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ABSTRACT

Concern about the decline in the black rhino (Diceros bicornis minor) population in the Northern Hluhluwe area
of Hluhluwe-Umfolozi Park from 1961-1986 was the main veason that led to the initiation of the Black Rhino 2009

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

This thesis seeks to increase knowledge of black rhino: habitat relationships and feeding ecalogy, to ascertain the
causes of the Hluhluwe population decline, and in particular ta determine whether habita¢ changes could have been
the major cause of the population changes in the Park. Italso seeks to determine the impact of management actions

on black rhing,

Through studying the feeding ecology of the species, the project obfained an inereased understanding of what
constitutes good black rhino habitat in terms of the species and size structure of vegetation; how black rhine
perceive and use habitat; and what key variables need to be measured when assessing black rhino habitag
suitability. Black rhino showed marked specics and size class sclection, highlighting the nced to assess rhino habitat
on a spize (SPecies sIZE class) rather than species basis. In both Hluhluwe and Umfolozi the bulk of their diet was
made up of 2 few key spizes. In particular, black rhines highly faveured small Acacias (<1m) and members of the
Euphorbiaceae family (Spirostachys africana and Acalypha glabrata). 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 2 broad patch level very tall grass areas were avoided by

blaclk rhinos.

Contrary fa the bci.ief prevailing at the start of the project, bwming in Hlubluwe-Umfolozi Park was found, on the
whole, to benefit black rhine in both the short and long term. In Hluhkluwe, feeding levels were significantly
greater in burnt than in unbumt plots, and burmnt Acacias were espec;mlly favourcd. In the shert term no burning
or infrequenf burning was found t negatively impact on blackrhine by 1) allowing "Acacias" fo grow into taller
less preferred size classes; 2) allowing emerging seedlings of unpalatable fire sensitive later successional evergreen
species to establish and grow; 3) not removing grass interference in wet years; and 4) nof creating conditions

conducive to the early seasan growth of palatable ground herbs. In the longer term, partial constrained spize
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ardinations indicated that past fire frequencies significantly influenced habitat eomposition and structure. Laek
of fire in the 19505 and early 19605 was implicated as a major factor associated with a large decline in blaek rhine
carrying capacity follawing the development of mature Acacia nilotica 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 sueccssion; data strongly indieated tha¢
clearing was only cffective in the shorter term; requiring follow up treatments to prevent the rapid development
of mature "Aeacia" woodlands, Of all the speeies, Dichrostachys cinerea was shown te be particularly resistant
to clearing. Conditions Immediately after the extensive clearing of Hluhluwe north in 195961 together with
increased grass growth following culling of grazers and high rainfall is bkely to have been a actor in the 1961 die
off af black rhino in the arca. However, by slowing successional development towards closed waodland and
lowland forest eomniumities in N.E.Hluhluwe, past Acaefa clearing probably prevented an even bigger decline in
back rhino carrying capacity from oceurring in the medium term. Given that the effects of bush clearing are
temporary and require intensive management in the form of frequent re-clearing to maintain open areas, the
lenger term suceess of the reeent clearing operations is Likely to depend on other factors like the interactive effects

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

A comparison between the offtake volumes and spizes caten following a remeasurement of plots first measured
in 1969-71, clearly indieated that the northern Hluhluwe black rhine population avound 1970 was under severe
nutritional stress. The recorded inerease in inter~calving intervals, age at first calving and adult mertality plus
the likely high abertien/neonatal mortality during the decline are alf consistent with and reflect a population under
nutritional stress. Together with known removals, these factors can fully aceount for the scale of the Hluhluwe
decline from the post 1961 die off period up to 1986. In reviewing probable and possible causes of the Hluhluwe
decline it was clear that habitat changes had resulted in a steady and significant drop in carrying eapacity from
the late 1950s to mid 1980s, and that this was the primary cause of the Hluhhtwe black rhino deeline. The increase
in numbers of black rhine in Umfolozi over the same period was also consistent with habitai changes. Peaching,
fire, bush-elearing, demographie stochasticity, eempefifion fram other browsers and inbreeding depression were
not implicated as major factors inthe decline. The level of past predation of neonates by spotted hyena ts unknewn,
and may or may not have eontributed to the decline, although on its own neonatal predation could not have been

the major cause of the decline.
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SAMEVATTING

Kommer oor die afnamc in dic getalle van die swart renaster (Diceros bicornus minor) bevolking van die
noordelike gebied van dic Hluhfuwe-Umfolozi Park vanaf 1961 tot 1986 was die hoof rede vir die instel van die

“Black Rhino 2000” of (BR2000) navorsing projek waarvan hicrdie sfudic ‘n groot deel uitgemaalke het.

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 hahitat verandering ‘n hoofoorsaak van

bevolkings verandering kon gewees het. Die sfudie ondersoek ook die impak van hestuurs aksies op swart

renosters,

Deur studic van die voedingsekologie van die spesies is ‘n goeie begrip van wat as goeie renoster habitat beskou
kan ward in terme van spesies en strukfuur van plantegroei verkry; asook hoe swart renosters hul habitat ervaar
en gebruik, Hieruit was dit moontlik om te bepaal wat die sleutel veranderlikes is wat gemeet moet word wanncer
swarf renoster habitatsgeskiktheid beoordecl moct ward. Swart renosters het sterk spesics en groteklas seleksie
apenbaar wat die nodigheid beldemtoon dat renosterhabitat op *n spesie en grote basis ( hiervaor is die engelse
term “spize” uitgedink) eerder az slegs sgesies bevordeel moet word. In beide die Hiuhfuwe en Umfolozi parke is
hulle dieet saamgestel uit slegs ‘n paar sleutel “spize”. Swart renosters het “nsterk voorkeur vir klein (<im) A cacia
soorte en lede van dle Eupliorbia fawille (Spirostachys africana en Acalypha glabrara), Gras het met blaarkos ‘n
interaksie wat blaarvretery beduidend verminder het, veral wanneer hulle verkose jong Acacie’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 breé skaal is langgras kalle deur swart renosters vermy,

In teenstelling met wat aan die begin van die projek geglo is, was brand in die Hiuhluwe-Umfolozi Park voordelig
vir swart renosters beide in die kort sowel as die lang termyne. In Hluhluwe is bevind dat beweiding meetbaar hodr
was in gebrande perscle, en gebrande gcacia’s het spesifiek voorkeur geniet. Ongebrande of min gebrande veld
het 'n negatiewe invloed ap swart renosters omrede: 1) Acacia’s uitgraei in minder aanvaarbare groteklusse; 2)
Onsmaaklike soorte van later suksessie stadiums wat vuur sensitief is word kans gegee word om te vestig en uit
te graei; 3) Gras bedekking nie in nat jare verwyder word nie; en 4) Omdat toestande vir vroe€ seisoens groei van

smanklike Kruide nic geskep word nie. In die langer termyn het gedeeltelike ordinasics van “spize” aangedui dat
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habitats struldunr en samestelling beduidend deur vo rige brand frelcwensie beinvloed is, Afwesigheid van viuur
in die 1950s en vroeg 1969s is as “a hoof faktor in die groot afname in swart renoster drakrag uitgewys as gevolg
van die ontwildkeling van volwasse, geslote Acacia nilotica bosgroepe wat met tyd ontwikke) het in laeveld woud

met dominansie van Exclea racemosa en Berchemia zeyheri.

Ontbossing van “Acecia’s™ het houfagfige subsessie fydelik omgekeer maar dic data gee sterk aanduidings dat
ontbossing slegs in die kort termyn suksesvol was, en dat opvolg behandeling nodig was om te verhoed dat snelle
ontwildeeling van velwasse “Acacia” bosveld plaasvind. Dichrostachys cinerca was veral bestand teen ontbossing.
Toestande na die omvattende ontbossing in Hlukluwe Noord vanaf 1959 tot 1961 saam met die welige grasgroci
na die uitdun van grasvreters en verhoogde reenval was waarskynlik ‘n faktor in die vrektes onder swart renosters
gedurende 1961, Dit is egter ook waarskynlik daf die vertraging van ontwikkeling na geslote bosveld en laeveld
woud gemeenskappe as gevolg van ontbossing in die verlede *n self groter afhame in swart renoster drakrag oor
die medium fermy verhoed het. Daar die resultate van enthossing tydelik van aard is, en intensicwe opvelghestunr
verels om vop areas te onderhou, sal die langtermyn sukses van ontbossing afhang van ander faktore soos die
interaksie van olifante en vaur, Hergroei van Acacie's op baie van die onlangs skeongemaakte areas het swart

renosters bevoordeel.

Vergelyking van die volumes en “spize” gevreet, wat gemeet is na ‘n oorspronkdile meting im1969-79 dui daarop
dat die Hluhluwe swart renoster hevolking gedurende ongeveer 1970 onder geweldige voedings stress verkeer het.
Die aangetckende verhoging in tussenkalf periodes, ouderdom by eerste kalwing en volwasse mortaliteit asook die
waarskynlike ho& voorkvms van aborsies en neonatale mortaliteit, dui alles op ‘n bevolking vnder uitermate
voeding stress. Saam met die getal diere verwyder (bekend), kan hierdie faktore die volle bevolkingsafname
verklaar, vanaf die veektes na 1961 tot en met 1986. By sorweging van die moontlike en waarskynlike redes vir
die afname op Hluhluwe was dit duid elifc dat habitats veranderings ‘n stelselmatige en beduidende afname in swart
renoster dralirag tot gevolg gchad het vanaf die laat 1950s tof die middel 1980s en dat dit die primére oorsaak van
die afname in swart renoster getalle was. Die toename in swart renosters in Umfoluzi in dic selfde periode kon ook
aan habifatverandering tocgeskryf word. Stropery, vuur, ontbossing, demograficse stokastisiteit, kompetisie van
ander blaarvreters en inteling kon nie as beduidende faktore vir die afname uitgewys word nie. Die geskiedkundige
vlak van predasie op jong diere deur gevlekte hiena’s is onbekend, en kon meontlik bygedra het tot dic afname.

Predasic op jong diere kan egiler op sy eic nie ‘n beduidende corsaak van die afname gewees het nie.
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individuals of the 10 main food Acacias browsed by black rhino after statistically
removing the effects of reserve, species and tree densify based on pooted grid
survey data

Influence of modal grass interference/spize and tree size on the mean browsing
(bottles eaten) per plot of the 10 main food 4 cacias browsed by black rhino after
statistically removing the effects of reserve, species and tree density based on
pooled grid survey data

Influence of modal grass interference/spize and tees size on browsing tevels
(bottles eaten) expressed as the mean % of total available bottles on the 10 main
food Acacias after statistically removing the effects of reserve, species and tree
density based on pooled grid survey data

Interpofated contour maps of a) black rhino feeding levels recorded between plots
during the 1989 Hiuhluwe grid survey and b) late swmer 1989 modal grass
height

Photograph showing very tall grass in North Hluhluwe during the grid suavey (late
summer of 1989). Black rhinos were found to avoid such areas

The relationship between browsing levels on small (<1m) A.karroo in Hluhluwe
and the degree of grass interference
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The relationship between grass interference and {otal bottle preference indices for
four key spizes. The histogram is derived from 2 pooled grid database for both
study areas.

CHAPTER 9

2.1

9.2

9.3

9.4

9.5

2.6

9.7

98

9.9

Interpolated contour maps of the distribution of black rhino feeding in the
Hiuhluwe grid study arca a) up to 1 month after burns and b) 1 to 3 months after
burns

Seasonal contribution to the black rhino woody diet of species (Zizyphus
mucronata, Dombeya rotundifolia, Lippia javanica, Diaspyros lyciodes, Krausia
Sfloribunda and Euclea divinorum) whose maximum contribution to the diet
occurred in the immediate post-bumn period

Scasonal contibution to the black rhine woody diet of species (Rhus pentheri,
Plectoniella armata and Maytenus heterophytia) whose maximum contribution to
the dict occurred in the post-burn/early season flush period

Seasonal contitution to the black rhine woody diet of specics (Acacia karroo and
Acacia nilotico) whose maximum contributicn to the diet occurred in the
immediate post-burn/early season flush periods

Seasonal contibution to the black rhino woody diet of specics (Berchemia zeyheri,
Spirostachys gfticana, Croton sylvaticus, Acacia gerrardii, Maytenus nemorosa
and Abuilon/HHibiscus) whose maximuom contribution to the diel occurred in
winter/early summer

Seasonal contibution to the black rhine woody diet of species (Dichrostachys
cinerea, Acacia caffra, Acacia robusta and Hippobromus pauciflorus) whose
maximum contribution to the diet occurred in mid/late sumumer

The percentage contribution to black rhino feeding of the main woody species 0-3
months after burns (ie imumediate post-burn and post-burm flush periads) in four
sections of the grid study area {Data analysed and figure prepared by K. Adcock)
Mean browsing levels for each FIRM split predictor after analysis of node 1

Dendrogram of CONFIRM run 1 of the main Hluhluwe post-bumn survey data
highlighting the nine key nodes significant at the 1% level

CHAPTER 16

16.1

16.2

16.3

Distribution of burns 1955-1987 in the Hlubluwe grid study arca

The burning hisfory of N E Hluhluwe, showing average fire return times (left axis
black) and the mean % of the area bumt per year (right axis, grey) in differeat
time periods from 1955 to 1987

The proportion: of N E Hinhluwe burnt at different frequencies in different time
periods from 1935-1987,
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164

16,5

Variation in annual Hluhluwe rainfall over the period 1933-1990 (based on
Fgodeni data supplied by M.Pattenden) '

Hiuhluwe spize biplet (no forest grid plots) - Axcs 1 and 2 from Partial Canonical
Correspondence Analysis (Fire run 3)

CHAFPTER 17

17.1

17,2

17.3

17.4

Proportion of Ifluhluwe grid study area bush cleared from 1957 to 1987 showing
the % of the area cleared for the {irst timne, the % of the area recleared and the
cumntulative % of the area that has been cleared at least once.

4) and b) Photographs of small Acacia regeneration on recently bush cleared sites
in southern Hluhluwe in November 1993, The small “Acacias™ in the foreground
of 17.3b have been burnt and browsed by black rhino

Photograph of small and medium Acacia karroo regeneration on recently bush
cleared sites in Northern Hluhluwe (November 1993)

Photograph of good black rhino habitat in rural KwaZylu. Note the availability of
many highly preferred small “Acacias” (A.nilotica, D.cinerea and A.karroo), and
minimal grass interference. The picture was taken in November 1993 from the old
Gunjaneni entrance road outside southerm Hluhluwe. This area experiences heavy
caule grazing, goat browsing, frequent fires and cutting of firewood.

CHAPTER 18

18.1

13.2

183

184

18.5

HMiuhluwe spize biplot (non-forest grid plots) Axes 1 and 2 from Partial Canonical
Comespondence Analysis (Bush clearing run 21)

Hlulluwe spize biplot (non-forest grid plots) Axes 1 and 3 from Partial Canonical
Cortespondence Analysis (Bush ¢learing run 21)

Hluhluwe spize biplot (non-forest grid plots) Axes 2 and 3 from Partial Canonical
Correspondence Analysis (Bush clearing mn 21)

Averape dengities/hectare of different size classes of Acacia nilotica and later
successional specics Berchemia zeyheri, Euclea racemosa, Kraussia floribunda
and Rhus pentheri on Hitching” plots in 1969-71 (white) versus 1990 (black)

Average densities/hectare of different size classes of grassland species Acacia
caffia, Acacia karroo, Dichrostachys cinerea, Eucleg crispa, Lippia javanica and
Maytenus sengalensis on Hitching' plots in 1969-71(white) versus 1990 (black)
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CHAPTER 20

20.1

20.2

20.3

20.4

20.5

20.6

207

20.8

20.9

20.10

Vegetation composition of the Hitchins map/Grid survey study area in 1937, from
Henkel (1937)

Vegetation composition of the Hitchins map/Grid survey study area in 1975, from
Whateley’s 1975 map (Whateley & Porter 1983)

1938 photograph of Hidli vlei looking accross to the Oncobeni vailey and
Mapwanxa in the Hluhluwe Grid survey study area (Photo - Roelff Attwell).

1993 photograpl of North Eastern Hluhluwe from Magangeni looking accross ta
Magwanxa. Note how the vegetation on the slopes of Magwanxa has changed
from being relatively open to becoming dense woodland and forest, Most of the
area in the forcground was recently recleared. Also note the abrupt boundary
between the cleared lowlands at the foot of the slopes to Magwanxa and the Jack of
clearing further upslope showing the complete lack of bush clearing controls and
confouding of bush clearing trcatments with landscape unit,

1938 photograph looking across to the Mahlungulu hills (just southi of the
Hiuhiuwe grid study area). Note the very open vegetation on the hills (Photo -
Roelff Attwell)

1938 photograph of three black rhine in Hilzhluwe grassland with cncroaching
Acacia’s (Phota - Roelff Attwell)

Photograph of the famous black rhino “Matilda™ near the Amanzimnyama stream
(in the Hiuhluwe grid stizdy area (taken by RocIff Attwell in October 1942). Note
the develaping “Aeacia” scrub on the hillslope in the backgrpund. (Photo - Roelff
Attwell)

Mating black rhings photographed in Hluhluwe in November 1954. Note the
development of highly favoured small “Acacia” scrub in the background. (Photo -
Roelff Attwell)

A time series of photographs showiug how dramatically the southern Hizhluwe
vegetation has changed in just a 35 year period (1949-84) from open parkland (0 a
densc Acacia thucket (Photos - Natal Parks Board Archives).

Photograph from Magangeuni Jooking towards Ngqunggulu, Photos taken in May
1949 depict the Ngungqulu area as open grassland, but by 1954 the area was
devoid of grass and was denscly covered with the coaching scrub of a maximum
height of 1.5 m (Bourquin and Hitchins 1979). Whateley's 1975 vegetation map
shows the area as 4. karroo woodland adjacent to the drainage line, 4. karrao
thicker on the slopes and A. rilofica woodland on the top of the rich. Staff
Sergeant Ngabanefa Ncobe recalled that around 19735, clesed canopy woodland
vegetation was mainly restricted to the A. robusfa drainage line in this view from
Magangeni, and that the vegetation on the slope had thickened up considerably
since than - An observation independently verified by M. Brooks and ID.Densham
(pers comm). By the 1990s, patches of closed A. nifolico/d.karroo wooldland and
forest had developed on the slopes, with A.karroo/d.caffra thicket in between.
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20.11

20,12

20.13

20.14

2015

Photograph of matuare tall spindly Acacia karreo woodland in the Oncobeni valley
in 1991. Keryn Adcock is holding a smaller A.karroe that has been browsed by a
black rhino. Note the high levels of grass interference. Some of the taller
A.karroo’s in this area were pushed down by elephants enabling rhinos to browse
their canopies. Vegetation communities growing on moister clayier lowland sites
such as this follow a different successional pathway to the Whatcley-Wills
A.nilotica woodland succession.

Photograph of a radio-homed black rhino in typical Acacia karreo dominated
scrub in the Corridor area of Hluhluwe-Umfolozi Park. The long term carrying
capacity of such habitats will depend upon whether burning is frequent enough to
prevent these trees growing to a height where fires will not result in high levels of
topkll.

Diagrammatic representation of Whateley-Wills successional modef showing
development, maturation and senecence of 4.nifotica woodland and the
development of a dry E.racemose/B.zevheri/R. pentheri lowland forest. C) shows
an intermediate stage where later successional evergreen dominants such as

E racemosa and B.zeyheri cstablish undereath A nilotica canopics. By stage D)
the A.niletica’s are overtopped by such new caopy dominants and are senecing and

dying.

a) Photograph of Euclea racemosa/Berchemia zeyheri dry lowland forest behind
Zincakeni dam taken in 1990. The late Norman Deane indicated that in 1954 one
could drive atound this hill and that wildebeest were caught in the area (minutes
of the 1979 Vegetation Dynamics workshop), The area in the foreground has been
bush cleared. .

b} Mature A.nilotica woodland in advanced stages of becoming a Euclea racemosa
- Berchemia zeyheri dry lowland forest taken near Zincakeni in [990. Much of
this area is currcntly being bush cleared .

¢) Close up of a mature A.nilotice in the middle of the above photograph (note the
characteristic dark diamond fissured bark). The grey barked tree to the right of the
bole of the A.nilatica is a Berchemia zeyheri . Whateley & Wills (1996} found that
B.zeyheri was significantly associated with sites undemeath A.nifotica canopies
close to the bole in earlier stages of colonisation of A.nilotica woodland by forest
species. B.zeyheri has become one of the canopy dominants in the area. Note other
broadleaved later successional species under the A.niletica including small
establishing individuals of the forest species Sideroxylon inerme

d) Photograph showing a Euclea racemosa sapling establishing next to the bole of
an A.nilofica. Whateley & Wills (1996} found that this species was significantly
associated with sites underneath 4.nifotica canopies clase to the bole in earlier
stages of colonisation of A.nilotica woodland by forest species,

A) Canopy cover abundance levels of Acacia nilotica spizes as 3D surfaces in
spize based erdination space (*based on results of polynomially detrended
correspondence analysis of the Hluhluwe grid plots after excluding riverine and
true mature cvergroen forest plots - note that the Y axis scaling is variable), The
small insert is a surface plot of black rhino browsing levels in the same spize-
based ordination space.

B) Canopy cover abundance levels of Dichrostachys cinerea spizes as 3D surfaces
in spize based ordination space*

C) Canopy cover abundance levels of Rhus pentheri spizes as 3D surfaces in spize
based ordination space*

D) Canopy cover abundance levels of Bercehmia zevheri spizes as 3D surfaces in
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20,16

spize based ordination space*
E) Canopy cover abundance levels of Euclea divinorum spizes as 3D surfaces in

spize based ordination space*
F) Canopy cover abundance levels of Euclea racenosa spizes as 3D surfaces in
spize based ordination space*

G) Canepy cover abundance levels of Sideroxylon inerme spizes as 3D surfaces in
spize based ordination space* .

H) Canopy cover abundance levels of Scutia myrtina spizes as 3D surfaces in spize
based ordination space*

) Canopy cover abundance levels of medium-intermediate 1-4m Euclea crispa as
a 3D surface in spize bascd ordination spacc*

J) Canopy cver abundance levels of intermediate-tall (>2m) 4 cacia caffra as a 3D
surface in spize based ordination space*

K) Canopy cover abundance levels of Vernonia subuligera as a 3D surface in spize
based ordination space*

3 D surface plot of the amount of black rhino feeding (browse bottles eaten per
plot) in spize based ordination space* The arrow shows the successional path from
stnall Acacia nilotica through Acacia nilotiea closed woodland through to a dry
lowland forest dominated by E racemosa, B.zeyheri, R.pentheri, S.inerme,
S.myrting with some mature 4.nilofice and D.cinerea’s senescing. Note how
feeding levels drop dramatically along this pathway especially at early stages of
succession as Aeacia nilotica’s are grow into taller less preferred spizes.
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Hypothesised relationship between black rhino densities and estimated ecological
carrying capacity in N. Hluhtuwe
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CHAPTER 1:
PROJECT RATIONALE, SCOPE AND OBJECTIVES,

AND A GUIDE TO THE STRUCTURE OF THE THESIS




INTRODUCTION

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 Scuth African black rhine populations increased
dramatically over the last thirty years. While poachang reduced the world's black rhino population by an estimated
96% since [970; South African black rhino numbers increased over the same period. By the end of 1995, South
Africa had more black fhino than any other country (with 1,025 out of Africa's approximately 2,410 - Source:
TUCN SSC AfRSG data - Emslie & Brooks 1996). This situation can be contrasted with 1970, when probably only
about 4% of Affica'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 aii hlack rhino populations in South Africa were performing well . Peter Hitching estimated
that the Hluhluwe-Umfelozi Game Reserve popul ation had declined from abouwt 330 in 1973, to an estimated
1920 by 1985 (Hitchins & Brooks 1986). The translocation of 88 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 hasincreased in international importance to become the world'sTargest black
rhino population, From a continental perspective the decline in Hlubluwe was thercfore 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 [986). Table 1.1 presents the Hluhluwe-Umfolozi black rhinu pepuylation 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 comparisen of the data.



THE HLUHLUWE DECLINE

Prior to the 1961 "dig-off", the [Tluhluwe and Northern Corridor black rhino population was estimated at almost
300 (Deanc 1961). This translates (o a density of 1.03 black rhino/km?®. Of these animals, 59% occurred in north

Hluhiuwe at the very high density of 1.54 black rhino/km?.

Forty six black rhino mysteriously died in Ilulbuwe North in a three month period from the 11™ of July to the 27%
of October 1961 (Hilchins & Anderson [983). The decline continued, and by 1973 the Iuhluwe 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

rhinofm?).

THE UMFOLOZI INCREASE

1n contrast to Hluhluwe, black rhino deasities increased in the adjoining Umfblozi from only 0.03 black rhino/km?
in 1933 to 0.29 black rhino/km’ by 1991. Umfolozi densities have more than doubled over the last twenty years

despite removals (Hitchuns & Broeks 1986; Adcock er af 1991, Adcock [995).

Table 1.1 shows that in 1967 deansities in Northern Hluhluwe (0.906 rhinog/km?) were mare than ten times
higher than those in Umfolozi (0.080/km?). However deusitics continued to decline in Hizhluwe whilst
numbers increased in Uwmfolozi and the Corridor, with the result that by 1991 densities were similar
throughout the park (Northern Hiuhluwe 0.261/km’and Umfolozi 0.292/km?). Thus, atthough densities were

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

differcd markedly between areas in the reserve,



TABLE 1.1 : Hluhluwe-Umfolozi black rhino population estimates and densities (n/Km?) by area.

AREA

CRIGINAL HBA
HMLUHLUWE

Brooks M.HGR

Brooka EHGA

Bropks W.HGR

Arooks 5. HGR

NHGR

B HER

HGA & N.COR

3. MG & NCOR
Brooks 3.HGA A N.COR
W.COR = Brooks W,COH
s.e0Aa

QLI CORA

CORAIDOR

LIGR 1933

wW.USR

S.UGHR

GLDUGA

U FOLCZ!
MLUHLUWE-UMFOLOZ

ARZA

CRIBINAL HGR
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CONCERNS THAT LED TO TOE 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 carrying 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 1985), suggesting that in this instance, Caughley's (1985)
Partial Compcnsation 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 acause of great concern to local managers
and NGOQ's, Natal Parks Board staff on the ground identified the need for a Hluhluwe black rhino research project
asearlyas 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 (Knou & Wills 1985, Anon
1986). The level of concern increased further following the publication of theprelinﬁna@ results of Peter Hitchins'
1985/86 black thino census work. The Southern African Namire Foundation (SANF now WAF-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 thino project was unsuccessful
in 1985, the SANF werc convinced of the need for an applied research project on black rhino (R. Soutter pets
comm.). The SANF then initiated the Black Rhino 2000 project (BR2000) with the Natal Parks Board (NPBY, with
SANF approaching and negotiating with me to undertake the project. The Endangered Wildlife Trust (EWT) and
Tptal il became major sponsors of the project shortly afterwards. Later Ecoscot Consuitaney Services itself

became the fifth major sponsor.

Given the increasing global importance of Southern African Populations, SANF stafl, 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. Soutter 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,



The broader scale work of BR2000 (not discussed in detai! in the Thesis) was concerned with regional and national
monitoring and strategies for thino conservation. With the development of the Conscrvation Plan of the black
rhinoceros in South Africa, the TBVC States and Namibia (Brooks 1989), the broader scale work of BR20OO 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

et af 1948, Emnslie 19%91a) ;

. improving rhino population estimation procedures, through addressing field datz collection requirements,
and devising and producing the tailor-inade Bayesian Mark-Recapture analysis software package RHINQ
(Emslie 1993a);

. revising RMG black rhino ageing categories (Emslie ef af 1993)

- synthesising and managing regional black rhino population data (1983-93) , and producing the first two

status reporl summaries for South Africa and Namibiy (Emslie 1990b, 1991c)

. holding a workshop for the RMG to develop procedurcs for assessing property suilability for black rhino

and for assessing carrying capacttics (Emslie 1993¢)

. attending RMG and ATRSG mectings in South Africa, Namibia, Zimbabwe and Kenya, and contributing

1o rhino conservation wotkshops in South Africa, Kenya and Tanzania.



While this broader scale work primarily focused on biological management issues, the crucial importance of
comnmnity development, law enforcement ard sccurity 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 focus on the Hluhluwe
decline, and in particufar black chino-habitat relationskips. This subject forms the basis of this thesis. This praject
was designed to enhance and buiid on Peter Hitchins' earlier work in the Park by focusing on areas where there
appeared tobe 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 eaable general principles about the
factors influencing black rhino populations te 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.

INVESTIGATING THE CAUSES OF THE HLUHLUWE DECLINE

POSSIBLE CAUSES OF THE HLUOLUWE DECLINE

Prior to the stari of BR2000, Hitchins & Brooks (1986) conciuded that although a number of hypathescs to explain
the causes of the Hluhluwe decline existed, the exact causes of the decline had not been established. Unfartunately
in many cases there was limited evidence to evaluate alternative hypotheses; or the available evidence had not been

synthesised.

Que of the major aims of this project was therefore to examine key alternative hypotheses; and in particular
to determine whether habitat changes in Hlubluwe were likely to have been the primary cause of the

Hlohluwe decline.



The various hypothesised possible causcs 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

lavoured black rhino browse.

© Controf burning by management has negatively affected black rhine by sclectively 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 burrung may have been detrimental to black rhino by negatively
affecting habitat quality. (This hypothesis coﬁﬂicts with the previous hypothesis and the
speculative conclusion from a 1988 NPB mecting 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

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

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

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

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

& Brooks 1986, Anon 1988).

0 A disease outhreak, prussic acid peisoning or haemolytic anaemia may have reduced nurubers.



© Heavy culling of grazers during the "agricultural” period of management in the early 1980s

may have contributing to an increase in talf grass areas. Grass interference of browse 1n tuwrn may

have negatively affected black rhino by hiding preferred food plants.

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

o Stochastic demographic factors may have reduced performance.

© The use of chemicals to control Tsetse flics and Harvester (ermites in the 19405 and early

1950s may have contributed to the decline.

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

biases in the population estimation methods.

1t was also speculated that the exceptionally low rainfall in 1979-83 contributed (o the decline, and that inter male

fighting increased in Hinhluwe contributing fo the decline.
Evaluating many of these hypotheses for the decline depends on a good understanding of;
1} Black rhino fecding ccology
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 the key focus of the local component of the BR2000 project.
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A CONCEPTUAL FRAMEWORK TO STUDY BLACK RHINO:HABITAT RELATIONSHIPS

Figure 1.1 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 arc 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 strycture 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 tum be broken down into two groups.

0 The first group of variables includes those factors that cannot be direcily manipulated or controlled by

managemeni; namely:

PE: Physical Environmental factors such as soil 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,

11
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Figure 1.1

Nustcation of the conreptual framework and differant conmponents of the BR2000 report. The two boxes represent the two
main tgpies under study. The upper box depicts the study of woody plant composition apd structure dynemics. The icons above it nepresent
the various factors affecting habilat. These fattors can he split into these that ean be altered by manageiment (GB: Grazer btomass RE:
Reinfroduction of ejephant BQ: Bush-clearing F: Fire); and those that cannot {PE: Physical environment T: Time nfter episodic events
W: Weather M1 Effects of lren-age man). The bottou box depicts the study of black rhino feeding ecology. The arrows linking the two
boxes show how the twe main cumpon;_;ntsan: inler-refated . The effects of any changes in hahital camposition and struenree on hlack rhine
(Top kox) can be inferred using the knnwlcdge about black rhino Feeding preferences and selection patizens (Roitom Box).



0 The second group of variables that can be affected by management are of greater practical interest, ramely:

GB: Large grazer biomass angd species mixes

RE: Reintroduction of, and stocking policy on elephant

BC: Bush clearing

F: Fire frequencies, return periods and inteasities

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

rhine feeding ecology, then we are in a position to interpret what any observed changes in habitat will mean to

| black rhino.

By understanding how management actions influence habitat dynamics, we can infer the likely effects of our

management actions on black rhing habitat quality, The rationaile behind focusing on these habitat issucs is

discussed more fully below.

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

! THIS THESIS

THE NEEDFOR STUDIES OF BLACK RHING FEEDING ECOLOGY

IN HLUHLUWE-UMFOLOZI

To date mest of our knowledge about black rhine habitat selection has come from studies in East Africa
{Goddard 19670, 1968, 1970 ; Frame 1980 ; Mukinya 1973, 1977 ; Brett [986), Addo Elephant Park (Hall-

Martin ef af 1982), and Namibia (Joubert & Eloff 1971 ; Loutit ef af 1987). Unfortunately the canditions in most

13



of the areas studied differ from thosc 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 Zulﬁland; and
in the Addo Elephant Park succulents are abundant). The vesults of these studies ave therefore not dirvectly

applicable to Zululand conditions,

Many of these studies had limitations. In particular most of the published black rhino feeding studies to date have
madec little or no attempt to quantify food availability. Such studies therefore can only be used to quantify dictary
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 plan(, their setfings, ar the

amounl of foliage removed.

Prior to this project, detailed research on black rhino feeding patterns in Zululand was restricted to one study in
three habilat types in N.I3.Hluhluwe in 1969-71 (Hitchins [979). Peter Hitchins (1969) 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 arcas. 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 sejection was needed was
not universally accepted (P.M. Brooks, pers. comm.}. At Jeast one conservationist at the time felt that “we already
knew all we necded 1o know about biack 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 clcarly not an ideal situation,

Given regional and national conservation goals for the species (Brooks 1989, Brooks & Adcock 1997), black rhinos
are now being managed on a metapopulation basis. Translocation of black rhing to new areas forms a major part
of this regional strategy, In turn, habitat suitability assessinents form an integral part of the evaluation of potential

new areas for reintroduction of black rhino.

14



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 gverestimating potential carrying 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 Hluhluwe. In
Hluhluwe, feeding results could also be compared with Hitchins' 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 biack‘ 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 Hiuhluwe woody vegetation cover and
physiognomy since the 1930s (King 1987); detailed information on vegetation changes in Hlubluwe at a species
size class (spize) level was limited (sec definidons in Chapter 4). To evaluate the habitat change hypothesis, it was
therefore necessary Lo determing as best as possible how woody vegetation composition and structure had changed
in Hluhluwe. The rationate behind the study of succession is that provided one has a detailed knowledge of black
rhino fecding preferences and selection patterns it is possible to estimate the likely effects of past changes in

Hluhluwe woody species composition and structure on biack rhino.

Fortunately a hypothetical successional sequense for woody vegetation in Hluhluwe 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 King (1987) supported the Whateley-Wills
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successional model for HluhJuwe; he recommended that the Natal Parks Board should make a study 1o verify the

proposcd successional pathways a research priority.

THE NEED TO DETERMINE THE EFFECTS OF MANAGEMENT

ACTIONS IN HLUBLUWE-UMFOLOZ1 ON BLACK RHINO

Management actions in Hluhluwe (control burning, bush clearing, culling and removal of large herbivores and re-
introduction of elephant) can also affect habitat composition and structure. Particular concern was expressed about
the possible negative impact of burmng on black rhino at a Natal Parks Board meetingin 1988 (Anon 1988). Natal
Parks Board maragers were therefore keen to determine 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 determined by observing

tiow black rhinos use burnl and unburnt arcas after firgs.

Four majar difficulties arise in separating oul the effects of management actions on habitat composition and

structure (and hence rhino habitat quality):

o Environmental and managemeni effects are partially confounded requiring sophisticated

statistical technigues Lo separate out the independent effects of key variables of interest .
© The ability to sort out the effects of past management impacts is only as good as the quali.ty

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

management is practised.

16



o The vepgetation data are complex, bulk}.l and 1joisy. 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’. [nterested 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 HYFPOTHESES FOR THE HLUHLUWE DECLINE

A review of available literature and records for the area were in part used to evaluate the possibility of other factors
(besides vegetation change) being responsible for the Hluhluwe problem. This covered factors such as genctics,
competition with other browsers and predation. The possibility of variable bias in population estimation lcading

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

VORTEX (Lacy & Kreeger 1992, Lacy ef af 1995) modelling was also used to evaluate the possible inflyence and
rclative importance of some hypothesised causes for the Hluhluwe decline. Factors affecting population
performance that were modelled using VORTEX included neonatal calf niona]jty (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,

17



MATK OBJECTIVES AND KEY QUESTIONS

The objectives of the 1hesis follow from the information 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 rhine 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.Hluhiuwe & W.Umfolozi).

The work aims to obtain an increascd understanding of:
Oa What constitutes good and sub-optimal black rhino habitat in terins of species and size
structure of the vegetation 7 - Can genera) principles be drawn from findings in ffluhluwe-
Umifclozi and other areas? (see Objective 1b)
©b 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 hicrarchy of scales?

Oc What key variables need to be measurcd when assessing habitat suitability 7

18



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 guestions one needs o meet objectives 1a and 1b abave and:

0a To determine how the habitat has changed in Hluhfuwe {and in particuiar evaluate the

proposed successionai model of Whateley & Wills).

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

browsers, and predation) on population perforimance.

Management can affect habitat structure and species composition, and so il 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 ght of knowledge of black rhino fecding preferences, In addition to answering questions

1a and 1b above, key questions wete:

0a What were the short and long term infivences of fire on Hluhluwe vegetation and black

rhino habitat suitabilicy?

©b What have been the long and short terin influences of bush clearing on the woody vegetation

in Hluhluwe, and on biack rhino habitat suitability?
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oc What were the likely effects on black rhine habitat quality of the very heavix culling during
the period of conservative "agricul rufal " management in Hluhluwe-Umfolozi in the early 1980s?
In particular, how will the likely increase in grass interference of browse duning the late 1980s
have affected black rhino habitat quality? What does the increase in grazer densitics following
the replacement of the “agricultural” management paradigm in Hluhluwe-Umfolezi by Emslic,

Wills and Goodman's "process-based” management paradigm hold far 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 “fo develop an improved black rhino population estimation
lechnigue that could be used in the field”. This aim was achieved by developing the necessary statistics 10 improve
estimation of black rhino population sizes using field sighting/re-sighting data, and then writing a software
application, “RHING” (Emslie 993a) to enable field biologists to usc the derived statistical methods. This formed
part of the broader scale work of BR2000 and has been fully written up (Emslie 1993a). However in order to reduce

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

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

sections:
I Black rhing feeding ecology and habitat use : Methods and Analyses (Chapters 2-5).
I Black rhino feeding ecology and habitat use : Resulis (Chapters 6-13)
m The influence of environmental factors and management actions on black rhino habifat
quality (Chapters 14-19)
v Probable and possible causes of the Hluhluwe decline: Discussion and Recommendations

(Chapiers 26-23)
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A ROUTE MAP TO THE THESIS

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 submitied 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 scape of the thesis, my supervisor decided that the thesis should restrict its focus
to just the first three aims dealing with the more local Hluhluwe-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 cuf the size of the thesis, but still present the full
picture and scope of the Hluhluwe-Umfolozi research, only a chapter summaries for chapter 10-14, 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 haye been removed from the final copy of the thesis submitted for the degree of
PhD, Howcver, all 23 chapter summaries are included in both a shortened summary version of the thesis, and all
other copies of an ¢xpanded vetsion of the thesis for wider distribution. Additional detail relating to Chapters 16
and 18 and the final applied recommendations of BR2000* presented to, and considered by the Natal Parks Bo:‘ard
at a BR2000 recommendations meeting in February 1995 (Emslic 1995) can be found in the BR2000 reports
lodged with the Natal Parks Beard (now KZNNCS). Many of the latter were concerncd 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-putling
to the casual readet. 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, fteld techniques and sofiware used are described in Chapters 2,3,4 and 5, Readers not
overly concerned with methadological and analytical decails should just read the summaries of Chapters
| 2,3, 4 and 5; and the definition of terms in Chapter 4.
Simitarly, the results and key findings from the Formal Inference-based Recursive Modelling (FTRM) are alsa
discussed in point form in the text. An optional edited §4 page summary of key FIRM results (Appendix 9.1} 1s

avatlable ta 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 ¥EEDING ECOLOGY AND HARBITAT

USE

The four chapters (2-5) outline the methods and analyses used to study black rhino habitat refationships.

HIsBlackivhinofeeding:
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SECTION @I - 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-burn surveys. Only chapter summarics 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 arcas ? Such data are required to be
abie to assess dietary preference and refection. 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 rhine 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 rhines selecting their food - at a plot, species, spize and/or resource

level ?

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

?

How do black rhino diets vary at different seasons ?

Do black rhine change their habitat or species selection because of burns? In particular, are black

rhinos forced to seek unburnt patches or forest patches to feed in afier burns?

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-

burn/early growing season vegetation flush period 7

What were the feeding patterns of black rhino duning the post-burn/early growing season

vegetation flush period ?

How important were forbs in the Hiuhluwe 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 Hliuhluwe since Peter Hitchins measured black

rhino feeding in 1969/70 ¢
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How do the resulis compare with findings elsewhere? Can general pringiples be drawn?

CHAPTER 16 - Black rhino feeding patterns V: Remcasurement of Hitchins' 1969-1971 transects in the bush

cleared areas of Htuhhwe North (Summary only)

CHAPTER 11 - Black rhine feeding patterns V¥ : Forb Use (Summary only - Excluded from PhD

cxamination copics)

CHAPTER 12~ Biackrhinoe feeding patterns VII: Comparison of Hluhiuwe-Umfolozi results with other areas

(Summary only- Excluded from PhD examination copies)

CHAPTER 13 - Black rhino feeding patterns VII: Boma feeding observations (Summary only - Excluded

from PhI) examination copies)
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SECTION II - INFLUENCE OF ENVIRONMENTAIL VARIABLES AND

MANAGEMENT ACTIONS ON BLACK RIHINO HABITAT QUALITY

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

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

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

Examination copies)

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

removals (Summary only - Excluded from PhD examination copies)

SECTIONIV-PROBABLE AND POSSIBLE CAUSES OF THE HLUHLUWE DECLINE

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

habitat changes have been the primary. canses of the Hluhluwe decline. Recommendations to stem directly from
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the research relating to the iocal management of Hluhluwe-Unfolozi are also briefly discussed in Chapter 23*

CHAPTER 21 - The use of VORTEX PVA madelling to examine the possible causes of the Hlulluwe

{Summary only - Included in PhD Thesis)jis

HLUHLIUWE-UMFOLOZI PARK

Hiuhluwe-Umfolozi Park is situated in Zululand in the province of KwaZulu-Natal in South Africa and is 96,453
Ha. Readers who are unfamitiar with Hluhfuwe-Umfolozi Park, and who require more background information,

should consult either Whateley & Porter 1983, Brooks & Macdonald (19833 or King (1987).

Figure 1.2 shows the locations of the two main study areas in N. Hluhiuwe and W. Umfolozi.
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IGURE 1.2: MAP OF HLUHLUWE-UMFOLOZI
iAME RESERVE SHOWING BR20CC STUDY AREAS

I, AREA OF HITCHINS’ PLOTS
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HLUHLUWE GRID
' STUDY AREA !



CHAPTER 1 - NOTES

#1: For example, fire fequency is in part a function of altitude, slope and aspect [n other words, certain areax have environmental conditions and
microclimates that are mors predispesed lo growing tall grass, and higher firc frequencies usually occur in such tall grass areas. This is 2 "chicken
and egg" problem. The approach adopted to deal with this problem was to firstly statistically remove the effect of the cnvironmental variables on the
vegetation. {Aspin-off is that this analysis aiso contributes to ar understanding of woody:environment relationships.) The next stage, was 1o delermine
whether fire variables significanliy explained any of the remaining variation in the vegetation data (ic the vaniation not already expiained by the
environmental varizbles). This approach relied on the assumption that not all arcas with the same environmental conditions expenienced identical

management treatments (fn this case fire regimes). Sce Figure 4.1

#2: For example, az one is intercsted not only in species, but also size classes, one needs to desoribe habital in terms of abundance levels of 250 to
300 species-size classes {or spizes). The effects of prass interference further complicates matfers, The buman braen cannot readily deal with habitat
descriptions in 300 dimensions. Fhercforg the approach taken (o deal with this was cither 1o use multivanate lechnigues to candense data down to
a few denived composite variables describing the main vegetation gradients; or to study feeding preferences on individual species and spizes one at

a liroe,

#3: With the benefit of hindsight and current knowledge, the 1980 density estimates of .7 thino/km2 for Hiuhluwe and Northem Comidor, and
slightly higher than 0. 1/km2 for Umfolozi (Brooks et al. 1980), were likely to be over and underestumates respeciively. Bayesian re-analysis of Peter
Hitching' 1985 data using the method of Zucchini & Channing (1986) indicated that the population estitate of 190 in 1 litchins & Brooks (1995) was
a biased undarestimate and that the true poputation was probably closer to 240 animals. The 1995 estimate of 405 is based on RHINO analyses of

mark-recapture data

# 4: This documen was writlen for park manapers and contains a total of 65 recommendations and supgesied matters for the Parks Boards
manangement teams attending the workshop to cansider usder the headings of removals, fire, bush clearing, predators, genetics, potential competitors
and especiaily nyala, grazer stocking levels, elephants, pame capture, habital assessments, vegelation monitoring, black rhine monitoring, research,
scientific communications, sotio-politics, iohbying by NGO s and the problem of surplus males. Many of the BR2000 recommendations were also
concerned with broader strategic metapopulation manzgement issues. A copy of this document is lodged with the Natal Parks Board (now KwaZulu-

Natal Naturc 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

PART 1
BILACK RHINO FEEDING ECOLOGY AND HABITAT USE:
METHODS AND ANALYSES

Chapter 2 - Methods I: How does one measure black thino feeding ?
Chapter 3 - Methods 11: Black rhino feeding:habitat studies
Chapter 4 - Methods 1IT: Black rhino feeding:habitat data preparation and analysis

Chapter 5 - Methods IV: Processing of raw data using RESOURCEQO prior to
subsequent multivariate analysis
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CHAPTER 2
METHODS 1: HOW DOES ONE MEASURE BLACK RHINO

FEEDING ?
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ALTERNATLIVE APPROACHES TO MEASURE BLACK RHIND BROWSING

There are three broad approachers to assessing the diet of browsers [ike black rhino (Barnes 1976, Kotze 1990);

1. Analysis of ingesta or faeces.
2: Direct observation of feeding antrals

3: The mcasurcmer of browsed vegeiation {plant-based methods)

ANALYSIS OF INGESTA OR FAECES

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

obvious Teasons,

A major advanlage of faecal analysis is that the feeding sampled in the dung covets the full 24 hour period.
However, faecal analysis has a number of well known limitations. The contribution of less digestible or easily
wdentifiable maierial is likely to be overestimated (Goddard 1968, Kotze 1990). In addition the effect of leaf shape

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

Given the above probiems with faecal analysis, one cannet reliably quantify bow much of each species is
represented in the dung sampie. At best one can simply conclude that an item is present or absent in a dung

sample, and quantify the frequency wilh which individual species ocour in a nuniber of dung samples. .

The other less commonly articulated, but major shortcoming wath using dung analysis to study bilack rhine woody

plant diel, 1s thal it 1s not possible to determine the size of the plant, and where on the plant, the material in the
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dung sample came from. The feeding patch woody species composition and physiognomy, and grass structure, 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 te study forh 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, Olduvai (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 Le 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 ealen by comparing mcasurcments of

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

Hall-Martin ct al. (1982) also successfully used the feeding track technique to measure black rhino feeding ina
210 ha paddock in Addo Elephant National Park. Approximately 5,55¢ plants were examined in this study, The
densities of the rhino in the paddock for the 15 vears before the study ranged from 1,310 5.2 rhiﬁos{ 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 Hlubluwe, but with limited success.
The nature of the terrain and its effect on wind direction and local turbulence together with the densc 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 animat for at least one hour. The Kenyan and Tanzanian method of using a Land Rover to find thino
was 1ot an option in Hluhluwe-Umfolozi beeause of the thicker bush, more rugged terrain and because driving
off roads is generaily not permitted in the Park as it damages the veld. Hitchins therefore rejected direct

observation wmethods, and instead chose (0 use indirect plant-based methods in bis feeding study in Hluhluwe.

Field trials in Umfolozi afso showed that the hilly terrain limited the effectiveness of using 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 ool 2,

Data collected by Hitchins during fieldwork in 1985, indicated that when sampling a large area (i.e. not just when
visiting the most favourable areas), black thinos were scen between every 23.5 to 39.2 kalometres walked. The
overal! rate of cncounter for the Hitching' 1985 surveys was 32 knv/ black thine group encountered. Comparable
rates of encounter during BR2000 fieldwork were: 48.6 km and 18.6 km for the Hluhluwe and Umifolozi Grid
surveys respeetively; and 11 km and 12.1 km for the two Hiuhluwe Post-bum surveys. No black rhine were

encountered during the Umifclozi Post-burn Survey.

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

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

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

ohservations during the day may reflect the need for thermoregulation 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 werce watching an adull black rhino bult (“Harvey")
at the Hlaza saddie near Hilliop in Hiuhluwe. He was trying to move up slope through open country, and appeared
to be intending to cross the main tousist road at the Hlaza saddle. However, ¢very time he heard the noisc 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 ncar to noisy human activity at Game Capture and the Hizhluwe
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 Zulutand, individuals like these may be the exception rather than the
rule. (By way of contrast many of the black rhines in the open areas of Nairobi National Park, Kenya and

Nporongoro Crater, Tanzania, appear to be compleiely habituated to vehicles.)

Many of our daytime "sightings" of radio horned rhine in Umfolozi occurred in the very thick donga dissected
Euclea undulata / Schotia capitata / Brachylaena ilicifolia / Maytenus nemorosa / Olea europaea / Carissa
bispinosa dominated dense hillslope bush. The Pilot feeding survey and Grid Surveys recorded timited feeding in
such arcas, with only Maytenus nemorosa, Schotia capitara and Dovyalis cqfffabeing regularly eaten along paths,
Black rhinos therefore appear (o use these areas more for thermorcgulation than feeding during the day. By way
of contrast, Umfblozi'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 rhinc in Pilancsberg by Hillman (1982) also revealed a similar pattérn of differcntial
habitat usc between might 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 Pilanesberg far from human disturbance,

black rhinos were mare oftén seen in open areas.

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

in Jifferent 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 hranches and twigs (Schenkel & Schenkel-Hullinger [969) leaving 2 neal angled cul surface that fooks like
pruning, as shown in Figore 2.1, Thig differs from the “loothbrush fraying” of branch ends eaten by clephant.

Flephants tend to be more destructive in their fecding and may strip bark.

In Namibia, Joubert and Loutit also ruled out direct observation because of the low sighting frequency of rhine in
their study arcas, and instead studied feeding by following & rhing's tracks, and noting all species that were ealen
(Joubert & Elofl 1971; Loutit ef af 1987). Loutit et al (1987} compared feeding dala 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 iransect lines to delermine 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 boeth studies, this work was occasionally supplemented by direct observation (Joubert & Eloff 1971; Loutit 2f
af 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 (1979) used a black rhino browse index, where each tree in a plot was examined for browse and scored
either O (no black rhino feeding signs), | (1 bite), 2 (2 bites) or 3 (More than two bites). He summed 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 binowmial eaten/not eaten

feeding preference assessments.

TECHNIQUES USED TO MEASURE FEEDING

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 battlc measure was designed to improve upon the method developed by Hitchins (1979). The aim was
lo provide an approximate volumetric browsc measure, allowing onc to assess 5otk 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 ¢ne 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 Jtala by Kotze
(1990)“. Estimates of the number of browse bottles available were usually made using a geometric doubling scale
with mid points (ie. 4, 1, 1'%, 2, 3, 4, 6, 8, 12, 16 BB's, ctc.). The same geometric scale with nudpoints was used
1o estimate browsc offtake in the pilot survey. During the grid survéys, browse offtake per tree was estimated to

the nearest ¥z browse bottle.

37






of woody browse by black rhino.

pruning”

C“

tgure 2.1, Characteristi

i

Figure 2 2. Browse bottle standards.






On other occasions, where slightly cruder measures of browsing were required (the rapid post-burn surveys, and
when walking between grid transects), the total offtake browsed in each transect was ranked using a 5-point scale

(with class boundanes defined using browse botiles).

There is a trade-off between the level of measurement precision attainable in a single plot versus the number of
plots that can be sampled in a given time. The pilol 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 structure,
and black thino feeding patterns. Because of this high vanability, better understanding would come from larger

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

The hrowse bottle techrique 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. lis
ball-park resolution, was also in the right order of magnitude to be appropriate for data analysed using multivariate

ordination methods (Gaugh [982).

PILOT TRIAL OF METHOD

Many vegetation monitoring tcchniques are notoriously subject to inter-obscrver vaniability. Visual techniques to
estimate browse use have not escaped serious observer biases (Pift & 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 offiake on A.karroo bushes than objective techniques. A trial to assess the

browse bottle method was undertaken in Itala.

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 frow the observers. The observers ( Adcock, Emslie & Kotze) were

shown the browsed bushes, and each estunated how many browse bottles had been "browsed" from each bush
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(Missing Browse). No conferring was aliowed between observers who independently wrote down their assessments.
After estimating the "Missing Browse" the observers were shown the "Browsed Twigs", and again asked to assess

the number of browsc bottles per sample. Results are given in figure 2 3.

A One-Way ANOVA was initiaily 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:2,21 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=0.9702). 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 differenice between observers, data were pooled to examine whether offtake estimnates based on the
"Missing Browse" differed from those based on looking at the "Browsed Twigs". Agatn no significant differences

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

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

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

reliably while anly leoking at a browsed tree.

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

Hluhluwe 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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PROBLEMS WITH THE BROWSE BOTTLE METHOD
It must be stated that the Browse Botlle plani-based technique was not without its problems. In short these were:

0 Black rhinos do not always browse woody plants in their characteristic "pruning” way. For example, we observed
black rhings after burns nibbling the tips of freshly coppicing Acucia shoots soon after a barn, Looking only at the

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

o Tt is difficult to assess browse bottle offtake on ceriatn soft or thin stemmed species/spizes (eg. Lipplajavanica,
Fuclea crispa, Chromolaena odorata, Hippobromus pauciflorus, and small Celtis afficana). If a number of
adjacent stems had been neatly browsed il was usually easy to tell whether they were likely to have been taken in
one or more big bites, If this was the case then the browsing was ascribed to black rhino, If not, the browsing was

not recorded.

© The inability to determine which specics browsed small thin scedlings also mean( that these had to be excluded

from the study.

o The BB values from very large leaved species like Dombeya burgessiae may not be exactly comparable with BB
values for other smaller leaved species. Calibration of key species BB's could eagily be used to solve this
shortcoming if it was ever felt to be a real problemn. In practice, BB estitnates are still a marked improvement on
simple binomial present/absent or caten/nol cater measures. In addition, a major advantage of the browse bottle
method was that browse availability and browse offtake assessments were directly comparable within a species,

provided browse availability was also quantified in BB's,

© The morphology of certain succulent specics (A/oes and Euphorbia's) and most forbs, makes it impossible to
assess these species using this method. Visual observations of browsing of Fuphorbia’s (M. Ward pers. comim, ) and
the presence of 4/oe fragments in Itata (D.Kotze pers comm.), Hluhluwe-Umfolozi, and Pilancsberg (K.Adcack

pers.comm.) black rhino dung indicate that black rhinos eat these plants.
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¢ 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 sife, while old browse was

grey and lacking colour at the bite site.

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

rhino.

0 Whilst I share Schenkel and Schenkel-Hullinger’s (1969) confidence that in almost all cases it was possible to
distinguish corectly between elephant and black rhino browsing, under some conditions the usnaily clear
difference between elephant "toothbrush fraying" and black thino "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 recerd browsing unless we were sure it was done by a biack rhino,

o Black rhinos have becn vbserved to strip [eaves (like giraffc) from species like Grewia's. However, Grewia's are

also browsed in the typical black rhino pruning way.

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

present in either shdy area.

ELECTRON MICROSCOPY

As mentioned above, a major drawback with the browse bottie method is that it cannct be used 1o study forb (non-

grass herbaccous plant) use.

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

observations to locate feeding paths. These couid then be examined more closely for signs of forb use. A trial of
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this approach was not successful, although some of the technicai developments used have proved usefid elsewhere

¥ In conclusion, despite its limitations, faccal analysis was probably the best way to study forb use in Hluhjuwe.

DEVELOPMENT OF REFERENCE COLLECTION

Collaborative research was initiated by Black Rhino 2000 and Bruce Page of the Department of Biological Sciences
mm 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 akready existed for 2 limited range of woody specics in
Hluhjuwe {Ward 1982 and Blakeway 1285). However the majority of the commoner woody species in Hiuhluwe
and all the common forb species still had to be studied. Black Riino 2000 therefore prepared a list of the all the

common woody species in Hlnhluwe for which reference clectron micrographs photographs did not exast.

On a field trip to Hlnhhrwe we toured round the study area with the three University of Natal third year students
{Craig Haskins, I, Raubenheimer and Kcren Pearman) who undertook the project. Specimens of most of the missing
common woody specics were collected. Additional samples from a few of the already described species were also
collected to allow comparison of results with previous work, Sam;;l_es of @ number of the more dominant forb
species were also collected. A total of 73 different species were sampled from nine different arcas within the
project's Hluhjuwe Study Area. Thirty of these were herbaceous species (Raubenheimer 1989). Voucher specimens
were collected in cvery case. Plant samples were preserved in a cooled sodium cacodylate solution (2.5%

gluteraldehyde in O.IM sodium cacodylate buffered to pH 7.2),
The three students then used a scarning electron microscope (SEM) to describe the surface features of leaf

fragments of cach species. A photographic refcrence 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 seni 1o Durban for analysis by the three
students. Very fresh samples were required so that decompesition and fungal hyphae did not cover or gbscure the
surface characteristics of the fragments. Dung samples were also preserved in a cooled sodium cacodylate selution

(2.5% gluleraldehyde in O.IM sodinm 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 same reason (unbeknown to me, or their University supervisor), the existing reference photographs of Ward
(1982) and Blakeway (1985) were not consulted by the students dunng dung fragment investigation. Thus a
number of the common woody species were nol represented in the reference collection. However, as the primary
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 phetographs and identification key, If had been hoped that in subsequent years other third
year students would analyse a greater number of black rhing dung szmples using the reference collections. This
would have allowed the study of feeding 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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CHAPTER 2 NOTES

#1: A joint Honoors project fo examine these questions was nitiated by Black Rhine 2000 and the Department of Bialogical Sciences in Durban,
For one week the amounts of browse species wath diflerent leaf morphologies fed 10 a boma'd black rhino was measured, and dung samples were
collected al regular intervals and preserved. The fresh samples were preserved in 2 cooled sodium cacodylate solution (2.5% gluteraldehydein O, 1M
sodium cacodylate buffered to pH 7.2). Unfortunately the 1{onours student who was 1o do the project quil varsity befare being ahle to complete the

project. No resufts can therefors be presented. All the dung samples are still lodped with the University of Natal.

#?2: The radio aerial was mounied vertically up the horn. Inthe ficld it was found that us the rhinos moved their heads the palarity, and henoe strength,
of the signal constapily changed. This made il very diflieult to take an accurate bearing. The use of a null-peak aerial system buill by Garth Lee

acvording to the specifications of Rowan Martin solved the problem, improving direction finding, bul al a cost of reduced range.

#3: The term Browse Botile (BB) originated in the field, the day the method was devcloped. Andrew and Rachel Cunningham (Irish visitors),
sugpested the volume of browse I had selected as one browse unit looked equivalent ta the amount of foliage that would balance nicely and make
& good arrangemnent when placed inan imperial pint mitk bottle! From that time onwards, [ decided o refer to my standardised visual brawse unit
as a Browse Bottle or BB. The term Browse Boitle (BR) has been used rather than using the term Standardised Browse Volume (SBV)both on

historieal grounds, and because there is no possible way thai a Browse Bottle could ever be confused with anyother visual browse assessment measure.

#4: Kotze referred to the Browse Bottle (I3B), 25 a Standardised Browse Volume (SBY).

