLUENCE OF GRASS INTERFERENCE ON BLACK RHINO 

FEEDING 

Figure 8.8 shows that as Grass Interference increases, the proportion of food "Acacia" trees browsed decreases. 

However, a comparison with Figure 8.2 indicates that plot modal grass height had a greater influence on the 

proportion offood "Acacia" trees browsed than grass interference levels. Again grass interference appeared to have 

a bigger influence on browsing of medium (size 2: l-2m) compared to small (size I: <Im) food "Acacias". 

The percentage of Total available bottles browsed on small food "Acacias" (<Im) declined markedly as grass 

interference increased above 50% (Figure 8.9). However, as soon as grass interference on medium food "Acacias" 

increased above 25%, the proportion ofTotal available bottles browsed dropped markedly. The difference between 

tree size and critical grass interference level again indicated that Grass Height was a better explanatory variable. 

This can be more easily appreciated by examining mean modal plot grass heights per grass interference class by 

tree size (Figure 8. 10).It is worth noting that mean grass heights for food "Acacia" size I grass interference 25-

49% (58cm), and for food "Acacia" size 2 grass interference less than 25% (54cm) were similar (Arrowed in 

Figure 8.10). The grass height midpoints between grass interference classes 2 and 3 for small "Acacias", and 

between I and 2 for medium "Acacias" were used to give an approximation of the critical modal grass height below 

which the percentage of Total "Acacia" bottles browsed declines. This produced estimates of critical grass heights 

of 64cm for small, and 76 cni for medium "Acacias" respectively. Figure 8.6 supports this conclusion, indicating 

that the critical grass height is somewhere between 75cm and l metre. 

Figure 8.11 shows that the average offtake per food "Acacia" tree decreases as grass interference increases. Again, 

the pattern is not as clear-cut as the one shown by Figure 8.4, and grass interference has a greater influence on 

264 



FIGURE 8.9 
Influence of modal grass interference/spize/plot and tree size on the proportion of total ava table bottles 

of the 10 main food "Acacia's" browsed by black ihino - Pooled Grid Survey data base used. e graph 
is based on an examination of 11,934 Siz.e 1 and 16,764 Size 2 Total available "Acacia" browse b ttles 

10 

u 9 
Q) 

"' ;: 8 e 
(!) 

'" 7 
Ti 

"' u 6 
~ 
u 
0 

5 0 
lL 

0 
4 

"' Q) 

B 
0 3 
(!) 

}§ 
2 0 

I-
;/!. 

0 
1 (0-24%) 2 (25-49%) 3 (50-7 4%) 4 (75+%) 

Grass Interference Class: 25% intervals 
~Size 1 Trees (<1m) ~ Siz.e 2 Trees (1-2m) 

FIGURE 8.10 
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FIGURE 8.11 
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feeding levels on medium food "Acacias". The greatest offiake per medium-tall fi od "Acacia" tree browsed 

occurred when grass interference levels were low (<25%). Similarly, the lowest offtak medium "Acacia" browsed 

occurred at high interference levels (>75%). 

Somewhat surprisingly, the above pattern was different for small "Acacias", with o e levels per tree reaching 

a peak at between 25% and 50% interference, but otherwise appearing constant (Fi re 8.12). However, black 

rhinos generally ate a lower proportion of small "Acacias" than medium "Acacias" i a plot, and they may have 

simply selected for small "Acacias" within the plot that had lower than average interference. Furthermore, 

black rhinos selected to feed in plots with higher densities of small/medium "Acaci " (<2m). 

Maximum offtake per browsed small and medium "Acacia" occurred when the mean m dal plot grass heights were 

between 55 and 60 cm (see also Figure 8.10). As densities of small/medium "Acacias" re found to increase with 

grass height - this may in part explain peak selection for small "Acacias" for areas wi a some grass rather than 

no grass. This makes sense, as such big animals should maximise intake of suitable uality food where possible. 

Soils in some of the plots with little or no grass may also have been shallow or eroded, 'th a lower nutrient status 

and increased levels of moisture stress. In such plots browse abundance and quality y therefore may also have 

been lower than in other sites. 

DETAILS OF THE INFLUENCE OF GRASS HEIGH AND 

INTERFERENCE ON SMALL-MEDIUM "ACACIA" 

LEVELS 

Due to multicollinearity of the explanatory variables, ridge regression was used to ex 'ne the factors influencing 

small-medium "Acacia" browsing levels. The results of the following analyses were b ed on pooled subset of the 

Grid plots containing the ten main food "Acacias". 

For unfamiliar readers, it is perhaps worth mentioning again that ridge regression is al ays based on standardised 

data (i.e. data transformed to have a mean of 0 and standard deviation of 1). This m s that the derived ridge 
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regression coefficients for each of the explanatory variables are directly comparable; even though they may have 

been measured in different units ". 