#5: Although radio-tracking proved unsuccessful in this study, experience gained during the project was able to help other rescarchers.
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CHAPTER 3
METHODS I1 : BLACK RHINO FEEDING:HABITAT STUDIES
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INTRODUCTION

Black rhino feeding ecology and habitat sclection was studied by jointly measuring habitat structurc and

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

rhino feeding: habitat survey were undenaken:

Four disting! types of black rhuno habitat:fecding surveys were carried out:

1: 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- Remeasuresnent of Hitchins' 1969770 Hiuhluwe plots {1990)

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

PILCT STUDIES

PILOT PLOT SAMPLING DESIGN

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

amount of black rhino feeding and plot vegetation composition and structure, A total of 21 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 lale summer 1988, and so reflected feeding over the 1987/88 growing scason and late

wiater 1987,

LOCATION OF PILOT PLOTS

Three pocket-computer-generated random numbers were used to locate each plot withan a patch of suitable habitat.
The first two random numbers supplied the distance and bearing to the plot ongin (up to 50}, The third random
rumber was used to set plot direction. Replicate transects were located up to a maximum of 50m away. The process
of plot ocation 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 habilat types. Apart from the initial choice of area, subjective biases in plot location were thercfore

minimised.

PLOT DIMENSIONS AN} MEASUREMENT

The Pilot survey used a variable plot size that was computer-controlled in the field. Plots werc up to 25 metreslong
by 8 metres wide (Figure 3.1). Plols 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 lefi.

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

second tape demarcated the left hand edge of this strip, while a two metre lorg pole was uscd to demarcaie 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 randomly located starting point. The direction
of the plot was also selected using random numbers. Plots were up to a maximum of 25m
long and 8m wide (maximum plot boundary shown by thick solid black Iine). 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 a2 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 (173.5m* = 86.75%
of maximum). In this example the density of trees was calculated as 836/Ha (14% 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 than 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 {ime using the first
tape-measure to demarcate the lefl edge of the strip. The plot continued up the third strip and then down the fourth

strip. The 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 1, 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 morec equitable distribution of sample sizes for trees of diffcrent 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;

1) Habitat strata

2) Replicate muomber

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 of Impenetrability (using an integer scale from |-5). This variable measured how
difficuit it was to move throughout the plot.

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

Six size classes (1-6) were uscd 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).
2:075-124m
3:125-174m
4;1,75-2.4%9m
5:2.50-399m

6: 2 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 mieasure reading. Plot measurement continued cither until 15 trees had
been sampled from each of the four size groups, or when the whole piot (200m?) had been sampled. In between

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

On every sampled tree the total number of available browse bottles (sce Chapter 2) was assessed using a peometric
doubling scale with mid points { ¥4, 1, 14, 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 interference
was scored on a rank scale. If there was interference, its type (Grass, Forb, Thicket, or a mixture of these types)

was alse recorded.

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

follows:

The program initiatly calculated the plot area sampled for each size class or size class group. In
the simplified cxample in Figure 3.1 only one size c¢lass of trec is shown, In this case the
fifteenth tree was located in the fourth lane, and the tape measure reading was 13.25m. This

gives a total area sampled of 21 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 overgstimating densities, it was assumed that only half of the fifteenth tree fell inside
the sampled arca. The area per tree in Figure 3.1 was therefore calculated as: aren sampled/14.5.
If fewer than 15 trees were recorded for a size class, the area sampled was set at 200m? (the
maximum plot area}. In the example in Figure 3.1 the arca/tiee = 73.5/14.5 or 11.96355 m2, 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 4,586 density was
multiptied 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 2m? quadrats per plot. The following information was recorded
-y

per quadrat:

1: Grass Modal Height - Measured to leaf tips and not 10 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 1o be
essential for two reasons. Firstly, initial biomass estimates tended to be biased. The biomass of
shorter stoloniferous grasses was usually underestimated, while the binmass of some tall grass
patches was often overestimated, Scoondly, calibration was necdéd to ensure that the derved

rating scale was linearly related to biomass,

3: The three dominant forb specics or genera logether with a rough teasure of abundance for

gach 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 (0 save

mMEINOTY.

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 - contribuled towards making this meihod very time consuming. Individual

plots commonly ook over 2 hours to lay owt and complete.
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THE (589 HLUHLUWE AND UMFOLOZ] GRID SURVEYS

INTRODUCTION

Lessons from the Pilot study strengly 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 PBiscriminant function anatysis
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 the
main grid surveys. The continu:m 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 imporiantly 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 the Pilot survey method as it was 5o time consutmning, A more rapid technique
needed to be developed. A compromise was needed whereby sufficient detail was obtained, yel a large number of

plots could still be measured.

One of the main objectives of the Grid surveys was to cover a completc 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 pepulation 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 arca. 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 fotal 0of242 and 187 plots were measured in Hluhluwe and Umidfolozi

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

Plot placement was marked in onto 1:10,000 orthaphotas before fieldwork., To locate plots, bearings were
continuously taken while walking through the bush, A Suntu compass was used (accurate to about % a degree).
The 5m contours, small drainage lines and visible patches of thicker bush on the orthophotes, 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. [t was essential to regularly take bearings, and concentrate on
counting paces while walking through the bush. Portable GP8's (Geographical Positioning Systems) would have

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

A Jack of suitable background data on vegetation structure and camposition over time was identified as a major
information gap. The grid surveys were therefore designed toalso 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 [930s.

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

be split into two main questions:

© What does one measure?

0 What measurement resolution is required?
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Diescriptions of habitat which give weight to the tatler dominani trees in a commumity may be the ideal; even
though such tall wrees 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 trec
densities, or total browse bottle” and free browse bottle” availability may be better descriptors of black rhino habitat

(* termns 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 chino perceives its habitat. It was
therefore necessary 1o 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 thercfore 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 2 later
date. Analysis could then be repeated. The compartson of results of analysis, with those obtained using the original

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

FIELD METHHODS

Given the need (o simplify the field method and speed up measurement a number of changes were made to the Pilot

method:

Traditionaily field data coliection 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 ebtain an approximate measure of the abundance of cach spize. We necded to know whelher there were
5, 40, 125, 300 or 1200 bettles/ha available, not whether there were 561.2 or 583.9 bottles/ha. For practical

purposes the latter two figures are the sume. What was required was 2 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 Hluhtuwe that too much measurement detail may
obscure some of the broader scale vegetation patterns one is scarching for ( Wills personal communication) - a case

of not sesing Lhe wood for the trees.

For similar reasons, it did not matter much in practice whether plots were all cxactly 30 metres long. In the Pilot
surveys setting out tape measures was time consuning, and this was especially the case in thick bush. As 229 or
31 metze long transect would produce simitar ballpark figures as an exact 30m transect, it was decided to save time
by dispensing wilh a tape measure. After training, it proved to be possibie to gauge transect distance Lo within 5%
over 90% of the time. To achieve this level of accuracy the main observers needed to calibrate their paces over
different types of ground. An ability to mark out 10 metres by cyc 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 individnal tree proved to be very time consuming on the
Pilot survey. [t was therefore decided to record only the estimated average number of available 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 avaitability per tree for those spizes (i.e. 2.5 rather than 2.617).
For the rare spizes, browse availability per tree was recorded on cach individual as before.

A slightty smaller plot size of 30m x 5m was chosen te aliow 4 greater number of plots to be measured. Grid survey

Plol direction was standardised at magnetic North to save more time,

The usc of six size clasyes in the Pilot study was also time censuming and for the gnid surveys these were reduced
to four:
I: smali, < 1.00m, but big enough io be able to detect bfack rhino feeding (i.e. excluding small

thin secdlings and saplings).
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2: medium, 1,00« [.99m
3 intermediate, 2,00 - 3.99m

4;1all, z 4.00m

When densities of common size 1 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 *2. The totais for the common spizes were then muitiplied by 2.5
10 give estimates of totaj plot densities. The whole plot was surveyed for size 1 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 1 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 {1 or 2), The need for alternative
grass interference values most commonly occurred when a plot crossed over a boundary between open {all
grassland into forest with very short grass. In other cases, the onty individual of a 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 ptot.

In addition the number of black rhino dung piles ** and the amount and (ype of feeding signs were recorded
when walking between transects. The walk between two plots was spiit 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 Psion Organiser had
been used during ficld work, attempis 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 patierns.

Capture onto PC of the grid survey data and subsequent error checking was (as expected) a time consuming

affair, made werse by inadequate software and hardware.

Given that all transects had 1o be measured in as short a period as possible, fieldwark 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 lwo feams worked concurrentty. 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 suppost.

Ecologists may be concerned that measuring vegetation for such extended periods, day in day out, might have
adversely affected data guality due to fatiguc. 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. Some ecologists

also advise taking at least a one week break from vegetation monitoring every two weeks.

However, given the need 10 measure a large number of grid survey plots in as short a time as possible, it was
nccessary to undertake ficldwork for lenger than this - usually between 8 and up to 14 hours a day. For similar
reasons the key observers could net afford the luxury of week breaks from ficldwork, although as a number of
different field recorders and assistants were used they were able to take breaks from fieldwork. Such long periods
of ficldwork were essential, if the teams were to be able to cover the ground and measuere 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 ocut plots, navigating between plots including pace

counting, taking bearings and map reading).

It was therefore especially imporiant 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 obsen_‘vers 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. Underntaking such
grid surveys is not something that can be done annually; and it requires particular pecpte with |ots 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 (o:

0 cover as wide a range of habitats as possible from hill slope forest down to the thickest rivering bush.

Ease of accessibilily to sites was of minimal concern ia the clioice of grid survey study areas. By
using roads and management tracks in the study areas, all sites could be accessed on foot. [na
stmilar approach to the Park s line-transect distance-sampling herbivore monitoring programine,
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 radicaily 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 sarnpling approach does not allow inferences about the population of trees
throughout a study area 10 be drawn. In addition, such a sampling strategy, introduces possible
biases when monitonng 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. Semetimes
rhinos also use roads as paths. It was therefore important that the sampling stralegy used in the

grid surveys minimised these biases as much as possible.

! 0 include as much of the bush ¢leared area in Hluhluwe North in the Hluhluwe study area as possible.

0 cnsure that the study areas included areas of differing past black rhino population performances - preferably

within study areas as well as between them.

For exanple, the Hluhluwe Study area included both the N.E. Hluhluwe 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).

0 ensure the study areas were of a sufficient size so that the influence of boundary Iocation on browse availability

assessments was manimised.

© cover a large enough area to encompass a full range of past fire regimces, underdying geologics, soil types,

altitude, slope, aspects, etc..

¢ inciude areas in the Umfolozi study area that were close to and further away from watcr, so that scasonal use

in relation 1o waler availability could be studied.

| Figures 3.2 and 3.3 show the study areas sclected and the locations of the 429 grid survey feeding/habitat transects.
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The exact locations of the (ransects are marked on orthophotos which cover the study area.

HLUHLUWE STUDY AREA

The North East and Central Hlehluwe study area covered 4,900 ha, and encompassed an altitudinal range of 375
metres. The Hluhluwe Study area boundary stretched from the top of Gontshi hill; down to the Gentshi turn-off;
then up over Mahwangana 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 Manzimnyarma valley; before continuing up
Hlaza and crossing the main tourist road on the iHlaza 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 Fuzmla 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 of Nhlayinde; before going alinost due east to the Nomageje stream; changing direction to follow this stream
down (o 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 of Magwanxa fotlowing the high ground
till hiting the boundary fence; then foltowing the fence to the N.E. Mgodlo corner of the reserve; continuing down

to Memorial Gate; and then finally following the fence back up to the top of Gonthst Hill.

The Hluhluwe study arca therefore includes Hidli, Magangeni, Ngqunqulu, Most of thc Manzimbomvu,
Manzimnyama and Mzini valleys, Zincageni, Nkwankwa, Stsuze, the Kubi ridge, and the Oncobeni and Ngumela

valleys.

UMFOLOZISTUDY AREA

The North Western Urnfolozi study area covered 4,675 ha, and cncompassed an altitudinal range from the black
Umfolozi river to the top of Mbulunga, The Umfolozi Study area boundary bisected the Sontuli Loap. It stretched

from the middle bend of the Black Umfolozi river on the Senmli loop; proceeding south west over Niabayamaphiva
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Figure 3.2. Map showing the approximate position of plots in the 1989 Hiuhluwe
Grid Survey, Plots are spaced 450m apart_Scale 1:50 000
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Figure 3.3 Map showing the approximate position of plots in the 1989 Umfolozi Grid
Survey. Plots are spaced S00m apart Scale 1:50 000
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continuing to cross the tounist road; then up to the quarry continuing ia a south west bearing through Gqoyini up
to the T junction where the Ggoyini management track meets the Sokwezele-Mantiyane track (which has stace
been opened up as a tourist road); then following the latter track westwards to Tt the tourist road at the base of

Sokwezele, then proceeding almost due north to hit the Black Umfolezi at Ngutshini east of the guard camgp; then

following the river downstream back to the middle of the Sontuli loop.

The Umfolozi study area included Mbhuzane, Nyamakayithengwa, Thobothi, the Nquishini bottomlands,

Chibilenyathi, Chibilembube, T'eke, Gome, Khandaledube, the Masasanenei range, Mbulunga, muach of Ggoyini

basin and half of the Sontuli loop.

We initiaily had hoped to include a third study area in the Corridor, but time and personnel constraints made this

impossible.

1989 HLURLTWE AND UMFOLOZI POST-BURN SURVEYS

OBJECTIVES

The objectives of the Post-Burm surveys werc to determing the feeding patterns of black rhino immediately after

burns, before vegetation flush; and during the post-burn vegetation flush, The main aim of the Post-Burn surveys

was 10 find out if black rhines changed their habitat or specics selection because of bumns.
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THE 198% 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-burn feeding would be timited compared Lo the feeding sampled in the Pilot and grid
surveys (as only a month or so of feeding woutd have occurred). Therefore to obtain sufficient data on post-burn
feeding, large arcas had to be covered quickly. To do this, a rapid post-burn survey technique was then developed
Although I was involved in the initial post burn survey planning and design, and wrote Psion software to automate
post-burn data cellection, Keryn Adcock and Rupert Nanni deserve most of the credit for developing the rapid
post-burm survey technique. While Keryn and Rupert collected the raw post-bum data for BR2000, 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 pest-bum survey, strip plots 50m long were assessed scquentially along walked routes, which were
spaced to cover the burnt area evenly. Becausc of the rapid nature of this survey, the absolute amounts of feeding
detected were not comparable to those of the grid survey, aithough the refative proportion of feeding on different
speeies and in different areas was comparable. The term rapid survey was apt. To have measured the same number
of post-bum plots using the original Pilol survey method would have taken 4 years 9 months of continuous

fieldwerk working 8 hours a day!

Three scis of Post-Burn surveys were conducted:

I: HLUHLUWE North early survey: | month post burn - covering arcas burnt from 16 August 1989 ta

22 August 1989,

2; UMFOLOZI West survey: 1-2 weeks post-burn - covering areas bumt from 16 August 1989 to 24

August 1989
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First Post Burn Survey: map showing the routes

Figure 3.4.
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Figure 3.6. Second Post Burn Survey: map showinag the routes
walked in Hluhluwe
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3: HLUHLUWE North late survey: 2% months post burn - covering the whole study area, and assessing
feeding both immediately post-burn (old feeding: older than 1% months); and during the post-bum flush

(new feeding, up to 1% months old.

Figures 3.4, 3.5 and 3.6 show the routes walked in the post-burn surveys. Maps of the 1989 burns arc available

at Hluhluwe Research Centre.

FIZXLD METHODOLOGY

Plots of 50m by 8m were assessed in the post-burn surveys, Only post-burn feeding was noted. In the first Hluhluwe
and Umfolozi surveys, all browsing was recorded as “new”. In the main Hluhluwe survey “old" feeding was
recorded as that which had probably occurred 1% months or less after the bumns; whilc "new" feeding ocourred
more than 1% months after the burns during the post- burn flush. Feeding was aged based on observations of

feeding signs of known age.

In practice, spotting feeding signs in unburnt dense bush was more difficult than in burnt arcas, and effective plot
widths may have been stightly 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 carclulty 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, Z=burnt wet! but some tufts not fully burmnt,

3=intensely burnt - alt visible biomass burnt.

PLANT DENSITY :refers to the zone up to 4 metres on either side from the imaginary walked transect
line; 0=no woody plants, t=a few widely spaced shiubs 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 a5 3 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 (8),
Thickel (T).
>2m: Scatered trees (8); None (N), Woodlands: either Open (0) , Medium

(M) or Closed (C); Forest (F), or Forest Margin (FM).
DRAINAGE LINES werc noted
SPECIES: The thres 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, | = lcss than 1/3 paths, or crossed one or two paths; 2 = > 1/3 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 ait woody species) in the 50m section was rated
on an atmost linear scale of 0-3: 0 = none, 1 = 1-4 bottles, 2 = 5-10 bottles, 3 = 10-15 bottles, 4 = 16-20

‘botdes, 5 => 20 bottles

The PLANTS EATEN were assessed as to SPECIES, SIZE CLASS, FERCENTAGE 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 caten along the transect. During the post-burn flush surveys,
MNEW browse (younger than ~& weeks) was distinguished from or OLD browse (post-burn, but older than

~6 weeks).
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DUNG: The number of QLD and NEW black rhino dung pilcs in each iransect was also noted.

All parts of the HLUHLUWE study area were cavered in the main Hluhluwe Post-Burn Survey (thus some routes

were walked for the sccond time).

REMEASUREMENT OF HITCHINS® 1969/70 FLOTS

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 same
transects were marked in diffcrent positions on the iwo maps, Hitchins was asked which of the maps was the

correct onre. 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 cxactly the same place as
before. Three transects were repeated to crudely assess the effects of slightly different transect positions on recorded
spizc density and feeding. Appendix 3.1 shows that the differences in species composition between years ('70

ang '80) was greater than that between replicate sites,

Every attempt was made to duplicate Hitchins' methodology as closcly as possible including using imperial

units during the resurvey of Hitchins’ plots.

The transects were 100 yards long and 6 feet wide (167.3 square metres).
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Figure 3.7. Map showing the position of Hitchins” 1909-1971 plots in the bush-cleared
arca of NE Hlubluwe. Landscape/vegetation types used in analysis are also shown.
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Tabie 3.

1.

BUSH CLEARING HISTORIES UP TO 1980, OF THE TRANSECTS IN THE

HITCHINS 1869-71/EMSLIE 1890 SURVEY OF BLACK RHINO FEEDING

IN NORTHEEN HLUHLUWE GAME RESERVE
i 15t 2nd 3rd 4th
CLEARIN CLEARING CLEARING CLEARING
TRANS|DATE| SPECIES |DATE| SPECIES ||DATE| SPECIES |DATEl SPECIES
1a ¥ 1960 Akarroo 1985 general 1889 Akanoo
1h 1860 Akarroo 1985 Qeneral 1989 A karroo
2 1960 Akaroo 1885 general 1988 Akar,D.cin
3 1989 Akarroo
4 1962 Akarroo 1975 M.senegalensis | 1887 A karroo 18881 Msenegalensis
5 1 989 Adar,D.cin
6 1960 Akarro 1977 Adar,[D.cin
7 1960 | Akamroo 1977 |  Akar.Dein
8 [{never cleared - forest patch)
9 1962 Akemoo 1985 AkanDecin || 1988 | M.senegalensis
10 1962 Akarmoo 1984 Akar, D cin 1 989 M.senegalensis
i1 1862 Akarmoo 1984 Akar,D.cin 1989 M.senegalensis
12 1960 Akarroo 1888 A karoo
13 1960 AXarroo
14 1960 Akarroo 1985 Akammoo 1888 A karroo
15 1960 Akarao 1985 | Msenegalensis | 1988 Akarroo
16 1975 A karroo 1987 A kammoo
17 [{Uncleared)
18 1969 Akarroo
19 1959 Akarroo 1962 A karroo 1934 D.cinarea
20 [{uncleared)
21  Huncleared)
24 H{never cleared - forest patch)
25 1962 AXarroo 1975 | Msenegalensis || 1987 AXarroo 1889 | Msenegalensis
26 1962 A karmoo 1975 M.senegalensis || 1987 AkaToo 1989 .M.senagolcnsis
27 f{never cleared - forest patch)
28 [(never cleared - forest patch)
29 | 1960] akareo 1987 Akaroo
30 1960 Akareo
31 1960 A karoa
32 1962 Akarroo 1984 D.cinerea
33 1960 Akarroo
34 1960 Akertoo
35 1960 Akarroo 1987 AXarroo \
36 |(never cleared - forest patch)
37 11964} Akaroo
38 ) : 1980 tail Acacias
39 1962 Akamoc
43 (1960 Akareo § 1988 AXarroo
41 ] 1960 Akaroo 1988 Akarroo







The species and height class of all woody plants were noted. Height classes were in 1 foot (30.48¢m) intervals until

6 feet (1.289m), then 6-10 fi (1.289-3.048m), 10-15 {1 (3.0484.572m) 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 asscss 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 monitering data and helped locate some of the plots in the ficld prior to re-measurement. While 1
queried the raw survey data to contrast the proporiionzal contribution to the diet of different species in the rwo
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 thesc 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® plois 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 found to be extremely
complicated, There was almost no replication of treatments. Virtually all the valleys {and a few lower slopes) wete

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.cornm.), Hewever, these were not marked on the ground and were not part of the
Hitchins survey, Unfortunately these apparently were cleared by accident semetime 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 treaiments
10 different bush clearing regimes occurred on the Hitchins transects. Table 3,1 details the bush clearing histories

of the plots.

SAMPLE SIZES

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 impertance and preference values from the Pilot
survey should be treated as rough approximatiens. Using fitst principles, output from One-Way ANOVA was used
to calcudate an overall coefficient of vanation in the amount of browsing within Pilot survey stratums. Very high
varniability in browsing occurred with cocfficients of variation of 93.1% fer Hluhluwe and 92.0% for Hluhluwe.

Kotze (1990) also recorded coefficients of varation in browsing of over 100%,

The results from the much more extensive grid and rapid Post-burn surveys are drawn from a much larger
sample size and therefore morc confidence can be put in the results. The number of transects and trees assessed

for brewsing in the different studies were as follows:
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Number of Transects/plots
Pilot Studyiexcl Strata 16&17)
Grid Survey

First Post-Burn

Main Post-Bum

BR2000 re-survey of Hitchins' plots

Number of Woody plants Assessed
Pilot Study(excl. Strata 16&17)
Grid Survey

First Post-Burn

Main Post-Burn

Hitchins® survey 1969-71

BR2000 re-survey of Hifchins' plots

Total Area of all Transects (ha)
Pitot Study(exct Strata 16&17)
Grid Survey

First Post-Burn

Main Post-Burn

BR2000 re-survey of Hitchins' 1969-70 plofs

Hluhluwe
27
242
694
1,687

40

Hivhluwe
1,451
25,623
196,000
476,000 -
(7.631)

3,954

Hiluhluwe
0.54
3.63
27.76
67.48

0.67

Umfolozi
30
187

330

Umfolezi
1,163
7,098

56,000

Umfolozi
0.60
2.81

2200

BR2000 examined 700 000 odd trees for browsing in the five Hluhluwe Surveys; while in Umfolozi just over 64

000 trecs were assessed in three surveys.
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SPECIES IDENTIFICATION

The majority of species were identificd using Moll (1981} and Coates-Palprave (1977, 1990). The authors also
made up a portable mini-herbarium on record index cards *. This proved very uscful when learning the species

at the outset of the project.

Naming followed the 1990 revised sccond edition of Coates-Palgrave; then Von Breitenbach & Von Breitenbach
1990. Pooley (1993) was also consulted for new names, although it was too late to change any nanes in the text.

Species whose names have changed 1o 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 specics may have been confused. If observers were not
sure, or could not identify a species it was given a temporary name, and part of the piant was labelled and put into

a rucksack for identification later that day back at base”.

Grewia and Rhus species can be difficult 1o tell apart, and as an aid to correct identification the observers

carried keys to those species with them in the ficld.

The bulk of the Ehretia observed was £ rigida. However as an occasional £ amoena may have

been wrongly classified, it was decided to lump data for these two species.

Diospyros dichirophylla was not recorded in the surveys, and it may have been confused with

D .simii (Pooley 1993). In addition D /yciodes is a very variable species (Pooley 1993) and some
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planis may have been wrongly identified.

Al Solanums were lumped together for analysis. This was unfortunate as the tail 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 pzitches of §.giganteum were heavily browsed, while 8. panduriforme was

highly rejected.
The scrambling Acacias, A.ataxacantha and A.schwelnfurthif, were also lumped together.
Spiny Forest Maytenus' (that were obviously notM.senegalensis or M. heterophyila) were usually

classified as M.nemorosa. It is possible that some of the troes classified as A remorosa may have

been M massambicensis.
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CHAPTER 3 NOTES

#1: With only 22 Kb of memory available programming the Sharp PCIS00A required routines 1o be written 1o convert data into alphanumeric codes
that took up less space. One alphanumeric code was used to store values far up lo three different integer variables. Special interfacing software was
wrilten 10 down load the data onlo a PC and translate the alphunumeric codes back into their original values. Data were exported to PC in ASCIL
format which could then be parsed after being imported into a spreadshect . In Umfolozi, data had to be downloaded anto cassette 1ape for later transfer
1e PC back at Hluhfuwe. Unfortunately, clieckbit errors occurred when atiempls were made (o reload the data from two strata from tape to the pockst

computer. The tape failure meant thal data from six plots in two strata (16 & 17) cowld not be retrjeved.

#2: When densities of same spizes were higly, sheep-counters were occasionally used to count the common trees. The total tree nurnber was then
proportianzlly allocated between the comnvon spizes. For example, let us suppose that 47 sized 1 Acacia karron and Acacia gerrardii were counted
in the central 2 strip of'a plol using the sheep counter, If aboul two thirds ofthese trecs were Acacia karroo, then the plol densitics 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 nol used much. Tt proved easier for the
observer to shout oul "gerrardiil. 3karrool's, karooZ, bezey I, karraol, ete." and the recorder Lo record each trec as a dash. Dashes were entered on
the page in groups of five, with every fifth being diagonally superimposed on four vertical dashes 10 make a "gate”. The use of dash gates made final

counling much easier.

#3: In hindsight I should have recarded perpendiculur distances to the dung piles. As we walked on & straight compass bearing between plots it wauld

then have been possible 1o correct far visibility difference and estimate the density of dung piles using distanse sampling (Burmham et, al. 1993).

#4: In practice the smal! non-standard keyboard and display on the Psion Organiser proved difficult fo usc; although in contrast to the Sharp,
downloading of data from Lhe Psion was quick, easy, accurate and errorfree. The technalogy of the memory modusles also meant that the data captu red

by the Psion were sectirg.

#5: Paper was also chescn over the Psion Organiser for data captaring on the simpler rapid post-burn surveys as it was easier and most importantly
quicker in the field . Th: twa experiences with using poacket comgpulcrs 1o capturc data in the filed showed that enly simple tachniques oppear to lend
themsel ves 1o raditional packet computer capture inthe field (e.g. Dy Weight Ranking), However, the use of sets of bar codes and abar code reader

mighl have solved many of the problems experienced and make pocket computers abetter option in future for electronic data recording,

#5: Prabably the most important fact was ihat both key obssrvers (Richard Emslie and BR2000 reszarch assistant Keryn Adcock) were highly
mativated. Kerynand I were convinced Lhat data quality would almost certainly have suffered if the surveys had been carried aul by others simply
as a job for a third party employer. [Forthis reasan, no other field assistanl worked forthe full periad. It simply would have been unreasonable to expect

non-project members 10 work n the bush for such leng hours, and for such 2 long periad.

Ths grid survey programme was 2 once-off project that the two abservers wauld nol have to repeat in a hurry. Therefors it helped that the two key
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observers were able 1o get into 2 "Comrades marathon” frarme of mind, and see the whole exercise as big challenge to be completed successfully also
heiped. This attitude helped both key observers cope with the heat in the nuddle of the day. Observers with different personalities and charsclers may

not have been able to do this, and data qualily or sample sizes may have suffered as a result.

Given the desired lotal mumber of plots to be measured in the surveys; daily targets simply had to be achieved in order to complete the surveys in the

required Lime_ The knowledge that one couldn't afford to slip behind schedule was a stimulus to keep at it despite flapging enthusiasm

Olservers measured plots as fast as possible as this was found to reduce fatigue - probably because the plots ook less time, and also because key

ohservers were so busy there was no time to think about how monotonous and boring the field-work was,

Although plot measuremenl was time consuming, this wark was interspersed with half kitometre walks through the bush to travel to the next plol
Navigaling between plots involved map reading. counting all paces laken, and regularly taking bearings. In addition rhino browsing was also assessed
while moving between plots, Maving between plots therefore involved more work introducing more fatigue. However, the repeatad changing from
plol 10 navigation mode throughout the day at leest introduced varicty, and helped break the monotony of plot measurement. Fortunately the simple

pleasures of game viewing and seeing new areas on foot while navipating through the bush helped reduce fatigue,

#7T: The mini-herbarium would have horrified any professional herbarium botanist but worked well as an aid to field ecologists.

H8:. The obscrvers had no lune for the miceties of botanical plant collection, Identification of unknown specimens had to be done the same evening

before they dried up. There were a few rare specizs that [ was not able to identify.
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CHAPTER 4
METHODS III : BLACK RHINO FEEDING:HABITAT DATA

PREPARATION AND ANALYSES
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INTRODUCTION

© To critically interpret and evaluate the BR2000 results, professional quantitative ecologists require details of the

methods of data analyses . This chapter provides this informaticn.

o However, many readers will primarily be interested in the results and conclusions™. Readers who are not
professional ccologists should probably skip all of this chapter except for the following section on definitions of

terms (pages 83-86).

o Thosc 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 [ayman’s guide to these methods,

DEFINITION OF TERMS USED IN ANALYSES

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 exampie - smali 4. karroo (<lm) is a spize, while small A.karroo (<1m) with high grass inteiference (>50%

of the foliage hidden) is a resource.

IMPORTANCE, PREFERENCE AND REJECTION OF FOOD ITEMS
An émportant species is one which contribuics a high proportion of the total diet.

A preferred species occurs in the dief in 4 greater proportion than it occurs in the habitat; while a refected specics

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 of X in the habitat (i.e. an importance:abundance ratio).

Standardised preference and rejection symbels have been used throughout this and subsequent chapiers o aid
interpretation. Stars (*) and minuses {-) have been used to denote preferred and rejected items respectively: the

moare syinbols the greater the preference or rejection.

Highly preferred items (*¥%) had Preference Indices (PI's) greater than or equal to 2.79,

Preferred items (**) had PI's greater than or equal to 2, but less than 2.75.

Slightly preferred iterus (*) had PI's greater than or equai to 1.25, but less than 2.00,

Intermediate items () which were likely to be aeither preferred nor rejected were defined as having PI's greater

than or equal to 0.80, but less than .25

To facilitate comparison, rejection class boundaries were simply defined as the reciprocals of preference class

boundarics;
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Highly rejected itemns (-—--) were defined as those with PI's less than 0.36.
flejecred items () had PI's greater than or equal to 0.36, but less than §.50,

Stightly refected iters (<) had PI's greater than or equal to .50, but less than 0.80,

"ACACIAS”

Unless otherwise stated the term "deacias™ (ic. in inverted commas) is defined as including the Acacia- like
Dichrostachys cinerea (a member of the sub family Mimosoideae of the family Leguminosae} along with true
Acacias.

YES, NO, AYE AND NAE PLOTS

Plots where feeding was recorded were termed YES plots, and plots with no feeding O 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 BB (sce Chapter 2).

Total available bottles mcasured the amount of browse bottles within rhino reach. Foliage above about 2 metres
on tall trees was not included im the assessinents of total availablk browse bottles. The exception to this rufe 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 cffectively available 1o black rhina.

In the Pilot surveys Free available botties represented the total available bottles on trees of less than 2 metres not

hidden by grass, forb or thicket intetference (i.¢. Total minus Hidden bottles)

In the Grid surveys Free gvatlable bostles represented the fotal available bottles on trecs of less 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 rhing, measured in browse bottles. The

points of New browsing did not show signs of decomposition or discolouration.

The term Ol bottles refers to the estimated offtake after the last burn, but yet had occurred some time previously
{ie. > 1%+ months ago). {n contrast to New browsing, the points of Cld browsing had lost their colour and tumed
greyish - sometimes with slight decomposition, Only browsing that was definitely done by black rhino was

measured (see Chapter 2 for further details).

The term A boteles refers to all recorded browsing (i.e. both new and old).

TREE SIZES

Tree sizes in the grid survey were:
I: small, < 1.00m, but big enough to be able to detect black thino feeding (i.c. excluding small
thin seediings and saplings).
2: mediun, 1.00 - 1.99m
3: intermediate, 2.00 - 3.9%m

4: tall, > 4.00m
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PILOT SURVEYS

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 bottlesitree, thicket interfered bottles/tree, and the bottles
Tudden by both grass and forbs/tree were calculated. Results were summarised by spize {specics-size class) and

expressed per hectare and as per tree.

BExcluding the six lost plots, a total of 2,614 trecs were sampied in the Pilot survey.

RELATIONAL QUERYING

Paradox relational databasc querying was used to summarise results. Queries were self explanatory, and so details

need mol be given here. Paradox was also used to export the data 10 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,

Onc way ANOVA's and Tukey's Honestly Sigrificanmly Different Maltiple Comparison Testing werc used to
detcrmine whether black rhino browsing significantly differed between the habitat patches sampled. The Sums
of Squares in the derived ANOVA tabies and Grand means were also used to manually calculate the pocled

coeflicients of variation in feeding berween replicate plots per habitat patch for both reserves.
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In cascs where explanatory variable collinearity was marked, Ridge Regression (Draper and Smith 1981) 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 cstimates may be
slightly biased, but are often more precise than those obtained using ordinary least squares, while estimated
coeflicients of correlared independent vartables may be closer to their true values, The value of ridge regression’s
theta coefficient contrels the extent of bias introduced. Where theta equals zero, results are the same as for
ordinary least squares after all vartables are siandardised. As theta increases, usually rernaining less than |, 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.

GRID SURVEYS

BASIC PATA MANIPULATION AND QUERYING

After importation of the original data from dBaselV, almost all the basic data manipulation and querying were
done using Dos versions of the Paradox relational database software package. All the necessary computer programs
were written in PAL (Paradox Application Language). Quattro Pro was primarily used 1o enter environmental data
onfo the computer, and @ functions and cell eguations were used to manipulate data and calculate new variables.

Data were routincly transferrcd between these two packages without problem.
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BUILDING OF HABITAT, BROWSING, ENVIRONMENTAL AND MANAGEMENT DATABASES

Past recarding and mapping of firc 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 cach plot, from the many Soil, Geology, Fire

and Bush Clearing Maps in the Hluhluwe Research Centre.

The main Hluhluwe and Unfolozi Grid Study area datasets contained 306 differen] variables. This represented
almost three hundred thousand datapoints that either had to be entered or caleulated (Hluhluwe 198,306 Umfolozi
93,5G0). If one alsa included the hundreds of RESOURCE and CANQOCO derived variables that were also used,

the datapoinis 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 variabies were expressed in three ways: 1) 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 Tor the conditions specified. Summation queres 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 cauld be spilt into five broad types:
A] Habitat deseription variables for each of the 465} unique Hluhiuwe and 2354 unigue
Umfolozi Spize/Plot combinations. These variables included woody spize data using a range
of abundance measures from estimates of canopy cover 1o free browse bottle densities. Grass

Interference data also formed pari of the habitat descriptions.
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B] Variables recording browsing and habitat use data for cach of the 4651 unique Hluhluwe

and 2354 unique Umfoloz: 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 thc extent of black thino browsing

and sign in the arcas surrounding each plot were also included in the Hiuhluwe databases.

|
E] Explanatory databases with data for a suite of environmental and management variablcs
per plot for each reserve. Environmental data ranged from physica! information about plot
location, altitude, slope and asﬁect to details of underlying geology and soil type. Management

variables summarised fire and ibush clearing histones for each plot.

Separate databases were built for each sllludy area. In addition pooled databases cantaining data from hoth areas

were built to allow pooled queries, All va:n'ables in the databases are described and listed in Appendix 5.2. A copy

of these variables on disks, together with 1 hard copy, will be supplied to the Natal Parks Board,
|

Besides the habitat descniptor vaniables, *i;vholc suites of key species, spize and resource variables were derived for
i

each plot using the RESOURCE software (Emslie 1991d). RESOURCE is a data preparation tool which automates

the identification and lumping, makingf_; passive, or dropping of rarc’ specics, spizes, resources and plots.

RESQURCE is fully described in the fcll!pwing chapter,

These data were converted into summary‘ tables, with plots as rows and species, spizes or resources as columns.
To do this, the RESOURCE gencrated ARJKA compatible input files (i.c. arkain.dbf files), were simply imported
into Paradox and cross-tabulated. The AERKA” (Bodasing et al. 1989) sofiware application was then used to
aulomate the process of building the spectaliscd FORTRAN formal input files required by multivariate analysis

packages like CANOCO (Ter Braak 1988a), TWINSPAN (Hill 1979b) and COMPCLUS (Gaugh 1979).



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-consuniing. Examples of common statistical problems that were expericnced included:

- Vadable collinearity and non-normality.

- Non-Lingar system responses.

- High data dimensionality.

- Failure to meet Parametric tcchmique assumptions (e.g. residual non-normality and

heteroscedasticity).

- Spatial and temporal autocorrelation.

- Non stationarity and variable anisotropy when attempting Kriging.

- Potentially more cxplanatory variables than plois.

- Limits to the number of variables and piots 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 aad more techrugues and sofiware arcbeing developed every year which arebetter
suited to analysing ecological data than the traditional classical Paramelric statistics. BR2000 was able to take
advantage of some of these developments (eg Partial Constrained Ordination with Monte-Carlo Permutation

tesitng, and Formal Infercnce-based Recursive Modelling).

STANDARD STATISTICAL ANALYSES

Many of the anafyses Ja Chapters 7, 8 and 9 are sclf-cxplanatory {e.g. Relational database querying, ANOVA,
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 :

0 exammiac bascline woody trec abundances,

o highlight habitat differences between study areas;

© determine the important, preferred and rejected species and spizes foreach study area, (results

being calculated using both bottle and count data):

@ contrast differences between plots with feeding and those without;
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0 examine the effects of grass interference and grass height on biack rhing feeding; and

| o contrast the ir{ﬂuencc of grass in Hluhluwe versus Umtfolozi, on the availability to rhino of

<2m (smali-mecﬁium} food “Acacias”,

The decomposition of mthple correlation cosfficients was undertaken using the approach of Johnston (1980). In

& Spurrcll 1967a, 1967b;

and structure has

DETERMINATION OF

essence this analysis was akin to a simple version of Newton and Spurrell's Addititive Elenients Analysis (Newton

Whittaker 1984), The aim of such anaiyses was to quantify the unique effects and shared

effects of sclected correlated explanatory variables (in this case Grass Height and Grass Interference).

THE LONG TERM INFLUENCES OF MANAGEMENT ACTIONS (BUSH

CLEARING AND FIRE) ON WOODY HABITAT COMPOSITION AND STRUCTURE IN HLUHLUWE.

Determining the long tem{ (3-30 years) effects of fire frequencies and bush clearing on biack rhino habitat quality

using muitivariate analysis of the Gnid survey data was a two step prablem -

® Multivariate statistical techniques were firstly used to determine how the habitat composition

been altered by management variables (e, g. fire frequencies at different periods

since [955). This| was in itself a multi-stage process,

® The knowledge gained about tlie effects of management variables on habitat structure and
composition was then inmerpreted in the light of knowledge about black rhino feeding preferences

obtained from the feeding surveys.

The first stage of the analysis had to be spiit into a number of stages. This was primarily because past fire regimes

and bush clearing histories were partially confounded with environmental vanables.
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For example, fire frequency 1$ in part a function of altitude, stope, soil type, geology and aspect. Analyses that
include all these correlated variables at once, may show that fire histories are strongly correlated with commuaity
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 (altutude, slope, soil type, geology and aspect}. Similarly, high

frequencies of bush clearing were correlated with flat low lying areas in the Manzimbomwvu valley, confounding

interpretation.

Before ¢xamining the influence of management actions on woody vegetation composition, analyses

concentrated initially on determining, and then statistically removing (he effects of environmental variables
on the vegetation. Available software was not dimensioned to handle all the eavironmental variables data
were available far, It was therefore alsv necessary to select a key subset of environmental variahles from all

possible variahles (see Chapter 14},

After the effects of the selected key environmental variables on specics composition bad been partialled out,
anulysis could proceed to the next stage. This was, determining whether fivstly fire variables, and secoadly
bush clearing variables, significantly explained any of the residual variation in species composition and
structure (See Chapters 15-18). Figure d. | illustrates the analytical approach taken. The square {1) represents the
varigtion in woody vegetation data. The pieces P, F and B symbeolise the variation accounted for by the

enviroamental, fire and then bush-clearing variables. The piece U symbolises the remaining unexplained vaniation

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 knawledge gained during this stage of analysis represents a spin-off for the

Natai Parks Board,
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Figure 4.1.  Tlustration of successive analysis to study variation in habitat data. 1) First
analyses getermine variation in habitat structure and composition accounted for by physical
and environmental factors (P A ). 2) Second set of analyses determine the residual variation
in habifat 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 variation

(U O ) is also shown. This will comprise of unexplained variation and noise.

e ——— -t
¥

b t

t

t

|

i
- — _"‘"‘;i.

EoT A e ol e

f

¢.V;J
t, -
1
b, -
L
[
U
m '-_-
LI
i ]
Nt

R .-..-i.-_.-—..&_._-..-l-.-q-.n_h,._.'l"






ANALYSES TO DETERMINE THE INFLUENCES OF
ENVIRONMENTAL VARIABLES ON HLUHLUWE WOODY

YEGETATION

Given the bulky, noisy and complex vegetation data (eg 337 different spizes in 242 plots in Hiuhluwe Grid survey),
it was necessary to use multivariate ordination methods to determine the major paticrns in vegetation composition
and structure. This cnables the main gradients in community composition 1o be described using a smaller nurmber
of variables. Although a little of the raw information is always lost in multivariate analyses, this is usually 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 specics and
measured ¢xplanatory 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
variztion, 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-lechnical explanation of how fo interpret them).

Model building

The aim of this modelling was to determine which key environmental variables influence woody habitat strachire
and specics/spize composition In general, rather than just describing vegetation composition within black thino
reach. Braun-Blanguet (BBQ) cover abundance data were therefore chosen to be the basis of habitat analysis rather
than density or bottle based data, becausc 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 (Emslic 1991d). Rarc species were identified and dropped using
RESOURCE. In the Spize based analysis, optimal spize combinations of more conmunon 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 1o ARKA 1.1 (Bodasing ef

al, 1989),

Subsets of the environmental explanatory variables were extracted from the main Hiuhluwe dataset using Pargdox.
Data were then either translated immediately into 4 dBaselV format file for direct input into ARKA; or were

exported to Quattro Pro before subsequent transfer to ARKA.

Quattro Pro was used when 34 additional environmental explanatory variables, interaction product variables, or
transformations were included, A total of 75 different environmental variables were considered in the analyses.
Additional cnivironinental variables used in the analyses are listed in Appendix 4.2, To avoid “data dredging”, only
additiona! variables which previcus runs indicated should be examined and/or seemed intuitively reasonable were

added.

ARKA I.1 was used to buiid 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 *.

Bagsic 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-

Blanguet (BEQ) 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 die analysis was io determing 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 superfiuous variables that explained little more than could be
explained by other variables. This approach cnabled the number of explanatory variabies 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 Canonicat 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 extubit 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 vaniables te include and which to drop

was not straight forward. Variable subsct selections for each run were choscn after reviewing the results of previous

runs.

The following list of factors was used 1o select variables for each run and assess model suilability, The list assunes
3 rudimentary knowledge of the use of CANOCO and its output. This is both for the sake of brevity, and because
this thesis is not infended as a training manual in multivariate ecological statistics. For a full description of the
details of the methods, and how to interpret and usc output, interested readers are referred to the works of CajoTer
Braak (1986; 1987a; 1987b; 1988, e a/; 1988a; 1988b). I have however, endeavoured to provide enough detail

s¢ that professional ecologists can understand the approach taken to build and evaluate models.
The faciors used 1o guide model selection and assessment were -

0 Whether CANOCO detected collinearity and dropped variables before analysis.
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0 The size of the eigenvalues of derived canonical axes - The larger the better. Comparison between the

size of eigenvalues of previous runs was useful .

0 Carrelations between explanatory variables in the weighted correlation matrices - This was useful

10 get an overall picture of variable collinearity patterns.

0 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.

0 Variable Inflation Factors (VIF's) - The aim being to produce final models with low VIF's
for gll variables VIF's proved to be very useful in puiding variabte selection and identifying

those variables with unique effects.

© The weighted means for each explanatory variable - Small weighted means indicated that
these variables should probably be dropped in future runs. The variable to drop in a dummy
variable or closed number set was usuaily determined by looking at means. The variable with

the smatlest mean was usually dropped.

0 Graphical hiplots of environmental variables were mentally superimposed onto plots of
Species scores. Coltinear variables which had been made passive were often also displayed

on the blplots fo aid interpretation. The length of the biplot arrows and angles between

arrows were especially useful.
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o Cenitroids of some dummy variables or fuzzy coded dummy variables were occasionally
examined, and Centroid plots were mentally superimposed onto Graphical plots of Species

SCOITS.

o The size of the t values of the regression coefficients, and especialiy 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 defermine the extent of Collinearity problems.

o The significance of the first Eigenvalue (and somclimes the Trace gigenvalue) was rontinely
determined using Non-Parametric Monte-Carlo Permutations Testing. This was particalarly
usefu] 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=0.01 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 [ crror at some siage is grealer with significance
set at the tracitional 5% level (where on average one can expect a spurious significance on

average once every (wenly ruus),

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/management relationships.
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0 Somelimes 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, Varianee Inflation
Factors, Weighted Means and Biplots were of most use in guiding variable sclection 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

Afler the effects of Lhe selecied key environmental variables on specics composition had beeu partialied out,
analysis could proceed to determine whether fire variables significantly explained any of the residual variation in
species compasition and structure (sce 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. varation in the data not already accounted for by the environmental variables). In
practice this premise held when looking at the cffects of fire on the Grid survey data. Monte-Carlo Pennutations

tcsting 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 undedaken using a spize based BBQ data selL.

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 examinaiion of the species composition and

structure of each plot enabled those 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.

MULTIVARIATE ANALYSES TO DETERMINE THE LONG TERM INFLUENCES OF
BUSH-CLEARING ON HLUHLUWE WOODY VEGETATION COMPOSITION AND

STRUCTURE

Afier the effects of the seiected key environmental variables and fire variables on speciés 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 Iater, the partial constrained ordination approach failed when studying the effects of bush
clearing. This was almost entircly due to the complete lack of adaplive management (ie virtually no controls) in

the application of bush clearing treatments.

Besides the lack of adequate control treatments, the large number of different bush clearing treatiments (species
clearcd, physical method used, chesnicais applied, concentration of chemical solutions, whether diesef was applied,
frequency of clearing, etc.) made it almost impossible 10 adequately assess the long term effects of bush clearing

using 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
differcnt bush clearing treatments and 2) the lack of adaptive managemeat 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 cxception 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 of the bush clearing history of the 242 HHukluwe Gnid 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 diffsrent combinations of arboricide and diesel were applied in N.E.Hluhluwe between 1973 and

1990 (Garlon with dicscl, Garlon Super with dicsel - only afler Grid survey, Tordon 101, Tordon 155 with

and without diesel, Tordon Super with dieset, 2-4-5-T with and without diessl, Roundup, and application

of diese] 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 impesed on the plots increased further when one also considers the frequency

of clearing and the time since last clearing.

T'he huge munber 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 te reduce

the aumber of variables t0 2 more manageable level,

o It was decided to reduce the species cleared to three classes: Acacias, Maytenus senegalensis

and Euclea divinorum.

0 All chemical treatments were lumped as chemical tueatments, 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 WQODY VEGETATION COMPOSITION AND STRUCTURE

The results from the short term bush clearing experiments of Nick King (1987) and more recently Tracy Konstant

(ir lit.y were interpreted in the light of knowledpge gained on biack rhino feeding patterns.

In addition, the influence and importance of the variables Fire in {988 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 WHATFELEY-WILLS MODEL OF

SUCCESSION IN HLUHLUWE,

Past vegetation changes were pieced together using a number of diflferent approaches:

KING'S ANALYSIS OF AERIAL PROTOGRAPHS

King {1987) analysed old acrial photographs of Hluhluwe. His findings were reviewcd based on ground truthing
of his vepetation states based on our knowledge of the vegetation throughout the Hluhluwe Grid Study area. This

work is discussed in both Chapier 16 and 20.

LITERATURE REVIEW

A literature review proved very useful. Older papers referring to the area in the 1930s and 1940s were searched
for references to woody vegetatien. ‘The communities described by Whateley and Porter (1979) were closely
examined fo see if there were any differences in comununities compared to 1989, Current theory on plant

succession also proved valuable in reviewing the evidence for changes in varicus communities.

ANALYSIS OF OLD VEGETATION MAPS OF NNHLUHLUWE

The following old maps were located and examined {ollowing recorded changes in different parts of the Grid study
area:
- 1.5 Henkel's (1¥37) 1936 map of vegetation types of Hiuhluwe Game Reserve *

- P.M. Hitchins® 1960 map of vegelation types mapped from acrial photos job 442 strip 8 *
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-P.M. Hitchins’ 1970 map of vegetation types mapped from 1969 aerial photos job 608 sirips 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 communitics of (written up as part of Whateley & Porter 1979

& 1983)*.

- R.N_Porter’s 1975 map of wildlifc management areas and associated veld problems for Hluhluwe Game

Reserve and the northern Corridor.

A map study area was defined as the area of Hitchins® maps that ocowrred 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 averlaid on top of each map annotated with an asterisk* above. Inthe casc

of Hitchins's 1960, 1970 and 1973 maps the hisiory of each sampling point was recorded.

USE OF A RESOURCE-BASED STATIC ORDINATION APPROACH

0 A Spize-based ordination approach was used o 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 measurcinents 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 of use 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 prier {o ordination to identify rare spizes and aberrant plots. RESOURCE also created

commposite spizes where necessary to ensure that valuable data were not discarded'prior ta ordination.
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Figure 4.2. Area of Hitchins™ 1960, 1970 and 1973 maps which fell instde the Grid Study Area and which
was used (o analyse Henkel's 1937, Hitchins® 1960, 970, 1973 and Whatelevs’ 1975 vegetation maps.



The assumption behind this "slatic” 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
compuosition (Enright 1982, Emslic 199 Ie}. By following the path traced by the centroids of successively larger
spizes of key species on ordination diagrams, successional patierns can be detected (Emslie & Adcack 1990, Emslie
1991e). However on standard ordination plots it is usually not clear whether plots placed near the prigin are simply
unaffecied by the constraining variables, or genuincly represent acentral position in the ordination. For this reason,
and to make understanding easier, three dimensional interpolated species abundance data were plotied for many
spizes in ordination spacc. The three dimensional plots also include much more information 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 gradien( 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 determine

the extent to which successional trends may have been detrimentat to the rhino.
The threc dimensional surface plots were drawn using an inverse distance squared interpolation aigorithm *5,

This approach provided a good objective test of the Whateley-Wills successional hypothesis {see Chapter 20 for
more details), as the patlerns were delermined objectively by multivarate analysis. As mentioned it also enabled

one to relate any detected successional pathways to rhino feeding levels.
ORDINATION OF DATA SUBSET

The Hluhluwe Grid Plois were examined and those plots that contained cornmunities 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 TWINSPAN (Hill 1979b) analysis was also carcied out to further evaluate the proposed successional
model. If the Whateley-Wills model holds, one would cxpect that A.xiletica 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. Quce 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 Whatcley & Wills (1996). The examination of the constrained
partial ordination biplots and in particular the fire constrained plot would be an objective test of the theary, Should
lack of fire have been such a key factor as suggested, then one should expect the orderings of the key “Whateley-
Wills” spizes 1o 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 hary as most people's interest in the past had been the animals and not

the vegetation. However, Stafl-sergeant Ncgobo, who was interviewed just before he retired in 1990, was a mast
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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 vegeiation changes. BR2000 afso toured the

Hiuhluwe study area with Doug Pheasant who put the first lighting-plant into Hiuhluwe.

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 nof 10 be useful as the

vegelation 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 Whatcley who had taken the last photo had
emigrated and was not available teo assist in finding the site in the field. Although we had a rough grid reference,

attlempts (o refocate 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 of Hluhluwe taken from 1939

onwards (see Chapter 20).

Unfortunately the fixed-point photographic monitoring programme was to0 recent to iook al ionger-term past
vegetation changes. During the field work period, the planned retaking of these phoiographs by NPB staff
unforiunately never took place. A comparison of recent pictures with old ones would still have been instructive.
In time, the authoer is sure that the foresight of NPB staff, partticularly lan Macdonald, to set up these fixed point

photographs wili be appreciated. However using a colour video may be more appropriate.
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DETERMINATION OF HOW BEST TO MEASURE BLACK RHIN(Q HABITAT:

The basic rationale used, was to study black rhino habitat use at 1) a hierarchy of scales {(woody plol commumity
structure and composition ~ woody plot community struchure and composition within rhino reach —~ species - spize
- resource level); and 2) using a range of descriptors (eg densitics, 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 determine at which scale it selects its food. This knowledge is central to determining how best to
measure black rhino habitat.

Ordination which was constrained by browsing data was also used to siudy key variables influencing habitat use.

In future, the effects of measurement resolution on conclusions cowld be studied to avoid sampling habitat in

excessive detail. Time constraints did not atlow for this work to be undertaken as part of this project.

POST-BURN SURVEYS

DATA PREPARATION

The vegetation type of post-burn survey plots was described by "key species” dummy variables, which characterized
the main vegetation variation. If a "key species" was noted as a dominant specics/spizes in a plot during the ficld

survey, that dumuny vaniable received a 1, ¢lsc it remained 0. Similarly, if the plot fall within a "vepetation
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locality”, that variable was scored I, else it scored 0. Thus a plot could score 1 in one or more of these dummy

variables, depending o its locality and spize compesition. Dummy variables for these key specics and spizes were

created:

A.karroo > 2m D.cinerea

L javanica A.caffra

Rhus pentheri > 2m Anilotica >2m
Euclea racemosa >2m Euclea divinorum
Spirostachys africana

Duminy variables of the following "vegetation localities" were also created:

Forest
Forest margin

Drainage lines

Physicguomies of size classes 1 (<2m)and 2 (>2m) in each plot were cateporized. as:

Size <2Zm: Size > Zm:
Open grassland = | Scaltered trecs = 1
Open scrub = 2 _ OCpen woodland =2
Scrub =3 Medium woodland = 3
Closed scrub = 4 Closed woodland = 4
Thicket = 5

Categorics for fite intensity, black rhino eating, plot density and amount of paths, were coded as given in the figld

methods in Chapter 3.
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RELATIONAL QUERYING

Paradox rclational querying was used to generate the general feeding patterns and species compositions of the post-
burn diet for all three Post-Bumn surveys presented in Chapter 9. The queries were sclf explanatory and no details

are required here.

The feeding data (sec 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 plat 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 Format
Inference-based Recursive Modelling er FIRM (Hawkins 1990) 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 groupé is in furn similarly
partitioned into twe or mere groups defined by ranges of values of ene of the predictors. The analysis continucs
unti! some termination rule indicates thal none of the sub-groups can be split fucther. Each split is designed to
create further nodes which are in some sense maximally internally homogensous. Qutput is used io create a
dendrogram. FIRM is idcally 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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There are 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 eack node (Hawkins

1990).

The predictors are on either the nominal {free) or ordinal (Monotonic) scale. The dependent variable can either
be on & categorical or interval scale of measurement. CATFIRM analysis is appropniate for the former, and

CONFIRM for the later.

The data from the 1,687 main Hiuhluwe post-burn survey plots were analysed using both Continuous and

Categorical Formal Inference-based Recursive Modelling (CONFIRM and CATFIRM see Hawkins 1990),

TIIE NATURE OF DEPENDENT VARIABLES

Browsing was measured on a six point (Browsing Unit of BU) scale (with modal class intervals of 5 bottles per
transect). As the browsing scale was almost lincar it was decided to primarily analyse the data using CONFIRM
{i¢ in effect treating browsing as a crude continuous dependent variable). CONFIRM analyses had the advantage
over CATFIRM (treating browsing as a categorical dependent vanable) as direct comparisons of group {nodc)

means are possible. CATFIRM 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, validatory CONBACK and CATBACK
analyses were undertaken, To do this, the available data were split into two groups {(odd and even numbered plots).
One haif was used t0 build the models, and the ether half was used 1o verify thair fit. While this did not make good

use of the data from {hie poinl of statistical efficiency, it provides quite a searching test of the modelling approach.
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I the F values in the splits of the validation samnple are highty 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 of 844 plots was not big enough to validate most
of the derived nodes apart trom some of the main divisions. This highlighted the immense sampling problems
caused by the high variability in biack rhino feeding between plots. This was reflected in low R? values.
Exploratory analyscs using fog transformed dependent data did not appear to be more appropriate, and will not
be discussed further. The limited success of cross-validation attempis may in part have also been duc to high

collinearily amongst some of the predictors.

Despite the limited cross-validation: in the CONBACK and CATBACK analyses, the models obtained from the
full CONFIRM and CATFIRM runs can be expected 10 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 buald them.

RATIONALE FOR NOT ONLY CONSIDERING THE "BEST"

STATISTICAL MODELS

[n many ways FIRM analyses appear to suffer from the same preblems 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 medels may be possibie. In other words, given predictor variable collinearity, a
consideration of a range of "good” models is likely 1o be more appropriate than just the "best". For this reason the
edited output presented in an optional Appendix 3.1 in the BR2000 report lodped with Natal Parks Board (now
KZNNCS) gives node split statistics for all significant predictors, and not just the best selecied by the model. A

copy of this Appendix will be made available to examiners on request.
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RUN PARAMETERS SELECTED

The following rn 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 minisnum % Bonfergni

significance for a split at 10%.

The analysis was set to stop after 75 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 sel at 4.9% and 5% respectively,
Due to the limited cross validation ebtained 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 1o make the split rules more restrictive. The

following run parameters were altered for the CONFIRM runs:

For a group {o be analysed it had to conlain at least 50 plots {(instead of 25), and account for at

least 0.001% 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 ar 1% (instead of 10%). As there are 18
predictoss 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 marg
informaticn to bear on tests, peoling may contaminate the good information for a particular pair
of categories with bad information from other categorics if the data coutain outlicrs or exhibit
heteroscedasticity (Hawking 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 fowr 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 4s we are primarily inferested in modelling habitat importance. The lumping
together of predictor extremes is nat a problem when intermediate predicter values happen to

be the most preferred by black rhino.

For heuristic purposes two CATFIRM analyses of the data were also undertaken. Significance and Bonferroni

significance levels were again set at the conservative 1% level.

The simplest CATFIRM run used a binomial dependent variable - Eating found in the plot or not.
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A more detailed CATFIRM run used three browsing categories, This analysis aliowed the amount of feeding in
browsed plots o be examined, as well as the frequency of plots with ealing. All six BU categories were not used
because exploratory analyses indicated that because heavy browsing was rare it was preferable to l[ump some

browsing categories together. The three categories were
0 - No feeding
1 - A little feeding (1 BU)

2 - More than a little Feeding 2,3 4 and 5 BU's)

Final splits which only [dentified outhier plots were ignored in ail anajyses.

RE-MEASUREMENT OF HITCHINS' 1969/76 PLOTS

PLANT DENSITY CHANGES SINCE ¢.1970: LONG TERM EFFECTS OF BUSH-CLEARING

Densities in Hitchins' survey were compared directly with Lhe re-survey using Paradox's relational queries. Height
classes from 1-6 feet were combined, and these greater than 6 fect were combined for analysis: given the high
variability in the data and limited samples sizes, there were insufficient data to undertake 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 ¢ 1970 were afier combining transecls with different clearing
frequencies and positions in the NE. HLUHLUWLE. She also examined the data to see if any impacts of bush

clearing could be discernex. 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 individuat
site positions in the study area, as cach position had 2 different initial vegetation type, reflecting ihe influences of
slope, aspect and soil moisture. These positions are shown in Figure 3.7,
ROINO 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 biack rhing feeding patterns of €.1970 and 1989790,
The following data were compared between feeding yeats:

- 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 / proportion of the avaiiable plants).
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DUNG AND BROWSE SAMPLE AMALYSES

Analysis of dung samples in the forb study was straightforward. Plant fragments were identified in five black rhino
dung samples using a key and refetence collection of electron micrographs of samples of common Hluhtuwe woody
plants and forbs. Results are given in Chapter L1 and the project reporis of Haskins (1989), Raubenheimer {1989)
and Pearman({1989) were included as Appendices in the BR2000 report submitted to the Natat 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 Cedary using standardised
procedures. The method of near Infra-red reflectance spectrascopy was, however, used to estimate nitrogen levels
in both dung and plant samples (Eckard er of. 1988). As a comparison the more traditional Kjeldahl method was
also used ta estimate nitrogen of the plant samples. Percentage crude protein was taken as the standard 6.25 times

percentage mnitrogen,

Levels of the following chemicals were determined in a limited number of vegetation samples: crude protein,

nitrogen, calcium, phesphorus, zing, manganese, copper, molybdenum.
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CHAPTER 4 NOTES

#1: - The 1echnicalities of many of the statistieal analyses undertaken are probably of Tittle interest (o most field conservationists who will assume

that peer review af the methods will detect any problems with the methodology used to obtain the results.

#2: The author was ihe primary designer of ARKA with input from Keryn Adcock and Alf Wills. The dBase IV coding of the application was

undertaken by Ashish Boadasing. The name ARKA stands tor Ashish, Richard, Keryn and Alf.

#3: Multiple input files were needed because I) the version of CANOCO used was only dirnensioned to handle a fimited number of both variables

and covariables, and i) the need to add new variables only became apparent during analysis.

fi4: Any axes with eigenvalues fess than 0.02 wers ignored,
#5: Given the heuristic objectives of the analyses , and the need to penerate a large number of approximate maps, the inverse distance squared method

was deemed appropriate. Yariable anisolropy and non-siationarity also indicated that ane would not be justified in Kriging the data over the whole

ordination space. Building good semi-variograms (the cormerstone of successful Kriging) is also a very complex and tine-consuming business.
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CHAPTER 5
METHODS 1IV: PROCESSING OF RAW DATA USING
"RESOURCE"® PRIOR TO SUBSEQUENT MULTIVARIATE

ANALYSIS

RESOURCE® is protected by international treaty provisions.
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INTRODUCTION

A suite of sophisticated multivariate analysis progeams are currently available to analyse complex, noisy and buliky
vegetation composition and structure data. Commonly used programs include DECORANA (Hill 19793), 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 these methods was of an applicd nature. The review concluded that plant ecologists
needed 10 direct more of the application of these methods towards the demands and needs of biclogical

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 Corrcspondencc Analysis (CCA and PCCA) now
enables a set of species to be directly related to a set of environment/management variables (Ter Braak
1986,1987a,19880). These methods (available in CANOCQO) can also be used to investigate specific questions
abont the response of species to parlicularcnvironmental or management variables (Ter Braak 1987a,1988a,1938b,
Ter Braak & Prentice 1988). Furthermore CANOC(O's non parametric Monte Carlo permutations test allows one
to statistically test whether the specics are significantly related to the supplied explanatory variables (Ter Braak

19882a,1988h).

Despite these developments, a number of factors have limited their use in studying practical conservation problems.

These problems can be split into two generic categories

© those cansed by rare species and in partjcular by aberrant sites, and

o the need for the development of alternatives to species based analysis.

RESOURCE was developed and written (o address these problems.
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THE PROBLEM OF RARE SPECIES AND ABERRANT SITES

To datc, a general problem with the successful application of many of these muliivariate 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 urying 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 specics 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 & Preatice 1988).

The downweighring option (Hili's Frequency/l3alance weighting) in CANOCQC 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 RESQURCE was thercfore to develop an improved methad

to identify and drop rare species and/or abberrant plots prior to subsequent multivariate analysis,

THE NEED FOR ALTERNATIVES TQO SPECIES BASED ANALYSES

Multivariate community analysis o date has invariably been species based, yet from a conservation perspective
this may often nol be the most appropriate level of study. This is the case when the goals of analyses arc concerned
with identifying successional trends, studying woody vegetation structure in addition (o species composition, or

describing habitat from an animal's rather than a taxonomist's perspective.

The study and identilication 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 carrying capacitics for

specics of particular conservation concern like biack 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 treads
in vegetation change from a single datasct, one needs to ordinate at a spize (species/size class) based level instead
of a species level, This has been termed a “static” ordination approach to studying succession (Austin 1977); in
contrast {o 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 "stalic” 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
ihe smaller size classes the possible future composition (Ennght 1982). By following the path traced by the
centroids of successively larger spizes of key species on ordination d.iagi‘ams, successional patterns can be detectled
(Emslie 199 1d). 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 o describe habitat from an animal’s
viewpoint. For example, different size classes ofa species represent differen{ quality food resources to the browsing

black rhino, Diceras 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 developmeut specification of RESOQURCE

was to develop data preparation techniques to facilitate spize-based ordination,

In the case of black rhino, grass inlerference has also been shown (0 have a major effect on habitat suitability and
food selection (Chapter 8, Kotze 1990). Any description: of habitatin terms of suitability for black rhino therefore

needs fo 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 medelling using spize based ordinauon scores; if grass interference could somehow be
included directly into the ordination - and feeding data were also available for each plot, then constrained

ordination mcthods could be used to study habitat selection directty. 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 inte ordination analyses, Resource based
ordination was developed to deal wath this problem (Emslie 1991d). A resource by definition is simply a spize
that bas been further categorised into two classes, fow (L) or high (H) depending on the degree of grass

interference.

For example, small 4.nifoficas <lm malke up the spize Acnill, and if there are sufficient data this spize can be
further subdivided into smali A.nifoficas <lm that have low levels of grass interference (the resource Acnilll)

and those that have high levels of grass intetference (the resource AcullH). A sumple rule, such as whether or

not half of available browsg 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 specics, spize and resource

based abundance data (as indicated by cigenvalues and first canonical axis significance levels)y*' |

DATA PREPARATION PROBLEMS PRIOR TO SPIZE BASED ORDINATION

Spize based analysis of the remaining data (ie for species not identified as rare) is however, not just a simplc
process of ordinating raw spize data for each species. This is because there may not be engugh data (o subdivide
all of the remaining specics into different spizes. [n other cases there may be sufficient data to subdivide, but not
cnough data to treat each size class of a species separately. The number of spizes in a dataset also ofien 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 nol adequately dealt with these problems as the choice has simply been Lo inchude
or drop the rarer raw spize data from analysis. Such an approach is wasteful of data, and therefore not ideal.
Therefore to avoid losing information, instead of simply including only those individual spizes with suflicient data,
it would be preferable to lump adjacent size ¢lasses together to create new combination spizes or species which
could then be used in subsequent analysis. For example, there arc only few 4cacia caffra trees in Hluhluwe that
are over 4m high (size 4), and those that arc, are just over 4m (all. Functionally size 3 and size 4 A.caffras
represent the same thing -tall A. cqffia. If one were simply to drop data for the rarer spize A. cqffra4 from analysis,
one would be throwing away useful information. It makes better biological sense to make a new composite spize

for tail A caffra by pooling data by amalgamating size classes 3 and 4 to form the new spize - 4. caffra34),

In oiher 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 inay still provide some useful information about a stand. In such cases it makes
better biological sense to amalgamate data from afl size classes and simply use a species abundance value. For
example, just knowing whether or not the forest species Celtis africana and Scutia myrting are present in a patch
of mature A cacia nilofica dominated woodland tells us something about the stape 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 he pooled to form composite spizes (and
in some cases species) prior Lo ordination. Apart from facilitating subsequent analysis this should reduce the
number of spizes in the {inal dataset to a more manageable number whilst at the same time minimising less of

valuable information.

As can be imagined the identification of which spizes/composite spizes should be used; and the peneration of the
ncw composite spizes from the raw data is a complicated and time conswning business that needs ta be automated,
For exampie, 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 prefcrred) through

various composite spize combinations (1,2,34 1,234 12,34 12,34 1,234 and 1234 )10 treating the data
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at a pooled species level (1234 - the least preferred).

In summary RESQURCE determines which composile species, spizes or resources to use in subsequent
multivariate analyses. All records of rare species are also dropped from the data set by RESQURCE and
aberrant sites are identified to avoid the problem of aberrant sites dominating ordinations. RESOURCE also
determines which species have sufficient data to be snbdivided on the basis of size class and which small
spizes can be subdivided into resources. If subdivision is possible, RESQOURCE objectively deiermines which
size classes, pooled size classes or which resource should be sclected out of the different possibilities.
RESQURCE has therefore adepted a hierarchical filteringapproach resulling in a dataset that does not only
consist of raw spize data - but also includes resgurces, pooled spize comhinations 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 sclect either species based, spize based

or respurce bascd analysis of the raw data and have the option of transforming data prior to analysis,

To illustrate the effect of resource processing, let us exarnine the real world example of the Hluhinwe Gad survey
(Appendix 5.1). 124 different spectes 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 plol/spize records in the raw data set. Afier
a spize-based RESOURCE processing of the raw data, a total of 109 different spize/composite spize combinations
of 47 of the more common specics were included in the final dataset. The other 77 species were flagged by
RESOURCE as 1are. 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 11

aberrant plots (4.5%) should be excluded fromn any subsequent ordination analyses.

Resources, spizes and pooled spizes in the final outpui database can accur at a hierarchy of resolutions from
a broad species level through to a fine resource level, Exaniples of resources at each level of resolution from a
broad to a fine [evel are :

1) 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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gerrardil)

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 - Chaefachme aristata).

4) Lumped spizes where data have been pooled for differest size classes, bul there are insufficient data to subdivide
the data into their original size classes (eg accaf34 - Functionally t2ll Acacia cajffra’s over 2m highy),

5} Individual spizes (eg accaf] - small Acacia caffFa’s less than im high)

6) Individual resources (cg acail 1H - small Aeacia nilotica’s less than Lm high with over half of the available

browse hidden by grass [high grass interference])

The fifth and final design requirement of RESQOURCE was to produce output compatible with the ARKA
file building utility (Boadasing ef af 198Y) so that the lengthy process of creating the specialised FORTRAN

format input files required by CANOCO and TWINSPAN could be automated.

RESOURCE DATA FORMATS AND METHODOLOGY

STRUCTURE QF RESOURCE Version 1.1©

The RESOURCE© software Versison 1.1% that was used to process the Grid data is a modular application.
RESQURCE analysis is undertaken by running a specific sequence of procedurcs from the main menu. The
sequence of procedures selecied depends on whether one is undertaking either a species, spize or resowrce based

analysis.

Given the modular nature of the software it is appropriate to describe the methodology according to what the

program does in cach procedure. Before describing how RESQURCE processes raw datasets it is necessary lo
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briefly describe the structure of the input data, choice of abundance data aad the optional transformation of data

available within RESOURCE.

INPUT DATA

RESQURCE requires there to be a separate record in the raw input database for each unique spize/plot combination
(ep. one record for Acacia nifotica Size 3 in Plot 203); and that the database contains one of moie abundance level
for each record (eg number of trees, total bottles, frec bottles, Braun-Blanguet value and or cstimated % canopy

cover 2,

RESOURCE was written to deal with four size classes ® although it is possible to use RESOURCE 1o analyse
datasets with only 2 or 3 different size classes, or data collected at a Species vnly level . A gingle species

thercfore may have up to four records for one plot.

All species names must be 5 character long acroenyms. This is because RESOURCE uscs characters 6 up to 8 to

store information about spize and respurce type.

RESOURCE uses a five value scale similar to early Braun-Blanquet scales (Mucller-Dombois & Ellenberg 1974).
Standard seven value Braun-Blanquet data can be converted ta a five value scale simply by combining classes r
and + with class 1. The Braun-Blanquet % canopy cover classes used by RESOURCE are... Class0: 0%; Class

1: <5% ; Class 2: 5-25%, Class 3: 25-50%, Class 4: 50-75% aad Class 5: >75%.

CHOICE OF ABUNDANCE DATA AND OPTIONAL TRANSFORMATIONS AVAILABLE

The user must first select one of the following abundaunce data type for analysis:

either ... Braun-Blanquet (5 valuc scale®?)
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(] SO Density (Number of trees/plot)

v SR % Canopy Cover (Braun-Blanquet scale class mid-points)
[+ ORI Free Browse Botiles (not hidden by grass)
4] AU Total Browse Battles available (within rhino reach)

Logarithm + | (LOG+1}, Natural Logarithm + 1 (LN+1), and Square Root (SQRT) transformations are optionally

available to transform raw data prior to RESQURCE analysis if required **,

SPECIES CALCULATION ROUTINE (All analyses)

This menu item must then be selected during each RESOURCE run, and summarises abundance data for each

species in a separate specics rather than a spize database.

In the speciai case of Braun Blanqguet data (BBQ), the scores for different size classes cannot simply be added
together as the scale is not lincar. RESQURCE firstly transforms the BBQ values for each spixe to appropmiate %
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 1 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 vaiue is >= 25% but < 50%

and so the BBQ estimate returned for species A in plot X would be 3.

The procedurc then examines cach species in the dataset to determine which size classes are represented in the data
set. A one or two character size combination code 1S given to each species, This code indicates to RESOQURCE
which size class combinaticns 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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RESQURCE has been writtcn assurmng there arc four possible size classes, 1 23 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 datasel, These are :

Size Classes in datasct Size Combination Code Size Classes in dataset Size Combination Code
1234 %0 23 23
123 nd 2 4 24
12 4 K3 34 34
1 34 x2 1 1
234 xl 2 Z
12 2 3 3
13 13 4 4
1 4 14

Species surmmary names ase then made up for the summed species values. The summed specics abundance values

are treated by RESOURCE as a special case of spize where all sizes are lumped together.

SELECTION OF WEIGHTING ALGORITHM (All analyses)

Cne of three alternative downweighting functions is then sclected. These weightings arc 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.. (Emslic's) Frequency/Balance/Abundance Combination weighling
FREQUENCY WEIGHTING

Frequency weighting refers 1o the downweighting obtained using Hill's (1979a) method on presence-absence data.
Acritical species frequency (FCRIT) is calculated at a fifth of the highest frequency recorded (FMAX). Let FREQ)
be the frequency of species j. Any species commoner than FCRIT (ie has a frequency FREQ] which is »>= FCRIT)
15 not downweighted and given a frequency weight (FDWT]) of 1. Species with FREQj's < FCRIT arc given

downweights = FREQ)/FCRIT.
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For example, lct us assume the most comimen 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. 73%/5)
FREQp = 24.67% (ie 74/300)

FREQq = 12% (ie 36/300)

As FREQp > FCRIT ...

FDWTp =1 (ie any species occurring in 44+ plots [> 14.6%) would receive 4 weight of 1)
However, as FREQq < FCRIT ...
FDWIq=082 (i. 12/14.6)
(HILL'S) FREQUENCY/BALANCE WEIGHTING

Hill (1979a) 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 CANQCQO (Ter Braak 1988b).

To calculate Hill's downweights (ITDWT]), let n = the total number of plots, ABUNIj = the abundance of species

jinploti.
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Hills frequency analogue (HILLj) is calculated as follows™:

S 2
Q__j ABUN,)
HILL = it

n
Y ABUN} * n

i=1

HCRIT is calculated as the maxamum HILLJ/S. The downweighting calculations proceed as before, except that

HILLj is substituted for FREQ] and HCRIT is substituted for FCRIT.

To take a sumple example, the calculated value of HILLj for a species with abundance values 20 1520000 00
0 and 15 in a sample of 10 plots would be 39.2% (ic [ 207 + 15%+ 207 + 15%] /[ [20+15+20+15)* *10 ] instead

of 40% (FRE(Q). Assuming in this case that HCRIT was 19% then HDWT] would be 1,

The more equal the abundance values for a species in different plots are, the closer HILIj becomes to FREQ). In
the special case when the abundance values for a species are the same in each p_lut it occurs in, then HILLj =
FREQj. In the simple example above the abundances of spectes j do not vary much in each plot it occurs in, with
the result that HILLj (39.20%) is close to FREQ] (40%). However if the abundances in the ten plots were 60 5 2
0000003 instead, HUL.Lj would be rcducgd to only 13.47% even though the total abundance of the species in
all plots was still 70. Instead of recieving a weighting of | the downweighting would instead be 0.71 (e

13.47/19.00)

(EMSLIE'S) FREQUENCY/BALANCE/ABRUNDANCE COMBINATION WEIGHTING

The above example shows that Hill's weight (HDWT]) suffers from the problem that it anly considers abundance
1n terms of the cvenness of spread of abundance values. Using Hill's weighting 100 1005050000000 is
weighted the same as22 110 00 00 0 (HILLj = 36%) cven thought the total abundance of the first specics in

all plots was 300 compared t0 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 af
downweights, Hill's weight needs to be modified. RESOURCE provides an alternative Combination weight that

moorporates frequency and evenness of abundance as before, but also includes a measure of overall abundance.

The algorithm used by RESOURCE is as lollows ..

A critical abundance valus (ACRIT) is first calculated as the square root of the maximum sum of abundance values
for any species. For example, if the maximum snm of the abundance values for any species in the dataset is 6084,

then ACRIT will be 78.

A temporary abundance weight (ADWT])) is then calculated as befere with ADWTj = 1 if the sum of the

abundances for species j (SUMABUN}) >= ACRIT, and ADWTj = SUMABUNj/ACRIT if SUMABUN;j < ACRIT,

Hill's weight ({11DWT)) is also calculated and then decomposed into a frequency component (FREQ)) and a Balance

or Evenness of spread component (BALj). The latter component (BALJ) is calculated as HILLj / FREQ).

BALj is then used to derive a temporary balance weight (BD'WTj) for each species. f BALj is>= 0.5 then BDWT]

is sel at 1 utherwise BDWT] = BALj * 2.

A combination score COMB;j is then calculated as FREQj] * ADWTj * BDWT]. A critical combination score

(CCRIT) is set at one fifth of the maximum value of COMR,;.

Finally the combination weight (CD'W'Tj) isset at 1 if COMRBj >= CCRIT, otherwise CDWT]j = CONMB{/CCRIT.

In practice, Hill's weight does not often differ that much from the Combination weight. The RESOURCE manual
(Emslie 1991d) gives the combination weight as the default, which should be used unless one is dealing with
uniransformed 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, onc 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 RESQOURCE processing of Grid data analyses, unless

otherwise stated.

It is recommended that either the Combination or Hilt's downweight always be selected in preference to simple

Frequency downweighting.
After the user has sclected the weighting function, RESOURCE then calculates downweights for cach species.

The method of weighting chosen is used consistently throughout the RESOURCE run as weights are recalculated
later if spize or resource analysis is undcrtaken (as the critical values used in the weight calculations are likely to

be lower for spize or resource level dala compared to species based data).

SPECIES BASED OUTPUT (Sclected only for a Species based analysis)
The Specics menu option is then sclected if performing an analyses at a Species only level.

Users are prompted by RESQURCE 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

l,and 0.25 is the suggested default value (that was vsed i the Grid analyses).

Users alse 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 the 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
RESQURCE output file can be consulted during subsequent analyses to determine which species should be treated
as Passive. For example you may want to drop unidentified species or make specics 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 7; 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 &nalysis of the Grid daia used the default values of 0.25 and 0.4.

RESOURCE then examines the size combinatien codes, and makes up records for all possible size class
combinations 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 § possible spize/pooled spize combinations (1,234 ; 1,234, 1,23,4: 1234 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). Only adjacent
size classes are dllowed to be combined, as spize/pooled spize combinations like 13, 24 do not make biclogical

SCNse.

RESOURCE then calculales new downweights for each possible spize/pooled spize combination for each species.
RESQURCE then determines which combination of sizes for each species should be selected out of the range of
options. For a particular combinatien 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 sclection of the spize/pooled
spize combinations to select, For cxample if size class 2 in our example hias a weight less than the critical passive
weight, then RESOURCE will not consider 1,2,3,4 and 1,2,34 as possible spize combinations for that species.
RESQURCE decides which one of the remaining possible combinations is the mast preferable, based on the
principle that keeping four separate spizes (1,2,3,4) representing cach 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 becn selected, all other possiblc size combinations for that species are then dropped from

the database,

Int our example above the first choice option of 1,2,3,4 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 (he next best
option of pooling data for size classes | and 2 to creaic a combined 12 (small-medium) spize, then the final
database would include the combined spize 12 topether with the unchanged size 3 and size 4 spize data resulting

in spize options 1, 2, 23, 34, 123, 234 and 1234 being dropped from the database for that species.

RESQURCE repeats this process for cach species™.

The size class codes used in the spize or spize combination names in the RESOURCE output files are usually either
1 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 G (ie xQ) this refers to lumping of all four size
classes (ie data poojed at the specics level). The single character labels L or 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 acnilll) characters long. Very rarely, resource names may have a2 maximum of 8 characters (cg
facap12H). This use of a maximum size of § characters ensures that the Resouree names gencrated by RESOURCE

will always be appear in full in thc ARKA generated FORTRAN format data input files,
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SPIZE BASED OUTPUT (Selccted anly for Spize based analysis)

This menu aption 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 temporarnly dropped species (those that were > than the critical drop weightand < the critical passive
weight in a species only downweighting) to the newly created spize/spize combination dataset. Downweights are
caleulated 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 eritical passive weight may end up with weights just

above the recalewlated critical passive weight.

As in species based RESOURCE analysis the next procedure that should be sclected when undertaking a spize

based analysis deals with aberrant site identification and handling and output.

RESQURCE QUTPUT (Selected only for Resource-based analysis)

This meny selection is only selected whilst undenaking 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

sclection.

In this procedure, additional resource records are made up for both LOW (L) grass interference (<50%) and HIGH
{1I) grass interference (>=530%) for each remaining size 1, 2 or 12 size combination spize . Weights are then
calculated for sach of these resources. if the calculated weights for both T and L resources are greater than the
critical passive weight, both rescurces replace the spize data in the final output. However if cither H or L resources
have weights less than the passive weight RESOURCE decms that there are not sufficient data to subdivide that

particular spize further.
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For example let us imagine that the spizes sclected for species acnill during spize calculations were acnill, acnii2,
acnil3 and acnil4. Resources actil 1L, acnillH, acnil2l. and acnii2H would thern be created in addition to the
existing four spizes. Resources are only made up for trees in size classes | and 2 (and very rarely the combination
size 12). If the downweights calculated for these new resouices were 1, 0,87, 0.67 and 0.27 respectively, and the
critical passive weight was given as 0.4, the resources acnilIL, acnil1H, acnil2, acnil3 and acnild would appear
in the final data set. In this case RESOURCE would conclude that there were insufficient data to warrant

subdividing acnii2 further.

As in the spize based analysis, rare species that were identified and temporarily drapped from the dataset during
the species calculation routine are added back fe the updated dataset {including sclected spizes/pooled spizes and
resources) prior to downweighting the dataset again and re-evalvating whetber they should remain passive or not

in the final dataset.

ABERRANT SITE IDENTIFICATION AND HANDLING (All Analyses)

This 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 arc 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 simpie onc 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 lotal of downweighted abundance valucs for e;'ach plol.

RESOURCE firstly calculates plot weighls by summing the abundance values for all records in each site.
RESQURCE calculates two alternaiive plot weights using 1) all data in the original data base and 2) only the data

in the final output database (e excluding rare species).
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RESOURCE then calculates downweighted plot weights, by summing downweighted abundance measuresfor cach
site. Only records in the final output database arc used. Weighted abundance measures are simply obtained by
multiplying the abundance value for a species/spize/resource by its downweight. Weighted abundance values for

specics/spizes/resources are therefore unchanged if the downweight = 1.

By expressing the downweighted plot weight as a percentage of the plot weight onc 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
recotumended that you answer Y at the prompt to select option 1) abeve. Results calculated using both plot weights

are listed in the ouput file.

Users are prompted to speeify a critical drop aberrant index valve (a value from 0 to 100). 1t is suggested that you

use 40 (ie 40%) as the defauvit value and this value was routinely used in analyses of the Grid data.

Users are then prompied (o specify whether they wish to drop all plots with an aberrant index oss than this value
from the oufput database, although it is strongly recommended that users choose not to drop aberrant plots. This

is because:

1) Most multivariate ecological programs have an option to cxclude plots from analyses, and any aberrant plots

can be dropped at this stage.

2) If you do not drop aberrant plots in RESQURCE, the samplc numbers produced by the ARKA file building
utility will remain the same for both Explanatery and Vegetation: databases. By dropping aberrant sites in
RESOURCE, site numbers will change in the ARKA output files and may ro longer match those in explanatory
databases wherc data arc usually recorded for cach plot. In other words, if you drop 2 aberrant plots named 045
and 134 during RESOURCE, the plots named 048 and 242 will be nunbered 47 and 240 (instead of 48 and 242)

in the ARKA output fife.

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 defavit 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 determine 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 I printer. The final menu option allows users to translate the final RESOQURCE output database into an
ARKA 1.1 compatible dBase 1V file to allow automated generation of both CANOCO and CORNELL compatible

FORTRAN formal input files.

An example of 2 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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CHAPTER 5 NOTES

#1: Resource based CCA proved 1o he superior to Spize based CCA which in turm was an improvemen( on Species based CCA. For example the
eigenvalue for the first canonical axis from resource based CCA of Umfulezi Braun-Blanquel vegetation and black rhino feeding data was almost
double that of specics only CCA. Significanve levels for the first canonical axes were alse hugher for resource and spize based analyses. Analysis of

Hluhlywe data revealed 2 similar pattern - Sec Chapter 8 for details.

#2: RESOURCE is availablie for sale irom Ecoscot Consultancy Services, and is copyright protecied by internationsl Ireaty provisions. The

- primary concem of the autbor and developte was to write software to meet the design specificalions cutlined in tbe introduction 2a quickly

as possthle (as time was limited). RESQURCE wag therefore written in a language familiar to the deveioper (Borland’s PAL) snd
computational elegance and speed were therefore not of primary concern, RESOURCE was writlen in PAL as a Paradox 3.5 © application
(which is supplied with Paradox 3.5 Runtise ©). RESQURCE tequires the raw data to bhe in a specific Paradox database file {8} fommat, The

struciure of the input database in is listed below.

Field Mame Field Type Diescription of field typé (exampie)
v Plot AR Plot name {cg. 021)
¥ Species AN Must be 5 digit acronym in al! cases (eg ACNIL)
/ Size Al Must be either 1, 2,3 or 4. (25 2)
7/ Spize Al = Species + Size (eg. ACNIL2}
¢ Resource AZ Can be left blank or make = Spize (zg. ACNIL2)
9 NPl N Tree density measure (&g 14)
v TR/Plat N Total browse volume measure = FR/Plot + HB/Plot (2g 24)
& FB/TFia N Free browse volume not hidden by grass (eg 16)
v HB/Plat N Browse volume hidden by grass {eg 8}
@ BRQ N Brawn-Blanquet measure from | to 3 [with rhino and + setas 1] {eg 2)
@ Cover N % Canopy cover {eg left blank - nut 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

dala types must be the same as those listed above.

IF you are only undertaking a Species level RESOURCE anelysis the Spize, Resource, TB/Plat and HB/Plot fields can be [ef) blank in your database.

Fields marked with a filled civcle are eptional and refer to different abundance measures that can be handled by RESQURCE.
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To ensure that the original datubase is not corrupted, RESOURCE wotks on a copy of the original database rather than the origimal.

The fields TR/Plot and I{B/Plot refer lo Total Browse Bottles/Plot and Hidden Browse BottlesPlol. The term Aidden refers to the amount of browse
on smaller size classes hidden by grass. These two fizlds can be used to supply abundance valucs. RESQURCE uses these fields te caloulate % prass

interference, and this is why they are compulsory.

If you do not have data for the fields TB/Plol and HE/Plot but have another grass measure, then You can still undertake a Resource based analysis.
“T'odo this you have to fool the program thal you have TB/Plot and HB/Plot data In this special case you first must decide on the critical cut off levef
which will be used to Jdetermine whether there is LOW or HIGH grass interference. Let us suppose you have measured plot modal grass height in
cenlimetres and that yout wanl any plots with grags over 70em (o be classed as a plot wilh HIGH interference. The et off value RESQURCE aciually
uses is whether or not the sum of HE/Plot for a spize or spevies is greater than half of the sum of TB/Plot. In this example you could set TB/Piot ks

3 in every record, and set HEB/Plot either 1o 1 if grass height >= 70em or else to 3 if less than 70cm.
[f one wants to carry out a Spize based analysis and do not have data for the fickds TB/Plot and HE/Plol, the valuc I must be entered in both fields.

All species names must be 5 character long acronyms (no mom, ho lass), This is because RESOURCE uses characters & upto 8 ta store information

about spizs and resourct type.

The size class codss used in the spize or spize combination namecs in the RESOURCE oulput files are usually sither | or 2 diggts. Size class 34 for
example refers to a poeled category for all rees over 2 m high {ie Size classes 3 and 4 combined). Sometimes t-his size cluss code is an x followed by
a number. The x stands for "all sirz classcs lumped together but eXcluding size ..". When the following nueber is 0 (ic x0) this refers to lumping of
al] four size classes (ie data pooled at the speciesieval), The single character labets Loor H are used to represent the degree of grass interference in

a resource based analyses.

A full resource name will then usually be eilher 6 (eg acmii4) or 7 (accaf34 or acnill) characters long. Very rarely. resource names may have a
maximum of 8 characters (eg facapi2H). This use of a maximum size of § characters ensures that the Resource names generated by RESOURCE

will always be appeur in fil] in the ARKA peneraled FORTRAN format data input files.

Braun-Blanquet data for use in RESQURCE are converted to integer numeric class values from 0 to 5. For RESOURCE analysis Brauo-Blanquet
classesrhino and + need tobe combined with class 1 to produce a § point scale. The Braun-Blanquet class mid point values used by RESOURCE

are as follows... Class 00 0%, Class 1: 3% Class 2: 15%, Cluss 3: 37 5%, Class 4 62 5% and Class 5: 87.5%.
#3 When undertaking either a Spize or Resource bssed analysis, the program assumes that 21! four size classcs are cepresented in the data

set for at leasl on¢ common speeics- If ones dalasct haa only three size clssses, one needs to change the size of ong record far s very

commen species from 3 to 4. In this way RESOURCE is fooled into thinking you have 4 sizes. One size 4 record is not snough to merit
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beinp treated as a separate spize, and so the record will be correcdy lumped with the remaining size class 3 records for that species. (The

only difference will be that this spize will aow be called .....34 instead of .,...3 )

Similarly if ones darasct has only two size classes, one needs to change the size of one size class 2 record for a very common specics o
3 and one other recocd o 4. In this way RESOURCE is faoled into thinking you have 2 sizes. One size 3 record and one size 4 record
are not enouph to merit being treated as separale spizes, and 50 the record will be correctly lumped with the remaining size class 2 records

for that species. (The only difference will is thal the spize will now be called .....234 inatead of ....2 )

#4 In Species only RESOURCE analysis. The value ] should be entered in the Size field of every record

#5 Transformstion can be selected if sbundance data have very skewed distributions (Ter Braak 1987b). This can prevent 3 few large abundance
valueshaving an undue influence onthe results, and redpcesthe infl uenceth al dominant species have on subsequent analyses (Gaugh 1982, Ter Braak

1985).

If data transformations are required they can be carrzed out either during RESQURCE analysis, or alternatively may sometimes he available as aq
oplion during subsequent multivariate analyses. SQRT, LN+1 and Piecewise lincar transfonmation are svailable in CANOCQ (Ter Brask 1988a).
The latter is also available in DECORANA (Hill {979a). SQRT, LOG+1, Qctave, Presence/Ahsence and Sample Percentage transformations sre

available in COMPCLUS {Gaugh 1979)

#& The equation onpage 15 of the DECORANA manual (Hill $9794) is ineorrect, as the kst term (plot number} has been omitted. Presumably this

was a typopraphical error
#7 This isthe most computationally intensive procedure in RESQURCE. In a dutases with ahout 50 non-passive species and 240 plots, RESQURCE

may have ta decide which records aut of over 15000 possible spize/spize combination recards ta inelude in the final dataset. During this stage about

4000 spize records may be retained while the rematning 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 I
BLACK RHINO FEEDING ECOLOGY AND HABITAT USE:
RESULTS

Chapter 6 - Black rhino feeding patterns I Pilot survey results

Chapter 7 - Black rhino feeding pattems 1I: 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-burn surveys

Chapter 10 - Black rhino feeding patterns V: Re-measurement of Hitchins’ 1969-71
transects in the bush-cleared areas of Hluhluwe North (Summary)

Chapter 11 - Black rhino feeding patterns VI: Foib Use (&<)

Chapter 12 - Black rhino feeding patterns VII: Comparison of Hluhluwe-Umfolozi
results with other areas (<)

Chapter 13 - Black rhino feeding pattems VIII: Boma feeding observations (<)
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CHAPTER 6
BLACK RHINO FEEDING PATTERNS 1 : PILOT SURVEY

RESULTS
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A WORD 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 substantrally larger sample sizes (transects and trees) and more systematic sampling

designs.

It is important to understand that Iluhluwe and Umfolozi Pilot Summary data relate 1o 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-consuming, that it was not possible to use a truly
replicated sampling design, as had been originally planned. Readers should be awarg that, due to the
psuedoreplicated sampling design used, one can justifiably make statistical inferences about the patch of
habitat X sampled, but not ail patches of habitat X (Hulbert 1984). All one can hope is that the sampled plots

within a patch of habitat X werc representative of habitat X in general.

Due to the high cocfficients of vartation in browsing levels recorded between pseudo-replicate plots/habitat
patch (Coefficients of Variation HGR; 92.0% UGR: 93.1%), 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 analyscs 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 1o conunumity continua was
clearly preferable to discrete community descriptions. For future surveys one shounld iherefore use 2 systematic

sampling design and then use the resultant data to describe habitat types, rather than (as in the Pilot survey)

stratify according to a-prioni 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. [n addition, the influence of tree size and different kinds of browse

interference on black rhino feeding could be examined, as six tree size class categorics were used, and browse

interference levels were recorded painstakingly for each individual tree.

MPORTANT, PREFERRED AND REJECTED SPECIES

RIDGE REGRESSION ANALYSIS OF FEEDING LEVELS

Figure 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 arc based on standardised data, this has the added advantage that explanatory

variables measured using different units can be directty compared.

0 Total browsing levels (New & Old) measnred in late summer were positively related to the amount of browse

bottles of “Acacia” species and Spirosfachys gfricana.

¢ Feeding levels were negatively related to the density of Euciea, Maytenus and Rhus specics.
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SUMMARY RESULTS FROM POOLED DATASETS

Species summary data on browse availability, importance and sclection have been pooled for all strata and are

presented in Tables 6.1 (Hiuhluwe Pilot Plots) and 6.2 (Umnfolozi Pilot Plois)

HLUHLUWE GAME RESERVE

0 Dichrostachys.cinerea, Acalypha giabrata, Maytenus nemorosa, Diospyros [yciodes, Dombeya burgessiae,
Acacia karroa, Acacia caffra, Acacia gerrgrdii and Acacia nilotica were the most important contributors to the

diet in the Hluhluwe Pilot survey.

o The high amount of feeding recorded on Solanum species in Hluhluwe occurred primsanly in one high density
patch of S.gigunteum in Forest margin habitat. The overall dictary importance of Selanums may therefore have
been over-estimated by the Pilot survey, Interestingly no pant of S gigantenm has been found 1o be poisoncus

(Pocley 1993).

© Of those species in the Hluhluwe Pilot survey that contributed af least 3% of all recorded Free bottles: A.caffra,
A.nilotica, A.glabrata, M .nemorosa, A.gerrardii, Solanum giganteum. and D.cinerea were preferred; while

A.karroo, and D.Iycioides were rated as intermediate in acceptance.

o Of the rarer species in Hluhiuwe, D.burgessiae and Scutia myrtina appeared to be highly preferred. The limited
data also suggests that the "hard" forbs Justicia sufi-itescens and indigofera natalensis/cylingorica may also be

highly preferred. More data arc required to substantiate these resulis,

¢ No feeding was recorded on E£uxclea species in Hlubluwe, which made up 18.58% of Free available bottles,
Cordia caffra and Kraussia floribunda contributed a further 4.75% of Hluhluwe Free bottles and were also

uneaten.
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TABLE §.10 MLUHANE PILOT SLAVEY - POOLED SPECIES AVAILABILITY, IMPORTANCE & SELECTION
UATA ECRIED BT SPECIES

Specing % towal Browsing X Free £.Bottles Free Prof, imn,
Speeies X totel Srowsing X Free 3.@ottier Free Pref.lbrds, BerTusmerrinveaso.as sesessmissssruiente amanromeTisosene SRonmmoEfomrTise mofmRetmmeerenes
e emmmsmsraseaiee—nn dtsdmummbdsmmmsmmeds  peemm e Camrarres  mamsasmemems= atm  mmmmaremm-samars Plestronietta armaly g.ob 2.13 L.
hanele eaftre &.47 f.48 2.8 Rholclssus tridentnta ¢.e0 175 ¢.00
hesels gerrardit .75 1,54 2.6 Mhus ehirindens s o,60 -1 0.02
Aceels karrow .25 5.47 LR 1 ' X Fhus deniatse 0. ] .00
heaela nbleticn 1.33 A5 %82 ahus guelngi| 0.0 it 0.8y
Acacls robuats 0.0 .02 0.09 ®hus penthert 525 T84 -16
Acacis achusinfurthil/ataaecantha [ ] N ¢.00 fhus pyroldes ¢.0 «26 ¢.00
seacie spp. 0.00 N 0,00 RhUS spP. - 6.9 T.iw o.0e
Azaiuyphs sonderiana 1.67 8 15.91 Rothmannis globose .00 -12 .90
Acalyphe glebrate 12,29 3.98 3.08 Schotia brashypetalo -85 +53 1.58
Adtropodin aploags .00 .07 f.0C Schrepars erlehaclada |13 .82 o.ug
Esrchemin teyherl . T.00 .54 .00 seterocarys birres ©.0d L8 0.00
Capparis aeplaria 2,00 .02 .00 Scalopin mmdil 21 Tl 11,46
Casslne sethioples 0.80 LBE .00 Seutle myrtine L 1.5 -6
Celtia sfrichns &2 3 1.2 Sidcronyien Inerme 1.28 .28 8.71
Clavsens anfsuty B.40 Rira .00 Solarm giganteun 17.%2 9.8 L.e7
Clutte puichelia 0.00 a5 0,00 Sploastachys africana 5.00 D& 2,00
Coddie rudis Y87 L] 348 unkriawm 12 Q.90 0% B.0C
Cols nmtalensis 0.0¢ .04 o.on Urknewn T3 0.00 87 0.00
Combretun apieul stum 000 .06 2.00 unknown 15 8.0 -BY o.cd
Combratum malke b.oD A7 2.494 YUnkfpwn 1é .a3 .03 10,64
Cordla cafire .ot 2,64 ¢.00 Zanthotylum capense .00 -0 9.0
Crotan tylvatitua p.aC BT #.04 tizyphus mueranata .83 -7 1.7¢
Deibergia armata b.0p .07 o.od
Datbergla obavatls 0. 00 Lo b, G0
Qtchroatachys cineres 13.54 10,55 1.%0
Clospyres byclodes b, 48 4,90 W
Dortreyn bufgessias - T W5 46 .32
bombeya ratundifolls Q.oC 2,52 .00
Govys iis zeyherl 8.4 .62 Q.00
Ehratia mmoenz B.00 W58 .00
Ehretla rlgide Q.00 24T 0,00
Erythrsaylom emarginatum 0.0 il o0
ELcies crisps B.ap 2,87 4,08
Fucics divinorum [ R .37 0.0
Eucien racommza 0.0 4.4 9,08
Etgpnlm natattin .08 W02 ¢.90
criplnla traravpallca 1.25 L . 4.8%
Trewin enfira 0.0 LOT ©, 00
trewia flavescens B.on .20 ¢ 80
Grewts sccidentaifa .00 .13 t.a0
Grewie sibypathulate q.on A3 ¢.08
Ripoobromus paued flarus 4 ba 3.27
Indigalera netatens(sfeybingarica .8 - R 1344
Suarlels subrlesseens L.&7 AL b, 84
traussta flaritards b, 48 2N v.00
Lanathra £amara 0.0 .1 .00
Lippia levanlca =N i1} 96 t.00
Hayterws heteraphyiin 0.04 T2 0.0¢
NayCehus memorges &.58 1.E6 [ Y]
Mayterus Sensfabentia A3 1.60 R.¥
Otorsa engler] W2 ar WAE
Pancovia pelungensis 1.84 .59 1.90
Pappia crpensis 1.2% 04 3,32
Peblopherum africemm a.ad .Ta .00

Phylisnthus reefculstus K. T W57 147



TABLE 6.1h HWHLAE PILOT SURVEY » POOLEB SPECIES AVAILABILITY, [MPORTAMEE € SELECTION
DATA SCATED BY % TOTAL BROWSING

Species % total Browsing % Free B.Bottiss Free Pref.lmia,
Species % tozat Brouslng X% Free §.8ctt{lcy Free Puf.!nd:‘\. Srewta flayesens 200 .28 .80
e et T A e ——— fumesmsddnm  samsimassemessas  armdatestoamkems  mmmas Aurranaa, . . 03 .00
Solarum giganteum 17,92 g1 1.97 Srewty ocoidencalls g.00 0.00
Srewin subspathulats o, 0 13 -
Bichrestechys cimcrra 13,56 10,45 130 .60
Kraussia fiarlbunda 8.90 21 . .
Mcalypha glabrata - 12,39 3.78 .08 ‘ 0,08
Lanetany camara 2.400 -1 .
Maytenus nemorose 5.82 1.p4 b.hG
Lipptn javenics 3.0g -] 0.0¢
2 lospyras Lye lodes £.hE 6,70 K- N 5.6
Donbeyn burgwsalse 645 5 44,32 Meytenus heterophylla 9.%9 0 o
scacls karrop 4.25 547 L1 Peltophorus afrtcarum 9.08 0 )
Acacts eaffra & 17 ! 1';‘3' 2.8 Plestronieils arneta 6.00 2.13 0.80
Agacin gerrardli ‘3.35 1'5;. Z.“ Rhoic[saus trldentats .00 1.73 o,00
. 3 . Rhus chirindensts 6.0 .1 0.58
Agasla nifotisa L3 ) A7 4£.82
i Ahus deniata .80 .28 ol 1]
sideroxylon inzrme 1.89 .28 &N tazi 0.00 2% 9.00
healoyphs rordcriars 167 10 15.%91 Arus guetnzli N ‘26 0.90
ocdte rudis 1.67 .48 3.8 Phus gyroides ';'gz 70 i a0
Justfciz sufrjtescens 1,47 .16 16,84 Rhua zpe. tobe G-!m .02 G‘OO
Caipinia transvasbirea 1.2% .28 [ 9% .4 Rothmornia 9% coesa i ) i
Pappla capensis 125 a4 36,32 Schrebers richaciads §.00 02 o
Rhus pantherl 125 784 16 Sclerocarys Birrea 2.8 18 0.0
Parcovie golungensis 1,64 .55 .50 Spirostachys sfricena l;!;z .(;: ggz
Seutie #yrting 1.04 1.31 .88 zr\kmun 1z O‘DG '0? D‘W
irdlgofere notalensis/cyl ingorice .1 o7 11.64 hnoun ::: U'OD .0! 5.00
Maytarws senegsliensis 83 1,40 52 Unkngua Lom Capense n'ou ’W 4.00
Phyiianthia resjculatus .43 57 1.47 Z2anthorylum capsn - '
Schotie Brachypetais .43 .53 1.58
Unkmovm 14 B3 Nt} 10,84
2lryphis micronata A3 47 1.79
felcls africans 42 L34 1.2
Otoroa englerd Y L7 -]
dlppairomes pauetflorus 2 L6 3.27
Scolopla medii .21 .02 11.44
Acazia robusts G.o8 .r 0,08
scacla sehweinfurthilsetexacanthe o,00 ,0g 0.0
Acscin app. 6.00 Al o.00
ademopodia aplcata 6.50 W87 0,80
fAerchemis Teyherf 4,00 W58 Q.68
Cappar(s sepinria 0.00 .02 2,00
Laszine sethicgica Q.00 B2 8.643
Ciauseno anigssa Q.08 .0z a.6¢
Clutia pulchelln 8,00 .05 o.0¢ ¢ '
Cola nataiensis G.0% .01 .00
Lomhsetum apiculatum .48 JO& 0,00
Lombretm molle .00 LG7 G.00
tordia caftra 4.00 2.54 6.0
Lrotan sylwatfcus 0,50 L7 0.0¢
Galbergfs prmate G.00 .07 0.00
Galbergis obovata 6,00 .00 0.0¢
Borbeya ratundifolia 3,00 2.53 0.00
Davysl fs zeyher| B.00 .82 o, 08
threvla amaena 1.00 ;) ;.08
threrfs rlgida .00 07 0.0e
Erythranylum emarginatum 0,00 L,ar .ok
Eucles srinpa 4.0 2.47 0.0¢
fuclea divinorum 0.00 .37 0.0¢
fuciea rasemosa (.80 &34 000
Eugcnis racaltia 6.40 o o2 G.00

Grewie czffra o.00 ) .87 n.og



TABLE £.20a  umfoLoz( ILOT SURVET + POOLES SPECIES AVAILABILIIT, [WPBRTANCE & SELECTICN

pecles

ACht is barlene

hcacla ke

reacha caffra

acacla gerrardii
Acacly gracdicornuts
Acaclp karroa

Acacia luederitzil
Acsela nisrescens
acueis nitotlicn
hencfa seberlana
Acacia terudlis
rsclepias fruticmas
AfpSragus spe,

Azira tetracantha
Berchemin zevheri
pescia slbd trunen
Brachylaema {licifalia
Capparly sepiariks
CApparit tomen[asa
carissa blsglnasn
Lasszine tranzvzmlenais
Clutie pulchelln
Coddla radis
Comiphora neglects
traton mcnybartif
Gichrostachys cinerer
Slasgyras |yciodes
dombeyn tiliazea
thretia amowna

Euclea 2lvinarum
Ewclea racemass
Eucles undulace
Gardenia cornuta
crewia flava

Grewia manticola
Grewio cocidentallis
Indigafers natalenaisfeylingaries
Lyclum acutifalivn
Fatrus angeleniis
Hayternis heleraphylle
Hayterms massambicens(s
Mayternt nemorasa
KByTenus sensqnienais
Helanthus dlckma

Otes europaea
QrmocArpum irichacarpum
Pappia capensis
pleetranielles armate
pyrostria hystrix
khaleissus rhomhidea
Rhus demlata

Bhus gueinzii

Rhut penther|

schotia capiceta
Selerocarya birrea

BATA SORJED BT SPECIES

T Total Srausing X Free A.Raztles Free Pref.[max.

2,18
1.51
0.30
1.7
1,62
4 .43
1.35
.Th
3.78
B3
14.15
0.on
W27
a.Re
S
38
3.8
.08
.38
.2
a.50
.38
-1
1.19
1.3
2.2F
C.0g
i1
.22
0.87
03
1.30
0,0
1.57
32
B4
.78
n.a3
3,35
275
.05
3.07
g.on

o.0o
M
-1

F.C0

1.¥8
.1

o.Lh
d.to
W43

2.7

a.qp

57
1.71
.85
3.54
3,13
13 .08
4.97
1.94
2.2¢
.87
.33
L4l
1.71
.02
Rr
3z
3.5%
0L
.78
A7
B
03
1.60
1]
1.49
2.52
.01
.87
5.38
?.54
.35
L9

1.7%
3
i

2.55
.58
Q.80
3.4
A2
Lak
-27
.19
1.88
9.1Z
2.4
c.80
16
0.0
7. 10
1.17
1.86
4.00
Y
.0y
g.o8
q.08
.z
3.10
WPE

a.00
1.8
L
¢.0o0
L
B3
n.o0
8%
1.06
.40
2-34
.38
19.78
1.04

1.84
Q.08

n.ong

.33

5T
c.00
1.27
3.41
0.00
a.M

Jhb
4.00

Species

Scalmpia zavherl

sids corglfel [a/rhorblinlia
Sideraxylon fnarme
Salgrum glgsnteun
Spiraatachyas africana
Strycmas Spp.
Tarthonanthys campharstus
Lnknawr 1B

Unkngwm 11

Unknown 15

Unknown 9

Ziryphus mucronots

% Tatal rawsbng X free B.Boktles

B.0g 09
-1 .18
a.08 s
.22 .25
24658 12.25
C.08 10
1.88 1.9
.o B
Q.08 LT
Q.00 L]
0.B% ¥
R .73

Free Pref.Imdz.

B.00
39
.00
.87
2.8
.80
3T
0. 8g
o.ac
n.og
0.¢0
1.85



TABLE 6.2 wufouozr piLar survEY - POOLED SPECIES AVAILABILETY, IMPDRTAMSE & SELECTION
DATA SORTED BT X TOTAL BROMSING

Species X Tatm] Brousing X Fra= B, Beltles Free Pref, inda.
r . . P L LT LT T P L T e P mamtTraTemet b R R Tl e Sl
B e LIS T e ettt e el Sp— s
Spirostachys africama 26,5 12,25 2,16 Plectronieiia armata 0.00 -02 a.pe
Scacis gerrardtl 11,147 3.54 .16 Rhup gentate p.00 -0a 9.09
Acacla terxitls 1,15 £.33 2.34 Rhus guetnzil v.0% -38 0,00
Moyl nenoross 5.07 678 1.0 selerocarya bieres 9.0 02 0.00
Aepc(a kerroo F:Tv] 10. 8¢ Ak Scolople Toyheri 0.00 .oy .00
Acacia nitotice .78 2.24 1.68 fiderozylon inerma o.on .05 0.
Brachytaena (Liclfelfa 378 3.58 1.98 $eryenos spo. o.op -1a 0.po
Maerua angglemis 3.18 A7 19,78 unknewn 18 v.0e -01 a.08
Maytenus helerophylle 2.5 2.39 1.08 Unkngwn 11 0.00 W74 8.0
Aeacia borleae 2..8 7 2.55 Unknown 18 0.o0 ] a.0g
Olcsrostachys einsres 2,27 2.52 0 Unkrown & D00 e v.00
Schotla capltats 2.27 &.9& b
Pyrosria hystrix 1.78 1.40 1.27
AchCim grandicofruta 1.62 3.0 .52
Crewls flava 1.57 1.7% N
Acacia burkel 1.5¢ 1.7 -3
Acacia lucderiezif 1.3% & ¥7 27
Eucles undulate 1.30 [ 3]
Comiphors negleesta 119 -3 1,10
Croton menyhartil j.13 1.49 .18
Tarehonsnthus campharstus 1.08 1.9 57
Beschem!n zeyherd .97 S14 7-1a
2izyphus mueronata A7 .93 1.4%
Grewia pecidentalis B4 .20 &l
Rholefssum rhorhides B8 .25 3.4
Acacin nigrescens L 1.96 .39 . -
Indigofcra natalensisfoytingorfen 7o 3 2.b4
Acacis scherlana .85 A7 9.12
borbeya tiiiaces k.1 o7 7.1
Rhiga pentherd 81 97 bk
tescia elbitrunce e .32 1.07
Copparfs tomentoas i} .78 L6l
Grewip manticolm 32 31 104
Asparague 2pp. a7 1.71 4
Ehretis amoena .22 1.38 6
Solamm plganteun 22 25 8T
[oddfa rodis it 1.60 07
Qrmacarpum trichocarpum M 1 -1
Pepala capensks .1 W9 .57
sida eg~ditoliasrhombidalin 1 .18 .5¢
Eucles racemors .05 1.15 .04
Maytenus mossambicensls N L 0f N..]
Helanthus didyma 05 Ry WSk
Aczacim caftra Q.00 .05 .08
Asclepias frutfcotn n.oq L4l .00
Arima tetracentha .40 .92 0.00
Cappariy seplarfa U] 04 .00
Carfssa hispinasa £.0n A7 0.00
Castime transvaalensiy L.og .15 0.0%
Ciuzfa pylchella .00 L3 .08
Diospyroa Lyciodes £.00 o1 0.00
Eugliea divinorum £.00 ?.54 g.40
cardenfe cormta 0,08 ot o.0d
Lycium acutifolium c.of 4 Q.00
Maytenws senegalensis g.00 L16 a.on R



O Rhus spccies were strongly rejected, making up 16.36% of available Free botties but only 1.25% of total

browsing.

UMFOLOZ] GAME RESERVE

O Spirostachys afvicana, A.gerrardii, Acacia tortilis, M.nemorosa, A.karvoo, A nilotica, Brachylaena ilicifolia,
Maerva angolensis, Maytenus heterophylla, D.cinerea and Schotia capitata were the most important contributors

to the Umfolezi diet in the Pilot survey.

o Ofthose species in the Umfolozi Pilot survey that contributed at 1cast 3% of all recorded Free bottles, S.africana,
A.gerrardii, A.nilatica, and A tortilis were preferred, while B.ilicifolia, and D.cinerea, were rated as intermediate

in acceptance.

o Of the rarer species in Umfolozi, Acacia borieae, Acacia senegal, Berchemia zeyheri, Commiphara neglecta,
Grewia occidentalis, Indigofera species, Pyrostria hystrix and Rhoicissus rhomboidea appeared to be preferred.
Once again the limited data suggest that the "hard" forb Indigofera natal ensis/cylingorica may be a preferred

dictary item. More data are required 1o substantiale these results.
© Grewia species are reguiarly 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.

¢ Species rejection patterns were similar to those of Hluhluwe. Euclea’s contributed 1.35% of the diet but 15.08%

of the habital. Rhus species were just over three times more abundant in the habitat than in the diet.
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COMPARISON BETWEEN STUDY AREAS

0 "degcias" contributed 40.5% of all browsing in the Umfolozi and 31.0% in the Hluhluwe Pilot plots. The
increased contribution of "Acacias" to the Umifolozi 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 supgest that 4. gervardii, A.borleae, A.nifotica, A.caffra and possibly 4.senega! are the most preferred species.
The more ubiquitous D.cinerea and A.karreo were less preferred, but very important dictary items; while
A luderitzii, A grandicornuta and A nigrescens appear to be rejected. The latter three species have amongst the
most formidable physical defence among the "Acacias® listed above. This may account for their apparent lower

feeding preferences.

o S africana was the most important browse species in the Umfblozi Pilot plots, contributing 26.5% of total
browsing. Although young S.afficana thicket was not selected for study in the Hluhluwe Pilot survey, visual
observations indicated that S.afficana was also a key food species in Hluhluwe in 1988, Acalypha species which
are also members of the farmuly Euphorbiaceae (along with 8 gfricana) were both important and preferred species

in Hluhluwe.

0 Mayrtenus was indicated as a genus where feeding preferences varied markedly between species. Mnemorosa
was an important dietary species, coatributing 6.88% and 5.07% to total Hluhluwe and Umfolozi Pilot survey
offtake respectively. M. heferophiyiia appears to be an intermediate food species in Umfblozi, while Af.seregalensis

was rejected in Hluhliwe.

O Ziziphus muecronata is generally held to be a preferred browse species, However, in both Hluhlawe and Umnfolozi

Pilot plots, this specics contributed less than 1% of the total recorded browse offtake.
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IMPORTANT, PREFERRED AND RRIECTED SPIZES

RIDGE REGRESSION ANALYSIS OF FEEDING LEVELS

INFLUENCE OF BUSH PHYSIOGNOMY ON FEEDING

o Total offtake in the Pilot survey was greater in commuaities with higher densities of trees less than 2.5m, and
higher Total browse boltle availabilities (Figure 6.1). Conversely, increased densities of taller tress (>2.5m) with
higher percentage canopy cover was negatively related to total fecding. 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 10 walk inside the plots (High Impenetrability Index).

SEZE CLASS PREFERENCES

" Aeacia" size seleciion

© The ridge trace obtained after regressing the 1otal amount of "4cacia” browsing against "4cacia” densities by
size class, revealed that dietary importance varied with size (Figure 6.2). Tall (> 4m) “4eacia"s were least
important, while smaller "Acacias" (< 1.75m) wete indicated as the most important size. Intermediate sizes (1,75~
4m) were intermediate in importance. (Figure 6.2 clearly vindicates the use of ridge regression as the standardised
repression coefficients obtained from traditional multiple regression [Theta = (] were clearly unstable and

unrcliable as a result of multicollincarity.)

0 In Umfolozi, clear size class selections were indicated for the following food *Acacias" (4.nifotica, A.tortilis,

A.gerrardii, A.nigrescens, A.borieae, A karroo, A.senegal and D.cinereq - Figure 6.3). Offtake from "Acacias"
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Jess than 0.75m in Umfolozi was equivalent to 53.0% of the total browse availability (standing crop} on these trecs.
On "Acacias” between 0.75m and 1.25 metres, offtake represented 23.7% of standing crop, dropping to 7.2% and
2.5% of "Acacias” 1.25-2.49m and 2.5-3.99m respectively. Only 1.3% of Umfolozi "Acacia" available standing

crop was browsed on trees greater than 4m.

© The pattern was less clear in Hluhluwe where feeding on " Acacias" was more equitably distributed among the
size classcs than in Umfolozi (Figure 6.4). "dcacia" size class sclection clearly differed between Umfolozi and
Hiuhluwe. A total of 95.8 %0 of the feeding on preferred food "Acacia™ species occurred oa trees <2 5in in Umfolozi
but only 80.4% in Hiuhluwe. Most feeding (63.4%} on food "Acacias" in Umfolozi occurred on small trees

<1.25m; yet 10 Hiuhluwe the small food "Acacias” accounted for only 36 6% of "Acacia" offtake.

0 In Umfolodi, this size selection pattern was shown for most specics of "Acacias”. Trees under 1.25m were the
most preferred for eight out of the ten "Acacia® species fed on in Umfolozi. This contrasted with Hluhluwe, where
the most preferrcd "4 cacia" size was generally 1.25-4m (4/6 "Acacia" species fed on), While size class 1 (<0.75m)
"Acacias™ were generally the most preferred size in Umfolozi, only "D.cinerea” size 1's were the most preferred

in Hiuhluwe.

¢ Small 4.nilotica’s were highly preferred in the Umfolozi Pilot plots, with 60% of all A.#nilotica browsing
occurring on trees less than 0.75m (Free Preference Index or FPI ; 5.26 #¥¥), A further 34% of A.zilotica browsing
occurred on trees from 0.75-1.25m (FPI: 2.14 *¥), Taller A.nilotica's (> 1.25m) were highly rejected in Umfolozi
(FP10.18 -—). As will become apparent later, this finding is importam when assessing the likely impact of habitat

changes over much of IDuhluwe on black rhina.

Spirostachys africana size selection

o Fleight selection for S africana in Umfolozi differed from that shown for “ Acacias”. Sizc 4 trees {(1.75-2.49m)

were both the most important (48.2% of §.africana browsing) and most preferred S.afficana size class.
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IVPORTANT, PREFERRED AND REJECTED COMMUNITIES

¢ One-way ANOVA's showed there were significant differences between strata in both Hluhluwe (F=3.887 df 8,18
p=0.0000) and Umfolozi (F=2.463 df 9,10 p=0,0447) in levels of black rhino browsing. However, high coefficients
in variation, and low levels of pscudoreplication 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
thercfore be exercised in the inlcrpretation 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

impaortant habitat patches surveyed in Hluhiuwe.

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 Hluhluwe Pilot survey, visual observations during 1988 indicated it was also

a major black rhino habitat in Hluhluwe.