Analysis firstly examined key variables that governed small-medium "Acacia" (<2m) browse offtake per plot : 

Small-medium "Acacia" browse offtake per plot was primarily a function of two variables: 1) the number 

of ''Acacia" trees browsed per plot; and 2) to a lesser extent the mean offtake per browsed ''Acacia" tree 

(Ridge Regression coefficients [RRc's] - Browsed ''Acacia" density Size 1: 0.5218 Size 2: 0.4961; Mean 

offtake per browsed "Acacia" Size 1: 0.3254 Size 2: 0.2994). Thus rhino increase their feeding in a plot 

by eating on more trees, and to a lesser extent by taking more from each tree. 

For both size classes, the influence on browsing (shown by RRc's) of Grass Height and Free Bottles 

per Plot were larger than those for Percentage Grass Interference and Total Bottles per Plot. 

Factors influencing the number of small-medium "Acacia" trees browsed per plot were then examined: 

The number of small-medium "Acacias" browsed per plot (dependent variable) was largely positively 

related to 1) small-medium "Acacia" density, and 2) the mean offtake per browsed small-medium 

''Acacia" tree (R.Rc's - "Acacia" Density Size 1: 0.2854. Size 2: 0.1659; Offtake per browsed "Acacia" 

Size 1: 0.2672 Size 2: 0.4157). 

The importance of tree density was to be expected, due to the simple fact that large numbers of trees need 

to· be present for large numbers of trees to be eaten per plot. The results also corroborate earlier Grid 

survey analyses which indicated that the most preferred ''Acacia" species had the highest mean offtake 

levels per browsed tree. 
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It is interesting that although the absolute density of small-medium food 'Acacias" was higher in 

IDuhluwe than Umfolozi, the absolute density of the most preferred species of mall-medium "Acacias" 

was higher in Umfolozi. This may in part have been why the density ofbrowsed mall-medium "Acacias" 

was also higher in Umfolozi than ffiuhluwe (RRc - Reserve Dummy Variab e - Umfolozi=l Size!: 

0.1798 Size 2: 0.2009). 

The ridge regression also indicated that modal Grass Height was inversely elated to the density of 

small-medium "Acacias" browsed (RRc- Grass Height Size!: -0.0805 Si 2: -0.0898). By way of 

contrast, RRc's indicated that the influence of percentage grass interference on the number of "Acacias" 

browsed per plot was comparatively small. 

Ridge Regression then examined the factors influencing the mean oftlake (bottles) pe browsed small-medium 

11Acacia11 (the other major variable influencing small-medium "Acacia" browse o 

Mean offtake levels per browsed "Acacia" tree were greater in Umfolozi than Hluhluwe 

(RRc's Reserve Size l: 0.1862 Size 2: 0.1235). This may reflect the grea r absolute and 

proportional contribution of the most preferred "Acacia" species to total ''Ac ia" densities in 

Umfolozi. 

In contrast to the number of" Acacias" browsed per plot, mean offtake levels p r browsed tree 

were influenced more by percentage grass interference than plot modal ass height. The 

relationship appeared to be more marked for size 2 "Acacias (RRc's Grass Int erence Size I: 

-0.0354 Size 2: -0.0787; Grass Height Size I: -0.0243 Size 2: 0.0078). 

In addition mean offtake levels per browsed "Acacia" tree were positively rela ed to mean Free 

bottles available per tree (RRc's Free bottles per tree Size I: 0.0773 Size 2: .0625) 
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Decomposition of multiple correlation coefficients into their various components, confirmed that grass height was 

the more important of the two grass variables in determining the number of "Acacias" browsed per plot; 

while Grass Interference primarily influenced mean omake per browsed "Acacia". This relationship was 

again more apparent for medium compared to small "Acacias". Pooling the data from both small and medium 

11 Acacias 11 per 11Acacia11 plot produced the most clear cut result: 

Only 8.05% of the variation in the number of small-medium "Acacias" (<2m) browsed per plot accounted 

for by the two grass variables could be ascribed to Mean Percentage Grass Interference per Plot (of small

medium "Acacias") alone. Plot Modal Grass Height uniquely accounted for 76.49% of the total grass 

explained variation. The joint effects of grass height and percentage interference together made up the remaining 

15.46% of the grass explained variation. This joint effect was because grass interference levels tended to increase 

with grass height. 

In the case of mean offtake levels per browsed small-medium "Acacia", the variation explained by the two 

grass variables was decomposed as follows: Grass Interference alone 56.21 %, Grass Height alone 6.23% and 

joint Grass Height/Interference 37.56%. 