0 A, niloticaclosed woodland and the later successional Euclea racemosa/B.zeyheri Lowland Forest have increased
in extent in Hluhluwe since 1940 to cover extensive areas {sce Chapters 16 and 20). Patches of these habitats were

neither important or preferred in the Pilot survey (Table 6.3).

o Heavily grazcd open savanna in Umfolozi was the sccond most preferred habitat patch surveyed, although
offtake levels were lower than most other strata. " Acacias” contributed 62.6% of all Free Browse available in these
patches and compriscd 75.6% of the diet in this strata. Grass interference was only 10.9% on the highly preferred
Size 1 "Acacias" {<0.75m), "Acacias" <1.25m 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

Oncobeni Lowland Forest Margins
Maphumulo Riverine Forest
Depression Grasslands near Pan
Combretum molle Woeodland
Acacia karoo/Euclea crispa/Rhus rehmanniana
Acacia nilotica Closed Woodland

Dichrostachys cinerea/Acacia karroo Grasslands
Euclea racemosa/Berchemia zeyheri Lowland Forest

Mature Euclea divinorum Woodland
Young Spirostachys africana Thicket
Mixed Ggoyini Plateau Grasstands
Drainage Line Mature Spirostachys africana Wooedland
Acacia karoo Thicket

Donga Dissected Euclea undulata Dense Hillslope Bush
Mid-Slope Acacia Savanna

Acacia horleae/Euclea divinorum Woodland

Mixed Ggoyini Grassland/Savanna

Heavily Grazed Open Acacia Savanna

Acacia nigrescens Open Woodland

OFFTAKE
Importance
Index
{(Mean=100}

354

167
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&6
53
51
a7
41
21

318
131
127
113
62
60
58
51
49
32

90%Tukey FREE BB
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o 2.85
* 1.43
* 0.52
* 0.37
* 0.67
* 0.41
* 0.64
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* 1.84
el 0.84
e 0.88
e .13
* 0.68
* 1.03
* 0.50
* 0.83
* 1.25
w 0.65

HID
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DEN
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BB)

11.00
35.94
43.87
23.43
14.68
21.93
39.73

B.59
26.74

21.19
9.24
30.00
22.84
34.36
28.10
34.45
20.68
22.83
21.95

BB

OFFTAKE

(% Total

BB)

8.56
7.89
3.50
1.75
1.38
2.29
1.05
2.55
0.74

15.45
8.18
6.60
9.34
4.10
7.94
3.49
7.04

10.27
5.40
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1:2
2:1
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G:4
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EFFECTS OF BROWSE INTERFERENCE CN FERDING

© 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 [evels in the Pilot surveys (Figure 6.1).

o Exploratory pletting of the Pilot survey data revealed a mirroring in Hluhluwe of Log transformed 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 oceurred when high densities of available

“Acacia” bottles were associated with low grass biomass.

© The mean percentage of Total "deacia" browse botiles hidden by grass was 32,8% in the Hluhluwe Pilot plots,
but only 12.6% in the Umfolozi ploté. Comparable mean forb interference levels on “Acacia" were low in both
arcas (HGR 1.8% and UGR 0.3%). Mean levels of thicket interference of "Acacia" bottles were 3.3% in Hluhluwe
and 6.1% in Umfolozi. In Umfolozi thicket interference was highest on "Acacias” from [.25-2.5m at just under

10%. Grass interference was therefore the major form of browse interference of "4cacias" in both reserves,

© Figure 6.5 shows that high levels of grass interference were recorded for Hluhluwe " Acacias® up to 2.5m - but

only on "Acacias” less than 1.25m in Umfolozi.

¢ The Pilot data suggested that although the small "Acacias” were the most preferred size in Umfolozi, the next

tallest size classes were preferred as grass interference increased.
The Pilot survey results therefore imply Lhat the increased levels of grass interference in Hluhlywe (following from

the wet period during the mid-late 1980s; and exacerbated by heavy-culling during the early 1980s dry period)

have forced Hluhluwe black rhinos to eat more of the less preferred taller size classes of "Acacias”.
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CHAPTER 7
; BLACK RHINO FEEDING PATTERNS II: GRID SURVEY
| RESULTS - IMPORTANT, PREFERRED AND REJECTED

COMMUNITIES, SPECIES & SPIZES
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INTRODUCTION

o This chapter is the first of two chapters that details the feeding patterns recorded during the extensive
Grid surveys carried put in both Hlubluwe and Umfolozi study areas in 1989 For details of methods, sampling

strategies and aunalytical 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 surveys are discussed.

o Woody browse abundance in each study area is compared with recorded feeding patterns to quantify the dietary
imporiance and degrees of prefercnce/rejection for all the commoncr species and spizes, Selection patterns in the
two study areas are also contrasted. Finally, food selection is exatnined at a hierarchy of scales from a

community/patch level down to an individual spize level.

o The fottowing chapter (8) continues the analysis of Grid survey selection paticrns, by examining the influence

of grass interference and grass height on black rhino feeding in some detail.

o Throughout this chapter the termns Fluhfuwe 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 ‘:/éediﬁg fevels in Hluhluwe" 1ead "feeding levels in the Hluhiuwe Grid Survey Study
Area®. If reference is intended to the whole Game Reserve the text will make this clear (cg "feeding fevels

throughout [Hfuhiuwe Game Heserve").
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IMPORTANCE OF SAMPLING DESIGN USED N THE GRID SURVEYS

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 infereﬁces about vegetation and black rhino feeding throughout wholc study areas. In addition serious
biascs 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,

GRID SURVEY SAMPLE SIZES

In most cases the results of database querics 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 casc where data distributions were non- normal, and it would have been
preferable to non-parametrically estimate error terms 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 probiem, 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 Hiuhluwe

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 wete clearly not nseded. For
example, one doesn't need a statistical test to kmow that the observed dilference 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 large sample sizes, it may be possible to show some small differences as statistically significant.
However, practically we are really only intercsted in gross and clear-cut differences and patterns, rather than very
small scale minor ones. Therefore if the large sample Grid surveys could not cleary 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
(Hiuhluwe) and 1 875.5 (Umiolozr) browse bottles removed from the transects, Total Grid offtake levels only
represented a very small proportion of the Total available browse bottles 1n the habitat - 3.62% in Umfolozi and

1.11% in Hinkluwe. The intensive Grid sampling was therefore vindicated.

BASELINE WOODY BROWSE ABUNDANCE IN EACH GRID STUDY AREA BN 1989

Readers may wonder what relevance measurcments of browse abundance have in a chapter on black rhino feeding
patterms. The answer is simple. Measurements of abundance in the babitat arc necded to calculale
Preference/Rejection indices. Without corresponding measures of browse abundance to po 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

Buring 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 1n the past. If possible, we wanted to
be able to use the Grd surveys to generate such information as a by-product. Detailed 1989 bascline datasets on
the densities, canopy cover and abundances of species and spizes throughout the two study areas are the result of
this concern. Unfortunately, similar data for 1939, 1949, 1959, 1969, and 1979 were not available for comparison
with 1989 data. However, researchers now have large baseline datasets against which they can monitor future

woody spize population and community changes.

GROSS DIFFERENCES BETWEEN STUDY ARFEAS

Meun tree densities (excluding small scedlings) in 1989 were substantially higher in Hluhluwe (7,070/Ha) than
in Umfolozi (2,531/Ha). The 1989 Hluhluwe tree density was higher than the 1,777/Ha and 4,152/Ha recorded in
two N Hluhlirwe black rhino home ranges by Hitchins twenty years previously (Hitchins 1969). However not too
much should be made of these diffcrences as the 1969 estimates were based on very small sample sizes, and for

multi-stemimed species it was not clear what was counted as an individual plant.

Mean Total available browse bottte densities in Hluhluwe were double those in Umfolozi (Hluhluwe: 36,319/Ha

Umfblozi: 18,455/Ha).

Mean Canopy Cover was three times greater in Hlukluwe. The total canopy cover of trees over four metres tall was

almost six titaes greater in Hluhlowe (44.15% vs. 7.42%).
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SPECIES ABUNDPANCE LEVELS

CONTRIBUTION OF SPECIES TCO TOTAL AVAILABRLE BROWSE

BOTTLES

Tables 7.1 and 7.2 list the species in order of their percentage contribution to Total available browse bottles in the
Hluhlwe and Umfolozi Grid Study areas respectively. There was a more equitable distribution of available browse
in Hiuhluwe than in Umfolozi. In Hluhluwe no species accounted for more than 7.73% of Total available bottles.

By way of contrast two specics made up 25.42% of Total available bottles in Umfolozi.

Hiubluwe

Using RESOURCE (Emslic 1991d) analysis of the Total bottle data (Chapter 5), the key specics in Hluhluwe were
identified. Species werc classified according to the downweights derived for each specics using Emslie's
combination weight {which takes frequency of occurrence, overali abundance levels, and the degree of equatability

of abundance between plots info account)*,

In the Hluhluwe Study Area:

Species with the mosi available browse were 4.caffra, A karroo, A nilotica, A.robusta, B.zeyheri,
C.caffra, D.cinerea, D.lycioides, D.simii, D.rotundifolia, E.crispa, E.divinorum, F.racemosq,
K foribunda, L javanica, Mheteraphylia, Mnemorosa, M senegalensis, R.pentheri,

R.ridentata, S.myrtina, S.inerme, Solanum species, and Z.mucronata (not downweighted),

A further 24 species were still important contributors to available browse: A glabrata, Canthium

inerme, Celtis africana, Combretum molle, Coddia rudis, Dalbergia obovata, Dovyalis caffra,
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TABLE 7.1

PERCEMTAGE CENFRIBUTIDN DF EACH SPECIES T TOTAL BROMSE BOTTLES
HLUNLLAE S4ME RESERVE 198¥ GRIC STUOY AREA

Species
Bichrastaches Cinerea
Spironyachys africana
Acacin =affra
Diofpyros lycloides
Arocia karreo

Lippia javenice

Rhus penther b
Aealypha qlibrata
Krausaia flerflaunda
fuclea crisps

Eucles racemosa
Mayrerws sencgalensis
gerchenis revheri
fucl e divimeram
aheilciazues tridentpts
scutia myrtina
vernonTs sutaul igera
sal erum

alospyras simii
AbutilensBibiscus spo.
acacie nilatfen
Mayienus pemoross
2ityphus Fueronare
Plectionella srmata
gambeyn rotundffalia
Rhts rebmgrn lane
Acacin garrard}i
Coudia rudis
Actlayshy sonderlana
orbe v burgesgiss
fordia catfrs
Hippabromus peusifiorus
Azima eerrecantha
Havterus heteraghylla
Hereropyxis natalens|s
Sidercaylon [nerme
Caipinls transvaslica
ghretla rigitafamoena
Chutfs pulehelfa
Dpibergin obovara
Davyalis caffra
Phyilanthus reticulatus
canthlum {nerme
Selerovarva birres
Euclea natalens!«
Acacia robusta
Scolaplas zevher!
combretun malle

tarchgqanthus TAnghorAtus

chromclaens odorstn
CArBnivm fpp-
Aderppod!a gplcars
Honsnthotaxis cafirn
Schotla brachypetaln
yrknoun 15

Klatal gattlcs

7.3
5.78
5.78
5.53
5.4
%.22
4,62
&4
3,80
3N
35D
3.02
2,04
2.54
2.63
.08
2.03
1.78
1.7
1.3
1.58
141
t.24
21
1,09

.93

&3

27

Species

Ahus sppn

Casaine aethlopica
ganthazyium capehac
Ehus chirindensjs
Chaetechme #rlatata
Glaspyros Spo.
Peitopharum africarum
Fork sop.

Xirenfz eafira
Cettis afefoany
Pamcavia golungenais
Berzams {ucens
Han|lknrn dlacaior
Croton syivaticua
Crewia orcidentatis
Zeacin grandicornuta
Grewia Flavescens
Ficus zur

Cala greenvay!
Asperagus o,
Bulbergia armata
Sesbanfa seshen
Clausena anizgta
Flicus spp.

Capparis tomenlota
funcnia capensla
Trema prisntalls
Grewla caffra

Flous gycomaris
Thespes!a actliloba
prychotria capens(s
Eugen fa natattia
Arrquasrtiodendron natal ense
CratolarTe zapensls
droros engierd
Netanthus didyma
Rhaieiaynm tomentaas
Lyeium acuzifellum
ficus glumcea
bnknawm 8

ochna naraltia

Irdigofers natalensis/evlingarica

Strychnas inbocus
Harilkars concalor

Ackcia sehveinfurthiirotasaconthn

Strythnos madagescarensis
castine transveslensle
fhaleissus rhomdldoa
Capparts sepisria
Lommiphora harveyl

Acacts burkef

frmocarpum trichacarpam
Qrieis bachmarnt i
Eryihroxy lum emarginatim
Ascleptas fruiicosa
trichociadus grand|flarus

Alotal Aatties
.22
il
- AE
At
Pt
.TE
16
.15
I
212
.12
1]
10
)
09
.07
.0z
0s
K1)
.05
A5
.05
1
.04
ALy
S04
04
Kred
03
03
A3
]
03
be
42
b2
c2
.02
.2
.02
.02
b2
.2
.01
1
LBt
LB
.ed
o1
.0t
R
WOE
)
.62
L]
.00

Species

bDigapyros whytcana

Yitellariopais marginata

Canthium $pp.

Rhus gueinzil
Turress floribuda
¥itex harvevena
teocies gerrardif
Papnla capenais

Aloge mariathii
Lwssonia spp.
Harpephylitim eaf frum
Tecler natnlensis

ITotal Borrles

ik
B
o8
00
.00
.0g
.bo
R
o.0B
Q.09
G.00
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TABLE 7.2

PERCEMTAGE CONTRIBUTION COF EACHN SPECIES TO ToTAL BROWSE BOTTLES

LMFLLDZ] GAME RESERYE 1709 GRID SFUOT ARCX

Spacitd Afatal Battles
Croton menyhartii 11.96
Spirpstachys africens 11,48
Euelen divinarum 5.85
Euclea udulets 5.9
Asparagus spo, £.40
Dichredtachys cinerea &.02
Torehananthus & sphbrabus J.as
Brachylscne {licitotin y.82
Acecia grondicarnuls L3 7Y
Ehrerfe rigidafamearna n
Hayterwd nemargse 2,95
sehntin capitata 2.89
Schoriz brachypetslo 2.67
Acacia karrco 2.43
Acpe{a borleae 1.%8
Euclea Facemoiz 1.7
Plectroniella srmats 1.7¢
Acacis toreilis 1.76
Rhus pentherd 1.54
hcacis nitorica 1.30
azecia gersardif 1.20
Merterns heterophylls 1.13
Grewia favescens 1.08
Acagis nigrescens T804
tappar |5 tomentess M
Dles euradpaea JE7
Rhug guelinedi i.7
Growis flayn ST
Haylemws senegalsnsis fra]
Acacia lusderitedi .48
Acari{s robusta . .84
tarisas bispinosa &3
Prrostria hystrix 42
Coddtia rudis 61
2izyphus mocronpin . 60
GLrewis pecidentatis .57
Commiphors nezleets 57
Aeacia calfrs .52
Pappls capent!s LhG
Sideranylon intrme Lhk
Agima ‘etracantha .37
Ahafcizsus rhombiden 34
Crewia villose .27
OrmocArgm LF|chacorpun L26
Evelea nataleasia .23
Unknaen 15 i)
Boszia slbitrunce 7
cida cordifal[asrhambifalia 18
Agacin seagol Al
Salarmm . L8
Copparit seplaris W18
Casine telragona A5
Cassine wethigpica 15
Helanthus dighma .13

Casslnt transvasienzls 15

species

Erewin Gicoler
Giorsa englerf
borbeys tillaces
cororetunm aplculmtun
pimspyros Lyciaides
Berchemia tayhert
Crewia monticals
Carcenia volkenafd
Sesbanin geaban
Errychhos madegatChrentis
Clospyras whytesna
Gardenia cornuts
Dombeys rotuedifolin
Lycium acutifaliue
seaiopin zevher |
sclarocarys biprres
Strycnas spR.

Aloe marlathii
Unknokn &
Nippobromos pauci flarus
Erythrina lysisteman
Grewia £pp.

Rhus rehmonniana
cussonfa zoluensis
atacia burkei

codnta ratplensis
Monanthotaxis caffra
seshanin punices
naerua sngntens|s
clutie pulchelin
plaspyros spa,

Melia azedarach
2anthazyium capense
ynknown 1

Lippis Javanica
canthim spo,
comiphors harveyd
cretolaria capensis
calpinia transvasiice
unknoun &

Unkngun 2

Unknmes 3

Unkrewn T

arotal Bortles

.03

.6l
.0

.0z



E.rigide/amoena, Euclea natalensis, Galpinia transvaalica, G.occidenralis, Heferopyxis
natalensis, H.paucifiorus, Phyllanthus reticulatus, Plectroniella armata, Rhus chirindensis,
R.rehmannianu, Sclerocarya birrea, Schotia brachypetala, Scolopia zeyheri, S.ofvicana,
Vernonia subilgera, Ximenia caffra and Zanthoxylum capensis (Downweighted by > 0.4, the

critical passive weight).

Six species were less abundant (Cassine aethiopica, Chaetachme aristata, Clutia pulchella,

Chromoluena odorata™, D.burgessiae, and Monanthosaxis caffia).

Over half (56.5%) of the 124 species sampled in the Hiuhluwe Grid Survey were rare and contributed

little 10 Total browse availability.
. cfnere;:, A.caffra and A karroo accounted for 18.95% .of Total available bottles.
Six other Acacia species contributed afurther 2.81%,
Five common specics in lowland grassland in N.E Hiuhluwe (Diospyros lycioides, Lippia
jovanica, Fuclea crispa, Rhoicissus tridentata and Maytenus senegalensis) accounted for a
further 20.11%.
Umfolnzi
In the Umfolozi Study Area;
Croton menyhartii and S africana 1wgether accounted for just over a quarter of all available

browse bottles. The proportion of available S.afFicana bottles in Umfolozi was also twice that

in the Hluhluwe Study Arca,
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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,

Fight of the common species in dense Umfolozi bush (Kuclea undulata, Brackylaena ilicifolia,
Maytenus nemorosa, Schotig capitata, Olea ewropaea, Pyrostria hystrix, Rhoicissus

rhomboidea, 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 ir order of their proportional contribution to total canopy cover in the Hinhfuwsz
and Umfolozt Grid Study areas. Total canopy cover was obtained by suinming the percentage Canopy Cover scores

(= Braun-Blanquet percentage Canepy Cover Class Midpoints) for atl species.

Hlghluwe

In the Hiuhluwe Study Area:

Almost one third of total canopy cover (3 1.22%) was made up by four key canopy dominants
(E.racemosa, B.reyheri, R.pentheri and A.nilotica) in the succession from A.nilotica closed

woodland to £ racemosa\B.zeyhert Lowland forest (sec Chapter 20).

E.racemosa was the major canopy dominant accounting for almest an cighth of total canopy
cover, but only 3.6% of available bottles. The reason for this discrepancy was that most foliage

was out of reach of black rhino, Sitilarly 4.nilotica accounted for 5.45% of total canopy cover,

174



TABLE 7.3

COHTRIBUTION OF FACH SPECIES T3 TOTAL CUMMULATIVE CANOPT COVER X SCDALS
HLUALLMWE GAME RESERVE 1989 GALD STLOT AREA

Species X Canapy Cover Spesies X Canopy Cover species % Canopy Cover
Euciea racemasa 12,12 Rhus chirindenslt .20 canthium =pp. .01
Berchemia gevheri r.ar Manilkara dizeclor Al ratsine trassysalensfs Kb
Ahus pentherd 5.58 Aevcin burkei 18 Cratelarie cepentis .ot
Dichrastechy cineren ) 4.22 Grewia ccoldentet|s AT Dlokpyras whyceans KT
Aceela milagica 545 Acecla gerrardl! 18 Flcus plumoss .1
Euclea divinorim 6,42 Pappia eopensls 14 " Ficus sycomarus a1
Acecis karrso 430 Unknown 15 8 azarcs engler| al
Spirestachys africors 1.47 Teclea gerrardll A% prychotria capent(e .01
Dlotpyros Lycidides 1.1 Trema aricntatl? 13 Rhaitissus rharbidea .0
Scutie ryrtina .77 Qiospyrat Spp, .1 scrychnes innecus .
Acmcia catfrd 2.60 . Berasmy [ucens i) Turraes f1oriburds LA
Kraussia ‘laribunds 2.7 Honanthotaz{s caffra 10 yitetiariops s marginata .01
Lippia jevenica 2.9 Garanium spp. L]
Haytenut NemorGsy FR L Trichee pcus grardiflarus L0
healypha glabrats 214 Croton sylvarlcus .09
Wapterrs senegalensis 1,67 Cussonis spp. o9
fhoicisauy tridencata 1.84 #arpephyltun catfrum .09
Diaspyros simid 1.43 Dzlbergis armata 09
Euclea crispe 1.41 Rhus $pp. 0%
solamum 1.33 Ximenin caffry L]
Cardin catfra 1.27 Azima tetraCanchs a2
Atacis rebusta 1.322 Pancovia golumgensis _08
Sclerocarya birres 1.20 Capparia tomentssa .07
Zityphug mucronacy 1.12 ferh app, .07
Flestraniells armata 1,08 Asparsgua 3pp. W&
vernenia subuliigers 1.07 Clausens anisara .07
Sideresyion inerme L3 Cala greenveyf W05
schotim brachypetnla "] Rhsiclsaue tomemtee 0%
Adenopodia spicata .79 Fivus sur K
Combreeum ralle . Maniiksra conectar Ok
Clutia pubehella LT Acacia grandlcermuts i1
balbergla sbayats 7o Eugenia narslitin .0a
Heteropys(s natalersis N1 Mel gnthuy dicyma 0y
Kippobromss pewvciflarus LAA Teclea raralgnait N1
Cassine aethiapica 63 Vitex haryeyara S04
Dombeya refund|folie 59 Grewls enflea .03
Achlaypha sorderlam AT lndigzferas natalensisseylingarica .03
Dorteys burgestfag 55 Ochry nacaltls ik
Galpinis transvaalics .51 Sesbania sesban ' .M
celtis africens 50 Thespes[a acut iloba .03
AbutitonsHibiscus spp. .41 Acacle tchusippurthii/atasacanths .02
Hayremas hetercphyd ta 1 Berguaer tiodendron natalense .02
Scalopin zeyheri 39 Capparis wepinria .hg
Jovyalls cafire .38 Comlphare harvey! a2
Euclea natalensia J36 Cunonia capensis W2
Phytianthus retlculsgus T3 Fleus app, .0z
Ehrecla rigldssamaena 1] Unknoun 8 -0z
Chromolacrs odorsie .30 Erythraxylum emarginstom L0l
Rhus retwarn[ene ) Grewla flavescens Q%
Peltophorun africerum 39 Lyeium acut(Paliom .M
Zonthazyluw capense 2T Origia bachmannii .o
Tarchananthus eafpharatos T Ormacarpun trichecar pum .0
Canzhlum inerme 55 Ahus quelnz(f .91
Coodle rudis .22 Strychres madegascarensis .
Chactachme aristata -3 Abge marlethii -o!

Aselepias frugicess Ed]



TABLE 7.4

CONTAIBUTTCH OF EMCH SPECIES TO TOTAL CUMMUELATIVE CAHOPY CDVER X SCORES
LMFOLCZ] GAME RESERVE (98% GRID STLOY AREX

Species % Canopy Cover
specles X Ceropy Cower . eeeeae [ L L LT T T * temrmmrmamtraas
S g carfsgn bliapireta .2t
gpirastachys ofricins : 8,93 Grewta Bicelor .ie
Erefon meryhared | &.1 Naerua sngolensis Ly
Acacia nigrescena 528 Berchenin tovherl A8
fichrontachys glneres 4.7a Luasonis tuivensis b
Acscie grandicarmuts e ) firewin monticoln Wi
Asparsgus app, 4,19 iyaium scut]follum .18
Eucles unhitars 148 Pombeyn Fatondifelia A2
Ehratia rigida/emoena 3.35 Hippobromrss pauc Fflsrus 12
Tarchonanthus enmpheratus 3I.M Cepparis seplaria 0%
Euclzs divinorum 3.28 Euciss PaTsiensia b9
Maytamus remoraaa J.2% SErycnas Spe. LR
schatie capltaca 2.97 Diespyrof Spp. oF
Acaels kprran 2,55 Dombeys titfaces b7
heacts nilagica 2.26 fzoraa englierl b7
Brachylaens 1licifolia 2.18 Seolopis Teyhari N
aeacia fuederiezi] 2.0% Canthium pe. )
Pappla cepenala 1.98 tasine Cetragona -05
Acacin gerrardl| 1.8% Commiphora harvey! .05
Acacia corciiis 1,89 Crotoleris capersis b5
Euciea racemotn (1] Diospyros bycleides LG5
Plectronleils armats 1.77 Dicspyros whyteana 35
Meyzanuy Beterophylis 1.63 Erythrine tysistemon .05
reacia robusie 1.25 Lippia Javaalecn .05
Capparis temeniasa 1.4 Honanthataxis caffre b5
tica cordifef fafrhomiifelia 1.08 fhus rehmarntiang 0%
crewia #scgidentalis P Unkrawn & 5
ples eurcpars R Ianthazyium capense N
acacla borlege a7 Acacia burkel N
crevla flavs A7 Alag mariothil 02
Cormiphara neglecta 85 Cacaba natalensis W02
2izyphus mucranals .75 Clutis pulchelis a2
Arlma tetracanthz .73 Galpinie trensveslica WDz
Rhrs pencheri .75 Grewfa app. b2
Grewia flavescena .73 Meile aredarach P2
pyrestria hystriz .t Sesbanic punices B2
Schetls brachypetals N3 Seshanfa sesban o2
Saleoum LB Strychnss madagasceErenais .42
Grevin vif[zag K- Unenown ¥ .02
Grmacarpum trichocerpam N33 Urknown Z .02
rhofcissus rhomblider LK Ynknown 3 b2
Helanthus odyma W59 Unkrown & a2
Rhus gueingiy .37 Unknown 5 G2
Bascia aldlcrumes W57
Siderssylon inerme B
toddia rudie 52
Lomaretum agiculatim AT
cardsnia carnura AT
Mayienid senegalensis & T
Acacia caffra 42
Lassine transvanbensis T
fcacln sengal .58
Yrkrogwm 1% .32
selarstarys blrrear 33
Cassine acthinpics -2z
Garden|® volkensil -1



but only 1.56% of available bottles. The canopy dominant B.zevheri showed a similar pattern.
Three other species associated with this forest succession (K. flaribunda, C.caffra and §.inerme)
made up a further 4.62% of total canopy cover. Thesc 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 transitional 4. nilotica closed woodland-£. racemosa\B. zephieri

Lowland forest communities,

Umfolozi

In the Umiblozi Study Area:

[n contrast to Hluhluwe, the two major contributors to Total available boitles (Crofon menyhartii

and S gfricana) were aiso the two maost important contributors to total canopy cover.

The tall-growing A.nigrescens was the third most important contnbutor to canopy cover

(5.28%). It contributed only 1.04% of Total available bottles,

SPIZE ABUNDANCE LEVELS

CONTRIBUTION OF SPIZES TQO TOTAL AVAILABLE BROWSE

BOTTLES

Tables 7.15 through ta 7.18 give more detailed summary abundance data broken down at & spize level. The spize

data again reveal a more equitable distribution of available browse in Hluhluwe than in Umfoiozi. 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.meryhartii3, C.menphartii2 and S.africana3) accounted for 21,66% of all available Free bottles in Umfolozi.

IMPORTANT AND UNIMPORTANT BROWSE SPECIES

Tables 7.5 and 7.6 list the woody species in order of their dietary importance (in terms of all bottles caten) in the

Hluhluwe and Unifolezi Gnid Study areas .

0 "Acacia" species made up a large part of the total diet in both study areas, but more in Umfalozi (Hluhluwe

33.8% and Uinfolozi 46 0%).

0 Fuphorbiaceae species were key dietaty items. In both study areas S.africana was the most impaortant species
in the diet; while in Hluhluwe Acalypha glabrata was the second most important. Together these two species
accounied for 37.37% of the Hluhluwe diel. Crofon sydvaticus made up 2.5% the Hluhluwe diet while C.menyvhartii

made up 2.27% of the Unifolozi diet.

0 A comparison between Tables 7.5 and 7.6 reveals very similar contributions to the diet by the six species which
occurred in both study areas' “top 10" most important species lists (% All Boties Browsed - HluhluwejUmfolozi
:S.afficana 22.9|24.63 ; D.cinerea [0.63|9.97 ; Akarroo 8.16[10.58 ; A.nilotica 3.81|14.80 ;, A gerrardii 3.57[5.28
; Maytenus nemorosa 3.22{3.23). Proportional differences in their contribution to available browse in the habitat
were Iess similar (percentage Free Bottles Available - Hluhluwe|Umifolozi : S.africana 728]12.11 ; D.cinerea

6.113.03 ; A.karroo 4.40|1 45 ; A nilotica 1.300,93 ; A.gerrardii 1.01]1.00, Mayternus nemorasa 1,72[3.24),
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TABLE 7.5

CCHTRIBUTION 1O BIET GF EACH SPECIES : X TOTAL BROMSE BOTTLES EATER (WEW+OLS)
HLUHLLMWE GAME RESERVE 1647 CRIC STUDY AREA

Species

Spirestachys sfricard
Acalypha giabrats
Dlchrogtachys cinerca
Acacia karrdc
Berchemin zeyher|
Acacia caffra

Aeacfe nilotics
Aeaeia gerrardl)
Abuli longHiklarus xpp.
Hayterua memoroas
Croton 3ylveticus
Acacia robusts
Hippobromes paus| FLarua
2ityphus mucrohata
Diaspyroa slnii
Bovyalls caffre
Oombeyn burgrssiae
Rhus pentheri
Diaspyres lycisites
Euxcles racencds
Galpinia transvanlies
Lippia Javenica
Scutis myreina

Cogdla rudfs

Dorbeya rotundifalis
Figus sur

Geranfum spp.
adenopod|e spicate
Ehretia rlgldajamecnn
thdlgofern ratulensisseylingorica
Pleciranel|s armatna
Gelt{a africams
4colopla reyherd
Combrotum malle

Flcus sysomarus

farb Spp.

Mayleras senegsleneis
Sideraxylon fnerme
5olarum

nkngwrs 8

Acacin grandicornuta
Cogsine arthiopica
fuctes crispa

Rhyus rehmanniana
Acagia burkef
ASpAFRgULS Spp.
Canthivm spp.
Monanthataxis eafira
Phyllanthot retlculatus
Zanthozylum capents
Acec[d schwminiurthiéfataxaceths
Aenlayphz =onder [ana
Alpe markothii
Ascleplies fruticosa
Arfra tegracantha

X Botcles (Mewkoldl

22.%0
LY
10463
&.14
6,54
.21
1.8t
.57
3.43
.22
2,50
.30
1,44
1.23
17
1.13
1.0
-]
L85
55

N

.03

D.on

b.oo
b.Co

Speciea X Bactley
Berquaerticdendron nacslense
Bersama luceny
Canthiun inerme
Capparis sepfarls
Cappatin tormentosa
Cesaine transvaalensis
Chaetachme ariatatn
Chromalaena adorate
Cleurena anisate
Clutis puichetls

Cola gresnwayi
CommipMore harvey§
Cordia caffra
Crototaria capersis
Cunonias capensis
Cussonia spp.
Calbergis armara
Culbergia chovats
Dioapyras spp.
Blogmyres whyteana

Ery throxylum erarginatun
Euclea divinarum
Eucles netalensis
Eugenia nataltia

Fleus glumosa

Figus =pa.

Grewia caffra

Grewis flavesCens
Gresin oceidentalis
Karpephyllum caf frum
Hertercpyxis natalensls
Eramsla floribuds
Lyefum woutifobiem
Hanilkara concalar
Menflkers discator
Hayterws heterophyla
Hetanthua didyms -
Ochna hata|tls

Qricis bachmarnii
Ormecarpun trichocsrpum
Drorog sngler]
Pencovfa galumgenals
Pappin cagensis
Peltopharum africarum
Psychotrls capensis
Rhaicisaus rhombides
Rhofciasus tomeritoya
Rhoigistus cridentata
Rhus chirindensis

Rhuz queinzif

Rhus spp.

Schatfs brachypetsls
Sclerocarya birrea
Sesbania sesban
Strychnas [naocua
firychnos madagascarensis

(Newkqld)
b.og
G.00
0.00
0,90
¢.o8
b.on
0.0
0.00
.00
©.0o
b.op
.00
0,00
0.0p
Q.00
0.oo
o.00
Q.00
B.00
n.op
0.0
0.00
D.op
C.oh
b.o0
8.00
0.o8
0.ah
Q.00
B.0D
.60
0.0
0.00
p.on
ook
o0.00
a.o00
0.0
0.00
E.00
0.00
C.op
o.bo
9.00
0.o0
Qa,0p
0.89

G.Qo
o, 00
b.ow

Species

Tarchonarthy campboratbus
Teclea gereardif

Tecler nacalensis
Thespen{a scut{loba

Trems orlamcaifs
Triehaclaces grardiflorvs
Turreea flor|buxda
Unkngwn 15

Vernonia subul igera
¥itellariops[s margingta
Vitex harveysns

Kimenis =affra

X forrles ¢

Hew8D{d)

o.on
.00
o.co
G.ogQ
b.0g



TABLE 7.6

COMTRIBUTION TO QLET OF EACH SPECTES ¢ X YDTAL BAOWSE BOTTLES EAJEM (WEWOLD)

UHMFOLOI] GAME RESERYE 19089 CRID SIUST AREX

Species

Spiraatechys africana
Acesia kmrraa
Dichrostachys cincren
Acacie borlese
Ehrecln rigica/mroens
Aeacin gerrardii
heacin nilogica
Acacia tartilis
MEYIEDUS Nemarota
Schotls capttats
Acaste gengal

Craten menyharefd
Grewia fliava

Aeacia cafira
ASpErasus Tpp.
Lormiphars neglecta
Arechylasns Ilicifalla
Canparis tomenisns
Grewia oroidental(s
Aceeia rebusta
Ormgearpom tFichocerpum
Tarchonanthus camphoradis
atreis nigrescens
Grewia bicolor

Pappria capennis
Piectronfeils armata’
Arima terreepntha
Cassine trangveniensis
2 fryphus mucronsts
Boseia afbitrunca
Sida cardlfelis/rherhitolia
Gsrdenfn corputa
Acacie grandicarruts
Rhug guefnzif

Acacls luederitzid
Grewla viliasa

Rhus penther|

Grewla flavescens
Uakngwn 5
Rhefcfasus rhombldea
Caddln rudis

Solarmm

Euclea divinerum
Euvclen racemase
Scolople tcyherd
Kelbs arcdarach
€ndaba nazalierais
Lycfun acutlfolium
Lnknown &

Erythrina Lysisiemon
Kayterus heterophytLs
Pyrastria hystria
Eoreherla 2evheri
Crotelarfa copensis
Alespyros tycialdes

% Batilea (Neuwkiild)

24,63
10.5%
9.7
.52
.39
.28
4,89
4,17
3.3
in
.35
2.27
1,23
.17
Y17
o
V.01

.24
24
24
.19
19
L4
1]

.13
A
.1
-n
.08
.03
.03
i
.83
.05

Sparina

Fuclea unchtleta
Qzoron engterl
Siryends spm.
Unkmewn 5

Maerun AngaTemsis
Melant g dicyme
Aeacis turkel

Aloe marfathil
Canthlim 3pp.
Capparis sepiarie
Larigas bisplrase
Cxafre t2iregons
czasine wethiopice
Clut!la puicheils
Combratism spicuistum
Commiphara hervey!
fussonis Tuluensia
Di{aspyros'spo.

D] aspyres 'uhyteann
Dombeya retundifotia
pombeye {1 lacca
fuciss Ratalensia
Galptnin tranaveniics
Gardenle volkensil
Grevia montlcele
Grewis spp.
Hippobromis pauetfiorus
Ltippia javanice
Huytenus senegainnsin
Monanthotazis catfra
Dlee turcpass

Rhus rehmanniana
schotia brachypetais
Selerocarya birrea
Sesbanie punices
$aaben!s sesban
Sideroxylen |nerme
S$trychnos madagascarensis
Unkrsen 1

Unkhowr 2

Unkrown 3

Unknowr &
ianthazylum capense

X Bottles (MendDid)

-1

05

.05

-]

03

03
0,50
B.00
.00
Q.04
.08
B.0O
a4
9,60
a.90%
9.80
000
o.80
¢.o0
0,00
5.00
o.00
g.00
¢.00
0,00
Q.60
.00
°.00
¢.0g
Q.00
E.00
G.09
0.00
0.0
o.00
o.p0
.0
.00
o.oo
o.80
¢.o9
0,00
.60



"FIGURE 7.1 Relative contribullons to the diet and habitat of the six species which occurred in both study argas’
lists of "top 10 ,most impontant species” in the black rhino woody plant diet. Felalive percentages were calculated
using thetotal % score for the six species as the denominator, indices of Dissimilarity caleulated as per '
Hammaond & McCullagh {1974). The index of Dissimilarity is alse known as Flarence's {1848) Coefficien! of
Localisation and Smith's (1969) Index of Change.

SPECIES x / SUM OF ALL 6 SPEGIES AS %

INDICES OF DISSIMILARITY
DIET 1M1.1%
HABITAT 58.8%
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Figure 7.1 illustrates this quite ¢lcarly. In Figare 7.1 the above percentages for the six species were scaled t¢ 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 11.1%, the comparable figure
for the six species in the habitat was 58.8%. This finding suggests that there may be a {imit (o the amount of a
certain species a black rhino may choose to eat irrespective of its abundance in the habitat (g. g, S.afficana), If this
is true there are importan( implications for habilat assessments and the feeding of cut browse to boma'ed black
rhino. This behaviour could be due to the need to obtain different micro and macro nutrients or specific fatty acids
(Bruce Davi:dson pors.comm..) 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.

0 B.zeyheri and Abutilon/Hibiscus species were oiher imporiant dietary components in Hluhluwe (6.14% and

3.43% respectively).

o In Umfolozi, ather important dietary species were Ehretia rigida/amoena (5.39%), Schotia capitaia (3.01%)

and five Gre;’wfa species which together made up 3.1 % of the diet.

0 With theexception of M nemorosa, Maytenus species were relatively unimportant dietary ilems - M. feferophylia

and M.senegalensis together contributing only 0.14% and 0.08% to Hluhluwe and Umfolozi diets.

0 The Gnd survey indicates that the dietary importance of Solanum species and D. lycioides was overestimated

by the Pijot survey, These specics only accounted for 1.00% of browse offtake in the Hluhluwe Grid survey.

0 As a group, Eucieas onjy accounted for 0.62% of total offtake in Hluhluwe and 0.37% in Umfolozi. This

contrasts with their major centribution 10 Total available bottles (IIlphluwe: 10.52% Umfolozi; 12.90%).

0 Rhus species were alse unimportant, contributing only 1.03% and 0.59% to the Hluhluwe and Umfolozi diets.
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TABLE 77 =~
COWIRTBUFION PO OFEY OF EACH SPECIES X TOTAL MEWV BROVSE BOTTLES EATEN
HLURLWAWE GAME RESEAVE 1PAF GAID STLDT AREA

Species X Bottles (Rew)
tleneostachys clmeres 2.
Aealypha glabrpts 21.49
hcacias caffra 13,04
Acacis karpoe L)
Spirestachys africana .26
Acogie robusla 3.2
A=pcls nifotlice 3.2t
Wippobroma paueiforus 3.
Errchemls zeyheri .75
Acacis gerrergil 1.8
Diaypyres simlf 1.74
Haylers nemoTaso 1.56
Lizyphus rucronata 1.33
Crotea Bylvaticus 1.1F
Llppia jevanlca 1.14
trembeys burgesslae P2
Flgus jur 13
Adenopdie agfcata 3
Indigniers retalensiascylingorica R
Cowkfi® riuxfly .55
Beutia merting W58
Galginla transvaailcs &b
Bizspyras lycloides _I7
Ficus sycomorys A
Farb spp. 37
Celrin afeicans .28
Bavyalis calitrs ]
LI T 2B
Unkngwn 8 .8
Atac by grameicoenury Ml
Enretia rigida/omcera .78
Flectronelin armats PRl
Rhus rehmarniang .18
Scelepls gepheri .18
Acacta burkel JBF
Asparagus spp. 09
Homanthotaxls paffea il
ahyiianthus ret!iculatus .09
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TABLL 7.8

CONTAIGUT|ON i0 8'E! OF EACH SPECIES 3 X TOTAL LD EEWSE BOTTLES EATEN
HLUMLAWE CAME RESERVE 1989 GRID SIUDT AAER

CoNTRIAUTION Ta BEET OF Zacy SPECIES : X TOTAL QLA EROMIE ao11LES EATEN
HLUHLUME GAME RESERVE 19859 GRIE STUCT ARER

species 1 Bortles {oOld)
Species % Battles {0l e L LR YL T E PR LR R
et et aemaeemmsieameneerEEr mereteeer e [lausena anfszta .60
Splrostachys sirfcans 282 clutfa putcheiia a.c0
Azalypha glabreta 19.78 Cola grocoweyi a.co
Atatia karros B84 Conmiphore harveyl 0,00
Berchemim zeyher! 8.5 Corgia caffra B.90
Soutfion/Hibincus app. S.AT rrotoiaria capensis 0.3
CAeecla gecrardr! 4.40 Curonla tapensin €.00
Haytcnus hemorsse 4.2 tussoals spp. 4.0
heaoin nilotrica 4.8 pelbarg!a armata g.o0
Clichroatathys clinerca 3.39 falbergia shoveta t.00
Croton $ybvaitous 338 alasprros spe, o.on
Asdcin fobusta 1.75 Biotpyros whyleans a.c0
Davyalls cafira 1.84 Erythroxylum emargingtun .08
thus pentherl 1,53 Eucles divingrum o0.82
Oorbeya burgessise .20 Eucter ratalensts o.08
Obaspyran Lyclaides 1.15 Eugen'a natslitia ¢.00
2fryphus mucronata },15 Firus giumcsa 0.90
Euties ragemosa B8 Ffeus 1pp. o.0n
Hlospyras simif B2 Figus Sur 0,00
Acacin caffea .55 Figus sycomorus: G.oo
Dombeys rotundifolin 5% Fark spg. .00
Galpinip tronzvaalica LAk Grew!ls cafira .00
Gersnium spp, K13 Gresfa Flavesceny 0.00
%ippobromus peuce flarud R Grewis occidentalls G.on
scutla myrtlna 32 Hurpaphylitm caffrom ]
Ehrctin rigidasamzera W27 Herercpyriz matslensis e.40
Piecirontefle armata 7 tndigofere nutalensissoylingorics 0, 0¢
Coddia rudls .22 Yraussls {loribuie G.pc
tonbrratim malle 22 Lycium acut i fol fum 6,08
Haytcnus senegafensis W32 Hap!ikare concelar G.0g
sideroaylon fncrme W22 Hanilkars discolor n.oo
Sceiepia zoyher! s Maytorua heterophyls a.80
Catslne aethiopica .M Helanthus didyma o.e0
Celtls africana RE Monanthotarls cad fra 0,00
Euclen crispa RE sehna nataltfa a.84
Canthlum spp. 05 Oricis bethmannl ] ¢.a0
tippia Javenica 0% Drmocarpum trichocarpun g.00
Falanum .08 Otoroa englerd 1)
Zsntiotylun capense .08 Panzoviz golungensis o, o0
Acecia burysl a.00 Pappla capensie Q.00
acacia grardiearnuta 0.00 peiropherun el icanm .00
heagia echwelnfurthl {fatazacaniha a.64 phylianthus reticutetus .00
heniaypha sonderfana g, 04 Fiychotein capensis B.00
adenopedla spleata 0,00 Rhodcbssus rhorbidea T 0.0
Aloe mariothil 0.00 rholcissus tomentoss 4,00
Ascleplas fevticosa 0,00 Rholeizsus tridentats G.o0
ASparagus spp. B, 80 fhux chfrlrdensia b. G
Azima tetracantha B.00 fhur quelnzit o, oo
Serquacrt {odendran natabense 0,00 Rhus rehmaonlsne ¢
Bersama lugens [ Rfius 5pa. p.og
canthium fnerme 0,00 ¢chotls brechypetala .09
Capparis sepiacis a, Selerocaryn hireas 0.09
Capparis tomentesa o.00 Seskanie seshan 0.ce
Cassint tramsvazlcnsis i strychnos Inhacua .09
Chaptachme sristats [YRTL Skeyclnnos imadegadidrens’s n.00
Chronelaers adorata B0 Terchoranthud campheratus .06



TABLLE 7.9
COMTRIBUNIQON 10 OTET OF EACH SPECIES 3 X THTAL NEV BROASE BOTTLES EALEM

COMTASAUT IOW TQ BIEY DF EACH SPECIES : % [OTAL WEW BROWSE BOTILES EATEN UHFOLGTT GAME RESEEVE 1989 GRiD SIUOT AREA
UMFOLOZ) CAME RESERVE 1986 CXID $TLOT AREA

Spacics I Bottien {Hew)
Spestes % Battlen [New) R LR samnreems e e ELE LT LT T
arawremrrmmsrsan Coddis ridis g.ao
splroatachys afriesns ' 1Y.09 Combrretim aplculatumn .08
Bichrastathys ¢lncren 1,1 Commiphara harverl © 0,00
Acacse gerrard(l 9.24 Cuszenla zuluensis 0. 00
Arscis tarfoo B.%7 Olespyros 1pp, c.uo
Acacls bariene 5.0 Ofaspyros whytesns c.ee
Hay 1 EMUS PEMOroSA 5.27 Cpmbeys ratund! folls 0. 00
Aeaels milotien 3.T0 Dombtys Lifiaten 0.80
Coppacis fomenicss 3,584 Eucles divinerun 4.00
Acucle tartllly 2.85 Suzles netalensis 0,00
Atacin Eotirn .71 Euties ratemmza 9.08
Craton menyhart il LTS ’ Eucles unchilars 0.09
Ehrevls rigldefemoene 214 . Coiplals transvaelics a.40a
Sthatla capitata 1.99 Fardenl s walkensii ’ c,o0
Peppin cipansls 1.42 Grewin bieglior a.08
Flestronbeils armatn 1.82 Grevwia montfenla 3.04
TerchonanChus eesphoratus 1.2 Grewls »pp. a.ca
Cagaine trapsvanlenals 1,28 Hippobromus pauelflorus c.oo
Asparagud Spp. [T Lippia |evanles - c.0g
Sida cordlfolinichombifalia 1. 1% Lyeium aeutifol fum .00
Acaels nipreserns 1.00 Mayterus senegalensit 4,00
Boseis sibitrunce 1.00 Helantings dtdyma 0,00
Grewia flavegreens [0 ' Monanthacaaly caffra 0.00
Crewla eccidentatly 1.68 Clca turppaca 0.00
Aeacla robuse BS Oraros engleri 0.00
Scvtaphn Reyher] .EB5 Pycottrie hystrlx 0.90
Arwcla grardlcorruta I thut panther! 0.08
Grewle vllloss Tt khua rehmannlane 000
Metln wtedecech L1t Schotla brachypetrin 840
Atima tetracanthe 57 Sclerosarys birrea ¢.00
Conmiphors neglecta .57 Serbanls punicen 4,00
Grewis flave .57 seybania seshen 600
At gueinziy .57 Sideraxyion fnerme d.00
Erythring lysistemon Li3 £olarm 0.00
MayrErmy hegpraphylts %3 Strychnos madagascarens|s @00
Brachytaena iliedioila LI Stryenes Spp. 0.0
Crololerls copensls 15 Unknown 1 0.00
unkrowh & .28 Lnkrawm 2 9.00
Acacla Tuederityif RT3 Unkrawn 3 0.co
Aeaele zengad RT3 nknown & B.00
Berchemis tcyheri RT3 . Unknown 5 0.Co
0lospyron lycloldes 13 Zenfhozylum capcmae 0,00
Garden!s corruta R Z[gyphus macronats b.c0
Marrus angelensis 16
Qrmocarpum crichacarpm Y
Rholelssus rhovbides .11
Upknowt 13 R
Reacky burkel o.on
Alpe wariothil .00
Catfatm Aacalensiy 0.0
Eanthlum cpp. .00
Cappnris yeplarin C.go
Carlizss bispinoie c.on
Carine 1etragons p.00
Caazlne nathloplea 030

Ciulias rrlchella . C.ag




TABLL 7.10

COMTRIBUTION TD B|EF OF EACH SPECEES ¢ L TOTAL LO BROWSE BOTWLES EATEN

UMFOLOZ] GAME RESERVE 1987 GRIC STLOY AREA

Speclas

X Botties (QLd2

Splrostachys africena
acachn karroo
Richrastachy: clneres
Ehretla rigldasamgens
Aeacls nilogica
deaela boriene

seacia tertllls
Acacla gerrardll
fchetia coplonts
Acacls semgal
Heyterus nemoroas
Croton mervharti|
Greuin Flava
RAPRragUs SPP.
Brachylsena illcifalla
tormiphore neglects
Grmacarpum trilchocarpam
Acacin caltra

Grewin occidentslls
Acacin robusta

Grewiy bicolar
lizyphus rucronata
Acacla nigredeens
azims betracanths
Terchonnnthus earphoratuy
capparis tomenteda
Grrdenkn cormata
Pappla capensiz
Phectroniella ermate
Acacin fuedapjtz!|
Ahis pantherf

foscla albfirunca
Cassipe trensvanlendls
fhofeitsus rhambidea
Rhus gueinzii

Sida eardifolin/rhombifolip
Unkhpun 15

Aceela gramdlcormuta
Coddia rlis

Salaram

Euciea divinerum
Euclen raeemosa
Gredia wiflosa

Cadaba matabensls
LycTum aeuciiclivm
Pyraxtris hystriz
Eucles vndulara
Grewls flavesceny
Groroa engleri
Strycnos spp.

Unhnown 5

Unknown &

Berchemia reyher!

.33

il
.26

W26
W26
.21
.23
.23
.20
.28

.13
W13
Al

A7
a7
0F

A7
ot

COMTRIBUTION 10 GIET OF EACK SPECIES @ % TOTAL OLD BROWSE BOTILES EATEN

UKFOLO?] GAME RESEAVE 987 GALE $TLOY AREA

Species

X Bornlea {01

Aewe |y burkel

Aot marigthid
Canth lum spp,
Capparis sepfarin
Carisas blepinera
Casire tetragona
Enatfins aethiopica
Clutis pulchella
Corbr atum apiculatun
Commiphora harveyl
Cratetaria capensia
Custonie zuluens is
digapyras app.

‘Tlotpyros whyteans

Dorbays rotund[Folin
Bombeyn tiifacea
Ervthrina bysistenon
Euvclen natatenais
Galpinta transvaaiica
Gardenia velkensil
Grewia monticsla
Grenie app.
Kippebromus pauciflorus
Ulppin javanica
Maeruz sngeienals
Heytenous heterophylle
Mayterwa sencpalenais
Hebia szedarach
Honanthotanls exffrn
oles eurppozs

Ahur reymannlane
Schotis brachypetsia
Sclerscarya Blrrea
Seoloplw teyher]
Sesbivnin punices
Sesbania zesban
Sidcroayion Inerme
Strychres macsgastarentis
unknown 7

Unknawn 2

Unkrown 3

Unkrewn &
Zanthatylum capense

0.00
8.00
.00
.08
B.0OB
0.00
0.80
0.08
090
o.00
0.00
2.00
0.60
1.00
9.08
9.08
0.80
9.00
0.90
B.00
d.00
0.0
0.0
0.09
.08
0.00
0.90
0.08
9,00
0,09
0,00
0.80
0.498
0,02
0.00
0,08
g.cg
8,00
0.08
5.0d
0.04
4,00
0,98



DIFFERENCES BETWEEN LATE SUMMER (NEW) AND OLDER (OLD) BROWSING

Tables 7.7, 7.8 (Hluhluwe) and 7.9 and 7.10 (Umiolozi) list the woody species in order of their dietary importance
broken down into latc summer diet (new bottles browsed) and the diet during the rest of the year (old bottles).
When camparing directly between Umfolozi and Hluhluwe it should be remembered that Umfolozi plots were

measured on average about 1 month later than the Hluhiuwe plots.

o S.africana and A.karroo appear to be less important dietary items in late summer (%NewDiet|%OldDiet

Hluhkiwe 13.59{41.46 Umfolozi 26.06)37.32).

0 D.cinerea, A.glabrate and A.caffra appear to contnbute more to late summer browsing (YaNewbDict%01dDiet

Hiuhluwe 57.30{14.22 Umfolozi 13.82)10.53).

o The differential coniribution of "Acageia” species to the diet in the two study areas was most marked in late

summer (Hluhluwe 23.1% and Umfolozi 49.7%).

PREFERRED AN REFECTED BROWSE SPECIES

PREFERENCE AND REJECTION INDICES BASED ON BROWSE BOTTLE DATA

Tables 7.11 and 7.12 present Species Preference indices bascd 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 browsc bottles within: black rhine reach, but not hidden by grass) better describes available

browse as seen through the eyes of a black rhino (compared to Total Botiles).
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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 1 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 digt were also the most preferred species.

o In Urmnfolezi the 7 most highly preferred species were all "Acacias”. (4.senegal also appears to have been highly

preferred in Umifbolozi, but this species does not appear on Table 7.11 as it contributed less than 0.25% of all Free

bottles in the habitat )

© In Hluhiuwe, 3 of the 4 most highly preferred species were Acacias. The ubiquitous D. cinerea and A.karroo were

also preferred species in Hluhluwe.

O S.africana, A.karroo, A.gerrardii and A nilotica were preferred species in both study areas.

© In Hluhluwe, A.glabrata, B.zeyheri, Abutilon/Hibiscus, If. pauciflorus, D.caffra, and D.burgessiae were also

preferred species. These species were rare in Umfolozi enly contributing 0.09% of Total available browse bottles.

© In Umfolozi A. borleae, A.tortilis, E.rigida’amoena, Grewia flava, Commiphora neglecta, Capparis tomentosa,
G.occidentalis and Azima tetracantha were preferred species. These species were rare in Hluhluwe only

contributing 1. 10% of Total available browse bottles.
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TABLE 7.11

Tey to Free Preference Index Sywihols @ *™* Kighly Prefered (»22.75); ** frefered {2-2,74);
* S{fght preference (1.25-1.%9); - S1ight rejection (0.5-0.793; -+ Aejected {8.34-0.4%):
and =++ Righly refecked (40.38)

LM AE 198Y CRID SUMYEY
SMECIES PAETERENCE RATIOS (For Speclem with XFroeBottlex »= D, 25X}
DEFA SCRIEQ 87 X CDYTIBUTION TD {OTAL wooDY O4ETF £0ld & Wew Bertles)

Species Feee prel Inden Total prel Indea Cover Pref Imdea ITotal Bottlex XFres Bottles XCahapy Cover TAilBatEaten Fres:total Bol. Ccever:Total Bef.

Spirosrachys africans . 1.1% 3.9 &.59 5.7% 7.28 Y 22.%C 1,28 K
hcalypha glabrats b 2.53 3.28 &.75 [N 5.7 Z.14 TEAT 1.30 AY
olchrestschys clreres . 1.7% 1.37 5.1 7.73 &1 4,22 &3 - .80
stacls tarrao . 1.83 1.50 170 5.44 [T 5,30 LAY .82 e
Werchemin zeyhard . .89 2.9 .87 .94 325 r.o? 4.4 1.1 .40
Acuctn caften e %0 2.0 5.78 5. 64 2.60 5.21 e .45
Acatie mliotiza san 2.9 2,43 i 1.38 7.0 5.&5 1.a JB3 .49
Azacts gerraedl! e 1.55 £.34 2.2 . B t.or é 357 1.23 .20
abut| lonsHib) scus spo, - 1.72 z.e 8.33 §.43 1.99 41 1.43% 1.22 .25
Waytenus nemarosa . 148 .29 Y67 [} T.7R 2.19 3.2 .22 j.5&
heaels robusts rre 4.7 £.75 t.EB L3 .33 1.22 2.0 ] 159
#ippabromes paut] Flarye war .12 E.5T7 2.12 1 L hE .58 144 ¥ 1.2
7}eyphus muzronata +.05 1.00 t.10 1.24 7 §.12 1,23 95 9
blospyros simii - 39 &9 N 1.1 e 1.63 : 1.57 1.1é 28
Rovyells caffrs b 2.5% 2.97 2,96 ! .45 .38 L1 119 V.to
Corbeyn bergessiae - $.43 1.40 1.99 T4 7 55 1.0 ] R
Rhus pentherd Ea] B 21 A5 4,42 ) 5.2 4,58 R 1,1 1,62
Diospyros ly-ipers e Al A .z 5.53 4,47 1.2 o) .1 58
Euclea racemasa e A3 A5 .05 3.40 5.2¢ 12,32 b1 1.1% 3.7
Calpinis tramsvesiica R .9 A7 AP .33 .51 &5 1,04 §.04
Lippie Javenica == ML .07 .20 .28 1.%% .29 43 T L4
Seutie myrtins --- 4 .20 45 Z.08 2.5 .77 Y .2 1.33
Coddis rudis - 13 .42 1.57 N1l .95 w22 i 1,14 W27
Sarteys roturdifoliy - ¥ 1 1] 1.09 .1 59 34 F-1 V38
Adenopodia spicata - g2 92 ] .24 .33 .79 W24 V.27 102
Ehret!a rigidasamazne - N1 W54 .7 h Ry el W24 1,13 e
Blactronelia armata R L4 .20 L2 . t.47 1.0 i 1,21 .90
Seolopie zevheri . £S5 .58 L 1] 1] .39 A7 1.24 1.24
Combr et mafie -- WAh .45 8 .M A T7 L4 1.02 z.5
Hayterws zenegabensis e L5 W05 M) .oz .87 1.67 11 1.02 La%
Stderoaylen inerme - W24 .27 A5 .50 W58 5B AL [ AL y.Tr
4al wrem - Al .0 9 1T 164 1.1 -i% N.14 T&
Cataine aethfoplen e LI a1 Rl 21 b .63 .07 1.24 3,07
Ewclea crisps - .33 L2 N ' nn 2.27 1.4% Nix L&1 1]
Rhus rehmanniana e W12 .07 .23 93 WAy .30 .ot Y 32
Honanthotnais callrs --- LA .43 34 2d +25 Bl 032 W94 &9
PHyb Fanthun reticuiatus L 19 0¥ i .3 .13 %13 .p2 N-E] -8
Acalaypha sonderigha L 0.0 0.90 o.o0 .80 1,04 57 .80 i.58 s
Alima tetracanths e R.00 0.00 D00 -1 JFa ) 0.00 1.10 W18
Canthlum {nerqe === a.10 LN 0] o.ob 28 L3 25 .00 1.01 .55
Chroraleena odorate - 2,00 &,00 0.00 .27 .13 ] 9.00 1.23 1.2
Ciutia pulehells e Q.00 000 Q.00 A Lath Tl B.00 1.08 V.72
Cordia ceffra . oo -9 +1] 0.ED T T 1,27 0,00 1.87 1.74
Dalbaryid obovatm - 0.09 7.0 ¢.00 K1 A o 000 1.13 1.73
Fuctes divinorim - 0.3 [c ) ¢ of 2.56 3.7 4.e2 ¢.00 3.3 1,84
Euclen natulensls . B,00 oG 2,00 ) Rl As 9.00 1.28 1.62
Heterapydls natalentia me- G .00 4.0 -1 A3 69 r g.n B4 1.3%
Lraussia f lo-Tbursda - 0,80 .00 4,08 3.24 458 2,67 .00 1.20 4
Raylemis heteraphyiln - p.i0 b.00 0.60 -1 o .39 0.6 97 .15
fhalgistus tridentatn R a.0¢ ) 2,00 0.od 2.63 t.82 1.64 9.00 .62 62
Sehatia brachypetala - k.00 0.0 Q.00 W25 .25 .85 4.60 1.0% 3.4
Seclerecarys birren - 0,00 B.0o G600 I7 .28 1.20 0,84 W TE 1.3
Tarehsnanthus eampharatus - b.on o.o0 .08 .Ap Ja .25 o.oe 1.24 R

Verrarla subns [gena B.O0 600 G080 2.93 Too2.aR 1.37 2,00 1,09 53



TABLE 7.12 UMFOLOZE 1909 GRID SURVEY

SPECTES PRETEREHCE RATIOS [For Species with XFreeBottles »= D251
DATA SORTED BT % COMTISUTION TO TOJAL WOORT DIEM (Dt L Hew Bottlen)

speches Free Pref [rdex

spirostechys africara Lo Z.03 2.1%
Acacie Xarrop - 7.5 4.35
Gichrostachys chnerea b 3.9 2.48
Acaris borirae . 2.52 2.82
Ehretin rigida/omaens - 1.59 1.42
Acazie gerrardld bl 5.29 451
Jeazia niletice e 5.18 3.70
Arazim torvilila R .37 2.4%9
Maytenuy nemorcsd S 1.09
Schotla cepitela .93 1.4
crecon menyharcii LR 15 .16
Lrevia fleva . 1.87 1.45
Acacia caffry b 2.9 .2r
ASpAragus tpp. - .28 a7
Comlphora neglecta - .: 1.77
Brechyleens Fiicifalia LR .25 87
Capparia tamentosa - 1.39 1.96
Grewis octidentalis ¥ 1.54 1.40
Acec[a robusts 1.07 1.17
Terchonsnthus esmpharatus --" .20 A7
heac e nigrescens - A8 59
Pappin copensis 1,14 1.26
Plectroneila srmata = .29 el
Azfma tetracantha - 1.5¢ 1,41
Zizyphus mutronats - il uth
Acacia grarddismrnuta v .09 .18
Rhus gueinzil -- 37 Pt}
Acacha luederivzii .- el .41
khus pentherl --- N L AT
Grewin flavescens RN 3 .23
Rhaieissus rhonbides . . N3 -
Cockdls rodis - .13 .1
Euclea dlvinorum - .03 k|
Ewcles recemosa il .08 .QE
Haytemus hetersphylla - ML A7
Fyrastria hysiris o Lr2 .13
Eucles wundulata aas .M .01
Zarissa bispinpsa --- Q.99 0,00
Hayteriss senegaleniis e 6.03 009
Oles turcpacs A 0.00 .00
$ehotla brachypetais il 0.03 9.00
Sideragylon inerme e Q.00 [+ ]

ey to Free Preferencet Irdex Symbals @ *%* Highly Prefeced £#=2,75);
* Stight preference [1.251.99); ~ SUight rejection [0.5-0.79); -- Rejected (0.34-0.40):
arsd *+- Highly rejected (<0.38)

v prefered (2-2,747;

Total Pref Trufex  Cover Pref bodex

.78
3,94
2.1
6.3
1.41
z,.a0
2,12
2.32

99
1.0

.28
1.44
2.17

]
1.1

W67

0.00
Q.00
c,n
.00
¢.nd

®ey to Free Preference Index Symbols @ ** Wighty Prefered (»%2.751;

ernd --- Highly refected (<0 15}

XTocel Bpctles %Free Bottles XCanopy fover FArigotEaten Free;Total
Th.68 12.11 B.53
2.4% 1.45 2.66
.02 .03 L.74
1.98 2.1% AT
LN I.3% 3.35
i.28 1.0 1.89
1,30 .93 2.25
1.74 1.78 1.89
2.9% 1.2 3.25
2.49 .25 2.97
13,98 15.50 L
i N 87
W52 LAC ]
4,40 £,23 6.17
AT L4 .85
31.82 4,05 FRT)
.93 .1 1.18
57 -51 .9
b 70 1.%5
3.8 3.y 3.0
1.04 ) 5.28
R N 1.94
1.79 .93 1.7
a7 .33 i
4] .61 LTe
3.34 ALY | b GE
B4 ] J3%
49 72 2.05
1.56 .39 75
1.05 k.18 3
W18 A7 .4
-51 .5F .52
5.85 5.98 3.28
1.9 2.00 1.4
1,85 B 1.61
-t K- LB
L2l 5.49 1.8
&3 .70 .21
.7E S ST
89 1.43 B4
2,67 o 48
WAL .4a 5L

ve prefered (242,74}
* Slight preference (1.25-9.9937 - Slight sefection (O.5-0.7%); -- wcjeeted (0.34-0.491;

1.43

1.02
1.85

112
112
LN

i
1.13
1.13
1.0%

ClowertTakal Bat.
W73
1.c?
1.18
.65
1.0
1.58
1.74
1.67
1.19
1.03
1]
1.47
N1
]
1.48
B
1.28
1.6%
1.%5
LB
.06
.45
.
2.03
1.14
1.3
)
2.%
.58
N1
1.49
B%
K13
¥
1.a52
.1
.73
214
.45
1.08
.28
1.24



¢ A.caffre was highly preferred in Umfolozi, but only intermediate in preference in Hluhluwe. Again rhino
preference for a spize increased as its abundance decreased. A.caffre was the third most abundant specics in

Hluhluwe in tcrms of available bottles, but only accounted for 0.52% of available bottles in Umfolozi,

0 Safticana, A.robusta and M.nemorosa werc also less preferred in the study arca where they were more

abundant.