When the two size classes were analysed separately, Grass Height and Interference jointly accounted for as much 

as 70% of the grass explained variation in the two parameters above. However, the overall pattern remained the 

same for both small and medium "Acacias" - Grass Height influenced the number of "Acacias" eaten more; while 

Grass interference better explained mean offiake levels per browsed "Acacia" tree. 

RESULTS BASED ON POOLED DATA AVERAGES PER "ACACL4" SPIZE PER "ACACL4" PLOT 

AFTER DETRENDING TO REMOVE EFFECTS OF RESERVE, TREE SIZE AND BROWSE 

ABUNDANCE 

Corroborative statistical analyses were also nndertaken using summary data for the 1,061 unique food "Acacia" 
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size 1 or 2 spize/plot combinations in the data set. Pooled llluhluwe-Umfolozi data we again used. However, in 

analyses with these data, the effects of covariables (for reserve, species and tree densi or total browse volume) 

on feeding were removed before Multifactor Analysis of Variance (MANOV A) analy is (Neter et al 1978). 

In layman's terms this means analysing to see if grass height and tree size signific tly explained any of the 

remaining variation in feeding levels, that had not already be explained by reserve, ecies and an appropriate 

measure of browse abundance. 

Rarer species were given more weight in this analysis as results were expressed as th mean per "Acacia" spize 

per plot, rather than the overall "Acacia" mean per plot (as in the earlier analyses). espite technical statistical 

problems ". significance levels were so high in many of the analyses that one could be very confident that the 

recorded factor level differences were real. 

INFLUENCE OF MODAL GRASS HEIGHT ON BLACK 

FEEDING 

0 

F values and probabilities derived from MANOV A's corroborated earlier conclusions that both the proportion of 

individuals of an "Acacia" spize eaten/plot (Grass Height F=7.434 df 3,1050 p= 0001 : Grass Interference 

F=J.139df3,1050 p= 0.0247); and the absolute offtake (all bottles) /plot (Grass Hei ht F=7.129df3,1050 p= 

0.0001: 

Grass Interference F=J.490 dfJ,1050 p= 0.0153) were more strongly related to G s Height Class than Grass 

Interference Class. 

The greater explanatory power of modal plot grass height compared to modal gr s interference levels per 

spize was repeatedly confirmed by stepwise multiple regression modelling using the same pooled lO main 

"Acacia" dataset. 
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FIGURE 8.15 
Influence of modal grass height and tree size on black rhino browsing levels expressed as the mean % of Total 

Bottles (TB} available on the 1 a main lood •Acacia's• after statistically removing effects al reserve, species and TB/Plot 
(MANOVA Size F 0.24 (1, 1050) p 0.6291 GHt F 3.525 (3, 1050) p 0.0146 Interaction F 0.68 (3.1050) p 0.5653; 
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In addition the t value was gieater when Free bottles were used as an explanatory variable instead of Total available 

bottles although p values for both were less than 0.000 I. When Free bottle density was chosen as the first variable 

to include. the significance of Grass Height was reduced from p = 0.0002 to p = 0.0094. Again grass interference 

was not chosen for the final model. 

The results also suggested that grass height has a stronger influence on the amount of new bottles browsed, 

than on the amount of old bottles eaten (New Bottles/Spize per Plot F=5.196 (3,1050) p 0.0014 Old 

Bottles/Spize per Plot F=3.77 I (3, 1050) p 0.0104). This is to be expected, as old bottle offtake covered a longer 

period than new browsing. Increased levels of browsing could be expected early in the growing season in taller 

grass areas before grass height and biomass reached its maximum. 

Figures 8 .13 through to 8 .15 show how grass height influenced browsing levels after the effects of reserve and 

species and browse abundance had been statistically removed. 

The shapes of the histograms in figures 8.13 and 8.2 are almost identical. However because the influence of the 

common "Acacia" species has been downweighted, the Y axis values are higher in Figure 8.13. The F values 

indicate that tree size had the biggest influence on the proportion of trees browsed, and that both tree size 

and grass height were highly significant. 

The mean offtake per food "Acacia" spize per "Acacia" plot (Figure 8.14) showed a similar pattern to Figure 8.13. 

Again this indicates that mean offtake levels were strongly controlled by the proportion of trees browsed. However, 

in this case, size class was significant as an interaction variable with grass height, but not on its own. It is worth 

noting that the sums of squares accounted for by modal grass height class was 5.58 times greater than that 

explained by the covariable dummy variable set for the different food "Acacia" species. 

Figure 8.15 showed that the proportion of Total bottles browsed per "Acacia" spize per plot declined markedly as 

soon as modal plot Grass Height increased over I metre. In this analysis only Grass Height was significant. 
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FIGURE 8.17 
Influence of modal grass interterence/spize and tree size on mean browsing (bottles eaten) /spize per plot 

on the 1 o main food RAcacia'sR after st3tistically removing effects of reseive, species and tree density 
{MANOVA Size F O.o2 {1, 1050) p 0.903e Gin! F 3.49 (3, 1050) p o.0153 Interaction F 3.71 {3, 1050) p 0.0113) 
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Mean browsing levels (bottles of food "Acacia" browsed per "Acacia" spize) for small-medium "Acacia" spizes 

(<2m) for the four grass height classes were 14.20%, 14.32%, 2.32% and 1.39% respectively. 

Further analysis revealed that the mean browsing per small-medium "Acacia" spize in plots with modal grass 

heights below 75 cm was 15. 7% (n=599). However with modal grass heights of between 75cm and 1 metre tall, 

the percentage of bottles browsed dropped by almost half to 8.6% (n=l49). Between 1 and 1.25 metres, browsing 

levels declined to only 2.5% (n=l84). Plots with modal grass heights over 1.25 metres had even less browsing 

(1.6% n=l29). This confirms the finding that 75cm appears to be a critical modal grass height, with little 

"Acacia" browsing occurring in plots with grass over 1 metre high. 

INFLUENCE OF GRASS INTERFERENCE ON BLACK RHINO 

FEEDING 

The shapes of the histograms in figures 8.16 and 8.8 are also almost identical. Ho\vever, because the influence of 

the common "Acacia" species has been downweighted, the Y axis values are again higher in Figure 8.16. The F 

values indicate that tree size had the biggest influence on the proportion of trees browsed. Grass interference 

was also significant; while the interaction term grass interference* size was almost significant at the 5% level. 

Figure 8.17 and Figure 8.18 revealed a similar pattern of declining browsing levels per medium "Acacia" spize 

per plot. However the pattern for small "Acacias" was very different. Browsing offtake per small "Acacia" spize 

per plot.was greatest when grass interference was between 25% and 50% (Figure 8.17). This is also indicated 

by Multiple Comparison testing at the 95% level using Tukey's Honestly Significant Difference test, which only 

differentiated between grass interference classes 2 (25-49%) and 4 (75%+). 

276 





FIGURE 8.19 Kriged contour maps of A) Black rhino feeding levels recorded between plots 
during the 1989 grid survey {the darker the more feeding); and B) L·ue summer 1989 modal 
grass height. 
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Figure 8.20. Photograph showing verv tall grass in North Hluhluwe during the grid survey (late 
summer of 1989). Black rhinos \\'ere found to avoid such areas. 





CIO>MPAJU§IO>N IO>JF MIO>JDJAIL GIRA§§ IHIElllGIITT ANlll> HLUlHllLUWE IGJRID §IUJRVJEY FIEEDIINU OONrolUJR 
MAP§ 

o The rejection of tall grass areas for feeding is clearly apparent when one compares a kriged contour map oflate 

summer 1989 modal grass height in Hluhluwe with a kriged contour map of feeding intensity recorded while 

walking between plots during the Grid surveys (Figure 8.19). Tall grass areas such as those shown in Figure 8.20 

were largely avoided, and what feeding there was in these northern areas was largely centred on areas with less 

tail grass. 

TilllE lNIFUJJENCIE IO>IF GRJ\.§§ ON §MAJLL-MIEDIUM IFOOD "ACACIA" AV AlllLABllLITY 1IN IHIUJJHILUWE 
AJl!llJ) l[JMJFl(}JLl(}ZJ: 

This section examines the different impact of grass on food "Acacia" availability in ffiuhluwe and Umfolozi. 

Differences in the availability of the 10 main food "Acacia" species (listed above) are also examined". 

Superficially, it appeared that habitat conditions would be more suitable for black rhino in ffiuhluwe than in 

Umfolozi, as ffiuhluwe's overall density of food "Acacias" was just over double Umfolozi's (n/Ha H: 1,374 U: 

655). Furthermore, the density of Total available bottles of food "Acacia" (all sizes) was 2.83 times greater in 

ffiuhluwe. 

However, if one excludes the two most ubiquitous, important, but generally less preferred food ''Acacias" -

D.cinerea and A.karroo (BIG2), the densities of the remaining food ''Acacias" (TOP8) were similar in the two 
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reserves (n/HaH:387 U:354). The B!G2 species made up 71.86% of the food "Acacias" in Hluhluwe but only 46% 

in Umfolozi. 

The discrepancy between reserves in the density of Free bottles offood "Acacia" available was only slightly less 

than for Total bottles (H:U Ratio Free 2.60:1, Total 2.83:1). Superficially this seems to imply that grass 

interference did not differ much between reserves. However, as will be demonstrated this was not the case when 

looking at the more preferred small-medium spizes (<2m). 