0 4 _nilotica was less preferred in Hiuhluwe where a much higher proportion of A.nilotica foliage was out of thino

reach (CC:TB ratios Hluhluwe:3.49 Umfolozi:1.74).

INTERMEDIATE/REJECTED SPECIES

© Ziziphus mucronata was intermediate in acceptance in Hluhluwe and slightly rejected in Umfolozi where it

formed a greater proportion of the available browse boutles.

@ Rhus (cxcept R.guenziiy and Euclea specics 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.

0 The physically defended A.grandicormuta and A.fuderitzii were rejected in Umfolozi (as found in the Pilot

survey).

© In Hluhluwe, C.caffra and K floribtnda werc tejected, corroborating the Pilot study findings.

© The abundant I javanica and D.Kcioides were also rejected in Hiuhluwe.

0 The three species with the greatest mean grass interfercnce in Hluhluwe (F crispa, R.tridentata and

R.refimanniana) wert all highly cjected.
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o Fifiy-four species in Hluhluwe contributed at least 0,25% of all Free browse bottles in Hiohiuwe, Much of the
foliage was out of reach for black rhino on ten of thesc species (CC:TB Ratios> 2). The majority of these ten
species were rejecied (fo.racemosa, S.birrea, C.aethiopica, S.brachypetala, Adenopodia spicata, and C.molle}. Of

the ten species anly B.zeyheri, A.nilotica and A.robusta were preferred.

o S.inerme and A nigrescens were the two 1all species in Umfolozt with the highest proportion of their foliage

unavailable te black rhino. Both species were rejected.

O Although C menyhartii was the eleventh most important species in the diet it was highly rejected,

© Of eight common species in dense bush clump vegetation in Umifolozi, M remorosa, and S.ecapitata wete
imtermediate in prefercnce. Rhoicissus rhomboidea was 1gjected, and E.undulata, B.ilicifolia, Olea exropaca,
Pyrostria hystrix, and Carissa bispinosa weve all highly rejecied. This corroborates the finding of low preference

for this cornmunity in the Pilot study.

PREFERENCE AND REJECTION INDICES BASED ON COUNT DATA

For comparative purposes, Tables 7.13 and 7.14 present specics 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 claser resemblance to the psychological immpressions about
species selection gained during fieldwork. Tt therefore appears that buman perception is most influenced by the
proportion of available individual plants eaten, rather than the density of plants eaten, the fraction of the available
browse caten, or mean offtake levels per browsed plant, The latter variables contribute more (o Free browse bottle

derived preference indices.)
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HLUHLLWE 1989 udiQ YURVET
SPECLES [HPORFANCE, AWALLABILITY Ak} PREFEREMCE IMOICES AASED O COIHT BATA

(FOR SPECIES WINH MENS!ITIES OF »n S/ha)

TABLE 7.13

tree n Eaten/ia  Tree nt Prexent/Na

% Total n Freaeng

wotrerrreferencelindex % Toral p Eaten

Speciey
Abut TlonsHibireus aga. . .50 i) .50 .28 35.54
acacia caffra - .50 3.6 2.03 L84 143 .84
Acacia gerrarcé| aaa T 1.83 .24 2,68 16.47
Acacis Xareoa - V.34 A 10 [ 3 526 Az
sacia pllotica . .50 3.66 2.45 4.9 Lre -1
Acacid rotasmta aue 2.79 2.26 ] 3.43 52,89
Acalayphs gercherana 4,00 ¢.00 K1 0.9¢ 35.81
Acalypha glabraea e C4.29 19.98 2.56 1%,63 188,99
adenopodia spicaes * 1.97 .20 Rl 23 7o
hsparagt 3FP. - 2.67 .24 .04 -8 5.7
Azima tettscantche 0.0% 0,00 o9 2.00 6.57
Berchemla zevheri . 1.5% 5.469 3.47 nn 25¢.27
Canthium inerme . J.08 .00 il Q.00 21.%0
Cepparis tomentos: P 0.30 9.00 Rel .00 7.25
Cazsine asthicpics 1.23 .20 Rii .28 11.71
Caltis sfeicana . 2.04 1,02 L9 1.38 34 .85
Chantachme aristata .- c.oo 00w .15 0.08 1.7
Cheanslaens odorary - 0.0a .00 ] J.0o &89
flaysena smigatz - a.90 g.00 1 0.m .
Clutia palshella - 0.00 0.0 .58 g.00 .1.05
Coddis rudis - 2.0 1.02 .50 1.38 15.47
Conyretim molle . .55 ra:l ar -2n 2631
Corciz caftra c.00 .00 1.04 Q.00 74,45
Croeam zylvaticus s to.18 - o3 [l §.65
Cunonis capensis a- 0.09 0.00 .09 o.on & D&
Oalbergis arocaty - .00 .ol K1) 000 7.7
aslbergin sbavars .- a4.90 Q.m0 a3 0.7 £a.:4
Gichrastachys cincrea bl T.68 15.8% 942 21.59 £55,94
Qioapyrox Lycloides .- .20 1.62 499 138 35249
Q{oapyras 4imil - .53 1.62 2.69 .9 A= A
Ulosgyros 1pp- s 0.00 0.0 25 0.08 17.77
hembeys bargessise LEL] 4.1 1.83 L0 2.28 27.956
fembeya rotundifol a - 7 .20 1.8 -28 as.20
Opvyaiis caffra ame 1.2 1.02 5t 1.32 22.45
Ehretla rigidafamens - 1.68 a1 A9 i.10 14,30
Fuclea crisps .05 20 & 09 .28 289.3%
Eucles divinorum 0.00 1.0¢ .95 0.09 208,33
Eucler natslensiz €.00 0.00 L2 .0 30.023
Eucles racemssa -9 .61 4.86 -2 88,71
fork spo. - a1 .20 .1 2B £3.42
Galpinka trarsventica - .17 1.02 Ky 1.3k 1093
Grewia secidencalis . 0.02 0.0t R 0,20 9,54
Reteropyxis naralensis ¢.oo .08 AT 9.0 3.
#ippsbrems pavci florus - 2.34 2.24 I 303 47,38
Yraussia floribunda o c.00 g.00 £.37 ¢.00 318.95
Lipple javanice <05 | &.97 .55 35..01
fayterrs heterophylia . ¢.0% 2.00 s 0.00 331.7%
Maytenus nemoross v 2.3¢ 2.85 1.21 386 85.26
Naytems sencqalensis .9 .20 2.22 -8 157,15
Melanchus didyma . 0.00 9.08 .08 Q.08 $.51
Honanthotazls caffra . 47 .20 .30 -28 21.358
Paseovia golungenais c.go 8.00 a7 0.0 11,98
Peltapheri afcicamm 0.2 0.00 S 0.03 1032
Phyl lanthus retisulaca -3 .20 40 -8 w254
Plectronietla armata .- R &1 1.34 .83 T
Rhoicissus tridentata .- 9.co g.q2 el a.02 ¥
Rhus ehirirdensis e Q.00 2.40 .29 0.0d 14,33
Rhus pentheri vas a2 3| 3,49 55 z-'.r:cs
Rhus resmanviiana - -1 +20 .40 .24 23,37
Khus spp. : - .40 .00 L 9.H 7.02
Sehotia brachypetala L a.00 .00 .27 9.0 W.'IS
Sclergcrrya bifres e 0.c0 &.00 .21 a.00 14_-“
scotepia zeyheri -2 51 59 .B3 (890
Scutfs myrtin - . .5a 1.02 1.7 1.38 126.72
Sesbanin sestan . n.ac .00 .19 b.o2 §3.09
Fiderakyton inerme .- 3¢ -20 .52 24 X4 4%
Safanun --a 2 V.63 5.09 2.20 359,92
Spiroscachys africana e 3.37 35.37 .35 31,40 107,79
Twichonanthus camphoratus aer a.oo 0,00 W22 q,00 5.7
Unkrown 13 - 9.0z v.c0 s v_ae 0.1
vernanis subbigera .- o.a% [+ ) 1.33 0,400 91.80
¥imeria cafira .- 9.0 B.09 R g.0a 567
Tanthozylum capense . 5T .20 W35 2K 2507
. 2.7 1.63 TS .20 52,59

Lizyphus mcronata

Key to Free Preference [rdex symbols ; *"" Highly Prefeced {»nZ, 73); =" Prefercd (2-2 3);

= slight preferonce 125199 - Stight rejection (0.5-0.79); -- Rejected (G UE-0.49):

#rd --- mighly rejected (<0.34)



TABLE 7.14

{MFOLOZ! 1PEY GRID SURVEY
SPECIES [MPORTAMCE, AVAILABILITY ANG PREFEREMCE INDICES EASEQ ON COUNT DACA
(FOR $PECTIES VITK DENSITIES of »= 5/ha)

species WurherPreferencelndex X Total n Esten X Total n Presant Tree n EareniMa  (res 1 Present Ha
Aeacin borbene *en 2.88 3.43 1.20 an 30.30
Acacia cotlfre nee 3.1 2.1 .7t 5,70 t7.45
Acacin gorrordii . 1.42 4.00 2.62 10.34 71.¢68
Acsclw grardicormuta - A4 69 4.7 1.78 120.84
Acaclz karrmo * 1.%9 f.m3 354 15,18 g, 44
acagia Fusderitzid - N1 &1 .87 1.07 22,54
Acacta nigrescens - .52 1.52 2.%0 1.92 TA. 4L
acacta nilarica bt 1.35 L8 3.0 0.7 ¥7.34
acacix robusta .23 -A3 B 2.14 2.7
hcacie sengal - 3,64 1.44 A8 §.2a tz.12
acacin tortilis - .7 .28 t.28 t1.05 47.59
Aspsruss spp. " .42 2.48 5.99 842 49,8
Azlme terracantha 1.19 -3 -7 2.14 17.45
Bose in albitrunce - 1.33 .53 -42 1.43 10.52
Brackylazra Ilicifafia --- 3 1.2¢ 3.5 n 88,59
Coppar ta sepiaris ~e- 0,00 a.od ] 4.00 S.70
Capparis tomentosa 1.34 1.2¢ 1.24 3.2 30.30
Carissa bicpinase - 0.90 o.00 53 0.00 11.37
Cazsine transvoalensis e 2,80 -B3 -4 2.1% ¥ iy
Coddis rudis - .42 .61 &7 1.07 16,53
Conbrotum apiculatum R 0.0a 600 32 0.90 218
commiphors neglects - PLTS 33 B9 1.4 2284
troton menyharfif .22 1.38 &.34 3.57 140,43
Bichrastachys cloeres - 1.98 16.41 8.38 w242 211,55
Ehrcti® rlgids/amasna 83 4.55 5.5¢ 11,78 139.22
Eucles dliviperun 1% +41 2. 1.07 75.58
Euciea racemoza .- a7 14 1.9¢ Tt 89.20
Eucies undulyta 0% 14 t.56 13 39.93
Grewia flave - 1.37 1.38 t.m 3.57 Fa 14
Grewia flavescens -- .14 14 -8 36 .09
Erevwia occidentalls 1,00 1.24 1.26 3.21 n.yw
Erowin viklosa - T3 -4 35 1.07 3.5
Mayterms heterophyila - A2 .28 2.28 M $7.75
Haytentis nemorasa " 1.56 23 1.51 L 6.08 JA_1%
Hayicrws senegalensis - 0.90 .08 .72 9.0d 23.3%
Helanthus didyna e 08 -14 1.73 s [ g
Bien gurapaea - 4.00 2.0 32 0.0y a.02
Armscarpm trichacarpum 1.9 .38 1.16 1.57 29.23
Pappla capensis - 1,56 1.24 B0 3. 20.14
Picttroniella armata - A7 i.10 §.4a 2.85 &1.49
Pyrostria hystrix R .2 A4 JEA L& 16.27
rhoicisaus rharhides -- .18 -28 .72 Al 1813
Ry gueintif - 2 LAl N-T 1.47 5.9
Rhws pentcher] e A7 I ] .38 €9.32
Schotia brachyperala --- .07 2.q0 .25 0,40 &.42
Schatly capitata L4 1.77 .44 e §.28 An
Sid2 eardifolis/rhambifalin - - 1.4 1.65 .85 L2.ar
Siderakylon Inerme - Q.00 0.0 ) 0.0a 8.73
Salanum - .76 AT .71 1.78 22.99
Spirastachys africana b 2,15 850 a.78 LR B4 222,20
Tarchonanthus campheratus - -46 110 2.8 2.48 57.75
Unbchown 15 - 2.12 _5%5 .26 .43 .60
Ilryphus mucronats .02 .53 34 1.43 1173



The main differences were that:

1} Z.mucronata was listed a preferred species in both reserves using binomial data while it was

only listed as intermediate in acceptance in Hiuhluwe and slightly rejected in Umfolozi using

Free bottle data; and

2] A number of the comimoner 4 cacia species received lower preference ratings.

HLUNLUWE

In the Hiubhluwe Study Area:

A.gerrardii, A.robusta, A.glabrata, C.sylvaticus, D.burgessice, D.caffra and S.africang were

listed as highly preferred using the binomial data.

Protoasparagus species, Celtis africana, Crudis, Galpinia transvaalica, H pauciflorus,

M.nemorosa, and Z mucronata were listed as preferred species.

A.caffra, A karroo, A.nilotica, Adenopodia spicata, B.zeyheri, D.cinerea, and E.rigida/amoena

were listed as slightly preferred.

UMFOLOZI

In the Umfolozi Study Area:

A.borleae, A.caffra, A.senegal and Cassine transvaalensis were listed as highly preferred using

the binomaal data.
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A.tortilis and 7. mucronata were listed as preferred species.

A.gerrardii, A karroo, A.nilotica, Boscia albitrunca, D.cinerea, G flava, M.nemorosa, Pappea

capensis and S.capitata were listed as slightly preferred.

IMPORTANT, PREFERRED AND REFECTED SPIZES

Tables 7.15 and 7.16 present Species Preference Indices based on browse bottle data, together with supporting

dictary importance and availability data.

IMPORTANCE, PREFERENCE AND REJECTION INDICES BASED ON BROWSE BOTTLE DATA

S.africona size 3 and 2 were the two most important spizes in the diet in bosth study arcas, Again higher

preferences were recorded in the Hluhfuwe study arca where this species was less common,

UMFOLOZI

In the Umfolozi Study Area:

" Acacias" less than Im (Size 1) werc also both very important and highly preferred. Six of the
ten most important spizes were "Acacias” less than lm ({).cinereal, A.karrool, A.nilotical,
A.gerrardiil, A fortilis! and 4. borleae I). All six of these spizes were rated as highly preferred.
These six spizes madc up only 3.49% of available Free bottles, yet contributed almost a quarter

of total offtake (23 22%).
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TABLE 7.150)

HLUHLUME 19E9 GR|D SURYEY

SP12E DTETARY [MPORTANCE, AVAILABILITY ABD PREFEREMCE {NOICES (For SpiZes with XFree Battles »0.25X)
BATA SCAIER BY X CONIASBLTIOW TD YOTAL wagT 8IET .

species 5lze
$pirostachys sfricans
Spirtatachys alrieama
Acalypha glabrars
acalyphe glabrata
Richrottachys clmeren
Rlchrostachys cinerrs
acacis catfra

Aceeia karrae

Acacia gerrardti
tpirastachys africans
abuy flomsninfacus $pp.
acecia korrco
Rerehemia zeyher!
Haytemis nerarosa
weacls nilstlicn
Berehemia 2eyheri
Berchenla zeyher!
scacia karrss

heacia eaffra

aeaciy Afletice
acacls niletica
Dioigyres 3lmi!
Mayieros nemorasa
Acalyphe glabrata
Bombevd burpessiae
Diaspyras lycindes
Rhus pentier!

21 pyphus mucronats
Hippabromus paue{florus
Lipels javanica
Hayierwa nemarnae
A pentheri

S$cutia myrtlna
Diospyros simif
Cogdia rfls

Euelen racemosa
plospyrat |yclodes
Splrostachys africana
Euclce racemasa
Dlehrostachyt cinercs
Hayteress senegal ensis
Plectirane|ly srmate
Sideraxvlan inerme
S5alarum

Euclra grispa
Plegtréncl (s armaga
Rhus FEhmannianm
Plestronells armata
Sef aum
Aburiton/Nibltcus spp.
Acelaypha sonderfana
Arima tetracantha
Clurin pulchells
cardln catira
alaspyrss lyclades

. PRI RS A = RO = R R e e B b — kel B P L L h e s R — P R P W RS Rd s P R L = Rd s e L B G B R AR s R M L R = L g g

Fres Preference |ndex

3.87
& 87
3.85
2.1z
2.8
1.7
1.17
Z,48
i
2.4
2.1
1,36
2,36
2.57
.16
1.80
1.7
2.58
A1
27
2.40
.40
1.28
IRE
1,12
P
26
i
§.84
W5
1.5
.6
G2
P13
.3s
WRF
1
.21
10
.2
.28
2%

Tazal Pref Index

Ml P = R RS R W e e e L oA

HRRGEGRETRAIRNGTISRA

~

1.51
1.20
&1
i.2e
3.37
.99
1.40
144
1.89
.7
1)

1.79

1.53

.18

B

A7
.09
L9
.as
0.0B
b.aa
0.00
0.0¢
G.0¢
0.0a

.23
1.5¢
1,12
1.7
J6
1.1%
2,38
1,95
1.47
i
Bl
2%
.62
]
1.49
1
1.26
P74
1.62
08
I

-6
.07
.29
3
1,12
il
18
A7
Pt ]
10
WO
0.00
0.oo
0.20
4,00
0.00
0.20

Cover Fref [rdex

XTotal Bapttes

1.EY

.50
.Te
$.B5
LN T
..
.78
.24
Ny
&7
L
.37
3.4
1.63

a7
L]
27
R

L0
-4
S0
43
1.8}
§.73
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T3
]
.32
]
1.k
N1

W37
1.97
.26
T+
Rt
W27
i)
1.4%

Lfree Dotrles

1.03

Cover

1-11
2.50
1,27

2,31

4.8

1.97
j.2a
337
48
1]
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.51
Al
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.18
.35
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.01
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04
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18,35
a.81
744
4,14
.43
5.01
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LAl
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o.00
B0
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o.00
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.29
1.30
1.3e

-
¥
¥.38
1.30
1,24
1,13
$.25
i
1.17
1.2
.93
1.3
.23
L
JT
5%
1.30
§.26
V.25
T.2s
ST
N1
1.30
.98
et
W75
.28
1.07
1.5
1.0
1.1
1.3a
V.10
1.3
1.21
1.30

1.30
1.1%
&2
i
1.27
W5
1.08

1,06
1,30
1.30

1.09
&1

CC; TR Retfa

.56
e
¥
.54
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TABLE 7,151} susmwe 3580 caro suaver

SFIZE DIETARY IMPERTAMCE, AWAILANILITT ABJ PREFEREMCE IMALCES {(For $pizes wlth %Fres Bottles »=0.23X}
DATA SORTET BT X CORTRIBUTION TQ TQIAL WOOOT QIET

Spenicd

tlevprros gimil
Dertreye roatund|folia
Bombeya raturdiTolia
Euciew £rlopa

Euclen dlvinarum
Euclen divirorun
Fucles divinorum
Euclen ratalensla
Eucles racemgds
Kraussin {lorjurde
Lrausaie {loribde
Eroussia [lor [buxde
Lipola javanlca
Lippin Javenlcs
Haylcrus seneguisnadis
Mayterus yenegulensis
Rhoicl4sus trldentoto
Ak felanmy Cridentata
Rhus peatherl

Stutis myrting
Scutle myrtine
seutls merelna
Yerporla gubligers

Slie

L

F I T P R I I ol R * I TRyt N

Free Prefercnee Index Total Pref Indea Cover Pref indea

--- i.gp 0.0g
== n.0a .00
--- toop v.00
--- B.04d 1]
== .80 Qo
L o.01 T.00
- o.0e 9,00
- a.pa g.00
—=- u.op 4,00
- a.04 1]
m-- [ ] 0.0d
bong 9.00
--- r.og o, a0
- 0,00 N )
.- .00 n.00
—— a.oa .00
-- 0.0 n.on
tan [ 0.4d
0.0g 0.0c
- ¢, 08 - R[]
[N o,00 0.0
T-r 1.9 0.0¢
bl B, 0. 0.qg¢

L1
a.m
.00
.M
0.00
n.44
g, 0¢
0.0
0.9
o.ol
0.0
n.oc
p. o
0.6
0.90
bo0
@00
0,04
oot
LRl
0.co
.00
n.ac

XTatel Satrles

i

1.83
.43

Xfree Botiles
W27
28
LuF

5.0
.
1.93
.
.27
WTh
1,40
.27
_&T
.36
5%
1.76

XTaral €. Cover

2.m

1.0

B3
1.23
1

B raus fng-HewsOld FR:IP Ratio

a.9%
9.00
0.09
4a.0a
¢.oo
7.00
0.0
9.99
[L9:14
Pl
Q.60
g.04
a.60
0.00
a.00
q.00
0,09
¢.0a

a.0a

a.60

0.9

0,01

0.9

1.3
.58
.51
.75
N

1%

1.30

1.29
R

1,13

1.21

1,30
AT

1.30

1.08

1.3
5

CCit8 Ratin

2.20
.57
1)

1.0¢

1.4



TABLE 7.16(1) wwroLEZ] 1989 31D SURVET

SPTSE BIETARY IMPORTANCE, AVAILASILITT Ang PREFERENCE IMBICES (for Splica with XFree Botiles »+0.25%)
DATA SORTES AY % ONTRIBUTIOR 7O TOTAL w00OY DIET

specles Size Free Predfcrence Imfex (otal Praf Indea Cover Pref Index %letal @ottics Y¥Free Botties XTotal €. Cover XArowsing-NewtOld FB:TH Retio ZL:tR Emtlg
spirostachyy afrlcans 3 . 1.22 2.05 407 5.0 5.75 3.L2 12.24 1.13 : .50
Splroatachyy africann H . 2,48 2.61 384 L1 3.1% 2. a.18 1.97 -n
Bichrestachys clnerea 1 hhid 5.87 2.96 2.08 2.9 s.28 30N 6.48 .58 1.42
Acacim karroe 2 had 7.53 5.25 i.r76 .%] 8 . [r] 4.61 .7a -9
tplrostachys afrlcana 1 b 2.72 1.33 2,04 2.00 1.62 ’ 177 3-89 R a8
Acacls karros 1 bt ».82 1.2 2.6% [.14 34 1.32 3.55 Je 1.16
Acocin nlloclica 1 Frw i0.3% L.7% .5 sl .32 1.3% 3.49 JEE 1.%1
Acocis gerrardi| 1 L 7.78 4£.95 2.8 JBF L] 1.20 3.4 LA 1.7%
Acache rortills 1 bl 5.57 L7 145 &9 58 84 3.5 .85 1.37
Acacla beriese 1 bt 5.54 548 5.06 51 51 L 3.06 .9 A
Dichrostachys clnerce 2 b 2.27 2.0% .31 1.41 1.27 1.25 2.03 L0 .57
Acachs borlene H . 1,52 1.72 5.81 1.44 1.43 .49 .68 1.13 B
Ehratia rlgidz 3 e S.44 & 16 412 W&8 A5 1] 2.45 1.13 1.B1
acacle karron 3 - 5.13 5.7% L] .42 AT 19 2.1 1.13 1.29
Kayterwrs NETOross 3 * .3 1.51 1.14 1.50 1,89 1,98, 2.27 1.13 1.12
Schatis capitars 3 1.04 113 1.22 1,83 2,87 1.7 FR T L3 e
Ehretln rigids 1 1.23 .1 T 1.45 1.3 2.24 1.40 50 1.55
Ehrctia riglda 2 A2 H1 189 LN Y 1.43 Nra | 1.3 .11 43
Acecia tortllls H . 7.48 i.58 2,84 T T4 R 112 1.81 57
ASphragus $RQ. ] .. K] -40 a7 2.29 1.97 2.43 1 B4 1.06
Acacis nilotlea 2 bt 3.3a 1,15 5.7 .26 .2 .24 .8 Ry .20
Lroton menvhartbr 2 Al | A8 .22 5.74 6.32 3.41 .Ba f.10 .63
Sehotia capltarae 4 94 1.08 -3 ) _B% 5 - $.13 .1
Creton menyharti) 3 == .09 10 il r.51 8.59 .64 .r5 .13 48
treton perharch! 1 1.23 1.17 87 L&2 58 .82 e ] 1.3
Spiroatachya niricana ] . [ 1.2l =34 ) 37 A2 .9 .67 $.13 5.24
heacla gerrardii 3 . 1.81 2.04 1.24 .3a 34 59 .63 L3 1,65
Mchrostachys cineres 3 * 1,26 1.£3 .43 ) A .12 61 1.13 b
Aencia nigrescens 1 * 1.48% 1.1 R1 .51 .30 1.27 54 59 2.52
grachylaenn 11icifalln 3 .83 93 108 ST 45 52 353 i.11 K1
Capparis torrentoas 2 * 1.38 L3 1.95 e .37 .28 L51 W73 a7
Tarchonanthus ¢amphoratus F] - .33 M W32 5,47 1.39 1.44 K K- .58
Acacis nilotics 1 . 1,27 $.483 .95 50 iy .48 .41 1.13 1.50
acacla grendicormuta 1 .- il .22 .23 1.47 134 1.37 R H 1 .91
Brachylaenn fllcifells 2 e -13 .15 .13 2.1 2,44 toer -3 1.1¢ k4
hcacla {uederirail 3 - L3 1 21 Y] K1} T4 .29 1.13 3k
Kaplepus nemoresa . - A2 34 87 T .84 &3 .27 1.13 54
Rhus penther! z - i 1] T3 87 68 L35 . 27 sl L&
Adparagus PP, H === .i6 A7 .21 1.40 1,48 1.1% i |R:1} .3
Tarchonanthus cemphorabos 1 -- 47 W21 T3 .1 LE5 B 2 1 N1
Coeddia rudla 1 - .3 . .35 N W33 1l W.L2 19 73 -]
Grewia flava 2 - .52 AF ) L7 LB 1 &0 .19 . 1.06
Hrachylaena [lfcifalls 1 .- AL -15 i 1.B% 97 ] L6 N .61
Eucles divinarum i _-- .12 22 21 i .50 e 6 AP 1.95
Eucles racemosd 2 .- 13 .14 ] 1.1 1.1% W52 & 1.07 A7
Papalin capensia & - -1 L4 W6 .26 .29 1.0 11 1.13 J.5s
ahu queinzil 3 e RY .52 .94 .25 .29 Lt 13 1.13 .55
Slectronclin armats ¥ - 1) .89 .12 | L. 1,40 .87 . A 113 .70
Waytenus heteraphyla 1 2 .12 LB a7 .29 1.25 .08 %3 1,84
Rhuy quelnzil 2 “.- .23 W23 L8 13 .15 14 .01 iR S
4 Acacln niprescem i .- A ' .2i .o .25 27 1.5% .05 1,43 i3.87
Euckea undulate 3 .- .02 L2 D2 3.06 3.43 2.57 1 1,13 AL
Plecirene=lla armsla 2 e .18 A% a1 W28 Ja 49 .05 1.0 1.19
Ruparagus SRR 3 === 03 04 .05 .59 .7 . .99 B2 .1 B4
Maytenus nomorass F4 -- . .05 L5 A7 W53 .57 40 .03 1.09 LT



TABLE 7-16(i]) UMFOLAZ] 17B9 GR1Q SURVEY

SPIZE DIETANT |HPCATAHCE, AVAILARILITY AHD PREFEREMEE INOTCES (Far $pizes with Rfree BaTflea 20 25%)
GATA STIRTED HT % CONIATBYMERH 1O JOTAL WOOOT OIET

Sperles Stze 7ree Preferaznce Index Totsl Pref [ndex Cover Pref Indea XToral Batiles XFree Battles Xtotal C. Cover Xaroutlng-NewrGid 78:1% Ratis CCiTd Ratla

rcwcis grardlcarnute F4 L] B, D0 o.0n B.00 .78 N+ . T8 0.00 1.04 i.0p
Acacla grardicerruts 3 -- 0.00 0.0g o.00 . 1.1 1.32 b.00 1.13 1.34
Acaeln rartiifs 3 ae- 9.1 9.04 9.00 .32 28 W52 6.00 113 1.61
Cerissa bispinosa 1 - &.q0 ¢.00 9.0 W43 R T4 .00 .10 .33
Euclea divinarum F4 -re 0.0 o.gn 1.00 3. 1.2z 1,34 .00 1.p2 .43
Eucirn divimorom 1 e 1.400 [ ] 0.0 1.47 2.7 1.15 0,00 1,43 .52
Euwelns racemosa 1 .- o.to &,00 a.00 W34 .29 W81 g.00 .87 .82
Eucles recemoss k] AL .09 ¢.n 0.09 ) 4% .57 9.8 1.13 .63
sucles undulata 1 --- o.co 0. .00 53 .33 51 0.00 1.1 9%
Tucles undulate 2 --- 2.490 0,00 0.0d 1.19 1,34 1 .00 .12 .30
Sucles wndulats 4 s 49.80 0.0 0.0 .35 ] .18 0.00 1,13 1.07
Grewie flavescema 3 - 0,00 9.00 ¢.ed .+ -1 T 0.8 113 50
Mayrercis senegalenais 1 as 0.0 0.pe D00 WA 31 ) .00 T3 A7
Dieza eurcpaes 3 LA L] .90 6,50 .00 it} T .13 11.00 1.43 N
Gles curcpres 4 .- a.00 0,00 B.40 i) V37 5T p.00 143 1.72
Pyrattria hystrix 3 ven a.en 0.5 &.00 .32 57 . 4l c.bd (P51 1.23
Rhua pentherd 3 R 9.40 940 0.049 .52 5B R .00 1.13 .32
Schatie brachypersis 2 .. 9.00 o.40 p.co 2.43 2,78 A5 p.oo 1.13 .02
Targhongnthus Camphorstuy 3 == 0.00 0.40 t.i4 1.37 1.5% 1.12 A0 1.43 LB&
Ilzyphus mucronata 3 e .40 o.40 U ) W12 6 3 n.0e 1.3 1.03



16 of the 23 preferred spizes were "Acacias” less than 4m.

The most highly preferred spize in Umfolozi was A.rilotica-Stze 1 (<ln). Sire 2 A.nilofica's
were preferred and Size 3 A nilotica's were slightly preferred. This corroborates the finding of
theFilot study. As was mentioned eadicr, this finding is particularly important when one comes

to asscss the likely cffects of past habitat changes in Hlubluwe on black rhino.

Similarly, as D.cinerea, A.karroo, A.borleae and A.tortilis got larger in Umfolozi they became

less preferred food resoirces.

The only size of A.nigrescens to be classed as preferred was size 1.

Size class 1 (<1lm) was also the most preferred size for four of the rarer "Acacia" specics'-

A.caffra, A.grandicormita, A.robusta and A.senegal,

The most preferred size for all but one of the twelve "dcacig" species in Umfolozi on which
feeding was recorded was size class 1 (<1m). In the case of the odd man out (4. luderitzii), this
species was both rarc and rejectcd, 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 "Aeacia" species were Sizel:4.68 (¥¥%), Size2:2 .30 (¥%),
Size3:1.35 (*), and Size 4:0.08 (---). The differences in size class preferences weee cven more
pronounced if one only looked at the important palatable "Acacia" species (Free Preference

Indices: Sizel:6.58 (***), S1z¢2:2.84 (***), Size3:2.21 (**), and Size4:0.00 (),
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Both the Pilot survey and the Grid survey showed that the heavily defended A. grandicomuta, A.luderitzii

and 4.nigrescens trees were rejected (with the exception of small A.nigrescens trees <lm),

Size class 3 (2-4m) was the most preferred A nemorosa spize.

Although C.menyhartii was highly rejected as a species in Umiolozi, a slight preference was

shown for C.menyhartii size 1 rees.

HLUHLUWE

In the Hiuhluwe Study Arca:

Although "Acacia" spizes were still preferred in Hluhluwe (acconnting for 9 of the 22 common
preferred spizes), different patterns of "Acacia” spizc selection were recorded in Hluhluwe

compared to Umfolezi:

o Adier pooling the data for all "Acacias", Hluhluwe showed a similar size
preference ordering, although preference indices were generally lower than in

Unifolozi (Sizel:2.48 ** Size2:1.73 * Size3:1.52 * Sized:0.00 ---).

0 In contrast to Umfolozi, size 1 trees (<1m) were the most preferred size for
only A.karroo, A.robusta, D.cinereq and A.cgfffa out of the cemmon
"Acacias”. Only one size 1 "deacia" in Hluhluwe (4. karroo!) was rated as
highly preferred and contributed more than 0.25% of Free bottles (compared

to 6 in Umfolozi).
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© Size class 2 trees (1-2m) of A.nifotica and 4. gerrardii were the most preferred size

in Hlyhluwe.

© Size 3 (2-4m) trees were the second most preferred size class for 4.cqfffa,
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 Hluzhluwe at the time may have forced the black
rhinos to browse more on these taller and generally less preferred deacia

spizes (see Chapter 8).

© The pooled *4deacia” data showed that in Hluhluwe, "Acacias” between 1
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 1's (8.95%). Thus in Hluhluwe, s.ize 1 “Acacias" made up only
about a third as much of the total woody diet as in Umfolozi, but size ¢lass 3
" Acacias” made up about 70% more. Given the evidence presented in Chapter
8, we fecl that these differences between study arcas were primarily related to

the increased grass interference recorded in Hluhluwe.

O Many of the size 4 (>4my) spizes that were major contributors to total canopy
cover in Hluhluwe 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 Hluhluwe was E.racemosad, yct this spize contributed only (.24% of
Free available bottles. Simifarly B.zeyherid, A miloticad and R.pentherid 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 ()

HLUSUUWE 1989 GRID SURVEY

SPI2E IMPCRTANCE, AVAILABTLIIY ANG PRAEFREMCE 1KOTCES BASEG ON QOUNT Qais Page 1

{FOR SPIZES WIIH DENSITIES OF »a $/Hn}

Species

abutilonsHiblicus spg.
Acacin cafira

rcacie caffre

Acnela caffra

hcacia gercardii
Acacis gereardii
Acacis karroo

Acacis karrco

AcHcin karroa

scacia karroe
Acacia niletica
Acasis nilatiea
Acaciy atiotica
acnein pitoclcn
Acacin rabusta
scacla robusta
Atazia rebusen
Acalaypha sonderiana
Azalaypha sonderinna
scalyphe glabeats
Aczlyphe glabrara
Acalypha glabrata
Berchemia teyherl
Berchernis teyher|
Eerchemiz reyheri
tercheals 1eyher|
Canthium jnerme
Canthium {nerme
Capparis tomentosa
Cazaina aechiopiea
Celtls africenn
Cettis africenm
Chaetachme aristaca
Llawusena anisats
Clutle mulchelln
Clutls putchella
Clutia pulchetla
Coddia rudils
torbratun malle
Cambretun malla
Cerdia califre
Cordiz caffrs
Cordia calira
Cuncnia tapens{s
Dalbergia armata
Dalbergin obavata
Dalbergis chavata
Datbergis oboveta
Dichrostachys eineres
Dichrostachys cireren
Oichrastachys cineres
Dipapyros lycicides
Diospyroz lycloides
Qiospyros tyeioides
Olospyras simid

B R I L T L B B R P S e e I N I ™ Y R e R L B I i LT I Y O Ry I R R N |

Humberfreferencelndex X Total n £aten

a.00
q.n8
.08
8,00
.23
0.0
0.00
£.00
0.00
9.to
0.00
2.03

0.00
0.00
0.64
0.00
9.Ga
0.60
.60
a.00
0.00
1.78
1.68

0.1t
4
3%
1

.20

.41
.z
}.B3

Iy
1.63
1.83
Z.%
2.03
o.08
1.53
1.43

0.00
i.42

61
0.00
Q.09
a.00
1.02
4,10
3.84
.24
.44
T.02
a.00
a.00
4.09
0.03
Q.00

0.00
0,40
0.0
Q.00
0.0d
Q.00
t.02

+20
¢.00
0,00
0.00
0,00
0.00
oo
0.00
0.0%
.98
1.9
3. 84

A&l
g.co

WBi

W20

.61

X Tatai n Present Tree n EagendMa

.1

ke

11
&.62
2.18

.41
2,32
2.28

.37
b.&0

.28
a3
1.&5
2.48
L)
2.20
2.48
3.03
2.75
0.00
.20
2.20
.35
.00
1.91
.23
0.80
040
.00
1.38
8.24
4.9
3.03
3.5
1.8
0.60
D.do
b.oo
0.04
a.0n
1,10
i.na
g.80
J0.00
0.00
a.q0
0.0
"1.38
] ]
a.00
2.00
s.00
D.£0
0.4
4.08
600
0.00
.02
15.98
£.96
3]
0.50
1.10
28
N\

Tree A Pregent/Ha
LA.93
.12
&4 ,94
EB.84

&.89
7.8%
1£7.51
L.
S1.96
.42
0.7
28,24
30.85
22.04
22.78
9.%2
¥k
603
7.t
L&_&D
£1.81
0.4
182,83
4336
<711
=41
?.50
¥.92
4.06
i
5,21
¥.14
6,20
E.47
.5
L1
5.61
3.0
15,70
.10
0,30
.69
29,02
.04
&.20
27.75
17.6n
.7
43,18
45,27
LI )
164,12
161,29
2517
LR -1



TABLE 7.17 (11)

HLUALWIMNE 1989 GRID SLRVEY

SPIZE THPORTARCE, AVAILABILITY Awd PACFREWCE JHOICES BASED QW COUKT DATA
(FOR SPLZES WITH BEKSITIES OF »= 5/Ha}

Specles
Dicspyros simif
B(éspyrus slmii
Diaspyros spp.

Bombeya burgesz|ae
Jembayn burgessiae
Denbreyn retundifolia
Dombecya rotundt falla
Dovyakls caffra
Oovyalls caifra
Ehretia rigida/omaens
Ehretin rigida/smonns
Eucles erispa

Eucles crispa

fucles divinarum
Eucles divinorum
Eucles dlvinorum
Eucles divinonm
fucles nafalensis
Euclea natalensis
fuclea racemoza

Euciea racemosa

Eucles racemoss

Eucles racemosa

Forb apo.

Forty spg.

Galpinia transvaallca
Galpinis transwaatica
Grawiv accidenralis
Hegeropyxls natalenafs
Neteropyxis natalensis
Hippobroms pauciflorus
Hippobromus pauct flonys
Yramssia Flarfbunda
Frauvssia Tloribunda
Erauszia floribueds
Lippia javanica
Lippla [avanica
Lippia [avanica
Mayterus hererophyila
Mayterus heterophyilas
Haytemus nemorosa
Hayterus nemorass
Magrenus remoross
Maytenus tencgalensis
Maytenus semagalensis
Haytenus Sencgaltnsis
Kelsnchus didyma
horanchetaxla caffra
Moranthotaxis cafira
Pancovia golungensis
Pancovim golungersis
phyllanthus rerfeulntus
phyllanthus reticulaies
plectronielia armata
Plecrronielle armara
Pleccroniella armata

Size

MRS e AL oma P o RO e e b P e ] R s P o L Py b L FU am P = P e e D am Po omk dn b B e A o 0 el o A Ry = A = P B e B e o G b

NumberPraference [ndex

0.00
4.81
157
n.po
o.0g
0.0g
L8
.19
314
.0
0.6
3,08
0.00
0.0
0.co
0.0¢
0.0u
6_ho
19
Al
0.00
.23
a,o0
2.8
Z.13
g.00
2.0¢
a.00
1.72
3.8
0.05
g.00
.00
G.on
W12
.00
0.0g
R.ao
1.40
338
3.68
=18
u.o0
.00
8.0o
.90
280
.00
o_gn
W55
0.og
.27
.55
.04

Fage 2

I Toral n Eazen

a.on
0.00

1 focal n Present Tree n Eaten/Hn

91
LHE
.24
.13
ol
i
.33
A7
.07
.3
-1
2.64
vax
L
1.0

A6
.15
W21
2.7
.11
1.24
iy
L

Z.335
1.62
38
1.3
N
.20

W15

.23

20

.1
.19

1

0.0
2
©.0g
1.16
.z
0,00
.00
.00
1.38
1,85
.00
0.0a
o.00
o.00
55
0.00
a.00
.00
1.1¢
1.65
1.1a
.28
a.aa
¢.0c
a.0a

¢.on
g.0a
4.0
.20
0.oe
.28

.28

Tree n present/Ha

.55
11,98
&.41
1L
V.09
188 34
101.32
72,58
B4 45
33.61
1.29
10,31
14.74
192,42
150,59
o7.Ax
$1.72
17.22
6.20
19.97
6,75
6.3
15.84
12,12
.29
23,42
165,84
Y14, 7%
6.7
102.75
234.23
14 .05
20,85
10.74
41.05
e5.44
15.70
81.82
58.54
16.53
%31
156. 40
647
5.5
.20
24,403
1..0%
52.84
25 17
1.7



TABLE 7.17 (i)

KELUHLLWE 1789 GRID SURVEY
SEITE IMPORTAMCE, AVAILAB[LITY ANG PREFRENCE [NDICES BASED DH COUMT DATA

CFOR SPIZES WITH DEMSITIES OF »>= 5/Ha)

Rhaicissus Tridentsra
Zhaielsaus tridentata
Rhia chirlndemiz
Ahus peatheri

Rhtsa pentheri

rhus penther!

Rhus perthiri

khus rehmanniane
Rht renmanni ang
Schotla brachypetala
Sehacfz brachyperals
sclerocarys birren
Scalopin reyherd
scolopls zeyharl
Scutia myrtine

Scutia myetine

Scuti{n myrtina

Seutia mpetina
Sesbanis seshen
Sexbunia Swshan
Siderarylon inerme:
${deraxylon inerme
5ol amum

Sol srwm

Spirostachys africens
spirostachys safricana
Spiroatachys efricama
Spiroscachyy africana

Tarchenanthus cemphorilus
Tarshenanthus canphoratus

Unkngun 13

Yermonin yubwligers
Zanthotytum Capense
2anthazylun cipesse
T ryphus mugronats

2ityphus mucrorats

Lityphus mugronats

[P Y R R R R R N R N B IR LI S CRCU N VPR VR PR, PRI N PR VR T VR

Size

Pagze

WorberFreferenasindex X Total n Saten

4.00
.60
Q.00
9.00
1.38
1.2
in
.17

L]
0.a0
0.8
b.0p
20
4]
4.00
0,00
20
0.00
a.4a0
0,00
W41
.20
J.02
o.0n
0.00
0.00
G.q0
2.00
0.0
29
61
1.02
5.4%
.77
.7t
2
.00
B.0Q
0,00
0.00
a.dn
.20
.4
a1
20

(8]
1.95

X otal n Prasent Tree n Eaten/iy

¢.ng
t.00
0,00
.00
28
.28
0.00
a.0g
.28
Qoo
9.00
a.00
.55
.28
1.32
0.00
0.0
0.00

1.1
o
16,40
7.0%
.28
0.0
Q.9
0.00
a.og
0.0
.28
L33
1.id
-28

Tree n Present/Ha

4.0
Vi.82
15,66
£.34



TABLE 7.18 ()

UHFOLOZY 1989 GAIQ SURVEY
SFIZE IMPORTAMCE, AVAILARILITY AME PREFRENCE {WDICES BASED OW COUNT BATA rage 1
(FOR SPIZES WITH BENSITIES QF *3 SfHa)

Species $izo HumberFreforoncelrdes T Total n Enten % Total n Present Tree n Earen/Ha  Tree n Present/Wa

Acacia berlcas T T 5.3 19.51
Aencia borlene 2 i .26 ¥.38 .42 3.57 15.70
Acsela caffra 1 1.7 .41 19 1.07 9.80
heacia caffra H - 5.67 1.52 .27 3.%2 4.7
Azacis gerrardli 1 ) 2. 21 2.26 578 57.22
acacim gerrardii 3 b 2.13 &9 32 1.78 s.z0
acacta grandlcornuts 1 --- 22 -5% I.14 1.78 28,39
acazla grandloarmuta H - 0. B2 o.ep JHe p.og 18,72
acécia grandicarmuts 3 .= 0. bo o.0e 86 a.00 1424
acecia grandlcarnuca 4 --- 8,60 5. B0 1] B.pH T.i9
Acacia kerred 1 1.2 2.90 2.40 749 50,81
Agacia karroo 2 b 2.99 a.76 .92 713 25.35
Azacis karres 3 b é.12 1.38 23 1.57 5.70
Acacla luegerbreif 1 - ¢ 40 .00 3% g.o0 " 4,80
acacia luederittif 3 - 1.40 1 30 1.87 7.49
Azacia nigresceas 1 - -4 1.2 1.3 3.2 4,33
Actafs nigrescans 4 24 -28 LB2 rd| 20,48
acacia nilaclea 1 LTS 2.90 2.5 7.49 £4_35
Acacia niletfcs 3 - 2.0 .55 .27 1.43 &
acacia rebeats 1 - 1.7 -69 K1) 1.72 13.73
Acacia-sengeal 1 hins I.1% 1,24 .39 .2 F.ha
Acaets rartilis 1 . 2.57 3.3 1.20 a.56 32,62
Acacie tartilfa H . .1 R W55 2,50 a.m
Acecia partilis 3 --- .60 8,00 24 0.60 .04
Asporagus Spo. 1 - 51 2.07 4.06 535 102.47
Asparagus SPE. 2 e .22 -28 1.23 4| 3.16
Asparsgus 3PP, )1 = .23 T4 59 38 1497
Atims reerscantha 1 A2 W4T .51 1.07 12.83
Boscta atbitrunca 1 #1 ~28 .30 .7 .86
Arachylsena 1lictfol la 1 .32 .55 1,76 1,43 .03
Arachylaens flEcifolia 2 - 3 55 1.52 1.43 12,50
Brachylacna Fliclfatia 3 - .38 e W26 36 6.05
Cappor b5 tomentass i - - .88 -69 .a7 1.78 21.93
Capparis tomentiea 2 * 1.44 .1 .25 1.q7 6.2
Carisgn bispinoss 1 - 2,60 0.0 4% ¢.00 11,23
cassfne trangvazlenszis 1 e 3.4 &9 .22 1,72 §5.33
Coddle rudls i - Pre ] =41 .59 1.87 14.97
Cambretun sploutatum 1 - g.4a .08 ) [T} 5,88
Commiphers neglecta 1 - .41 28 LAY 4 14.93
Craton mechartid ! - 37 53 1.48 1,43 37,43
Croton menyharti!] 2 - WAy .28 3.23 ra an. 84
Croton menyhargii 3 - .34 W33 1.43 1.43 41.35
Qichrestachys clrerea 1 - 1.7 11.59 5,64 29.95 163.99
Siehraatachys cinerea 2 -~ 2.7 A28 1.58 1105 48,07
Dichrestachys ¢lnerea 3 - 1.86 .35 .3 1.43 7.9
Ehretiz rigidafimoena 1 - 5e 2.48 .59 442 115.04
Ehregia rigldasamaena 2 - 1.45 1.10 .74 2.5 .25
Eucles divinaram 1 - .3 Wl 1.23 1.07 1w
Eutlew divinerum 2 ¢.o0 0.00 1.27 2,80 3.2
Euclea divinarus 3 .- 5.60 ¢.00 Ay 0.08 1.74
Euclea rasemasa 1 .- a,00 0.00 T ¢.08 2442
Euclea ragemasa 4 - .19 .14 T4 236 18.72
Eurlea undulats 1 - B, 1.0¢ 5 0.bo 11.0
Eucles unchrlate 2 - G.go ¢.09 1 .00 12.88
Suclea undglaga 3 == .29 W14 L6 36 12.12



TABLE 7.18 (11}

UHFOLOZT 1989 GRID SURYEY

SPIZE JHPORIANCE, AVAILABILLITY AWD PREFRENCE [RDICTS BASEQ OW COUNT GRTA
[FOR SPIZES WITH OENSITIES OF »¢ $/Ha)

Species

Grevia Flava

Grewia flava

Grewka occidentalls
Erevia sccldentalds
greia willosa

Kayberwss heterophyllas
HayTerus heterophylla
Haylenus nemorois
HKayLenus neworoas
Maytenus Nemorasa
Maytenus senegalensia
HeyLenus Sensgalenais
Melanthua dicyra
grmocarpum teichecargm
pappia copensis

peppla capensis
plectronielia armats
plectroniella armata
Pleetronic(ls armata
Fyrostria hyatrix
pyrostria hystrix
ghefsfasus rhombides
Rhue gueintil

phus gueinzii

fhus penthert

fAhut peatheri

schotin capitata

cids cordifelin/rhomtifolia
colarmm

spirostachys africana
spireatachys africana
Srirostachys afrf<ans
spirestachys eafricana
Tarchonanthua campheratus
Tar chonanthus carphoratus
Tarehomanthus camphoratug
2 i typhos mucronata

Shze
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Page

HumberPreferencalnden X Tatal n E3ten

Z.4T
.45
.TE

1.51
.52
.15

1.12
.28
49
LY
ol
.1a

G.og
41
.14

1.82

F.00

0,00
215

1.0
53
.28
.81

&b
52
55
.7
Y]
1.9

X Total n Fresent Trew n Eatensda

.00

Z.58
2.85
1.5%
5%
8,55
15.33
r.7e
1.47
1,78
o.qo
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[ree n Present/Ha
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IMPORTANCE, PREFERENCE AND REJECTION INDICES BASED ON COUNT DATA

Tables 7.17 and 7.18 present species preference and abundance data calculated using count data. Spize preference
indices calculated using the binomial count data again produced indices than differed markedly from those

calculated using browse bottle offiake and available Frec bottles.

The main deficiencies in 1he use of connt data were:

1) thal in (erms of availability, all the trecs were considered equally important, irrespective of

tree size or the volume of browse avatlable to black rhino; and

2) that the amount removed per browsed tree was ignored and effectively weated as equal for all

species and all sizes.

For thesc reasons, the results based on browse bottle data are preferred over those oblained using simpler count
data. Howcver, count data arc cheaper and easier to collect, and a number of researchers have used count data in
the past to study feeding. It was therefore worth undertaking a comparison of the results obtained using both bottle

and count data.

Small size | "Acacias" were rarely listed as preferred using the binomial data. The six key size 1 "Acacias” which
contributed 23.22% of ilie 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 and A.gerrardii I} were not even rated as slightly preferred osing the count data, despite
being the three most preferred common spizes in Umfolozi based on bottle data. These three spizes contributed
10.45% of the total woody browse offiske 1n Umfolozi but only 1.12% of the Free available bottles. The same

spizes made up 8.01% of the total number of trees eaten and 7.20% of all the trees in the study arca.
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Taller sizc 2 and 3 Spizes were often rated as more preferred using binomial data as a higher proportion of these

tess common trees were browsed.

These differences between indices can be understood by summarising the data on the top 10 most important

"4 cacia" specics in Umfolozi:

Size 1 trees were 4.44 times comimoner than size 2's in the habitat. However, only 2.18 times
morce size 1's were eaten than size 2's. Therefore a lugher proporiion of the size2 top 10
" Acacias" were browsed than sizel's (15.4% of sizel's, 31.4% of sive2's). In addition offtake
i; levels were slightly higher per browsed tree on size 2 "4 cacias” (2.3 bottles per tree on sive 1's

and 2.9 bottles per tree on size2's).
Sizel's contributed almost 73% more to the diet than size class 2's. This was largely a function
of the greater density ofbrowsed sizc 1's. When size | "Acacias” were eaten, the average offtake

per trec 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 "dcacia" size 1 and

2 spizes, than the less preferred ones. Thus habitat selection oceurred at a hierarchy of scales.

Browse offtake from the favoured 4.borlece, A.senegal, A.gerrardii, A.nilotica and A.tortilis

averaged 2.58 (sizel) and 3.63 (stze2) bottles per browscd tree.

Mean offiake levels on the less preferred A.karroo, D.cinerea and A.caffra were lower (Size 1:

1.60 and Size 2: 2.78 bottles/browsed tree).

Mean offtake levels were even less on the usually rejected A.Juderitzii, A grandicornuta and

A.schweinfurthii, averaging only 1.17 bottles per browsed tree less than twoe metres.
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Subtle differences in spize selection like this cannot be delected using the cruder count data. The above, emphasises
the necd not just to consider "Acacia” densities when assessing black rhino habitat, but also the size and species

of "dcacias".

PATCH SELECTION: DIFFERENCES BETWEEN PLOTS WITH (YES) AND WITHOUT FEEDING (NO)

Tables 7.19 through to 7.22 contrast the differences between spizes in plots with and without feeding, Plots with
feeding have been iermed YES plots and those without feeding NO plots. Tables 7.1$ (Hiuhluwe) 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 dcensities), structure (%Canopy Cover : %Total Bottie Ratio’s) and grass
interference levels. Twice as Inany plotg in Hluhluwe had no black thino feeding in them than in Umfolozi (40.2%

¥ 20.9%’).

In both reserves availability of preferred spizes was generally higher in YES plots, with correspondingly higher
deunsities of rejected spizes normally cccurring in NQ 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 bread scale, choosing to concentrate their feeding in better quality patches. This was particulady

marked in Hluhiuwe.