The difference between reserves narrows further if one looks at the amounts of Free bottles available on the ToP8 

species (H:U Ratio 1.95: I). This result is a function of the higher absolute and relative densities of taller ToP8 

trees (>2m) in Hluhluwe (number >2m/Ha= H:l06, U:56; % >2m= H:27.4%, U: 15. 7%). 

A further important difference between reserves is that mean Free bottles perTOP8 tree is greater inHluhluwe (H: 

7.98 U: 4.48). 

The densities of small-medium (<2m) ToP8 "Acacias" were much more similar between reserves - although this 

time densities were marginally higher in Umfolozi (<2m H:281 U:298). Despite this similarity, the mean Free 

bottles per small-medium TOP8 tree was again greater in Hluhluwe (H: 4.47 U: 3.28). This result reflects the 

higher absolute and relative densities of medium TOPS trees in ffiuhluwe, which have more bottles on them 

(Medium(l-2m) number/Ha= H:l 11 U:44; %Medium Trees= H:39.5% U:J4.9%). 

Finally, the discrepancy between the reserves in the amount of Free bottles of small-medium TOP8 "Acacia" was 

Jess than for Total bottles (H: U Ratio Free 1.29: I Total 2.27: I). This difference between the two ratios indicated 

that grass interference levels were substantially higher in Hluhluwe. The absolute amount of bottles on small

medium ToP8 "Acacias" hidden by grass was 2.69 times greater in Hluhluwe. This was reflected in the mean 

percentage grass interference level on small-medium TOPS trees was 6S% higher in Hluhluwe (Mean% Grass 

Interference on Small/Medium ToP8 ''Acacias" H:38.17% U:22.76%). 
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To recap, black rhino feeding markedly declines as modal grass height increase above about 75cm. In addition, 

browsing levels were highest on medium "Acacias" when grass interference levels were less than 25%. Feeding 

levels on small "Acacias" also declined once grass interference levels rose above about 50%-75%. We therefore 

defined trees as unhindered hy grass when 1) plot modal grass was less than or equal to 75cm; and 2) grass 

interference was less than 25% on medium (1-2m) trees, and less than 50% on small (<lm) trees. 

The amounts of unhindered Free bottles on all ten small-medium food "Acacias" was only 17.8% higher in 

Hluhluwe (Unhindered Free Bottles Small-Medium Food "Acacias"/Ha H: 1,524 U: 1,294). 

One major difference between the reserves was that 64.21 % of all unhindered Free bottles on small-medium 

food "Acacias" in Hluhluwe was made up by the BIG2 species -A.karroo and D.cinerea. In Umfolozi the 

corresponding BIG2 proportion was only 33.38%. The unhindered Free bottles (n/Ha) on small-medium BIG2 

"Acacias" were correspondingly higher in Hluhluwe (H:979/Ha U:406/Ha). 

The pattern was reversed for the unhindered Free bottle densities on the more preferred small-medium 

TOP8 "Acacias", with availahility levels being 63% higher in Umfolozi (H:545/Ha U:888/Ha). 

Densities of unhindered small-medium "Acacias" showed a similar pattern. The density of small-medium 

TOPS trees was 1.87 times higher in Umfolozi (H:90 n/Ha U:l69 n/Ha), while the density of small-medium BIG2's 

was 2.15 times greater in Hluhluwe (H:287n/HaU:133 n/Ha). 

We then took the analysis a stage further to look separately at small and medium trees: 

The density of the unhindered medium BIG2 "Acacias" (Grass Height~ 75cm and Grass Interference <25%) was 

almost zy, times greater in Hluhluwe (H: 91/Ha U:37/Ha). Unhindered Free available bottle densities on medium 

BIG2's were about three times greater in Hluhluwe (H:623/Ha, U:204/Ha). 
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Again the pattern was very different for the TOPS compared to BIG2 species. The densities of the unhindered 

medium TOPS "Acacias" were the same in both reserves (n/HaH:36 U:36). However, unhindered Free available 

bottle densities on medium TOPS's were 25% higher in Umfolozi (H:43 l/Ha U:539/Ha). 

Both the Grid and Pilot surveys have shown that small "Acacias" (<Im) were the most preferred size. The 

difference between reserves in the densities and Free bottles available on small unhindered BIG2 "Acacias" was 

similar to that for medium trees, although it was less marked ( cf. Medium trees). Densities in Illuhluwe were about 

double those in Umfolozi (H: 196/Ha U:961Ha). Unhindered Free bottle availability was 76% higher in Hluhluwe 

(H:356/Ha U:202/Ha). 

An examination of the influence of grass interference on common and important small-medium A.karroo in 

IDuhluwe (a BIG2 species) illustrated both the large impact of grass on habitat suitability in IDuhluwe, and the 

increased selection shown by black rhino for unhindered small "A.karroo". Feeding levels on small-medium 

A.karroo declined substantially as soon as grass interference increased above 50% (Figure S.21), and was greatest 

on both A.karroo spizes when grass interference levels were less than 25%. Figure S.20 also showed that in 

Illuhluwe, about three quarters (77.3%) of small A.karroo and a tltird (33.3%) of medium A.karroo trees 

represented poor food as more than half of their foliage was hidden by grass. 

A pooled database for both Grid datasets showed a pattern of declining preferences for small A.karroo, A.ni/otica 

and small-medium D.cinerea as grass interference increased (Figure S.22). 

In contrast to the small BIG2 "Acacias", densities of the more preferred small TOPS "Acacias" were almost 2Y:i 

times higher in Umfolozi (H:54 U:l34). This directly influenced the unhindered Free available bottle density on 

small TOPS's which was three times greater in Umfolozi (Free Unhindered Bottles TOPS(<lm)/Ha H:l 15 U:376). 

One reason for these differences between reserves was that a much higher percentage of small TOPS's were 

hindered by grass in Hluhluwe (H:40.2% U:21.1%). 

282 



Figure 8.2L 

Tho relationship between browsing levels on small {<lm) 11.nd medium {1·2m) Acada karroo in Hluhluwe 

end degree of grass lnterlerenca {HISTOGRAMS). The UNES show the proportion of small and medium A.karroo·s 
in Hluhl~ which eKperienced different degrees or grass interference. 
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In Umfolozi, the proportion of unhindered Free bottles on small-medium ToPS's made up by the most 

preferred small trees (<Im) was almost double that in Hluhluwe (H:21.05% U:39 .24%). Unhindered TOPS Free 

bottle densities (n/Ha) were as follows ... IIlnh!uwe: <Im: 115 1-2m:43 l Umfolozi: <lm:348 l-2m:539. 

The disparity between reserves was especially marked when one expressed the unhindered TOPS Free bottle density 

for small and medium trees as a percentage of the Total available browse bottles on small and medium TOP8 trees. 

While over half (53.S6%) of size I Total TOPS bottles were Free and unhindered in Umfolozi, only about a 

fifth were available in Hluhluwe (21.05%). Almost all the Total bottles on Size 2 TOPS "Acacias" were 

available in Umfolozi (S7.24 % ). Yet, in Hluhluwe, only 2S.63% of Total Size 2 TOPS bottles were free and 

unhindered. Thus although Total bottle densities on small-medium ToPS's were much higher in Hluhluwe 

(H:2026 U:1265), the available (unhindered and free) bottle densities on small-medium TOPS's were greater 

in Umfolozi (H:545 U:888). When expressed as a percentage ofTotal bottles the corresponding figures for small

medium TOP8 "Acacias" were IDnhluwe - 26.9% available and Umfolozi 70.2% available. 

Thus, although there was an average of 7,870 Total food "Acacia" bottles per hectare in Hluhluwe only 

6.93°/o of these bottles (545) were on unhindered small-medium ToP8 "Acacias". The corresponding 

percentage for Umfolozi was 3I.97% (8SS/2, 777). 

o In Hluhluwe only I.46% of Total food "Acacia" bottles per hectare in Hluhluwe (115/7S70) were on the 

most preferred unhindered small {<Im) TOPS "Acacias". The equivalent proportion in Umfolozi was 

12.54%. 

Thus to summarise: 

Although Total food "Acacia" bottle densities were 2.83 times higher in Hluhluwe; Umfolozi in many ways 

provided more favourable "Acacia" habitat having ... 

A less mature "Acacia" age structure favouring the more preferred small "Acacias" 
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A more equitable distributiou of available browse amongst a range of food "Acacia" 

species, rather than predominantly being made up of the two important but generally less 

preferred dominants A.karroo and D. cinerea. The earlier finding that there appeared to 

be a limit to the amount of an individual species that a black rhino could eat, indicates that 

the more equitable distribution of available browse amongst a range of "Acacias" in 

Umfolozi represents better black rhino habitat. 

and of particular relevance to this section ... 

That grass in Umfolozi had a much lower negative effect on the availability of key small-

medium 11Acacia" browse. 

This resulted in the density of available unhindered Free bottles of small food "Acacias" being 16.9% higher 

in Umfolozi (H:471 U:SSO). What is perhaps more important, was that the density of available unhindered 

Free bottles on the most preferred small TOPS food "Acacias" was three times greater in Umfolozi (H: 115 

U:348). 

IDuhluwe "Acacia" habitat was only better than Urnfolozi's in two ways as ... 