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

mtermediate () using only YES plot data.
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TABLE 7.19 pl

KLUNLRE GRIB STUOY AREN @ SPI2E CANORY COVER COMPAAISCNS RETVEEW TRE 55.8X OF PLOTE UyTH
FEEDING {YES} AnD THE 44 2% pF PLOTS VITN HO FEEDENG (KOJ

Saciame Szt CowerXTES CoveriNO  TotCRessHares TatCP LssHann CLiTBYES LC:TaNG
Aburi{on/mib{scus spp- 1 .03 2.72 05
abutilonsriblscus spp. 2 73 .25 3,12 26 .53 2% T
Abutiton/Kibiacys spp. 3 4B N 523 .54 2,45 B3
acucla burkef i £7 3.7 3.0%

Acncia rrkef 3 <4 1.7 34.00

acazfa burkef 4§ e .01 38.94 1.34 0.00 0.q0
Acacla caffra i 50 AT i.m 1749 W95 I3
Acacls caffen 2 1,97 K1 0574 P12 .ra -22
Acncin caffra 3 4.00 1,89 FATN A Tik 04 .Bs 1]
Acacia ceifra 4 .09 p.52 1.82
Acaciy gerrerdii 1 .28 el 14,95 1.38 1.57 Lab
Aeacie gerrardi! 2 .18 .1 P35 155 .08 24
Acatln gerrargli 3 St 7.48 1.22

Acacis gerrardii 4 a7 .ol L (3 1,34 10,97 0.00
acocin grandicornuts ] N 1.47 1.82

Acscla grarelearnta H 07 K H 374 L% N3 &7
acycba grandicormuta 3 .04 1.87 LB

Aciela Kmrroa 1 1.40 .92 8.1 95.92 T 5%
Acd¢in karroe 2 2.48 1.05 12%.60 109,52 .70 W26
Acaclz karroo 3 3.23 1.00 170.0% 104 .54 1.44 1.2%
Azwcia karroa & 1.53 1.48 ap.37 154,65 11.82 7.5
Acacta nitetice 1 t.72 .39 @045 Lo.m2 1.14 E-S
acacia nilotica F4 .48 .23 X551 2440 ] W57
Acacin nllotica 3 3.24 2.95 170.50 k1" 3 1) B.53 1.3
Aracia nilotica 4 2.51 3.19 1% .09 352,65 IFAT 101, 20
Acacla rebusta 1 N .14 33.84 16,97 2.45 1.49
Acacis robusta 2 .28 N 14.95 .08 1.a7 .57
Acacia rebusta 1 1B .04 9.35 L0 Lo -1
Aeacim robusta L) 2.87 .3 119.563 TS5 24408 Fr.L9
Acacia schucinfyrthfi/araxacanrha 1 L0 .B1 ;.87 1.1% 1.22 8,33
Acacia schwcintucthiizatazacenihn 2 ) 1.47 3.08

Azelaypha zemderivna ] o7 1.7 1in

Acalaypha senderians 2 .78 A1 40 &1 17.01 41 2.8%
Acalayphs senderlong 3 2% 45 11.08 W67 -3 7.04
Acalypha glabrata 1 .68 .32 35,51 X333 5 -1
icalypha glabrars 2 i.83 .59 97,20 51,68 W43 13
Acalypha glabrata 3 353 .67 185,67 2.t -84 -1
Acalyphe glabraca 4 R4 1.87 M

aderopodia spicata 1 04 L] 1.487 2.7 5,10 W45
Aderopodin epicata 2 N 1.35 .21
Adenopod{a spicata 3 LB .19 1.87 1g.73 0.00 .06
Adentpodis spicats 4 2.43 W27 120,06 20,5 6.97 0.03
Alac marlothid 3 L1 1.35 0.40
Asclepins fruticosa 2 04 . 1.47 2.48

ASPATAFUS $DP. 1 08 07 1.87 &80 6.10 19
ASPErAQUE $PO. 2 .01 1.8 a3
ASPATAIUS 3p0. 1 N .0y 1.87 1.3& 3.85 2,08
Aziwa retrrcantha 1 18 9,35 -1

Azied tetracantha H Rl .35 1%

Azima recemcanths 1 .0t 1.87 .38

tcrcheais zeyherj t 1.%% .49 82 .24 re. 1,07 .59
serchemia zeyheei 2 .5 .59 52,34 81.22 .73 1
serchemia zeyher] I L 4t 313 234 .58 329,02 .21 .88
gerchemia reyherd [ 4.1% 4,12 226,25 L3030 28.53 a7
derquaertitdendron natslense 1 04 .01 1.47 1.3 4,10 3.33



TABLE 7.19 p2

BLUHLLME CARO STUOY AREA : SPIZE CAHOPY COVER ¢OMPARSSONS
FEEGIMG ¢TES) AWD THE &4 2X OF PLOTS WITH KO FEEDING (ND)

Spriame Size CoverXTES
Berquaertlodendron natalense 3 .0t
Beraomae luceny 1 N1
Bersams lucena H

Berzans lucens 3 .18
Canthium inerme 1 .21
canzhfum 1nerme 2 L2t
Canthiun 1necm: 3 S04
tanthium Inerme 4 .04
Canth ium spp. 1 .0é
Capparis sepiaria 1

Cappar f2 seplaris 2

Cappariz tomentala 1 AL
Capparfs romenTosa 2 il
Copparls [omeptosa &

Cassine aethiopica 1 0%
Caxsine aethigpica 2 04
Caisine sethiopica 3 N
Cazaline nethiepica 4 JTh
Casgine trantveaiensis k] 4
Calrla afcicans 1 A
Celtls afrlcana 2 N
Cefeln alricans 3 .25
Celils sfricana [ .04
Chaetachme arfatata 1 o7
Chaetachme sriztala - 2 Lae
Lhaet schre acistata 3 ot
Chascachme areiscata 4

Chrangloena odorata 1 N
Chromliens ndorata 2 .ar
Chromot aens odorats b 1.22
Chromolsena odorata “ .04
Clausens anisata 1

Clausena anisata 2 LA
Clavaena anisata 3

Tlutia pulchella 1 N3
Clutfa puichella 2 44
Clutia pulchelia 3 .21
Coddla rudis 1 43
Coddia rudis 2

Cols grecrwoy! 1

Cola gresnwayl 3 R
Lomsreitm maliz 1 2%
Comsratum molle 4 14
Corbretum malle 3 b2
Comisaretum malty A 224
Comvniphors herveyi 1

Cordia caléra 1 .39
Cardia calfra 2 .50
Cardla caifra 3 .57
Cardla catfra 4 28
Crotolarfa capensis z

Traton sylvaticus 1 A7
Cratan aylwalicus 2 .1
Croton sylvatfeus 3 a7
Lunenia capens [s 1 .aF
Cussania spp. .

EETUEEN TNE 53 .8X OF PLOTS WITy

CoverIND

ar
a8
A2

.05

.41
K1

.M
-
.01
-3
1

N1

-.35

A7
.01
216

TorLFs Hai£S

9.35
11.21
11.21

1.87

1.87

1.87

9.35
1.8%

1.87
1.87
1.87
3o
1.87
22 a3
.61
13,08
1.87
1w
1.47
1.87

1.87

1.87
23.23
11.21
22.63

1.87
13.08
7.48
2.7
18,49

2B.54
246,17
9.9t
15.93

3.7
5.4
.
.7

TolCrus/Nakd

4-40
B.14
12.2¢
?.52
5.4

2.72
1,34
2.2
1.38
1.3
4,30
& &0
17.m
5510

18.33
5.4

£1.94
?.52
L.08
1.16
1837

4,40
1.3
7.0

€C:YOYES

5.3

4.9
2,29
1l.86
.00
2,03

T.81

12.71
N1
2.45
.05

T.02

.13
6,54
.ia

A
1.01
1.14
2.42

23.43

2.94
1.44
2.08
122.04

469
1.4%
1.27

.41

LC;TENG

1.15
1.35
T.14
1]
.28

284
1.3
1.67

.49
1.39
1.0

52
5.ra
ez

.37
-7

.08
111
LY
.81
12,49

a7

1.15

4.1é
1.67



TABLE 7.19 p3

BLUALIAE GRID STUDT AREA : SPIZE CAMCAY COVER COMAARISONS BEYWEEN THE 35.0% OF PLOCS WITH
FEEDING (YET) AWD THE 442X OF PLOTS WIEK WO FEEQIKG (MO}

S e

palbergia armata
falbergia armgta
falbergia armata
Balbergia mrmata
fuibergin chovata
Qalbergin ebovara
Ralbergin chovata
Palbergia cbovala
afenrastachys cinerea
Oichrostachys cincrea
Qichroatachys einerea
Oichraztachys Cineras
Biospyras Lyeloides
piaspyroy Iyclaides
piespyros Lycicldes
Bivapyros (ycialdes
afaspyros siamifl
Dinspyros simiid
biospyros aimii
Diespyret simit
Olespyras spp.
blospyrosa gpp.
isapyras spp.
niespyroa spo.
Diotpyras whyteans

Bombeys
Aonbeya
Db ya
Drombwe v
Fonbeys
Dombeyh
Rondwya

turgess iaw
urgrssiae
burgessine
rorundifalia
ratundifol{a
returdl f2l (a
rotundifolia

DavyelTs exfira
Dovyalis caffra
Dovyalis caffra
povyalis caffra

Ehrecia
Ehretia
Ehretia

riglda/amoena
rigidatamaera
rigidalemaena

Erythroaylm smarginatm
Ery¥throaylun emarginatum

Fuclea
Ewalea
Eucles

* Euctes

erlapa
crispa
crispa
divinarum

Evelea divinarum
Euclea divingrum
Eve!len divinorum

Euclea
Eucles

natalensis
ratalensis

Eucles matabensis

Euvclwa
Euclen
Eucles
Euclea
Eugenia

Face&mhoiay
FACEMOsa
Facemgsa
Facemasy

raraltia

Bl I T T T R F N R Pl i T I P R T R R I I P I R I ol Y I o P L .Y ]

W25
.o?

3.95
3.54
4.448

.18
1.47
2.88

A

1.28
1.85

L4t

s

CaverZTES  CoverXNO

84

R

-0
S
o7
i
.23
3
Lol
.33
ML
.12

.id
.08

-
R.3

K
W42

2,10
.3

47
.20
1.22
1.25
5,38
6,41
.03

Fotefts/HaYES

13.08
3. h
n

3t3.08
145,94
235.51
9.35
7.7
151,40
108.10
3.8%
&7. 29
97.20
53.27
§.15
N
3.7
1.67
1.487
.87
5.61
3.2
13,08
28.04
1B.42
.35

7.48
5.8
14,95
25,36
18.4¢
7.48
1.87

71.03
3516

1.87
S&.07
152,98
215,58
125.84

H.681
1121
25.23
105581
148.2%
353 a7
&57.32

3T

TatcPEs/Mang

.02
.36
§.14
.5
a.18
32.43
1,04
200,14
104.36
271,43
a.16
Tiu5t
170,52
a7.98
17.m1
3673
5782
45.58

14,97
1.3&

4.08
0.3
5,80
29.%3
2643
13561
1.34
11,51
g.18
12_24

1088
4,18
1837
1.3
1.34
ac, 27
B7.T&
1.35
(2519
n
219,50
.M
8,16
.
21.09
127.8%
131.2%
553,22
648% 14
.72

6. 1o
v

N
1.95
2,03

.
.43
0.409

42

A1
2.
9.3

.40
3.3
2.n
2,03
1.7
1.53
.7A
.o

T.10
1.87
1.02

2.9%

BT
2.00
.8
1.2

95

.84
.61
3.5
1.9
N1
2.54
51,34
3.6
1.2
.92
2.07
1.23
5.93
28.49
i.16

CC:TERY

W95
L%
dJ.8a
T.12
.83
1.%6
349

2. %6
Q.00
Jb2

1.%%

.1
.56

-1
49
.83
LT
Lt
.92
1.87
ila
13
3

24
2.3
3.33
2.08

L&

W34

.28
1,39

.82

i2.49

1.33
&1
4.85
35.81
2,22



TABLE 7.19 pd

HLUHLUWE GRID STUDY AREA @ SPIZE CANQPY COVER COMPARLSONS
FEEDEKG (YES} AND THE £¢,2% OF PLOTS WITH HO FEEBTHD (HO}

SprH ane Site  CoverXYLs
Eugenia nataltia 2 L
Ficus glumose I3

Ficus spo. F3 .oe
ficus sur T3 n
Ficuz sycomorus 2 D4
Forl app. 1 .18
Forb spp. 2 .18
calpinia tranavealica 1 .50
Galpinis trensvaalica 2 32
Gelplnia tronsvenlica 3 -ar
Galpinta transvaalica 4 Y
Geranism spg. 2 A
Grewla caftea 1

Grewia calfra 2 .ar
Grewla flaveacens 1 .oz
Grewla ascidentalls 1 .or
Grewis occidentalfs 2 .ot
Grewia accidentalis 3 44
Marpephyllum caffrum 4
Mcteropysis natalensis 1 -2t
Keteropynis natelenzis H 218
Meferopysis natalensis 3 .07
Keterapyiia natalensis 4 1.0
Hippobromss paveiflorie 1 e
hippohromus paoci Floros 2 -
Mlppobromes pauc | flores 3
Hippabromn pawe[Fleros & .04
Irdigalers ratalerdis/cytingarica 1 D
Irdigofers natalearnsis/oylingorica F .07
Xraussta fioribunda 1 1.7
trausala flerlonda 2 1.m
Yraisia floribunda 3 1.58
Yraussie fleriburda & 1N
Lippla Javanica 1 A
Lippia Javanica 2 3.7
Ligpla favanics 3 .70
Lycivn seuthfol ium 1 4
¥enilkara concoler 1

Hentlkara cancalor 3

Hanllkars glscolar 3 Gk
Haniixara dlscolar [

Mayterwrs hecerophylla 1 T
Kayterws heteraphyl la z .57
Kayrenus heteropaylla 3 W
Haytenus heeeropiylla 4

Kay teris Aemorasa 1 sl
Haylemuis nemoroan 2 1.0l
Hayteris nemorosa I .59
Kayterws nemorosa & 1.22
Haytenus senedalenals 1 1.08
Mayterws teregalensis 2 1.84
Hayterws senegalensis 3 1.40
Hayrenus senegalensls 4 J04
Melanthus cchyma 1 -1t
Monanthataxts caffra 1 a7
Monanthataxis caffra F4 R4

RETWEEN THE 55.5X OF PLOTS WiTH

CaverIMg

.07
.03

.ar
.03
.10
.23

.7
.03

-6

]
3
.m
-]

_51

18
212
07
.04
.18
.33
.20
93
.52
Lag
L34
.3l

TetCPESfHAYES

1,47

t.ar
21
1.87
9.3
§.35
26.17
1&.42
3%
23.34
25.23

-H

o

3

1.7
LY
3
3

-

T
23.34

1.87

LT
91.59
#5.33
114

5.6t
1384

171.94
894
1.8¥

25,34

14,82
a0.56
5.81

LT ]
53.27
136,43
&LV
5F.M
98.98
84,11
1.87
5.81
3 ¥
1.87

TolCeta/hakd

1.36
2,12

4.80
2.7
12,88
23 %%

n

1.38

100. 00
73.5%
B3.47

1.3
53.74

11810

20,41
1.3&
4,08
&.08

17.01%
1226
&.80
L. 08
18.3r
A
20.41
9728
54.47
L7.42
3537
53.%4

272
B.1&
.48

CC:TEY

ES

t.45
19
2.4¢
1.1
23.584

&7
2,18
Fa. s

2.00
nn
1.7
1.09
4]
1.2¢
1.9
B}
48
Ly
&.10

1.49

a1
.95
.49

.43
1.04

. E.42
65.47
1.14

1,44
1.0%
¥.38
2.03

Bl

.33
AT

3,00
35
118
2,08
1.04
1,24
2.08
1.61%
16.8%
2.19

-5

1.45
414

3.57

0.40
A

T4
4,21
1.99

1.4%
$.58



TABLE 7.19 p5

NLUMLUJE GREC STUOY AREA @ SPIZE CANOPY COVER COMPARISOAS RETWEEH THE 55.BX OF FLOTS WITH

FEEDING {TES2 aW0 TRE L4.2% DF PLOTS WITH NO FEEDIRG (NQ}

Sppitom $iTe  CaverXYES
Moranthotex{s caffra 3

ochna natal!icfa L Lok
Ochrna natalitfa 2 Kird
dricks bachmarn|[ 1

O lcin bachmanni | 2

Qrmocarpum trichacaspam 1 N1
Dzaron englerf 1

Fancovia golungensis 1 .or
Pancovla golungensis 2 -1
Pancavia golungens{s 3

Pappie ¢apetals 1 .aé
Pappin capensis 4 T
Peltopharum africemm 1 1
Pei topharum africarncm k4 o7
Peliophorum africamm 3
Peltopharus africamnm [ _k%
Phyllanchus rericularus 1 Lle
Phyllenthus rerjcul atus 2 .04
Fhyllanthus reticulatus b3 224
Flectronlalie sensta 1 iy
Plectroniclln srouta 2 .32
Plectranfal1s armata 3 1.10
Plecironi=lla armatn 4 AT
Psychatris copensis 3 04
ghatcissus rhamides 1 .04
Ahafcissus tomentala 3 .0é
rRhoigissus tomentasa ¢ 2t
fhaicisaus tridentata 1 1.2
Rhaicissus tridentata 2 2.77
rholcissus tridentata ) 4
Rhus chirlndensis 1 07
Rhua chirindensis 2 -
Rhus chirindsnais 3 1
Rhuz chiringenais 4 o7
rhey gueding 1

ghirs queintff 4 04
#hus penther [ 1 09
Rhus pentheri 2 2.72
Rhvus penther| 3 7.08
RRus pentheei < 1.%6
Rhus rrehmanni ans 1 I
Rhue rehmanni ana H .2
Bhuzs rehmannianz 3 1]
Rhux spp. 1 .14
Rhus spp. H .07
schorla brachyperals 1 .1
Sehntla brachypetata 2 14
schotia brachypersla 3 .04
schatie brachyperala 4 59
seleracacya birras 1 -5
Sclerncarya birrea 2 .04
stlerocarys hirres 3 L0h
sclerocarys bitrea 4 4.
Scalepia zeyher! 1 .38
seolapin zeyheri 2 2
scalapia zeyheri 3 N

CoverIng
20
01

el |
.0
-1
.01
.04
.03
.al

a1
-0
27

ra|
-0&
.33
N
5
.04

2.25

Lk

TotCPts/HavEs

.87
3.7

1.57

3.7k
5.81

1.87
38,94
5.61
3.7%

23.34
2054
1.87
1.2
112
16.82
57.43
Z7.10
1.47
1.87
1.87
1.2
83,55
145,28
.2
3. %
1n.21
5,41
3.74

1.87
1.1
182,99
3%.72
103.12
5.87
15.95
14.5%
748
3T
5.41
1.48
1487
145,45
T.at
1.07
1.87
221.50
13,69
1121
1.87

facCPTa/Hal

15.53
o,

L.o8
35.89
1297
40.82

4.14

42,59
42,31
1.3%
4.80
16 58
a.rn

156

Le, 70
928
16405
235,59
i.re
2313
1,38

5.6
$.52

1.35
107.03
5,44
?.52
1597
9.7
3578
S.kb
5.8

CO:THEYES

1.1
1.76

3,08

1.0%
K]

1N
4,00
.74
.37

43,54

PN S

T A58

0.¢n
1.96
1a
1.59
1,53
T.08

1.34
1.80

2,03

.5t
1.5+
0.00
1.2

5,08
90,38
2.4
1.
.39

2.7a

3.33
.28
1.47
24
.83

- 3.3
A2
.81

3
2.0%
&.%4

3.33

3.33

WD
.29
.97
AT
AT
.59

A1
&3
S7

15.20
W1
.31

4,95

.97

1.95
a7



TABLE 7.19 p6

HLUHLLMWE GRID STUOT AREA : SPIIE CANOPY COVER COMPARISONS BEIWEEN THE 35.8% DF pLOTS WITH
FEEQING (YES) AND FHE L4 2% OF PLOTS WITH HD FEEOING (NG)

Scuels myriina

Scutia myrtina

Scucia myrtina

ScuCin myrting

Sesbania sesban

Sesbania 3esban
Slderaaylan Inerma
3lderoayton Inerms
Sideraryton inarme
Sideroxylon inerme
Solarus

Sl arwn

Solanum

Spirgatachys africana
fplrostachys africans
Splrostachys africana
Spirsatachys africana
Strychnes {nnocus
Strychngs sedagascarensis
3trychras madagmacarens(s
Tarchonanthyus camphoratus
Tarchorunthus camphoratus
Tarchornanthus cxrphoratus
Yarchomanthus cemphocatus
Teclea gervardid

Tecles matatenals’
Thespesia acutiloba
Thespeaia wevtiloba
Thespesia acutiloba
Trema aclentalis

Trome erientatis

Trema erientalis
Trichoctadus grandifiarus
Trichoctech grandiflora
Turraea floclburda
Unknown 15

Unknenn, 15

Unknown 1%

Unknown B

Unknown B

unknown B

Vernonia subuligera
Vernonia subuligera
Yernenia subuligera
viteliariopats marginaca
¥itex harveyans

Ximenia caffrn

Ximents caffra

timenla catfra
Zanthotylun capense
Zanthotylum capense
Zanthozytum capense
2anthorylum capense
Lizyphus mucromats
lizypius mucronata

i zyphus mucronata

Ziryphus mronata

tize LoverXYES CoverXiD  TatCPrs/HaTeEl TotCPLis/HaN0

1 | g 37.38 B4.81
F4 .53 ] 2. 04 47 .62
3 1.75 AT 93L& .18
& .1 53 10.%0 LS |
1 N1 Al 1.87 1.34
2 07 3.7

1 W3 a2 22.43 12,2
4 ] -0B 18.479 A1
3 .25 13 13,08 19.%5
4 .32 il 14.82 7&.15
1 1.55 .35 81.31 3573
F4 2.85 11 128,84 57,14
3 =01 1.38
] Z_ A% .27 8.9 0,81
4 257 L& 128.92 L)
3 Ltg L3 %L .58 A48T
[ 2.4 95 139,48 97. 71
] .01 1.38
] .01 1.38
z .01 1.38
1 L5 1.7

2 .04 1.87

3 1.04 5¢.%2

4 ) 9.7%

[ 27 28.3¢
L3 87 &80
1 .01 138
2 02 2,72
] .0 1.4
F4 .o .m 1,87 1.3
3 .04 [39.1.]
4 &5 25,23

2 .01 1.3
4 IS 17.07
1 .0 1.38
H .03 2.7
2 .1 .05 .61 5.55
3 16 17,01
1 -0 .87

[4 05 1.87

3 .0 1.34
1 .04 -0 1.57 1.26
F4 1.54 LF] 101.37 5,15
3 Nt .08 25.23 8,18
H -0 1.3
3 18 9,35

1 R 01 .41 1.3
2 06 .03 1.87 2.2
3 .07 L0g 374 &.08
1 a4 A48 14.9% 16.37
2 W1 P 7.48 .52
3 a7 -0é A 4.08
3 .0 1.34
1 57 .22 29.97 2313
2 .51 12 28.04 12.24%
3 L LT L1} 27.a9
& R ¥y 52.02 42,98

cC:fares

2.67
114
z.81
T.85
1.51
1K

A7
.13
2.22
a.g0

153

25.74

.30

3.05
WTh

&t}
1.37
5158

Ja_th
-fo0
.95

2.48
3.39
1.3
3,05

1.0

1.36
12.87

CLiTENG

t41
z.s1
2,19

i.n
.01

LI
24,02
333
.39

104,09

0.go
.43
.30
.57
t2.1%

a3
.24
2,50
1.32
i.00
1.47
a.oo
&7
25
1.62

5,78



TABLE 7.20 pl

VHEGLOE] GRID $TUGRY AREA : SPIZE CANOPT COVER COMPARISONS BETMEEN THE T9.1% OF PLOTS WNTA
FEEDIHG (YES) AND THE 20.%% OF FLOTS WITH HQ FEEDING €ND)

SppMame | SiTe CovesrXTES CaverZNQ  TotCPts/HeVES TotCPtazHakd CLLraves

scacla boclese 1 &7 14.02

kcacia borlese 2 .42 23.45

hcacia bucke! 1 203 1.13

heacie catiry 1 .27 10.14

heacin caffrs 2 -1 .76

hcacin catfen 3 09 .33

Acacly gecrardii 1 1,33 -.69 50.48 25 B4 -57
Acacis gerrardil 2 -12 .50

Acaciu gerrardil 3 .59 1 22.52 &.27 N
tcaclie gerrardid L W2 %50

acacle grandfcarmuts 1 1.60 Y 60,31 1709 93 L
hcacle grandicornuta H 9% .1 34,84 4.27 1.08 16
Acacia grandicaruts 3 1.42 1 34.05 3419 §.2% 1-60
Acac!s grandicarmuts 4 N 1.94 .28 T2.65. ru 3.04
acacin karros 1 1.57 RN 59.68 2.82 1.2 -
Acacis karran 2 1.81 318.29 95

Aceciz karron I .59 13 2 52 1282 1.47 7
pesela lunderitzid 1 .15 5.83 1.3

Acacia \uederitzii 2 ¥ .76 -8

rcacix luederitzid X 1.18 ar.57 3.54

Acecls Luedariizil 4 47 12,02 w17

Atscls higrescens 1 1.27 1.28 (£ W) 1,81 2.50 ]
Acacis nigrescens 2 .2k .1 9.01 4,27 1.04 -30
Azacls nigrascens h! N+ 91 4.50 a9 2.3 -a2
AeacTa nigrescens 4 3 5.03 11826 189,03 .24 . s
Acacia hilatics 1 1.42 1.24 5408 Lro .11 -3
acacia nilotice z 30 1n.26 .93

Actacin nitotiea 3 50 .23 1914 a.55 1.47 W47
rcacle pilotica % .03 .20 1.3 2.9 4.06 638
Acacia robusta 1 i 27.a3 2.7

Acacla rabuste 2 L24 9.0 1.57

Acacia robusts 3 0¥ 3.8 76

Acacis rabuste 4 3o .91 1326 3419 a.2¢ -2
heacle qengal 1 33 12.39 .n

hescin sangal i .2 A.50 &.n

Acacla seroal 3 .03 1.13 -3

Acsela tartilis 1 1.01 i) 58,29 25.54 1.2 W2
Acacia tactilis 2 47 .23 1802 .58 +55 - -2%
acacis racellis 3 .2t 3.60 9.01 59,83 65 2.2
Aloe oarlathil 3 .03 113 -5

Asparasus Spp. 1 2.43 2.40 92.34 av.74 -9 +BG
Asparagus spo. 2 1.07 1.49 40,54 55.58 -Bé -7
Asparagus spp. 3 54 AT 21.40 25 AL 1.06 12
Asparague app. [ 03 1.13 r.ar

Arima tetracanthas 1 68 25.90 1.5

Azima tatracancha 2 L2k 1 ¥4 LET 1.07 .33
Berchomia zeyher| 1 .8 8.76 1.47

Berchemis zeyhari & .03 1.1 12.n

Bascia mibjtrunce 1 &1 .23 5.7 2.55 A1 33
gescis nlblitrunca 2 .09 3.38 1.84

Boscis albitrunca 3 .12 1 4.50 “.27 Z.a2 5.00
srachylaena 1licifalia 1 . 48 27.03 1709 -62 .19
grachylaenu 1licifalia z 103 513 42,79 12.62 a4 -09
grachylaens iTicifalia 3 &3 2477 -9

Crdaba natalensis 1 .3 113 1.7

Canthium app. 1 .03 1.13 N &_34

Canthiue app. 2 .03 1,13 A3

Capparis seplaria 1 .03 1,13 1.49

Capperia seplaria 2 sl 2,29 64

Capparfs sepiacia 3 .1 .27 a7
Cappar{s tomentasa ] B0 .89 30.41 25 .44 1.4&2 1.02
Cappac s tamentota 2 33 12.3%9 1o

Capparis tamentasa 3 .15 .1 5.63 4.27 1.25 La0
Carizsa blspinosa i A2 W23 A.50 . 8-11 ] Lué
carissa bitpinosa 2 .08 .1 2.2% 4.27 5N .13
Casine tetcagans 1 .03 113 &4

Casira tetraghne 3 B3 .13 17

Cassine aethioplca 2 ) 2.25 1.45

Cassine aechiopica b 0% 5.13 &4

cass{ne rethiopica 4 .21 7.54 2.17

Cassine transvaslerais 1 2T 10014 3.8%

Casaine praravanlsnsia 2 .04 2.25 1.41

Cassfra transvaalensis 3 .03 ¥.13 1.27

Cassine transvaalensis 4 18 &, TS 783

Clutis pulchelly 3 .03 1.3 1.59

Coddis rudis 1 N1 .3 14,89 12.82 LA7 14
Coddia rudis 2 Az . 4.50 1.12

Combretum apiculatum 1 % o L83 17.09 7.75 A5
Comoretm apicul arum- 2 .D¥ 11 1.3 .27 2.54 3.13
Combre tum apiculatum 3 -2 7,28 45.45

Combretim apiculacom L N3 2.5 8,47

Coamiphara harveyd 3 0é 2.2% B.L7

Comiphara neglecta ¥ 5y .57 22.52 .37 7 1.84 F.61
Commiphora neglesta z .15 R 5,83 L7 R .50
Comighara neglecta 3 W15 .63 .88



TABLE 7.20 p2

UMFOLOZ] GREA STLOT AREA : SPIZE CANOPT COVER COMPARISONS BETWEEW THE 79.1% OF 2LOTS U[TH
FEEDING (TES) AWB THE 2B,97X 0F PLOTS WLTH NO FEEQING (MO}

SPH ame

Crotataria cepensiy
Croten menyhartil
Creton menphartii
Croton menyhartii
Cussonia zuluyensia
Cussonia zuluensix
Cussonis tuluensis
aichrostachys cinerea
Dichrostachys cinerea
gichrasiachys cinedwa
Diospyras Rycloides

8 lospyras spp,
Slowpyros spp.
Diaspyria spp.
Oiaspyras whyreana
Oombeya rotund]fatla
forbeys retundifobla
fombeye tillacea
Dombers tilizces
Oombeys tiliacea
Ehretin rigidafemcena
Ehretin rigida/amocena
Ehrecia rigidasamoena
Erythrina FysisTenon
EFythrina lysisceman
Eclea divinarum
Eucler divinorus
Ewcben divinarms
Euclen divirarus
Ewciea natalensis
Euclea rutalensis
Eucles natdlensis
Eucles racensaa
Eucles Facohosy
Euclen rACronsa
Fuclen racemoss
Eucles undulara
Euckrs undulata
Euclea wwdulata
Fuclea wefalats
Galpinis cransvaalicy
Cardenia ¢cRrruta
Gardenia chrmuta
Garden{a cormuts
Gardenia wolkensi{
Gardenia volkensii
Gardenla voikenstf
Creuls bigaior
Greuia bicator
Grewla bicelor
Grewis tiavae

Grewia Flava

Grewia [tave

GreWia lavescens
Grewin f1avescens
Gre<ia flavescens
Grevla flaveszens
Gredin manticola
Grewin monticate
Crewias mohticota
Grewia accidentalis
Crewia occidentalis
Grewia vccidentalix
Grewia spp.

Grewie willaza
Crevia villosa

Hippobromss poucit lorss
Hippobromys pauciflorus
Hippobromay pavciflomus

Lippia javanica
Lippia javanles
Lyciun scytifolius
Lycium acurifolium
MBErun argolensic
Macrus argrlensis
Haytows heterophylla
Hayrenus heterophylia
Mayrerus heverophylla
Mayterws heteraphylla
Waylenus Memaross
HIYLems rnewnross
Wayleius REMOrASy

cSize Caver¥XvEs

Gl Pd s £ ie B e B mn P ms P ms el FF omn B e Gl bl P mr d B ek B0 Lat g e bl P mb bt il = g bl et dn A s ot e bl PU b P bed P mr LY P e el PO A P omE B AL = b B e L b e et MY e e e A0 e a B el P = e

B3
-n
.55
1.43
B
.43
-06
.55
1.48
S|
B
.03

L4

.27

03

1,21

W67

Caveriig

-1
1.26
T.54

11.54

4

-1
1.37
W34
.1

2.9
5T
-n

.80

.57
B9

34
ra
A%

=23

.25

mT
-1

.23

3T
.1
.1

.69
1
.00

TotCPEsfHaAYES

2.25

1.13

3.483
t.13
10,14
¥.01

.14
b1 5.1
19,14

3.2
1.13
113
.77
7.BX
& T8
38 11
1a.02
338
3.38
113
.13
113
1.13
1.3
1.13
1.13
788
LTk
T.08
&.76
1.13
577
12.02
5518

TatCPra/Haka

.27
L) |
284,32
31,42
Ly

2T
5124
1z.87
8.55

45.47
2137
427

29.91

rapiig
25.44

12.83
4.55
25 .64

12.82
12.82
2251

8.5%

12.8¢2
3858
3519

&.327
&.2F
3.55

17,89
.27

23 64
4,55

a.53

$1.24
427
L7

25 .84
L.27
149.57

CO:TBYES

4. 36

1,13
1.96
95
.33

1in

3.7
3.2
15.2%
545
R14
3.8

L1
55
2.25
)

2.97
.50

21
1.21
1.5¢%
2.54
LY
1.%6

-#1
£.81
119
847
182
2.54
.08
615
5,08

9.0K
2.7
215

CC- TBHG

.38
LS
1%
13
.83

1.467

A0
.59

.59

A5

W2

.13
-1

.39
5.00
.2t
.05
-1

A3

N

1.25

25
W24
il

L2
.51

.25
.av

.35
A

L2
LE3
0.08

-3

WAT



TABLE 7.20 p3

LHFOLEZ] GRED STUDT AREA @ SPIXE CANOPY COVEN COMPARISONS BEYWEEW THE 791X OF pLars wlfy
FEEDING {YES} AWO THE 20.9% OF PLOTS WITH WO FEEDIWG (WO}

Sprdome Site CoveriTES Covering TorCPFes/HaYES YotCPts/Hawa ccimvzs GE: FRHE
KAYTErus memorosa 4 || .l 1124 29.91
Hayterwrs senegalensis 1 )1 . §2.39 17.4%
Mayteous senegalensia 2 .a9 L2 3.38 4.55
Relanthus dldymas i -5 57 22,52 21.37
Melia azedarach 2 .03 1.13
Nonantheraxis caffra 1 08 2.23
Olea eurcpaca H - 2.25
olea euraopaca 3 .2k .1 7.0 2564 A7
Mzy =oropass - ) -3 2417 A_55 _0&
ormocarmm trichocarpm i 53 b 20.27 1709 oA
Ormcarpun trichocarpom 2 N 3.
Orrocarpum trichocarpum I 0% 1.13
O%orox engleri 1 .03 N 1.11 L.27 20
azaras engleri 3 .0 1.1}
Fappla capensis 1 Ja 11 14 &4 4.27 LT
Pappia capensis 2 .04 1.2% 139
Popoia capensis 3 .24 .94 "L Ti.485 in 1.52
; Pappis capenify L) 1.26 -1 47.30 &.27 & 01 4.0
Fleczroniells srmars 1 R -H 15.77 L.27 1.50 1.2%
Pleceranfella srmata 2 -1 .23 21,40 .99 1.83 W45
Plectronlctla #romcn 3 1.1 L1.67 .3
Plectromielle #rmata & .04 2.2% 1.27
Pyroazria hystria 1 .14 N &, Té 427 2.1% Ak
Pyrostria hystriz 2 12 A 4.350 &.2T a5 B4
Pyrostris hystrin 3 i) M. 11.24 WM 1.45 .19
Rhaicisses rivombidea 1 .51 57 15,77 21.37 2 24 .29
Rhaiclszus rhombldes 2 12 L35h &, 50 12.82 1.03 ]
Rhus queinei{ 1 L2i -23 2.01 8.55 1.56 .19
Rhug gueinzi! 2 .15 .23 5.63 4.55 .61 .
Rhus gueinzif 3 .02 .23 <350 .55 .52 ALY
Ahus gucinzi{ 4 .08 2.25 IT
Rhus pentheri 1 2 Fal .01 8.55 182 Rt
Whus pentherd 2 3 Y] i2.3% 17.09 44 .ar
Ahug pentheri 3 -15 s 3.4) B,%5% g .0g
Rhus rehmanniana 1 01 1.13 2.56
fhus rehmanniana 2 a3 - .11 1.43
ichotin brachypetala 1 .12 L.50 [39.13
schocis brachyperaia 2 04 2.23 u2
Schot{a brachypersia % 6% 11 28,77 427 21.51 a.00
tehotis sapitaza 1 0% -1 i .27 1.2 L1t
Schotia capitats 2 i .23 3.2 8,55 1.44 .34
Schotia capirtaca 3 1,48 2.84 548,31 106,84 -] il
Sehebiz capitata & .7 1.94 2B.15 72.45 1,16 34
Scterpearya birrea 1 .04 2.23 L2
sclcrocarys birrca 1 .03 b 1.1% 427 0,00 0.64q
Sclercearya birrea “ 24 .23 ¢.01 B.5% q.04 a9.0q
seolopla 2eyherd 1 .09 3.8 1.57
Leskbanfa punices 3 03 1.12 1.27
sesbanls sesban 2 .73 1.13 W32
5ida cordlfaliafrhombifel {a ] 1.04 1.26 .4 &7.01 5.9 1.3%
Slderapylon insrme H Az .23 .50 #.5% 1.84 .n
sideranylon {nerme 2 12 L.50 ) 7
| Siderapylon Tnerme 3 -e7 .14 1.47
Sideranylon {nerme 4 o ohuw - i &.27 .93 -1
Solanm 1 65 B 24,77 17.0% 188 1.47
solanm 2 0& 2.2% 1.3
; Spircstachys africana 1 1.92 144 320 £2.78 _AT W30
| spirostachys africana F4 2.47 RY) 101,33 17.09 76 .ag
; splrastachys africans 3 3.32 t.a3 126.13 64,38 .52 Wi
' Spirastachys afrieana [ 142 189 5005 165,30 3. 2.83
sCrychros madegascarentis [ 03 1.3 1
sirycros spa. 1 .04 2.35 847
SIrychas spp. 2 -1 .27 W17
5[Pycnos Spp. 3 .03 113 L.26
Tarchonanthug campheratus 1 i TS 700 17.09 T2 .1
Tarchonanthuz camphoracus 2 1.21 2.9 L6097 a5.L7 1.08 =13
Tarchonanthus campharatus 3 Rl .61 kieN | gE_29 )] .23
tarchoaenthus camphoratus 4 11 4.27 S
Unknown 1 1 -1 4.27 -50
Unikpgwn 1% T L2k ?.01 2.7
unknowr 13 3 0 2.2% .3
unknawn 15 ] Al 4.7 1.:%
Unknowm 2 1 J1 &27 2.5
unknaun 3 ¥ .01 .13 120
Lnknown & 2 -y 1.13 A
urknan § 1 .03 1.3 1.7
; Hriknown 4 1 N 1.2 . MY
2anthory lum capense 1 .03 113 25,42
Zanthorylum capense 2 -1 4.27 L3
Tizyphus mucronata i .i6 A& a.75 17.09 2.03 .95
Zityphus mucronaga 2 -.0% 34 138 i2.42 73 .18
Ileyphus mxcronata 3 .15 .1 T4, 64 &.27 1.q% oy |
Zicyphus maeronacs 4 L0 1.3a 12.71



TABLE 7.21 p1()

ALURLUME CRTA STUDY AREA : SPIZE AVAILARILITT ANE GRASS IMTERFERENCE COMPAR[SCHS BETWEEW THE 55.2%

QF PRLOTS WITH FEEOMG (YES? ANOD THE 44,2% OF PLOTS WITH NO FEEQING (MD) Faga
S g ${ze FreaPrefindex  TotalPreflndex FresBBRYES FreeBROMO
Mot ilonfNiblsers spp. 1 e s
Aburti Lonst bl scus 190, ? " 3,05 109 .oz 245
Aot LondHibiscus 4pa, 3 e o,ud .00 .22 B2
deacia urkel 1 - T.%2 1.3 Lot
Azacfa burke! 3 e 0.0 4.00 o.on
Aeagia burked h - 0.oe b.co .50 0,00
seacin cenlira 1 W5 34 .22 .28
Acacia caffrs Z .. A& Lrs Z.0% 3.08
Acacie colira 3 M 5% N-F4 5.37 2.69
Acacin caffra 4 .- 7
heacin gerrardil 1 . LA 30 -13 .08
Achels gerrardli ? 1,18 1.30 23 0B
hcwcin perrardid 3 - [ rh] 0,04 PRk
Acacim gerrardil 13 - 009 0,80 .01 0.00
Acacio grandlcgrmsta 1 .. a.0% 0.60 .0¢
Aeuela grendicarouts H - W50 R1.) 1 .3
Acatls orandicarmsts 3 -.- .t o.o0o0 .04
Acecle korraa 1 Ll 2,08 Al .51 .57
acecia karroo H g4 r) 2.467 3.02
Acueln karroa 3 1,11 1.25 2.58 1.12
ACEcip Xarrop 5 (e 0.0% a,.80 15 -6
Acagly mitaeien 1 .92 51 B 32
Acsgia niloticn 2 - 1.0 1.6% -84 3%
ataein nileclcn 3 - 1.468 1.6% A -
sreacin nilotlce [} va- o.0f 1.1 A8 Lok
Acacie robusts i nea 3.62 2.35 i el
Acaela rebuarn 2 il 2.70 2.20 .22 .B&
Achein robusta 3 bk 2.87 3.7 il S
Acacin rebwsta & an= o.00 o.a0 .m .o
Aemein mehwelnfurthiifavaxsacantha 1 - 0,00 . {4 .m N
Aracin schuginfurthiifatazseanthe e - o,a0 [ 11 L0
Aralaypha sonderbama i r-- &.co 0.of .o?
Acalaypha sonderbsmg 2 --- [ Msi n.0o 2.7 .08
Acelaypha sonderiona 3 res o.40 o.00 1 0%
Acplypho glabrats 1] - .53 66 - 4B
Acnlyphe glabrata 2 1.20 1.327 .04 1.48
Atalyphs glabrata ] i.00 1.14 4.77 1.%2
Acabypha glabrata 4 are 5.0 5.7 N
Mdenopedia spizata t --- n.90 n.og o1 .07
Meropodia spicata F - N
Mderopodts spients 3 .- a,pt .m0 ] .25
Aderopedin spicata & - N7 .53 LD 0.00
Aloe mariathiid .3 - ¢.00
hsclepias ‘ryticosa 2 - 0, Bec o,00 W01
Afparagus . 1 s 4.2 L5 | i
Aspardgus spe. 2 N 02
ASDAr AJUE £p0- 3 B t.08 o0 . R
Atima tetracanthe i - 0,00 0,00 L&0
h2ima tetracantha 2 - ft.ep .0 1.39
Azime teiracantha 3 ves o, t.H0 211

. Berchemia payheri 1 1.07 &4 1.1% 1.02
Berchemia zeyheri 2 * 1.61 1.42 1.34 1.48
Berehemin zeyherf k] 1.1% 1.31 1.4 1.8
Berchenta zeyherd “ - §.00 p.og .47 . Th
Fergquser: indercron ratelense i e 3.00 3.00 .o Lo

1.08
158
2.2%

(81

R

0y
.01

1.9
30
.ac

4.38

L.19
N
.0

.ot
W35

1.22

1,06

Total3BXYES Tots lRBXND

4.00n
5T
I.ee
1.9%
iH)
N

o.0h

il

1.37
1.1a

A7
.t

FreeBu/HRYES

205,14
52.34
.37

d.co

0.60
52.%5
482.32
1,282.93

30.22
562,98
.15
1.87
117
5.02
15.95
118,72
&27.58
600,52
34,58
198,31
Z01.57
105,44
18,07
3%.81
50,95
47,98
2,49
7.79
3,12
17.13
51090
.75
214,45
1,161.92
1,120.2%
2.69
.54

u.00
93,46

3.z
93,48
LER 1)
24,92
269,52
31564
283 .29
39.25

1.48

FrecEp /Havd

5.67

119,90
636,72
234,49
55.31
&4 .65
O
Ti.E4
.47
20.43
11.54
16.33
2.7z
R

16.33
7.9
11,22
I05._LL
403.63

14,84
16.33
52.81
0.00
t.0t

11.22
.40
1.81

22718
310,75
2t8.07
W L3
.13

TotzlBRE/HalES TotsbBB/HaND FBITEYES
155,33
230.%3 509,958 .01
$2.34 454 1.4
6.23 -
o,00 6.00
a.0e a.q0 0,00
V7014 149,98 .35
TE1.7 1,135.37 T
1,242.93 565,53 1.14
16.51%
48,29 6.80 LT
589,19 15.87 1.10
31,15 1,14
1.87 Q.00 1.14
7.9 A7
9.9 5.67 9%
14,95 1.1%
290,03 453.1% LT
G352t ' 152,38 3
&0, 62 234,49 1,46
35,58 €5.33 1.1%
&0%.48 171.28 ]
25047 119.37 92
101, 56 V1.88 1. 14
48,47 9.87 1.14
£2.91 V.t &5
T1.34 7o -1
LT.9F 14,33 1.%
2,49 2.7 1.6
7.79 &S 1,t4
3 1,74
17,13 1.14
10,90 16,33 1.14
™78 17.91 1.14
FAE 168% .67 1.04
1, 18088 305,48 1%
1,120.2% 405,63 1.4
2.9 1.14%
1.56 16,78 1.14
1834
4,00 52.81 .00
91, 66 0.%o 1.14
&.o0
3.88 W14
1,58 15,47 1.4&
11.34
3.12 j.81 1,48
93.46 1,14
32710 j. 15
k.93 1.4
Wi.N 340.23 7
355,85 32, B 1.01
283,49 248,07 1,14
39.2%8 Ke.63 104
1.5 113 1.4

Fa: 1840

RL)
1.40

[

W57
1.60
1.0

1.00

0.00

Y.60

55
1.00
1.00

&7
-
1.00
1.40¢
1.00



TABLE 7.21 pl(i)

WLUHLAE GRID STUDT AREA ¢ SPTZE AVAILABILITT AWt CAASS INTERTEREMCE COMPARISOMS BETUEEN THE 55.8%

DF PLDIS UIFH FEEDING CYES] AND TWE &4.2% OF FLDIS WIIH HQ FEED|NG [¥1) Fage 1

S P ame Size TreePrefindex  {rpaTed KFHauT *ofet Brousing/Ha HearGress [NtXTES HMearGrass,niXHO
bt iten/Riblseur app, A wer '] 1B, 2¢
At TonzH bl zcus tpp. PR TR N-T 32,74 3. 2.57 3.8 11,01 2.08
AbutitonsHibiscus spp, 3 o 0.00 .98 &5 0.00 c.08 0.to 0.08
Acacis burkefl 1 - 1.92 312 Bk 3 L7.50

Aencin bwrkel 3 . 9.00 42 0.p0 C.o0 0.c0

Aancin larksj 4 - .00 N-H KA Q.00 0.o0 0.00 D.no
Ace<in caffca 1 W95 L2.48 11,84 .21 2.t9 6%. 11 61,19
bencla caffra 2 - Lhh 70.09 5.8 i 10.5%¢ 15.84 <3.ob
Aca<ia caflrn 3 . .53 . 51.7) 26,30 2.93 h [ 0.00 ' 0.0
Acacla catfra £ 2.7 0.60
scatla gereaedfd 1 e W 12.448 2,27 .05 Ny 3742 20.00
Acecla gecrardil 2 1.14 1&.20 1.13 2.72 3.7 2.50 0.00
heacka gerrnedil 3 .00 LR 0,00 .00 a.60

kesebas gerrardii 4 au- .G 1.28 A5 Q.00 .09 0.5 0,00
Actcia grandlcorruta 1 .n- o.o0 1.56 a.no .00 B5.00

hene ba grandiearrt s F . .50 .41 1.43 .05 .52 14,33 U.00
hescia grancticornute 3 .00 1.25 .0 C.o0 a.on

heagfn Rareoo 5 e 2,08 13364 165, 24 1.04 §2.15 59.08 73,56
Acacia kyrrog 2 LR 116 .54 122.68 2.9 2%.28 33.c0 4 .92
Atdcin Rarrng 3 1.19 12 22,58 2.M 2.1 0.C0 Q.op
Aeacln Xarcoo 3 rem 9.0g 13.71 19.0% q.0B o.oo 0.0a .00
huocie ntlotica | W02 133,494 L9.89 g .03 50.87 &1.07
Acseln nlletics z b 1.80 38,94 18.%4 1.55% 1807 19.52 3792
heacla siintles 3 * y.i8 21.81% 36,92 64 7.08 D.0g e.o0
Acecle nilatics 4 s 0,an 16,20 26,49 C.00 c.no o.00 .00
Atmela robusta 1 wxe 3.82 9,22 18,14 .61 N 7.7 £3.058 24.53
Acicla rorits Z - 2.70 1464 5. 67 59 &£.85 28.54 32.00
Acucla robusta 3 wan 2.87 3.74 “1.el .59 6.8% o.ob g.bd
acaels robusza & -an 0.a0 10,59 L.54 0.00 Q.00 0.cc n.00
acacln scheefnfurthil/stexmcintha 1 - 0,00 1.56 165 0. 0.7 7.00 0.00
Acaebs schuelafurthiifacenacantha 2 ur .00 1.536 Q.00 Q.uo B.0O0

Acalayphn sorderfans 1 - 0.00 h.EY G.oo a.4qp 0.00

scelayphe tonder [ans 2 . Q.00 31,60 5.8 0.60 0.00 7.00 0.00
acalayphs sander [Ana 3 --- ) 4.23 A.16 o,00 G,00 .o 0.00
Acalyphu glabrata L - .53 5570 35.40 Ky 5.61 OF LN
Acalypha glabrats 2 1.20 126.79 45,35 5.95 49.47 .01 0.00
Aealyphm glabrats 3 1.00 72.%0 29,93 .07 55. 75 5.00 o.00
aeatypha glabrata ¢ ey 5,03 52 W05 62 0.0¢

Mdcropodia spigata § - o0 1,%6 .y c.to Q.00 n.on 1,33
Aderoped (s splenta 2 - 91 10.0%
Aenoped s apicata k| . .00 K-} 1.8 Q. 0.0} Q.00 Q,a0
Aderwpedia ¢picata [ .- AT 5,98 Rl 19 2.18 3.0C 0.0
Mot marlothil 3 AT 2.t
Ascleplas fruticots 2 ar o,00 1.58 0.00 0,60 35.00

AEPATRQUS 25D, oy em a2 1.56 5.67 .03 1 0.00 29,29
Atparavus $pp. H _- 1.3 f0.ce
Aspatagu spp. . - 3 o nee .82 45 0.00 0.66 0.60 9.t9
Atima tetcpcantha - 1 e 0,00 467 0.ta ' 0.t v.90

Arfma tefrucanthe 2 .- B.oo 9.35 0,00 b.go 000

Azbra tetracantha 3 e .06 62 0.00 0.c0 2.900

gerchemiz zeyheri 1 1.07 ev.ae 109.07 ¥.23 14.33 3.9 33.23
Berchemie zevher! 2 * M-} 38.57 41,83 2,16 25.2} 1.2 9.37
Berchenly feyheel 3 1,18 L. A4 24 1.3 14,20 o, 00 a.co
Berchemle tevher! 3 R 0.ca 1.2 L o.va o.ca 0.00 0.c0

- A ~— 0.00 . o an .00



TABLE 7.21 p2(i)

HLUHLUWE SRED S1UDT AREA ¢ SP1ZE AVAILARILLYY AND GAASS [MTEQFERTHCE COMPAR|SOHS BETWEEM FHE 55.8%

OF PLDIS WITH FEEDING [TES) AND THE &4 .2% BF PLOTS WLTH HD FEEDING (ND) Fage 2

SPOH wme Size FreePrefimdex  TotalFreéindex freeBBLYES FreeBBING TorelEBRTES TptalEEXND FreeBB/HaTES FreeBB/HAND TotslBR/avES  TotwlSB/Hakn fA:TEYES Fg: THWO
Berguaertfoderdron natalense 3 - c.o0 B.00 .08 .ot 15,49 18,59 1.%4%

Aersama lucens 1 sen 0.0 0.90 M) 0% $.35 9,3% 1.14

Bersama |ueens 2 .- 04 O 13,65 1433 .80
Herasmy lucens 3 mr= c.oo 0.0 A3 .08 _¥e LA 31,15 16,78 35,15 18.78 L 1 1.00
Lanthiun {nerme 1 - .00 L.ob .o? 0% AT N 17.2% 18 80 5,17 39,35 b &
Carthium {nerme 2 .- c.0o 0.00 L2h il .28 .18 56,54 L3 03 0w 53.2% .92 .B1
canthlum {oerme 3 0.00 0.00 .02 .25 e -9 3.7 5. Ba 1.7 5682 1,14 1.0t
carthlum [nerme & --- g.00 0.00 -0 .ot 3 LBt 1,14

Canthlum $pp. i new 4.23 L.58 .o .ot . 1.48 1.5 .08

Cappariz seplaria i - 0 Rl ?.4& 2. 84 LB&
Capparis seplacie 2 .- .o W0 2.12 3,72 1.00
Capparls tomensoam § 0,00 0.07 05 02 W05 N4 10.70 R 1.8 6.5 1.03 ]
Capgarly tomentoss 2 e 4.00 0.90 N .02 .0 L0z 1.2 a0 312 5.6k 1.14 50
Capparls tementota 4 .= .01 .m .72 2.2 1.00
Cangine aethiopicn 1 - 0.90 0.00 .03 .08 0% b 7.01 15,62 7.79 i7.83 1.62 98
Lassine sethisples 2 VB _ -04 .17 OF .13 13.08 35,28 1B, &% 35 2 . Bo 1.00
cattine sethlopice 3 - 0.co 0,0 W13 KL A2 03 .15 B.i4 3,15 8,18 t1e 1,80
castine msthiopica ] .- .00 a.00 W02 .ar .02 0% 5.41 15.42 5.81 15.42 1.1 1.00
Cassirme transyaglens|s 3 c.oo 0,00 Ry .06 .97 R.97 1.4

Leltls afrizena 1 1,02 1.08 .10 .oe iy .7 24,52 7.8 27.23 19,14 1.02 93
Celtis africena H 0.00 0,00 .05 Rl 05 o7 11,08 2.1 12,48 .3 1.0 R
Celtia africenn 3 t.12 1.2} .0z L2 5.41 581 1.14

Cettis afriesna 4 .- c.o0 o.00 4a.00 a.00 . a.00 0.0 0,90 o400 0.00 a.co (R} .00
Chactachme yristatn 1 --- 0.00 0,00 .02 FRA .03 .08 477 23.cz2 .35 24,04 +3B )
Chaetachme eristate 2 LA c.09 0.00 AL L3 A5 0P 33,40 2521 35.96 2 37 1.00
Thackachme arigtsta 3 0.c9 0,00 .02 .02 02 WO0F .94 L.54 4,92 4,54 1.4 1.00
Chaet echme wristota 4 - i -0 4.00 4,08 1.c0
Chromel acns sdorsta 1 0.00 0.00 90 .0n .75 . 114
Chromelacns odorats 2 - 0.00 .00 .09 13 2 i) 20,35 ar.2s 2.7 P2 11 7o 1,00
Chromolaens oderata 1 0.00 0,00 A Akl A3 05 114,84 22.488 114, 64 22.68 114 1.80
Chromelaena odorata 4 .. .60 0.00 .01 1 LA . 3.2 1.1

Clavaens snisata 1 ren o7 05 11483 14,78 .87
Claywsera oningen 2 —ee 0.Co 0.490 Q4 .80 .03 .00 0.88 K1 2.3 . 1,08 1.00
Clyuvsens anisats 3 N A 2.27 .77 1,00
Clutle pulchel le 1 - 0.0d Q.00 .ch .0 L0k 0k . 4.BC N 11.34 1.te .50
Clucie putchella 2 - a.ct Q.on -1 A1 .ag L3l 2430 107.8% 26,02 1&5.67 1.1 .Th
Tlutia pulchells 3 = 0.89 n.o9 A .32 .01 .23 a.7e &£5.21 B.72 ba. 25 1.7% 1.00
Coddia rudiy 1 A7 17 1,60 74 1.53 .65 376.35 140,64 8, 1 188.8% 1.05 .85
Coddia rudls 3 - a0 .00 ] 3 1.40
Coln greenwpyi ] -t2 02 4,54 454 .00
Cala grasnuayl 3 e 0.09 .00 -t .8 .00 L4 .92 2.1 .92 12.70 §oid 1.00
Combretum my|le § - K] .43 14 .95 -2 .08 348,78 9.75 85,73 18,14 b4 5
Comaretum molle 2 - 0.4 0.00 1 .08 W2 LGr 25,23 1£.88 32.71 204t N .83
Corbretum molle 3 v.0c t.00 27 a1 Lo 00 £3.55 1,58 53.55 t.38 114 1.00
fombretun molle 4 b.co 0.60 1 .03 0 B2 25.5% &.35 25._55 6,35 1is $.00
Comnighara harveys t b .02 .oz 4,81 h, B .04
tordia cafirs § v.00 £, 00 .12 .20 .43 .28 27.79 42.30 35.51 79.75 .89 .53
Cordle catfrg 2 .. 0.ci Q.99 1 T L35 13 B 46 108,54 W2, 52 134,87 1.01 il
corgis catfep 3 .00 0.00 RH k1 - 3 7418 59,64 4, 14 59,44 1.4 1.00
Cordin ealtea [ 0.00 9,499 00 03 A o2 b2 5.4 B2 5.44 1.4 1,940
Crotelaris capensis 2 - R L) L ’ 12.61 *3.81 1.0¢
Craten sylvaticus ¥ 0.00 G.o0 .42 A .02 .M 3.68 2.27 L.05 2.27 1,01 1,00
Craton sylvptlcus H s 2097 17.80 .04 .07 Y6 12,83 .ES

Crotan sylvaotlicus h| . 10,86 $1.46 1] A3 ] A9 16.95 27. 2 14,95 T2 ¥.06 1.00
Curonla capensis 1 040 Q.90 .2 .ot 12 0 3.8 .54 31,15 Kl Lk JAO
Cussonia spp. 4 pe- 0,40 oo n.00 9.00 0.Cp



TABLE 7.21 p2(ii)

H\WUHLLME GRID S1VDY AREA = §PI2E AYAILADILiTY AN CRASS INTERFEREWCE COMPARLSONS RETWEEN THME B3.87

QF PLOTS WETH FEEDING (YES) AND THE 44.2X DF PLOTS HITH MO FEEO(NG (HC] Page 2

SppH e Slze Freeprefindex wrueTES HinzHg 50wt Aravsirgsda HearGrassIntXTES  MrandrassintiNg
Sergusertlsdendron natalenss 3 .= 9.00 42 .09 a9.00 Q.m0

Serzama lucen: 1 aa- n.92 3.2 Q.00 0.0 .00

fergama [ucens 2 o 1.34 20.00
Bersama lucena 1 ran 0.49 1,12 1.84 ft. 00 .00 .00 n.0o
Canthium inerme § 0.00 9,35 3,84 0,30 0.00 £1.72 35.70
Cemthium Inerme H 0.00 11.53 794 0,00 €,00 19,33 19,24
Canthlum dnerm 3 = 0.00 .52 3.7 0.00 2.00 .00 a.00
Canthium Inerre 4 - 0.40 42 o.00 q.00 a9.00

Eanth|um Spp. 1 i 4.23 .56 .03 .M s.00

Capparls aeplaria 1 “er x.27 131.589
Copparis aepiarin 2 - La5 . .20
Capparis fomentoza 1 v 0.09 10.59 2.27 0.00 2.00 9.81 5.00
Coppar |9 Lomentoss H anr 0,00 5.58 Rl .00 .00 .0g Yo.al
Capparis tomeniozs 4 e Nal 4.09
casine aethiopicu 1 0.o0 156 8.3% p.00 ] 10,50 31.55
Gastine aethlopica 2 R 1.58 2,37 .05 .82 30.00 c.00
Cassine aethinpice 3 .- 111 .42 1.38 9.00 0,00 0.0t 0.00
Casnine sethioplen 3 van 0.0 1.87 387 .00 o.op n.aod .00
Casgine trensvaplensia 3 .- Q.00 K. a,00 .00 .00

teltis afriesna 1 1.02 30,54 19,05 .1 1.25 ?.95 1
Celtin african F] 0.00 L AT B.3% 0.00 T p.on 11.25 .85
Celtia ufricenn 3 1.12 1.87 " 03 3 0.00

Celtis afriesnn 4 a- Q.00 .62 2.27 0,00 0.00 0,00 0.00
Cheetachme srintata 1 .- 0.00 - A2 .94 0.00 0.00 4%.00 .96
Cheetachme arictats 2 fes ¢, 00 1.56 4,58 .00 0.go 15.00 4,00
Chertachme aristate 3 e Q.00 .52 .43 0,00 0,00 0,00 .03
Chaetachme arlstata ] ase 914 0.00
Chromolaena adorate 1 ves .09 i.54 2,00 2.00 o.00

Chromolséme odireta 2 - a.400 4.47 2.27 0.00 0.0a 33.10 {.00
Chromolaene ooorats 3 e 0.00 4,98 LH 0.00 000 0.00 o.0a
chramalaens scdursty 4 - .00 .42 0,00 000 2.00

Cluriens anisity 1 - 10.66 12.84
Clayzenn gnisata 2z rea 9.00 1.94 65 7.00 0.00 5,00 2,00
Comtaens anjasts 3 - L5 0.09
Clutla puichells 1 [ Q9,40 547 .67 .00 Q.00 Q.00 3}
Clutla pulchella 2 === 0,70 T 41,95 0.0¢ 7,00 2.50 26.07
Clutis pulchelta b1 LR 0.00 1.87 7,52 0,00 n.00 ¢.00 o,.00
Coddis rudle ] - A7 49,50 28.849 .27 3.12 7.8% 15.06
Coddis rudia 2 45 ' 0.490
Cole greemuayl 1 --- 1.13 0.0
Cala greerwsyl 3 raa £.o0 42 L9 .00 0.00 0.00 0.00
Corbretum malln ] - .68 2617 4,80 A 1.25 44,08 4h .25
Combretim motin ] see 0.00 4,85 1.4 0.00 0.00 22.84 18.29
Combaretir ol b 3 aad 0.00 3.7 A 0.0 0,00 q.90 0.00
Corbretum molin ] . 0.00 5.8 1,34 0.00 0.00 0.00 0.99
cormiphtra hervey| \ ' R 4,99 3. 84
terdin cafira 1 vas 0,00 17.45 T 0.00 0.0¢ 21,73 46.98
Cordin ¢aifra Pl - q.00 23.0% .2 n.o0 0.00 in.8a 19.27
Cordis cafirs 3 nes 0.00 13.08 B.42 0.00 0.00 0.00 0.00
Cordin calirs 4 P 0.00 2.59 4. 9% 8.00 0.00 9.00 4.00
Crotolaria capersis ] . 1.13 0.0
trocen aplvaticys 1 e o.00 2.18 2.27 1,00 J.00 ¥.23 0.90
troron sylvelicus 2 ++x 20 97 L.9B 1.34 15.24 25,358

Croten Bylvat ivus 3 e 10,08 1.25 N2 LA T.68 0.6 0.0
T e e .- 13 ek R 000 - n.4g Bs.20 40.00



TABLE 7.21 p3()

NLUHLLWE GRID STURT AREA @ SPIZE AVAILASILITY AnD GUASS IWIEHFEAEWCE COMPARISOMS BETWEEM, THE 55.8%

OF PLOTS W|TH FEEDING (TES) AWD THE &4.2% OF PLOTS WLKH NG FEEDING (WO Page 3

SppH wme Size FreePrefindex  TotalPrefindea FreebdXYES  FrecBRIND TotglBSLIES TerplBATHD FresBB/HaXES FreefRsNamd TetalA/HAYES  TotaiBr/Maxd $3:THTES fa:zTEMC
Peloergia armats 1 - a.90 0,80 .m LAt 7.5 1.58 1.14

Aelbergla prmota 2 - D. 0D 0.00 .09 o .08 il 21_8% 7.9 2V.8Y 7.94 1% 1.80
calbergia armata 3 e .0 .02 535 6.3% 1.4
Calbergia armata & -+a a.00 B.00 a.ap 0.00 .00
Delbergin cbovats 1 .- C.on D00 11 A3 . L9 A2 25.0% 2746 %0.72 3. -1 B2
Qaibergin obovars z .00 0,00 35 .14 .32 o 825 21,77 B4_Th 7. 1.1 .60
oalbergia obovata 3 - a.op 0.% .04 .22 .03 L6 9.35 &5 .20 %.35 £5.80 1.5 1.00
Delbergla aboveta 3 - A5 1 0B84 30,84 1.00
Dichrostachys cinerea 1 . 1,36 I I 1,17 2.58 5.05 3.82 T4 .29 520.77 1,618.57 1,107.57 .52 L7
0lchrostachys cineres z A5 NI 4£.59 2.B4 305 3.40 1, 078,94 594, 88 1,331 .40 $B85.42 . W67
Dlchrostachys cinerens 3 A2 .13 .15 .7 1.0t . 2ra.ng 720 2rc.os 2L 1.14 1.400
Dichrostachys cimereo L v D.ap 0.08 0,08 D, 00 (.00 oo B.0% .o c.oo &,00 ¢.00 .00
Bioxpyros iycioides i 0.ta £.0n 1.52 1.03 2,81 1.59 357,40 215.85 RN 451,72 .54 Y
Dicagyres Lyclialdes 2 e .9 .08 N 2.2 3.8 %27 1,200,39 518.6% 1,501.25 947.39 A1 55
Dlospyros [yeiaides H - 21 24 1. .39 .89 .28 238.01% &2.54 236.01 BZ.5% 1,54 1,00
Biospyros Lycioides 4 - D.4a0 0,0 0.0a 0.00 c.o0 ] 4.00 c.on 0.co 4,08 0,00 0,09
Diszpyros aimil 4 s .23 1.10 85 .9 37 B/ALIA 135,50 344024 165,02 .8% .82
Oicsgyras almbi 2 - a7 W53 1.24 1.8 1,15 .B5 92,05 241,84 .41 230.57 1.08 97
Cipsgyros simi) 3 0.0 0.0n .34 .30 30 .22 B1.00 53,49 85,00 53.49 1.4 1.0t
Oleapyros aimi| [ - 0.co o, oo .n2 01 3.7 3.7 1.14

blaspyros spp. 1 A 0.0 o.M .01 i .03 .21 7.0 41,45 .35 &0.0% .85 .73
Olospyras spp. 2 - 0.00 9.00 L2 .03 J0s 0 12.20 .80 . 10.90 &_B0 1.08 1.¢0
afospyres spp. 3 0.%0 0.0a 03 02 5.2% 6.23 1,44

bicspyros 1po. 4 =rn [ 0.0n .05 0% 1248 12,46 1.4

Digspyrad whyteans 1 - .49 000 .M .01 Z.80 32 1.02

bonbreys burgessiae 1 e 1.59 .12 L0 A7 BL 18 W57 15.9¢ 18,13 £6.53 ) g
Rembeya burgessiae 2 - .73 W51 L6 -] 73 55 156,79 T41.90 250.03 1568.0% | .90
tombeys turgesclae 3 . .41 144 Rt} A 3 -1 15.5¢ 2%.02 35.51 29.02 1,14 Y.aa
Jorkeps petunditciia 1 e n.00 0.03 .20 LB .52 .62 47.82 B&, 59 139,81 17846 L L9
Domreys rotundfolis 2 a.0% o0.oap s al &7 N a7.7e 144,75 1793 184,39 .68 .80
Dorbeyas rotund| folls 3 [ 1.87 &.4b o7 .20 .08 e 16.20 4§.27 14,20 L1271 154 1.00
gombeyn Fotundidoiia 3 m -3 2,27 2.27 1.03
Bavyrl s catéry ‘ 0.00 0.00 .07 T .15 N 17,11 19,14 4059 32.65 .48 92
Bewynlis eaidrs H 102 1.28 21 LR .19 WA 50,24 4,72 51.0% 41,72 V.12 V.00
bovyelle caffra ) ki 3.9 L.50 L6 - 4 9 L1.N 55.33 3E.N 55.33 1.4 1.0%
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Ehratln rigidasamosna 2 - .18 N1 .27 ] i 30 43.84 £3.59 £3.04 B5.7% V.15 T3
Ehretia rigtdatamoena 3 “-- a.00 L] 3 06 Rl N .08 .97 2LV .97 FA 1.4 1.40
Erythroay fum emarglnatum 1 res . L0t 02 1.13 1.11 1.0q
Erythrozylum emarg!natum 3 - .m el P81 1.89 1.90
Euciea crispa 1 - .GB i ] LB 47 1.5 1.88 150.4% 16128 £10.72 543,97 A2 -
Fuclen crispa 2 0.00 0.0 1.35 7.81 172 3.54 318.3% BLE1E L5919 1,024,385 . .54
Euclea crispa 3 anm .09 q.00 DD |0 an ] 3 13.8% -1 1341 .04 1.0
Eugles divinorum 1 _-- a.no B. 30 L5 _3% 83 ] 423.42 84,90 z20 .81 85.8% B3 .75
guclea divinorum z . 0.00 0.00 341 145 3.3 1.1 801,25 30642 M3, 44 320,85 1.02 .95
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fucler natnlensis 1 0.01 [ ) o2 1 .03 o8 L 22.7% 7.79 23,44 .49 R
Euclea patalensis 2 e n.qa 0_D0 - _45 .24 .12 $5.28 9s.10 54,07 LI [ i.12 1,00
fuclea patalensis 3 .- D00 0.a0 .ar _1é L0 a1 14. 20 3 16,20 33 1.74 j.00
Euclea Facemosa 1 4.0 0.0 B0 1.01 97 R H 188,17 2.3 259,50 254.58 .83 e
Euglem racemosa 2 aa- D& - _o? 2.49 2,61 2.28 .07 585,19 BLT.9% 10590 59887 1.09 N
Euclea racemosa 3 --- 4 .24 y.2n 1.51 1.1 1n 312031 321,32 .M 1.1z 1. 14 1.4p
Eaclea racemedn L 0,10 a.pb .35 .25 ] Al 162 52,15 81,52 52.15 118 tag
Eugenia nataltis 1 .- 0.m 0, o7 L04 .06 01 15,80 1.00 T6.32 3.40 1.10 85



TABLE 7.21 p3(ii)

HLUMLUVE CRID STUDY AREA ; SPIZE AVAILABILITY AND GRASS twTERFEREWCE COMPARISONS BETWEER THE 55.8%

DF PLDIS WI{H FEEQTHG (TES) AND THE 442X OF PLDIS WIIH WO FEEDIXG [HO)

SppH ame

paibergla armata
pulberels armata
polbtrgle armata
oeiberola srmata
oalhereln cbovela
itatbergla cbovela
palbergin obavata
Onlberglin nbavnta
tichrostachyt eineres
pichrastnehys cineres
Dichrostachys clrecen
pithrostschys elneren
gioepyros LycTaldes
plospyres lysinldes
Olpspyras. Lycinides
Olatpyros Lyclioides
diospyras simil|
tlosayron eimif
Oiesgyren simil
piospyron sield
Biesmyras spp.
piaspyron spo.
ciaspyres spp.
pleapyron xpp.
plsapyros whyteans
Gombeya xrgesslee
pombeys burgessiae
potbeyn burjessiae
Oorbeya roturd] Folie
Combeys rotundifatlis
gorbeyn catund! Falin
Combeye retend]fotia
povyslls calfen
povyslis cafflrm
povyalis calfea
gowvyulls carfrm
Eheebie rligidosmmosna
Ehretin rigidesmoena
Ehretln rigide/amoens
§rythioaylum emarginatie
Erythrostylum emarginatum
Ewcler crispn

€ucle) grispa

Eucies crispa

Euslee divinorum
Euehen divingrum
Euelen dlivinorum
Euwclen oivinerum
Euclea matalenais
Euclea natalensis
Eusles natalensls
Fuclea racemoss
Futlen recemass
fucles racemosa

omlan amamesn

Sie
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FreePretirden m HatES

c.o0
D.po
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N
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0.00
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1.02
B.00
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1.41
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E.00
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3,06
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0.0
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o.co
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3449
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28,65
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L.87
LT g
b2
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1.356
?.35
23.36
3.2
M.ke
18,33
4,34

1Ty
5.3
3.7

&2
M, 15
rm

B2

547
]
A

23.%8
13.61
11.34

6.33

36734
129,93
33.55
1,38
160,02
133.7%
ge.22
45
76,12
55.56
11.19

2D.4T
1.13

7.9%
1.1

&¥.12
2340
4.5
A5
15.05
7.03
LK
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2.30
1,38
1.13
W45
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3

.00
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N
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.00
0.40
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5.5)
2.9
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b.00
2.80
T. 4B
B.0qa
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o.op
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.00
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0.
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p.op
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12
200

p.op
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50.52
.12
0,00

36,02
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0,08
0. Gd
52,54
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5.9
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&, 43
5.00
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72.55
3813
.t
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39.83
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57,89
1.68
o.on
o.oo
4.21
1,00
0,00

61.36
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44 24
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TABLE 7.21 pa(i)

WLUHLLME GRIE STUDT AREA @ SPIZE AVATLABILITY- AHD CRASS [NTEAFERENCE COMPARISONS BETWEEN TME 55.8%
OF PLDTS WITH FEEDI¥G tTESY AMD THE 6. 3% OF PLOTS WITH NG FEEQIHG (WQ)

& e e

Eugenla natnitia

Flawa glemase

Flous spn.

ticus sur

Fleus sycomarus

forb App.

Forb ipp,

Zalplnia trensvanlica
Calpinia cransvsaliica
G:tplnia transvanlics
iatplnia cransvpalica
Ceramium Spp.

trevia cafira

Greuin caflra

Grevig flavescons
Grevin oecidentalis
Grewis oreidental is
Crewin octidentatis
Harpaphytlom caffrim
Heterppyxiz nacalensis
Hoterapyals nataiensis
Heterspyxis nateiensis
Heteropynis natalensls
Hipgebromys pauciFlarus
Hipoobromus pauvci{lorus
Hipoebromus pavciFlorug
# | ppabromss pawcifiorus

IndigoFers natalerafsseytingorics
Irdigofers notalensis/oyilngorica

Erouvssie fior | bunds
trausais ftor|bumds
Krmussips ieribunda
Eravssia Jiorbburca
Lippia javanica
tippie javanicy
Lipp's [avenica
Lycium acutd follum
#enlikers concolor
Meniikarn contalor
Hanilkarp discaler
Menilkara discoler
Maytenus hetersphylls
Maytenos heterophylle
Mayreras heteraphylls
Havterus heterophylla
Maylepus memorusa
Harterus hemoross
Haytenus nArnoroxa
MaEylErus nemoross
Kayterus sencgalensia
Martenus senegelensis
Maytenus senegalensis
Haylerus scnegalensis
Melanchas didyma
Honantharexis caffra
Moranthataxis caffra

Size

(X
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p.op
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Q.o

1
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n.08
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03
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i
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B
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.20
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freedBIND

N
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.02
.08
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o
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Y
06

A2

a.0q0
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W13
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T
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3
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TABLE 7.21 pd(ii)

PLUNLUNE SRID STUDT AREA ¢ SPI2E AWRILABILITT AHO GRASS [NIERFERENCE SCMPARTSONS BETUREM THE 55.4%

OF FLOIS ViTR FEEDING (TES) AND THE G4 Z% OF PLOTS WITH %O FEEOING (MOJ

S PPN mme

Evgania nataltia

Flewvs glumcsy

Flews app,

Fleus sur

Flewvs tytomaris

farb 3pa,

Forb spp.

Cajplinie trantvaslfsg
Ca'pinie 1ransvasiles
Galpinin trensvesiicen
ol pinie trgravaniies
Cerondun g,

Grewin cafire

Gredia calten

Grewia flavescent
Grevin vecidentalic
Grewis cecidenral (s
Grewla sccidentslis
Rurpephyllom enffrum
Heteropyais patalensis
Heteropyzias natalensis
HetereppaTs natalensis
Hereeopuls catalersis
Hiprobromrn paue! Florus
Hippgbroaat paucl {lerus
Hippobeomas pave {1larus
Hippobromas pavelflarus
Irdigafcen natalensicieylingarics
Trdlgofere ratalenais/crlingorica
Krawssia Flar (bunds
Eravasin Flor ibunds
Erguacin flor iturets
Krauseia Tlor{burcds
Lippia Javanica

Lippia Javanica

tipala Javinlcs

Lyclum seutifal ium
Menilkara geneolar
Hani{kere conce'or
Hanitkars dincalor
¥aniikace disceler
Fayterws hegerophylty
Hayternm heteraphylls
Foeyrerws heterophylia
Fuyterus keterophylin
Haytarus remorass
Haptemnst remar ngh
Fiytenus nemarosa
Feylemns Nemorosa
Mayterus venegatentfy
Faytenus ténegatensis
Haytenim senegalent iy
Hayterus tenegatensis
Helanthrus dldyma
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TABLE 7.21 p5()

HLURLUME CR1D STUDT AREA ¢ SPEXE AvAILARILITY AHD LRASS IHTERFERENLE

QF PLOTS WiFW FEEPING (YES] AN THE &44.2% OF PLOFS WlTk HA FEED{HG (HO)

Monenthétaxly caffrs
Gehaa matat|tia

Cthea ratatitin
Oricia bachmarnit
Gricle bachmamnli
Grmacargam trichocarpam
Droroa ergicrd
Parcovin goiuwngens|a
Pancovie golungensts
Fancorie gelungensis
Pappla cspunals
Pappie copensis
Feitopharum africarm
Peltophorum afrlcaram
Petropharum sfricarum
Peitopherum africamum
Phyllanthus reticulatus
Phylienthus ~eticuiatus
Fhylianthus reticutatug
Piectrorielia ermata
Flectroninila armata
Plectronieils prmata
Pluctronie)la srmata
Psychatria coprnsis
Rhefeissus rhoabidea
khelcissus tomentosa
rheictssus tomenmtioso
khafcizsus tridentata
rhaicissus toidentata
ehoieTasus 17 fdentata
ehus chirirdensis
Phus chirindeneis
Rhgg chirindensis
Zhus enbringdens!s
fhus guebneil

Rhus guelneit

fhus pentheri

#hus pentherl

fhus penthei

dhws penthersi

Bhis rEhmanAL e

Phus rehmannians

Rhys 7zhraen] ang

fhus sph.

fhus SPp.

sehetia Brachypetala
Schotla brochypetata
sthatts brachypetaia
Schatia brachypetale
Scicrocarys birren
teisrocarya hicrep
Scleracarys hirrcs
selerocarya Birrea
Seolapia zoyheri
scoiepla 2myheord
Scolppid reyheri

Size

L R i B e I T R P R F R L . I e L I T Y
'

T N R A I N P T

FracPredindea

.09
G.81

o9
¢.a0
t.od
: i}

G060

a0 -

g.cd
R ]
G.¢0
[tR
a.¢a
a.¢d
0,00
0.04
4.8

.5E

Q.02

TotalPrafindsx

9.8
1.498

9,00
§.59

0.0¢
.40
0.00
0.0

.00

.08
¢.ut

.05

.8

2T
[+
2.0
4,494
.30
0.64
4.
0.0%
¢.on
E.q0
4.o0f
0.4c
a.98

o.0g
1,88
38
i
.90
[

a.00
€.
4a.4q0
0.08
g.08%
o.ue
c.0o
G.a0
o.04
4,00
©.a0

-&0

J2.08

FreeBRUYES

.4a
.05

.00
W33
1.8
.09
.19

A7
.30
02
.16
R
]

8.9¢
it
L)
.
04
.ta
22
.03

COMPARISCHS BEYWSEM THE 53.8%
Page

FreepEINU
Rt
.01

.m
G4
4

Al
W26

.51
Y.
82
LAk

3%
to14

N

AT
G

Pl

139
2.9

1.8¢
.72

&7

2.9¢

.1
.o
.05
.18
.19
1

Totab BEXTES Total@dked

R-H
B

.ng
O
.0
N
92
W
4

a1
.48
L16

0%
L3
.33
3
.02

G

.55
2.3
7.53

.24

1.3
.02

Al
.15
N
W83

7
L43
.03
Ot
A9
.11
a7

|
10,98

L%

4.22
31,15

p.8a
15,58
£1,6%

1.87
43.%6
13.9%
20, 5%

102. 53
T3
185.30
10,28
26,72

2.3

1.4
14,13
T85.H

L1417

8.1

Lo
5&.5¢

4,38
19,74

1.00
&t,87
aa0.4a2
72r.90
65,48
&.62
26,65
Ti.0%
5.37
12.6%
.66
59. 81
L 99
0,08
%67
14,02
1.87
12.4%
2.9
50.78
5.8%

Free8G/HatES FrevBB/Hand

2.72
1.83

1.38
j.81
LG
17,88
4.80
nn
L.54

113
9.07
24,77

32.7%
54.25
10.88

167,49

AT

1743

5.%0

N2 .64
238,59
LIV}
2.72
35.51
2.27

/9.
S76.14
A42.00

59.41

-2
130.B4
6,35

28,12
24,18
19.34

.o
14,33
19.05
74.57

3.39

157
4£9.9%
3:ra
2641

TotwiHB/HAYES

4,21
LI )

0,80
B2.nN
51.20

1.87
55,45
15,32
.56
.70
185,34
L 1]
10,28
26,92
.35
3.7
14.33
vy
tan a7
8,90
.79
5.9
L1
19,94

f+ MgH
158,78
1,065, 74
7.1
45, 48
24,92
126,94
71,03
24,90
£,20
14,02
LI L
3.7
0.9%
7Y
28,94
1.87
iZ.6b
47,37
5.4
£.95

Tetal BAHaHT
2.7z
2.72

1.3
1.81
5.1%
i3.61
£.30
31.73
4.%6

t.13
v.07
2177

45.33%
103,85
10.83
12%.54
TS
171,63
5.90

9.5k
448,39
1,48
2.72
7.9
.27

158.5¢
£81.18
LLF N
9.4
i1.k
ITH.42

&35

55.33%
L2.18
13,24
a7
16,33
1.1
125.28
8.9
3.4
Sh.74
32.43
2048

FE:ICYYE  §H

1.1
1.74%

AP 14
a.of
.37
e

EFRTY

0.00
69
%2

1.14

LI 1
.14
-

1.44
26
]

L9
Foiw

e.ca

57
(AL
1,4
[k
512
Tl

:TEHD

+. 06
t.00
5,08

.12
S
1.00

V.00
V.60
1.0a

-3
.85
1.60
1.09
.57
35
.

.51
.62
.A2
1.0
1.30
.39
.5l
1.09
1.00
ST
IR
1.a¢



TABLE 7.21 p5(ii)

HLUNLLVE CATD $IUDT AREA @ SPEZE ArRlLRBILITT

bf PLOTS WITH FEEDJHG (YES) AMO THE &4 .2% aF PLOTS WiTa ND FEEQING [N

oo wee

Honarthatezis caffra
Oehrw natailtin
tzhne netalltie
gricta bachmarni |
Grtcle bachmannil
ormacargan trlchacerpum
Dporos ergleri
Pancevis golurgensia
Pancevla golungensis
Parcovis gelungens s
Papmis copentla
Popala capensis
Fyltopharum afrlcarcem
Felyophorum afroarm.
Petrophorum africarm
Pel tophiorim sirficznum
Phyllenthus reticul atus
Phyllanthie reticytatus
#hylbanthus retieulatus
plectronfells armate
Plectroniells srmata
Freztronfelln armaly
pieztPorfellns armate
pyychatria copensis
kholelstue rhocbidea
Rhaiglssus tomentoes
fhofelssus Lomentose
anoicissus Cridentate
Ahoiciem tridentate
Rheleissus tridentsta
Ahys chirirdensis
fkbrs chirindensis
Akus chirirdensly
ahus ehirlraens(s
Ahus guelnzif

Rhut guelnzli

Rhyt peniner!

fhus pentaer!

ahut penther!

Rhus peatherd

Ahus rehearaiana
fihus Fehmannlany

Shies rehmannisna
Rhus SpR.

Rhuz 5Pp.

Schotla brachypetala
schotia brachypetaly
$chotly brachyperale

Schet fa brachypetala

sclerocorys hirres

gelorocarya birces

Selorosarys birres

sclerocarys hirrea

sgolppia ¢oyheri

seolapia copherid

- ! P

FrecPref[mdex

- Q.00
- 4.30

.- n,0o
e 0.80
nes C_no
ca o.o0

- ¢.0e
e Al
it 0.ag
amn 0,04

e Nird
v W24
= 0,00
e o.pe
- 0.b0
.. .90
e 0.0
e 0,00
- 9,04
a-- L.og
na 0.00
e 0.0C
- o.oo
. d.or

e 0.00
.. 0.0a
.- 0%
- 4
e 0.060
--- o.00

e t.00
- t.oe
- 6,00
seepA0
0,00
aaa L.
o0.co
.00
0.c0
0.00
0,80
- .52
.12

HfHatES

1,56

1.re
rm

&2
27.24
67
3.0
#1.53
32,7
na
2,49
.62
6,87
.52
1.25
133,96
170,40
1.87
ENH
10,70
1.87
1.87

2.4%
9.1
100,31

10.59
I.re
15.58
4. 38
7.e8
3. 12
8,33
?.15
&2
408
1.5¢
1,56
42
T.48
3.3
10.90

AND CAASS [NTENFERENCE COMPARISONS BETWEEW tHE 55.B%

KrHaND
A3
1.38

A3
It
1.3
1.13
.08
&.B0
.55

i.13
2.27
2.72

21.55
19.73
1.34
2.2
.27
14,51
.F1

125.08
10272

.45
.30
91

66,85
4.3
48,53
17.4%
3.40
22.88
45

3.a¢
.52
2.06
4%
4.0
4,54
?.07
ta
Bl
40.%
290

g.co
o.06

4.0

0.u2
o.oo

e.00
0.%0
.00
0.o%

G.eo

¢.co
0.co

.02

03

-n
o.ec
t.oc
0.G0
0.00
o.u0
o. 0o
0.0¢
0.0
0.o0
0.0
0.00
0,00

Q.C6
4.00
et
.e¥
a.oo
a.06

0.o00
0.4¢
G.oc
0.0
1,00
0.c0
0.co
c.oe
0.40
6.6d
0.{o

-1

.3

Brobsing/Na

D.0o
0. 80

Q.02
Q.00

oo
0.0
©.00
b oo.el

o.08

o.Cl
a.0e
1

1.25

0.0

0.0n
t.0d
.00
0.0c
.00
.00
t.ot

0.06
o.ci
31.74
L.9a
t.on
o.d0

2
o.og
0.00
G.Qn
6.00
0.%0
t.00
0.50
a.oc
0.04
t.00
koo
1.25

3

MeanGrasglntXTES

3.ec
4.0

70,00

0.04
0.oc

o.00
koo
87,52
19.39

0.490
21.81
20,00

q.00
23.m

L.12

t.G0

0.00

f.00
75.00

.00

.pc
58,28
445

o.0c
39,20
[ %4
.00
E. 08

a.0o
37,49
19.33

B.0O

0.go
3.4

3T

L.A0
Tr43
50,38
1.
20,00

o.co

0.0n
At ol
30.00
t.on
¢.o0
ALY
.

MeangrassintIMD

[ ]

65.400
£20.00
0.0
8.00
0.eq

%.00
0,06
0.00

27.70
L7768
f.0C
1£ 40

0,00
Q.00

0.50

LE.57
Q.0o
{.00
&.51
Q.00

.41

ar.a
15,42
Q.00
fi.ud
£1.00
45 .24
.10

9. 18
37,97
L
a.ud
n,oo
60,93
46,47
.00
G.ag
&.82
1.68



TABLE 7.21 pb6(i)

HLUNGUWE GRED STUDY AREA : SP1ZE AVAILABLLEIY AND GRASS INTERFERENCE COMPARISDHS BETWEEH THE 5$5.8%

OF PLOTS UITH FEEQIHG (YESY AMD THE &4.2% OF PLOIS UITH HO FEEDING {ND)

Spyi ame

Scutia myrtina
Scutfa myrtine
Seutia mertina
scutia meftine
Sesbania scsbaen
Sesbanin sesban
Liderarylen inmrme
Sidaroxylon inermo
Elderoaylan inerme
Sideroaylon lneran

Solarum maurltlaromfgiganteum
Solarr mesuritianamfgiganteum
Solarm rsuric]amm/gigantaum

Spirostachys africanm
Spirostachys africans
splrostachys africans
Spliasiachys africana
Steyehnas [hndcus
Stryzanos madagascarchsis
Strychrns madagesearens s
Tarchenanthua camphoratus
Tarchensnthus exmphorstus
Tarchondntius Camphoratus
Tarehonanthus camphoratus
Tecien gerrardl]

Tecles natelensia
Thespesis acutiloba
Thespes[a acutiloba
ThespesTa aputileoba

Trems srientatis

Trema orfentatia

Trema nrientatfs
Trichocledus grandiflorus
Telehorladus granctitiorus
Turraea floribunds
Urkpawn 1%

Urkpauwn 15

Urknawn 15

Urknown B

Urknawn 8

Unkngwn &

vernonis subuligera
Verponia subufigers
vernonin tuboligera
vitel{ariapt{s marginata
vites harvaysng

Ximenia ¢atira

xirenln eatira

Ximenia gadFra
Zanthotylum capense
2anchotylum capense
Zanthorylum raperse
Zamthorylum capense
Zlryphus mxcrarats
2layphus macrarata
Zlayphus mucronats
Ziyyphuz mucronats

Size

R e . R I R I I T e T Y " A T . S PRy VR

FRENT PR T ¥

FrezPrefindex

1
0,00
0,00
0,00
0.00
b.Co
0.0

A3
0,00
0,00

A2

.02

.81
1,49
1.27

.08

q.00
o.co
9.00
Q.00

0.00
9.0q
9.04

0.00
0.00
9.80
0.00
a.00

22
a0

.27
37
.81

.83

TotalPrefindex

.90
C.E0
k.00
:1H]
0.E0
.00

I
a_og
0.00

OB

Para

-3
1,48
1.45

L9

0,00
n.og
¢.o0
4.0

U.00

0,00

0.00
0.00
0.00

.25
8,00

14
.32
.94

2.08

FreeBAXTES

D

P
§.32

.24
.60
.32
2,62

.23
.27
.53
0,09

.02

Fa3e

Treed@XHQ

JA7
1.12
.5

00

JSL2

e
0
U1
oy
.5
k]

Q0,00
a2
.84
L
Rl

9.0

3]
At

]

1.02
(N3

3.3
4.07
5.595
2.3

.21
23
AT
0,00

213

.
05

.01
1.42
09

)

<0

1.25
34

TotalBEXYET TotalBRRKD

.52

0.00
gz
.02
A4
.01

02

02
AT

.03
8,00
33
Y]
e

S

FreeBE/HATES  FieeBRB/HaMD

225 3%
212.5:1
10667
66,04
.80
9.52
1,12
5.3
23.68
10.¢8
152,39
Inar

5.9
§,081,628
¥, 088,06

615.58

53.27
2.3
126,61
0,00

26,17

R
4,30

5
264, 5%
4.9

1,25
146.52
T.48
BT
19.82
28,04
4.23

.48
25797
0.7

20.56

9.00
2.27
15.65%
.00
.07
5.9

L9
1.81
1.3

19.30
55,08
L5

C.o0
57
PP
39.91
1.7¢

1,59
20.53
L.5¢6
159
.09
A
9,20
5417
4, a7
&7.8%

23.58

totalBisRares

273,33
3I7h.a2

BET.85
1,008,
1,585,348

615,54

56.0F
52,8
(24,61
0.00

35.23

312
1354

1.5&
378.50
.92

1.25
0,50
?.97
8.72
22.53
28.04
§.23

151.09
335.89
90,97

20.54

TetalBa/NaMd
17460

252 38
17916
15873

1.7

3Ll
F1.43
27.68
t0,16
150,75
£25.17
1.B3
158.32
L8.%5
148,58
156,92
it.20
340
4.54

Nt
0.0
L. 54
15,87
.00
9.97
5.0

.
1.01
1.1%

1%.50
100, %1
W45

9.10c
4.54
B7S.28
.9
1.12

L1
7.8
-1
34.33
26,53
.M
4,00
9F.e
138,32
47.8%

23,58

FE:IGTES FBITEWD

.94
1.12
k14
1.1¢

+23

.81

.85
1.01
1.0
1.3

)

P4

i
1,14

1.08
1. 1%
1,18
0.

V.15
.e7
W85

1.1%
.98

1.1¢

1.54

55

1.1
1.1

-1
93
t.oo
Y.00
210

N
.93
.00
1.00
.16
.43

i.00
.00
+50

Q.00
1.00
i.00

V.00
1.00
1.90

-1
1.08

g.00
.7
.BE

1.00

1.00

.35
L7
1.Ca
A
.79
1.00
0.00
.56
Fral
1.00
1-00



TABLE 7.21 p6(ii)

FLUHLWME GRIG SPUDY ARER @ SFI2E AVAILABILITY AHD GRASS IMTERFERENCE COMPARTSOMS BETUEEN TrE 55.8%

OF PLOTS UITH TECETNG (TES) AND THE R&.2% OF FLOIS WIEW N0 FEEOING (MO}

Seut o myriing

Sgutia myrtine

Sevtle myrtine

Seut e myrtine

Seshan(s yeshan

Srshania sestan

Sideranylon ineroe
Slderosylon frerme
Sideraxylon [rerme
Siderorylon [nerme

Salnron maurtlanim g (genteum
Solarm raur 11 (erim /g fgent eum
Satwrim maur i §larmSg i geateum
splrestachys africema
Spirostachys sfricena
Spirastachys africana
spiraatachys sfricans
Strychrat lAnacus

Strychnos madagascarentla
Strychnos madagescarens|s
Tarchonanihis campharatis
Tarchenanthus campharetus
1erchanamthus camoharates
Tarchenanthus campharatus
Tectes gerrardli

Teciea nataiemis

1hespesla acutlloba

Thespes s wcutlloba

Thenpesia acutlloha

Trema Brienzalls

Tremy #rientalis

Trema ariental in

Erlchac ladus grand|Flarus
Trichoelpdus grandiiorus
Turreea Flarjbunda

Unknown 13

Unkneun (5

Unknown 15

Urknown B

Unkroun 8

Vnknowr 8

¥ernonia subaligere

Vernanis subiligers

Yerpmin subvel fgers
¥iteliarlopsla marginata
¥|tea harveyana
Xirenia ¢allra
Ximenla callra
¥lewnia calira
Zanthatylum capense
danthazylum rapense
Lantharylum caponse
Znntharylum captnae
T ryrhus mucrenatas
?izyphus mucronata
Flayphus musrnnata

I P P R e I LTI o P LY I T N L I T

FreePred index

Je
0.00
£.00
0.00
8]
Q.00
0.00

33
0,80
0.00

12

v2

B2
1.4%
1.27

Ril]

0.0a
¢.00
0.9
0.90

4.00

0.00
4.3

0.80
0,00
0,00

0.00
9.00
0.0u
o.00
0.00

.22
1. 00

.27
3

LRl

H/HATES

AP.RT
5.2
T.62
L.38
14,02
14.02
18.38
13.7%
2.6%
4,38
261,12
171.52

240,12
V84.92
$5.33
32,450

14,02
T.0v
12.48
1.2

1.25

1.54
82.55
3.2

62
4,23
.62
1.25
11.352
10.90
1.25

26.48
2273
7.ia

&9
&1.72
p.52
852
1.13

14,056
B.3%
5.4k
4.08

126,98
163.27
.65
£3.45

18,20

%07

28,41
3,49
113
113

i.38

&7 .07
2.7
§.13

1.13
2.27
1.36
4,29
7.m
2.37
A5
22.90
10,20
L.9%

.32
0.00
v.ov
0.00
4.08
o.on
o.00

1
.00
o.o0

-

.03

2.69
& A%
B.0%

Iral

0.00
0.00
u.og
.00

0.9%

0. 00

0,70
0.00
0.0

0,00
.00
.00
.00
o.ow

03
0.00

AR
.32

Brawsing/Ha

3.7
0.80
‘0080
0.00
0,82
0.00
0.00
1.25%
0.00
0.00
73
i

Iias
BO, 08
¥4 .08

2.5%

4.00
4.00
2.0
. 0o

0.00
0!

0.00
0.00
.00

0.0
.00
0,00
a.oo
0.t

ek
0.o0

L1
&.87
3.7

AeprGressintXYES  FeanGrazsiriiIND

17,53
JbE
a.t8
0_8D
80.00
£3.40
25.42
.55
.00
0.00
£5.25
17.42

13.82
v
0.0g8
0.0

5.00
.00
0.03
0. 00

0.t0

246.948

9000
65,00

$0.00
30.1%
0.0o

.00
59.48
25.00

.09
4.3

0.0%

0.00

33.35
24,75
.00

19,89
£.96
0.00
D.00

90.8Q

.98
7.3
0.00
0.00

§3.72

AT .40
0.0

§0.04
6.00
.00
.00

35.00

35.00

.00

r. %0
b.oo
30,00
1.43
0.00
.00
.00

0.00
0.00
0o
1.05
31.51
0.o0

0.00
30,00
12,28

o.ed

¢.on

£5.00
30.08
Q.40
53,86
20.5}
0.00
1.00
43.52
%10
.00



TABLE 7.22 pl(i)

YMEDLDZY GRID STUDY JREA * SPIZE AVAILARILITT AMD CHASS INTERFERENCE COMPARISONS BETWEEN THE 79.1T
of ALOTS WIPH FEEGHNG (YES) AND THE 20,7% Of #LCTS WITH N0 FEEDING {80}

5 o e

Acnc|y harless
Acncis borlews
acacis burkszl
Reacfa esfirs
acacin caffra
reacis andfra
Azacie gerrardii
Acecta gerrardii
heacts gerrurdli
Acectw gerrardli
Aeazly grardicorrute
Acacla grardicarmita
Acucts grerdicornuts
Acncls grandicornuts
Acaciu ksrroa
Acaeis Xarrao
Acagzis EErfon
acacls luederinzit
Acezie luedericaiit
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acacla luederitzl?
Acdzis nigrescens
Atscie nlgrescens
Acacip nigrescens
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Acsca rebumta
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FreeBB/uatES FreeBu/iHand

165,73
135,24
LY
é.89
54,59
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YIT.B2 a6, 32
L&, 30 150,17
35,33
5.28

TotalBB/HATES Tofal38/KEHT

S £2
o.40
LT 08
35.33
22.52
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&9.5%
FoOt
4RO, 18
237 .44
HIZ. 48
4.50
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i
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Y.00
114
a.08
1.01
.14
£ 23
V.14

95
T.1%
.83
1,62
1.1
1.4
27
1.0
1.4
L% 11

t.e7

FR:THND

Lad
*.00
Y.08
1.08

.3a

108

.70
1.08
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1.90

WA
L7
f.00

1.00



TABLE 7.22 pl(i})

SpoH nmy

acatis barieas
kcacla baritas
Acerla burked
Acscim catire
Acecls ceffre
Acaela cafirm
acacle gerrardii
Acscla porrardli
keaeln gerrardii
hcacla gerrurdid
xeacla grardicornuta
Acecla premdicornuta
kcecla grendlcornute
acacla grenditrrmata
Acachs karroa

Acarls katroo

Acnctn karroo

Acacts luederitzii
Acvcis [wederittil
Aencim luederizzil
Acagia Luederitzi|
Atsein pigresecns
Acacia migrescens
keacie nigrescens
Avacia rlgrescens
Acacie niloclca
acacia nilotles
Acicia nllotlea
Acacis nilothes
Azseis robuste
Acacte rotuate
hcecta robuste
Acme'a robusts
Acacin sengal

Acxcta seraal

Acacia nengat

acsein wtortibls
Acxcfa tortilis
Acecia tarthiis

Aloe mariothid
Atpatague tpp.
hapaTagus Ipg.
ASpArSgUL DR,
Asparaguwy $pp,

Attma trirseantha
Azfma tetracentha
Berechemin 1evherd
Merchemin teyheri
Boteia albitruws
Rasein albitrunen
Boecia albitrunce
Brachyleens fifcifolia
prachylaena Fllc{folla
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9.00
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-
400
b.0%
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1.5
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4.8
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2.5
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38,28
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27.48
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4.34
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7.40
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5.13
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z.70
£, 80

4.73
4.0¢
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canthivm gpp, 1 --- f.ta 0.00 .00 .00 N.1] -ra 1.02
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cuapparfe sepieria t e 0.0a o.0e 02 .02 I 3.3 1.4

capparia aeplaria 2 --- p.an p.04a .11 09 1A 02 14.02 1.14

cepparis seplaria 1 _-- > .58 58.12 5B.12 1.00

capoarls tomentess 1 - 1.0 T5 .23 16 e A7 3757 22,54 L 2.0 AT .9
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casline tetragons 1 e n.ao o, 00 .07 .01 1.35 1.35 1.74
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cadtime prthinpfes 4 wan a.ca o,00 1 10 1847 18.47 1.14
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foddin rudis ¥ .- 39 Ri - -+ 51 52 21.97 72.1e 4. 20 9402 95 e
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Comdretum aolculatum 1 ik q.00 .00 .01 .05, .02 .25 .1 5,58 3,60 3764 .35 .18

Lombretum apiculdtun 2 Eh 0.00 n.oo . .01 .01 03 2,14 1.30 2,28 1.37 1.08 .F5

Comtrerun apiculatum 3 9.0 4.00 03 .03 5.8 5.86 T4

Comoretum spicul atum & i .00 0,00 a1 01 1.35 1.35 1.9
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glebrostachys cinerea 3 1.10 1.25 54 1% R 14 ge.59 21.37 94,59 .37 1,15 1.09
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tombeya titiaces 1 = 0.0¢ 0.0 .02 .01 2.m 2.7 1.14

Tombeya bl jacea 2 res .00 Q.00 ) . . 04 5.85 7.t 1.08
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Erythrina |ysisceman 1 e a.04 0,00 W02 s 3.5 3.60 1.14
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tuclee divinerum 1 -- 3T 23 Lbh N 7o 61 AN 1ar.o1 13514 121,79 52 .a8
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O I T B P P T I T R R T R TP U

e R R e R B B

- T o ra

[ ]

Freefrefindsa

3.
.99
Q.00

1.0
0.90
0.00
2.89

.82
f.03
0.08
2.16
0.00
0.40
t.00
0.o08
0.00
0.09
8.40
0.00
5.0
4,00

35
a,00
0.00
0.09
5.2%

K
1.50

TotalPref ndea

1.
0.08
7.4
¢.90
a.08
4.0

5.1
0.09
.80

ira

2.68
0,00
9.0

0.00
u,00
0.00
2.08

FreeBBXYES

1.84
2.49
4
.08
AL
W12
1
1,26
.54
il
N1
1.21
5,09
A9

.al
Ky
.03
W02
.05
;N

1.1%

.06
.12

Page

FresB@xng

1.04
W33

.22
.43
.04

1.91
.38

.0g

il

i
.5

3

TetniBITES TotalOBING

3.56
2.9
14
.BR
A7
.10
.36
118
&7

.1
.05

.26

09
12
1.0

L]

W02
.26
19
09
.11
A7
.o
.0
.02
.M
.81

.02
03
WSt
Q2
57
E

f ]
Al
, 42
1.32

1.10
.5t

A
.03
|

1.76

0¥

08

Jhé
W3

31

1.18
Kol
o.00
A9

2.35

FrreBBE/HATES

425.52
L2387
7.3
.27
a7
20.27
2.1
21e.5¢
20,979
14,64
51.%9
205.81
495,05
82,43

2.3%
1.80
5.41
.n
B.56
.80

20.5%
1635
.
4275

12.70
22.23
195,95

3z2¢
3.3
3.40
I13.64
3.1
17.57
6.3
20.97
14,02
1.13
1.26
2.258
.56
50
2.1
6.74
90
3.0
39.08
[T
.o
1577
21.58
11699
256.08

Freela/ Half)
168,25
L5.15

3145
115,38
5.13

' s0.09
265.81
52.9¢

5,13

1,48

A7

547
1E.B7
164.10

19.26
20.51
27

3658
48,15

32.05
7.85

7.26

NP0
50
0.00

25,87
13.68
355,56

TotalS8B/HaTES

21.82
10.35
22,88
50,90

e
23.87
195,93

7.iX
6.73
.40
4k, 55
35,81
17.57
4.3
1264
14,48
2.3
115
2.25
113
S0
3.38
4.76
1.1
.18
109,35
39.68
34,00
15,07
36,46
119,59
25608

TotalBB/Hakl

3.8
115,38
5.13

o063
265,81
J2.%%

1.97

5,84

52.1%
160,568
144,10

10,28
20.514
16,67

£9.23
46,13

‘7.
9.40

7.6%

178,63
5.13
0.00

29,08
13,68
355,55

FE:THTES FB:TEND

LI 4

1.086
1.14
1.14

1.1

V.04
1. 14
P
1.9%
1.14

o7
1.00
1.0

1.00
1.0

.96

t.g9
1.08
.02

.53

1.8a

B4

94
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UMFOLDZS BAID STUDY AREA 7 SPIZE AVAILABLLITY AND GRASS IMEERFERERCE COMPARISONS BETVEEM THE J9.1X

OF PLOJE VITH FEEDLHG (YESY VM THE 20,%% OF PLOTS WITN HO FEEQIHG (NO) Page
SpeN e STen  FreePrelindex  navEs H/HaMg wwier
Evcles divirorum e a.049 36,04 17,95
Eucley divinonm 3 --- 0. 00 135 5,13
Ewcten divinorum 5 --- .00 .85

Euclen matalenals 1 EER 5. 0] L5

Eucies natalenais 2 .- n.00 50

Ewclon matalenais 3 == .00 45

Euclen recemasa 1 - 7.00 27,48 12.82
Eucien racemaza ? 13 21.17 9.0
Eucies racemcia 3 - 1.140 4.5 3.42
Evtlen racemess 4 e n.on 2.7%

Euclea weiulers 1 a-. 5.0G 12.84 1348
Ewvcles undulats 2 e 0.0 13.29 10.2%
Euclen undeleta 3 .- .ol 13.96 5.7}
Eucles unduiats 4 e 0,08 2.70

Calpinla trensvaalica 1 - 1.7
Gardenls corruta 1 wer P47 2.48

Guroenie corrmits 3 v 0.0 45

Sarchenis cornuta 4 bl 6.7 1.35

Garden{a volkensil 1 - 0.0 2.7 3.2
Gardenfa wvalkenslh 3 - 0,00 LA

Gurdenia volkensii [ - q9.50 A5

Crevia bloslor 1 - 5.84
Grewin blosler 2 _en L. 62 .70

Greuls bleolor 3 .. 0.0n .45

Creuiw flave 1 el 15.7% 11.04 13.48
Grewla flava 2 - Th 5,84 29,05
Grovin flave 3 e 15,38
Grewla fisvescern 1 vin LA 5,18

Greuln fipvesesns Z - .00 1,33

Grewis finvescens 3 . .00 4.00 sl
Gresis flavescens 4 - ' 1.7
Grovta mnicals 1 . 0.0q 3.32 5.98
Grwvba monticeln 2 - 1.00 Rl

Grewin Fonticola 3 --- a.00 L3

Grewls oeoidentalls 1 o 2.69" I2.73 20.51
Graule sccidentalis 2 .7 T.4d %.13
Grewln oceidentalis 3 1.01 2,70

Grewla apa. 3 P 0,00 L5

Grewle witloaa ] Ll 2.1 10,3% 15,38
Grewls vitloss 2 e 2,00 2.7 3.42
Hlpoohrome pauciflarus 1 —e g.0q 223

Hippebroman peuc|florus 2 3.00 k3

Hipgetranes pauciflorys 13 e p.on L

Ligpin javanlcs 1 - .00 L]

Lipofa Juvaniea 2 .00 5

Lyclum wcutifellum 1 v B.40 1.35 .98
Lyclum acut] ol fum 2 oen o.00 113

Maerun sngaiensis 1 ree 5.01 1.13

Maerua angalenals 2 - .80 .58

Maylenus hecerophylla 1 .38 45.72 5r.26
Mayteram helerophylta F] arn 0.03 8l 1.71
Maptemrd hererophytls 3 - a.40 2.79 1.71
Kaytemst haterophylly Lk 0.00 ‘-: o

3

.00
Q.46
Cc.og
0.00

+.0R
.00

Brawsing/Ha

1.13
J.o00
1.80
.00
g.00
Q.00

LT3
2.0
a.
1.58

.03
g.00
b0

0.00
0,00
G.oqa
L.50
1.33
.30
t.oo
2.25
0.30
0,29
Q.30
6,00
09.03
6.09
90
0.00
.23
o.00

b.o0
.70
2,02
%.53

MeanGrazs [nTXYES

81.16
.ot
p.09

&Y. 50
R.o2
0,00

4.7
Q.00
5C.94
V4,02

15,73
&.89
.03

55.7%

HeanGrass intXHD

11.08
1.4

3%
0.00
D.0o

a.on
.00

[

FT.50

51.15
#%.h
0.80

2,00
a.00
%832

L7168
n.0a

11.82
V6.36

5.56

$5.27
€.30
001

14,41
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TABLE 7.22 p4(i)

MFOLOZ] ARIO STLOY AREA : SPIZE AvAILABILUTY AND GAASS TWIERFERENWCE OMPaR §SONS BETUEER THE T9.1%

DF PLOTS WITH FEEDING (YES) AND THE 20.9% OF FLDTS WLTK HD FEEQING <wn] Page &

SppHame gize Freapreflndes  fotalPreflodex FreeBEXYES FretBBXNO ToralREXYES Tara|BETND FrecBRfHatES FreeBH/Rekd Toral98/HeYES  TotalB8/HawD FB:MAYES FBiTHND
HEYTEMUS Nemorcas & - &7 .53 W57 2.09 .50 1.92 P5.85 200, 50 T 06 1.00
Kayterws seneqalensis 1 - 0.00 0,00 .28 K2 3% 9 47,10 61,20 e .83
HwyTerus senegalensls 2 . %00 0.0 .26 N 1 .36 W12 43,43 14,80 | 1,00
Helanthus didyma 1 .- LAD .16 07 .08 W18 09 11.22 AT &0 .B%
Welfa aredaraeh F] = 788 T.15 .02 W02 Z2.88 -1
Horanthotaxis caffr? ] 0.80 0.00 .o .08 RN L8

Clez eyroptea 2 me Q.00 0,00 &1 10 . 18,22 112

ales turopas X ra T.o0 0.CR BT 1.8 37 1.02 n.az 153,85 153.55 114 1.00
Dl es eurcpaca & .- 0. 00 Q.e¢ - .15 1.1 N1 1.30 25,00 196,58 176,58 1,14 1.00
grmocarpum trichesarpum 1 - 2.47 2.00 n .08 L2 W2 TN} 10.55 17.52 M. .60
grmocarpum trichocarpum 2 . .78 .85 .03 .03 5.78 1.08
ormecarpum trichockrpum 3 L B.BS G146 03 .02 4.50 1.1%

Ororod englsry 1 .- Q.50 0.00 .00 N Lot .o O .3 1.7 .02 .2u
Ororam englari 3 - .13 .38 W16 14 2r.03 14

Pappin capensis 4 . 1.67 1,59 N o .07 -0k 12,88 W32 &, &1 .94 N
Fapmia copenais 4 - 1.39 1,52 .02 A H 1.7 1.16

Fipnia capensly 3 . .87 395 .06 .34 .07 ) ¥4 15,06 4T B8 AT.84 1.14 1,00
Pagmia capenaio & - v K3 .52 35 .00 1 0,00 9.1 0.00 .00 118 600
Pleatroninlle armate 1 - 1,79 1.44 W2 b2 .28 .02 36.02 3.4 3.42 5% 1.0¢
plectroniells armats 2 . L6 A7 M 2. il 2 5r.95 4,85 12,80 [PRR! Nl
Plestronielle armats 3 e -0& .07 1.70 1.50 289,19 1.4
plectroniells armata 4 G0 0.00 .5 0% 9.01 T8

Pyrestria hyatrix 1 LAl .00 0.00 Ry .18 .08 W17 12,15 EER 25,64 .. 1.00
Pyrestria hystrin 2 - 51 .57 16 49 14 W45 26,67 43,38 48,38 1.12 1.0¢
pyraatrin hyserix 3 ERE] 2.00 0.00 .20 1.12 .14 1.03 Ja.68 155,56 15555 1,14 1,00
Rh#icisyun rhomzides 1 - Wb L6 .19 s i ST 32,15 53,93 73.50 1.0¢ 87
Rhoislssus rhomidec 2 - 1.72 1.85 2 .19 BT 18 21,13 26.50 24.50 1.08 1.00
Rhus gueinzii ] 1,12 i 10 +33 15 ! 1618 , BB 13 45.1% 63 L] .
khve gueafnzil 2’ w-- .22 S22 7 28 ] (26 52,91 W18 39,32 1.04 1.00
Rhuyx guelnzfi{ 1 - - 59 .20 1 .22 - Ny 45, 6% &1.5% 61,54 1.14 j.00
knus gueingif & - .00 Q.00 07 .0a 14,88 §.14

Rhua pentheri 1 LT o, 60 0.03 .1a .27 W13 W40 ¥5.83 36,97 50.43 .75 N
Rhua pencher| 2 + LAl L1 LG54 1.24 A 1.52 LB 3 e 237, ™ L -
Ahus penzheri 3 - o.oe Q.00 .36 L6 W54 B 95.9% 2.5 Fe. 5 1.4 T.00
Ehus rebmanniamg 1 - 0.0 .03 .00 Ry N .08

#hus rehmanniana FH Ee 0.00 0.00 .o .02 .77 51

gschatla brachypetaly 1 “a &.00 1,00 .62 .oz x99 -

schot |n brachypetals 2 --- &. 00 0.00 5,50 .97 511,69 i.14

Schotin hrachypetalz 4 e Q.on a,o00 .03 .09 .03 Q.00 5.85 G.Co {4.00 T4 2.00
schacfe capitacs 1 . rs ) .1 W07 2% ar -25 12.12 3462 32,84 .46 1.07 RO
sthotfa capitata 2 _-- .00 a.on N LRE .05 ] 10.38 134,79 1036 134,73 1.4 3.00
Schoria capitata 3 * 1.26 ¥.63 1.72 3.58 7.5 1.39 29% .80 51282 271 .59 512.82 1.4 1.0
schotla capitota 4 1.1 1,28 W72 1.6 g3 1,35 122,77 203,42 122,00 205,22 .14 .00
Selersearys blirrec 1 0.4n 0.09 G5 A5 8,47 9.u5 1.2
s¢terocarya birces 3 vee n.40g C.og .00 Q.00 0.00 0.00 .o Q.30 a.on 0.00 0.0o 0.3
Ecterocarys kirrea 4 --- g.0C 0.06 a.00 G.0p B0 0.9 0.oo 0,30 0.0 0,00 0.00 c.oe
scatepla reyheri i b .78 2.83 N <04 2 14.92 &5

Sesbania pnices 3 0,08 9.00 .03 .02 .50 4. 58 1.5

Sesbanie seshan 2 0.00 9.00 W i 18.02 18.02 1.4

S!de cordifol [arrhomsi fallin 1 bkl 2.9% 2.43 W18 17 .14 24 .61 28,89 31,90 35.80 63 K-
giderpzylon inerme 1 .t 0.0g G040 L0é .08 .08 N 10.92 10.%4 12.1% 19?2 .22 Nl .
siderazylan inerme 2 - .60 0.0 A3 12 21.7% 23,85 1.08
Sideroxylon inerme X ran .00 Q.00 L1 L1 35t 35, 44 3,16
sideroxylon Taerme 4 an C.o0 . 0.0 1 L5 AR .23 H- ¥ 34,19 18,47 35.4% 1. %% 1.00
solarmm 1 - 1,52 55 .12 .07 AT .oy 20,65 L1 32,43 10.24 W72 83
5ol amm 2 . 1,65 1.63 02 02 2.75 315 .99



TABLE 7.22 piii)

{MIBLEZE GRID FILOY AREA : SPIZE AVATLABILITY AME DAASS IHTERFEAENCE COMPARISONS BESUEEN THE T9.4%

OF PLGIS WEEM FEEOFuS EYES) aMp JuE 20.7% OF PLOYS Witk KO FEEDIHG (W3) Prge .

StppH wme Slzr FreePraflecer  HyHarss H/HaHO et Brows ing/Ha HeanGrassintATES MeanGrpssintin
Wnyterus nemores 4 e 14 2.7 5.11 .27 .25 G.o0

Hnyterus senegalentin 1 e 0.00 8.2 13.43 p.0Ca 0.50 37,98

Wuyterus Nenegalensln 2 - 4.00 &.68 3,42 o.00 6.00 37.41

welontine didyna 1 - L0 sh13 t7.78 .03 23 6 St

weila sxwdarsch Z e F.Bé L&5 W13 1.1% 20,00

Koranthutaxis casfra H --- n.ge 2.3 1.9¢ C.ua 57.50

Oles eurcpeve 2 - 5.80 1,58 a.08 .50 1,3

Mew rurcpass X e g.0¢ 2.35 LY 9.3% ¢.99 4.400 ¢80
BEles eurcpaes 4 6.9¢ 3.60 5.8 a.00 ¢.o0 a.oc . a.60
Gemocarpum trichecarpum t - .88 33,63 1% .38 it & .05 928 7.4
greocerpm trichocarpum 2 . .70 180 .03 23 5.00

Ormocarpus trichooarpum 3 b X R ’ i 1.8¢ n.0a

Drorea snaleri 1 --- 0.09 L85 1. g9.80 .00 78.00 50,09
Drarzs englers 3 . A5 .05 K 9.00

appis caperalis A " .47 - 7.9 L.27 L1 R+ 14.00 ¥5.00
Pappia eaperaly ? . 1.39 2.5 &3 23 3.33

Pappla coaperals 3 s J.ar 1.20 1M.97 .27 2.25 o, 08 .60
Prpoia ceperais 4 -- K1 4,75 1.7 Jé 1.35 Q.00 2.00
Plectroniells srmata 1 - 1.7% 18,24 . LY 68 L1813 2008 0.00
Pleetroniella armata 2 == Al 8,55 342 .05 &5 2.53 19.36
Plectronielle armats 3 .- N1 23,42 3l ] 8,00

Plectroniellis armeta 4 ver g.00 .5 ©.90 2.0¢ Q.68

Fyteatrla hystria 1 ar a,0q 4,74 L7 R.G0 4,00 26.01 0.00
Pyrottrls hystrix 2 . .51 4.95 8.55 .0 68 t.25 0.cC
Pyrostrla hystrix 3 - .00 s &8.55 .00 0,00 Q.00 B.ga
Rholeissvs rhombiden 1 wes A 19.5% .64 a3 ral 10.22 thoz
wholeTasis rhomolges 2 - 1.72 2.93 10.24 .2} t.AG 5.25 a.00
A gueingil ' 1.12 5.78 %40 .3 90 52,73 8.0
Rhus guentif F .22 6.98 5.94 .08 .83 A.57 3
fhus gueineil 3 - - R.x 1.8 J.e2 W3 ) 1,13 .08 0.o0
fhus pueinefl 4 - 0,08 . -#0 g9.00 g.60 a.ae

Rhus penther! § _a- o.a0 .58 7.0% 4.0 i8] 34,06 - B4
Rhue pentharl ] - BB 10.5% .40 2T 2.5 33,07 23.¥2
Rhun penther| 3 - .00 2.7 362 0.0¢ ¢.00 oL .o
Rhus rehmarnlang 1 - .40 1.13 A.00 b.0o 95,00

Rhis rebmonnans z . ¢.409 1-13 o.04 €.00 55.00

Schativ brachyperala ] e .46 1.0 0.80 .09 ’ 13.71

Sehobia brachypetaln 2 - 0.98 2.25 : £.o0 a.c8 18

tchetfs Brachypetals 4 .. 0.09 Lst 1.0 ¢.00 0.00 a.00 .00
Sehetba copitata 1 . 75 2.03 £.53 G .45 3.6 10,80
Schatia caplteta 2 ava Q.00 2.03 12,82 ¢.on .49 .00 3,00
Schetla capiteta 3 - 1.25 LT 1709 216 .92 B, 00 ¢.o0a
Schotia tanltata : 1.1t S X 8.55 .89 6.76 0.0 2,00
sclerocarys bicrea 1 ves 0,08 135 0.0 ¢.00 0.8

sclerocarys birres T e o8 45 1.7 a.00 5.0 6.90 4.90
Scierocerya birren 3 . 42.98 1.35 a2 9.00 2.00 6.0¢ 8.80
Scolopia zevhert 3 o 2.98 4.08 Wis 1.35 15.49

tesbunia punices I L X +45 a.60 9.00 .00

Seshants yesbun z L ¢.00 &5 g.00 ¢.62 ¢.0a

$ids cordifoljasrhombsiolts t vae 2.9% 44.59 32.18 &3 350 FF S| 33,45
Sideraxyion rerm 3 e 060 2.93 .42 5.00 v.00 19.19 B.57
Siderosylon Inerms 2 - 0.0 L5 v.,30 9,04 744

Sliderozylon [nerme T Coe nonn 2.3 .00 - nen ¢.06



TABLE 7.22 p5(i)

VHFDLOZT CRIG STLDY AREA @ SPTZE AVAILAGILITY AMD GRASS [NTERFERENCE COMPARISONS BETWEENW THE 79.1%

GF FLOTS WITH FEEDTHG {YES) AWD THE 209X OF PLOTS Wil nO FEEDIHG (¥O) Pagr 5

S0k are Stze FresPrefingex  lotalPrefirdes  Frooz@8XTES  FrecHBSND Tetel$3%5YES TotalBaX4d FresdB/NaYES FrecfB/Hako TotalBESHATES Tolo[ER/WAHD

Splrostachys afrlcara t » 1,95 1.63 1,84 .59 2. 95 3My.z8 BL.73 s27.79 145,02

Spirestachys africara F b 2.13 .52 3.8¢ 109 3.5 1R 847,06 52,14 676,80 184,42

Spleosioelyy africana 3 . 1.70 1.9 .20 L3 6.33 4. 3¢ 1,223.87 849,57 1,z21.87 64957

Spfrontachys mfrfcany 4 b 1.56 1.78 43 a7 -3 L34 7i.52 51.28 72.52 51.28

Strychnos madagesearensis & e G.00 080 a0 o) 17.12 17.12

$trychos apm. 1 s 7.45 ¥.43 1) Rill 122 £33

Stryeros 15 7 e m a7 5.5 25,64

Strysoms 3pp. k4 a,00 2.0p a3 .0 .35 1.35

Tarchoranthus catphorstus ' - .45 2 A7 L34 98 1.08 80.45 §7.52 189.86 158.97 .48 .30
Tarchoranthus camphoratus 2 - w7 4D .98 3.35 1,12 3.15 183,47 467..01 217,12 4r5.21 .86 98
Tarchenanthus ¢aphoratus 3 - 6,60 0,00 .21 5,08 1,07 2.84 206,31 £29.05 206.51 429.06 1.1 1.00
Tarchonanthus ¢amphoratus 4 aen 05 06 a.5% .55 1.00
Grknown 1 1 - 06 N 4.55 a.55 1.4¢
Ut 15 T 3 2.5 57 .18 12.¢5 .67 45

Unkngwn 15 3 e a.0¢ 800 .09 .pd . 5,77 5.7 1.5

Unknown 14 & e 0,00 g.00 H ot 21.62 .62 12k

tmkncun 2 1 as .t .01 1.71 L7 1.00
Orkrowe § 1 - ¢.co oo K. B8 .43 45 .08

Unknten & z .- 000 .00 .08 o 2n an 1.1

Urknoun 5 1 = 20,01 22.89 .on .00 &5 45 1o

Unkngun & 1 v 13.87 15.26 K] L0f ' '3t 1.35 1.10
2anthosylum capenss 1 .- 4.0q B.00 0o K-} -1 -23 -7
Tanthayylum Coperas i .- .09 N ) n.er 1,97 1.00
2layphus musronsza T e 32 92 .03 .1a .27 12 (.13 13.50 14,89 17.9% .29 -
i1yt macronata 2 g 1.99 2.2 MK .52 12 K1) 22.7% n.7e 23.42 .7y 1.1 1.00
Hryphus rucronsta 3 .. a.on .00 L4 AL 37 Nad .z 13, &8 .72 13.68 1.14 1.8
Tizymha macronats % 13,49 15.26 .01 ' .ot 135 .35 L



TABLE 7.22 p5(ii)

LHFOLOZ] CRIS STUOY AREA { SPIZE AVAILABILITY AKD GRATS [NIERTEREWNCE COMPARESOWS BETWEEW THE 79.1%

BF PLATY VITK FEEDING (TES) an8 THE 28.9% GF PLBIT UITH w0 FEEQIHG (ND) Pege 5

$EEH Slxn FraePref ndeX TotaiFreflredex FremdS%vES FrecBBXNCG  WSHRTES M/RgND Tier Brows [ng/Ha HeenGragsIntXYES HeenGrassintIng
spirostachys »fricana 1 - 1.5 1.43 1.84 .59 13,51 69.25 3.4 38,41 . 43.25
splrostachyn africens 2 bl 2.13 2.32 3.4 1.99 7850 16,53 E. 10 &8 47 [ 1 17,50
sprostachys afrlcans 3 * 1.72 1.94 7.20 [N ] 49,58 23,93 12.26 103.60 0,08 p.er
spleoatachyn wfricana & . 1.54 1.78 34 3T 14,41 17.69 AT 5.43 0.8% EN--]
strychroa medagescerenslia . - 0.00 0.8 0 A% 0.22 0.00 8,30

4trycnos app. 1 b 1.5 7.63 .1 e 0% N1 10,00

strycnas Epo. 2 v 8 L7 0.o8
SUYCad kpp. 3 war .08 .90 01 W45 .08 0.09 a.0¢

tarchonanthus campharatu 1 .- &5 2z S£T 1] .3 23,93 21 1.3¢ 57.63 a1
Tarchocunthus camphoratus S . AT 40 WP 3,35 13.54 133 45 3.83 . 1.73
Terchoranthus campharetus 3 N .00 0.0d 1.21 l.0 7.54 22.22 503 .00 0.00 q.00
Terchoranthie camphorats [ -— 08 1.7 C.o9
Urkrgem 1 1. == L8 LA 0.
unknavn 15 1 war 3.27 2.78 a7 6.08 o 2.03 25.27

Unknown 15 3 LA Q.48 .00 09 ) 1.35 Q.00 .00 B.00

Urknawn 15 4 .00 0,00 13 .50 .02 a.04 £.00

Unknose 2 1 e .m 3.2 4.900
Unkiown 3 1 - B.0% a.bo il -3 0.99 .00 5.00

yrknown 4 2 .- 1.40 D09 05 a5 ¢.00 .00 0.00

Unknow § 1 bl 2.1 22.49 K] 45 2% A5 0.00

Unknown & 1 =+ 13,87 15,24 .01 -90 -1 -90 5.33

Iwntherylim capenae 1 ras 4.00 0.490 .04 . 3 0.3 0.q0 17,00

tanthazylum cepense 4 “an 09 1.71 4.00
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Of the nine common spizes in Hluhluwe that were rated as preferred (**) using ALL data (Table 7.15), one was
rated as highly preferred (**¥), nane as preferred (**), three as slightly preferred (*) and five as intermedizate using

only YES plot data,

All seven of the slightly preferred common spizes in Hluhluwe using ALL plot data (Table 7.15) were cither

reclassified as inlermediate { ) or slightly rejected (-) using only YES plot data.