The densities ofavailable unhindered Free bottles on the small-medium BIG2 species (A.karroo 

and D.cinerea) were substantially greater in IDuhluwe compared to Urnfolozi (H:979 U:406) 

The density of available unhindered Free bottles on medium sized food "Acacias" was 41. 7% 

higher in ffiuhluwe (H: 1,053 U:743); although this was largely due to the higher densities of 

A.karroo and D.cinerea in Hluhluwe. 
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RJE§llJLT§ OF OONSTRA!NlfID OIRDINATION ANAL Y§I§ ro §TU!IJ)Y nm STIIBNGTIPIB OF nm 
JRJELATION§Hlll!'§ IBIETWEEN lllLAICK IRJH!lINO llROWslNIGl AND MULTIVAJIUA'l!'E OOMMIIJNITY 

llllE§ICIRlileTIONS llASIElll ON Il) SJP>EICllES, 2) Sll"IZIE, AND 3) RE§OllJRICE llASIElll ABUNDANICE lllATA 

Correspondence analyses ofHiuhluwe species, spize and resource based cover abundance data were constrained 

using feeding data (see Appendix 4.1 for a non-technical explanation of methods). Analysis was detrended by 

polynomials. The research question addressed was: 

Did resource-based multivariate habitat descriptions (which directly included measures of grass 

interference) improve assessments ofblack rhino habitat suitability compared to species or spize 

based analyses (which did not incorporate grass interference into habitat descriptions)? 

In canonical correspondence analysis, the higher the canonical axes eigenvalues are -the stronger the relationship 

between the habitat data and set of explanatmy variables (see Appendix 4. l ). The highest eigenvalues for 1) the 

first canonical (DCCA) axis, 2) the second canonical axis, and 3) _the canonical trace were all obtained using 

resource-based data. As could be expected, the poorest relationship was between species-based data and feeding 

levels. The sum of the eigenvalue for the first two canonical axes was 0.167 for species based analysis, 0.238 for 

spize-based analysis and 0.266 for resource-based analysis. The increase in eigenvalue sum (Axes 1 and 2) from 

species to spize-based analysis was 42.51%, and from spize to resource a further 11.6% increase. The overall 

increase between species and resource-based analysis was 59.2%. When expressed as a percentage of the 

corresponding eigenvalue sum derived for the first two axes of unconstrained detrended correspondence analysis 

(DCA), a similar although less marked pattern emerged (Species 24.65% Spize 29.60% and Resource 30.25%). 

Besides higher eigenvalues; significance levels of the first canonical axis and canonical trace were also higher 

using spize and resource compared to species-based data. The species:environment correlations [R(Spec,Env)] on 

the first axis showed corresponding increases (Species 0.642, Spize 0.738 and Resource 0.748). 
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Comparative DCCA spize and resource-based constrained ordinations were undertaken using Umfolozi data. The 

length of the first canonical axis was almost 25% greater for resource compared to spize-based analysis. Size 1, 

Size 2, Modal grass heig\lt, and grass interference were included as passive explanatory variables. The angle 

between the biplot arrows for the two grass variables was minimal indicating these variables worked in the same 

direction. In addition both grass arrows were long indicating the important influence of grass on black rhino 

feeding. 

In Umfolozi the arrow for Grass Height was almost as long as that for Grass Interference. The greater relative 

importance of grass interference in Umfolozi probably reflects the generally lower grass modal heights compared 

to Hluhluwe. 

These results mean that black rhino feeding levels were better explained using spize rather than species 

based multivariate community data. Resource-based data (which describes habitat in terms of the degree 

of grass interference and spize composition) was even better at explaining feeding patterns than spize data. 

In Hluhluwe, the increase in explanatory power from species to spize based analysis was greater than that from 

spize to resource based analysis; indicating that although grass interference was important, the species composition 

and size class structure and successional stage of communities had a bigger influence on black rhino feeding. 

There was not enough time to do a resource based analysis using grass height instead of grass interference to 

subdivide spizes. The results in the previous section indicate that such an analysis would almost certainly have 

further increased eigenvalue levels. 

One of the objectives of the project was to determine how best to assess black rhino habitat. To assess the relative 

ability of different measures of abundance (used in habitat descriptions) on rhino feeding levels, spize-based 

constrained and unconstrained polynomialy detrended canonical ordinations were also carried out using Hluhluwe 

1) Braun-Blanquet cover abundance 2) Tree density 3) Total bottle density and 4) Free bottle abundance data: 
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The constrained eigenvalue trace ranged from a low of .380 (Braun-Blanquet) to .678 (Tree Densities) to .901 

(Total bottles) to reach a maximum at 1.022 (Free bottles). When the constrained eigenvalue traces were expressed 

as a percentage of the corresponding unconstrained traces a similar pattern emerged (Braun-Blanquet 35.48%, 

Tree Densities 43.09%, Total Bottles 50.23% and Free Bottles 55.86%). 