Abutifon/Hibiscus2 was the only one of the 22 comumon spizes in Hluhluwe to be allocated to a higher preference
category using only YES plot data compared 1o 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 higher proportion of plots with browsing in Umfolozi. Of the 23 common spizes in Umfolozi to be given '
a preference rating using ALL plot data (Table 7.16), all but four were given a lower preference score using YES
plot data cempared to ALL plot data. The discrepancies, however, were not as marked as in Hluhluwe. 17 of the
23 spizes were listed in the same prefercnce category. Five spizes were rated one preference ranking lower using
YES plot data. Only one spize, A.nigrescenst, was re-classified up a class from slightly preferred (ALL) to

preferred (YLIS).

In Umifolozi the key food species, S.africana accounted for 13.28% of Free bottles in YES plots but only 6.71%
inNO plots. The ratio of percentage canopy cover to percentage Free bottles was higher in NO plots. This indicated

that plots without feeding on average contained more taller S africana individuals,

The density of the most preferred spize in Umfolozi (4.#ilotical) was 3.4 timces greater in YES plots. Densitics
of preferred A.nilotica? and A.nilotica3's were also greater in YES plots. On the other hand, rejected tall
A.nilotica4's ocourred at a higher density in NO plets. In NO plois A.nilotica4 contributed 35% to total A.nilotica

canopy cover, but only 11% in YES plots.
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TABLE 7.23 Fredlng lewvels, grass height, bush clearing and fire frequencies for The
npin comunilies 0 Hlohlawe idenTifiod by 3 Twinspan SpiTe Sraun-Blargquet
Clasaification analysis. Resulrs refer to the Hivhluwe Grid Study Area

Twinspan Qivisions: 0100

Community Descriprion: A.glabrata dominaced rivering confmni Ty
Mean Offrave {Batrles/Had o evauvienae,oona, 437
Hean Hodal Grass HeightsPlot ........ wenraaian -3
Frequercy of Chemical Clearing of "Acacia's" .. 9
overatl Frequency of Clearing "Acacfarsw ..., .2%
Wean Fire Fregquency IF55-87 .o .. .iiaeaiiis 0G4

Twinspan Divisiems: B161

Cormunity Qescriprion: S.africens dominated lowband communigies
Mean OFFrake (Bobrles/Ha) (uuce.vann.n vaweram-.  15&T
Hean Hodal Grass Meightflot ... ......vaee 28
Frequeney af Chemical Clearing of =acagiatsm . 0.00
Overail Freguency of Chearing "Acacia*s"..... .11
Mean Fire Frequency 985-8F . ........ &.2

Twinsgan Qivisisns; D110

Cammunity Description; Karere E.racemosa @,.xcvberi R.penthari A.nilotica Lowland Farest
HMean afftake (Aartlies/Ha) ... .. 5B
Hean Modal Grass Height/Pimt .. ...._.. .- Lt
Frequency of Chemical Clearing of ™Acacia's® |, B!
Dverall Frequency af Clearing “scaciatss .. ..
Hean Fire Frocuency 195587 cuernivirnanianns 7.5

Twinspan 2ivisions: 0113

CommuniCy Qescriprion: Develsping Lowland Forest from A.ailotica Clased Waedlend
Hean QffTake (BofClesfAal ..o i.oinonouiau.. &BT
Hean Modal Grass Height/plot ........... rarraa L8
Frequency 8f Chemical Clearing of “AcacTa®s® .. 0,08
Cverall Frequency oF Clearing ™Acacia*zy,..,... 04
Hean Flre Frequeney §3955-87 oaaoioon.s Cirenenee  bud

Twinspan Q{visions: 1000

Camunity Jescription: Mided A-caffra, A karre dominated hillslope community
Mean af Frake {SortlesfHal ooo.ioieooroouuie... 360
Mean Hodal Gragy Height/PLOT ... .coioivavanass Al
Frequensy af Chemical [learing of "Agacia's® .. .19
Iverall Frequancy of Clearing “Acacia's®.,,.... .3
Hean Fire Frequency ¥955-87 (. L. ... TR 181

Twinspan Divisions: 001

Communicy Jeseription: A.caffra deminared hitlslope communicy
Hean Dfftake (BattlesiHa)l .. o..iviavrvi-vennn 280
Hean Hodal Grass Heighe/Rlet .
Fraquency of Chemical Clearing mf “Acatis's~ .. 17
Dverall Fregquency of Cheoring "“acacia's™....... .27

Mear Fire Frequeney 195%-87 ..., 1.3
Twinspan Divisions: 10717
Commmity Qessription: A.kdrroo dominaces communicisy

Mean QFfrake (Botches/Ha) ... 287

Mean Mogal Grass Mesght/Plot ., .. "
Frequency af Chemical Clearing of "Acacia®s" .. .08
Owerall Fraguency of Clearing “Acacfatsw _..,.. 2%
Hean Fire Frequency 1955-87 .. _.. irrrasanrana. 0.5

Twinspan Divisions: 110D

Commuyity Oescdipzion: D.lyciodes domineted Low lying communities
Mean affreke (Hnrrles/¥a) iaee. ioinaniaaooan, a7
Hean Modal Grass Height/plet ..o . .ciuiuieaven. 1K
frequeney of Chemical Clearing of “Acacia's" .. A3
Gwerall frequercy of Clearing "Acacia's®,...... .EB
Mean Fire Frequency 1955-87 .. .. ..., . N

Tuirspan Givisions: t110

Community Descriptisn: L. javanica dominated low lying communitics
Hepn Of frake ¢Borrles/Ha) ...._ dmeieraaaan PN 57
Menn Hodal Grass HeTght /Rlat ., ., vuniy,nreny. $13
Frequency nf Chomical Clearing of “Acagia‘s™ .. _gd
Overall Frequency of Clearing "Acacia's®....... 1.92
Hean Fire Frequercy 1955-57 1.3




A similar pattern was shown in Hluhjuwe:

Densities of 4 nilotical's were 2.78 times greater and 4. nilotica2's were 2 14 times greater in YES plots than in
NO plots. Densitics of 4. nifotica'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.niletica’s in YES plots were lesg than 2 metres tall; while 45.3% of A.nifotica's in NO plots were
greater than 2 metres tall. This was reflected in the canopy cover of A nilotica's over 2mtall in Hluhluwe, which
was 2.12 times greater in NO plots. In NG plots in Hluhluwe, 4.niloticad again contributed a higher proportion
of total A.nilotica canopy cover (NO 47% ; YES 31%). Although Hluhluwe's A.#ifefica's were on average taller

and more mature than in Umfolozi, patch selection still favoured younger stands of 4.néilofica.

Besides 4. nilotica, the canopy cover of taller individuals (>2m) of five key F.racemosa/B.zeyheri lowland forest
species was higher in NO plots (B.zeyher: 67% higher in NO plots, C.caffra 71%higher, F.racemosa 52% higher,
Slinerne 312% higher and R.pentheri 27% higher). In the case of S.inerme the high value may reflect its
contribution to patches of trug evergreen forest, which were rejected in the Grid survey by black rhinos). In the case
of R.pentheri individuals of less than 2m, canopy cover was 37% higher in YES plots, while canopy cover of 1all

R pentheri (>4m) was 228% higher in NO plots,

Absolute canopy cover of tall 4_karroo4's in Hluhluwe NO plots was almost double that in YES plots indicating

that matare 4.karreo woodlands were less preferred.

In Hluhluwe, total canopy cover of 4.caffra was 52% higher in YES plots, The density of A.caffra was also 41%
higher in YES plots. The density of Free bottles on 4.caffra's 2-4m high was 2 23 times greater in YES plots.

Clearly black rhinos appreciate scrubby A.caffre dominated areas in Hluhluwe more than some ficld workers dol

In Hluhluwe, black rhinos chose to feed in patches with an average 3.66 times more Free bollles of 4calypha

species. Pateh selection was particularly strong for 4.glebrata dominated patches.
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In Umifolozi:

Densities of size class 1 and 2 "Acacias” were higher in YES plots (Sizel: YES 642/Ha NO 293/Ha Size2: YES
161/Ha NO 14/Hz) but sirnilar for "Acacias" over 2m (Size34 ;. YES 105/Ha NO 99/Ha). Densities of 24 out of 25
"Acacia" spizes less than 2m (sizes12) were higher in fecding patches. However, only 6 out of 11 "Acacia” spizes

above 2m occurred at higher dcnshies in feeding plots (YES).

Thus densitics 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

corroborale the Pilot siudy ridge regression analysis.

Deasitics of Clbispinosa, C.menyhartii, M.nemorosa, S.capitata and Tarchonathus camphoratus were o average
higher in plots with no feeding. This again indicates that patches of dense, non "4cacia” dominated besh were
rejected. B.zeyheri, Brachylaena ilicifolia, E.rigida‘amoena, E . divinorum, E.racemosa and S.qfficana densities

were higher in feeding plots. Densities of E.undulata were similar in eaten and uneaten plots.

The comparatively higher densities of B.ificifolia 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 densc bush chump commanitics. Similarly, the rejected E. divinorum
is often associated with short grass cover and highly palatable S.afficana, A.borleae, M. nemorosa and A. tortilis,
In plots which contained E. divinorum, S.afFicana was (he most important species, contributing 25% more Free
bottles than E divinorum. E undulato was also commonly associated with E. divinarumyS.afiicana communities,

probably explaining its higher rating than other dense bush species,
Although densities of the rejected A.grandicornuta were higher in Umifolozi feeding patches, this apparently

contradictory result can alse be explained by its common association with the highty preferred and important

S.africana.
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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 botiles/Ha)

Tree densities were 35% higher in Umfolozi YES plots and 22% higher in Hluhtuwe YES plots, than in NO plots.

Pilot survey data corroborated this finding.

TAPORTANT, PREFERRED AND REJECTED COMMUNITIES

An attempt was made to subjectively allocate Grid plots to habitat types based on plot species composition and
structure data. Howcver, 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 werc much more appropriate for

describing Hluhluwe vegetation than trying to classify vegetation into discrete habitat types.

Despite these problenss 34 A.nilotica woodland, 21 S.africana thicket and 17 drainage ling/riverine thicket plots
were flagged in the dataset. Mean black rhino browsing offtake varied considerably. In 4. nilotica woodiand mean
browse offtake was only 153 bottlesha compared to 4,334 bottles/ha in Safricana thicket and 10,634/Ha in

drainage linef rivering thicket.

True evergreen forest patches appear to have been rejected for woody plant {eeding by black rhino. The combined
canopy cover of the tallest spizes of the following 14 evergreen forest species: C.afticanad, C.aristatad,
C.pulchella3, Cola greenwayld, Dalbergia armatad, D.obovatad, Ervihroxylum emarginatum3, Harpephyttum
caffrumd, Manilkara concolord, M.caffra3, Oricia backmannii2, Pancovia golungensis3, Trichocladus

grandiflorus4 and Z.capensed4 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 Hluhluwe, 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: Bequaerfiodendron natalense3, C.aethiopicad, H natalensisd,
H pauciflorus4, S.zeyheri3, S.myrtina4, and Teclea gerrardii4, was only 17% greater in NO plots (209.91 CPts/Ha

YES; 247.61 CPis/Ha NO).

In Uiefolozi, C. menyhartif thickets were obviousty avoided by feeding btack rhino. This one species accounted for

33.91% of all available browse in Umfolozi NO plots but oaly 9.71% in YES plots.

RESULTS OF PRELIMINARY TWINSPAN ANALYSIES

Table 7.23 presents the results of a preliminary TWINSPAN Apalysis of Hluhluwe Braun-Blanquet Spize Cover

Abundance data. Cutlier nodes were discarded.
For each node relational database querying was used to detive:

1} Mean offtake levels
2) Mcan modal grass height per plot
3} Mean frequencies of "Acacia" bush clearing

4} Mcan fire frequencies from 1955-1987

S.africana dominated communities were again rated the most important. 4.glabrata dominated communities were

also very important food sources.

The TWINSPAN analysis corroborated the carlier conclusion that black rhine 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 from A.ailatica closed woodland, In addition the TWINSP AN analysis provided further confirmatory
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evidence that 4.nilofica was a key pivotal specics in the change from open communitics to closcd woodland/forest

comumunities (see Chapter 20).

The lcast important communities were low lying and dominated by either D.[ycivides or L javanica. 1t should be

noted that these two communities had the tallest grass heights and substantially higher levels of past "d cacia” bush

clearing.

Mean fire frequencies in the different habitat nodes were similar, with the exceptions of S.afticara dominated

commnmnities and developing and matire E.racemosa dominated lowland forest, which had markedly lower fire

frequencies.

250



CHAPTER 7 NOTES

#1: For examgple, to estimate confidence levels around specics or spize abundance estimates il would be necessary to generate af least a thousand

spatially stratificd bootstrap samples of the raw data.

#2 Species with the mosf available browse were defined as those which were common enough not to be downweighted using Emslie's combination
weighting. Species that were still important contribuiors te evailable browse were defined as those species that had downweights greater than the
critical passive weight of 0.4. Less abundani species had downweights between 0.25 and 0.4. Rare species that coniribuied linla to browse

avaitability had downweights Jess than 0.25, Sce Chapter 5 for fll details of downweighting used.

#3: Since 1989 both key ohservers (Keryn Adcock and myself) have noted that the alien, C.odarata has spread extensively throngh many areas of

Hiuhluwe. If the survey was repcated today this specics would undoubtedly have got a higher abundance rating.
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CHAPTER 8
BLACK RHINO FEEDING PATTERNS III: GRID SURVEY
RESULTS - PART ii : EFFECTS OF GRASS INTERFERENCE

AND GRASS HEIGHT ON BLACK RHINO FEEDING
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INTRODUCTION

The Pilot survey results indicated strongly that grass height, and especialiy grass biomass, negatively affected
habitat quality for black rhino. In the previous chapter we also saw that the two least important "communities” fo.r
black rhino feeding (based on a preliminary TWINSPAN Habitat Classification) had the taliest grass. This chapter
continues the analysis of the Grid survey data, and presents the results of detatled examinations of the influences

of grass hicight and interlerence on black rhine 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 hlack rhino
habitat suitability. This knowledge could be used later in building black rhino habitat saitability models; and in
assessing the probable influcnce of past heavy-culiing of grazing herbivores and high rainfall years on biack rhine.
Much of this chapter focuses on the effects of grass on "Acacias”. ﬁﬂs is because of their high diciary imporiance
and preference values; and because "Acacias” tend to grow in more open siles, and are especially prone to grass

interference.

Grass was measured using two variabies in the Grid survey - modal grass hcight and percentage of browse bottles

hidden by grass (hereafter termed grass interference). The questions that needed to be answered were:

Were both grass vaniables synonymous, or if they had different effects what were they?

Was there a linear relationship between black rhiro 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 gel away with only measuring grass height in future habitat assessments?
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Did the incorporation of grass interference directly into multivariate habitat descriptions using

Resource based data improve black rhino habitat quality assessments?

Resnits of Grid survey analyses of the influence of grass on black rhino feeding have been split into five main

sections:

1y

2

3

4

3

The first section studies the influence of grass on patch selection by contrasting the difference

in grass interference between plots with and without feeding,

Black rhino feeding on the ten main foed "Acacias" under two metres is then examined in detail,
This second section concentrates on cantrasting the effects of grass height compared to grass

interference levels on "Acacia" feeding, and provides infoumation about how black rhinos

perceive grass.

An overlay of a modal grass height contour map onto a contounr map of Hluhluwe Study Area
feeding levels is then used to examine the influence of grass height on black rhino habitat use

at a landscape level.

The influence of grass on smali-medium food “Acacia® availability in Hluhluwe and Umfolozi

is then compared, to shed more light on black rhino habitat suitability in the two study areas.

Finally we examined whether incorporating grass interference directly into the multivariate
habitat descriptions using resource based analysis (Ewmslic 1991d) explained more of the black

rhino feeding thar the simpler spize or species-based comununity descriptions.
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PATCH SELECTION : DIFFERENCES IIN GRASS INTERFEREMCE BETWEEN PLOTS WITH (YES)
AND WITHOUT (NO) BLACK RHINOG FEEDING

Meaan 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 werc madc on {rees grealer 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%). Reasans 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 aften taller than in

dense areas with higher woody canopy covers.

In Hluhluwe:

Although Free bottle availability of preferred spizes A.karroof and 4. karreo2 did not differ between YES and NO
plots (Sizel YES: 119 FreeBB/Ha f\IO: 120 ¥reeBB/Ha Size2 YES: 628 FreeBB/Ha NQ. 635 FreeBB/Ha), mean
levels of grass interference were higher in NO plots (Sizel YES; 59% NO: 74% Size2 YES: 33% NO:45%). In
Hluhluwe, 72.50% of the 4.karroo2 browsing occurred in plots with Jess 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 "decacia" spizes - A.nilotical (YES:51% NO:61%) A.nilotica2 (YES:20% NO:38%) and

LD.cinerea? (YES:20% NO:39%).

Grass interference levels on many common size class 2 trees (1-2m) appeared to be a better indicator of whether

a plot was fed in or not, than interference levels on size class I individaals (<1m).
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When black rhinos in Hluhtuwe 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 spizcs which commonly occur in

more open areas of Hlulduwe:

D.yciodes? YES:20% NO45%  A.caffra? YES:36% NQ:43%
E.erispa2 YES:31% NO:46% i pauciflorus2 " YES:17% NO:43%
L.javanica? YES:28%N0:51% M.senegalensis2 YES:8% NO:26%

P.reticulatus? YES:20% NO:48% Rhus rehmanniana? YES:312% NO:65%

Solanum? YES:17% NO:37%

[n Umfolozi:

The 10 most preferred and common size 1 and 2 "Acacia” spizes were examined to see if mean grass interfercnce

levels consistently differed between YES and NO plots:

Grass interference was lower in YES plots for D.cinereal (YES:47% NQO:62%}, A.nilotical

(YES:59% NO:67%}, and A.gerrardiil (YES:41% NO72%).

Mean (Grass interference was similar for A karrool (YES:72% NO:70%) and D cinerea2

{YES:20% NO:23%).

(Grass interference levels wete low around 4.borleae, which was not recorded in NO plots -

A-borleae ] (YES:12%), and A.borieae2 (YES:0%).

Akarroo2 (YES:38%} and A.nilofica2 (YES:12%} were also only sampled in YES plots,

Interference levels were also low inboth YES and NO plots for 4. fortilis frees under two metres

- A.tortilis! (YES:27% NO:10%), A.fertifis2 (YES:11% NO: 1%).

256



FIGURE 8.1. o :
Mean grass interference in plots where spize 1 "Acacias’ were browsed, versus

interference in plots where these were unbrowsed.
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Mean grass inferference of A nigrescens! was higher in YES plots (YES:53% NQ: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 and 4.gerrardii!, which were eaten
on piots with lower grass interference. A further 9.89% of the diet was made up by 4. fortilisi,

A tortilis2, A borleaeld and A.borleae? that occurred in short grass areas.

The mean grass interference on key "Acacia" spizes lisied above, was calculated for plots with (YES) and withom
feeding (NQ) irrespective of whether the particular spize in question was caten or not. It was also decided to
compare mean grass interfercnce levels between plots where the spize in question was eaten (AYE) or not (NAE).
Figure 8.1 presents the results for Sizel spizes of § important "Acactas" 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 Urnufolozi. Grass interferenee levels were higher in NAE plots for the ubiquitons
D.cinerea? (AYE 14% NAE 29%) and A karrool (AYE 33%, NAE 45%). Minimal grass interference was
recorded ont A.borieae2, A.robustal and A.gerrardii2. Grass interference was lower in NAE plots for A.nilotica?

(AYE 19% NAE 5%), although such plats were rare. This really indicates Iow Ievéls of interference on A.rilotica?

in Umfolozi.

INFLUERNCE OF GRASS HEIGHT COMPARED TO GRASS INTERFERENCE ON BROWSING OF
"Acacias” LRSS THAN 2 METRES

Paradox relational databasc 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 Hluhluwe-Umfolozi Park - 4. borleae,
A.caffra, A.gerrardii, A karroo, A.nigrescens, A.nilotica, A.robusta, A.senegal, A.tortilisand D.cinerea. Plots that
did not contain any size 1 o7 2 main food "Acacias" were excluded from the analyses. These snmmary analyses
did not consider reserve or species differcnces, and were therefore more heavily influenced by the more abundant

*deacia” 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 "dcacia” 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 al a broad patch-level feeding scale, very tali grass
"Acacia" areas were rejected by biack rhino, The comparison of modal grass height and Grid brewsing contour

maps later in this chapter clearly show this was the case in the Hluhluwe,

As plot modal grass height increased, the proportion of small to mediwm "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
hicrarchy of scales. Although grass height influenced whether black rhinos fed in the plot; on a finer level,
grass height further influenced the proportion of individual " Acacia™ trees eaten in each plot. Figure 8.2 also
showed that except in very tall grass, a higher propoertion of medium height "Acacias” (1-2 metres) were eaten

compared to small *Acacias” (<1m)}.

Figure 8.3 indicated that the proportion of Total available bottles eaten on small and medium " Acacias™ (<2m) was
strongly influenced by the propartion of trees caten, which in turn was influcnced 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 mods! grass height and Iree size on the proportion of total available bottles of the 10 main
i "Acacla’s” browsed by black rhino - Po¢led Grid Survey data base used. The graph is based on an examination
ol 11,934 Size 1 and 16,764 Size 2 Tolal available "Acacia” browse boltles. )
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FIGURE 8.4

[ Influence of plot mpdal grass height and free size on the mean browsing offlake {botiles) par tree of the 10
f main “Acacia’s” browsed by biack rhing - Pocled Grid Survey data base used. The graph is based on & sample

| ol 4,192 Size | and 1,720 Size 2 frees.
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FIGURE 8.5

Influence af plot madal grass height and tree size on the mean biowsing offtake (botilas) pér browsed trea
of the 10 main “Acacia’s” brawsed by black rhino - Pooled Grid Survey data base used. The graph is based
on a sample of 293 browsed Size t and 149 browsed Size 2 \rees.
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small "Acacias" (<1m) than medium {1-2m).

Mean offiske/tree throughout the plots (Figure 8.4) was strongly cotrelated with the propartion of individual trees
browsed; although the difference in mean offtake/tree between size classes was more tarked. Absolute offiake/tree

was lower on small (<Im) compared to medium (1-2m) "Acacias"; although mean offtake per medium tree

decreased markedly as grass height increased.

Figure 8.5 illostratcs how mean offlake 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
hrowsing levels by influencing 1) whether feeding oecurred in the plot and 2) the proportion of available
trees eaten - rather than the mean offtake per browsed tree. Mcan offtake per browsed tree was relatively
stable, only partially declining when grass height increased over Llm (Size2) to 1.5m (Sizel). 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™ of less than 2 metres eaten, starts to du:liﬁe when grass height exceeds 75cm. Figure 8.9 shows
that by the time grass height has 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

of Tess than | metre. These plots only conteibuted 59.0% of Total available “dcacia®12 bottles.
One unexpected finding, was that the recorded density of "Acacias” less than 2 mictres increased as grass height

increased (Figure 8.7). Figure 8.7 also shows that the densily of food ® Acacias was higher in "Acucia" plots with

{eeding (AYE) than without (NAE) for all grass heighit classes. This corroborated the Pilot survey findings.
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FIGURE 8.7

Aslationships between plot modal grass height and densilies of lhe 10 main lcod “Acac:'a‘s‘:" . Plats

containing black rhine "Acacia” browsing (AYE) are contrasied with unbrowsed plots (NAE). The gtaph is

based on a pocled grid
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While looking at Figure 8.7, readers should be aware that there were only three AYE food "Acacia” plots where

modal grass height exceeded 1.5 metres. The corresponding tree density estimate in this case (AYE/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 Interfcrence increases, the proportion of food "Acacia" trecs browsed decreases,
However, a comparison with Figure 8.2 ndicates that plot modal grass heipght had a greater influence on the
proportion of food "Acacia” trees browsed than grass intcrference levels, Again grass interference appeared to have

a bigger influence on browsing of medium (size 2; 1-2m) compared to small (size 1: <1m) lood “Acacias”.

The percentage of Total available bottles browsed on small food "Acacias" (<1} declined markedly as grass
interference increased above 50% (Figure 8 9). However, as soon as grass interference on medium food "4cacias"
increased above 25%, the proportion of Total available bottles browsed dropped markedly, The diffcrence between
tree size and critical grass interference Ievel again indicated that Grass Height was a better explanatory variabie.
This can be morc easily appreciated by examining mean modal plot grass heights per grass interference class by
tree size (Figure 8.10).1t is worth noting that mean grass heights for food "Acacia® size 1 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 1and 2 for medium "Acacias" were used to give an approximation of the catical 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 cin for medium "Acacias” respectively. Figure 8.6 supports this conclusion, indicating

that the critical grass height is somewhere between 75cm and 1 metre,

Figure 8.11 shows that the average offiake 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
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FIGURE 8.9

nfluence of modal grass intererence/spize/plot and ree size on the proportion of total avafiable boties
of the 10 main food “Acacia’s" browsed by black rhino - Pooled Giid Survey data base used . The graph
is based on an axamination of 11,934 Size 1 and 18,754 Size 2 Total available "Acacia”™ browse battles
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FIGURE 8.11

influence of modal grass interference/spize/plot and ree size on the mean browsing oftake (bottles) per irec
of the 10 main icod "Acacia’s’ browsed by black rhing - Peoled Grid Survey dala base used . The gragh
15 based on a sample of 4,182 Size 1 and 1,720 Size 2 frees.
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FIGURE 8.12

Influence of modai grass interference/spize/plot and tree Size on the mean browsing ofltake (botties) per
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feeding levels on medium food "Acacias”. The greatest offtake per medium-tall fi
occurred when grass interference levels were low (<25%). Similarly, the lowest offtakg

occurred at high intedercnce levels (>75%).

Somewhat surprisingly, the above pattern was different for small " Acacias”, with off\;
a peak at between 25% and 50% interference, but otherwisc appearing constant (Fig

rhinos generally ate a Jower proportion of smail *Acacias" than medium " Acacia

5"
simply selected for small " Acacias” within the plot that had lower than average gw]

black rhinos sclected to feed in plots with higher densities of small/medinm "4cacia;

Maximum offiake per browsed small anci medium "Acacia" occurred when the mean m
between 55 and 69 cm {see also Figure 8.10). As densities of small/medium * Acacias”
grass height - this may in part explain peak selection for small "Acacias™ for arcas wi
no grass. This makes sense, as such big animals should maximise intake of suitable ¢
Soils in sorae of the plots with little or no grass may also have been shallow or eroded,
and increased levels of moisture siress. In such plots browse abundance and quality

been lower than in other sites.

wd "Aeacia” tree browsed

Ymedium *Acacia” browsed

ake levels per tree reaching

hire 8.12). However, black

a plot, and they may have
interference. Furthermore,

" (<2m).

ndal plot grass heights were
were found to increase with
th 4 some grass rather than
uality food where possible.
ith a lower nutrient status

ay therefore may also have

DETAILS OF THE INFLUENCE OF GRASS HEIGHT AND
|

INTERFERENCE ON SMALI-MEDIUM "ACACIAY

LEVELS

FEEDING

Due to multicollinearity of the explanatoty variables, ridge regression was used to examine the factors influencing

small-mcdium "Acacia” browsing levels. The results of the following analyses were based on pooled sﬁbset of the

Grid plots containing the ten main food " Acacias”.

For unfamiliar readers, it is perhaps worth mentioning again that ridge regression is al

data (i.e. data transformed 10 have a mean of 0 and standard deviation of 1). This md

vays based on standardised

ans that the derived ridge
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regression coefficients for each of the explanatory vaniables are directly comparable; even though they may have

been measured in different units ¥,

Analysis firsly examined key variables that governed small-medium "Acacia" (<2m) browse offtake per plot :

Small-medium “Acacia" browse offtake per plot was pn’maﬁly a function of two variables; 1) the number
of "4cacia" trees browsed per plot; and 2} to a lesser extent the mean offtake per browsed "dcacia" tree
(Ridge Regression coeflicients [RRc's] - Browsed “Acacig” 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 trecs, and to a lesser cxient by taking more from cach tree,

For bath 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 stnall-medium "Acacia” trees browsed per plot were then examined:

The number of small-mediutn *Acacias” browsed per plot (dependent vaciable) was largely positively
related to 1) small-medium "dcacia” density, and 2) the mean offtake per browsed small-medium

"Acacia” tree (RRC'S - "Acacia” Density Size 1: 0.2854 Size 2: 0.1659; Offtake per browsed "deacia”

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 "4 cacia” species had the highest mean offtake

levels per browsed tree.
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Ridge Regression then examined the factors influencing the mean offtake (bottles) pe

"Acacia" (the other major variable influcncing small-medium "Acacia" browse offtake

It is interesting that although the absolute density of small-medium food "
Hinhluwe than Umfolozi, the absolute density of the most preferred species of s
was higher in Umfolozi. This may in part have been why the density of browsed
was also higher in Umfolozi than Hluhluwe (RRc - Reserve Dummy Variab

0.1798 Size 2: 0.2009).

The ridge regression also indicated that modal Grass Height was inversely §
small-medium "Acacias" browsed (RRc- Grass Height Sizel: -0.0805 Siz
contrast, RRc's indicated that the influence of percentage grass interference on

browsed per plot was comparatively small.

Mean offtake levels per browsed "Adcacia" tree were greater in Umfolozi
(RRc's Reserve Size 1: 0.1862 Size 2: 0.1235). This may reflect the greal
proportional conuribution of the mast preferred "Acacia species to total "Aca

Umfolozi.

Incontrast to the number of ® Acacias” browsed per plot, mean offtake levels p
were influenced more by percentage grass interference than plot modal gi
relationship appeared to be more marked for size 2 " Acacias (RRc’s Grass [nte

-0.0354 Stze 2: -0.0787, Grass Height Size 1: -0.0243 Size 2: 0.0078).

In addition mean offtake tevels per browsed “Acacia” tree were positively rela

bottlcs available per tree (RRc's Free botties per tree Size 1: 0.0773 Size 2:

I

Acacias" was higher in
smal-medium "Acacias"
smatl-medinm "Acacias"

le - Umfolozi=1 Sizel:

related to the deasity of
e 2: -0.0898). By way of

the number of "Acacias”

r browsed small-medium

per plot):

than Hiuhluwe
ier absolute and

ria" densities in

er browsed tree

ass height. The

rference Size l;

ted to mean Free

0.0625)
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Decomposition of malfiple correlation coclficients into their various compenents, confirmed that grass height was
the more important of the two grass variahles in determiniag the pumber of "Acacias' browsed per plat;
while Grass Interference primatily influenced mean offtake per hrowsed "Acacia”. This relationship was
again more apparent for mediom compared to small "Acacias”. Pooling the data from both small and medium

"Acacias” per *Acacia” plot produced the most clear cut result:

Ouly 8.05% of the variation in the number of small-medivm "Acacias” (<2m) browsed per plot accounted
for by the twe grass variables conld 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. Tlis joint effect was hecause 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: (zrass Interference alone 56.21%, Grass Height alone 6.23% and

Jjoint Grass Height/Tnterferenee 37.56%.

When the two size classes were analysed scparaicly, Grass Height and Interference jointly accounted for as much
as 70% of the grass explained variafion In the two parameters above. However, the overall pattern remained the
same for both small and medivm "Acacias” - Grass Height influenced the number of "4cacias" eaten more; whiic

Grass interference better explained mean offtake levels per browsed "Acacia" tree.

RESULTS BASED ON POOLED DATA AVERAGES PER "ACACIA" SPIZE PER "ACACIA" PLOT

AFTER DETRENDING TO REMOVE EFFECTS OF RESERVE, TREE SIZE AND BROWSE

ABUNDANCE

Corroborative statistical analyses werc also undertaken using summary data for the 1,061 unique food "Acacia®
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size 1 or 2 spize/plot carnbinations in the data set. Pooled Hluhtuwe-Umfolozi data were again used. However, in

analyses with these data, the effects of covariables (for reserve, species and tree densi{;y or total browse volume)

on feeding were removed before Multifactor Analysis of Variance (MANOVA) analyiis (Neter er al 1978).

In layman's terms this means analysing to see if grass height and tree size significantly explained any of the

|
remaining variation in feeding levels, that had not already be explained by reserve, specics and an appropriate

mecasure of browse abundance.

Rarer species were given more weight in this analysis as results were expressed as the mean per "Acacie” spize

|
per plot, rather than the overal] "Acacia™ mean per plot (as in the earlier analyses). Despite techmical statistical

problems **, significance levels were so high in many of the analyses that one could

recorded factor level differences were real.

INFLUENCE OF MODAL GRASS HEIGHT ON BLACK

FEEDING

F values and probabilities derived from MANOVA's carroborated earlier conclusions'

individuals of an "Acacia® spize caten/plol (Grass Height F=7.434 df 3,1050 p= 0
F=3.139 df 3,10350 p= 0.0247); and the absolute offtake (all bottles) /plot (Grass Heig

0.0001 :

be very confident that the

RHINO

|
that both the proportion of
0001 : Grass Interference

rht F=7.129 df3,1050 p=

Grass Intetference F=3.490 df 3,1050 p= 0.0153) werc more strongly related to Gm$s Height Class than Grass

Interference Class.

The greater explanatory power of modal plot grass height compared to modal grass interfercace levels per

spize was repeatedly confirmed by stepwise multiple regression medelling using

"deacia” dataset.

the same pooled 10 main
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FIGURE 8.13

Infuence gt plol modal grass height and ree size on the mean proportion of individuals plthe 10main
tood "Acacia's" ealen by black rhino afer slatistically removing the effects of reserve, species and {ree density
{MANQVA Size F 23.56 {1,7050) p 0.0000 GHt F 7.43 (3,1050) p 0.0001 Interaciion F 1.90 (3,105} p 0.1272}
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FIGURE 8.14

Infivence of modal plot grass height and tree size on mean browsing (browse bottles eaten } /spize per plol
on the 10 main food "Acacia's™ after statistically removing effects of reserve, spocies and iree density
(MANOVA Size F262 (1,1050) p0.1054 GHt F 7.13 (3,1050} p 0.0001 interaclion F 3.71 {3,1050) p 0.0113)
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FIGURE 8.15
Infuence ol modal grass heighd and tree slze an black rhino browsing levels expressed as the mean % of Toetal
Botles (TB) available on lhe 10 main food "Acacia’s” afer statislically removing effects of reserve, species and TB/Plot
(MANOVA Size F0.24 {1,1050) p0.6291 GHI F 3.525 (3,1050) p 0.0148 Interaction F Q.68 {3,1050) p Q.5653
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FIGURE 8.16

infiuence of medal grass inlerlerence/spize and tree size on the mean progortion of indiviguas of the 10 main
fooo “Acacia’s® eaten by black rhino alter stallstically removing the effects of reserve, species and tres density
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In addition the t value was preater when Free bottles were used as an explanatory variable instead of Total available
bottles although p values for both were less than 0.0001. 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 firal model.

The results also suggested that grass beight has a stronger influence an 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 OIld
Bottles/Spize per Plot F=3.771 (3,1050) p 0.0104). This is to be expected, as old bottle offtake covered a longer
period than new browsing. Increased levels af 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 Ievels 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
indicatg 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 "4 cacia" plot (Figure 8.14) showed a similar pattern to Figure 8.13,
Apain 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 nat 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 “dcacia" species.

Figure 8.]5 showed that the proportion of Total bottles browsed per “Acacia" spize per plot declined markedly as

soon as modal plat Grass Height increased over I metre. In this analysis only Grass Height was significant.
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FIGURE 8.17
lntiuence of modal grass [nterlerence/spize and trae size on mean browsing (batiles eaten } fspize per plol
on the 10 main foad "Acacia's" atter stallstically removing effects of reserve, species and tree density
[MANOVA Size F0.02 [1,1050) p0.903e Gint F 3.49 {3,1050} p .0153 Interaction F 3.71 (3,1050] p0.0113)
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FIGURE 8.18
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Mean browsing levels (bottles of food "Acacia” browsed per "Acaeia” 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 brewsing per smal l-medium *dcacia” spize in plots with modal grass
heights below 75 cm was 15.7% (n=599). However with modal g:éss heights of between 75cm and 1 metre tall;
the percentage of bottles browsed dropped by almost halfto 8 6% (n=149). Between 1 and 1.25 metres, browsing
levels declined to only 2.5% (n=184). Plots with modal grass heights over 1.25 metres had even less browsing
(1.6% n=129). This confirms the finding that 7Scm appears tg be a critical madal grass height, with litile

"Acacia” browsing occurring in plots with grass over 1 metre high.

INFLUENCE OF GRASS INTERFERENCE ON BLACK RRINO

FEEDING

The shapes of the histograms in figures 8.16 and 2.8 are also almost identical. However, because the influence of -
the commaon "deacia” species has been downweighted, the Y axis values are again higher in Figure §.16. The F
values indicale that tree size had the higgest 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 8.183 revealed a similar pattern of declining browsing levels per medium "Adcacia” spize
pec plot, However the pattern for smail "Acacias” was very different. Browsing offtake per small " dcacia™ 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%+).
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FIGURE 8.19 Kriged contour maps of A) Black rhino feeding levels recorded between plots
during the 1989 grid survey (the darker the ore feeding); and B) Late summer 1989 modal

grass height.
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Figure 8.20. Photograph showing very tall grass in North Hiuhluwe during the grid survey (late
summer of 1989). Black rhinos were found to avoid such areas,






S

COMEBARISON OF MODAL GRASS HEIGHT AND HLUHLUWE GRID SURVEY FEEDING CONTOUR
MAPS

o The rejection of tall grass arcas for feeding is clearly apparent when one compares a kriged contour map of late
summer 1989 modal grass height in Hinhluwe with a kriged contour map of feeding intensity recorded while
watking between piots 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

tall grass.

THE INFLUENCE OF GRASS ON SMALL-MEDIUM FOOD "ACACIA" AVARLABILITY TN HLUHLUWE
AND UMFCLOZY

This section examines the different impact of grass on fod "Acacia" availability in Hluhluwe and Umfolozi.

Differences in the availability of the 10 main food "dcacia” specics (listed above) are also examined ™,

Superficiafly, it appeared that habitat conditions would be more suitable for biack rhino in Hluhiuwe than in
Umtolozi, as Hluhiuwe's overal! density of food "4cacias" was just over double Umfolezi'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

Hluhlpwe.

However, if one excludes the two most ubiquitous, important, but generaily less preferred food “4cacias”™ -

D.cinerea and 4.karroo (BIG2), the densitics of the remaining food "Acacias" (FOP8) were simiiar in the two
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reserves (n/Ha H:387 U:354). The BIG2 species made up 71.86% of the food "4earias” in Hluhluwe but only 46%

in Umfolozi.

The discrepancy between reserves in the density of Free bottles of food “Acacic” available was only shightly less
than for Tolal bottles (H'U Ratio  Free 2.60:1, Total 2.83:1). Superficially this scems to imply that grass
inferference did not differ much between reserves. However, as will be demonstrated this was not the case when

looking at the ntore preferred small-medium spizes (<2m).

The difference between reserves narrows further if one looks at the amounts of Free bottles available on the TopS8
species (H:U Ratio 1.95:1). This result is a function of the higher absolute and relative densities of taller Topg

trecs (>2my) in Hluhluwe (mumber >2m/Ha= H:106, U:56 ; % >2m= H:27.4%, U:15.7%).

A further important difference between teserves is that mean Frec bottles per TOPS trec is greater in Hiuhluwe (H:

7.98 U: 4.48).

The densities of sreali-medium (<2m) ToP38 " Acacias" were much more similar between reserves - although this
time densities were marginally higher in Umfolozi (<2m H:281 U:298). Despile this stmilarity, the mean Free
bottles per small-medium TOPR tree was again greater in Hluhluwe (F: 4 47 U: 3.28), This resuli reflects the
higher ahsolute and relative densities of medium TOPS trees in Hluhluwe, which Eave more bottles on them

(Medium(l-2m) number/Ha= H:111 U:44 ; %Medium Trees= H:3%.5% U:14.9%).

Finally, the discrepancy between the reserves in the amount of Free bottles of small-medium TOPS "4cacia” was
less than for Total bottles (H:U Ratio Free 1.29:1 Total 2.27:1). This difference between the two ratios indicated
that grass inferfercnce levels werce substantially higher in Hluhlinwe. The absoluic amount of bottles on small-
mediurn TOP8 "Acacias" ludden by grass was 2.69 times greater in Hluhluwe. This was reflecled in the mean
percentage grass interference level on small-medinm Tor8 trees was 68% higher in Hluhluwe (Mean% Grass

Interference on Small/Medium TOPS "dcacias" H:38.17% U:22.76%).
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To rccap, biack rhino feeding markedly declines as modal grass height increase above about 75cm, In addition,
browsing levels were highest on medium "4cacias" when grass interference levels were less than 25%. Ieeding
levels on small "deacias" also declined once grass interference levels rose above about 50%-75%. We therefure
defined trees as unhindered hy grass when 1) plot medal grass was less than or equal to 75cm; and 2} grass

interference was less fhan 25% on medium (1-2m) trees, and less than 5% on small (<1m) trees.

The amounts of unhindered Free bottles on ail ten small-medium foed "Acacias™ was only 17.8% higher in

Hluhluwe (Unhindered Free Bottles Small-Medium Food "Acacias"fHa H:1,524 U:1,294).

One major difference between the veserves was that 64.21% of all unbindered Free bottles on small-medium
food "Acacias" in Hlubluwe was made up by the BIG2Z species - A.karroo and D.cinerea. In Umfolozi the
corresponding BIG2 preportion was only 33.38%. The unhindered I'ree bottles (n/Ha) on small-medium BIG2
"deacias" were correspondingly higher in Hiubluwe (H:979/Ha U:406/Ha).

The pattern was reversed for the unbindered 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 unbindered small-medium "Acacias" showed a similar pattern. The densily of small-medium

ToPg trees was 1.87 times higher in Umfelozi (H:90 1v/Ha U:169 n/Ha), while the density of smail-medium B1G2's

was 2.13 times greater in Hluhluwe (I1:287 n/Ila U: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 "4cacias" (Grass Height < 75cm and Grass Interference <25%) was
almost 2% times greater in Kluhluwe (H: 91/Ha U:37/Ha). Unhindered Free available bottle densities on medium

BiG2's werc about three times greater in Hluhluwe (H:623/Ha, U:204/Ha).
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Again the pattern was very different for the Tor8 compared to BiG2 species. The densities of the unhindered
medinm ToP8 “Acacias" were the same in both reserves (n/ia H:36 1:36). However, unhindered Free available

bottle densitics on medium TOP8's were 23% higher in Umfolozi (H:43 1/Ha U:33%/Ha).

Both the Grid and Pilot surveys have shown that small "4cacias" (<1m) wecre the most preferred size, The
diffcrence between reserves in the densities and Free boitles available on small unhindered BiG2 "Acacias" was
similar to that for medium trees, although it was less marked (cf, Medium trees). Densities in Hishliwe were about
double those in Umfolozi (H:196/Ha U:96/Ha}. Unhindered Free bottle availability was 76% higher in Hiuhluwe

(H:356/Ha 1J-202/Ha).

An exarnination ol the influence of grass interference on common and imporiant small-medivm A.karroo in
Hluhluwe (a BIG2 species) illustrated both the large impact of grass on habitat suitability in Hluhluwe, and the
increased selection shown by black rhino for unhindered smatl “4.karroo”. Feeding levels on small-medinm
A.karroo declined substantially as soon as grass interference increased above 50% (Figure 8.21), and was greatest
on both A.karroe spizes when grass inlerference levels were Iess than 25%. Figure 8.20 also showed that in
Hiuhluwe, about three quarters (77.3%) of small A.karreo and a third (33.3%) of medium A4.karroo trees

represented poor food as more than half of their loliage was hidden by grass.

A pooled database for both Grid datascts showed a pattern of declining preferences for small A.karroo, A.nilotica

and small-mediur D.cinerea as grass inlerference increased (Figure 8.22).

In contrast 1o the small BiG2 "dcacias”, densities of the more preferred small ToOP8 “Acacias” were almost 24
times higher in Umfolozi (H:54 U:134). This directly influcnced the unhindered Free available bottle density on
small ToP8's which was three times greater in Umfolozi (Free Unhindered Bottles ToOr8(<1m)/Ha H:115 U:376).
One reason for these differences between reserves was that a much higher percentage of small ToOP8's were

hinderced by grass in Bluhluwe (H:40.2% U:21.1%).
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Figure 8.21.

Tha relalionship betwean browsing lavels on smaoll {<im) and medium (3-2m) Acacia karoo in Miuhiuwe
and degrea of grass inlerderence (HISTOGRAMS). The LINES show the proportion of amall and madium A kaod's
in Highluwe which axperianced diffarant degrees of grass interferance.
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In Umfelozi, the proportirn of unhindered Free bottles on small-medium TOFS's made up by the mosi
preferred small trees (<lm) was Almost double thai in Hluhluwe (1;21 05%U:39.24%). Unhindered ToPS Free
bottle densities {n/Ha) werc as follows... Hluhluwe: <Im:115 1-2m:431 Umfolozi: <lm:348 I-2m:53%,

The disparity between reserves was especially marked when one expressed the unhindered TOP8 Free bottle density
for small and medium trees as a percentage of the Total available browse bottles on small and medium TOPS trees,
While over half (53.86%) of size 1 Total TOP8 bottles were Free and unhiondered in Umfolozi, only about &
{ifth were available in Hluhluwe (21.05%). Almost all the Total botiles on Size 2 TOP8 “Adcacias" were
available in Umfolozi (87.24%0). Yet, in Hluhluwe, ouly 28.63% of Total Size 2 TOPS bottles were free and
unhindered. Thus althoupghk Total botfle densities on small-medivm TOP8's were much higher in Hluhtuwe
(H:2026 U:1265), the available (unhindered and free) bottle densities on small-medium TOPS's were greater
in Umfolnzi (H:545 TI:888), When cxpressed as a percentage of Total bottles the corresponding figures for small-

medinm Torg "Acacias" were Hluhluwe - 25.9% available and Umfolozi 70.2% available.

Thus, although there was an average of 7,870 Total foed "Acacia" bottles per hectare in Hluhluwe only

6.93% of these botites (545) were on unhindered small-medium ToOr8 "Acacias'. The corresponding

percentage for Umfolozi was 31.97% (888/2,777).

o In Hluhluwe only 1.46% of Total food "Acacia™ hotiles per hectare in Hluhluwe (115/7870) were on the

most preferred unhindered small (<1m) TOP8 "Acacias”. The equivalent proportion in Umfolozi was

12.54%.

Thus to summanse:

Although Total food "Acacia™ bottle densities were 2.83 {imes higher in Hluhlnwe; Umfolozi in many ways

provided more favourable "Acacia” habitat having...

A less mature "Acacia" age structure favouring the more preferred small "4 cacias"
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A more equitable distribution of available hrowse 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 o the amount of an individual species that a black rhino conld eat, indicates that
the more equitable distribution of available browse amongst a range of "Acacias" in

Umfolozi represents beticr black rhino habitat.

and of particular relevance te this section ..,

That grass in Umfofozi had a much lower negative effect on the availability of key small-

medium "Aeacia" browse.

This resulted in the density of available unhindered Free bottles of small food "Acacias” being 16.9% higher

in Umfolozi (H:471 U:550). What is perhaps more important, was that the density of available unhindered
Free bottles on the maost preferred small TOPS food "Acacias" wag three times greater in Umfolozi (H: 115

U:348).

Hluhluwe "Acacia” habitat was only better than Umfolozi's in two ways as ...

The densities of available unhindered Free bottles on the small-medium BIG2 species (A. karroo

and ID.cinerea) were substantially greater in Hluhluwe compared to Umfolozi (H:979 U:406)

The density of available unhindered Free bottles on medium sized food "Acacias" was 41.7%

higher in Hlyhluwe (H:1,053 1:743); although this was largely due to the higher densities of

A.karrog and D.cinerea in Hluhluwe,
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RESULTS OF CONSTRAINED ORDINATION AMALYSIS TO STUDY THE STRENGTHS OF THE
RELATIONSHIPS BETWEEN BLACK RHINO BROWSING AND MULTIVARIATE COMMUNITY
DESCRIPTIONS BASED ON 1) SPECIES, 2) SPIZE, AND 3) RESOURCE BASED ABUNDANCE DATA

Correspondence analyses of Hluhluwe species, spize and resource based cover abundance data were constrained
using {ceding data (see Appendix 4.1 for 3 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 of black rhino habitat snitability compared to species or spize

based analyses (which did not incorporate grass interference into habitat descriptions)?

In canonical correspondence ana}ysis, the higher the canonical axes eigenvalucs are - the sironger the relationship
between the habitat data and set of explanatory variables (see Appendix 4.1). The highest eigenvalues for I) the
first canonical (PCCA) 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 cigenvalue for the first two canonical axes was 6,167 for specics based analysis, 0.238 for
spize-based analysis and 0.266 for resource-based analysis, The increase in cigenvalue 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 39.2%. When expressed as a percentage ol the
corresponding eigenvalue sum derived for the first two axes of unconstrained detrended correspondence analysis
(DCA), a similar although Iess marked pattern cmerged (Species 24.65% Spize 29 60% and Resource 30.25%).
Besides higher eigenvalues, sigaificance 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 $.642, Spize ¢.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% preater for resource compared to spize-based analysis. Size 1,
Size 2, Modal grass height, and grass interference were inchuded 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 biack 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 cxplaining feeding patterns than spize data.

In Hluhluwe, the increase in explanatory power from species lo spize based analysis was grealer than that from
spize to resource based analysis; indicating that although grass interference was important, the specics composition

and size class structure and successional stage of communities had a bigger influence on black rhino feeding.

There was nol enongh time to do a resource based analysis using grass height instead of grass interfercnee to
subdivide spizes. The results in the previous section indicate that such an analysis would almost certainly have

further inereased eigenvalue levels.

One of the abjectives of the project was to determine how best to assess black rhino habitat, To assess the relative
ability of diffcrent measures of abundance {used in habital descriptions) on rhino feeding levels, spize-bascd
constrained and unconstrained polynomialy detrended cangnical ordinations were alsocarried 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 coustrained eigenvalue trace ranged from & low of 380 (Braun-Blanquet) to .678 (L1ee Densities) to 901
{Total bottles) to reach a maximum at 1,022 (Free bottles). When the constrained eigenvalue trages were expressed
as a percentage of the corresponding unconstrained traces a similar pattern emerged (Braun-Blanquet 35.48%,

Trec Densities 43.09%, Total Bottles 50.23% and Frec Bottles 55.86%).

These results indicated that the best relationships between spize-based multivariate commurity composition
and black rhino feeding were obtained using Free bottle density data, The weakest relationships were
obtained when Cover ahundance data wasused to describe habitat, Thescfindings indicate that black rhinoes
primarily view their habitat in terms of the composition and volume of browse available 1) within reack and

2) not inferfered with by grass. This finding is reasonable as 1all 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

te black rhino; yet smaller sizes of the same species are of markedly differing food value.

The cigenvalue 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 (Spiz¢: 901

Resource .972). The trace for a DCCA, of spize-based Free bottle data (1.022) was only marginally larger than the
resburc&bascd analysis of Total bottle data. This was corroboraied by exploratory Tegression analysis that indicated
that Free bottle data explained marginally morc. variation in feeding than both Total bottle and Percentage Grass

Interference together.

Semewhat 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 Lo spize-hased
analysis {Spize:Resource Braun-Blanquet 35.48% : 33,82% Tree Density 43.09% : 39.42% Total Bottles 50.23%
: 47.73% Frec Bottles 55.86% ; 32.52%). This may have been because the sums of the first four unconstrained
detrended (DCA) axes' eigenvalues were between 10.2% and 18.6% higher using resource compared to spize-based

analyses.
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To sumimarise:

Habitat descriptions using browse bottle data produced the best descriptor of black rhino habitat suitability, and

cover abundance data the worst,

The incorporation of prass interference into habitat descriptions improved habitat suitability assessments,

although not as markedly as the incorporation of size class data into community descriptions.

Free bottle densily was the best abundance measure to use when describing habitat suitability for black rhina.
However in describing habitat suitability resource-based total bottle descriptions were almost as good as spize-

based Free botile descriptions.

There are implications of the above results for those assessiag black rhino habitat. Rather than assessing the
abundance of different habitat types, the results indicace 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 abscrvations that
the buik of a black rhinos weody diet is made up of a limited number of key spizes (see Chapters 6, 7,9, 12
and 2) the difficully of allocating vepetation plots te discrete babitat types in the field (as Hluhluwe
vegetation is better deseribed using a contivuum model - Chapters 6 and 7). Thus armed with a list of key
spizes, size class sclectivn patterns, and the rule of (humb sbout what constitutes unhindered browse, a

manager can casily assess black rhino habitat suitability while walking through an area,

Clearly, measuring "Acacie” densities alone when assessing black rhina habitat suitability is not enough,
In grder of importance, "Acacia” size class, grass height/interference levels, and species of “Acacia™

(including mix of speries) also must be considered.

Finally, it should be borne in mind that the fieldwark for this study was undertaken guring a period of above

average rainfall. We therefore could expect habitat conditions to improve for black rhinos in drier years as

grass inerference levels will decline.
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CHAPTER 8 NOTES

#1 The incluston of H.pauciflorus in this list may seem surprising to readers not famijliar with Hluhhzwe conditions. Apart from its association with

forest margins, this species also commonly grows in moist open low-lying grassland areas in NE Hiuhhrwe,

#2: Technical note: The crilical valus of theta was set at 0.3 in 21l ridge repressions to aid comparisorn. In all runs ridgs traces had larpely siahilised

by the timctheta was 0.3 |

#3: Technical readers, should be aware that MANOV A residual analysis penerally revealed slight heteroscedasticity. Unforfunately, thisis quite usuzl
when dealing with ecological datasets containing 2 larpe number of observations with small values of X (in this case feeding) relative to those with
large values (Jahnston 1980). Thus we havz to conclude thatthe derived regression coefiicients may be biased. Standardised coefficients of skewness
and knrtosis also invariably showed that the residuals were not nonmally distributed. Some key MANOVA assumptions were thorefore vielated, and
sa strong stalistical inferences should nel be drawn from the MANOVA results. Fortunately this viclation of assumptions does not represent 8 major
practical problem, us the primary goat of the MANOVA analysis was heuristic. Furthermore, Zar (1984) concluded that ANOVA and t tests arc
usuglly robust encugh to perform well even if the data deviale somewhat from the requirements of normality, hemoscedasticty and additivity.

Significance levels were so high in many of the anzalyses that ane could be very confident that the recorded factor level differences were real.

#4: As mentiened inthe introduction, small-tnedium (<2m) food "Acaria’s" were chosen for study dus to their high dietary importance and preference

values; and because "Acacia’s" tend 10 grow in more open sites and are especiafly prone to grass interference,
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