These results indicated that the best relationships between spize-based multivariate community composition 

and black rhino feeding were obtained using Free bottle density data. The weakest relationships were 

obtained when Cover abundance data was used to describe habitat. These findings indicate that black rhinos 

primarily view their habitat in terms of the composition and volume of browse available 1) within reach and 

2) not interfered with by grass. This finding is reasonable as tall A.nilotica, E.racemosa, S.africana or 

B.zeyheri (key spizes in canopy cover based habitat descriptions) are all of almost no effective food value 

to black rhino; yet smaller sizes of the same species are of markedly differing food value. 

The eigenvalue trace of a polynomial detrended canonical correspondence analysis (DCCA) using resource-based 

analysis of Total bottle data was 7.86% higher than that obtained using a spize based analysis (Spize: .901 

Resource .972). The trace for a DCCA of spize-based Free bottle data (1.022) was only marginally larger than the 

resource-based analysis of Total bottle data. This was corroborated by exploratmy regression analysis that indicated 

that Free bottle data explained marginally more variation in feeding than both Total bottle and Percentage Grass 

Interference together. 

Somewhat surprisingly the sum of the DCCA trace when expressed as a percentage of the sum of the eigenvalues 

of the first four axes of DCA runs was always marginally lower for resource-based compared to spize-based 

analysis (Spize:Resource Braun-Blanquet 35.48%: 33.82% Tree Density 43.09%: 39.42% Tota!Bottles 50.23% 

: 47.73% Free Bottles 55.86%: 52.52%). This may have been because the sums of the first four unconstrained 

detrended (DCA) axes' eigenvalues were between I0.2% and 18.6% higher using resource compared to spize-based 

analyses. 
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To summarise: 

Habitat descriptions using browse bottle data produced the best descriptor of black rhino habitat suitability, and 

cover abundance data the worst. 

The incorporation of grass interference into habitat descriptions improved habitat suitability assessments, 

although not as markedly as the incorporation of size class data into community descriptions. 

Free bottle density was the best abundance measure to use when describing habitat suitability for black rhino. 

However in describing habitat suitability resource-based total bottle descriptions were almost as good as spize

based Free bottle descriptions. 

There are implications of the above results for those assessing black rhino habitat. Rather than assessing the 

abundance of different habitat types, the results indicate that all one needs to do is to assess the abundance 

of unhindered key preferred spizes in an area. The latter approach is vindicated by 1) the observations that 

the bulk of a black rhinos woody diet is made up of a limited number of key spizes (see Chapters 6, 7, 9, 12 

and 2) the difficulty of allocating vegetation plots to discrete habitat types in the field (as Hluhluwe 

vegetation is better described using a continuum model - Chapters 6 and 7). Thus armed with a list of key 

spizes, size class selection patterns, and the rule of thumb about what constitutes unhindered browse, a 

manager can easily assess black rhino habitat suitability while walking throngh an area. 

Clearly, measuring "Acacia" densities alone when assessing black rhino habitat suitability is not enough. 

In order of importance, "Acacia" size class, grass heighUinterference levels, and species of "Acacia" 

(including mix of species) also must be considered. 

Finally, it should be borne in mind that the fieldwork for this study was undertaken during a period of above 

average rainfall. We therefore could expect habitat conditions to improve for black rhinos in drier years as 

grass iuterference levels will decliue. 
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CHAPTER 8 NOTES 

# 1 The inclusion of H.pauciflorus in this list may seem surprising to readers not familiar with Hluhluwe conditions. Apart from its association with 

forest margins, this species also conunonly grows in moist open low-lying grassland areas in NE Hluhluwe. 

#2: Technical note: The critical value of theta was set at 0.3 in all ridge regressions to aid comparison. In all runs ridge traces had largely stabilised 

by the time theta was 0.3. 

#3: Technical readers, should be aware that MAN 0 V Aresidual analysis generally revealed slight heteroscedasticity. Unfortunately, this is quite usual 

when dealing with ecological datasets containing a large number of observations with small values ofX (in this case feeding) relative to those with 

large values (Jolumon 1980). Thus we have to conclude that the derived regression coefficients may be biased. Standardised coefficients of skewness 

and kurtosis also invariably showed that the residuals were not normally distributed Some key MANOV A assumptions were therefore violated, and 

so strong statistical inferences should not be drawn from the MANOV A results. Fortunately this violation of assumptions does not represent a major 

practical problem, as the primary goal of the MANOVA analysis was heuristic. Furthermore, Zar (1984) concluded that AN OVA and t tests are 

usually robust enough to petform well even if the data deviate somewhat from the requirements of normality, homoscedasticty and additivity. 

Significance levels were so high in many of the analyses that one could be very confident that the recorded factor level differences were real. 

#4: As mentioned in the introduction. small·medium (<2m) food ''Acacia's" were chosenforstudy due to their high dietary importance and preference 

values; and because "Acacia's" tend to grow in more open sites and are especially prone to grass interference. 
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